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

pol yol efins using such an reaction unit. Related
Background Art 10 [0002] O efin polynerization may be

CRITLECOFUTHE IRVERATONNY an ol efin monorer in the
presence of a catalyst and form ng granul ar

POLEFR{ N EDLYNMERIZAEIONCh PREASTIONt | JKITW AND

to the art involves carrying out polynerization using

POINVOLEF BRI PRODUITIONFROGESSat i on react or

havi ng one pol ynerizati on stage, using a single 15

hBACKGROTIND OF GHE INVEDNTION |y condense
unreacted nononer- contai ni ng gases recovered fromthe
pEiemmflthet[hoenﬁenctor and carrying out heat renoval
wthin the single-stage gas phase polynerization
r[ﬁﬁ)ﬂﬁlquha pyesent§ drvemgon heelgtesestoarah coledanspolymerization
t pol ynmeri zation reactor (see, for exanple,
Jrepetioneunistamt tohapprocess dor produeing ppla_',rolbﬁns using such an
2000-302807) . [0003] A efin polynerization is also
azactiod unit. by a process that uses a nultistage gas
phase pol ynmeri zation reactor which is divided into two
dRelated Backereund &rton st ages, wherein pol yol efin
particles nove from an initial stage to a final stage
a{:ﬂﬁ)OZ}tOl wolymerizatiom may fhen cagied ety polymienizigg an
gas is fed fromthe final sta%etovvardthelnltlal ,
wlgfin meromesine thepresences ofpat eatalyss. amd Foudingngranular

Japanese Patent 1
polyolefin particles. 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 ynmeri zation reactor is generally carried out by
usi ng a heat exchanger to | ower the tenperature of
unreacted nonomer-containing gases recovered fromthe
initial, stage of the 5 polynerization reactor, then
feeding the gases again to the final stage of the

DABgﬁ@ﬁtléﬁtLﬂﬂ-épélfbw 208MRRA 1 THeatt WA EDh removal in

4] However, ‘in such a nethod removi ng t he heat

Qi‘ucheaQ‘hulﬂBta tglals pleasep 6 liysi @lﬁlﬁatms redictee is generally carried
pol yrrerlzatlon reactor owng to the 10 rising gas

tanpbyatising amlatc}mtget‘ itohkeawver thevemperatre of unreacted
tenperature within the reactor is higher at hi gher
shageméemcomainiage gases Wecolverab ufrom the linitid stage of the
differences in the reaction tenperature. On the other

hpolgméryzation negpcdot ¢hen feeding theegsed dgaintio the firml stage of
heat of reaction in a nultistage gas phase
phepolynrerization reactar such as that described 15 above

is renoved by feedi ng an unreacted nononer condensate
tSUMMARN ﬁﬂ'ﬁﬁﬂl\%ﬁm\liﬁlﬁﬂ t enperature

di fferences between the stages can be mnimzed. Yet,

t[08043 Howesery iny suchaa guethpde fop semaving dhetheat of reaction

condensate causes the gas flowrate to rise at

Vonitistage egass ¢ polymerization txgactors ewing to the
result the flow rate of, asest&xhat are di scharged 20
frns:ngt gas tempesatuze ASSPEL tiu\er bbeatneemowal, ther gqrnperaMe

powered egqu hus requir d to circ
%mﬂ@% FeAPEIS Pighes 253 gil sgpgctqmb%a?h results
|s ther re an Qbj of ,t he esent I nyent.ion.to
pRdarge differences in tﬁ@ |r9a%tiqnzae grotuEe | bW the ethes hand, by

e b Pl e b e Heed 1 B i o
S’S& 7 oé )glgrraesr Ipitaats:e Olgofyetﬁg;&uggl zgel?acltgr Oslzlu\é 958 tlhagt CdéstFibed
above is removed by feeding an unreacted monomer condensate to the
polymerization reactor, temperature differences between the stages can
be minimized. Yet, the gases newly generated by evaporation of the
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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pol yneri zati on stages, in which polyolefin particles

nmove froman initial stage to a final stage, and in

whi ch an ol efin nmononer-containing gas is fed from

the final stage toward the initial stage. Another

object of the invention is to provide a polyolefin
production nmethod which 5 uses such an olefin

pol ynmeri zation reaction unit. [0006] Accordingly, the
qbcﬁpmen@@éﬁfmrstagés,om rehich opolyoléfinf pafticles ewei from an
includes a nultistage gas phase pol ynerization reactor
viniiidal stage do\d fiadl stage, tnd inrwhivteap olgfin thendmer-containing
stages, In which polyolefin particles nove from an

i%ﬂ&t isafeds frope the fmdlistage sowged thednitialsbagh aAnither object
ol efin nononer-containing gas is fed fromthe fina

sofagiee tinwventionhis ta provide at pglyoléfinspraductidmmethod which
neans for feeding to the final stage a gas that is
disesismcheah blefin pblymarizationseagiéonumit hen cool ed with

a first heat exchanger; and second cjrcul ating neans
f[6006d eicogrdingly;eth olefin polymarizadtororegctigns uait of the
condensate formed by condensing, with a 15 second heat |
dayentigoringlydesr @ multistage gas phase pedymesizationgeacter which
gas_ renoved fromone of the polynerization stages.
[isctivided intiectwo i mose polgmerization stagesi vh which palyolefin
the present inventiaqn, the tenperature of a partio

qartiglesumag framnamdnitial gage dona @lagtaggggudr@uwrhich an

fromthe initial stage of the l.tistage.g 20 phase
-riefiremonamerrcontainimg gas i vf@gﬁ(’@ thRcfinay stegsciward the

ook, Hh s Suhe Sreb HRoREHY 15 BT A0S o gas
DB 025 S WA 5208 TR B o vt e
BBARRET.qand BT SRS eRns o ot GediBa [ it of the
IR RO H8EeR 2 [FONIERsRE foBRed: BYasonsatingn Bith a
tsré?:ong heat exchanger different from the first heat exchanger, a gas
removed from one of the polymerization stages.

[0007] In the olefin polymerization reaction umit 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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nonomer conponent to be utilized, making it possible

to carry out efficient heat renoval. [0008] Al so,

because condensation is carried out by a second heat
exchanger which is separate and distinct fromthe

first heat exchanger, 5 the anmpunt of gas supplied

the first heat exchanger can be reduced. That is, the
capacity of the circul ating gas conpressor which
l‘ihbﬁéhﬁéreag TR enf tohbef Ufitized] maakini 0 paesibie con chfry out

ower ed, [ has a significant power cost-cutting

efffiefdnt HeapeShovahnwhi [ e, the decrease in vol ume when
the gas are condensed 10 results in a negative

H0668}r&lsy, thécausbecoadenshtiantis exariitibout bpusi swond heat
gases to be automatically drawn into the second heat

@X@hﬁﬁg&f whibhrie ®eparatehend idistinct(frond ¢hes dirs) hear exchanger,

by condensation of the gas by the second heat

ehe hanoeant afhgasisupplied fhed first heahexohanger icaat benreduced.
reactor by, for exanple, the head pressure of the

ITheatiis, thes eapacithaf the citculatingagas campyessopuwhichiroulates
the head pressure is not high enough, it nmay be =
asdnghe first cirealating meanswanbe Jowerad, iwhichdrascasignificant
it suffices to use the punp only to the extent of
qmvpemmﬂﬁ-om‘tmgreﬂ'&oi. degree of inadequacy in the head
pressure. Hence, although second circulating means is
(10009} ddeanwhile, she decteasetin wokune mehasvths gavere condensed
20 any significant degree. |ndeed, the second )
cesults in amegasivespressureowithinithg secgnd heat exchanger, causing
cost-cutting effect. J0010] In, addition, i he
igasest toy el w:tpmqsttna}fyb rdlxm omite ethe dvecenr: aieabe@mger-
the second cjrcul ati ng nmeans, both enabl es gas to_.be
Meveaxer, theliquiditeondensats) fosmedby sandensationm af the gas by
enabl es condensate to be 25 fed to esired ..
\aesongaheatnexehangeraggn rﬁﬂsyla'eiapzéf mostelyg@mes@atm

Soacior e fhseoranle, the Bead preseuts oF i Hiqusd it et 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 costs 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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of facilitating tenperature control within the

mul ti stage gas phase polynerization reactor. [0011]
Preferably, the second circul ating neans feeds the
condensate to the polynerization stage from which gas
is renoved, the polynerization 5 stage i medi ately
before the pol ynerization stage fromwhich gas is
renmoved, or the polynerization stage imediately after

tde fabtiiRE! &dhpemtaia doritteMwiithiih theas nh@lﬁsmt)g}a/@hs phase

[0012] Such™an arrangenent makes it possible,
fsﬁﬁgh&qiggnﬁm f@rglgnsate close to the polynerization
ta

e where gas is renoved, to 10 replenish at a

Teanhy mefyrably,zhel erosideciecilatingenis déedinthd eshdéysate to

renmoval. As a rtesult, the gas flow rate at eac

h
rhk\polyraiativrsitage fravn Which pes ivirérmeted; I Imedzation
y

pol ynmeri zati on reactor can be kept substantia
wiageimmedidtély beforevtheopoiymerigatipnestagetfrom stlughsgas is
are preferably arranged 15 in a vertical direction.
Tehsoverkesor t thesspolymerizatidncestage fimmadiatelyf aftére the
reaction unit. [0014] It is preferable for the second
hpolyneerizatiogestage fhemswhich gds isipemoveds om where the
condensate is fed to a polynerization stage. [0015

1004 23 rSucly ean ntarrangenmente rimakes  ithepossiblepr bys ufeeduig the
the liquid 20 condensed by the second heat exchanger
toondensater ckoseto thekpolymerization stage wharpl gas: iseremoved, to
condensate to the reactor or to a polynerization

seplenish G 16 nearby (palymerizaipm stages tha ampwydobigashlost by

pol yol efin particles may he formed in each L.
pemonali z As anresultydhe RRas floav rate pt eagh pelymerization stage
pol ymerj zatign reactors with such constructions

gwémalthg maltistageegas| phase ppﬁgnenaan@narmt@rr can be kept
pol yol ef'f1 of, excellent uniformty can be 5

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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obtai 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 same tine
cutting power costs. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG1 is a schematic view of an enbodi nent of the
higed.pol ymeri zation reaction unit according to the
present invention; 10 FIG 2 is an enlarged schematic

TURITITRG sl oy lon s o ltos canes o

selesiRBhbBynMbfivatibn aiih P ethecabove-deséribéd tdlefial pblymerization
pol yneri Zation reaction unit according to the

i reefibh Qhit, DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 15
[0019] Preferred enbodi ments of the invention are

O[QJQQISP1 UEHe iptestaitdniventiohanalied efficieat coolingatot be carried out

attached di agrans where necessary. Unless noted
ovhilewitthe sanr timenaitting powensbstss such as up- down
and left-right are based on the relative positions

BRIEFi DESCRIPTHOMNOF TR DRAWHENGES si ons of

features shown in the diagrans may not be true 20 to
scal e. Fl®20] isFiar sthéimatici wiew of afi enttodimentz ofi the olefin
Reaction Unit The olefin polnigrreri zation reaction unit
sl jmserizatibmreactionhunit acoerdingdotthd ipresantiinvention; an
ol efin prepolynerization reactor 5, and 25 a .
mul ti st dats @nacnlargednschemationcrosacsestiopah view of the
connected subsequent to, the olefin prepolynerization
multissage 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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[0021 ] Aefin Prepolynerization Reactor The olefin
prepol yneri zati on reactor 5 polynerizes olefin in the
presence of an olefin polynerization catalyst to form
polyolefin particles. 5 [0022] Exanples of the olefin
prepol yneri zation reactor 5 include, but are not
limted to, slurry polynerization reactors, bulk
polynerlzatlon reactors, stirred tank-type gas phase

i di zed bed-type gas
gﬁase pol y rrer| @B’?ﬁé’l’iiatl&'i‘keafc'tdﬂ

t| on reactors. Any one of these

react Of?hweﬁﬁ g%ﬁgél)ﬁh@ﬁﬁatxén RbaEtRkis yogfméﬁges @ﬂc?ﬁﬁ.fin the

the sane type 1 be used i n conbi nati’on, two or
SeRGACHP dn Obléﬁﬁ fsﬁb ryiﬂeﬁz@&én eaaldst Lt%ecforﬂl polyolefin
onbl nation. [0023] ry polynerization reactors
thraticlEay be used |nclude known pol yneri zati on
eactors, such as the stirred tank-type reactors and

l[00R2] tEefmpéarcbf the ddefin éhegolyﬁnéﬁzﬁﬁeﬂa'eﬁmrﬁ include, but
ublication No. S 41-1291 5 Japanese Pat ent

6| nétalintited\eo, QL&Q o epizatibapeentsersPdudki polymerization

Publication No. S 4 9. Slurry polynerization is a

reackss, istirredi tankatype yges i pleseopalyeriration preaptorsd and

by addlng an ol efin nononmer such as propyl ene or

Hlutidired beaddtypeergass phasetpolynterization reactdrat i cAny one of

hydrocarbon (e.g., propane, butane, isobutane,
nhesereact@d dmaydmeusebrk plomes a plurality) ofreastors mf:ﬂrml jame type
hydrocarbon (e.g., cyclopentane, cyclohexane),

ahayibe psed ire combinationaoaltyst of monti rgactansdo dlﬁmng types
pol ymeri zation solvent to forma slurry, and
prnayrbmr sedk inocombination.ed out in a state where the
mer_t hat |s formed does not_ dissolyve in the
ﬁaga Sluary palyroerization reagtoss ithat may be ussddachidgiknown
out at a tenperature and pressure at which the

molymerizagiaroreactonsy such ias thaistireadhtank-type reaptors and loop-

state and the pqQlyner that is_forne
type reactors desgnbed in Japaneée Patent Publantlon 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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does not dissolve in the polynerization solvent. The
pol yneri zation tenperature is generally from-30 to
100C, and preferably from50 to 80C The

pol yneri zation pressure is generally from standard
pressure to 10 MPa( and preferably fromO0.3 to 5 MPaG
5 [0024] Bul k polynerization reactors that nay be used
i ncl ude known polynerization reactors, such as the

oSSy I, DGR DRAALACROL e T9REhOlmerzatin

descr ion

3 ;‘t#g-]ﬁ&%@me @gg@gﬁgﬁg@gptsfwllim,% ref%réﬁlylggﬁi 50 to

apanese ication No.” S 47-42379.

PROSET i Zﬁ{éh ol'ﬁné’rigﬁit?&?sgfé%u}é’ Wi genamg} effofn standard

nononer suc s “propyl ene utene | used“as the

PSYeXSRFd #6210 MPad aﬁagaréfbrahﬁzaﬁ% teRih & Mhagnce of

i'nert solvents such s al 1 phatic hydrocarbons (e.qg.,

PPOUZeY) EBulle irdiemerabivharsactonititemayhbe aed firbidd known

octané) and alicyclic hydrocarbons (e’g.,

GyélyaRaizaicn refot6rs) RAsA ) theastik fthik-RYpE Feactoad hAad loop-
catalyst is dispersed in the 15 pol ynerization

eaact@n dezetibedrinzkipanesée Patert Pablication Ne. St41-42916,
ere the polyner that is forned does not dissolve in

tJapanesé YPetent aPublicatibneNo. Il 461676t iamkl iJapanese cPatent
out at a tenperature and pressure at which the
RhblicatioratNon Sod47-e2379s nBulk apobdnerization i guadprocess in
state and the polynmer that is fornmed does not dissolve

i whidle afOolediry meoncraet euchois propylEne pplbptene isiused as the
tenperature is generally from30 to 100C, and v
palmeridatidn solvent in the Gubstantial dbsence odtinert solvents such
pressure is generally fromstandard pressure to 10
NRagliphdtipr hydrodarbofis dmg), PropasicMbaGinet isobatane, pentane,
tank-type gas phase polymerization reactors that may

thexaned heptaned ectane)randzalpey ol reehy drodashons fe. gorayclepentane,
oslobexansy, (A dlofon prlymerizedonocatalyst ispdispersed in the
Iiaagl;enrgerizsation solvent, and polymerization is carried out in a state
where the polymer that is formed does not dissolve in the
polymerization solvent. Polymerization is carried out at a temperature
and pressure at which the polymerization solvent is maintained in a
liquid state and the polymer that is formed does not dissolve in the
polymerization solvent. The polymerization temperature is generally
from 30 to 100°C, and preferably from 50 to 80°C. The
polymerization pressure is generally from standard pressure to 10
MPaG, and preferably from 0.5 to 5 MPaG 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. S59-21321. Stirred tank-type gas phase
pol yneri zation is a process in which a nononer in a
gaseous state is wused as the nedium and, while

mai ntai ning an ol efin polynerization catalyst 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 polynmerization tenperature

| 0C, f ef 60
BAESDGRRL, Sl e
p@tﬁg’?n #{B tahﬁrdb!eﬁg'lg 'ka(l?% Riditdihér i £g48is state is

Wi thi stirred tank-type gas phase
t aghar I
R S gy S e

Mrﬁl@ e
po y rl[aglgtzlé%er{ﬁir ac orgl ]?héaitqﬂ l)rgggz éﬁigtdggggﬁlhlr% ﬂtlje em edium by

kieuhs ofast 8gitatoyUtHe AforidifieF ARThO LAsEGIS 5Ineds | E)@) %menzed
Japanese Patent Appl i cation Laid- open No. S 58-201

JER& e@@tht@ﬂls'— bierablgn fifdin S0 S 112@4013 and

and anese Paten 5 Appl i ca ion Lal d- open No.

Zpréf@rﬁﬁliy frdmi 60 2641 GGC.t y Thegpslypherigatie |pt8§§tlréaéhdiﬂd be

i's a process in which a nononmer in a gaseous state is

Uaefratpd Aewhich thie olefin ohh bz prisehbias hngporiplaise!within the

ol efin polynerization catalyst and ol efin polyner in
astirted thirketype gaephasdpolyrherization weadtyr,tdm is generblly from
the medi um the nononer in the gaseous 20 state is
suriertosh MiPaGs end prefezgblyafrom 0s5 to 3dMPaG.
provi de to pronote fluidization. The polynerization
t[60@6] Hluidized bphtype iggs phase Polymedrdeatiomp redetoaditiyat may
from20 to 100C, and nore preferably from 40 to 100C.
Hee usedy inlildat knowpr ¢eactors, s foch cas ¢he nreactensgdeseribed in
which the olefin can be present as_ a vaporai)&ase
Jdaphnese Ratenti Aipphcatien bbaid-ppenr Bt Sr 5862011862, Japanese
enerally from standard pressure to 10 MPa
a&entr Application d.aidiepen Ma.QSad9- 126406 rarnid Japagese Hatent
5to5 9
Apphcatlon Laid-open No. H 2-233708. Fluidized bed-type gas phase

polymerization is a process in which a monomer in a gaseous state is
used as the medium and, while maintaining primarily an olefin
polymerization catalyst and olefin polymer in a fluidized state within
the medium by the flow of the medium, the monomer in the gaseous
state is polymerized. In some cases, an agitator is also provided to
promote fluidization. The polymerization temperature is generally
from 0 to 120°C, preferably from 20 to 100°C, and more preferably
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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MPaG [0026] Conbinations of different reactors are
exenplified by a slurry polynerization reactor or a
bul k pol ynerization reactor, to which is subsequently
connected a fluidized bed-type gas phase '
pol ymeri zation 5 reactor or a stirred tank-type gas
phase pol ynerization reactor. [0027] Alternatively, a
flushing tank for separating unreacted olefin or
PRIPYEgr | zati on solvent from ol efin polyner particles
may generally be provided between a slurry

r
PRI0ZE CaibinatibAS GOt ffireRt Rehétord dr '@idzﬁﬁhf@ﬂ by a sturry

r and, subsequently connected thereto, a

s ARbY TRRERR HOT b@:ﬂ@tpﬁlyﬁimzaaﬁorﬁ rtehewl It@dwlnch is
ed-type gas phase polynerization reactor, a stirred

taibsel Méﬁtl?aéorﬁﬂaﬁai RoflvidizEd Bedbypd gas‘ tp}saserpélsmaenzauon

subsequentTy descri bed nultistage ‘gas phase

RRLF B drza btifredrtaakitype B8 pﬁiswtﬂymeﬁrizdmcm fdacsdn, ng

tank is not always required; particularly in cases

T ] aAkiethativdly e rflastiihgtankSforesepiae atm% utfedcted olefin or
ushing tank is often not provided. [0028] Multistage

GeslyRierdeatitnl yobrent dromnoledar polyrhee partitlestingy gmerally be

phase polynerization reactor 1 OAis a reactor which
qrovided oltetwiesna s ulsiamyt | polymerzatptias eattare, omna bulk

ol efin polynerization reaction on polyolefin
mpolyimdrization rexttoy andesubsetjuently Camneptdd, there g ta gas phase
reactor S. [0029] Referring to FIG 1, the nultistage
qrolynrerizatiol yreadtent such asaat ofluidized i bedstypesegas phase

prlnarlly of a cylinder 12 which extends vertlcally,
palymexizatiomreaetore at stiwredotankotypte gasnphase tpadymerization

cylinder 12, and a plurality of tubular baffles
(téaciorasong thieansubsequemtlyr sdescribad pr multistagensigas  phase
the cylinder 12. The deflectors 20 and tubul ar baffles
Jwlzmerigatiom aeactpr dl @Aos ddowevene sugh aa Hushing tankofis not
the cylinder 12. 10
always required; particularly 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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Also, it is preferable for both the deflectors 20 and
the tubular baffles 30 to be disposed coaxially wth
the center axis of the cylinder 12. [0030] In the

mul ti stage gas phase pol ynerization reactor 10A, five
pol yneri zation stages 25 are fornmed in a vertical row
inside the cylinder 5 12. Each pol ynerization stage
25 is a region enclosed by the outside surface of a

t Ad, at ishsdeferabB® fort bethi thel did et s 2@ affl ths eubulay barfles 30

baffle 3 directly below, and the inside surface of

ttocbedisposed ebakizdlycwithhercehfer 4:aY loMHE icglindep i on)

bet ween these two tubul ar baffles 30. The™ topnost

Q0308 rTinz thie anuki si phase polynetiration eftabtort NOA, five
F[nsi c?g 10 surface of the %yl [ nggr}m}Z at the top

tpelyamdrizadtion stages 25 are feanedfintaheerticabtdwrinbiafefthe 3Qinder
irectly below the top of the cylinder 12, and the

i H5i dEach pdlpneridationestpge tA5is afregion entlosddrbyl the outside
(cylindrical portion) therebetween. [0031] Wthin
esarfacecd iy atnbular ibaffle t30y¢he Snside sorficeroftibet wbulavbafile 30
15 flows upward at a high velocity froma gas inlet
alitddthe beloweandthe intidetsurfaoedof e portioe dfithel eylinder 12
baffle 30, thereby form ng a spouted bed of

feylintoteh pention)| betwean3thiesas twbownbularFbafftes i30. The
each polynerization stage 25 a deflector 20 is L
doppwist pelymerjzation stagendb 4 @s regiovne endlosedbby ahe inside
baffle 30 and 20 faces the gas inlet orifice. The
soriacef ok the exlinder d2 avthes top thereodnthe prsitdesurface of the

po] yol efipn particles fromscattering tQ higher stages. .
ﬂa\iﬂélar 8 3(; digeetly below dhe kep oéithe pxlinder biaand theiside

enapl i ng igh volunme _efficiency to be achieved. .
[svofglﬁf né‘ tgéf \ncetign af rthe apxjmd/e@mll’sh@opdm&lmalamon)
%ﬂd EOE that is 25 closed, an outside dianmeter which
IAEHCORSESEhr ogr essi vel y downward, and a bottom end

i@&ﬁf%lt’hfn Sé%gﬁegol%grgzgtfo%ms%a%% ﬁ ,S ia.lqlleole 111|-081]c1ta21|;i?1g gas
flows upward at a high velocity from a gas inlet orifice formed at a
bottom end 30b of the tubular baffle 30, thereby forming a spouted bed
of polyolefin particles.

[0032] As shown in FIG 2, in each polymerization stage 25, a deflector
20 is disposed at a position that lies above the tubular baffle 30 and
faces 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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cylinder 12. As a result, particles that have been

bl own upward collide wth the inside surface of the
defl ector 20 and are taken up into the annul ar
structure of the spouted bed. At the sane tinme, gases
circulate wupward by passing between the bottom end
20b of the deflector 20 and 5 the inner wall of the
cylinder 12. [0034] Each tubular baffle 30 is a

Leyiondst 1) | Aol redhilg pabeclcd Thit Baviebest BBKAuBWA collide

proogressively decreases in the downward direction,

hasthatheoinside siftfaddhaf the défiédtor R ankdt fret tmcérﬁlﬁ' agno the

wal | of the cylinder 12. Such an arrangenent al

o@pagat strattued | ofithe Wpoatst bedm AtlheCdangs! lti@ﬁe,gga:‘seg RiRiulate
orifice at a bottomend 30b of the tubular baffle 30,

bupwartbby pexsirgd bewwédie tignbottoh? eadr208 af ¢he!defledtor 20 and
between the top end 30a and the cylinder 12. The gas

i thedhner wfalcef fim egithddr e bottom end 30b nmay have
di sposed thereon a check val ve (not shown) so that

@03l &Each pabular bafflev3Ohisra tapered|cytigyder avhich lidsoge inside
25 do not flow 15 downward through the gas inl et
alinfrieter shatsprogressieslyadestemsesiinathe dewnwadydirection, and
shutdown of the olefin polynerization reactor unit
Tesva top ends) Oarthat fiswontigublis with ftheinsidp ewald efrthe roylmder
35a are provided so as to pass through each of the
flilir Spelran wmangement hHova0 gasesita cineulatsy ipwiand fym a
and a bottom downconer 35b is provided in the 20
sarewangas inlebarificenifaf hettam erxhdObmfahe dobmbawbaffe 365 but
Ea;lgIPow pol yolefin particles to fall froman upper

spriet ahewothesgases s cirgulate lupiwardobetiviesn the itop end 30a
stage 25. . The purpose of the bottom downconmer_ 35b is
@id theexlindey d2ef i hhe gasi bilek orifion forsnesbet dhadanttom end
&ﬂ%rreri ation,st aga nd di scharg tgf particl es

iy dravien dispasedqthereena © yalvge{noty shemavse that

ar ranged.in series wth the bottom downgoner 35b.
ﬂPEY%ﬁb%@mféaaWﬂﬂune eca’ﬁimemza@ﬂargégei 25 o mot flow
downward through the gas inlet orifice at such times as startup or
temporary shutdown of the olefin polymerization reactor unit 100A.
[0035] As shown in FIG. 1, four upper downcomers 35a are provided so
as to pass through each of the four upper tubular baffles 30 within the
cylinder 12, and a bottom downcomer 35b is provided in the
bottommost tubular baffle 30. The upper downcomers 35a allow
polyolefin particles to fall from an upper polymerization stage 25 to a
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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subsequent step by successively opening and cl osing

these valves V71 and V72. [0036] To forma stable

spouted bed in each polynerization stage 25, it is

desirabl e that each tubular baffle 30 satisfy the

following conditions. 5 Nanmely, the ratio dA/dB

bet ween the dianeter dA of the gas inlet orifice at

the bottom end 30b of the tubular baffle 30 and the

, . .

PEEeE Ty e IR SR R Fahes V71
Vg2spout ed bed having good partlcle circulation is

eaS|Iy formed in the reaction zone of each

"TE A SthBREs hﬁ@ute&'b%& irf E@cﬁgogﬁﬂéﬁzﬁﬁm stage 25, it

|ncI| ation a30 of t tubul ar baffl

'bls Qlesifabte #ir! éhchofubiullgr b&‘ﬁledgo %éﬁ%%f ﬁlé’fOI’l@@'lﬁ%J Eéha{tions.

fle 30 with the horizontal, eferably at | east

gy | theafatioed Qelg Béltve@ﬁ'th@'cﬁﬁm%tﬁadj\ lofIthe gﬁrsfiﬁ@é”ttorlﬁce

within the cylinder 12. The angle of inclination 00 is

nrthe botre eld 30bT Ueaaiilaebaffid 30 @hdﬁh@%@ld%fmaﬁieter dp
| east the angle at which the 15 polyolefin particles

afhthee cotindeetld is prefeheblged.3dr ayiles. i oBgl hsing! such Ribular

way, snooth downward novenent of the polyolefin
feaffles B6s aissablespoevedibed baviilg pbbd pasticle cﬁmﬂaﬁdn edasily

can be forned even using a flat plate wth a g

ifolrmeddni the readtiomzdne odfreach polyheaizationestage QLSar Also, the
baffl e 30, a 20 region where particles do not

fanglelof énolination b0 oftteuttibulart baffleodtie Fiénp, i.bg the angle
i nside surface of the cylinder 12. As a result due to

mfothehénside rambace of rthehtubulagibafifle t 3 witht thel herum;atal is
fuse togﬁt her into nasses. To avoid such a situation,

ipreferablyust deastthisl anglorof nepasebfdrapolysiéfie spaticles present
have an angle of inclination a30 which, as noted

avithia, the aylindest 12. 2Fhei wmglenof eindlimaigh 130 sis more
pre er&g,l e for the deflectors 20_.in FIG 2 to have an
Prgfesably atjlgast the angle of repose and at least the angle at which the
polyolefin particles can be completely discharged gravitationally. In
this way, smooth downward movement of the polyolefin particles is
achieved.

[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 &30 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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inclination a20, i.e., the angle fornmed between the
outsi de surface of the deflector 20 and the

hori zontal, which is at |east the angle of repose for
pol yol efin particles present within the cylinder 12.
In this way, polyolefin particles can be adequately
prevented fromsticking to the 5 deflectors 20.

[ 0039] Pol yolefin particles have an angl e of repose

: | T
Oﬁlclfrﬁhoﬁ)ﬁ?;@ fe., tHe &E%I%g%gﬂrxgﬁgozétﬁrééﬁ%te oo?ﬁ@ide face of the

angles of 1nclination 0O are b preferably

adefl&cdt 20Pand B4 AbrizbatASWHIEh 9§ at hst ke ta.ﬂgﬂ% af repose for
baffles 30 are each attached to the 10 cylinder 1 y

spéleléfin ( PRticIEP Vbesedh Sy RHRP Othles chindes UP3! arTlhﬁé%hiy way,

no i nfluence on gas flow and pol yol&fin flow.
Cyblyoliefin lphrticksf tat b adeQuattly preverted bAbin 8ficRhgY the
be made of, for exanple, Carbon steels and stainless
sdeftétoss 2. as "SUS 304" and "SUS 316L". As used
herein, "SUS" refers to a stainless specification
rBolyelefity pertidhisahase drn@ngié iof repiogadef, dfor example,
(JIS). It is preferable to use "SUS 316L" when a
ckoal ybbut\Bie toadtsndti 30P, i nTherangdey efiinalinatientoI® afd, 020
a hal ogen such as chlorine) is to be enployed. [0041]
rarediodtupreferably 4t least 3%fi n nononer gas feeding
nozzle 40 is provided at the bottom of the cylinder
1[2048h Ay deflestors 20i androwtmbar bafles 30fazel eaohtattached to the
bottom of the cylinder 12 by way of a line L30 and a
si& byssufpeot(not shusval). s chhe gapports! kave: sulsstantially
provided at the top of the cylinder 12. Gas which has
ma dnfluencar ongpgas howy landdgrolyelefin dlewhartbe cylindere 12,
exterior through a line L40, and gas-entrai ned
siaflactorss 20 and cbudar baffles 30 opay heamaderadyifoedexample,
cyc) one 62. The gas is then successivel i ntroduced
\Gazben |stepds apd staindess s@al&wcﬁgagé‘&é%:%%’w& “8ATS3d 6L”.

afirs 14 . . . .
As useé herein, “SUS” refers to a stainless specification standardized by

Japanese Industrial Standards (JIS). It is preferable to use “SUS 316L”

when a catalyst which are high in corrosive ingredient (e.g., a halogen
such as chlorine) is to be employed.

[0041] As shown in FIG. 1, an olefin monomer gas feeding nozzle 40 is
provided at the bottom of the cylinder 12, and gaseous olefin monomer
is fed to the bottom of the cylinder 12 by way of a line L30 and a
compressor 54.

[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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heat exchanger 65. After the gas introduced to the
first heat exchanger 65 has been cooled to a degree
that it does not condense, it is introduced via a
line L35 into line L30, and thereby recycled to the
bottom of the cylinder 12. In addition to the olefin
nmononer gas feeding nozzle 40, 5 a discharge nozzle
(not shown) which is capabl e of discharging

Hedat @xehhng®e6s] Cloferihd §fs Ritfbdicedacther firkp beat e2ehanger

may al so beé provided at The bottomof the cylinder
165 hé¢ been cooladlts & delpeeatiitiit doés ROVESAdei®] i ¥ introduced

inside the nultistage gas phase pol ynerizati on reactor

124 @linethds dntb tihere30} and dheriebly Rtycldd i tie Bbeoablof the

to provide an interior 10 nenber " in the shape of an

igplitdeed X onkn additicihevitie alefin peondmen gavttedingorszzle 40,

not interfere with gas flow at the bottom of the

@y | discleargé? nozzRO 43t | showe) pwdsicht iendupdiblendf discharging
circulating neans 90A is conposed of the
gulyelefampartivdes gathelend bfresctop opeeatidn mdynglsb4e provided
cyclone 62, line L3 1, circulating gas conpressor 64,

|at ke bastont iof ¢he bylinde 12x chelsgeto fédudei the dréuanof powder
ol efin nmononer gas feeding nozzle 40. If necessary,

tramaigisigimsid theayubtistage tgasphask gmlyhieri zatider réactor 10A at

which the circulating gas conpressor 64 and the first

bet ek ofaneactos soparationy ritiigeprafesable toepeovist. an interior

[0044] A plurality of gas discharge nozzles 60 are .

pRemibga dnothes shape i ofh an2imvsttech eong | (nedeshaveny ati avgosition
side surface of a tubular baffle 30.

th
Sﬁl%@ﬁﬂicze@ nat ingerteneowithi gasHlaviat thadatiomefithe cybinderd 2.

provided on a portion of, the cylinder 12 .
Eﬁgﬁiﬁmh@m@m smbadiment, ¢ fissts sizshlating, bweans 90A is

Sorpredat fBs hcxgamentionediens discharee geezln 63hdingeL40,
CaR S i 43 b qLog £ EovRRESRer fifh Line L &% fiess heat
exe gggnéjr gg,alting i%*lf‘;‘ﬂ&rdgﬁﬁ I\rl\lgingynerlgsas 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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condenses gases fed fromthe |ine L41, and a reservoir
66b which holds 1liquid condensate. By way of
illustration, the condensing unit 66 nay be given a
construction which is provided at the top with a
second heat exchanger 66a for condensi ng gases, such
as a nultitubular cylindrical 5 heat exchanger, and is
provi ded at the bottomwith a reservoir 66b for

Ceuttiimmes gk Fell fildeh She i DU €] afld ARRRERoif 68bakAIdTholds
gas transterred through line L41 is fed between the

skg@ididchredensals: haBgeway i Rigtratiog, ﬂ@é@bﬂ@%ﬁsiﬁgmniﬁ% may

the gas flows towafd the top of the second heat

cixe pivieh dobRtrutientwhicH is provide@nd the abp s¥ighangsiond heat

66a 10 and the line L31 are connected together via a

| éxvhahger 66a ﬁﬂ‘ctidﬂdvih,sir?8 %@M,@ﬂlbhfﬁd ﬂlhltﬁubtﬁ%]hraébﬂirﬁirical
ar e e

cool ant” di scharge |ine connected to

seenprexchaapes b oprovided dtabéthotitmm wyth adeserddinbsd for

has provided thereon a liquid feeding nozzle 50 which
forediensbd déquidosat e, d the tblefires enodmepbontaining gas
15 outside the cylinder 12 into a given polynerization
sranpferttd thpeugh loel 141 i3sfedhbevween tHeGsdcomd heapexichanger
feeding nozzle 50 is disposed near the gas inlet

@64 iand tie tréserveiro68bs and tre igasf flowdOtdward tthe toppof the
i.e., at the second polynerization stage fromthe top
secandtheat exahangem@iéas aille(tiopaefl theosexiond) heatvexoltanger 66a
spout. This liquid feeding nozzle 20 50 is connected
tand: the linedrIbiare eonneetedrtogethatevigi mdineni42 66 Inyaddition, a
line L20, and_a pu 52 for feeding the_required

Hoolant Hed ling E80and pardalantdischargenking Ligl areeconnected to

reservoir_ _66b is connected to line L20. [0047] In this

éh@@@ﬁﬂ@@hﬁa%@ﬂﬁmmgﬁrﬁ@@#ating neans 90B i s conposed
1040 i syhinter 52 alsbnhpgcproveded ribeeraro a lsud feeding
Hﬂ%@%& whigh frééfégn a:rc;q?'iﬂeg@;éﬁgéﬁlg in é!st‘gég&%gl&b from
torﬁ?sid%G the cylinder 12 into a given polymerization stage 25.
Specifically, as shown in FIG 1, a liquid feeding nozzle 50 is disposed
near the gas inlet orifice of the second tubular baffle 30 from the top,
i.e., at the second polymerization stage from the top, so as to spray
condensate (liquid olefin) toward a spout. This liquid feeding nozzle
50 is connected to the reservoir 66b in the condensing unit 66 by a line
L20, and a pump 52 for feeding the required amount of liquefied olefin
monomer held in the reservoir 66b is connected to line L20. |
[0047] In this embodiment, second circulating means 90B is composed
of the above-mentioned gas discharge nozzles 60, line L41, second heat
exchanger 66a, reservoir 66b, line L20, pump 52 and liquid feeding

nozzle 50. The pump 52 is not necessarily essential in cases where the
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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

Ihetd préstufd of the thadersiie 1Rad nithe rbServORehERii§ s@ffficiently
to be set higher than the liquid feeding nozzle 50,

chiighl iieg fhecligakriidvel ifirtheheseswir ﬂﬁbeiscﬂpﬁ?dsifci(ﬁi which is
punp 52 to be reduced. [0048] In this secon
Gufficienttlynhigheanhad W lead feedingmyete 500 Abeordifgly, it is

gas introduced into the second héat exchanger 66a via

|desérabld fonthé sesond lwfattdxehahgbt 66gae benviased at anHigher

the condensate drips down and I's stored inside the

rpessitionithal the ligingd Seediag noprde 39at eThis dlkovs thielighid level
the liquid feeding nozzle 50 into a polynerization

wfathe eéndérisate én ehearegervads éSbstes beaset highen émanvthe iquid
do not condense are 15 introduced via line L42 into
tikedinig nokzlei 50, gaablingthe ywed fof dotes bequisite tdapabity of a
gas di scharged by the cyclone 62. The anount of
mmaprieateebe réduceds forned in the second heat

exchanger 66a is set as the anount of condensate

10648} gn this se¢ondicirculagingmeaans B beat isaegroved fiom the
the _cylinder 12, and the anount of gas discharged .
fgasmnifasiused tntecther sgcorel heat exchanger 66guiiatline kAl until

t he ampunt of heat rempval in the second heat

spm b she obefin gapcongenses, and thecondensate drips dewn and is

suitab) e for generating this required condensate feed

rsé‘?féa mslc;q the resgyuoln @&b-d f’li@dstom £oadgnsate lifggdgwugh

near..the gas .inlet orifigce,of the tubul ar baffle 30,
Gelignd tl%@dmgqmwzlﬁeéﬁnaﬁtﬂ & golymesizationystage 29. If

BEGABAY, rites: 1R0cBorBoMiaEeR  Mhidhr Qe Rt sondemee are
lililggidgcéc‘f %9a i%%zi?iz 5191’(:!) thd’ E:ﬁ'fcﬁfa%ﬁllg ggsr %irrijp%gssior} 64 tc}g7ether
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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region having a high gas velocity, such as a spouting
area where a spout is forned. [0049] In addition, a
line L5 is connected to a position on the cylinder 12
whi ch is higher than the topnost tubul ar baffle 30,
and polyolefin 5 particles containing solid particles
of an olefin polynerization catalyst are fed through
this line L5 to the topnost polynerization stage 25.

[ @560 haetss dilighbasivelbEigy,RbedY a 8pBaEhERAEa where a spout

pol'ymeri zation Step which 'uses two Teactors, olefin
pisefoehieder i zation reactor 5 and nultistage gas phase
pol ynmeri zation reactor 10A, is achieved. In this 10

490 ey adéition, & keI taahédtad toas pesithore bhehescylinder
the polynerization and growth of polyolefin

PE2 twhichsis hi@mlthanrmhf’ﬂ&j[pn%st tubider batfle 36l iahd polyolefin
particles having a particle size of preferabfy at

| particlé&s0Gomtainingesolid pheticlel yofoan lotefin pl9murianibecenlyst
nore preferably at [east 850 m thereby enabling the
farerfetlithrough thisbine IS§ ab thee tumubstpdlytheriZatidmetage.235.t

is al so possible to have the pol ynerization step be

dfe5 0l ceordirglynan thegiresentt émbokdédient, a polymerization step
prepol yneri zation reactor 5 and uses only one
rehtdhorusesn twioi sreackws, alefihefpreppbimenzation i reactor 5 and
catalyst or prepolynerization catalyst is fed

dnulistage gas iphasmpolymerigatigasrasctor 1040y rashiensad. onln this
reactor 10A, and olefin polynerization is carried out.
away, ther alafiy grrgpolymerizatiost seantat 5 effectsnthie pelymerization
gas, phase polynerization reactor, such as an olefin

b grovvih iof polyelefin pasticlss o ereating, relativalje large polyodefin
pol yneri zatjon reactor 10A, may be provi ded
sma%gﬁgeﬁavm enpartinle szeqf piefepblyecabdessted00 gpmenmore

iFtarabiseat loast S0 1uFbr @i vk anale pEFIFERRY] icicast R50 b,
Eﬁ%@%&g{é il e At soh ey Mate |stable Yspouted’ bed.
However, it is also possible to have the polymerization step be one
which does not include the olefin prepolymerization reactor 5 and uses
only one reactor. In this case, an olefin polymerization catalyst or
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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in such an olefin polynerization reaction unit are
descri bed. [0052] In the ol ef mpolynerization reaction
unit and pol yolefin production process of the

i nvention, polyolefin--i.e., olefin polyner (olefin
honmopol ynmer, ol efin copol ynmer)--production is carried
out by 5 the polynerization of one or nore olefin
(honopol yneri zati on or copol ymerization). Exanples of

OnefrichSart B%ﬁrggpgﬁgeﬂ%ﬁﬁoﬁ Reddtich uhit\‘W@BdelPribag) ude

et hyl ene, pro -butene, 1-pentene, 4-nethyl-I-

Hes2Ndn Sheetdlyfin! gﬁﬂyﬁi&izaﬁohe%aeﬁoﬁ- it eAied aﬁ@léyoleﬁn
1-octene. [0053] One of nore of these olefins nay b
ysreductibhe pféddsyeby . the hhvehi by oleRa -1
changed i npeach pol yneri zati 8?’3?%%’. I'n ngéséﬁvf\%nerpglymer
Holefire rharabpelyrher, cslefinedopslymér)aproductidRds ddfedssut by
a different olefin my be uSed in each stage. Wen
tthe polymerizatiehi 6f étie osafore eefipl ¢HomfopolyineBization or
ol ef I n conmbi nati ons that may be enpl oyed include
mopwymeei’zatian.eneExmpmsl ofetlefirist ¢hgt may be used in this
propyl ene/ et hyl ene/ 1- but ene, 15 ethyl ene/ 1 -butene,
dnhighiior/indhudexethgleane] peopyletes ] ibwtehe b-pentene dbHniéthnl-1-
to olefins, it is also possible to use at the sane
tpemterve ri-methybd plodyeney; il ehexegres di-heptene wnid hoctémmes.
[0054} A ef m pol yners (honopol yners, copol yners) such
46058} dpn¢ eremiovermyfothese ralefins angy drecisedvy | ddternatively, the
copol ymers, propylene/1- 20 butene copol yners and _

obni used endy | b ehangedeire eachopglymearizatjoestep. In cases
advant ageously produced in the present invention. The
p¥lenecpolymerndzationeis nayrind out as cbrmiltistageyprogess, st different
%I merization jn which the proportions of the

ﬁ%ﬂé‘ﬂaﬁ et aseskbin each stagehe Whenrisvo ongners elefins are used,
differ in the Lespective stages is especially

sxamples of spyablsaledinecombinations thatsnay betemployadhinclude

nmul ti stage-ppl ymeri zed ol efjn copol ynmer, by, feedin
: @ﬁ@pyfﬁﬁs?%hy i BrQRY ﬁﬂeﬁl'gﬂtﬁﬁleprEMﬂﬁ@?/ﬁﬂéﬂﬁa -butene,

t 5 d 9
reﬁ?y enc/ l-blall{]enez:1 e%;hylene/ 1-hexene and ethylene/l-octene. In

addition to olefins, it is also possible to use at the same time various
copolymeric ingredients such as dienes.

[0054] Olefin polymers (homopolymers, copolymers) such as
prbpylene homopolymers, propylene/ethylene copolymers, propylene/1-
butene copolymers and propylene/ethylene/1-butene copolymers may
be advantageously produced in the present invention. The production
of olefin polymers obtained by multistage polymerization in which the
proportions of the monomer units serving as the polymer ingredients
differ in the respective stages is especially preferred. For example, it is
possible to form a multistage-polymerized olefin copolymer by feeding

one type of olefin to an olefin prepolymerization reactor 5 and a
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mul ti stage gas phase pol ynerization reactor 10A so as

to form honopol yner particles, or copolynerizing the
first olefin with a small anmount of another olefin to
form random copol yner particles, then feeding, in a
subsequent stage, two or nore types of olefin to these

5 polynmer particles in an additional olefin

pol ynmeri zation reactor such as an olefin

PRRIGSMBE! ioB3t phAsé eASkRhefizon FRidios! PIR GRS AAhase form
pol _yrrerggaé onbge_actgr }?%A. Th?S resu ts_Plgn a narrow

r Ef Partiéles! bt %?bgﬂnbﬂzlﬂg?ﬂ%l!ﬂrbﬁb% 9¥ith a small
pha_se pol ymeri zation reactdr 10A, rra_kl ng it easy to
aghoare of hhotftrcolamsitd| Rl ranllbm wdr;mym% CpRPIcYEE then

10 particles. This approach is especially effective

ffediragluizi agsuBediuent stfe;Civwo drORfvrE BHPRRPHE DIefin Stéc these

pol ynmer's i nclude = propylene-propyl ene/ éthyl ene

neolymesrsparticles in an additional olefin polymerization reactor such as
propyl ene- propyl ene/ et hyl ene- propyl ene/ et hyl ene

el yolefin prepblynetieatont kydotoe- Hr opy hemeiltistadesngas phase

pol ymers and propyl ene- propyl ene/ et hyl ene/ 1- but ene

peolymesrizatider eeactorldA.( " This resdis it es nhirovb qusidenye time
between pol yners, and a slash ("/") indicates that
tdistribution enothef inmsltistagec gps! phasei petymetikationheeactor 10A,
polymer. O these, the production of

rmbking Heasp dbachievees fixedmydmpesibienati raio edtunytherolymer
whi ch are F‘oj ymers havi ng propyl ene- based nononer

yrartislesar | apptoabh gis - ¢speaizllyp effectiveyforneeducimg molding
Japan, also customarily called "polypropyl ene bl ock
eCtBners"), and have crystalline propyl ene-based
pol yner_segnents and anor phous = propyl ene- based .
r{@ﬂ%ﬁi}rE@gpiﬁﬁt s, isofreferrsachA nul tpelymgrs2s include
pol ynmeri zed propyl ene-based copol ynmer can be prepared
[Bropllenecpropyleneéethylenest age pol yneri zation, in pojymers,
order, of crystalline 20
propylene—propylene/ethylene—propylene/ethylene polymers,
propylene/ethylene—propylene/ethylene polymers and
propylene—propylene/ethylene/1-butene polymers. Here, a dash (“-”)
indicates the boundary between polymers, and a slash (/) indicates
that two or more olefins are copolymerized within the polymer. Of
these, the production of multistage-polymerized propylene-based
copolymers which are polymers having propylene-based monomer
units, are called “high-impact polypropylene” (in Japan, also
customarily called “polypropylene block copolymers”), and have
crystailine 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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honopol ypr opyl ene segnents or random copol yner
segnments obtained by copolynerizing a small anmount of
an ol efin other than propylene, wth anorphous rubber
segnents copol ynerized from et hyl ene, propyl ene and,
as an optional ingredient, an olefin other than

ethyl ene 5 and propylene, in the presence of the
respective polyners. Such a copolyner has an

| Réropel¥propyiaRd seamaftsGefatidsm! i
tetra??cx%ngpht hal %gnrg atS 13% vvhidgj ilgn%fgpg%eélltiqbﬁamed

by aogpelphetizing alshalloafintl st atlT f&léﬁﬁubﬂie?tthﬁfil %rrc])tpylene,

pol yneri zed propyl ene-based copolyner has exce

heith rasosplenee. rubitesrdi degnidifts| Hepolymesizédatsém 1&thylene,
and can therefore be used in autonotive conponents

Smeoyk{de andens anaoptioedlr ingrediengnan idlefiarothes than ethylene
packagi ng contai ners such as retortable food

rank agopylenentiai ey prededieBodf Yhe e@gpective poigmereseSuch a
enbodi nent, to broaden the nol ecul ar wei ght

dopolyineri drasof an héntrirsien pasoowity, abe measuredpdnyni2,3,4-

15 conponents produced in respective polymnerization

setrphydeondphthyalene afi F¥5€ (5 nwhioh iscpiederabdy dhtasranpeeof from

present invention is also advantageous for producing

d).&f o pdi0phedEghaviTigs a nmltistageo| polyeerized:i prapylene-based

di stribution. For exanple, the intrinsic viscosity
siopalymer has exsailent heat resistancey rigiditylandenipacttriesistance,
pol ymer conponent obtained in 20 the pol ymerization
sanﬁ%cam dbengforeube 1sedeinmaytomotive lcompenenteisyich as bumpers
pol ger caonponent is in a range of preferably fromO0.5
wpd1 doordim, ang dn prasieisaprokaging conteirsys dugh asgetortable
evea rmi(g preferaply from2 to 20 dl/g. This
ifRPdinRekagingeQRAINEIFs at | east five tines the

[ inhsic viscosity of the polynmer conponent qgbtained
i[ﬁbgﬁﬁﬁgrwﬂ' Mnthe Arasesp entbadimens. i breadamtha maleeular
nol.ecul ar. i ght pol.yner c onent. The _pres

|W8E¥| Zlgﬁt\é\“Z’H%% a?i% a uﬁ’fé}p r €Bn @'leefple@?lbbl prlymer
Icgmpzolnents produced in respective polymerization steps may be given
different molecular weights. The present invention is also
advantageous for producing olefin polymers having a broad molecular
weight distribution. For example, the intrinsic viscosity obtained by
measurement as described above for the polymer component obtained in
the polymerization step that produces the highest molecular weight
polymer component is in a range of preferably from 0.5 to 100 dl/g,
more preferably from 1 to 50 dl/g, and even more preferably from 2 to
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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whi ch the anount of the pol yner conponent obtained in

the polynerization step which produces the hi ghest

nol ecul ar wei ght pol yner conponent accounts for from
0.1 to 80 wm %of the olefin polyner. 5 [0057] An

ol ef i n-based bl ock copol yner nmay be fornmed by a

process which does not use an additiona

pol ynmeri zation reactor, but separates the nmultistage
owhidhage PGB! 6Tt itRe g@i’g@rh@f ¢6tpdHent t \Wbtdinedona- the
In this case, an ol efin-based bl ock copol yner may be
@M?ﬂiﬁﬂmﬂﬁ'l Yot ' QHicH Produies tee Noighesl wabkicular weight
parficles in three polynerization 10 Stages fromthe

315"“0{“‘@‘* BemPdniechs targoufitss feh fEam POy t@ 8z ait 96 dfetsd @lefin

and feeding two or nore different olefins to two
qmlygfer_ pol yneri zati on stages. Because the ratio of
honopol yol efin particle formation is generally higher

t 065 7 h&nrelefia-bisedoblickrespdlymet imayy, be tfoimed by a process

preferable for the nunber of polynerization stages

uwhith doéomot tise drb akditigred] ysolginerization edaesor, dbuteseparates
hi gher than the nunber of polynerization stages used
tthefmultisthge qasoplyaser polyenerization otadfton 10A into two regions.
pol yneri zation reaction unit according to the
i Invthis icase anvlefin-basesdi biyick obpdliymern nay be esdvantageously
conposed of the three polynerization stages fromthe
tarpatednbyafrnniag  hbafdpolpolefire partacles ninr dareei polyumértization
in which a 20 gas containing a plurality of different
ditagesnfrom thetap af the nudiistege gsis phase polymetizathon reactor
pol ynmeri zati ogn stages. [0058] The ol efin
nmengdz feedingc 4o yer meord differenti olefims ote nwo bbottom

a known, addi ti on pol ynmerizatjon catal yst used in .
mcgymermﬁm Blaggs, oéecauw e reatioy of hamppelyalefinuparticle
gjgegl er-type solid catal ysts forped by 25 contacting a .

ringtien:is|geseral tthaw the r#tie gf copehymsr formation, it is

Tfkeably For Tagmumiber Oppolymerization stages used to form the
homopolyolefin particles to be higher than the number of
polymerization stages used to form the copolymer. Here, one olefin
polymerization reaction unit according to the invention in which a
single olefin circulates is composed of the three polymerization stages
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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conmponent A") w th an organoal um num conpound

conponent and an el ectron donor conponent; and

net al | ocene-type solid catal ysts prepared by

supporting a netall ocene conpound and a cocat al yst

conmponent on a granular carrier. Conbinations of these

catalysts may 5 also be used. [0059] What is comonly

referred to as a titaniunf nagnesi um conposite

P@éﬂPbﬁbnﬂN’) hﬁith%ﬁﬁo?@rfbﬁlﬁhiﬁimcéﬁfﬁﬁﬁﬁﬁﬁ D éteshd an

in he preparation of a Ziegler-type solid catal yst.

TélegtrofMdsHidre caipaheat, id bmedMeédirdtype covlidcicaiiysts

a titanium conmpound, a 10 magnesi um conpound and an
ephatan blb@nﬂiplﬁ#ﬁh%a% netaflobem éempoliid6@hd Tat @Btatalyst

conmpounds that ‘may be used to prepare catal yst

CEoTApOAsAt én A gradwdatdrticed Qorhbintion® eodRees Retalysts may

having the general forrmula Ti (OR )aX4_a (where R"is

aalby eagseelbon group of 1 to 20 carbons, X is a

hal ogen atom and the letter a is a nunber such that 0

190591 aWhat4)s tohusonbt i refemednuibesasi el titium/magnesium

tetrahal ogenated titanium conmpounds such as titanium

tesmposite catidystt iMay begasetess caﬂagpstyttdmpohem doepployied in

such as ethoxytitaniumtrichloride and butoxytitanium

tthec prepardtipndidfaho gheglerdype abahidy catadystum dinpocomiposite

such as di ethoxytitani umdichloride and

diatalysk ymiaya iieu robtairteido ryd egortacting ohatitaginm edompound, a

trial koxytitani um conpounds such as triethoxytitanium

dgnegnesivimeompound: and an elavtron donor such asthe following.

t et r aal koxytitani um conpounds such as

t[0068% t Fitanium seompounds thet r aiayt deytusednitenprepase ecatalyst

titani um conpounds may_ be used singly or as .

corppengniods are exemplified eby htitanium x@mposngls having the

ST SRR S Bk i aron of 1t
CZOdngr%rc])%ss, %{sceliq hgﬁ)vg%naatorzl% 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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magnesi um car bon bond or a nmagnesi um hydrogen bond and
have a reducing ability, and magnesi um conpounds
which lack a reducing ability. Illustrative exanpl es
of magnesi um conpounds whi ch have a reducing ability
i ncl ude di al kyl magnesi um conpounds such as 5

di met hyl magnesi um di et hyl magnesi um di but yl magnesi um
and butyl et hyl magnesi um al kyl magnesi um hal i des such

Jha o%érqg‘ %ﬁgi&gsrﬂ oﬁlto 3[‘%3@&‘% magnes?um anQSﬁHu%d have a
%g RO ot thAEReSUAT BpPlildy TRIRASIHE a reducing
rzﬂﬁ}iﬁy Nop1RRittdtE r}? Eﬁé&nﬁlé&%?e Iﬂﬁgﬂ?élﬁlﬁ Eﬁﬂyﬁn@géf\gﬂlch have

COﬁ'p ex conpou an or ganvdal um num

h ?‘?ﬁa‘“"ﬁ%”%ﬂ?%hﬂ‘@?lﬁ‘gegﬁlﬁwaﬁﬁﬁﬁgiﬂ AR ych as

EHEERY 1Ak ai)ds diedy E@Eﬁﬁs' Uﬂllﬂi Hh@%héiﬁum and
al koxymagn si um Ral i des suc as 15 met hox esi um
HuitpldtHglimaihesidin alleg) @ Kilidedsuch as butylmagnesmm
but oxynmagnesi um chl or’ de di al koxymagnesi um cofpounds
ldéride; di edlkglaikeg eximal di bgbmpommdResi uguchnd  as
magnesi um car oxyl at es such as nmagnesi um | aurate and

mhumym&agnemm Ahdseallgd eshea deghigtich as
| a a reducing abi i ty may be conmpounds whi ch are

Sbutyh'ﬂagn@iune hyrdride.n dthesec ma:g‘naiurhheompl’ﬁ.lrufs having a
cat al yst conponent A preparation, by a known nethod
freducing abadite shayn atsorbewstdhay thegfern exfis complex |donypound

[0063] Electron donors that may be used to prepare
ouith lanstrganopbueinum Aommpéurnte oxygen- cont ai ni ng
el ectron donors such as al cohols, phenols, 25
1{906B}aslllua1lralhhg mpbsboﬁynagnmlms ponq:cmmisowhlch lack a
3an| c or |norgan| c acids, ethers, acid. am des and
uciaghsbility dacludet dibgdogenatedimaguesiam 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

24



10

15

20

25

el ectron donors such as ammoni a, amnes, nitriles and

i socyanates; and organic acid halides. O these

el ectron donors, the use of inorganic acid esters,
organic acid esters and ethers is preferred. [0064]
Preferred inorganic acid esters include silicon

conpounds 5 having the general fornmula R2nSi (OR)4_"
(where R2 is a hydrocarbon group of 1 to 20 carbons
géle@trbﬂdddtﬁﬁﬁ stichs ABimMenia, ANHhes AR esOied I?socﬁgatnﬁgés‘,’ and

O carbons, and the I_etter nis a _nunber such t
<arg@nic 4kid Halides! r OF YesXaBtdh dBAbESlethe use of inorganic

t etraal koxysi |l anes such as tetranethoxysil ane,

t it R@tdr9 opanie acilehteR dmbefhery H priteiredO _
al kyltrial koXysi | anes such as methyl trimet hoxysil ane,
qi0064] rPreféfredy snorpagic baéddl tasteret haghrlel alkcon compounds
i sobut'yl trimethoxysilane, t-butyltrinmethoxysilane,
nedvippt t!hee%@m; ifoerhela legSi(OR%)L_l;l C(L(M’idrb?Rﬁis a hydrocarbon
butyl triethoxysil ane, isobutyltriethoxysilane and
tgrioupydf 1 te 20ocarbohs e a hpdibgdnadtisin, R ais@kydrdeurben group
such as di net hyl di met hoxysi | ane, 15
difet rwl 20 roatrbors;i dredh ¢he déttert 1l i apiumoberssieinehat 0 < n < 4),
di i sobut yl di net hoxysi | ane, di-t-butyldi nethoxysilane,
Hillngtrativey | deremipbes/si liaokhidebut wewraalkiokysiahexysisuehe, as
t- butyl met hyl di net hoxysi | ane, di met hyl di et hoxysi | ane,
detramdthoxysi i | artetraeiiboxtygildinet hoxaysi | antetrabutoxysilane;
di i sobut yl di et hoxysilane, 20 di-t-butyldi et hoxysil ane,
mlkyltristkopysilanesxysi | smeh  but g8 et hyl tiethjldripsithexgsilane,
and t-_buéigl met hyl di et hoxysi |l ane. [0065] Preferred .
sithplirimetbpyysitans, shutyltrimethexysilane; isobartydrimethoxysilane,
pol yfuncti onal carboxylic acid esters, such as, .
drbwHrinetboxysilgne,c amethylwiethoxysilane;y cethyltriethoxysilane,
arboxylic agid esters and aromatic carboxylic, acid 25
Buttultsethoxnyisdlens: ivebuiy irstinxysilane endd: by aisthexysilane;

et hyl acetate,. nethyl propignate, ethyl propionate, ,
@ﬂtgl gﬁilyyal&]d%lkogb’ﬁl}an%| epugh  ass cﬂme ylcﬁmethoxysﬂane,

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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met hyl acryl ate, ethyl acrylate, nmethyl nethacrylate,
et hyl benzoate, butyl benzoate, nethyl toluate, ethyl
toluate, ethyl anisate, diethyl succinate, dibutyl
succi nate, diethyl malonate, dibutyl malonate,

di met hyl mal eate, dibutyl maleate, diethyl itaconate,
di butyl itaconate, 5 diethyl phthalate, di-n-butyl

pht hal ate and diisobutyl phthalate. Preferred

AR A i S RO AP SR i et
5] 0L AN sl eyl o MY st i
SRCTES, BT S AR nflonmes Bty PO melOnate,

_Qﬁﬁ%%h?rp maleay Idibm %aléﬂ‘?&,hdfeﬂ?ﬁt Mhedidier dil:gir%?g gﬂaconate,

i soamyl ether and e i sobutyl “ether. Pref

it ]Ieﬁalitﬂﬁlsué',e_ di-Abuty] etdhehalais @hds Cﬁi@db&yllﬂephmalate.

[ 006 I"llustrative exafpl €és of organic acid halides

ipreferded BRampled dnclideVimuatirabed ali ﬁﬁ@mdrbé}i ¢ écid esters

hal i des, such as aliphatic carboxylic acid

kachdssmethdcgylitiaeid asteex Ydrnd phthatichalid dsters athd maleic acid

aromatic carboxylic acid halides. Illustrative

@stath) e Phthslicdeiddiekidrs are aloregreferegd.onyl  chlori de,

butyryl chloride, valeroyl chloride, acryl oyl

{0066} dHustrarvbaexathplds ofilsthedeindlude odiallotl! ethieds such as
tol uoyl chloride, anisoyl chloride, succinyl

chiéthiyl detherpadibuty] cther; | ditssobwmy ke etherhldiaing®, ethegcdiigbamy!
20 chloride and phthal oyl chloride. Preferred exanples
ietheeny aee thryb ety kether rmeshjtli isoamiydl ethdroandi ethyd usbbuty] ether.
benzoyl chloride, toluoyl chloride and phthal oyl
Brkferred examphed maludé dinityk ether andadiisdanyyletherer r ed.

0068L Exanpl es of nethods for_ preparing catalyst

0063 hdHustrative examples of farghnio acid I2alides) inbads moncr and
l'i quid nmagnesi um conpound, or a conpl ex, conpound of , a |,

ctienab limacidrhalidas; sueh @sediphatictearhoxylic acid

precipitating 26 ) ) ] ) . .
halides, alicyclic carboxylic acid halides and aromatic carboxylic acid
halides. Illustrative examples include acetyl chloride, propionyl
chloride, butyryl chloride, valeroyl chloride, acryloyl -chloride,
methacryloyl chloride, benzoyl chloride, toluoyl chloride, anisoyl
chloride, succinyl chloride, malonyl chloride, maleyl chloride, itaconyl
chloride and phthaloyl chloride. Preferred examples include aromatic
carboxylic acid chlorides such as benzoyl chloride, toluoy! 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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agent, then treating with a titani um conpound or with
a titanium conpound and an el ectron donor. (2)
Treating a solid magnesi um conmpound, or a conpl ex
compound of a solid magnesi um conpound and an

el ectron donor, with a titanium 5 conpound or with a
titani um conpound and an el ectron donor. (3) Reacting
a liquid nmagnesi um conpound with a liquid titanium

ic%saﬂurtﬁehnuieaﬁn rﬁﬁﬁﬁ%_tﬁanggngbggﬁogﬁdmowmﬁ@ titanium

ucing the pr&cipitation titani um

CERbBind @hd &péfgg&?ltd f Ng the reaction product

obtalfned in neth 2) or 10 (3) above with a

hy . : ¢

L e e o SR Ex FOfsound of a
RGNt Ghagibsihfe oBip it Gl an el sdtioax dotofN el a titanium

compound wi t h an organomagnesi um conmpound such as a

@drapennd oeagithta titanilte dimpenad aad anelettronddndrcon
conmpound 15 having a Si-O bond is treated with an

eReactinguadiqaid ehdEiesigmeonipbiant withaai iquid titanium
te(g?rachl orlgde. %6) Airgghod in \;\mhl?bch a solid pggduct

adgmpoend bin nthdupiezgnee tof am whecteenmdonst, varid iaducing the
or ganomagnesi um conpound in the presence of an
prgeipitatiorcofia golifditaniim campleganosi | i con conpound

and an ester 20 conpound is treated by adding, in

ddd dfyrtiremirgating thé reactiom roductpbiained i methad (i), (2) or
tetrachloride, followed by an organic acid halide
dGmhowve, wathda ttitaniumatempeuhndd or swithbae glentrdry donor and a
treated with a mxture of an ether conpound and
ttitanfimroomapourndyl ori de or a mi xture of an ether

conmpound, titaniumtetrachl oride and an ester .
d&dpdumethed (in) whiekt aosolidh productt pbtainedivby reducieg an
contact catalysis of a netal oxide, dihydrocarvyl
redkexyilanumccompaind avith enterganamagnesiisn compoymd such as
a Crignard reagent in the presence of an organosilicon compound
having a Si-O bond is treated with an ester compound, an ether
compound and titanium tetrachloride.

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

conpound, either following treatnent with a

hal ogenati ng agent or without such treatnment. (8) A

nmet hod i n which a nmagnesi 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

| a [ n ' Uit S8 t . e

\(/&9 ﬂiart?tggt hﬁg?t e éggcn%gﬁ n%mg%li \F?In#;% ittln any o‘?&?rlétgﬁgg’s either

( JirERAY Writh 3@ N E?ﬂten OURMHHA

o@lgﬁ‘}ﬂgggr%tl C 61?113}dr ocar %o@?gsﬁ%%%] 2 th?elcabove such
tfor preparing catal yst conponent A, nethods

(1) to (6) are preferred. These nethods of preparation

e('820161 aeerBodl invwhidh ﬁﬁﬁﬁ@%&iﬁﬁ’i compdtind®ich &#the magnesium
at 0g

sphere, such as nit en or rgon. [0070] In e

afaf ain eRgMlicCcadid vf tarC allpnARhgesilRe i idorkadtsd With an

conmpound, ofganosilicon conpound and ester compound
Flectbor! doridy ¥ndua attadiidr confprind, | éithér fellowing hftredtment

a suitable solvent. Illustrative éxanples of sutc

seithehslopankhtide agkhPbpwithdindiehardmatentuch as

hexane, heptane, octane and decane; aromatic
{9y Taeatihgthe vonipaend obtainsd iarshy<yl emethodsi(ty ¢ i(B) above

hydr ocar bons such as cycl ohexane, 20 net hyl cycl ohexane
anith delealbgen, ahdlogemecomponnd uiarsadmatic Hiydidgdrbon.
ether, dibutyl ether, diisoanyl ether and

t{6068hyaf dher abové atéfjodsn foheprepariagacatalystf comtponesit A,
conmponent A, the tenperature of the reducing reaction
whethodss@y to (6) gae grederred umtesp amethods of gprepatdtion are
from-50 to +70C. Fromthe standpoint of catalyst
genevally allscamisdomatt in aménerd igasratmosphese,susheashityogen or
from-30 to +50C, and nore preferably from-25 to

ABgM1. The dropwi se addition tine for the 28

[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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or ganomagnesi um conpound, while not subject to any
particular Ilimtation, is generally from about 30

m nutes to about 12 hours. Follow ng conpl etion of
the reducing reaction, subsequent reactions nay be
carried out at a tenperature of from20 to 120C. 5
[0072] In the preparation of catalyst conponent A, the
reducing reaction may be carried out in the presence

o o M DO, FiLeT Rl CEPARLE (o7 8, Sparfioular
| BRI, is Weohlly; ARORHSU©30ohipSHS" 190K, 12 hours.

mat_erlalé p ave a pore volune at a pore
IRl EwiR édxﬁple_%ﬁad OF2fH2 Féﬂlﬁh%ore%*ctibﬁa%bge&uéﬁ{gr ions
an average paftticle Size of trom5 to 300 m ~Exanples

qhggq:s@me@maadti Ereppéiatuieof 8 2048,1260¢03, MO
TiR2, Zr2 and conposite oxides thereof. Exanples of

o072 RoltheepeepdratibndofPehidyst Stnpasétt PRr ake reducing
pol ymérs such as pol ystyrene and

sienttion-1dhy ibeyddriedens ipodre! preBénce 8 hyRsrouk #hatebiad 8dch as

porous 15 polyners such as pol yethyl acrylate, nethyl

a1 \hetgarde voxide benaengganitd polymes s esy tetdilow the solid
met hacryl ate and net hyl nethacryl ate- di vi nyl benzene

tres $m grelity the polmameshaperialus Sudly pereusstaberials
as pol yet hyl ene, ethyl ene-nmethyl acrylate copol yners
gprefenably havey pore. vélumd as e pove eadivsudt frone @9, toS20R nm of
Al12CG8 and styrene- 20 divinyl benzene copol yners are
mtefeast €8 hD@7ahd Ere aversgeo particlsusize oo dror 5 to 300 pm.
conponent used in the preparation of a Ziegler solid
daxamplas ofiporeud sxrganieoxidesiinchnden 505 A&@gj MgQ,hEIO,,
mol ecul e and may typically have one of the follow n
o aindf eompasste pgidesntliersofn  Exaeapleo ofi paroug polymers
include polystyrene-based porous polymers such as polystyrene and
styrene-divinylbenzene  copolymers; polyacrylate-based  porous
polymers such as polyethyl acrylate, methyl acrylate-divinyl benzene
copolymers, polymethyl methacrylate and methyl methacrylate-
divinylbenzene copolymers; and polyolefin-based porous polymers such
as polyethylene, ethylene-methyl acrylate copolymers and
polypropylene. Of these porous substances, SiO,, Al,O; and styrene-
divinylbenzene copolymers are preferred.
[0073] The organocaluminum compound component used in the
preparation of a Ziegler solid catalyst has at least one aluminum-carbon
bond on the molecule and may typically have one of the following
general formulas.

RYALY 3,

R’RAI-O-AIR'R®
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In the above fornmulas, R4 to R8 are each hydrocarbon
groups having from11l to 8 carbons, and Y is a hal ogen
atom hydrogen or an al koxy group. R4 to R8 nmay each
be the sane or different. Also, the letter m is a
nunber such that 2:5 m5 3. 5 [0074] Illustrative
exanpl es of the organoal um num conpound conponent

i nclude trial kyl al um nunms such as triethylal um num and

thi 'tl‘f‘é’%b%afdﬁdlﬂm Réi ! RY! Abusdcp l’i}rl AysldrBen ng:%bsaﬁavmg

di et hyl al umi'num hydride and dii sobu al um nu

hiref defo 8Atarblsms ahnd YU R4l gom, B drogen or an alkoxy

di et hyl al um num chlori de and 10 dii sobutyl al®um num

?ldﬁ L deR? 18 R“Lthsy eabhdbé ﬂ'leaédfﬁé A {iTTepeRtV t&ls@ the letter m

yl al um num hal i de, such as a m xture of

tlglaeﬂﬁmlb@f dithRane khm €iget hyl al um num chl ori de; and

al kyl al unoxanes such as tetraethyl dial unoxane and

t[©074% Ul jdsthative mogdiapldd  bfiethe ospanealuminmim compound

conpounds, the use of a trial kylalumnum .a mxture

iComponent intlldeatriaikylatuniinin®s dushkus drietfiylabaminum and

hal ide, or an al kyl alunoxane is preferred. The use of

triisobytybluminum; t rdiaiodalyhaium nurhydridesct ursuef  as
triethylalum numand diethylal um num chl oride, or

tdiethpdahyhiivah unohpdrdes nmé prélﬁsnblﬂ:ylaluirﬁﬂﬁﬁi hydride;
Exanpl es of the el ectron donor conponent used in the
alialkydphaminuomn dfalialeZi egichr ao| dicthglaugshuimcthiteideheand
followi ng commonly —used el ectron donors:
gchlaride;omintures sof uc trialkylaluoghuts, with a

phenol s, ketones, al dehydes, carboxylic acids, the

lmmahaluia;rsuqlbagamumnaur@sqf mctthylaluannum with
am des and aci d anhydrides; apd njtrogen-containin
digthylalumisusn s schiprigde; ammnd a, alkyladgmonanes | esug as

and i anates. O these el ectrgon donor conponents,
|tﬂ1§agtiwﬁ allgnexanet epvdandetabetddislemexener red. G these

organoaluminum compounds, the use of a trialkylaluminum, a mixture
of a trialkylaluminum with a dialkylaluminum halide, or an
alkylalumoxane is preferred. The wuse of triethylaluminum,
triisobutylaluminum, a mixture of triethylaluminum and
diethylaluminum chloride, or tetraethyldialumoxane is more preferred.

[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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[0076] Preferred inorganic acid esters include silicon
conpounds of the general fornula R9"Si (OR10)4..
(where R9 is a hydrocarbon group of 1 to 20 carbons
or a hydrogen atom R10 is a hydrocarbon group of 1 to
20 carbons, and the letter nis such that 0 < n <
4). lllustrative exanples 5 include t et rabut oxysi | ane,
butyl tri met hoxysilane, tert-butyl -

RSP T i o
B AN O S Ao
oo SR e ) o

Qﬂ{] tthggéfﬁe%ﬁ 1§rs?:|{5§ bo%gl gfﬂ} dﬁﬂh?s@ratltve examples
ot s, i i, e
t%@lel ec ngg%%r chlrpn’ginéé%?dsﬁérﬁﬁ or gangﬂ?,%il con and

COVEleHs R:ﬁ‘.h lﬂﬁngﬁ[@g%lﬂa}, rmul a RI5R16Si (OR17)2 is
e‘g{)ﬁgm al 5T|E)referre HerQe R15 is a hydrocarbon

gfCONT] 01‘5reﬁ'elt'r@d26%‘.h€1’=s|r hlade rdlgﬂ!@«‘l ERe 0@ BRthét e8fh ounds

nei ghboring the silicon are ondary or 20 tertiar

| of et g@tidrybforxgtal es include branched chain al kyl
groups  such as isopropyl, sec-butyl, tert-butyl and

tert-anyl; cycl itkyl groups such as cycl opentyl and
cycl ohexyl; cycloal kenyl groups such as 31
R!*%0~CH,—C—CH,—OR?*
I
R12

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

[(0078] Of these electron donor components, an organosilicon
compound of the general formula R“R'®Si(OR'"), is especially
preferred. Here, R" is a hydrocarbon group of 3 to 20 carbons in
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
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cycl opentenyl ; and aryl groups such as phenyl and
tolyl. Inthis fornmula, RL6 is a hydrocarbon group of
1 to 20 carbons, illustrative exanples of which

i ncl ude straight chain al kyl groups such as nethyl,
ethyl, propyl, butyl and pentyl; branched al kyl groups
such as isopropyl, 5 sec-butyl, tert-butyl and
tert-anyl; cycloal kyl groups such as cycl opentyl and

R B U S R LR T, i
chite; Tnds: & BYdpsasim, GOtRiar ot ioh RaRaess oftrative
e oL Shich e iRkt RBih 3GU frowps sy as methyl,
t: %ﬁ&h{ﬁf?p&ﬂ:ﬁi}% éﬁf&%ﬂlﬁ }{éﬁﬂ%ﬂ&kyi groups such as isopropyl,
AT R g, s seh s
ST and s R e Skl FolRy syt s gyclopentenyl
P R -
PS5 Skl o1 28 SRR 3, bl o
ARSI ), of TG e, oMl Gidhs o
gl%gﬁﬁéﬂio%hefcgﬁgﬁ%gsrt i:orﬁaaaI %@Qﬁe&oéf%ucﬁogaf%gl%ﬂ donor

yst conp e or ganoal unt num conp

CQtRPRRGAtsand t hejnehgdd ron do E@?—b‘h@ﬁpﬁfﬁﬂbylﬂ’iﬁl&ﬁtoﬁsilane,

brought 1nto nutual contact before being'fed to

: . I : ,
br%ibggpg_r ate"(,el!q)i?/Ei Fed tiolltaﬁg mul t#%?gg’gﬂgggﬂggﬂgﬁﬂysme‘
Q0P TnZ athOn pRPakRion t hen CaontEiégfé‘i‘ Wsbliin tixalyst, the
reactor. 25 Alternatively, any two Of these conporents

nGYgahbiRimRRIng @ik Wohdporkag Hs AsBd'in @Naniowdt, per mole

remai ni ng conponent subsequently brought into 32
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
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contact, or the respective conponents may be brought
into nutual contact in a plurality of divided
portions. [0081] Exanples of netall ocene conpounds
that may be used to prepare the netall ocene-type
solid catalyst include transition netal 5 conpounds
of the follow ng general fornmula. LXM In the fornula,
Mis a transition netal, x is a nunber which satisfies

t B8ntart,oBk Cthéak8dpfertive bbit&ﬂiglﬁﬁ% hap BetBloudhtaiifiolmutual

Is a li'gand attached to transition netal”. At

Ie@ﬁtac@neaggﬁrmrtymividdd pértibds, gand having a 10
I

cycl opent adi enyl " skel eton.” [ 0082] The transition netal

008 I9r Bkermdley of mtailldoeas gofipundlst ehdt a4yt be used to
I\P/[eri odic Table of the Elenents (I'UPAC, 1989), %nd nor e

ppadpeirabihe tm@taﬂbuanei?’p@ ogulidn etalyat ninelndd GPdidlition metal
Li gands L havi ng a cycl opent adi enyl' skel eton are
egempouhids df the following generdldormays.l opent adi enyl

groups, (substituted) 1ndenyl groups and

(substibLyved) fluorenyl groups. Illustrative exanples

i nclude cycl opent adi enyl, nethyl cycl opent adi enyl

t b theoforphulpe M pe atteatisttigh metdl,reihy innyeberpwhichdsatisfies the
tert-butyl nmet hyl cycl opent adi enyl ,

natomyici salpnopyifdhel toasitiedimetdl M, and L is a ligand attached to
trimethyl cycl opentadi enyl, 20

t ther amsitiphcyetalpe M tiliashphe occurrence of L is a ligand having a
pent amet hyl cycl opent adi enyl, indenyl,
acw;lepentadiengtyskiebstodeny! , 2- et hyl i ndenyl ,
3-net hyl i ndeny| , 4- nethylindenyl, 5-nethyljndenyl,
el0a82y The aml;slt,lorymgahﬁ iis peefgrably-an atom from groups 3 to 6

tert-butylindenyl, 3-tert-hutylindenyl
20% dhe. Baripdiedbable. of theridlemanty| (KA,  1989), and more

e Mt e 2 7
ADER L igmmdR A apink gy lmentadienss shbleiby -argeremplified
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-methylindenyl, 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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phenyl i ndenyl, 2-nethyl-5-phenylindenyl,

2- et hyl - 4- phenyl i ndenyl, 2-net hyl - 4- napht hyl i ndenyl ,
fluorenyl, 2,7-dinethylfluorenyl, 2,7-di-

tert-butyl fluorenyl and substituted versions of the
above. In cases where there are a plurality of

| i gands having a cycl opentadi enyl 5 skeleton, these
ligands may be mutually Iike or unlike. [0084] Ligands

P, S e ey L 4 ey,
R e s g N Y S s

Ereibusd florbiyl RAHCsaBaded Vei8idiRt BF Oe0AbBoa! | TH cases
group ‘i nclude oxygen, sulfur, nitrogen and phosphorus
alydighe tHepd Efed L@S?llﬁﬁﬁt)ﬁxtﬁmigeﬁicﬁd h@(i,iri’é kQXMyﬂbﬁéﬁ&dienyl
aryl oxy groups, thioal koxy groups, thioaryl oxy
gslealeton, thédd Bgands Ma9UHs mlill ke BuRNReS.
al kyl phosphi no~groups,” aryl phosphi no groups, and
af00Ri Ligindal Lndthkt ¢hdrp these haoitd hccytlopentabdistyl skeleton
the riing at | east one atom sel ected from™ anong :
outeg @xengplified , by hémeatoﬁndbeaﬁngp lpoups,ahalogen atoms and
Illustrative exanples of the halogen atons include
f hydrdcaebore igroups g exbhualing egmn?s hadhgea atyedopertadiene-type
hydr ocar bon groups are exenpliftied by al kyl, ~aral kyl,
aanylonazkeletok@ny! groups. 20 [0086] Two or nore |igands
L may be directly linked to each other or may be
| j00&S] Ekampdés ofrthei Hoteroatommi in the dietéreatomebearing ezroup
of atom selected from anong carbon, silicon,
nincludge oxygengsulfug unituogeanand phesphoruss atomss . Such groups
Illustrative exanpl es of such residues include
aaneyexeraplifiedpby slkoxy groupky hryloxy egtoppsn thisaltkoxy groups,
propyl ene; substituted 25 al kyl ene groups such, as
XEt hgreups,(i salkytaminalengroups arylamino  groups,

di_ phenyl net hyl ene; silyl ene_groups; substituted . .

Eyl phin ggowps; larytphasphino groups, and aromatic or aliphatic

heterocyclic groups having on the ring at least one atom selected from
among oxygen, sulfur, nitrogen and phosphorus atoms. Illustrative
examples of the halogen atoms include fluorine, chlorine, bromine and
iodine atoms. The hydrocarbon groups are exemplified by alkyl,
aralkyl, aryl and alkenyl groups.

[0086] Two or more ligands L may be directly linked to each other or
may be linked through a residue containing at least one type of atom
selected from among carbon, silicon, nitrogen, oxygen, sulfur and
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

34



10

15

20

25

di met hyl silyl ene, diethylsilylene, diphenylsilylene,
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 nethyl ene,
5 dinethylsilylene, diethylsilylene, diphenylsilylene
and di net hoxysilylene are especially preferred.

BB e bt | 0 SRR ne
b . ! . mo o

Vi s e i s
%ﬁ%lgenéé: s? gn%ﬁn%ﬂ?&?%ﬁb%% 'osi’ é)lef these,. methylene,
K o B | I SPAEPERAChEr, [ ipheay i etlylene,
gdﬁﬁémwilsilayléﬁé, diethylsi{y _d(ia%hen}zl%il%lene and

1
i methylsilyl (tetramethyic cF%%ent adi enyl')’(3,5-di-tert
- BihathoRysfly Rienas\espetiallypreférged.or i de. Addi tional

exanpl es” i ncl ude conpoundS ~ in which the dichloride

h elhsuasiviet ugesinpldsh df mehdadodener comhpbendyi declud
ggg)uggg. [ 0088] eCocata yst con‘ponentS'thatc may be used ude

| bis{dyeclopemtadidriydlzirdoniokt al | ocene-type solid  dichloride,
catal ysts include organoal um nunoxy 20 conpounds,
dbigémethiyloyclopentadionyidzireosivaer on conpounds. [ 0GHBhloride,
Illustrative exanples of the organoal um nunoxy
chistindenyl)zircohima t et r amet hydi¢hidrideé,noxane, bis(4,5,6,7-
tetraet hyl di al um noxane, tetrabutyldial um noxane,
ttetrahydryindenyl)zircornam, divhidnde, ethivienebis(indenyl)zirconium
et hyl al um noxane, butyl al um noxane and ] ] ]
rdichlatideri noxdimethylsilymebis(trimethylay clopentatipheldzivéonium
or ganoal um num conpounds i nclude trimethylal um num
tdicblande| udimethylsilylenebis(indenybziceoniust  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 organcaluminumoxy
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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triisobutylal um num and tri-n-hexylal um num [0091]
Illustrative exanpl es of boron conpounds i ncl ude
tris(pentafl uorophenyl)borane, triphenylcarbeni um
t et r aki s( pent af | uorophenyl ) borate,
tri(n-butyl)amonium5 tetrakis(pentafl uorophenyl)
borate and N, N-di net hyl ani | i ni um

t et raki s(pent afl uorophenyl) borate. [0092] The

gﬁﬁﬁébﬂgrlﬁlﬁh‘ilhﬁhl hAdirifishek§1ala8tinuth,.t he preparation

'l ocene solid catalysts 1s preferably a porous

HNHAistédtivest r gkamplesex agp! e%cﬁ&nmlé‘émgaﬁhuﬁe include
|norgan| c oxides such asSi @2, A1203, MO 1

Tirff{pefia®or nﬂ%braﬁéo and ThO02; clays gipldmiearbenium

mnerals such as snectit e, nontnorillonite,

hegtakis(pentdfRRadp h@nﬁl)d sapobbidte, and afartsty Qammomum

pol ymers such as polyéthyl ene, 1ypropy|ene an

steyrakis{pefitafltitop henylgne bambyneand[ 00SIAN-dimethylanilinium

Met al I ocene-type SO|I catalysts that may be used

i 1ot Ehtﬁhmr&oﬁhmlglhmaté in, for exanple, Japanese
Pat ent Application Laid-open No. S 60-35006, Japanese

PE0S2] The ! graaulan chmiet- dpstnnisy. b8 68ed500The preparstion of
Pat ent Application Laid-open No. S 60-35008, Japanese

Raietallocefemdolithtatalystaiisl pogfera blg.aﬁoﬁduﬂﬁﬁlﬁsltﬁnce illustrative
Japanese Patent Application Lald-open No. S

exatipheof Whikin exdude inotganpp bxides such as 8i0neAlXD;, MgO,
20 S 61-296008, Japanese Patent Application Laid-open

NérOg 3@2895;({53 Capméd cBaak and TAp4;i cdays om dlayely opieerals

No. H 3-234709, Japanese Transl ati on of PCT

Apishi ansmestite;. mpntnbotiondte, heptoritee laponita and saponite; and

Applicatign Laid-open No. H 6-336502 and Japanese

reganic Aelymsas i sich eai pobyehylikoe, polypropylene 2and styrene-

[ 094]. When a netall ocene-type solid catalyst is used
Vmselfbanzep@wm@lymar. on, a cocatal yst conponent such

aﬁ)O%%] QM%taq aée%rg t?zlf)rg so:i1d catalysts that may be used include those
mentioned in, for example, Japanese Patent Application Laid-open No.
S 60-35006, Japanese Patent Application Laid-open No. S 60-35007,
Japanese Patent Application Laid-open No. S 60-35008, Japanese Patent
Application Laid-open No. S 61-108610, Japanese Patent Application
Laid-open No. S 61-276805, Japanese Patent Application Laid-open No.
S 61-296008, Japanese Patent Application Laid-open No. S 63-89505,
Japanese Patent Application Laid-open No. H 3-234709, Japanese
Translation of PCT Application No. H 5-502906, Japanese Patent
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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conmpound or a boron conmpound may be used together if
necessary. In such cases, the netall ocene-type solid
catal yst and the cocatal yst conponent may be brought
into nutual contact prior to being fed into the

pol ynmeri zation reactor, or may be separately fed into

the 5 polynerization reactor and contacted within the
reactor. Alternatively, the respective conponents may
beordpeusitor é‘b@réﬁ*bﬂﬁg)diﬁf& beéluded %%h‘tﬁbt ifnédessary. In
di vided portions. [0095] The ss nean particle
dhpiietRised! theenriaNScane o d/ &italat | aid Cﬁfeabb‘éhtalyst
is generally from5 to 150™m In a gas”phase 10

PEbY h_eﬁﬁhizgnbé ought iintd anituaH bahtact PrivtPRy Being iRl into
scattering of particlles to the reactor exterior, it is
dpel rpdlyendrizatich araRtel, Y or Ay nbead sopasgtelieafed into the
particl e dianeter of preferably at |east 10 pm and
npolymd eftiorabdactat ahd avntddied withiretheotenarird z A ltematively,
catalyst in the present enbodi nent may incl ude

athei tespestive ctomponehtsuintiy del browglst aitd amtdédl contact in a
antistatic additive. Together with the pol ynerization

cpluralytyt obdivithed ppridomsit enbodi nent, conconitant use
may al so be made of a chain transfer agent such as

ehhé omasse meaposparticle egliimeterg ofetheroabove arolefin
wei ght of the polymer. [0096] The olefin

uolymerizadiorooatakysiliy generallyp from sota d50euim. 20n a gas phase
prepol ymeri zati on catal yst which first induces .
molymsrizagidoreactor dnaphrticaeynto ofuppress nthebxsaafiedng of
of olefins that may be used in prepol ynerization .
ipegtigles tontheoreactorsexteriorniyis idesirable thusta casalyst having a
descri bed polynerization. |In this case, a single type
dnasy énean mglbb digsaetes| afnprefgrahlyoatoleasbrf) gims endnmore
ol ef.ins, my be used together. 25 [[0097] Methods for
mrsﬁﬁréﬁbg af heastrleh e rliheappbimerization cafalyst i the present
limted,to, sl Y. pol I zati d, )
%ﬁl@& fx@qultmmfy include addifives such as a fluldization aid and an
antistatic additive. Together with the polymerization catalyst of the
present embodiment, concomitant use may also be made of a chain
transfer agent such as hydrogen for the purpose of regulating the
molecular weight of the polymer.
[0096] The olefin polymerization catalyst may be a so-called
prepolymerization catalyst which first induces polymerization in a small
amount of olefin. Examples of olefins that may be used in
prepolymerization include the olefins that may be used in the above-
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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pol ymeri zation. O these, slurry polynerization is

preferred. The use of the latter in production is

someti mes econom cal | y advant ageous. Production may

be carried out using a batch system a sem batch-type

system or a continuous system 5 [0098] The mass nean

particle dianeter of the prepolynerization catalyst

is generally from5 to 1,000 m In a gas phase

p » L3 .n . . ) Th

CBHREHZAGOR] OREESE Anb ROy iiaddifhed. | The use

PBFithe! By hti &GS d¥afitageous.

0F the Bl A pROGUCE 36 oLt LoRRmicAlly Tadvaftageou

dpeddhad RREh K8fend 2h | seibatch-type
‘? &hwy bR caified ehs‘c’ilﬁgrreter o%é%f ’ 0 typ

cat al yst aV! ng a partic ess t han 2
Thyqef) 6EReehAhkKuL Systehian 10 m to be |ow [0099)

e polymerization catalyst may be introduced into the

r 8] Thes nfasSUSHeHIs Irfﬁt fe adiamsiter aahe S prepsulynidirization

ic
the li'ke. Introduction by entrainment wth nonoier

g@atabfstals | g?hérél fiomh &5 10 L1IQDEN if.al shn b5 %as phase

possi'bl e. [(0100] Pol yol ef m Producti on Process Nex

tF@pﬁﬁmEﬁo@fredmﬁﬁ daipratieulke] ¥e neinimize seatér e the exterior
ol efin polynerization reaction unit is described.

[ 6f eHig rédotet, theahisy fidan particle déameturtisiprefigrably at least 10

cat al yst conmponent 20 havi ng pol ynerization activity
apm,fadratbrerprefierablefat deastricpphy.reMemdoven, it dadesirable for
by a known nethod using an olefin polynerization

ctiteahmouint [df_llﬁlﬁ?ogemeriaaﬁbu datalyst havaipaeparticlo dedmeter of
ed v

nononer gas is ialine L30 into the nultistage
gless phars 20pohy and iezpeciallyrlessthan 10 punfy tnbe bew. 25
nozzle 40, the pressure is raised to the .
pGA%Y r Thatpalymerizationecatalyst tthey ibe introducsd inte the reactor
cylinder 12 is heated. The polynerization pressure,
33s 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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whi ch may be any pressure within a range at which the
olefin is capable of being present in the reactor as
a gas phase, is generally fromstandard pressure to
10 MPaQ preferably from0.2 to 8 MPag and nore
preferably fromO0.5 to 5 MPaG At a pol yneri zation
pressure below 5 standard pressure, the productivity
may decrease. On the other hand, at a reaction

Ditfich ilap byl Brddad GatiiA gt AR WhicH theSlefiispable

may becone hi gh.” The pol ynerization tenperature varie

age %ﬁig]o?resteﬁt i ehé YORLEF a8 hasehs saN&@alyFrom standard

wei ght t he product and otHer * factor®, although a

t prexenss Uoe 1@e|ma®g?f&éféﬂl'ﬁ femt0.2f t6hg MPRAGH ﬁ%ﬁl more

pol ynmer, and preferably at least 10C | ower than t

npréferdblpofrdim 0.5 tod®NPaG, e-AﬁI@?bf)‘E%ﬂé&M&Dﬁ hessure below
0

tenperature is preferably fromO , nore

pstahdaed pyedsues) 2 fpdti&ﬁri%)aﬁ@h}eﬂeﬁrdmé.e e ftlhé dther hand,
from40 to 100C It is preferable to carry out

pal greactiohipressurecabevey i 0 AP, equiipeient Sosts for the reactor
substantially free of noisture. The presence of

noiayt beeomeyhiigh. | oFhe pdigmerization terhperatars vatiey avcording
the polynerization catalyst. Also, the presence of

et thess typey o monamen ntheomotecidap weighbofi thié pxodect and other

within the pol ynerization reaction system may | ower
t factornsy althenighaai temperaturet helof® the|mbking pointy of ¢he rolefin
particles having a particle diameter of from 20 about
opelymen, ansbprafembiynat loast h0RG@vieverethanbthe medting point, is
separately by  a known nethod are fed to the cylinder
1desiratdagh Specifically, the temperatvoony peferablyefrom 0Ttoel 20°C,
pol yolefin particles fed into the cylinder 12 are
nsere prefesablyr from 20 tani (g andoeveromare praferably from 40 to
c:ﬁ&'g)oo ent . havifng l:a pol yneri zatign activity, although
t |c¢1-es hisepraterable ttaccarry put polymerigatigndat an gsvironment
t havin | i.zati tivity i i
;@E&E{' gsgmbsatl%;gt?agll; flee %/tmlni{(;lg&rtla.on ﬁlce lln}gserylcé ?Jf 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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[0104] When polyolefin particles are fed while feeding

an olefin nononmer gas fromthe nozzle 40, as shown in
FIG 2, a spouted bed of polyolefin particles is

formed 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 cylinder 12 in the polynerization
sgﬁm 2fielf BolyRMifin | paltRIEPChren Rl WhiRarfebdirs dd lefin
upwar d together "wth the gas. Meanwhil e, an anndl ar
Sfrfdiﬁrﬂélegﬂé frdtA’the doz2ld 40! hoGhbWwr HEFIGN2Eh oruﬁ%% bed of

novi ng bed under the influence of gravity is

apolytfte R :fpal?ﬁ@lfe)é i§ feraed within the pal§merizativn stage 25. That
circulatory 10 novenent of particlés wthin thé

PR, WiFRici 2thlel 8etiGi afetRbgad FidHal tHagas dntrovtifide pelse asticle
been formed within each pol ynmerization stage 25, the
pebiyedmfdtiorp ahing Irear cthiet dentery aris dfathesteydiitdeenet in the
havi ng a pol ynerization activity that were fornmed in

t pelyeherfization s Qﬁmﬂdzatsim t ie fotraedSinawhidle patticles flow
IiljnewitS into tﬁiégacyl i nder 12 at 15 a constant (rpate per
unpwatd ntegetheradditt ithe gas. wnMganwluje,| Bngamsulearstiwesture of
out by the first circulating neans 90A and the second
cparticles falfingeinthe AtiMner hdr 2 povimgnbed iungler the influence of
st eady-state operation of the nultistage gas phase
pestayiyr iszforimed atthe periphéry fhereof givingristito the circulatory
particles containing a catalyst conponent having a
paiowenxentanfl partiahasi within theopolymnesization stage 25

pol yneri zation stage 25, they successively fall L

t [{H&S HOnke a sposed bedrivsrheen fosmeshwithin each polymerization
pol ynerization stage 25 below, and, are eventually
astegea?dedher palxaiefinopaticlas weertainingss. cptaipsy) component
cases where an ol efjin prepolynerization reactor 5.is
naavinge® polysiarization astivibt i hat cwiese yie t e the olefin
havi ng a particle size of abpyt 5 10_to about 50Q m
ﬁﬁpggym@azaup@crpa?tom are ?@o %;qm im@r Eizntq mwyﬁnger 12 at

Meanwhi |l e, part of ,the ol.efin_ npnoner-containi as ]
& CREStaNt 4@Pe per unit tr}me, in addifion to which recycﬁgggls carried

out by the first circulating means 90A and the second circulating means

00B, thereby commencing steady-state operation of the multistage gas
phase polymerization reactor 10A. As the polyolefin particles
containing a catalyst component having a polymerization activity grow
within each polymerization 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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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. 1In this

way, the ol efin-containing gas and the pol yol efin
particles wundergo solid-gas contact and the action of
the catalyst within the 5 polyolefin particles causes

the olefin polynerization reaction to proceed,

r t and siveeps Qrdsh thé pariclobyd) ehile QRS fdrhhRier of the gas
[0108] For a stable spouted bed to formin each

pdiffinsysi ined ithe poiigr ofahe pdrticke be@ vl antdiffulih Structure.
foll owi ng operating condition be satisfied; i.e.,

t hmtthihewasps the pelefirccohtaimingCigay Badbehe Pulyolefi®rparticles
greater than the 10 m ni nrum gas superficial velocity
Unndergio wblidhgas spatdotdabd dthies actiepabr ehef catalystngithin the
addition to the physical properties of the powder and
gpebmleln npanticlds etausére thieni olefinggso Zatiorpl reaction to
velocity Ums is also influenced by the shape of the
pproceed; resuitimg ie growth of thee polyolefinrpdrtisldsave been
proposed for cal culating the m ninumgas 15

si{HO8]i Eomk stablec sputednised @ cfoemnirpleachspdlymerizatich) stage
below.  1/3 0.2 Uns = dPéd 2gLs s -Pc X PG . . . (1)
B25, B)isppreferabie that) the folowing apenating deniditiohde satisfied;
particle diameter, ps is the particle density, po is
tie, ghat thengas gup ak welogitysElyrke aqual toneergreater than the
condj tions of the polynerization stage, PAIRis the i
JRHITAYINOZas| BU abyetlagity tWmsercht whick omdipoused  bed is

and i s.the height of the spouted hed, [0109] The
ofodormingy: I8 addmion taethoiphmsicalaprepertieagel the

25 | eqyal to_or |ess ih n, t he, maxi mum spouted_bed . |

HRGYAET pPR¢Basss being hand egf;dbf: dainaymsgasagipsréicil velocity

e T N T —
o %ﬁgﬁg{{:’&gﬂﬁ&%&gb%i Séegt?dr é/a 2:{1 aEJtJSng]c %;e%i%?m]:l% gas
superficial velocity Ums. One example is formula (1) below.
Umszgg_(dAJm\/ZgLs(ps_pG)x[pG )02 ENED
s \4g Pc Pamr
In this formula, dp is the particle diameter, ps is the particle

density, pg is the gas density under the pressure and temperature
conditions of the polymerization stage, pa is the density of air under
room temperature conditions, and Ly 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 Lsyx 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

41 bed hei ght LsmAx have been proposed, one of which
is formula (2) below Ls,,X d B 0.218 + 0.005(PS -
PGgd AI . . . (2) dB dA PQlunf J( In this formula,
ut is the termnal velocity of the particles, and 5
of is the mninmumfluidization velocity. [0110] From
t he standpoi nt of volune efficiency and enabling the
formation of a nore stable spouted bed, it is

p for el ght : i
PREATBEABRE iy BRvPPREL ropsdoft o witPh B Ruditila @)
fh circulating neans 90A, unreacted olefin 10
MONOMer - contai ning gas is renmoved fromthe topnost

stage a cooled ( by th eat exchan 65 to a degree
that thes :d_g_e O(thg_pﬁrf %e‘ﬁgﬁg’“?@ tothe. (2)

bot t onmosf, stage |of the cyli 12. i s enabl es the

renoval of heat generated by t e”ol ef i’n pol ymeri zati on

reacti ofh thidlfb#inuld, 1ERY e Rdntinal %l&cﬁmg}o@‘f the ap_)ar_ticles, and
circulating neans 90B, olefin 15 nonongr-containing
Og: isthe eARMAtrh TRildiZgionvélecRy! yneri zation stage
fromthe top of the cylinder 12°and condensed by the
clod®)sFremuthd st&fdpeint éheotangeesftiency had Eﬁalﬁl!i‘ﬁdg the
second pol ynerization stage from above by the |iqui
f ferthativnz b€ aSforé stible spoatad beteit isi preferablefonthe s%outed
nononer evaporates within the cyT i nder 12, heat can be
ebdd hemglttlly, tebe kiphee dhan the futmlaobafle3dn particles,
particularly by the heat of vaporization. In this
w111 him temyetingtby dse fiestt dieculatingahieses 90A, unreacted olefin
pol ynmeri zation stages 25 within the cylinder 12 can be
keyonoimerrecontanmng rgassis ceprsiedefrpnh thyh éopmbshstaigerand cooled
pol yneri zation stages, thus making it possible to
do the heat exchangee 65t tor 2 degraenthatiithé gasdoe’mot condense and
pol ymerization stages 25 in the cylinder 12. A

edr toithe bbttoemest stage of the cylinder 12. This enables the

removal of heat generated by the olefin 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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42 circul ati ng neans 90B may be provided. Fromthe
st andpoi nt of equalizing the tenperature of the
respective polynerization stages 25 wthin the
cylinder 12, it is preferable for a plurality of the
second circulating neans 90B to be provided. 5 [0113]
The ol efin polynerization reaction unit of the present
errbodi nment provi des the advantage that, in olefin
as S
!S{IPJti {heind! O3 n?afgyet gbggg:g?l blégﬂﬁbgt\l/% standpoint of

olynerl tl on reactor

ﬁoval FingoRR VApERREBE e Hespbdfifle pRIFRIerDALAANages 25

Abaﬂnnbﬂfeae?ﬁnaeﬁdppsat is,ogré%r1 rfd‘i"dag%lh: bﬁ the second

second heat” exchander 6 IS S and

difEnlfin ﬁﬁ%&%ﬁtdﬁép‘i‘&ﬁfdedemhanger 65, the amount
of gas fed to the first "heat exchanger 65 can be

r I dThéhaslelfin fgb@rﬁéﬁ@@ﬂléﬁ GeaétiGn Ciurit!| B MHe9aSresent

conpréssor 64 which circul ates gases in the first

Cernbaldiincnd pa@amsﬁﬁéa@iaran e that,| iav6lefit pSHAriAfid Bsing

power costs to be cut. [011 Al'So, in the Second heat

exghahiptigesoas phase efiegtibhreactrelA 8s described above,
t he |nterna space o the decrease in vol ume when the

gtire heav efisemporizatiogasan hewitidivetl| enlablingr heat terhovabheo be
heat exchanger 66a fromthe cylinder 12 through |ine

Lefficieawlp eaeried e 1 quid 20 (condensate) resulting

from gas condensation can be fed into the

pE) MpﬂgrAim i becauseccandensdtioni iss camiedhemt oy ¢heweeond heat
wi thout using a punp. In cases such as when the head

pexalwamgeri 66ansulifche usensepanratel sndnelistisetr fram tee first heat
punp 52. However, even in this case, the punp

r 6 dheramponat of gas ded rtocthehfirst &mapexshamgrf&ﬁ can
the degree of 25 inadequacy in the head pressure.
Theredusas. plhet i the capacity ofithe iraulatingwgasscanpressor 64
ha “1'1 a second heat exchanger 66a does not

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) resuiting 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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43 rai se the power costs to any great degree and has,

in the overall schene, a high power cost-cutting

effect. [0116] The second circul ati ng neans 90B, which
differs fromthe first circulating neans 90A, enabl es
gases to be renmobved froma desired 5 polynerization
stage and al so enabl es condensate to be fed to a

desired pol ynerization stage. Accordingly, because it

i Sy:abl I ' | 44 FTe30Y

EFSR e POWRE Rl P ey oFO dogdteP BRUIEH, B te overall scheme,

tﬁ:ﬁéﬁém%éo?st%ﬁiﬁggﬁe%ﬂm as the upper nost

po on stage”or a polynerization stage near

t it Al

PP THESohlFoulb B hERAS S0t A0 A
cepblfing edls DAY elMcF 580 15 UEBIGY HRiSs Wliced
Cgblyﬂiéﬁkmoﬂ%?dg% &%ds‘%ﬁé&atﬂ@é‘ %P&@ﬁ&t& Yo Hefed'8h desired
pol yneri zat 1 on age above the polynerization stage

fp8 Héhtion St486.6S AtRuedinesy) besausadit B abkedbNéklectively

condensate close to the pol rization stage from

Woo6h ifapRRIIENE D YRIlyhFi4tidn At Pt whith dRSd&tease i
to the1 ar%ount t hat EiIsﬁﬁz}s been rgrmved IS r‘gpl en?%ﬁ%d at e m

atenpérabyrePis! desiredz 8l s tha A pefRRIsE pelymetfiatioAStage or a
flow rate in each polynerization stage wWithin the

npolymérgstiee sstaf@ stearothemipperino’t stlgé ct@nperdtare dntrol
kept substantialTy uniform "maki ng the spouted state

ofvithihehpantitistage gas phuse pohimetizalién +8Actdhd 0A is easy. A

invention is not liTmted to the above-descri bed
ephudlityerof. thé rsecoadf eireghiting anbaas 0B, ntdye of course, be
nmul ti stage gas phase polynerization reactor 1 OAis
opeoviidedvhi ch gas di scharge nozzles 60 are provided at

the 25 third pol ynerization stage fromthe top and the

| itlli7d Adsejithg secend eirmlating pneansd20B deed$ eondensate to the
plgelz)énsgliygéljigz?ﬁgé as?;gef ;‘gg\]fé I:Eﬁe tp%pl)jrml_elgil\z?{i%;f 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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44 the gas discharge nozzles 60 and the liquid feeding
nozzle 50 are not |limted to these positions, and nay
each be independently di sposed at any position. To
keep the gas flow rate at each pol ynerizati on stage
substantially constant, it is preferable for the gas
di scharge nozzles 60 to 5 be situated at the sane

pol ynmeri zation stage as the liquid feeding nozzle 50

e S SRR SR 384 05, B 50 e no
TR 556 L RS S RIF R B i o
(447 AROEC TSPk A5t IO e
S M s TERLIETIE L B A1 ob 060 o
45 A 818k MOS0 BB f AR fekting o

I [ PRIERT rality of spouted beds
ngg?&r?_g)t%lﬁgg?gari I faﬁ)ighl%%%{r med in the vertical

df019%]i Also, Fii  heaEbove j%nﬁ’béﬂiﬁﬁéﬂt%’ e TRARE gas a[?hase

wi thin each of which a single spouted bed is forned

t hslyniéréZatiin f@actoP e 0N (RIS Plificd By _é%hﬂiista%e gas phase
iréction and coupled in series. Also,” in reactTor

dpslyierirti srheeathsr i whikls fiverspouted beds forméd in the vertical

preferable to design the voluie of each reactor stage
adidectioni.r oHovwevarptheohafiber 26T spaiuted bedbds tot Rimited to five,
residence tinme in such a way as to narrow t he

rared deagebt i arey duahbebwiquab @ orhgremey chefii two. From the
particles and to make the anount of polyolefin

rstandpeit 20f aehievingge s(ifficientiploggt flevoledfect, the number of
prepol ynerization reactor 5) nore uniform [0120]

Sipoorted Hreds disnpreferzbly rattleastathree; dad amiobe préferably at least
enbodi nent of the invention, a reactor where a

sysut ddoeayers the pherdlity afaspoyted yrerds need arot snexgssarily 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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45 used. However, it is possible to use instead a

reactor in which a fluidized bed is forned in each

pol ynmeri zati on stage. The nmultistage gas phase

pol ynmeri zation reactor 10B of the olefin

pol ynerization reaction unit 1 OOB according to the
second enbodi nent of the invention 5 shown in FIG 3 is

a reactor in which a fluidized bed is formed in each
PALT®! LRV, S} 38 poddiife! 10 e I0A8Ad! & FEhbiot jd Ehich a
nul't'i'st age gas’ phase® pol ymeri zat1 on reactor i'S

c : ! L ] . Xt 2

¢ RURAZES i [PliemlecPln 2ach Pol9Bleriitil S3e8l M nilistage
p i i nsi t i ..
déggpg?g’égnﬁ %ﬂé?g‘?g%fé ar%%g’r]dr}ar} SDéBd c%it lt@% %lleﬁgtl |Pt e$ vaepsz ation

i {?abﬁglﬁiﬁi@ﬁ 08p 'rﬂfh%gJ fHeesdobhndhibodineditofithd fvEhtion
t he

I spersion plates , the reactor construction is

LifowATR FIG.I3H aQkabler thdlﬁﬁéfﬁ?d%ﬁ PERSE formed in each

pol yneri zation reactor I'nt Irst enbodi nent

erizdtidp dtacdd [0122] In the nultistage gas phase
pol yneri zati on Feact or 10B, four polynerization

sfe24y A8 sHRwh Y i ' r i P
dl|[ r ec? ion wthi Entpﬁkg ?;?Pﬁgg}ﬂ qsghgga%ﬁdlf’ggﬁéa? é)(laymerlzatlon

n@agtors! (1 i§86npdsed Primhfidyiofa cylitidera DWHicle ex‘%er?éls in the

situated at thethird pol ynerization stage from

tvartical direbdbhamd Brptaradie) ofedispeision phites 32 Bfovided inside
a

each regions enclosed by 20 the bottom surface of
dhepeytinder P12t e Bie dispetsion splatex SDfarkharranged at equal

di spersion plate 32 directly below, and the inside
sintérvats ¢f theawxjuir directionfof tike aylimiber 122 Aside from the
(cylindrical portion) |ocated between these two

diisperssom platent3ds the.redtortcomstsictionl snthei spane @s thatgd the
25 is aregion enclosed by the inside surface of the
tropltistagte gagl i phiwse 1polymherizatpen 28actor f ddA ofint Hthe  first
di sger_si on plate 32 directly below, and the inside
simbadiment shawn indilG dn of the cylinder 12

(cylindrical portion) |ocated L

[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
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46 t herebetween. [0123] In each polynerization stage
25, a fluidized bed of polyolefin particles is forned
due to the inward and upward fl ow of ol efin-
cont ai ning gases at a high velocity fromgas inlet
orifices in the 5 dispersion plate 32. [0124] As
shown in Fig. 3, downconers 35a are provided so as to
pass through the top three dispersion plates 32

p ' i thin the cylinder 12. The downconers 35a
aﬂ%&ﬁ%@&'efi n particles to drop dowmn from an upper
ROYE It Bath bl iAatidrt e RBuTFdd) SR, 6f petyolefin
BTG, 06 MRS Lud 051U ShaDARY, 5aRL AR of olefin-
EoNeinigs Bafel A DAY {qoblty ROt BATIald AHBINI the

| BishB&iS iryglescri bed enmbodinent, the 15 first
c?lrguf‘sét? é}étr%fga%s 90A and the second circul ati ng nmeans

9 e %ll’go%"ﬁ ugedeene t aa%@ l@q}qﬁ

dggzrﬂbﬁg € fec?%le 'c%’ g\s ePh Cl e%t e reﬁ%‘ggi) afsrtg ass
t 1 I y . . .

| B0gh Bk S BEC GroRtghybes P bl Wit cplinder
0 . ; ” : Do L

DU e dokiboifes 398 o PRI Barilg| ), ghap o
| fibfh BQupPer BOlgniaizdtiRn SRk 25 & adewver polyetization stage
pol yol ef i'n particles nové froman initial stage to
a23. naA phfile PRfloving\lind WhicH efaterally removes polyolefin
nononer -containing gas is fed fromthe final stage
tpanticles He provided! ast fhge;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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first circulating nmeans for feeding to the final stage
a gas that is discharged fromthe initial stage and
then cooled with a first heat 10 exchanger; and
second circul ating neans for feeding to one of the
pol yneri zati on stages a condensate fornmed by
condensing, with a second heat exchanger different
fromthe first heat exchanger, a gas renoved from one
0 I i j stages. 15 2. The olefin

*on unit of claim1l, wherein the

P
ool yrer Kyt | oh TS ORHE POYMARPO e HeHRRE By
pol yer  sat 1 o8 2PiEE: BRI YolRhdfidyol regpior which is

pol ynmeri zati on stage e

Ches : . . . bt s
| BRIE MRS | Pkl BRI Yl i LRk Bolgolefin
%mdle%h&'@fﬂ&ﬁt hﬂrinltfaﬁ‘:#thgg t3N4 fisRd] é‘t%lgé Midd 3h Which an
erein the two or nore polyRerlzation stdagesS are
. ! . o0 _ [ o
PoleFE oS (Bhtdinfe, gds; i3 Ao Ronf thelipdl' Gk, toward the
LirdifaBstapber ei n the second heat exchanger is situated
upwar d r’o_m where the condensate is fed to one of the
pol yneri zat | Oﬂrs‘itc@ﬁ,%f’tatiﬂén?banﬁhﬁr%é&"n?otﬁoﬂh)é'ﬁﬁélzéﬁggﬁ gas

reaction unit of any one"of <clains 1 4, whereln

fihat 6§ dbsthaeged froh tho ohiril Stdgh Ad théll 68olcd with et heat

in each polynerization stage. 6. The olefin
petohaeigieEandn reaction unit of any one of 5 clains 1
to 4, erein a spouted bed of the polyolefin

e Sofai | Seande Ay Boungnir: udngstgom of
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 atranged 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.
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carrying out olefin polynerization using the olefin
pol yneri zation reaction unit of any one of clains I

to 6. 49

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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