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TI TLE OF THE | NVENTI ON OLEFI N POLYMERI ZATI ON REACTOR,
POLYCLEFI N PRODUCTI ON SYSTEM AND POLYCLEFI N
PRODUCTI ON  PROCESS 5 BACKGROUND OF THE | NVENTI ON
Field of the Invention [0001] The present invention
relates to an ol efin polynerization reactor which
uses a spouted bed, to a polyolefin production system
whi ch uses a spouted bed, and to a process for

ProAYCE OF IHEINVENTRORY as 10 pol yethyl ene and
pol ypropyT ene usSing such a reactor or system Rel ated

BOKFRIN'G APOLYRIRRIZAITONPO! YREACTORN ' ePEIoYOLEFIN

whi ch polynerize, within a vessel and in the presence
oPRODUGTHION aSYSTEM) "ANIEPORYONERN PRODUCTION
liquid to formgranul ar "'pol yolefin particles are known
t PROCESS. 15 However, in a single vessel, the
pol yol efin particles approach a conpletely m xed
sBACK GROUNBUOF THBINVENTRON i s a tendency for a
short path characterized by the discharge of particles
t Feldefthenbivengiopwn to a sufficient size to arise or
for particles that have grown too large to accunul ate
w0001 e present invdtici0f3htes tosucblefaspslyrhbdzitiomeeactor
particles have a poor structural uniformty. O her
pvdiichrses aspdited ted, to aspoliyobefid prodwdtion spstaty sthich uses
costs, increased catal yst residues, and | arger nunbers
of spbuteds bed; einek teda tproeess ffos hpmdexing vwolyolefinshauch as
simlarity in shape to the eye of a fish) in nolded
apolysthylastet andhpalypropyletiengsing suich taaxgactn gmsyrsterns
prepared by polynerization in a plurality of reaction

d Awtt h conpl ete mi xing, when the

4
plgrrerization of different lots is_ 1 . L
(EO 02] Olefin polymerization reactors which polymerize, within a

vessel and in the presence of a catalyst, an olefin monomer fed in as a
gas or liquid to form granular polyolefin particles are known to the art.
However, in a single vessel, the polyolefin particles approach a
completely mixed state, as a result of which there is a tendency for a
short path characterized by the discharge of particles that have not
grown to a sufficient size to arise or for particles that have grown too
large to accumulate within the vessel.

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

with complete mixing, when the polymerization of different lots is
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carried out by varying the polynerization conditions,

because it takes tinme to conpletely discharge from

the vessel the polyolefin particles that were

pol yneri zed prior to the change in conditions, a |arge

amount of of specification product ends up form ng.

One conceivable way to 5 deal with this problemis to

connect a plurality of continuously stirred reactors

i vasdied asutShy amry e tee polpiveiRhlion EonUitineVbRaAIRY ft: takes

However, the equi pnent costs associated wth

caimecto Benipletely aliséhargt frBaf (tRE Svdsael i i

consi derab??. [‘38%04] A%Igordi ngly, thereﬂg(i%q)slé{gﬁn particles

dehat wet® pobyraetizad fricromethe edmiR e condition¥ea large amount

di stribution and achieve plug flowin a single

r edafbspetifivatioreprodiict endk up! frmiieRCt 0DBel diticeidable way to

t hose described i'n Patent Publication No. 2675919,

UdBal ReitlethisNorot#36006 centedtoaplasality’ e edbatingsusly stirred

PCT Application No. 2002-537420. 'In addition, reactors

i meadtorshin peries sb as torcreaiexeveral mpar% floiw pasteeit eHowever,

bed are also known (see, for 15 exanple, Japanese

Tither efuipmenioéostCassggiatedawithncdimectiogPa pAfrlidy of reactors in

Eur opean Patent Lai d-open Publication No. 1484343,

Japresare considerablgpl i cati on Lai d-open No. S

58-216735, Japanese Patent Application Laid-open No.

s[6004b deeordmgly aheane exists arddsat tonobtaiP@harrower residence
plication No. 2002-515516). 20 SUWNVARY OF THE

| Elvmlmt{lmmpndbaduew plug flove dnsa ofinglet eeactor.  Known

Publication No. 2675919, in which a plurality of o

z 8Ramplesof suoh geastors includedhese daserthedin PatentdPublication

A, o A0 S sl vt o
B Ko el ASL 5o a0 i tomen whic
WREHHSTRS A Plcefity Mgk of @peutedzbed are also known (see, for
example, Japanese Translation of PCT Application No. 2002-520426,
European Patent Laid-open Publication No. 1484343, Japanese Patent
Application Laid-open No. S 58-216735, Japanese Patent Application
Laid-open No. S 59-42039, and Japanese Translation of PCT
Application No. 2002-515516).
SUMMARY OF THE INVENTION
[0005] However, the process of Patent Publication No. 2675919, in

which a plurality of zones are formed within a vessel in the horizontal
direction, requires that stirring paddles or the like be provided within the
vessel.  This results in a more complicated construction, in addition to
which a large amount of energy is required for agitate the particles. In
the process of U.S. Patent No. 5235009, wherein a plurality of fluidized
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beds are connected in series in the vertica
direction, the need to provide a freeboard at each
stage may result in an enornous reactor height. In
Japanese Transl ation of PCT Application No.

2002- 537420, which <carries out polynerization in a
single pass within a tubular reactor, the 5 tube nust
be made extrenely long to achieve a sufficient

Casi . . . . | i .
r Eet?gté ?P‘S%Ioi@g&% Igoislg%ggiscﬁ edﬁrﬁeﬂ% g%ggggé’ tpreg%si at(fﬁﬁ)wde

ofa fiedboanl ACaddipstade maf) Hs A 2H aitstm PR height. In
Pat ent Lai d-open Publication No. 1484343, eac

Pdapaheid MrhfsReion Ofe PCePeAppiicktioh” NY.22002Y83 2D, which
the reactor, making it difficult to renove polyolefin
paatties et fpodyineRizationt in 8 stngleUshss! Withiahkibulartietor, the
the residence tinme distribution cannot be narrowed.

Thabe frustlibee thaed extreficly Slodgs t6 | ¢deve) a) 3affiient residence
Pat ent Application Laid- open . S 58-216735,

Jéamaeese Patent Application Laid-open No. S 15

59- 42039 and Japanese Transl ation of PCT Application
NGO0Q6D With1&ivdelatiagnfiuidieed stsed ireactoes) likeetlgne described in
di spersion plates, but there does exist roomfor

i dppanvesee ifranslatiomsobf POT usppdichtione Ny, aO0Rr2¢RIDG and
| oss. [0007] It is therefore an object of the present

i iduropeam Ratept baidiopen Pablicatién Npoll¥8dBd3aeach polyolefin
react or which has a sinple construction, yet can

s pegticlet repeatedly drivenlates wathid etheereacter, dnakingbitt difficult to
Anot her object of the invention is to provide a
peemeves polralafiot particlgs t fronwhtheh uniti kewasplumdlew manner.
sinple construction yet is able to substantially

r EleRes, tihe residenes céma rdisttibitio tdnmet  bef nardosved.  The

object of the invention is to 25 provide a polyolefin_
p%ﬁ‘i‘@?&o‘?ﬁg reacioss weseribed dn Iapamese Ratent Application Laid-

_ pol rizatigon reactor or polyolefin production
g9g¥15ﬁ§10.3§ 5§-21r6735, Japanege l-'}/atent Applcl)ication Laid-open No. S

59-42039 and Japanese Translation of PCT Application No. 2002-
515516 do not necessarily require gas dispersion plates, but there does
exist room for improvement in terms of volume efficiency and pressure
loss.

[0007] 1t is therefore an object of the present invention to provide an
olefin polymerization reactor which has a simple construction, yet can
substantially reduce the residence time distribution. Another object of
the invention is to provide a polyolefin production system which
likewise has a simple construction yet is able to substantially reduce the
residence time distribution. A further object of the invention is to
provide a polyolefin production process which uses such an olefin

polymerization reactor or polyolefin production system.
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[0008] The ol efin polynerization reactor according to
a first aspect of the invention includes a cylinder
whi ch extends vertically and a decreasing di aneter
menber which is formed on the cylinder, has an inside
di aneter that decreases progressively downward, and
has a gas 5 inlet orifice at a bottomend thereof. A
spouted bed is fornmed inside a reaction zone encl osed

by 08081 S . . . .
%mgg gmrmléjg%eqiﬁriwgi ge sElrz%l gggq%? &ﬁﬁ:é‘?g’ﬁ n@r gbfg{/sé[ %ﬁea of
deké epsiemiiondi @% 0] I S

bed-t;ﬁ/g‘gﬁfgllogfjilgﬂgioﬁngfi at |dg%1 rggla?\&c::ltlor 0 ﬁtshgeﬂi‘gigly and a

RN ! Ll : t
dstiy diameté’ mfersbey WHIER s SRemied Bﬁg«]ﬁeet Q%Irfil:lt?élﬁ‘é has an

upward at a high wvelocity fromthe gas I

atingide diahieast e @écrebeesd @éﬁiggly BoMRVAd, BIERAS a gas

and into a reaction zone that hol ds

canlet weificeont @bottogn epd thet&dfl N Aapbutddbed s fHhAES iAside a

particle bed is to be forned, thereby formng a

speadtish ere Wriclided by anchside®Burfade of theld@dtehding! diameter

15 "spouted bed" refers to a particle bed state

cerabeerande dnbinside suefaceubfittheycylbindereabooé the decreasing
particles, wherein there forns, in a particle bed

c diggmeted mémbert.yol ef m particles (sometimes referred to
bel ow as sinply "particles”) and under the action of

a0 Im -thenspoutedgbed<ypé rolefinh polpasetrizatibnordgdctee of the
a, "spout' '(or spout portion) which has a dilute 20
parvantion, cun obefin-wontainirg gas s madeeto fove upwardeat a high
cylinder and in which particles flow upward together
welocityefrgas thegasainletherifigaeatt theebottemeend| ofotteodewreasing
at, the periphery of the spout an annular structure
waiametep membeeanddnto ageactiny zone ibkat kolds catalyst-contmining
in&y%(ien e of ,g{ avity. ggom] A portion of the

aPeky RatIf Cﬁgﬂ@ésw tewh paticleohedHs tgabe fRsmied] dhereby
orifi.ce forms tae spout, .and sweeps_past the particle .
b&lﬂmagd a; proutednhedderthans thes deactinw zone. poAsi usedf herein,

t‘hs%o%%(tli lgtleg” bx% epsa\’/ci)ng ?)grt?glgmbg(ri s‘fate characterized by the
circulatory movement of particles, wherein there forms, in a particle bed
composed of polyolefin particles (sometimes referred to below as
simply “particles”) and under the action of an olefin-containing gas
from the gas inlet orifice, a “spout” (or spout portion) which has a dilute
particle concentration near the center axis of the cylinder and in which
particles flow upward together with the gas, and at the same time there
also forms at the periphery of the spout an annular structure where
particles fall in a moving bed state under the influence of gravity.
[0010] A portion of the olefin-containing gas blown in from the gas
inlet orifice forms the spout and sweeps past the particle bed, and the

remainder diffuses into the portion of the particle bed having an annular
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structure. The solid-gas contact between the
ol efin-contai ning gas and polyolefin particles in
this way allows the polyolefin particles to grow
t hrough ol efin polynerization within the reaction
zone. [0011 ] Generally, when conpared with a
fluidized bed, a spouted bed is 5 known to be capable
of exhibiting an excellent performance in terns of
r I ' j v .
(AR, . Zhe SDAA-EH ot BLARELE AL ¥lcTRE BB gas and

the particles,

a ] £ r
CRIGEISTR AR in I wab FIEHS: e, SEWRIER ek to grow
aghfmel [ t4) h St Lt can make
t he 1%@35%%@@@?%%%@ }ﬂgﬁt@gﬁek&?ﬂ%@%%] es in the

r 0011 PGamallyahhe ' ' t i
\/\/;1{ ich ]érrpl oy g??l ui g/iqgoé%ﬁ %@gl. wg'r[?g% E@?dﬁggv%e??%g%@%ed bed is
t halowih €6 beed aal ﬁngﬂhY ! ! :

Si zes on the@gﬂﬁwoe?ﬂs}gve al rﬁﬂﬁ(?ﬂl%ﬁ?@lﬁblﬁhgﬁcm:ﬂem s of
r paeisiuge do¥s land)i Blinga o Story it O i gﬁ;ﬁ

ag?l ui di zed bed are producggi(?fP suchﬁlggfﬁégtg(?%é an glgs, to
flgiveli risd ab amixing’ whicty ebofieiwhdtn b .
than ina Flodrsed e [OoTST ae ABRIARs Blug  flow
pdiherefore 2 cidvaagate bf 466 epoufal bed EQﬂEﬁnaﬁ@lg‘ﬁﬁ izati
of the i n,\a/lenti on ﬁgcl udes apgyl [ nder&mi ch ext'ends erization
veeddtorl docprdingdeor s iprgsetitaimiaitiore i ethaghitc Bah Smake the
formed on the cylinder, has an 20 inside diameter that
deesidenses timeglisibutiony ofopartivies innbtichamctionagoné Hatower
orifice at a bottomend thereof; and a deflector which

i thati dpopeigreart reaptoss t which vémploy a rftaidizeh beihe Another
encl osed by an inside surface of the decreasing

dadviantege s tiatrwhen relatively tmrgepdlolefi phtticley witldsizes on
above the decreasing dianeter nenber, that faces the

gthe onden ofrseavieral mallin@genshilet wamldrequirei devery high gas
di ter that jncreases progressively downward, is

c¥ aforafluishzation iner Svidizaddberd bre pooduced, siichhparticles
S sq)ac d_apart 5 L

can be fluidized at a lower gas velocity in a spouted bed than in a

fluidized bed.

[0012] The olefin polymerization reactor according to a second aspect
of the invention includes a cylinder which extends vertically; a
decreasing diameter member which is formed on the cylinder, has an
inside diameter that decreases progressively downward, and has a gas
inlet orifice at a bottom end thereof: and a deflector which is disposed at
a position, within a reaction zone enclosed by an inside surface of the
decreasing diameter member and an inside surface of the cylinder above
the decreasing diameter member, that faces the gas inlet orifice, and
which has an outside diameter that increases progressively downward, is

closed at a top end thereof, and a bottom end of which is spaced apart
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froman inside wall of the cylinder. [0013] In a
conventional fluidized bed-type reactor, a constant
freeboard zone nust be secured in order to suppress
particle scatter. However, in the reactor according
to the second aspect of the present 5 invention,

di sposi ng a defl ector above the reaction zone enabl es
the scattering of spouted particles to be suppressed.

Asﬁ-@mmmgidekmlofﬂﬁbpm@egone can be shortened,

making it possible to achieve a higher volune
ef[00¢B3$1ay 4 haonventiondlui fhidesedebed 0rreaé1%914i lconstant

is preferable for the ol efin pol yneri zation reactors
offrédtward Ozorw emidtobe tsechrtt iR dider &l sip s§ |]S’art1cle scatter.
reacti on zones and for polyolefin parti c t'o pass

sddioweven| inythehreaogbr hbeonding ttoothez sstohd Eép&ﬁt?dlethe present

standpoi nt of saving space in the reactor, ‘it is even

noneentien edisposiigra deflecruabové }thefrdaeabhl 2oné Gigbles the
to be each formed in a vertical row and for the
pﬁbmmﬂg nop aspouted spartichess $osbe usuppreksed.f r A an result, the
upper reaction 15 zone to a | ower reaction zone. By
p 'b@angl; zanploandbé shorténed;amaking itzpossiblertd achieve a higher
mul ti - st ail%l ng the spouted beds, the residence tine
divelumpe omltog'rﬂlananmﬂmdnwd bedrebetorade
suffici ently small . Moreover, as described above, a

s poRt 4l [thasi prefereble ffoorthe olefire polynwriZdticrireactorbeasf the
in that it gives rise to mxing which sonmewhat
aHpY@ﬂ%t@iqmmg ploralitynofishe reeetivn  zartes ard ifoe pxdyolefin

time ‘gl stribution can be narrowed to a simlar degree

wPaHIGes 9| pass ﬁaqu@ntlaily dhrojegh tthenreagtionl zones.agFrom the

fluidi zed beds., [0015] is preferable for the olefin

p PR Wlﬂga"dlta@ﬁ 1Brtb¢| 1gagtorit is, evan muwerprserable for
ural it reaction zones in series and 25

Hbﬂﬁhﬁlf of ireag tZ@élleséasbft @aela\f@nmdrm agiertical row and
B b B b S PR {pper reaction
zone to a lower reaction zone. By providing a plurality of reaction
zones and multi-staging the spouted beds, the residence time
distribution for the particles can be made sufficiently small. Moreover,
as described above, a spouted bed differs from a conventional fluidized
bed in that it gives rise to mixing which somewhat approximates plug
flow. As a result, the residence time distribution can be narrowed to a
similar degree with a smaller number of stages than by multi-staging
fluidized beds. ,

[0015] 1t is preferable for the olefin polymerization reactor provided
with, as described above, a plurality of reaction zones in series and
having multiple spouted beds to have means for transferring polyolefin

particles from an upstream-side reaction zone to a downstream-side
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reacti on zone. An ejector systemmay be used as this
transferring neans. The transferring neans preferably
includes a particle renoving line for renoving
pol yolefin particles fromthe upstreamside reaction
zone, an ejector provided on the particle renoving
line, and a particle 5 feeding |ine for feeding
polyolefin particles fromthe ejector to the
daeaction ansi. deAneegectom system maycbe essethasethis transferring
ejector systemis wused, it is even nore preferable
f oreanse t The sfansfermigpguneans poeferablyeincludes aiparticle removing
on-of f valve provided at an internedi ate position on
t hiee forr rempeing: polyolgfin particlesi fromabef epstreamidide reaction
whi ch communi cates with 10 the particle renpving line
0#0B6: RN gjcckostproxided oa thedpartiderremasdng ldinejeand at particle
Sﬁkéﬁf val ve ang feeds a gas_to prevent_clogging

eedingt Hae fur {eedingr pedyeleln) paricles feomi %ye jectochto the
an arrangenept, clogging of the on-off valve and the .
eﬁemﬁre@mrs Fergtion aopepr ductases. wheta @n ejecter gysfem is

possible, in an ol efin_po rization reactor having a
198%%%1& Fyelbfmp%ea@refﬁﬁa%nméy s reansferrmg geansafo further

S RO on P o S i R on e
e T SR T S A —_—
BB o3 RS0 s o g
B0 of 1 b0 e M0 o SR within e
CRERIP deBiovihe e | By BErlee AES Al desneamplL dlogsing
AEHE o F w54 PR R0 O B ol Pt Vi

oA s A RS LT, o oD SRR, BOABEHARE G R AGRE Bavine o
$ﬁﬁifaﬁ8/ BRTEM I SonES FARREE ith 4 Fertical FoR YU Ravidg titiltiple
spouted beds in the vertical direction, to employ as the transferring

means a downcomer instead of the above-described ejector system.
The downcomer is situated so as to pass through the decreasing
diameter member, and allows polyolefin particles to fall from an
upstream-side upper reaction zone to a downstream-side reaction zone.

[0017] In the inventive reactor, it is preferable for the decreasing
diameter member to have an angle of inclination between the inside
surface thereof and the horizontal, which is larger than an angle of
repose for the polyolefin particles within the reaction zone. This
enables downward movement by the polyolefin particles to be smooth

and makes it easy to narrow the residence time distribution. It is
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especially preferable for the decreasing dianeter
menber to have an angle of inclination between the

i nside surface thereof and the horizontal, which is
an angle at which all of the polyolefin particles
within the reaction zone can be gravitationally

di scharged. In this 5 case, novenent of the polyolefin
particl es becones especially snooth. [0018] Also, the

r aspecidliydprdferabde nfarhtheodeércasingi dimtieter dheaibdrnto dasve an

inlet orifice and the cylinder inside dianeter dB is

prasgde aof yirklBG&tion |ktweehsithg ifside asusfagemtiiéreof and the

facilitates the formation of a stable spouted bed

haerizgngalo dvhicht icha angleubtiwhiohi all tfethee polyalefinoparticles

10 [0019] In addition, it is preferable in the

i widhini the meaction Zene tdan beegtawitationablyhaischangedigl &n this

of inclination between an outside surface thereof and

t kesyanpyemeat of the polyolefiarppsticldsdrecomenespecirlly smooth.

repose for the polyolefin particles within the

r §0018bAlsenthe miia daidicbetveesrstheporifiseediameter diy wfthe gas

fromstjicking to the deflector., Mreover, it is 15

pilet padice ang theneyldedersinside diameter dans preferally 0.35 or les.

surface of conical shape. [002Q] The polyol efin

p Mrﬂrpamggnb&cohmtwgthqum?m Oéysqo@table spoited bed

i pvention involves carrying out olefin polymerization

bjlaviiggood partigls\ciradation ie ghe regationsadnarer i zat i on

r r _of e invention to, forma spouted bed of

D tﬁﬁeh ] F19%|%§Swr¢ﬁemblﬁem gt ITBrentlyige regidorrrfor the
roducti on . nmethod of the invention na

PHetiEedr e VEAn GNElS A MRatioTy bebVeg ab oliside surface
R T R W
U i e BB LA o sconroges
OBMETERE RIS 54, SRt 15 3 it 0T, it s
obSAPROF U AENSORLTRRALE an ide Sutisor il shve.
[0020] The polyolefin production process according to another aspect
of the invention involves carrying out olefin polymerization by using
the above-described olefin polymerization reactor of the invention to
form a spouted bed of polyolefin particles within the reaction zone.
The polyolefin production method of the invention may include the step
of continuously feeding olefin to the olefin polymerization reactor and
at the same time continuously removing a gas containing unreacted
olefin from the olefin polymerization reactor and returning the removed
gas to the olefin polymerization reactor, and the step of cooling some or
all of the removed gas so as to obtain an olefin-containing condensate.

In this case, it is preferable for the condensate to be fed to a spout
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portion of the spouted bed forned within the reaction

zone. This nakes it possible to utilize the |atent

heat of vaporization of the condensate, enabling heat

renmoval fromthe olefin polynerization reactor by the

condensate to be carried out efficiently. Mreover, in

5 cases where the ol efin polynerization reactor has a

defl ector, the condensate may be fed to a bottom

pgrartion of theespaitedcbed . foFmexd haighirt the abaatibaggoné. This

enabling a condensate feeding line to be installed

ughakes at jpassible toentilize ctheolatepO bk dhevapwrigitiimmof the

production system according to yet another 10 aspect

ofcondensatee rariabiingn dieatieremoval drom (the- okefin opoliymerization

polymerizing olefin in the presence of an olefin

p&e3ater ibyathe gondensate ttoabel daorieidnent efficieh®dyi nMoreover, in

particles, and the above-described ol efin

p&Rseferwhene dhe elsfiax polymerizationy seacton his ch deflector, the

connected as a _subsequent stage to the olefin

pP@naﬁlmt@ inay De fmbin athettem portion of thedleflector. This has
ess of the invention carries out nultistage

ghg; vaRgeetienabliog acondensate feasing dinecio e thstalled using
pol.yolefin oducti on system of the invention. Wen a
baﬂi/g t%‘lt‘)bﬁéh 9%on reactor is enployed as the olefin
IR The polxiaBny brodudiids sxrem: @scordinge o nyets another
A R B B8t ot
B B8 580 o S ormin
T X TG AT T .
SRR ot FinveBloB hiFh B FoRcied a3 ibBabnd ataize 10 the
SRR FERR 20 Tcles held'in the o o co YO

[0022] The polyolefin production process of the invention carries out

=y I

multistage olefin polymerization using the above-described polyolefin
production system of the invention. When a bulk polymerization
reactor is employed as the olefin pre-reactor, the polyolefin production
method of the invention preferably includes the step of feeding a slurry
containing polyolefin particles and liquid olefin from the bulk
polymerization reactor to the olefin polymerization reactor. In this
case, it is desirable for the slurry to be fed to the olefin polymerization
reactor in such a manner that, in the reaction zone within the olefin
polymerization reactor, the liquid olefin present in the slurry has a
superficial velocity following gasification which does not exceed a

minimum fluidization velocity of the polyolefin particles held in the



10

15

20

25

reaction zone. Alternatively, it is desirable for the
slurry to be fed into the olefin polynerization

reactor froma higher position than a powder |[|evel of
the spouted bed that is formed in the reaction zone
within the olefin polynerization reactor. By setting

the slurry feed rate or feed 5 position in the

foregoi ng manner, the flow state of the spouted bed
cagactivn Zond.y piraatieely] itid deztoble doritss doksy # bb fed into
gasification of the liquid olefin. The "superfici al
véhooldfii polymeeizationi iactozf fronf al highengosiiin thanhi powder
referred to herein is the val ue obtained by converting

t hevel 16T thel spmited bdd thatristformied: hethe eedotion 2bne Within the
to the olefin polynerization reactor to the volunetric

f blafin polymerizatongregetirf | By isettingrtte dilwiryi fegd tdte or feed
latter by the cross-sectional area A of the olefin
ppositien matheforegeinng marmerj tineflopAstate 0f/the spoated Ped can
is the inside diameter of the cylinder). 15 [0023]

The fllys @revemtednfiomn beaormitgs unstable awithngasifidation of the
al though _sinple, enables a narrow residence tine

dliguid olefiron to be achieved. As a result, when an

olefin polyner is_continuously produced, it is .
possi bl €heo “supexfeaiaboveleeityiawofhdthen liquid |elafin  following
structural uniformty, .in addition to which polyner,

r sps1Heatientreferred dor s the valharehtained byocenwerting the
production _conditions is easy. BRI EF DESCRI PTION OF .
Trelumetnodewirate ofithe digud elefin deditevthefolefin polymerization

CRa6in Tyt vohnglis B Fec Il oHng- gasiBcpEomn and dividing
ol g byrhe, SEoSoTFHORB e fanof (1he) elefin prodymerization
Teactoranlinad TR 2 B0 Shere R i he fiside Hiameter of the
cylinder).

[0023] The present invention provides an arrangement which, although
simple, enables a narrow residence time distribution to be achieved.
As a result, when an olefin polymer is continuously produced, it is
possible to produce polymer having an excellent structural uniformity,
in addition to which polymer replacement in the reactor with changes in

the production conditions is easy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of an embodiment of the polyolefin
production system according to the present invention;

FIG. 2 is an enlarged schematic cross-sectional view of the
olefin polymerization reactor 10A in FIG. 1;

FIG. 3 is a schematic view of another embodiment of the
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pol yol ef i n producti on system according to the

invention; FIG 4 is a schematic view of yet another

enbodi ment of the polyolefin production system

according to the invention; and FIG5 is a graph

showi ng a normalized transient response curve 5

obt ai ned in Exanple 1. DESCRI PTI ON OF THE PREFERRED

EMBCDI MENTS [ 0024] Preferred enbodi nents of the

i podyolesim produttionr sysesmiatcoedinig to theliavemtiohe

referring to the attached di agrans where necessary.

Unl ess BdCedt o aesohesmatipodetvi ofialetraigthep raibadingerithof the
as up-down and 10 left-right are based on the relative
ppeilyolefin modwetion systerdisggoeding toRbEdhiemtioh;@ndi ons

of features shown in the diagrans may not be true to

scal e. [F@#QG25]isRographeshiowrgoa motrirrati z8ydstr amsieniGrekpohsevsurve
a pol yol efin production system 100A according to 15

t pbtgined énExampléi hent . Thi s production system 100A
includes an olefin prepolynerization reactor 5, and
aDESERIRTION QF ﬂ'HEi FERRED EMBODINIENT'S

connected as a subsequent stage to the olefin
pl@Y )y Reefereed embodiments of tgednspntibnfam described in detail
Prepol yneri zati on, Reactor 20 The ol efm

pb@ﬁb’i’yﬁ@ﬂlez aeferring atex dhes attached r diagranisefwheten necessary.
presence of an olefin polynerizatjon catalyst to form
pyﬂjéfFSeﬂﬁieqo stherayise, ppsitionpl rrlationsbips sueke as apidown and

p ol ymerizatiop reactor_ 5, include, but are not
|I€$§’~D£ﬁltta¥,e ﬁ%ﬁcp P bing relative pesitianscshewn buithe diagrams.
pal rization 25 actors, stirred tank-type gas
pﬁ&gﬁﬁoémﬁﬁ’ﬁﬁi Heaties shewmHythe diagrags may.ngibe true

S ase polynerization reactors. Any one of 11
9gshitgse poly y

[0025] Polyolefin Production System

FIG. 1 shows a polyolefin production system 100A according to
the present embodiment. This production system 100A includes an
olefin prepolymerization reactor 5, and an olefin polymerization reactor
10A which is connected as a subsequent stage to the olefin
prepolymerization reactor 5.
[0026] Olefin Prepolymerization Reactor

The olefin prepolymerization reactor 5 polymerizes olefin in the
presence of an olefin polymerization catalyst to form polyolefin
particles.
[0027] Examples of the olefin prepolymerization reactor 5 include, but
are not limited to, slurry polymerization reactors, bulk polymerization
reactors, stirred tank-type gas phase polymerization reactors, and

fluidized bed-type gas phase polymerization reactors. Any one of
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t hese reactors may be used alone, a plurality of
reactors of the sane type nay be used in conbination
or two or nore reactors of differing types nay be
used in conbination. [0028] Slurry polynerization
reactors that may be used include knowmn 5

pol yneri zati on reactors, such as the stirred tank-type
reactors and | oop- type reactors described in Japanese

Pahesy rdaetdrisanhy b wied foné; 4 phiflity dfresgasss SRtNéame type
Publ i cati on No. yS 46- 11670 and Jap;}r’lese Pat ent yp

Pulbay batused Nocombiatiéd,’Or tvebwir mope rgactory of iddffeting aypes
process in which a polynerization solvent is prepared

bmayl bengedrinaorhbinatidnrononer such as propyl ene or
butene to an inert solvent such as an aliphatic

hy@028 h Sharry(polymenzatiom ecadiotsathat mayp et wseel include known

pent ane, hexane, heptane, octane) or an alicyclic
hpd)lymarltmno(la'ﬂgctors,cglmlmm thestirred tahkittgpameactorsnand loop-
ol efin polynerization catalyst is dispersed in the
ptypereedctars describedein JaparfeserPatent Fublication N6. S 41-12916,
pol ymeri zation is carried out in a state where the
pdapanaset Ratents RublicationddNe. r9t 46+ 16610y anidn Japenese Patent
poI rrerl zatjon solvent. Polyneri zat| on is carried out
licatipar Blaur ‘&MZ&?&SS lurgy pelynterization is a process in
poI yneri zation solvent is maintained in a liquid
stiiehapd polpmesization tsehvents is opraparedioby ﬂdgmg an olefin

Séf@n%& Lsap rﬂszor!@pyﬁlgékg@aé Ibgl?t?rieog%?ag ngrE ‘spivantamiatoas an
1gﬁ ic géwirdgﬁfa% glag 2 sgg@tﬁgm | Ctaanr;?mg@laﬁaaed pentane,
P BE591%. 5, hp ey moRtaRE) bi0rr oAt oblicY R ArBEATEY (..
'S,E:‘ic';l%%% G R 0 Bl
PR s e e%ge%’wﬁ%f%bf 5% < “ Ro foB14ca 1397y

andl 1 YIS anet%en "t&Med 56t 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 MPa(G, and preferably from 0.3 to 5 MPaG

[0029] Bulk polymerization reactors that may be used include known
polymerization reactors, such as the stirred tank-type reactors and loop-
type reactors described in Japanese Patent Publication No. S 41-12916,
Japanese Patent Publication No. S 46-11670 and Japanese Patent
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Publication No. S 47-42379. Bulk polynerization is a
process in which an ol efin nonomer such as propyl ene

or butene is used as the polynerization solvent in

t he substantial absence of inert solvents such as

al i phatic hydrocarbons (e.g., propane, butane,

i sobut ane, pentane, 5 hexane, heptane, octane) and
alicyclic hydrocarbons (e.g., cyclopentane,

cyal h@nei/ﬁo.aﬁ d7e42377%0! Pudki pelymerizatiohyst ai process in
di spersed in the polynerization solvent, and

pa¥highran alefin menomeri sitthoas propylesieade butéwee és tused as the
polymer that is formed does not dissolve in the
ppp%ﬂﬁenzatlonrsoimm@m thersubstantiztaabsence ofcinert solvents such
at a tenperature 10 and pressure at which the

pas yaliphatia hydreearbons (esgoepropanesbutane, isobutant, pentane,
state and the polyner that is formed does not dissolve

i eméeﬂmtg‘m@rocﬂam)oméghoywhc hytrogarbons (¢.gatéymiopentane,
tenperature is generally from30 to 100C, and .
ppgaé’i'ﬁﬁﬂ?e .1 8 glefiny miymerizatiopo optalyst ds | dispersed in the

pressure is g:?rlgrally fromstandard pressure to 10 15
npafyraﬁrazeatm BeRt, fangh mlymesizationa & [oded sut inea state
tapnk-ty gas .phase pol yperization reactors that may
b‘é’rﬁeﬁ%egﬁ? ndolyeg ndhat pi yf@mfz(it dogsr awatt alissolygchin the
as the reactors, desc iﬂiﬁ'(ljl ih Japanese ,Pat ent

@Bfﬁfl&%&l 1 splventen PRlymerizationds sasried oui g meteanperature

Pat ent. Publ i cat i,an . S 59-2132]1. Stirred. tank-type. .
A Bretiitte At i e, ppBneuzation alkant is mpaiskaiaed in a

AP D TR M B i B oA b e
BRI Br2,  Bop BB et gty
PERRE 3008 TLOGTEr e by 2600 b S LaPC.  The
PRI RALic], MFeRibobri Weieraftd, PO CHabAB, Mhesspreato 10
OIS S5 prRTerdbly from 0.5 to 5 MPaG.

[0030] 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 46-31696 and
Japanese Patent Publication No. S 59-21321. Stirred tank-type gas
phase polymerization is a process in which a monomer in a gaseous
state is used as the medium and, while maintaining an olefin
polymerization catalyst and olefin polymer in a fluidized state within
the medium by means of an agitator, the monomer in the gaseous state
is polymerized. The polymerization temperature is generally from 50
to 110°C, and preferably from 60 to 100°C. The polymerization

pressure should be in a range at which the olefin can be present as a
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vapor phase within the stirred tank-type gas phase
pol yneri zation reactor, and is generally from
standard pressure to 5 MPa( and preferably fromO0.5
to 3 MPaG [0031 ] Fluidized bed-type gas phase _
pol yneri zation reactors that may 5 be used include
known reactors, such as the reactors described in
Japanese Patent Application Laid-open No. S 58-201802,
J apapoes phafatwithinA\nhei stitriedn -ty e haSe SBolAAdHbation
and Japanese Patent Application Laid-opén No. H
21233068 andl u$ dgerestaligd ftome sarlapd apesson) Woesi MPadh) and
is a process in which a nononmer in a gaseous state is
1 @refegabbysfroneOrfett 3MMPaG whil e maintaining primrily
an olefin ‘(gol ynerization catal yst and ol efin pol ymer
i §0831] Fhuidizetl beditypei gis phasé polpmiierizativnt feactdrevihat may
the medium the nononer in the gaseous state is
pbeynsed zindluder lkeoven cemetorsarsushi wat tire irsactos® described in
provided to pronote fluidization. The pol ynerization
t dapaneseuPaters dgplication Imidrapern No. 2 8-201802; alapanese
from20 to 100C, and nore preferably from40 to 100C.
TRetgs| Hpplicationohajd-epenr Nos '8 5% 126406 and aFapmnese Patent
whi ct],th,e ol efin can bggséesent as a vapor phase
wixiplicatiea kaid-aper dNo.oHR2-2335 08 adflmidizad bedstype gas phase
genfral l.y from standard pressure to 10 MPa( )
pPEHEREREIOR dfn 2 progess anvwiizh admanamer i @ gaseouisr state is
O.g%{o 5 20 MPaG [0032] Conpinatjons of different

o?s thee medivwsni andg while gnaintgining| prsaarily iam olefin

BffterigRtich coralyaldcplefin poligeer 4nia luidized state within
B by B Ran RS th S the gaseous
L{jri%: is{ ﬂqgg%%%g&é rngttgjp\ﬁl:ﬁcl:%s}es?@fgl géﬂ:jatr(])% llsagrsof Blr'ovided 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
MPaG.

[0032] Combinations of different reactors are exemplified by a slurry
polymerization reactor or a bulk polymerization reactor, to which is
connected, as the subsequent stage, a fluidized bed-type gas phase
polymerization reactor or a stirred tank-type gas phase polymerization
reactor.

[0033] Alternatively, a flushing tank for separating unreacted olefin or
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pol ynmeri zation solvent fromolefin polymer particles
may generally be provided between a slurry
pol ynmeri zation reactor or a bulk polynerization
react or and, connected thereto as the subsequent
stage, a gas phase polynerization reactor such as a
fluidized bed-type gas phase 5 pol ynerization reactor,
a stirred tank-type gas phase pol ynerization reactor
opolymerigaten selvént front oléfel pollpfrer petivlesr magt gaterally be
reactor | OA. However, such a flushing tank is not
apiexidededhetieatn par tsluryar pplymerizcaties weacwra 6t s bulk
pol ymeri zation reactor is used, a flushing tank is
opoéimmzatmmeamor and, foaetitedithéseto Rslthesubzequent stage, a
React or The_ol efin polynerization reactor 1 OAis a
r &2 pbasepplymerizatien reactor sich asafisidiaed dedytyprsgas phase
phase state, an olefin polynmerization reaction on
pmaﬁ@@ﬂm%rlﬁﬂetm‘,s af stimed tank-type|gasi phase polymerization
prepol ynmeri zation reactor 5. [0035] Referring to
Hicagtoror thgsubsequently deaetibed plefin polymerizatidnirsadtor 10A.
osed primarily of a cylinder 12 which extends

PVl yuch a Hlushing tankofis met! Alavayssr@miredgvpartitularly in
inside the cylinder 12, and a pluraljty of tubul ar
LA5PF S¥hergoar Ralki pglamerigation reaetorsis Bsedyralushing tank is
itgrﬁi de {he aél i nder 12. The defl ectors 20 and tubul ar
411 BOt BFPYHEdg| ternately di sposed in the axial

10351 'G5t PRbTaeNpaloR Reasiomnd & ne tubul ar barfl s

the. oyl MR PORBATEAEOR FAUigsi LKA iR TSalor Whichgparries

O, O 6 el e o
L e A P T IO

10035 P Rl 3o Y6 41w Rtedl bifueisalions o 104 s

eBhipieds WridahlP  of 4 UWiREer”aY '$hith &2endd 5vertically, 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. Also, it is preferable
for both the deflectors 20 and the tubular baffles 30 to be disposed
coaxially with the center axis of the cylinder 12. From the standpoint
of stabilizing the spouted bed, the inside diameter of the cylinder 12 is
preferably not more than 5 m, and more preferably not more than 3.5 m.
[0036] In the olefin polymerization reactor 10A, five reaction zones 25
are formed in a vertical row inside the cylinder 12. Each reaction zone

25 is a region enclosed by the outside surface of a tubular baffle 30, the
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i nside surface of the tubular baffle 30 directly

bel ow, and the inside surface of the portion of the
cylinder 12 between these two tubular baffles 30. The
topnost reaction zone 25 is a region enclosed by the

i nside surface of the cylinder 12 at the top thereof,
the inside surface of 5 the tubular baffle 30 directly
bel ow the top of the cylinder 12, and the inside

s indide suepfadehof thet tubulef ballfe A0 idifiRtlyl Below, a121c51 the inside
. an

t her ebet ween. [0037] Wthin each reaction zone

obefface asfhtige pordonasf ftheveylinduand BétwedH dhestetR®i tubular

froma gas inlet orifice forned at a bottom end 30b

obafftes 80bulTiie toprhbst Féactionezehy 2501 Regibrs BALIREd by the
bed of 10 polyolefin particles. [0038] AS shown in

FiBide surfacadf theantlimier 4 at ffe top teirbef tthe i%éildiessurface of

di sposed at a position that |ies above the tubul ar

bitfef tubidar bafflé 30edireoily twdowi tHeetop of fthe &ylifider '@, eand the
of the deflector 20 is to prevent spouted polyolefin
pmside sarface ofithe pottéon of thd bilindek ¢2 therebeswebhe to
shorten 15 the freeboard zone, enabling a high vol ume
0035 ]eWithinoeach aeaction izond @53%n lefinlebntaining 24s flows
has a conical shape with a top end 20a that is
cupward atra bighs iveéodty feomar a \gascinlétnorifiseeformed at a bottom
progressively downward, and a bottomend 20b that is
W dr ther tubnlanbafflei 36, whetebyf fatmeing- gl spoed1Bed of

S
As a result, particles that have been bl own upward
cleP pamieless he i nside surface of the deflector 20
e, taken up into the annular, structure of the .

m&sﬁow in G 2rdni ¢aeh ragetion zone dbanedeflestar 20 is
by. passj ng bet ween the _botiom end 20h of the deflector
Ajshased aha RosHaen fbal liey abave the tulalar baftle 36sand facas the
tubul ar baffle 30.is t red i nder which has an
iSRS Yret sRnge, el e %t%ﬁ&f‘gd@glépm y0discta preventyspouted
t&l}ﬁd vvard.ciir tion, and h a top end 304 ihat S

YR HYL PAti GRS (FRIM,; $eatigeings| | This makes Jt peasible 1@ shorten

the freeboard zone, enabling a high volume efficiency to be achieved.
[0039] 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
cylinder 12.  As a result, particles that have been blown upward collide
with the inside surface of the deflector 20 and are taken up into the
annular structure of the spouted bed. At the same time, gases circulate
upward by passing between the bottom end 20b of the deflector 20 and
the inner wall of the cylinder 12.

[0040] Each tubular baffle 30 is a tapered cylinder which has an inside
diameter that progressively decreases in the downward direction, and

has a top end 30a that is contiguous with the inside wall of the cylinder
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12. Such an arrangenent allows gases to circul ate

upward froma circular gas inlet orifice at a bottom

end 30b of the tubular baffle 30, but does not allow

the gases to circulate upward between the top end 30a

and the cylinder 12. The gas inlet orifice forned at

the bottomend 5 30b may have di sposed thereon a check

val veeé&;)t shown) so that polyolefin particles within

t H3. r Sl om acramgematd aldows| gasedotonvadralatehupugirdt fem a

gas inlet orifice at such tinmes as startup or

t eHsblairgas inletonifice at atbodtorh einidr3 @ty by tlee tulatlanbaffle 30, but

reactor 10A. [0041] As shown in FIG 1, four upper

ddest aesrallo Shesgases toveitenl ate upwardsbetweensthet topegd 30a

eacgﬁgfé the four upper tubular baffles 30 within the

c reyimdemd2a Hhe gas doletcenfice Foomied atr the bettom end

tgah bottglm’mst,tubul ar baffle 30. The upper

dd0Rceyr baysadisposed theremn ichepbrvalweegmoshawn) so that

frog}oin upper, reaction zone 25 to a lower reaction

ZBplyolefinpratiglas within the meaesson @one A doneot flow dewmward

15 re Vﬁg‘go' yolefin particles fromthe bottomost

r CEOpEBn e BasaHlet @ d§esudhe thaes ias starbip wrdéemporary

t he | inder, 12 Two valves V71 and V72 are arranged

| gt O e Otefin Dol asmainn BHSHOBLHA. The

p l,efin,partic ap be discharged in a_subsequent

sfdé%ﬁdykss?bemg? tgéyfoﬁm{imﬁg)wmﬁﬁi 39 gee prowided so

V71, and . 2 0Q42]..Jo forma stabpl paut ed bed .i.n

A1 Plst BRioniEhoFacTy 8 the it Tippet taBplar elce a0 within the

t fle 30 satjsf he follow conditipnps. .

S 1L 5 SRR SQReromeS oPTaxidsd (g the
' O I | t bott om end 30b of the

Bomis RdISE bffid AD. 7 ThG bEPS iR hpees 35 allow
[ s r.ef 0.35 or less. Also, e

Py 8l FortifleR &, FIf fromcan Rl <B3ipt 200 29 dosp lower

[ : | H&. , f e, l.nside surface .

tr%g'altl%u a{}é ggff |1€ﬂ§dﬁﬁﬂ’§e ﬁfeﬁ%oPPtth owRcomer Bb is to

ReRiGFPolyoltfin particles from the bottommost reaction zone 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 subsequent step by

successively opening and closing these valves V71 and V72.

[0042] To form a stable spouted bed in each reaction zone 25, it is

desirable that each tubular baffle 30 satisfy the following conditions.

Namely, the ratio ds/ds between the diameter d, of the gas inlet orifice

at the bottom end 30b of the tubular baffle 30 and the inside diameter dp

of the cylinder 12 is preferably 0.35 or less. Also, the angle of

inclination 30 of the tubular baffle 30 in FIG 2, i.e., the angle of the

inside surface of the tubular baffle 30 with the horizontal, is preferably
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at least the angle of repose for polyolefmparticles
present within the cylinder 12. The angl e of

inclination 00 is nore preferably at | east the angle

of repose and at |east the angle at which the

pol yolefin particles can be conpletely discharged
gravitationally. In this way, 5 snooth downward

novenent of the polyolefin particles is achieved.

[ 604esist Ahe ramgle of spustefbrbpolyolefibh edrtichmdprisent weithia the
a flat plate wth a gas inlet orifice formed therein

i oylinder 42. a ’Ehebah?}e ofififiélénaifon 230 &9 nedr ﬁférabl%f at least
particles do not fluidize will arise on such a fla

pthet englearof réeposenandeas Uedsictheofanghe aty whidkr tht2 pobgolefin
a result, due to poor heat 10 renoval in this region,

t partisdes icanebe negympleately disatiarged rgravitationallyTo Inathis dway,
such a situation, it is thus desirable for the tubul ar
bsmppts dgwnwardnaoy ement aflthe polyolefimparitivles0is adhieved.

as noted_above, is at |least a given angle. [0044] It

i D043t Altheughs @ spontedibedecarobe foamed Bven Aising laflat plate

an,angle of 15 incljination u20, i.e., the angle
f Bithed gastinletron Hee Jormedethereinainstesd ofia arcbafile 30, a
20 and the horizontal, which is at |east the angle of

riegan where pastiglss domnetfluidizesvil} asiseonsudh a flatplate near
hefidn Supfcocht dhe Kobinder K1 ndot @ temult, bkl b paor heat
A RTO h R gl s, T
TRGH0T5n Sobb 3 BRI T bl onttes 30
S 26 0 e SHAELSS i W st o
HFAAEIE 17 0w The cyl i nder 12, defl ectore 20 and
t[ﬂhﬁhfrlt Psafntelfgrsab?g RG4S 20 1}:1%51(? Y Lgx’re a%l%mgle of
inclination .20, i.e., the angle formed between the outside surface of the
deflector 20 and the horizontal, which is at least the angle of repose for
polyolefin particles present within the cylinder 12. In this way,
polyolefin particles can be adequately prevented from sticking to the
deflectors 20.

[0045] Polyqleﬁn particles have an angle of repose of, for example,
from about 35° to about 50°. The angles of inclination &30 and 020
are both preferably at least 55°.

[0046] The deflectors 20 and tubular baffles 30 are each attached to the
cylinder 12 by supports (not shown). The supports have substantially
no influence on gas flow and polyolefin flow. The cylinder 12,

deflectors 20 and tubular baffles 30 may be made of, for exampie,
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carbon steels and stainless steels such as "SUS 304"
and "SUS 316L". As used herein, "SUS" refers to a
stai nl ess specification standardi zed by Japanese
I ndustrial Standards (JIS). It is preferable to use
"SUS 316L" when a catalyst which are high in
corrosive ingredient (e.g., a halogen 5 such as
chlorine) is to be enpl oyed [0047] As shown in FIG 1,
a cgebort stetlgnd atzindessOsteelssuehi eSS 804” dint tSUPB 1617,
the cylinder 12, and gaseous ol efin nmononmer is fed to
t s ugest hmm,f“SlHS”a';zfers dora s’tﬁuﬂ&sy\@eo@ﬁc@tﬂm starld¥®dized by
and a conpressor 54. In addition, a gas discharge
néa_}zanfsejlndusmai\ﬂtalndamls (TS, t dio mj)réfhml:ile toyserf®S 31617
12. Gas which has risen up through the cylinder 12 is -
dvdeman gatalyst whickare ﬂngﬁ inhcamgsive ihpgrediedd(e.gnda halogen
gas-entrai ned partl cles are renoved by an optionally
pﬁ%(\'h aeehlorine)ris tebe employacie gas has  passed through
Eéaat ment in a first heat exchanger 63, a conpressor
AschiovmdntFIG chan gas fesdmginazzlesd0 iig, provided at the
separator, 66, it is 15 introduced to line L30 via
2hettem of ithe edmnderdl2cend| gaseons clefint monomer indedde the
V\Eedl ng ?%zl e 40, a discharge nozzle (not shown)
eldem of the sabindestl 2bycwaypha lpe §30cand seomipressor 54.

g@lpgg end of re t r operatlon may al so be provided
ltbQHat ang'qlﬁ nogale 10 iniprovidad at dhactop lof the
a of r njng inside the olefin 20
e 128 &ﬁﬁ&a b2 A U S el 12 i
o erati o is referable to OVIde an interior
atpﬁ@ea?féﬁg%ﬂvaﬁg*lmém 0, @Bd@a@r@lt@n@mmucles
at a QOS n whi ¢ s not .interf flow
HreTeRiNd B, A1 ooignally praided sycfamsabn. THoRes fhegas has
r ed with uid feed nozzle 50 25
ﬁ"&%ﬁd i@&@l f 3&1‘%‘&& e aﬁlﬁﬁbg%@smgq & GORpFessor 64,

been

SENERLE BRHF Shpmeet’ ko Bndcpneasdiand. soagator 66, it is

mtroduced to line L30 via another line L35 and recycled. In addition

to the gas feeding nozzle 40, a discharge nozzle (not shown) which is
capable of discharging polyolefin particles at the end of reactor
operation may also be provided at the bottom of the cylinder 12. Also,
to reduce the amount of powder remaining inside the olefin
polymerization reactor 10A at the end of reactor operation, it is
preferable to provide an interior member in the shape of an inverted
cone (not shown) at a position which does not interfere with gas flow at
the bottom of the cylinder 12.

[0048] The cylinder 12 is also provided with a liquid feed nozzle 50
which feeds, from outside the cylinder 12 to a given reaction zone 25,

liquid olefin that has been separated by the gas-liquid separator 66.
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Specifically, as shown in FIG1, a liquid feed nozzle

50 is situated near the gas inlet orifice of the

second tubular baffle 30 fromthe top so as to inject

liquid olefin toward the spout. If necessary, a punp

52 and a line L20 for feeding the liquefied olefin

nmononer are connected to the 5 liquid feed nozzle 50.

In FIG1, the liquid feed nozzle 50 is disposed near

t Bpegtcally, as shown e FEG. 1 ha liquid feedhssAde 580s situated near

However, the liquid feed nozzle 50 is not limted to

stiehgas pdst orificeafithesseconstt tabuldrebafilies3® $rsm thertop so as to

exanpl e, near the bottomend of a deflector 20. The

| mjectlifuidl alefin| tewandi thepspdutr aldfynewessaryec parmep 52gand a

gas velocity 10 region, such as a spouting area where

alinpdu20 ifer feeding the dipgfied elefira nponomer wye ebngested to the

dj.scharge nozzles 60 are provided in portions of the

clinvichitsedinozalei 30y t e FaG d, thee diquid feed mozzles 501 disposed

baffles 30. Mdre specifically, as shown in FIG 1, a

g%%al’d&@c&@r et o Bthe mapdar bafle 30. t Hdowever,sthediquid

the cylinder 12 facing the outside 15 surface of the

s&‘@énaozdﬁuﬁﬁrlsbaﬁif lisniged ftoosneine pesitionhasdgamsty instead be

discharge_nozzle 60 is connected to |ine L40 by way of

a‘!llspﬁﬁe 4501 exp@plesonear she hoftomserdrofa deflectons2@as The
controll ed_ by respective

ﬁ;ﬁﬁ@g%&& gféiéhg Si,gﬁﬁgié@f% ¥ mevidestianai highy gasquelocity
| gt FEB S SPRUIIE 206 WeTe SPOuE GaformRsd-of or o,
ALY R e PRy o e lisahAeongales cbbre prgwided in
0t Ot Exlipdal F Goribedie oMtifle Sufacebof the tubular
TR8150; | SRS NphOR 8 nub, 3 P, S°BRS b
TN A e o —
ROPHR" 'oF 2P 5eeBhE! YibulafCbaffle 30 from the top. This gas
discharge nozzle 60 is connected to line L40 by way of a line L41.
The amount of gas discharged from the gas discharge nozzles 60 is
controlled by respective valves or other means so as to be substantially
equal to the amount of gas that has been fed in from the liquid feed
nozzle 50 and vaporized. Therefore, even when liquefied olefin
monomer has been fed into the cylinder 12 via the liquid feed nozzle 50,
the superficial velocity of the gas inside the cylinder 12 is kept
substantially constant in the vertical direction.

[0050] In addition, a line LS is connected to a position on the cylinder

12 which is higher than the topmost tubular baffle 30, and polyolefin

particles containing solid particles of a olefin polymerization catalyst
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are fed through this Iine L5 to the topnost reaction
zone 25. [0051] Accordingly, in the present
enbodi ment, a two-stage polynerization step is
achi eved by the olefin prepolynerization reactor 5
and the olefin polynerization reactor 10A. In this

the olefm5 prepolynerization reactor 5 effects
the Fol yneri zation and grow h of polyolefin
pare fe ‘én‘oughehtﬂ lige 1.6 tat thedbpm ost geaqiivny adms 26.
particles havi a particle size of preferably at
| E331]58@cordimgly, piref d¢hebl present eashb@diinent, and tewestage
more preferably at |east 850 gm thereby enabling the
f polyanenizataén stepiscachieved bypthet ekt fireprepadymesization feactor
al s ossible to 10 have the pol ynerization step be
cérmtiéhie @reﬁnspmignwmmm reactorid@A. nin thiscwaye the olefin
ol efin prepol ynerization reactor 5. In this case, an
oPepolymerizationzeaactor Saeestst ther pphapetigation zmd growth of
catalyst is fed directly to the olefin polynerization
rmﬁn@aﬂl@h@ refativelyrlarge polyolefingartictes having

out. Al ter nat i vel Qne or nore additional 15 olefin
pParticle size oRpr aatdv at deast S99 jam, shere preferably at least 700
prepol yperi zati on or 5 or an_olefin
p!élny fé(@nomor@dtrﬁ m\at Hegsto85Q riom, dbareby enabling the
bse uent to the oLfln pol.ynmeri zation reactor 10A so
lé%h?%%én‘are ﬁ’fﬂ?‘?‘-ﬁﬁ@l stlﬂ,p“@madg &vjalsp possihle to

no e st Q052] d.efin, Pol d Catal yst
3?? i!gmsrl&hlﬁn 8P \R§ ePmpass aFP @ts%ﬂ: Mér at does
1588taq as use |n suc asstemare des rlf)
(s Hiclpde (3 Jetip ZAKION, FEGAGE { this case, an

Skt B h%@%%%ﬁﬁ%% RS o reR | °f oLl antalyst s fed
Z(ls'ﬁ{)(&]égu (%(mjh ¥ IEé’P @DYEQRH ﬂ@&‘q gl'%&‘:tnhg yrr%’d oplefin
Hlyisrieaton ?i ttied AR D ARPHIASRIY, COngigr mare additional

olefin polymerization reactor, such as an olefin prepolymerization

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

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

(homopolymerization or copolymerization). Examples of olefins that
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may be used in this invention include ethyl ene,

propyl ene, 1-butene, 1- pentene, 4-nethyl- | -pentene,
5-methyl - | -hexene, 1-hexene, 1-heptene and
1-octene. [0054] One or nore of these olefns may be
used. Alternatively, the 5 olefin used nmay be changed
in each polynerization step. In cases where

pol ynmeri zation is carried out as a nultistage process,

anthyf beruzetl inofhdd inverlorbindlaé etlyleas hprddene Wibutene, 1-
two or nore ol efns are used, exanples of suitable

opefitenep mmah?rbmqsdﬂteﬁe,ﬁﬁmbﬂl npheyede, Ncheéstne, 1-heptene
propyl ene/ et hyl ene, propyl ene/ 1-but ene,

pangbyll-ectehet hyl ene/ 1- but ene, 10 et hyl ene/ 1- but ene,

et hyl ene/ 1- hexene and et hyl ene/ 1-octene. In addition

t US4 Ome, of more of sieeseoskifnisentay beaised. t kltemnkively, the
time various copolyneric ingredients such as dienes.

[ ole$B] usedfmayobgnehangeddb im peichmpolymeripatipnestep. sUdahcases
as_propyl ene honopol yners, propyl ene/ ethyl ene

where p9¥3gnepzanyn ds eatried Duit dsen envltistdgenprocessda different
propyl ene/ et hyl ene/ 1- but ene copol ynmers nmay be

gyobe e in¢ack stage. t hWherebeotorimoen biefins dfeused,

production of olefin polynmers obtained by nultistage
povamplaszofi suitabile ol¢fic icombinationg thati may bef enipdoyed include
nononer units serving as the pol yner ingredients
dPropylensiethyydena s propyleneét-bytend, s prepplenalethylene/1-butene,

f d. F le, it is 20 ible to f
by lenel frbngens; reethylenies] diswnzopind methylgnedleditepe.  Tn

on .t.yge of efmto an ol efin prepolynerization .
rasedtigh o g 1heAlSY ppssiPheto Alsei ainthe samer timgaverious
as tq? f orm honopol yner partjcles, or copolynerizing

AP ymericangredients sich asdienesnount of anot her ol efin
18055t ety * Ralgmicrst ashapolanars; y wapalymare) | sueh s
t hese, pol.ymer rticles in an,addjtional ol efm

B AR bRBRhe R, PronklehgthHcsecripolymers, propylenel1-
e ycr{)%roiljzn%teirso ind %ropylene/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 S and an olefin
polymerization reactor 10A so as to form homopolymer particles, or
copolymerizing the first olefin with a small amount of another olefin to
form random copolymer particles, then feeding, in a subsequent stage,
two or more types of olefin to these polymer particles in an additional

olefin polymerization reactor such as an olefin prepolymerization
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reactor 5 or an olefin polynerization reactor 10A.
This results in a narrow residence tinme distribution
in the olefin polynerization reactor 10A, making it
easy to achieve a fixed conpositional ratio within the
pol ymer particles. This approach is especially
effective for reducing 5 nolding defects. [0056]
Exanpl es of such polyners include

pregryde Seop rmwlﬁhe?mlammtm vémter 10A. This results in a
propyl ene- propyl ene/ et hyl ene- propyl ene/ et hyl ene

pnagrowr sesidencpyires alistribuitione irp thw wlefie/pilptes@ation reactor
pol ymers and 10 propyl ene-propyl ene/ et hyl ene/ 1- but ene
pdDpyEemakingeiteeasy taahieve' 3 fixedlicopipssitibrabritiviavivhin the
bet ween polyners, and a slash ("/") indicates that

t polymemnparticlesf | Thinapprogd ysrespeeidlly ¢ffectivédor reducing
pol(ﬁrr_er. O these, the production of

noldisgadefests. ymeri zed propyl ene-based copol yners

whi ch _are pol ynmers having propyl ene-based nononer 15
ul1056] Exampdé¢d ed " hiafh- i npasuchol ypr opplyanets (i n  include
Japan, also customarily called "polypropyl ene bl ock

cerspyyene-propylene/ethydener yst al | i ne propyl ene- basgwblymers,
pol ymer segnents and anor phous propyl ene-based

pRiopyienesaqepplenc/ethylens-qropylent/ethiylérne age polymers,

pol ymeri zed propyl ene-based copol ynmer can be prepared

Rropdensiethydenerpropytene/ethylere pol yner polymers i n anyand
order, of crystalline_ haonopol ypropyl ene segnents or

(RreByIsnoRsPptanedethiylonel 1 dnitene qolymers.opbleyepai dashg(“—)
Eiates Hip el petaiegmo RO LB oo b b Sl8dh (-6 indicates

AL 180 fr JBAEE Qletins are eIy msTRRd pLERI Beopol¥mERe OF
1085 Whe; rmrndRetioR ook b Sakrelymaarized 1 promghoRased
copolymers which are polymers having propylene-based monomer
units, are called “high-impact polypropylene” (in Japan, also
customarily called “polypropylene block copolymers”), and have
crystalline propylene-based polymer segments and amorphous
propylene-based polymer segments, is preferred. A multistage
polymerized propylene-based copolymer can be prepared by the
continuous multistage polymerization, in any order, of crystalline
homopolypropylene segments or random copolymer segments obtained
by copolymerizing a small amount of an olefin other than propylene,
with amorphous rubber segments copolymerized from ethylene,
propylene and, as an optional ingredient, an olefin other than ethylene

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

copolymer has an intrinsic viscosity, as measured in 1,2,3.4-
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t etrahydronapht hal ene at 135C, which is preferably in
a range of from 0.1 to 100 dug. This nultistage

pol ynmeri zed pol ypropyl ene-based copol yner has
excel | ent heat resistance, rigidity and inpact

resi stance, and can therefore be used in autonotive
conponents such as bunpers 5 and door trim and in
vari ous packagi ng contai ners such as retortable food

pettehyidngnaysithaloner at. 13570, 7vhidh eopesferablytinea phgdd Bf from
pol ynmeri zati on reactor and pol yol efin production
pl.dcessl0h dbig. i Mest inuitistagebpohdnerizée m]@??@bﬂene—based
wei ght distribution of the olefin polyner, the olefin
paipotymerdgsoerecd]fent heat edsisethce] rigédivs eiridv Anpact resistance,
pol yneri zation steps may be given different nolecul ar
iy has thetefore beemded v antomotive cirmponevsiurdeas bumpers
for  producing olefin polynmers having a broad
reside dobartrinei ghd indvations packagingocortaimerisesudhhas retortable
intrinsic viscosity obtained by neasurenent as
deodrpaskaging centasnershe pol ynmer conponent obtained in
15 the polynerization step that produces the highest
t0PeZliMprervemtin thel olefin polpmerization teactor andepolyolefin
preferably from0.5 to 100 dug, nore preferably from
Pregueidon procassl of\tbe inventipnefterbivagden the: maleculap weight
gﬁ%ﬂ Thjs intrinsic viscosity is at |least five tines
brtiam i the | eledias pelymerndhpoplafin pelypere omponents
obt gi ned .in the pol yneyization step 20 that produces
PRedveRedn FRAPSE Narqua«rgmzmly rieps dnpynbet givenedifferent

resent invention gan advant ageously .produce_an ol efin
E‘&&}ﬁ@iafu Welghtseh fhre RIgBRAt: maventian (9 slseradvaniageons for
obt ai ned in, the | ymeri zati,on step which prodyces
Pﬁ%&t‘l‘i’%sf’lﬁ edﬁﬁ eRei gIRvIng ol & mbroad nﬁ@ﬁ’&ﬁlﬁaf weight

¢ Oﬁﬁﬁ-s f or %rom 0.1 to 80 wt. %.0of. the olefm 25 .
abﬁ%v 1015 00 58PT TREARIPAE: nthso| YHERSIEat VISROSILY al0pégined by

Hr&durdnbifal H‘é&é‘ﬁﬁé’& above l%gr thze4polymer 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
which the amount of the polymer component obtained in the
polymerization step which produces the highest molecular weight
polymer component accounts for from 0.1 to 80 wt % of the olefin
polymer.

[0058] The olefin polymerization catalyst used in the invention may be
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a known addition polynerization catalyst used in

ol efin polynerization. Illustrative exanples include
Ziegler-type solid catalysts forned by contacting a
solid catal yst conponent containing titani um

magnesi um a hal ogen and an el ectron donor (referred

to bel ow as "catal yst 5 conponent A') with an

ormoal unmi num conpound conponent and an el ectron
dakamovwenadditéon polyrdentzatibhaatalyst used o blefirs polynistization.
prepared by supporting a netallocene conpound arid a
cHbasteativet examplescinclude Zigglerdtype solidi eitalysts formed by
Conbi nations of these catalysts may also be used. 10

[ comerting s sobdaatalyst gomgoment dontaining titanium, magnesium,
titani um magnesi um conposite catal yst may be used as

cat balpgenc andormentelecteop! dorar i (referhed poerbuloni ez Gtatalyst
Zi egl er-t%/p% solid catalyst. This conposite catalyst
rempenent A’Newithyar: organvalvmginum campoundorpnpodentiand an
n%gnesi um conpound and an el ectron donor such as the
fEFEBRIN gi.orm [ eereppngnt; arandn owtpblocete-type  solid beatalysts
used to, prepare catal yst conponent A are exenplified
Rreparesh ﬁusm SREtings ahanetalloceme gempoahndf anduba cocatalyst

Ti g_gé\’”%am_a (where R is a hydrocarbon group of 1 to
XPIRReReRsOn A granylarcargien a(%)mbm&mmsmf these catalystsamay
r%:irrbEr sugh that 0 < a S 4). Illustrative exanples

i4139 Q8&ISEt r ahal ogenated titani um 20 conpounds such as

TbR38} L i Gamerlyy FafemPdmtpy eonibr itk drmdmagnesium
AOHREIR PR anmetnpe uied asscelbhad cirebnesyt A empleyed in
S ohBBEIG oot A1 Zikikleytanpobe coapbustds Thin composite
Shi g B’ Bfned B iaring canplanium svempaund, a
et ARS8 hb3h B h efRtron donor such as the following.

[0060] Titanium compounds that may be used to prepare catalyst
component A are exemplified by titanium compounds having the
general formula Ti(OR"),X,, (where R! is a hydrocarbon group of 1 to
20 carbons, X is a halogen atom, and the letter a is a number such that 0
< a £ 4). Tllustrative examples include tetrahalogenated titanium
compounds such as titanium tetrachloride; trihalogenated
alkoxytitanium compounds such as ethoxytitanium trichloride and
butoxytitanium trichloride; dihalogenated dialkoxytitanium compounds
such as diethoxytitanjum dichloride and dibutoxytitanium dichloride;
monohalogenated trialkoxytitanium compounds such as

triethoxytitanium chloride and tributoxytitanium chloride; and

tetraalkoxytitanium compounds such as tetraethoxytitanium and
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tetrabutoxytitanium These titanium conpounds may be

used singly or as conbinations of two or nore

thereof. [0061] Magnesi um conpounds that nay be used

to prepare catal yst conponent A are exenplified by
magnesi um conpounds whi ch have a 5 magnesi um car bon

bond or a magnesi um hydrogen bond and have a reduci ng
ability, and magnesi um conpounds whi ch | ack a reducing
abithibutoxititamtmat i YResxamh i

whi ch ha)\%ha reduci ng a%'if#il?l?/l %%ﬁ%&%ﬁ@ﬁ@%@ﬂwﬁglyor

dascepibingtiens sftweraranpsstisstebf.as  di met hyl magnesi um
di et hyl magnesi um di but yl magnesi um and 10

b[004 Ht Magrrehesi ooinpaiukids M emhtgnbé ahdede fo fm]%f)afb? catalyst

but yl magnesi um chl ori de; al kyl al koxymagnesi

coomponeat Fuate eﬁenipllliﬁédebj?qnu@@gﬁﬁi BOInpRids which have a

al kyl'magnesi um hydrides such as utyl magnesi um
hyncignesiuni-aseonegonsd iorna qa tm-hgdréger bonddifd Bave a
ability may also be used in he formof a conpl ex
creduoing) abilityi aid anagnesinas| corhpoands rwhishd 1adlo 6 2kducing
Il lustrative exanpl es of magnesi um compounds whi ch
|ahility,  Héustrativg examiples ofichagiwesiimacompoands which have a
ma%gesl um conpounds such as nagnesi um di chl oride;
ategoginggabilitym alude s dialkylmagnesiunox wongpemidsn such  as
chl oride, ethoxymagnesi um chloride and 20

wigagsesinm hi adiethy \mtignesmmagdinitylmagnesiungs  and
such_as _di et hgxymagnesi um and di but oxynmagnesi um and
r@&ﬁk@hﬂh&lagmsamwg@mwmnm halidesssuch asbuttimapmesium

rrcg_anesi um stearate. These magnesi um conpounds whi ch

|Henide; educalkylalkpxymagnesiuse  cospoypaimdshi ch sach as

iilﬁrlt{we i zed, either in advance or at_the tinme of 25
tyl5fEpxeigpRsiNmiA Bndpa ikl lmagnesiuminbyerides homch s

fr a nmagnesium ¢ ound having a_reducing ability.
Zlgﬁy agnes%um hyrgn&) Al Tq"nese maggnesmm com}?ounds haB\/zing a

reducing ability may also be used in the form of a complex compound
with an organoaluminum compound.

[0062] Tllustrative examples of magnesium compounds which lack a
reducing ability include dihalogenated magnesium compounds such as
magnesium  dichloride;  alkoxymagnesium halides such as
methoxymagnesium  chloride, ethoxymagnesium chloride and
butoxymagnesium chloride; dialkoxymagnesium compounds such as
diethoxymagnesium and dibutoxymagnesium; and magnesium
carboxylates such as magnesium laurate and magnesium stearate.
These magnesium compounds which lack a reducing ability may be
compounds which are synthesized, either in advance or at the time of

catalyst component A preparation, by a known method from a

magnesium compound having a reducing ability.
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[0063] Electron donors that may be used to prepare

catal yst conponent A include oxygen-contai ning

el ectron donors such as al cohols, phenols, ketones,

al dehydes, carboxylic acids, esters of organic or
inorganic acids, ethers, acid am des and acid

anhydri des; nitrogen-containing 5 electron donors such

as amoni a, amnes, nitriles and isocyanates; and

0{0@63 |- Fiectdomdondes thaimtp decusdeas papaie faﬁteﬁ?stt &6mponent
use of inorganic acid esters, organic acid esters and
ethinduie oxygenrcoataining @ictfoe denoed siclougalichals] phenols,
esters include silicon conpounds having the genera

f ketanes, rRtdehydeass) carbokydier acid, iestershpfirarganioror Hbrganic
group of 1 to 20 carbons or a hydrogen atom R3 is a

hgeidsc sathers, pacidpantides tand Gicidr addnedrides] hiteogei-tontaining
is a nunber such that 0 < n < 4). Illustrative
elepproasdones sisht as aprhaniay simimessnitridés asd isocyanates; and
t et ranet hoxysi | ane, tetraethoxysilane and

t exgase sk halides;  Qf ithese eledtrony donangstheunbe asf inorganic
met.hyl tri met hoxysi| ane, 15 ethyltrinet hoxysil ane,

b%ﬁlal asterseorgsnie prkhesterssangd ethers isipraforredi | ane,

te I‘gri met hoxysi | ane, nethyltriethoxysil ane,

&Wr wfereysiherganic haeid téstenshdngkidearsilicon compounds
isohutyltriethoxysil ane d t-butyltriethoxysilane;

aﬁfb" 13E4hey gem cfss??ﬁﬁifaﬂ?ea{]ssg(my)m (where R§ is a hydrocarbon

di met h I met hoxysi | ane, I et hyl di met hoxsi | ane,
DR 10 EHLsa PR o6 & bsliaigesiasony R i hydyasdrkns, group
di# tﬁ)g# | di yret hoxysi | ane, ]
Rk irl ViagpoRs, the Jefter pusya aumyben suehthats0Gme< 4).
trrbut Yl met hyl di met hoxysi ] ape, di net hyl di gt hoxysi | ane,
ol:;ll_é]t" FHdPet nBXFTP Ghe, IHFJd{&w dit%tm@lli(%w res ” such  as
RS oSl S it
j xysi | ane ;and . .
?ﬂ%ﬂt@%‘-ﬁ%‘{’&ﬁ%ﬁgﬁ hoxysf’quhe. [ 0¥B5] prigethyltimeathaxysilane,
%ﬂlﬂtﬁﬁ{e‘iﬁc?xﬁﬁfeln%g eourp})f{hglflﬁj&fxto'x?rgl gnea:nfjs,oblz}yltrimethoxysilane,
t-butyltrimethoxysilane, ~methyltriethoxysilane, ethyltriethoxysilane,

butyltriethoxysilane, isobutyltriethoxysilane and t-butyltriethoxysilane;
and dialkyldialkoxysilanes such as dimethyldimethoxysilane,

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
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pol yfuncti onal carboxylic acid esters, such as
al i phatic carboxylic acid esters, alicyclic
carboxylic acid esters and aromatic carboxylic acid
esters. Illustrative exanples include nethyl acetate,
ethyl acetate, nethyl propionate, ethyl propionate,
ethyl butyrate, ethyl valerate, 5 nethyl acryl ate,
eth Ehgcrylate, nmet hyl nethacryl ate, ethyl benzoate,
bpo etignalt earboriytiv! adid! eérs, sathds Aljphiaice cafdilic aci
ani sate, diethyl ggcci nat e, d|’ but yl s%]%%i nat e, cid
destetsy | aligyadivacarbeiiydic Yiciduésient and diotatiy! ca®os#lie. acid
di butyl maleate, diethyl itaconate, dibutyl itaconate,
destetsy| Hhustrrtitee exdmplebuindluddt metlatle asethte] ictipyiutacktate,
pht hal ate. 10 Preferred exanpl es include unsaturated
amiethtydt ipropimmiatey ketlvyla piropivatate,s etlsyic uaprare) byl |valerate,
acid esters, and phthalic acid esters and nal ei c acid
cvethyd. acrylatel iethytiadrylatst methyl enethaerylasd, cethedl. benzoate,
[0066] Illustrative exanples of ethers include dialkyl
shenzstate,s methyl Hpluatep esthylii toluate, esthyl anisate, diethyl
di i sobutyl ether, dianyl ether, diisoanyl 15 ether,
rfbicRinateyt gibugylhesycoinatiey | diethyhy malohste, adibetyby malonate,
gﬁobu yl] ether. Preferred exanples include dibutyl
mtflﬁh maleateo sihutydimaleate,0deihyl ithcanates ditsutyl itaconate,
exanpl es %E organi ¢ acid halides include nono- and
ﬁﬁ?%&n&h alate.c adibB-outyt adithalate | apd, diisobutyl phthalate.
21i hat | c car?oxylic acid halideg, alicyclic .
aF cxamples ppgludeunsaguratedraliphatierdsshoxylic asid esters
20 halides. Il]ustrative examl es .include acety] . .
SHF @ﬁ&@?ﬁ“&fﬁa{)ﬁl‘é ﬁy‘#&i eHRlS @ﬂéé?htgahy‘ @gid estess jang maleic acid
val er oy hl.ori de, ,.acryl oyl chloride, _nethacryl oyl
8ﬁ{35§'i dt,hﬁﬁ?elﬁ‘z% digsters é’éfft@ﬁlﬂ;?geré‘?d-ori de, ani soyl
' succi nyl chl oride,. mal pnyl —chl.oride, mal eyl
iﬁb@ﬂ g@?s‘ﬁﬁ%% am ﬁo?fj &éh%lﬁdlﬁklﬂ%u%ﬁ[k)ahcﬁwﬁ guch as
r ex I ,ncl ude ar ti,c 25.carboxylic acid
@iﬁ;ﬂ &3@%@%@5 6 o;ﬂqlsei?ﬂlgfeﬂ}e& &lmyﬁ) etheny digoamyl
Bftr, FIERST Bty Sther Ay TISORY eufe? id Syl Ssobutyl ether

Preferred examples include dibutyl ether and diisoamyl ether.

[0067] Illustrative examples of organic acid halides include mono- and
polyfunctional carboxylic acid halides, such as aliphatic carboxylic acid
halides, alicyclic carboxylic acid halides and aromatic carboxylic acid
halides.  Tllustrative examples include. acetyl chloride, propionyl
chloride, butyryl chloride, valeroyl chloride, acryloyl chloride,
methacryloyl chloride, benzoyl chioride, toluoyl chloride, anisoyl
chloride, succinyl chloride, malony! chloride, maleyl chloride, itaconyl
chloride and phthaloyl chloride. Preferred examples include aromatic
carboxylic acid chlorides such as benzoyl chloride, toluoyl chloride and

phthaloyl chloride. Phthaloy] chloride is especially preferred.
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[ 0068] Exanpl es of methods for preparing catalyst
conponent A include the followng. (1) Reacting a

I i quid magnesi um conmpound, or a conpl ex conpound of a
magnesi um conpound and an el ectron donor, with a
precipitating 5 agent, then treating with a titanium
conpound or with a titanium conpound and an el ectron
donor. (2) Treating a solid magnesi um conmpound, or a

c [0d6 & Examplus dobf metheds | formpoesaing) cambaindomibrht A
el ectron donor, with a titanium ‘conpound or with a
tin(:iudelline:ﬁniﬂmwi]%.and an el ectron donor. 10 (3)
Reacting a |iquid magnesi um conpound with a Iiquid

t (HeReacting artuiddnagnedianpeespouad) or acahpléy e6mpound of
donor, and inducing the precipitation of a solid

t d tmaguesiannpdeenpond dnd tine eldotrmt idegor) evitle ag tpredipitating
product obtained in nethod (1), (2) or (3) above with
aagentarthem treatingnwitlora vitahivm ebamsown danevitlengl titanium
15 titanium conpound. (5) A nethod in which a solid
pe@mmpetnd sl mdlmomémmi»mg an al koxytitanium

conpound with an organomagnesi um conpound such as a

&) ghreating sespdid magnesiumpreampoands ora comyersidnpomd of a
co und having a Si-O bond is treated with an ester
o‘i&ﬂ%gun@gn%ﬁmm lkompand ansb and eleetiran tdomonmwith a titanium
tetrachl gri de. (6) A ,nmethod in which a solid product
dBpavad gy with aditagivmicarapound andrpoeledtront donor.

0 omagnesi um conpound in the presence of an == =
&332&8%&%0&1 Wﬁ@omlmﬁ sompuwd iwith aoliguichditanium
and an ester _ conpound is_treated by adding, in order,
£ompeund iy the presence L @wp oth odenaranangn inducing the
tetrachloride, fallowed by an organic acid halide
ﬁﬁﬁ%@&ona‘hﬁa fsﬂﬁdttltéﬁlué’a CoOBPlexi s subsequent |y

with

t(ﬁ? %tu?ﬂler ttreati%g %l?e reaction product obtained in method (1), (2) or

(3) above with a titanium compound, or with an electron donor and a
titanium compound.

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

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

halide compound, and the treated solid is subsequently treated with a
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m xture of an ether conpound and titani um
tetrachloride or a mxture of an ether conpound,
titaniumtetrachl ori de and an ester conpound. (7) A
nmet hod in which the product of the contact catal ysis
of a nmetal oxide, dihydrocarvyl magnesium and a

hal ogen-contai ning al cohol is 5 contacted with an
el ectron donor and a titani um conpound, either

RN i i impt S ATUBRIIR 60 v o
NEg &ﬁféﬂﬂﬁrﬁgﬁﬁﬂ&nﬁt&i‘&% RrabhforfRIASS hﬂ'@stéaé%rgﬁémuﬁﬂ.

organi c acid or an al koxymagnesi umis contact

), A0mtlesd iANwHRIN thétpodudt b e EbheiH Qié'ﬂéitvsfsi 608" metal
fol'lowng treatnent w th a hal ogenati ng agent or

voxidey tdik i i
oot cpyaorest st Spac TRRGSAECHNRAUE okl i

hedmtgeted avidla! &9 esle6@6AOHBHOP 'ark] 22 HRABRINS comlpound, either
hydr ocarbon. [0069] O the above nethods for preparing
clollwiig coesteneitt with 15 Ralobedating) agent 6dr aithout such
preferred. These nmethods of preparaiion are generally
dréatogenti ed out in an inert gas atnosphere, such as
nitrogen or —argon. [0070] In the preparation of
d&) & ys¢thodnipowhich 4 mageesintrecompovedaiings the magnesium
organosi |l i con conpound and ester compound are
magf of sl prgaticuseid ef taar atkoxsahagnesiunr islidontactadi with an
suitable solvent. Illustrative exanples of such
sdecteon sdomar add al titandanine copmrouna; beittsers fsllowing treatment
hexane, heptane, octane and decane; aromatic

@chalpganating agent or withme sach tredtmmeat. al i cyclic
hédroca[bons such as cycl ohexane, nethyl cycl ohexane
AH) Tyeating the sompound obtaiped idsanyuofimethdde(hyto (pabove
etgﬁr, i butyl ether, diisoanyl ether and tetrahydrof
with a hajogen, a halogengappound @r asf anematic bydoawagbornt

erature of = 30

f\OO%B]e 6ie the gbove methods for preparing catalyst component A,

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

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

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

[0071] In the preparation of catalyst component A, the temperature of
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t he reduci ng reacti on which uses an organomagnesi um
conpound is generally from-50 to +70C. Fromthe

st andpoi nt of catalyst activity and cost, the
tenperature is preferably from-30 to +50C, and nore
preferably from-25 to +35C. The dropw se addition

time for the 5 organomagnesi um conpound, while not

subject to any particular |imtation, is generally

f thenreducing3feavtivn evhith w®uln 1grdagentagndsilihovbihound is
conpl etion of the reducing reaction, subsequent

r generfablysfromey50¢oct70Cd Pudnmptherstatidpoiri! of eatalyst RfMvity
20 to 120C. [0072] In the preparation of catalyst
cangocusty the téthperatdre isgrefeablyadionyn30eto B0, ramd! more
out in the presence of a porous material such as an

i prefgeatly fromle26r ten-35°gani Thpolyopwrisecaddition airhevfor the
the solid product to inpregnate into the porous
nerganioghagigstimp aroopounnd,erwhile  npt efubjebt ytohaatsy aparticular
pore volume at a pore radius of from20 to 200 nm of
ahmitation, 0is3 gengrallyl froma\aboaye3Pantinates $0 zabaidt fl2ohours.
5_to 300 m 15 Exanpl es of porous inorganic oxides

i Hellowdng cempletizos of mhe, razgmng @acrioan subsequaitt ecactions
oxi des thereof. Exanples of porous polynmers include
pElayshe eamedooutcat gtenoperapateyofcfrons 2004205 yst yr ene

%gjt rene-di vi nyl benzene copol yners;
Sﬁh rfj/l dhe- preparafionoed cptalyste competents Aplthet ngducing

acryl.ate, thyl acryl ate-divinyl benzene 20 .
J&BEIORERaY arredraut indheaqueyenaecofiaarousymaterial such as
net hacgl ate- di vinyl benzenge coi)ol ynmers; and .
P yBPESANG EdepeF Gk Briee polyuen scaaspts ydlaw| thee solid

P
et hyl ene- et hyl acryl ate copol yners_ gnd .
e %) EE‘WQR cgngie | &&lepmﬁwy@amgnce%}d@musmals

and.styrepe- divinyl henzene copol yners e preferred.
Tefably heve apormnlme AbmPosRpadnes eoirpenaitoRnm of
:aga]tse?lgtoggi iﬁﬂéﬁ%a@g%gnggieg%ﬁ{dg oslijzg of h%ln%lsg tgaioﬁ‘t um.
Examples of porous inorganic oxides include SiO,, AlOs, MgO, TiO,,
Zr0; and composite oxides thereof. Examples of porous polymers
include polystyrene-based porous polymers such as polystyrene and
styrene-divinylbenzene  copolymers;  polyacrylate-based  porous
polymers such as polyethyl acrylate, methyl acrylate-diviny] benzene
copolymers, polymethyl methacrylate and methyl methacrylate-
divinylbenzene copolymers; and polyolefin-based porous polymers such
as  polyethylene, ethylene-methyl acrylate copolymers and
polypropylene. Of these porous substances, SiO,, ALO; and styrene-
divinylbenzene copolymers are preferred.

[0073] The organoaluminum compound component used in the

preparation of a Ziegler solid catalyst has at least one aluminum-carbon
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bond on the nol ecule and may typically have one of the
followi ng general formulas. RAMAAI Y3. m

RSR6AI -O-AIR7TR8 5 In the above fornulas, R4 to R8 are
each hydrocarbon groups having from1l to 8 carbons,

and Y is a hal ogen atom hydrogen or an al koxy group.

R4 to RS may each be the same or different. Al so, the
letter m is a nunber such that 2_nmx 3. [0074]

| bond! oa! theenfolatalecand! maferytiean have one 69 THE fsllowing
10 conponent include trial kyl"al umhuns such as

tgbﬁéﬁ\]lf@hnmggum and " triisobutylal um num
dial kyl al um num hydri des such as diethyl al um num

hydr i deRélgAm’b_imsobutyl al um num hydri de;
di al kyl al um num hal i des such as di et hyl al um num

chl ori dR°RAAI-O-iARIREY| aurmi num chl ori de; nixtures of
a trialkylalum numw th a 15 dial kyl al um num hal i de,

sIrltheabove formneasf R'riceRivarel eaitnbiydebédrbon groups having
di et hyl al um num chl ori de; and al kyl al unbxanes sSuch as
t fronadt try Bdcabomsy and ¥nis 4 dblagden glothahydrogeieor @h alkoxy
t hese organog] um num conpounds, the use of a '
t graalrky | mtmR? umayachhbeithe sarhe artdifferént. al Alsopdre letter m
with a dialkylalum num halide, or an 20 al kyl al unoxane
i 1 gonefmber sdch That 2semo€ 3t ri et hyl al uni num
triisobutylalumnum a mxture of triethylalum num and
diC¥) | Blusative: cexamples, of tther aggapodlurhinumaneompound
nore preferred. [QO75]l Exanpl es of the el ectron donor
cenppenent dselnden trialkkylauodaums suchf as tFiethylaluminim and
caf.al yst include the follow ng commonly 25 used
drisebuylalvmingm;oxy gdiallodatuminum el deydnidesionossch  as
g‘ﬁ%ﬂ&ﬂs aJ cohol s henol s, ketones, al dehydes, .
glumimun s, hydudest eand of disobutylaluminum  hydride;
dialkylaluminum halides such as diethylaluminum chloride and
diisobutylaluminum chloride; mixtures of a trialkylaluminum with a
dialkylaluminum halide, such as a mixture of triethylaluminum with
diethylaluminum  chloride; and  alkylalumoxanes such as
tetracthyldialumoxane and tetrabutyldialumoxane. Of these
organoaluminum compounds, the use of a trialkylaluminum, a mixture
of a trialkylaluminum with a dialkylaluminum halide, or an
alkylalumoxane is preferred. The use of triethylaluminum,
triisobutylaluminum, a mixture of triethylaluminum and
diethylaluminum chloride, or tetraethyldialumoxane is more preferred.
[0075] Examples of the electron donor component used in the
preparation of a Ziegler solid catalyst include the following commonly
used electron donors: oxygen-containing electron donors such as

alcohols, phenols, ketones, aldehydes, carboxylic acids, the esters of
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organi c or inorganic acids, ethers, acid am des and
acid anhydrides; and nitrogen-containing electron
donors such as anmoni a, am nes, nitriles and

I socyanates. O these el ectron donor conponents,
inorganic acid esters and ethers are preferred. 5
[0076] Preferred inorganic acid esters include silicon
conmpounds of the general fornula R9nSi(OR1).. (where

Rga%%‘éé‘rﬁﬁ‘éﬁé“ A 8IS SRRy acid Bpideh SR PPahyides; and
I I l'u rat Ive %@grrp%k | nc*élgz é}} gglfpg}(ys% éﬁéﬁes nitriles

by lisd ey gcﬂgse gl Cycqﬁ‘H}ShoPlcéy?nn%?%ents,sufogﬁgnic acid

propyl di‘met hoxysi enty oxy
a@dterscarid @ﬂﬁ’fé’bﬁégﬁ(@ t hoxysi | ane. [0077] Preferred

et hers i nclude di et hers, and di et her conpounds

ofQ Briferrel iherdadie aRid esﬂer&ﬂclﬁ@e Giffcdn E68: of the

2 5 In the above fornul a, to R14 are edch

fleial R su(r@m“’)g (Where R@qs Y P(sydrocﬁfbdﬂ/ stdp of 1 to

hydrocarbon aryl or arafky group of

c20 leartsonsbt faoﬂgnﬂro%én Son IR iy a ey de bmmggrb@ 811 to 20

[llustrative exanples i ncl ude di batyl ether; dianyl

etdrbons,2ard thé $§tbéi{ i lis Suéh tHaMBIL ?B(étFH)Opqmﬁlsﬁ‘ﬁﬁve examples
2, 2- dlcyclopentyl , 3-di met hoxypr opane. 20 [ 007

tinehedee| ed;émbuttﬁ(}@ilaﬁewoﬂﬂﬂ?&mtﬂ Hasge) i CQBrt—bu 1-n-
conpound of the general fornula R15R16 |((P1’)2 'S v

guopyldinisthorysilaie,ed. Hediey cl:%ﬁntyltﬁrﬂmﬂﬁ Rgsildien and
group of 3 to 20 carbons in whi ch the carbon atons
reyichobexylathyltdanethoxysilanee secondary or

[0077] Preferred ethers include dialkyl ethers, and diether compounds

of the general formula

Rli
]
R1B()_CI'I.:_-(:.v'—(:].-]:z_"()Rl"l
l
Rlz

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 RR'Si(OR!"), is especially
preferred. Here, R" is a hydrocarbon group of 3 to 20 carbons in
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tertiary. Illustrative exanples include branched chain
al kyl groups such as isopropyl, sec-butyl, tert-butyl
and tert-anyl; cycloal kyl groups such as cycl opentyl
and cycl ohexyl; cycl oal kenyl groups such as 5

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

ot RUPRCUR (Croh, Slifth SRiEBbofE e "heghSafE | Hondary or
tS Jgéri’tﬁa?rry: fﬂ‘gf/tgﬁgvlaﬁ keﬁ?‘g‘?%%é{%ﬂ%fr%?ﬂ%ﬁyc oBen I1 groups
Cy e Chent ayE SKEORL R buBIURE (AHEITE cyploally! eroups
S ol plopen oMUyl groups uch o
Pelsféul@!aeﬂtmy@; Ml ae¢ R8PS’ Qith s gaht:-ﬁyﬁ & 8RA:  In this

strative exanpl'es of “organosilicon’conpounds that

nfotniday R S aSkpdroRhflsdn (gi'oﬁgnef 1180 CZORAMEOAS illustrative

i nclude’ tert - but y1 - n- pr opyldi net hoxysi | ane,

dexaraphysest Widchahbhidesitraiphit dhei
cycl ohexyl et hyl di met hoxysi ?gnghalrf (a)g%]gﬁor‘ﬁlptshsémh as methyl,

pethydrmopyh, oityd aﬂﬂqﬁrgj?l; Pehhch&Ralkyl Rroups'Such as isopropyl,

or ganoal um num conpound conponent 1S uUsed In an

asegdbiityl petertibugy] otindi ttepi-amydi o cldall?t a s such as
component A, ofm)g;eneral ly from1 tﬁg 1,000 2 rm]‘:I’ es,

aoytloperityl andycyolohe:yl oyslalkenyszronpe sabhasroeldsaitenyl;

conmponent is used in an anount, per nole of titanium

Irgromipsl speh. acphenyleatd Aolydf  odses Al the Above Gofmula,
tog(zl 000 noles, preferably from0.3 to 1,000 noles,
dhd rorehpdadearbonygroupmof. b tbo260Carbones anfloR8teferably a
Cat al yst conmponent A, the organoal um num conpound 25
dordsenarhonargroupe of dcttoord dearbonsonpHiusttativey damples of
brought,_into nutual contact before being fed to the
Areenesitigenp spmpaundst that ey heaused , ansuchyeleetron donor
separately fed tg the nmultistage pol ynerization
components include tert-butyl-n-propyldimethoxysilane,
dicyclopentyldimethoxysilane and cyclohexylethyldimethoxysilane.
[0079] In the preparation of a Ziegler solid catalyst, the
organoaluminum compound component is used in an amount, per mole
of titanium atoms in catalyst component A, of generally from 1 to 1,000
moles, and preferably from 5 to 800 moles. The electron donor
component is used in an amount, per mole of titanium atoms in catalyst
component A, of generally from 0.1 to 2,000 moles, preferably from 0.3
to 1,000 moles, and more preferably from 0.5 to 800 moles.
[0080] Catalyst component A, the organoaluminum compound
component and the electron donor component may be brought into

mutual contact before being fed to the multistage polymerization

34



10

15

20

25

reactor, then contacted within the reactor.
Alternatively, any two of these conponents may first
be contacted with each other, and the remaining
conmponent subsequently brought into contact, or the 5
respecti ve conponents may be brought into nutual
contact in a plurality of divided portions. [0081]
Exanpl es of netal |l ocene conpounds that nay be used to

t | i . .
preos, bhengy! ol sqaety g, o Sl TYfivacn
f peavton - thefl EofMabied DetHiAr tHe feactbt. S AE]ﬂehi‘éﬁvé nyoﬁny two of

metal, x is a nunber which satisfies t

viHleseceonfpdrients aag! ﬁmnbeeééﬁtab’te@%th ésch? dthéRNgnd the

attached to the transition netal | east one

ommanﬂn e componchta subg i c p o
kel eton. 15 10063] The %@%gﬁ"%’t HALPPEBARRLETH  the

prespectibe yoaiparienms hiaynbe beonsht3int® nfu
Téﬁ?g of thgqélenent;g?PUPAC 1989), Jﬁgjﬁgﬁngﬁih%ﬂhﬁﬂ“y
poEdibrided portibasii um zi rconi um or hafni um [ 0083]
Li gands L havi ng a cycl opent adi enyl skel eton are
ebOgl]i Exanhplés) ofs whetailoctre) compoandst dilitenydy dbseupsed to
(substituted) indenyl groups 20 and (substltuted)
f preparn ytheg metpHocend-tygppe afolide catdypl daciudel te@sition metal
cycl opent adi enyl , net hyl cycl opent adi enyl ,
teompoungs of the fellowitie gyheral domrakay | cycl opent adi enyl
tert- but | - met hyl cycl opent adi enyl, net hyl -
i sopr ogyiMycl opent adi enyl , tr|nethylcyclopentadienyl,
tetra thylcyclopentadlenyl
layM tﬁp%maasltmrymetalg deisyd nutber which satisfies the
7 t et rahydroi ndenyl, 2-nethylindenyl,
’ﬂﬁmlﬁyﬁ m9¥ the tramsition metehM, and deihal ligatehuttached to
th l.i.ndenyl 7 nEthyI|ndenyI 2- 35
Yon 1a At least: omﬁ.pycum'qmg of L is a ligand having a
5-tert-

cyc r tent%a&?ény skgI}éton

[0082] The transition metal M is preferably an atom from groups 3 to 6
of the Periodic Table of the Elements (IUPAC, 1989), and more
preferably titanium, zirconium or hafnium.

[0083] Ligands L having a cyclopentadienyl skeleton are exemplified
by (substituted) cyclopentadienyl groups, (substituted) indenyl groups
and (substituted) fluorenyl groups. Illustrative examples include
cyclopentadienyl, methylcyclopentadienyl, tert-butylcyclopentadienyl,
dimethylcyclopentadienyl, tert-butyl-methylcyclopentadienyl, methyl-
isopropylcyclopentadienyl, | trimethylcyclopentadienyl,
tetramethylcyclopentadienyl, pentamethylcyclopentadienyl, indenyl,
4,5,6,7-tetrahydroindenyl, =~ 2-methylindenyl, 3-methylindenyl, 4-
methylindenyl, 5-methylindenyl, 6-methylindenyl, 7-methylindenyl, 2-
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butyl i ndenyl, 6-tert-butylindenyl,

7-tert-butylindenyl, 2,3- dinethyindeyl,

4, 7-di met hyl i ndenyl, 2,4, 7-trinethylindenyl, 2-nethyl-

4-i sopropylindenyl, 4,5-benzindenyl,

2-nmet hyl - 4, 5- benzi ndenyl, 4 5 phenylindenyl,

2- nmet hyl - 5- phenyl i ndenyl , 2-net hyl - 4- phenyl i ndenyl ,

2- met hyl - 4- napht hyl i ndenyl , fl uorenyl,

2teft-Hi uor §opaks- sfHen ert 4l andy ..

substiﬁﬁ?g%hggfsignéhb?g?ﬂgﬂg%%@b. ??H@§@@§HBQE§YL quﬂt

t Bardirietvh Pl urgtdrt. hé ds hayiipg. : -

cycf)gpent gg’l enyl@tésligugflon#&mése |7gt§%d@‘ tha]?dggyl’ 2,3

naimemﬁrxn‘ déHe R7-diMdthgli i ﬂﬁ&ﬁg ery_ ;

t han those }Hévi’ng&giéggg}lgggﬁigglﬁ’gjh’{/#s e ltl%(ril&tlillf e2 methyl

e445pprdpysidenyliet 41 RBEAZIRAY NY AN ]

atoﬁgban hyd?bcarbog groupgy%exgﬁggﬁﬂgdb?oups gﬁ?¥k} 4
koo lomdaiyldi 2aaethylss-pheh9lindkeyEt 20, i

gan‘pl es of the hg?jggoa om |9n thltie}j]ﬁetergfg%%‘r)réi ehgrniyrlllg]ldenyl’

@wﬂhym-ha?hﬂ@ﬁmben N ffotehi, ZW—ﬁm%lﬂggr%n 1, 2,7-di-

phosphorus atons. Such ‘groups "“are exenpliTi

aekpbutydflavpenylanmt oxybaitatib verfions! 6Pxhedhbovs., In cases
t hi oaryl oxy groups, al kyl am no groups, aryl am no

gwheres, thepd kattep o plbtalitygrofubipandsy hatiigphi neydlopenadienyl
and aromatic or aliphatic heterocyclic groups having

wskel¢ton; thegedigdeizsnagrte miutnalde liketadudlilsn 20 anong
o[a/)%gg, sul fur, nitrogen and phosphorus atons.
Il

rlaiigands Iexdhet tramthesechbeingga cyatopenthdisnyd ekeleton

fluorine, chlorine, bromne and iodine atons. The

rardr exemiphifieg dyp sheterpatambearing dghyups, kizhlogear atdms, and
aryl and al kenyl groups. [0086] Two or nore ligands L
eadtionegroyps (exeluding eroupsttasingra cgtlopentadiene-type
I i nked. t hrough a residue containing at |east one type
snien skeletemkct ed from among carbon, silicon,
rti br oi;en, oxygen sul fur and 36 phosphorus atons.
IL0P8a] Estamplesxahheshetereatom rinstheubetarnatamearing group
include oxygen, sulfur, nitrogen and phosphorus atoms. Such groups
are exemplified by alkoxy groups, aryloxy groups, thioalkoxy groups,
thioaryloxy  groups, alkylamino groups, arylamino groups,
alkylphosphino groups, arylphosphino groups, and aromatic or aliphatic
heterocyclic groups having on the ring at least one atom selected from
among oxygen, sulfur, nitrogen and phosphorus atoms. Illustrative
examples of the halogen atoms include fluorine, chlorine, bromine and
lodine 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

36



10

15

20

25

al kyl ene groups such as nethyl ene, ethyl ene and
propyl ene; substituted al kyl ene groups such as
di met hyl met hyl ene (i sopropylidene) and

di phenyl et hyl ene; silylene groups; substituted
silylene groups such as 5 dinethylsilylene,

di et hyl silyl ene, diphenylsilylene,
tetramet hyl di sil yl ene and di net hoxysil yl ene; and

"BABARYORC RIES S BOECRaMIGE br SHER feBlles include
PSRl EFpOR h b SRS, R Teng SRR P Mituted
(OB TR Y B ety R Py (RO Ry and
o e F e P AP P RED SRR A A Gips such as
bdlihéthgdilbasr coni um dupa%ﬂilﬁﬁ?n@l s(4,5, 6, &ip}énylsilylene,

t et rahydr 6i ndenyl ) zi rconi u ori de,

efchnheathipldici PRy hnd | diffitheRysity1eRko "ahgehetef?atoms such as

di met hyl Si | yl enebi s(tri met hyl tycl opehtadi enyl ) zi rconr u

nhitigenl, Obi : di g | fid Y {oraknde )tBibE& OH
e chlgg?lu 0o g%gn fly | drid YpRosphorisnde Off IhbsE Othethylene,

detheldng, si dimdthelim c - VA :
iy idnel > dimdholmerlont oy gmopy sy diphengimt iyienc,

adiangthelsilyleheide codb@th?lhﬁl 1&gk, N whidiphdridsidyleileor i de and

has been substituted w i met hoxi de ‘or “di phenoxi de

gilmqihoxyﬁmﬁl&he%eesgécyianyqﬁ&famt s that may be used

in the preparation o net al | ocene-type solid
Ja0&7Y dlmstrativedeexargplesal ofii metalpcen® mommoounds  include
or ganoal um num conpounds and boron conpounds. 25

[8@Yclopentadieatyl )zircenamml es of the or ganoal uni nutiokloride,
conpounds i nclude tetranethyl di al um noxane,
this(maethyeyitlapentadienydizircaitunet r abut yl di al uni nodiokloride,
t et rahexyl di al um noxane, netq¥laluninoxane,
bis(indenyl)zirconium ichloride, bis(4,5,6,7-
tetrahydroindenyl)zirconium dichloride, ethylenebis(indenyl)zirconium
dichloride,  dimethylsilylenebis(trimethylcyclopentadienyl)zirconium
dichloride, dimethylsilylenebis(indenyl)zirconium dichloride and
dimethylsilyl(tetramethylcyclopentadienyl)(3,5-di-tert-butyl-2-
phenoxy)titanium dichloride. ~Additional examples include compounds
in which the dichloride has been substituted with dimethoxide or
diphenoxide groups.

[0088] Cocatalyst components that may be used in the preparation of
metallocene-type  solid catalysts include organoaluminumoxy
compounds, organoaluminum compounds and boron compounds.

[0089] Illustrative examples of the organoaluminumoxy compounds

include tetramethyldialuminoxane, tetracthyldialuminoxane,
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et hyl al um noxane, butyl al um noxane and
hexyl al um noxane. [0090] Illustrative exanpl es of

or ganoal um num conpounds i nclude trimethylal um num
triethylalumnum tri-n-butylalumnum 5
triisobutylal um num and tri-n-hexylal um num [0091]
IllTustrative exanpl es of boron conpounds i ncl ude
tris(pentafl uorophenyl)borane, triphenylcarbeni um

¢ A iinoter REHe sy 8 Brdaprans. dpribyalpminoxane,
b O
ORISR eHRIpIERoP Sruaslulyibbly PEFIRLENS Tpciude
TERLESrhiis, 0| Elet AR, "\ gt b ifuminum,
rfiSobuigialuntiftn M@K bRt Y7 07 ° Y
ST Hfastiafiven tg@gﬂe;ﬁaposrt “hatdfl  U8RBbfinds  include

pol ynmers such as p ene, polypropy
sﬁ-},sqgémaﬂ@b% ZF&?B copol yrmer. [0093] 4+ .
Met a Iocene-te%tjfan)g1 [ ?ét al ysts that may E‘leplbeglgécarbemum
iteﬁa@g{géﬂ% hened in, exanpl gei(Aé Pafmoni
Pat ent "Appl i cz?triﬂgfr%&ta' d- openbEl\)lg‘.ite’ 20 S 8‘5‘(@3%2 onium
Jenrakis{pemafkivrophehyl)at i Bordtdi d- aRen N, NHiBke ini
Japanese Pat ent og]gpljldgati onr Lai d-%ggn @.’NS GO%gg%glhmum
JetrakstpemafiRropRampyl) bairhen Lai d-open No. S
61- 108610, JapanI()ese Pgt ent Application Laid-open No.
$00922 7He® Sgradahaneagidratlent nﬂ@plb_ecaﬁs_e@rinLﬂh@lﬁEgﬂraﬂbn of
S 61- 296008, Japanese Patent Application Lai d-open No.
Sneikesns sobid catabysts és Bﬁéiemblﬁmppbe@hé oubdtahée, deRtrative
No. H 3-234709, Japanese Translation of PCT
Aamples iofrwhizh ichdd 2960@aniepaitesesioht #n8i038A1,0;, MgO,
egpl ication Laid-open No. H 6-336502 and Japanese
tT18hpBExt iGa(g, Zn0O, BaO and ThO;; clays or clayey minerals

such as smectite, montmorillonite, hectorite, laponite and saponite; and

organic polymers such as polyethylene, polypropylene and styrene-
divinyl benzene copolymer.

[0093] Metallocene-type solid catalysts that may be used include those
mentioned in, for example, Japanese Patent Application Laid-open No.
S 60-35006, Japanese Patent Application Laid-open No. S 60-35007,
Japanese Patent Application Laid-open No. S 60-35008, Japanese Patent
Application Laid-open No. S 61-108610, Japanese Patent Application
Laid-open No. S 61-276805, Japanese Patent Application Laid-open No.
S 61-296008, Japanese Patent Application Laid-open No. S 63-89503,
Japanese Patent Application Laid-open No. H 3-234709, Japanese
Translation of PCT Application No. H 5-502906, Japanese Patent
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Lai d-open No. H 7-224106. [0094] Wen a

net al | ocene-type solid catalyst is used in olefin

pol ynmeri zation, a cocatal yst conponent such as an

or ganoal um num 5 conpound or a boron conpound may be
used together if necessary. In such cases, the

net al | ocene-type solid catal yst and the cocat al yst
conmponent may be brought into nutual contact prior to

OREERCHE 046 ofIE NP BESA 603 B0 AL PR pyasion

CRRIABHEA Nb LI LobAgopeactor. Alternatively, 10 the
respective conponents iy be brought into nutual

- . g . 5
AOUH WHer? a Phieilipcendtnid SIfE GRAETE R olefin
oy : I .

oSy ReZRIOrD o Oyt OnSIRiA scH 'Budl Sabitfihinum
" : :

DIPORESS & DT SO ey A B LR B dQBsgary. I

. ) b

Pk Cpae e A A g8, SORe atigh Bl "oty
Rpenentainaynbe Brolpht intd ftud SSRAEL Rﬁﬁ’ge' BERE f8¥into
i ncl ude additives suCh as a fluidizationh ald an n

ghei Polyimergdion eackagebhemay t Bet %paﬂitwgﬁrfe@t IRB the

cat al yst o.f the 20 present embddi nent, " concomtant use
rpolyRicsizabion redetsy arkd ebaiatted wittiiheheaggdfors U Xltd@atively,
\I;gplrogen for the purpose of regulating the nolecular

€ giespectivé campoments 1A99be Bromghit einté mutual contact in a
pol yneri zation catal yst may be a so-called
plersdity edidividedoportiors. yst whi ch first induces
pol ynerization in a small 25 amount of ol efm

&é ddeof masef imean hatartiole bdiamsetdri of the above olefin
prepol yneri zation include the olefins that may be used
pelymerization-catalyst i geherallyofrone 5i tval 5@ mml nIhtd gas phase
cafe, a single type of olefin may be
polymerization reactor in particular, to suppress the scattering of

particles to the reactor exterior, it is desirable to use a catalyst having a
mass mean particle diameter of preferably at least 10 pm, and more
preferably at least 15 pm. The polymerization catalyst in the present
embodiment may include additives such as a fluidization aid and an
antistatic additive. Together with the polymerization catalyst of the
present embodiment, concomitant use may also be made of a chain
transfer agent such as hydrogen for the purpose of regulating the
molecular weight of the polymer.

[0096] The olefin polymerization catalyst may be a so-called
prepolymerization catalyst which first induces polymerization in a small
amount of olefin. Examples of olefins that may be used in

prepolymerization include the olefins that may be used in the above-
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used alone, or two or nore different olefins may be
used together. [0097] Methods for producing the
prepol yneri zation catal yst include, but are not
l[imted to, slurry polynerization and gas phase 5
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

P StB S AR ChSREBf e v
a5 S 5k o SR YT ) b8 hged et

t o .
T, BR KGR foF BrORuERas G prepBRiherttaciin, chfalyst jnclude,

{ di ' 10

0 RS B 0 ol
cgtélgl yst Eellﬁtg@ii'n gdﬁ}o}gg% ci eS & CEW %?*g%ge‘g'h a’%‘he use
26f the Aattef SRCPIGHUCIIE 8 mlfrh@s %oﬂc@gﬁl%%]lbfg’%%%tggeous.

[0099] The pol ynerization catalyst my
| PEsduddtion ARt BE catfied GUSBERS OB Spefi %%éﬁﬁﬂatchﬁtype

atch & .
solvent or the like. Introduction E)y %ntrdl nment wt

rord@ 8oAtinddus @%gtbngas such as nitrogen is also
possi bl e. 20 [0100] "ol yol ef m Production Process Next,

t [0998] oThe sneiss Phduc ipagtioled didletdr HiUthd Ip Merization
system is descri bed. "First, polyolefm particles _
ceathbisti iy gesearallyy sfront 05paaent ,000Vi g, Pol Teai Zaki Gihase
activity are forned in the olefin prepol ynerization
rpalyneriZation eedotomin pattiodansiogiaimitecéeatte?Sto the exterior
pol ymeri zation catal yst. [0101] Separately fromthe

atibthe, reactar| dienmassamean gesticke diatneten i$ paeferdBlyl A0least 10
into the olefin polynerization reactor 1 OA fromthe

reg lapdamore ipeeferably at least 15 pm. Moreover, it is desirable for

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

Next, the process of producing a polyolefin using such a system
is described.  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.

[0101]) Separately from the above, an olefin monomer gas is fed via line
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pressure is raised to the polynerization pressure, and
the interior of the cylinder 12 is heated. The

pol ynmeri zati on pressure, which nay be any pressure
within a range at which the olefin is capable of being
present in 5 the reactor as a gas phase, is generally
fromstandard pressure to 10 WMPa( preferably fromO0.2
to 8 MPa( and nore preferably from0.5 to 5 MPaG At a

PDBVNiRItH 28 icdefin ReFHieditiop cHctRd R0A frofs thi BozElke40, the

productivity may decrease. On the other hand, at a
sureisoraisadi te the polyamifizMref) meassurer ahd thé tifteriur of the

r
the reactor may beconme high. 10 The pol ynmeri zati on

t eylirdert 12 ¢s heateds dfhepdiyracticatibn pressuref which ensy be any
t he nol ecul ar wei ght of the product and other factors,
aptelssmahwithie aangt at evitichahe tdlefinb icapgblecdfibeiag present in
ol efin polynmer, and preferably at |east 10C | ower

t thenredetomak ta ipgspphase, is patesallpbfrom sGortardiprekyre to 10
the tenperature is preferably fromO to 120C, nore 15

pMRagG gireferabbyrfizon 002 10 BOMRaG, and:morerpreferably fiony 0.5 to
from40 to 100C It is preferable to carry out
pd I MiPakx 7 aAt an polymerizationopressure below standard pressure, the
substantially free of noisture. The presence of
nptoshagiivityamay deencaste £l yheother handast avieagtion pressure
pol ymeri zation catal yst. Also, the presence of excess,
10cMBaly egnipment e@ostsafontheireacty paywbeaome high.
t he polynerization reaction system may |ower the
pbhe npplyinerisatiant tempgratue ovariegxaccording| ta nthe type of
particl es tggvi ng1 a 1oarti ¢le dianeter of from_ about
ONSNRMETo thsotmolscularmwiishh ofaihe bpeadugit andeather factors,

separately b a kn nmet hod are fed to {he cyljnde
pithagh, aiteminerature; belophthe meltng,poing Srinither elefimpolymer,

i pirderably el TR (Bvas-hancibesmaion neyhds desirable.
SOt The UBhoerihy T RO BB e 120°C, more
preferably from 20 to 100°C, and even more preferably from 40 to
100°C. It is preferable to carry out polymerization in an environment
which is substantially free of moisture. The presence of moisture may
lower the polymerization activity of the polymerization catalyst. Also,
the presence of excess oxygen, carbon monoxide or carbon dioxide
within the polymerization reaction system may lower the
polymerization activity.

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

cylinder 12 are most often particles which do not contain a catalyst
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within the particles of a catal yst conponent having a

pol ynerization activity is acceptable. [0103] Wen

pol yol efin particles are fed into the cylinder 12

while 5 feeding an ol efin nononer gas fromthe nozzle

40, as shown in FIG 2, a spouted bed of polyolefin
particles is forned within the reaction zone 25. That

is, under the action of the gas fromthe gas inlet
ocbmpsherithBa ta potyien ahbQpty i r

cent elf(ﬁgxi S 0¥ng§ ?yl | nggl?ﬁ?ghi %bﬁlg’ ragggtﬁ ontlgé;ﬁ%resence
25vidiieh thes particles ¢fOa&alydt \WontPomtt havifg ELMXmerization
upward 10 together with the gas.” Meanwhi | e;” an ahnul ar

shcﬁvityrigacéemblé_cl es falling in the manner of a
novi ng bed under the influence of gravity is forned

af0108] Whenhsslyoldfin qeirticteisvaro fed siaté aheheylinder 12 while
circulatory novenent of particles within the reaction

z feedilf ar O1eF nidimaner gaw fitoen theho2ake #0eas howedin FIG 2,

wi thin each reaction zone 15 25, the polyolefin
parspouted bed dfopolyolefin pattidles tis fonmed evithinettiengagtion zone
pol ynmeri zation activity that were fornmed in the
p2&polHhetrisz ahdenthe aetivwrofither gas frdni thengasrialétSorifite, the
the cylinder 12 at a constant rate per unit ting,
t pertitl¢ conoeptratioy thirsausarthetoentgremds iofithefcylinder 12 in the
olefin polynerization reactor 10A. As the polyolefin
preactionezons 26 aand agpwuk (s dfatrabgdn whighoparticlesfiowy upward
pol ynmeri zation activity grow within each reaction
zgether, Wlﬂeﬁhsugaﬁass]hlﬂamwhilﬂ,l an tanmulgh striwetungpef particles
downconers 35a and into the reaction zone 25 bel ow, =
afrllingdndhermanner ofiiaswioxing bedrundarithe influeoce of gravity is
downcoper 35b. ,[0105&l\/banwhi,l e, .part of the olefin

atthe peripherydthereef; giving rise tytha cixeulatoremovement
past th par_gjﬁl e bed, while the remai nder of the gas
dP¥ p es withinbe geagtishzeme 2he particle bed having

ol ke éﬂ?@%ﬁi&%ﬁés ben g@%ﬁéﬁ‘\éwiaﬂg gach geaetion zone
25, the polyolefin particles containing a catalyst component having a
polymerization activity that were formed in the prepolymerization
reactor 5 are fed from line L5 into the cylinder 12 at a constant rate per
unit time, thereby commencing steady-state operation of the olefin
polymerization reactor 10A. As the polyolefin particles containing a
catalyst component having a polymerization activity grow within each
reaction zone 25, they successively fall through the upper downcomers
35a and into the reaction zone 25 below, and are eventually discharged
from the bottom downcomer 35b.

[0105] Meanwhile, part of the olefin monomer-containing gas forms a
spout and sweeps past the particle bed, while the remainder of the gas
diffuses into the portion of the particle bed having an annular structure.
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undergo solid-gas contact and the action of the

catalyst wthin the polyolefin particles causes the

ol efin polynerization reaction to proceed, resulting

in gromh of the polyolefin particles. 5 [0106] For a

stabl e spouted bed to formin each reaction zone 25,

it is preferable that the foll ow ng operating

condition be satisfied; i.e., that the gas

shpehid Gvay, Ve Oflefin-tntaminguahst an@r i

the mni rrgjr’n gas superfici al gvgagcfﬂtlg %ﬁ]ﬂﬁ]\fﬁiﬁﬂaa&dﬁ

sondérgd BeHdigascasakice aid ther aitien &N tﬁéidcbémlg%ttwim the

physi cal properties of the powder and 10 gase$ being

h?@l@bh_sﬁnt partielas MeaugRs thepaslefial PolyleabiationUrRactidén to

also influenced by the shape of the pol ynerization

rpceed, redalting in gfowthubfithdpulyodefn partelesed for

cal cul ating the mninumgas ~superficCial velocity

J0196] Gher aMb%g’cmté@ ibed! to fokim e leavh réadfion Fdhel25, it is

Us =ASS- PGPG. . . (1 dBd) 2L (1aPGll

' prieferable that thei following eperiii 'd@cbhdititm beddatisfied; i.e., that

dianeter, ps is the particle ensity, PGis the gas

dhesgasysupetficidl velpcity 1y be zqual conoergatatee thaw thié thismum

of the reaction zone, p,Ris the density of air under

rgasnsuperfprabtvelecityorldintsi ehswhiohd al spostedhbetleisgicapable of

the spouted bed. [0107] The spouted bed hei ght Ls

viormiing: hdnradditioonta physicakqrapertks of the pesaler and

than the maxi num spouted bed height Ls( at which a

gasas being alandleﬁh;tgb|mnnmmnrgasn@npmﬁma1sveloclty (inscis also

t.o any particular limtation provided it is equal to

dnflugbeed nby the shapenef sheupelymetizationgheadtor.  Various

&gri oys formulas for calcul ating the maxi num spout ed
heaves Nbeery eprrresedr Joos salcudatings they orinimum  gas

f 2 5 | ow.
s%i)gu giai vZeloc%ty ms. . One example is formula (1) below.

1/3 0.2

Ums___dp(dAJ ngLS(PS_pG)X(pG ] c e e (1)
dy \ dg Pg P am

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

density, ps is the gas density under the pressure and temperature
conditions of the reaction zone, par is the density of air under room
temperature conditions, and Ly is the height of the spouted bed.

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

below.
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43 LSD = dB 0.218 + 0.005(Ps - PGgd AJ . . . (2) dB
dA Pcurunf J In this formula, ut is the term nal
velocity of the particles, and u,,,f is the mninmm
fluidization velocity. [0108] Fromthe standpoi nt of
vol unme efficiency and enabling the 5 formation of a
nore stable spouted bed, it is preferable for the
spouted bed height L, to be hi gher than the tubul ar
baffleﬁ 01 9] Assh FIG ater obtaining a
condens f the. . (2)
ol efi n- ca;hgal nin gas rermv u‘no the ol efin

pol ymeri zati on re ctor, the condensat may be fed to

the cyl inekis formhflaf oM ﬁmé‘%ﬁaﬁ%e‘l@é& oF thk pitticles, and

intermedi ate stage of the cyli nder h| s enabl es

t g el tabiminTRNeAAuidbasiTEdeloLityhe pol yneri zat i on

reactlon to be replenished. In addition, when the

| [0108)] Bt@hmtherosiandpoing pof ivistamy tdfﬁmehﬁy anli Bfgbling the

12, heat renoval fromthe polyolefmparticles is also

pformdtion efiamdre stdlslel spornéd hed| itofs prefuribie fapthe spouted

In the plurality of reaction zones 25 within the

cheéd hegght H2o mnhiphesthan die titaalaebafftd 30caction, the

tenperature of a reaction zone 25 tends to be hi gher
t [OH Fr Akeshowm i FIGed ¢ aiflen oboaiai® ai corldensatecby wohdensing

the cylinder 12, resulting in a tenperature difference
V\S(ilhe| oneall ofahei otefmwentdihingegase removedu fiome théreolefin
e erature, liquid olefm20 nononer is fed froma
rizatoroveaktor, atheanondersate dhay ebes ffed doothe cykinder 12
inder 12, thereby enabling this tenperature
dfyrbma cenoaostdonated at ansinbemmerinte BAgEOD the cylider 12.
ol efin polynerization reactor 10A according to the
pFhisegnabldso thereolefinmmenpmer sponsusned by podymetization
within the 25 cylinder 12, enabl ing the particle
r@grtienc dot bee replenished: i odnt @ddigion, when the liquid olefin

monomer vaporizes within the cylinder 12, heat removal from the
polyolefin particles is also possible owing to the latent heat of
vaporization. In the plurality of reaction zones 25 within the cylinder
12, on account of the heat of reaction, the temperature of a reaction zone
25 tends to be higher the further up the reaction zone 25 is located
within the cylinder 12, resulting in a temperature difference with lower
reaction zones 25. Hence, to equalize the temperature, liquid olefin
monomer is fed from a nozzle 50 provided at an intermediate stage of
the cylinder 12, thereby enabling this temperature difference to be held
to a minimum.

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

cylinder 12, enabling the particle residence time distribution to be
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44 narrowed. Accordingly, in the continuous production
of olefin polyner, it is possible to produce olefin
pol ymer having an excellent structural uniformty.

Mor eover, when the production conditions are to be
changed, because polyolefin particles polynerized
prior to the 5 change in conditions can be easily

di scharged fromthe cylinder 12, the anount of

ofiirromesl.f | cActorlingbdudh thet cantingsudsprodirtidn 6B Nolefin
be cut to a sufficrent degree. Al so, by providing

dpblyanenris i8 pdssilsieper peedudeeolefimipotyined leiviagaid efcellent

particles, the freeboard zones can be shortened,

estbtturgl anifoghityol Weredvarciwvieasthe produetibh eoaditids are to
[0111] The present invention is not limted to the

abevehamgmal]l because polyebefimlparticlest ipolywieegetdngrior to the
enbodi nent, downcomers 35a are enployed as the neans
f changenirs tenditionspedny be edasily pdisthariged fromnthencylinder 12, the
upstream si de reaction zone to a downstream side
r atmouind of odfrepecifivationrproduct thatarises|as a resudtacarf be cut to a
the polyolefmparticles to be 15 transferred by an
e$lsﬁ{émnts¢sgme, TAlsog| by i provadiyge deflactars 2@ dot suppitess the
of the, polyolefin production system1l OOB shown in FIG
3seattermg ofj sponded [pasticlesy she fieestionyd nzones. can be shortened,
Al ternatively, although not shown, it is possible to
uerabling &lﬁ@&éﬁfﬂhﬂge gieney todee ackisvble danper or a
doubl e bubbl e system which uses two, spaced apart .
ofidn] The Jesertoinyestioneis wot imited: to she @bovienembediment.
carry out powder tr%nsfer,. [0112]..The transferring

oh exnplee 81 dhen torgeiag | gmbadimestc dawncamerh 352, are

particle rempving |line L31 ich renmpves _pol yol efm
pqppi%r% as?ﬁw@nmmpfbrr Hapstariag, pg&cﬁsﬁnzamlﬁgs fipm an
ejector 32 provided at a front, end of the, particle
r Gy F’iﬂﬁe TEACtion 20N, 19,8 idﬂv@ﬁt’é’@dﬁln& € Agacieon 3zone.

HoWevibudt (5o mISUPIR FBGa AT oiie PRYO[AThTIFISS, to be
at{']aﬁ)sl}'élgrfea g)a} ! any eijgctor system. The olefin polymerization reactor
10B of the polyolefin production system 100B shown in FIG. 3 has an
gjector-based transferring means.  Alternatively, although not shown, it
is possible to use a transferring means called a double damper or a
double bubble system which uses two, spaced apart, on-off valves
provided on a circulation line to carry out powder transfer.

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

downstream side reaction zone 25. In addition, an on-off valve is
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45 situated at an internmedi ate position on the
particle renmoving line L3 1. The ejector 32 and the
vapor-|liquid separator 66 are |inked together by a
line L36 on which is disposed a conpressor (not
shown). Part of the recycled gas separated off by the
gas-liquid separator 66 is fed as gas for 5 ejector
operation. [0113] In the above enbodi nents, an olefin
Peiyated! odn nterArdiste positivhi ot thé partielewepdoviegstine 4.31.
formed in the vertical direction has been described.
HPWe \eéctol B andiRy vaporshguidesepaestorict aretlinked iopétheér by a
five,” and may even be one. Frdmthe standpoint 0O
alihé V36 @newhiich i€ idispostd P cotpresswrefict Ghovile rPurbf the
of spouted beds is preferably at |east three, and
nedcy i 8s edparanid offds) thRd gas-Nguiby&raratoreooisuied dst %as for
of spouted beds need not necessarily be fornmed in the
vqktﬁﬁahxﬂhﬁegtLon. For example, a plurality of
reactors within each of which a single spouted bed is
f0118] ht thdabortermbodimyenise aar olfipepolymerization apactor in
direction 15 and coupled in series. Also, in reactor
dehighn faved spiwetedpbeds are formed dn theevewital idirdcsion has been
preferable to design the volune of each reactor stage
adescribmd r dHowevepdheawhber pfispovted beasdsuwtdimited to five,
residence time so as to narrow the residence tinme .
cired mhdgyiteiven bé anee pito | thenstpadpoint «f achievingraksufficient
the anpount of polyolefin produced at each_ stage
(plvg Tlawneffecte the shimb spaaysed peds iis preferablyattleastahiree,
nmore uniform [0114€ Moreover, in the above
anewnprefesablysat leasiysizh Moraqyes, theplumality of spouted
i s disposed near the _gas inlet orifice of the second
t aeedanet megessard becfarmed mavibgeverticad dissctionns For
and nupber of _liquid feed nozzles 50 nmay, be syitably
s@ialﬁﬂgg redphiyality &Lereagms Rt paghy stevhicharsngicespouted
t.o pe produced. Fqr exanple, if the tenperatures .
tbﬁ‘éﬂ%&l‘b@@? W thedptsnnr maweke asrangedpil 8 hiprizontal ayrectlon
SO othFr. . ) . .
and coupled in series. Also, in reactor design and the operation control

method, it is preferable to design the volume of each reactor stage and
control the polyolefin particle hold-up or residence time so as to narrow
the residence time distribution of the polyolefin particles and to make
the amount of polyolefin produced at each stage (including the olefin
prepolymerization reactor 5) more uniform.

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

of the respective reaction zones 25 can be equalized by some other
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46 neans, it may not be necessary to provide liquid

feed nozzles 50. Alternatively, a liquid feed nozzle

50 may be provided near the gas inlet orifice at each

of the tubular baffles 30. [0115] In addition, each of

t he downconers 35a and 35b nmentioned in 5 one of the
above enbodi nents has a top end that protrudes above a
tubul ar baffle 30. However, in cases where the

Pedecisefit AR ho€ Ies n@b@ssa'rﬁpt%d oo‘fridém}ﬁlltﬂ(‘i\" fredbabyerRs 50.

the oufside Surfaces of these wnconers 35a and 35b

apdtdriativel ddiquidffese ndizzld 180 ithy Begsrov2ded nedththe gas inlet

i nsi de surfaces of the tubular baffles 30, the

dewiicedeachRof thedubQlag Paffiey30e constructed so as not

to protrude above the inside surfaces of the

r EBPES]t Iy adtithon, adachadf ties dgdmcomers 3baasd 35b mentioned in

mechani sm (e.g., an on-off valve) for regulating the

aonendf tiie pboie cdribodithetitsdhay af tapnendnthappsrotrrtest albove a
zone 25 to a |l ower reaction zone 25 may be suitably

ptubvilaebaffte 36¢c h Howeveryin .caiés ihikté thélpolyolefin particles are
preferred arrangenent of the pol yol efin production
simpededhifrdme nflbeyng a betwieenoltheerowtsideonsurdéacesor ofis these
the olefin prepolynerization reactor and enpl oys an
efewnconrst3Fa andtIfd andahef imsidengurfaen ofi thededinddred2 or
in detail while referring to FIG 4. The polyolefm
pthedinsido susfaces of theotubudambafflas 80 4the doswteometsuBka and
20 _polynerization reactor 5 and an olefin L

p55§ maay het ¢construcied isorasimat thprotmgdeabokie thatinsider surfaces
both top and bottom reaction zones 25. [0117] The bul k
pof {heerespactive tubualer bafBe30y mdnisteh aaasq, @ nechanism (e.g.,
[iquid &hase contai ning an ol efin polynerization

can snyett valye) foxregudating the eme@msrofrparsiclgscwhich drep from
pol yol efin particles forned in the 25 bul k )

Pl MPPET Zeastinn zene iy 1o ageyerigastign zong A8 may be suitably
to et.ae Wi th iquid olefin, and are fed to the

aPRVL eé@nﬁash EMDEEact or | OC. A

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

[0117] The bulk polymerization reactor 5 polymerizes an olefin in a
liquid phase containing an olefin polymerization catalyst, thereby
forming polyolefin particles. The polyolefin particles formed in the
bulk polymerization reactor 5 pass through a line L5 together with
liquid olefin, and are fed to the olefin polymerization reactor 10C. A
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47 nozzle 68 for feeding a slurry to the top reaction
zone 25 is provided, as shown in FIG 4, at a position
| oner than the powder |evel 85 of the spouted bed.
When the slurry is fed into the reaction zone 25 from
a position |ower than the powder |evel 85, it is
preferable to regulate the 5 slurry feed rate so that
the superficial velocity, follow ng gasification, of

t hezzle®8 foroferding widlig tothetbprredction %?ﬁt@}ngeisc]ﬁ%d/ided, as

the mninmum fluidization rate (U,,,f) o

pshowhel FIGaH] iat! £ pokitich Wwet thafahegsswier level 85 of the
25. By regulating the slurry feed rate’in this way, it

| spoteditdd: t Whénithey shirey ¢otfed liatd tivvredction 26né 128 from a
spout ed bed from beconmi ng unstable 10 with

gpesitionalovesr iant the powrder! leveif8s) it risipdeferiibler ﬁ)afég'lﬂﬂte the
e

zone 25. [0118] In the arrangenent just described, t
stlurryyfeesl fatel sb that the uprrficiul vetweity, tfollowing gesifiication, of
| evel 85. However, the slurry feeding position is not

| thei dephidoobefrh withdsi theoslurfFgr deesnpbee exiceed ntirr |mirithum
may be provided at a position higher than the powder

| Buiizatton Taties(U]5) odishe pelyolefint particldscheldewithinntterreaction
the amount of slurry fed per unit tine is nade

rzone 2§el Byniregylating the slusy deed oatet incthip seayp it isepbssible to
be kept from becom ng unstable with the gasification
ofullynhpreviemtithe flawistate] ofi ttey spouted dwad fronkbecominggmstable
feeding nozzle 40 provided at the bottom of the
cyithgasification of the liguid olefiningide the reaesion zonh25.

baot t o 20, of the cylinder 12 via a line L30 and_a
c[&%dﬁi]s@o the sarrangement Justidgscribed) dhe 1slugrypisfededrom a
at the top of the cylinder 12. Gases that have _  risen

tPesstign lower dhantherpowder tevel fohar Howvaver; the shurer fegding
it A o e bl the ozl 68
TH3K it PRV & TG0 IER T iR, BewGe3 evb 8bso This
\ﬂaas tlhiena%v%l%%aé}:nﬂnat,r even lw%%h the amount of slurry fed per unit time
is made relatively high, the flow state of the spouted bed can be kept
from becoming unstable with the gasification of the liquid olefin.

[0119] As shown in FIG 4, a gas feeding nozzle 40 provided at the
bottom of the cylinder 12 feeds a gaseous olefin monomer to the bottom
of the cylinder 12 via a line L30 and a compressor 54. A gas discharge
nozzle 61 is provided at the top of the cylinder 12. Gases that have
risen through the cylinder 12 are discharged to the exterior via line L40,
and gas-entrained particles are discharged by a cyclone 62 that is
optionally provided. The gases pass through a compressor 64 and a
heat exchanger 65, then are introduced to line L30 via line L35 and

recycled.
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48 [0120] As descri bed above, the olefin

pol yneri zati on reactor 1 OC uses an ejector system as
the transferring neans. This transferring neans
includes a particle renmoving |line L31 which renoves
pol yolefin particles fromthe upper reaction zone 25,
an ejector 32 provided at a 5 front end of the
particle renoving line L3 1, and a particle feeding

| [0e20]LAS ddticeibetlestsisye) ahy Alefinpalghidrizatior! f&@iBtoP Q]Q]Q uses

ejector 32 to the bottom reaction”zone 25. An on-o
vah \gje@Or isystir U tife alaaBferiing AmansC| This ernsfeding Meeans
L31. Lines 38 are connected to the particle renoving

| intdudesl Dnpadtiele prdmeing i liige a8 1t Rehidhwirsinea® polpolefin
of this on-off 10 valve 80, enabling a gas for

ppartiies fiom| thegumgert reabtioherona 6, taneejeptort B2 rovided at a

renmoving line L31 via the gas feeding |ines L38.

[ froR enBaof the paiticle aemdvin%ﬂ'mse D3dn apdes parficledféeding line

the conpressor 64 is fed through line L37 to the

el 33 twhicdfeetsi polyatefirs pasticlet drom) thet efect@mp®?2 dbi the. bottom

In addition, part of the gas pressurized by the .

crpaptionszond 254 An bacbffhvalvgh80his sitnated L gldngothd earticle

particle removing line L31 on the wupstream and .

oesmevingalinei i3k, oLines: 38naref tonnectedad. thenpartiele iesoving

used to prevent cloggi n% of the on-off valve 80 and

tlime dj3k oor thepupstrearm2sideand they doawnstregam sédejofcthas on-off

operating gas_is not subject to _any_ particular .

| Yalve a80,0enablingi algasi for preventing loggingh to be fpdbingo the

of 20 discharging the pol yolefmparticles. The anount
reypaving line dddnviadthegasnigeding ivea L33.y about

a?
ts by volume per, 100 parts by volune of the gas .,
318»1%3& art jof ghe igas ghaichas been pressusiged byt higepempressor 64 is

B ebbabi o3P s B2 ot oy e o
o 16t B Rl bt Soprescr
Kl B BROUEE S TA 5575 6 051 RO RN S0 the
upstream and downstream sides of the on-off valve 80. This gas is
used to prevent clogging of the on-off valve 80 and the ejector 32.

[0122] The flow rate of the ejector operating gas is not subject to any
particular limitation, provided it is an amount which is capable of
discharging the polyolefin particles. The amount of gas used to
prevent clogging is preferably about 10 parts by volume per 100 parts
by volume of the gas for operating the ejector. To reliably prevent
clogging of the on-off valve 80 and the ejector 32, it is preferable for the
gas to be fed constantly through lines 38 to the upstream and
downstream sides of the on-off valve 80 during operation of the olefin

polymerization reactor 10C, regardless of the open or closed state of the

49



10

15

20

25

49 on-off valve 80. [0123] The olefin polynerization
reactor 10C has capacitance type |evel gauges 93 and
di fferential pressure gauges 90 for neasuring the

hei ghts of the spouted beds (the positions of the
powder |evels 85). 5 The use of both the capacitance
type | evel gauges 93 and the differential pressure
gauges 90 enabl es di spl acenents in the powder |evels
86nicif halve®0e accurately understood. To prevent

cl oggi ng of the connection lines for the differentia

PfE23]r Theavkdin Yolymerigtivneresctbr e10C has roapicitance e
Ilrngﬁél oW ng congbamey or periodically. 10 MPLES P

[ RY2H jgabges9Fr ahdAlifferential pedssasd gaupds o0 fmchmasnndg the

of transparent polyvinyl chloride and capabl e of

fleight of vthes ppoiiied beds (thesipdsitidres of thedpowdsnslevels 85).
furnished to investigate the residence tine

dThe uisb wifibwthithe @apatitince tpeplevehgauged 93 mndethetdifferential
according to the present invention. This unit had two

t peskure gaiddse20 ehablesadisplicenréntsin the pewdeartHewelsa85 to be
inlet orifice therein, each of which was paired with
amooei aczurately antderstodids poEe preventt cheggdingaofi the connection
coaxially within the cylinder. [0125] The cylindrical
clanes e differentiahpresaurd gasuges 80attes qrefigable tparry out
500 nm and the gas inlet orifice at the bottomend of
dine blawingeonstantly ertpeticdidaldyret er dA of 100 mm

Accordingly, in the present exanple, the ratio dA/ dB
@Mﬁé gas inlet orifice dianmeter dA and the
cyl.inder inside diameter dB was 0.2. [0126] The angle

(ﬂOlizﬁalEmpbhlbetV\een the inside surfaces of the 25
hape and the

hor | zordwlindiealcoldmapdebreacier medk oh tseeRERL ARy viny]
oclglts)li'i e an fcggg.‘tsﬂeogf ttj(;x(?mcllr(leé It\(?evcot glggutgadbeds inside the cylinder
was fumished to investigate the residence time distribution in an olefin
polymerization reactor according to the present invention. This unit
had two tubular baffles of inverted conical shape with a gas inlet orifice
therein, each of which was paired with a conical deflector, disposed
vertically and coaxially within the cylinder.

[0125] The cylindrical cold model reactor had an inside diameter dg of
500 mm, and the gas inlet orifice at the bottom end of each tubular
baffle had a diameter ds of 100 mm. Accordingly, in the present
example, the ratio da/dg between the gas inlet orifice diameter d, and
the cylinder inside diameter dg was 0.2.

[0126] The angle of inclination between the inside surfaces of the
tubular baffles of inverted conical shape and the horizontal and the

angle of inclination between the outside surfaces of the deflectors and
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50 the horizontal were each 65. The two tubul ar
baffl es having an inverted conical shape were each
provi ded with a downconer having an inside dianeter
of 40 mm The conical deflectors had an inside

di anmeter at the bottomend of 300 nm and were holl ow
at the interior. 5 [0127] The gas introduced into the
unit was roomtenperature air, which was fed in at a

F e Hrizomal BvaRY eAERUES?. THheP b %@tﬂak‘sﬁﬁﬂéé’ehﬁvmg an

pol ypropyl ene particles having an average particle

sirseerfdd dodiel shapeeré @9015 Pﬁg Vided withe éﬁﬁmbﬁﬁléi%&*ﬁﬁg an

reacti on zone were each d wth 30 kg of

Pirisidh odiwhester R YOC e, armhes RoHied Heﬂécm eha an inside

formed in the respective reaction zones by feeding in

gdianaétet Aetledbutton oad 0300 hat,arld Weré hollgas at ﬂieeifntenor
orifice in the bottomtubular baffle. [0128] An

afk2¥] Thepghy inaduesd hirot thd amit deas irodmitemipesature air,

anmount continuously di scharged fromthe downconer was

swiielyweas ffod fincati 2 rafer ofn 2. Hanf rerosinuer t iThe phrtitles used
unit. Next, 3 kg of polypropylene 15 particles having

t ere qnﬂypmp}dgme particles chaiing andverdgwy particld sies ofetl 100

infor alimted tinme, the amount of colored particles

i jant. heTharmpcrmtlom zcmuaylddtlwbettom ata¢tien rzomet were each
was nonitored over tine and, using this as the pseudo

i filed swithe3Pokgeof @eﬂypropgmpamdas; andsspouted beds were

response curve was obtained. To nonitor the anmount of
rorestire the sespiective reattion’zonas by feeding in*gasidt thel above-
system was neasured with a color difference neter
(indicstedaateuirem the gas indetuorifice e the boBoyatubtdar baffle.
Instrurrents Co. Ltd and the amount of col ored
12841 An smount afcpelypsapylenedpanticlepidantiond | tp the amount

pfepafe g curVe [0129] FIG 5 shows the
Q@Wl‘ﬁ framp downpomarnwagsumgqmrgln fed in

d aI o the data for b%ctgﬁa two-tank series and a
2iRpm@st; partion of dhet wnitouNett 3 kg ofpolypropylene

del . . In thi
r ear&cf) s Irlrgvﬁg the same average particle size and colored red was fed

in for a limited time, the amount of colored particles in the particles
discharged outside of the reactor was monitored over time and, using
this as the pseudo impulse response (delta response), a transient

response curve was obtained. To monitor the amount of colored

 particles, the a* value in the L*a*b* color system was measured with a

color difference meter (Color Computer SM-5, manufactured by Suga
Test Instruments Co., Ltd.) and the amount of colored particles was
determined based on a previously prepared working curve.

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

series in a continuous stirred tank series reactor model. In this
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51 exanple, by formng two spouted beds, a plug flow
performance conparable to that of a continuous
stirred three-tank series nodel (three fl uidized
beds) was obtained. [0130] Although the pol ypropyl ene
particles (average particle size, 5 1,100 mm used in
this exanple are classified as B particles in the
Geldart classification of particle fluidization

CERRRLe by rohit 1695 SR, g Slow petRSrmance
tsgsﬂgl BleGb&hat bP &%ﬂgﬁ@@ﬁ%ﬁfe@mﬁc&aﬁﬁ s%%@ﬂelz(ﬂlree

bel ow were carried out to Investigate t

ﬂh?dik@ﬂfb%ﬂg) hakwitsinede stability of a spouted bed
din a

r
formed In reaction zone and the shape of the

t [OPrA0Y" Abiboutoy tﬁé’lﬁ@ﬂypfge?wn% aftiéles | (Ve gésﬁé}‘tiéle size,

nodel “reactorr made ‘of sparent polyvinyl —1

chl100 aemynesedpilthis ekahiilel &te Slassifidd® a§PBUpaHicles in the

inside the cylinder was furnished for use. 'S

 Geidart chagifieitinpeepariiclel fluidizaioh ippepertied arid Uehecan be

tubul ar baffle with an inverted coni cal” shape having a

geasilynifletidized| fii deasadenfinaed athavispbutdie beds fstablyaform even
single deflector with a conical shape. 20 [0133] The
cwithelichcpdrtietdsd nodel unit had an inside dianeter dB

of 500 mm and the gas inlet orifice at the bottom

ef( 3df] Ekemiplén230 %affle had a dianeter dA of 100
mm Accordingly, in the present exanple, the ratio

dA/ dB bExamphes 1% tga9 beloav weré i cariddaoat eto drhvestizate the
the cylinder inside dianeter dB was 0.2. 25 [0134]
Tredatzonghip dfetiveehithe tstablibe ofeespoutedi bl formed fin @ereaiction
“erane ted Hus Shap of thenwbular battle, o o oePe
[0132] Example 2
A cylindrical cold model reactor made of transparent polyvinyl
chloride and capable of forming a single spouted bed inside the cylinder
was furnished for use. This reactor had, disposed within the cylinder, a
single tubular baffle with an inverted conical shape having a gas inlet
orifice and, paired with the baffle, a single deflector with a conical
shape.
[0133] The cylindrical cold model unit had an inside diameter dg of 500
mm, and the gas inlet orifice at the bottom end of the tubular baffle had
a diameter dy of 100 mm. Accordingly, in the present example, the
ratio ds/dp between the gas inlet orifice diameter d, and the cylinder
inside diameter dg was 0.2.

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

tubular baffle having an inverted conical shape and the horizontal and
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52 the angle of inclination between the outside
surface of the deflector and the horizontal were each
65. The conical deflector had an inside dianeter at
the bottomend of 300 mm and was hol |l ow at the
interior. [0135] The interior of the reactor was
filled with 40 kg of 5 pol ypropyl ene particles having
an average particle size of 1,100 gm A gas was fed

| thef aglet dRinkiinatiohBetMeeh! the owside! iffideonf tHetlefleétor and
the pol ypropyl ene particles was observed. The gas

| e Pdwizemtaln Werk heach§5°. WeFhé eemiéalndeflettorehad ran inside
which was fed in at a rate of 7.5 nB per mnute. 10

[ Qikdkdterat the Béttbin eﬁd‘ of BO0NANY, fRPwashdlRey fak dve hitatier.
vvas observed in which the partl cl e concentrati on near
nThe ditteric ohetlny| reidesr Wams | Med a withutd(of kg of
upvva ly flow ng gas and particles stably formed, and
ppolypropsgletieopagitleln Mavi amnavmgebpmﬁiletsrzatoﬁ bd00 pm.
peri phery thereof [Olg% Exanpl e 3 15 Asi de from
sAt gasngvdshfedliinnfeomy tl\gas intet gdficenhnd thei flovestite of the
the bottomend of the tubular baffle to 75 nm i nstead
opoli@Ropylenei panticles fwas tabseivedar Thel gadpdrtroduced into the
same way as in Exanple 2 and the flow state of the
pahig prapyoemetenaperatiiresainawhitis emsdéd innatt dirateco& it m° per
the ratio dA/dB between the dianeter dA of the gas
i minuteor i fi ce and the 20 cylinder inside dianeter dB
was 0.15. As in Exanple 2, an ordinary spouted bed
f[Qi\B@tASea ressilp aneordinanynspouted sk fiove statp veas pbsased in
mple 4 Aside fromsetting the diameter dA of the
gwbmlhﬂm particle congentradon mear the eeatesfaxis of the gylinder was
baffle to 125 mminstead of 100 nm air was 25 fed to
tleav, pmspput of ppwvandly Hlowing: gasandspanicles siably fosmed, and
theflowstat f the pol ypropyl ene particles_ was
@mmrqgm@)\/f?mg] g%d state %t the periphery thereof.

[0137] Example 3

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

[0138] Example 4

Aside from setting the diameter ds of the gas inlet orifice at the
bottom end of the tubular baffle to 125 mm instead of 100 mm, air was
fed to the particle bed in the same way as in Example 2 and the flow
state of the polypropylene particles was observed. In this example, the
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53 ratio dA/dB between the dianeter dA of the gas

inlet orifice and the cylinder inside dianeter dB was
0.25. As in Exanple 2, an ordinary spouted bed flow
state was observed in the present exanple. [0139]

Exanple 5 5 Aside fromfeeding 7.1 nB/mn of air to a
particle bed conposed of polypropyl ene particles

havi ng an average size of 900 gminstead of feeding
Tratid /i Btweh e diddkiercds %%égﬁeoﬁﬂé& ®frifice and the
pol ypr opyl ene particles having an average size of
1c%ﬂﬁd&mn§ﬂé cﬁﬁﬁleftéiddg%é@@.mr UiAd ES@n]'fJ]l% 2 hansérlnary
way as in Exanple 2 and the flow state of the 10

pepoiRedbedeflswisthid Was Dbsesvebizetheqstesérit éﬁlﬁﬂ@.( anpl e,
the ratio dA/dB between the dianeter dA of the gas

I FOE3910Fk ﬁh@ e3dnd the cylinder inside dianeter dB was
omz. As in anple 2, an ordinary spouted bed fl ow

stat e wAgidifeny feedingtht mi/asiansf sixaonl garticld Bl composed
Exanple 6 15 Aside fromsetting the dianmeter dA of the

gef ?bl}*pﬁ)pglérfé partitled havingoan avepdgt sizetdfo00 uthdnstead of
baffle to 75 mminstead of 100 mm air was fed to the
pfoeding §.5ed’/mint 6faroea wayticle bed Eompused2ofipolyprepylene
flow state of the pol ypropylene particles was
oparticlesthavimgt i averagepdiee dftie 1003t aitwds fod ttedhe particle
the diameter dA of the gas inlet orifice and the 20

clyéd nisethe nsamle wagmas em dXxampled 21 andAthe nflewarspate 2f the
an ordinary spouted bed flow state was observed in

t pelyprepylene partiples. whe dbseiverk anim thig easinpdes thenwatio da/dg
setting the dianeter dA of the gas inlet orifice at
{besweest thendianoetor duhof theb ghs inleh orifice and zberaylinder inside
instead of 100 mm air_was 25 fed to the particle bed

i dlameses dgewvanP.2s As xExphepls 2ran ondinaryspouted:bed flow
t he pol ypropyl ene &arti cl es was observed. In this
estatepwas observed in the present example.

[0140] Example 6

Aside from setting the diameter d, of the gas inlet orifice at the
bottom end of the tubular baffle to 75 mm instead of 100 mm, air was
fed to the particle bed in the same way as in Example 2 and the flow
state of the polypropylene particles was observed. In this example, the
ratio da/dg between the diameter d of the gas inlet orifice and the
cylinder inside diameter dg was 0.15. As in Example 2, an ordinary
spouted bed flow state was observed in the present example.
[0141] Example 7

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

state of the polypropylene particles was observed. In this example, the
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54 ratio dA/dB between the dianeter dA of the gas

inlet orifice and the cylinder inside dianeter dB was
0.25. As in Exanple 2, an ordinary spouted bed flow
state was observed in the present exanple. [0142]

Exanple 8 5 Aside fromsetting the dianmeter dA of the

gas inlet orifice at the bottomend of the tubul ar

baffle to 50 mMminstead of 100 mm air was fed to the
peatio od £dh ebetweenhthes alimetar dg ofh the sl inlét arifidehand the
flow state of the polypropylene particles was

obylinder! indide tdiameterndp| was (0125, r A5 in EXatfple?yaarordinary
the diameter dA of the gas inlet orifice and the 10

cypouketdrbechHbuestdtcawat axbseBrathin thelfresdicexanphd, i on of
a spouted bed, although unstable, was confirned in

t D2 Exphple®hat is, the spout noved off-center,
formng at a position other than the center axis of

the cyAsidizfromisetting the diametes\d  efithergas walet arifive at the
in the height of the particle bed peripheral to the
spotiom endanfathe tibulathbafleto S0amm insteadiaf bO0 mm, s was
observed to change irregularly over tinme. [0143]

Elethio éhe pastidle ged)méhctsiamp way asanebEzamgple & anddhe flow

gas inlet orifice at the A bottomend of the tubular
bstate ef the polypropylanesparticlesowasmbsearvedaasin thisi examytle, the
parficle bed in the sape way as in Exanple 5 and the

fratip 2h/ds hesweenithe dinmetespdi arfethengas cindet ardice and the
ed. |n this exanple, the ratio dA/ dB between

{ é’iler emapside diamaeter Ks was 0i ). et Theiformetignaok aspouted bed,
BT ITCeRtefo SO 81 RACSHAM OLIRE Banbe Gopta ks of the
| Vi, WA T esplied:biaveriation b s brght 0 the particle
Bed tperiprfle%gld % itﬁg’sﬁolgl S °“§dc{i86{1“; e ps%%iuttif%?rrﬁng position
was observed to change irregularly over time.
[0143] Example 9
Aside from setting the diameter d, of the gas inlet orifice at the
bottom end of the tubular baffle to 50 mm instead of 100 mm, air was
fed to the particle bed in the same way as in Example 5 and the flow
state of the polypropylene particles was observed. In this example, the
ratio da/dp between the diameter d, of the gas inlet orifice and the
cylinder inside diameter dg was 0.10. The formation of a spouted bed,
although unstable, was confirmed in this example. That is, the spout
moved off-center, forming at a position other than the center axis of the

cylinder, which in turn resuited in a variation in the height of the particle
bed peripheral to the spout. In addition, the spout forming position

55 .



10

15

20

25

55 was observed to change irregularly over tine.
[0144] Exanples 10 to 13, and Conparative Exanples 1
to 3 The pol yol efin production process carried out in
Exanples 10 to 12 of the invention included a step
(Polynmerization Step Il) in which 5 propylene

honmopol ynmeri zati on was carried out using a spouted bed
reactor. The pol yol efin production process carried out
| WaSQBRaAAId iFchdnpdRteptildrly @v3r tingé uded a step

(Pol ymerization Step Ie%&mi nyvvhi ch propyl ene

hpoter| ERBmplés 1010 W3S afid 'CompafitiveExapled 1 wod zed
bed reactor instead of a spouted bed reactor. The

pol yol eThe palyslesin prodldtiphqressss drrleddo@tin ERamples 10 to
Exanpl e 13 of the i'nvention’'included a step

(PDlafrerd irnleiionSimiudéd b stepiRPalyneriuatioenStes M) ianevhich

copol ynmeri zation was carried out using a spouted bed
rppydene honaspolyinesriddticr vids aadrie@oomansirigva spouted bed
Exanples 1 to 3, the physical properties of the

peagtorr  Thee polyadefin qutodndtien Proetssdcarsiedesut ilb€dmparative
bel ow. 15 [0145] (i) Intrinsic Viscosity (units: dug)
TExamples fleterd inelydeds avstep (PalymerizdtjoniStepl H) ig which
the polynmer in 1,2, 3, 4-tetrahydronapht hal ene sol vent

t propydete dom opel ynerization avdsooarrictheupaisingra fluidized bed
concentrations of the respective sanples were set to
aeactprdinstead of/ allspented bedgretictorThel'he qralpdlefin production
viscosities of 20 these sanples were neasured at a
tpregesscarded fouta e Examplead 3 ofdieoinkenticsc ineluded arstep
accordance with the nmethod of cal cul atigon described
dRolymperizations StrpdiNdni whishkpropydenerethydsne copalymerization
which is _volune 11 of Kaohunshi Ji kkengaku

[was eariech out ugig arspouieddrribreactarn s dn kyamples, 10 to 13 and
%uppan), t was, pl otted versus the

ORPIEUAYS %exagﬁgllégﬁﬂ tp hi"ﬁ%i % ysical praperdiesyo polymer
S&é%f&“egs?@reﬁyanf é\treilagt?el etlsl Hgsctn ed be %%.]t ration to
[0145] (1) Intrinsic Viscosity (units: dl/g)

Three different samples were prepared by dissolving the
polymer in 1,23 4-tetrahydronaphthalene solvent to predetermined
concentrations. The polymer concentrations of the respective samples
were set to 0.1 g/dl, 0.2 g/dl and 0.5 g/dl. The reduced viscosities of
these samples were measured at a temperature of 135°C using an
Ubbelohde viscometer. In accordance with the method of calculation
described on page 491 of Kobunshi yoeki [Polymer solutions], which is
volume 11 of Kobunshi Jikkengaku [Experimental polymer science]
(1982, Kyoritsu Shuppan), the reduced viscosity was plotted versus the

concentration, and the intrinsic viscosity was determined by

extrapolating the concentration to zero.
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56 [0146] (ii) Ethylene Unit Content (units: w % The
et hyl ene unit content was determned by the IR
spectrum nethod, in accordance with IR spectrum
measur enent descri bed on page 619 of Kobunshi
handobukku [ The pol ymer handbook] (1995, 5 Ki nokuniya
Shoten). As used herein, "ethylene unit" refers to
structural units which originate fromethylene. [0147]

({0146 P¢iiy Beiylenb Uit éritent (afit:n Wesppctive
Pol ymerization Steps (units! g/g) The ‘polymerization

activiti[he ethyteruail sdernbyvas detiritineticby 1he IR @pkctrum

(g) of polyner produced in each polynerization step by

t neethod] ght adcdrdancd heith oIR dspetainy Sincaonmeonaitt desstibed on
that polynerization step [0 148] (iv) Copol yner

Cpagen6If &b KabunshEdhdniobdku{The Jolgnesrohhudbook] (1995,

conponent content FEP (units: wt % was 15 cal cul ated
uKingkuhiya’ Shetenhg f Asmuised Hepein, VEgthwlene 1@6it” nréfees to
formula, W stands for the total amount of polyner

psirdcineal whtie winioh yriginatenfroneethydene.copol yner
conponent conbined) per wunit time, and WEp is the
a ] Gii) c Polymerzationp dtintitips ottu cRespextive? Palyiterization
time in Polynerization Step (111). [0149] (v)
| Btapisr(@indtsVi @/gdity of Pol yner Produced in Respective
Pol ynmeri zation Steps_(units: dug) The intrinsic
vi scosi The[ molymenizatiore astivities wenepcalenlated doy aividing the
Pol ynmeri zation Step (1), the_intrinsic viscosity
[ welgt () ofepelbyiger: produced inoeanit polymereation step by the
Pol yneri zat i gﬂ Step (I1), and the intrinsic viscosity .
[ WElElY 8) ohdhe sedid, satalysneempanent fedidedthiah polymerization
Pol yrmeri zati on
step.
[0148] (iv) Copolymer Component Content Fgp (units: wt %)
The copolymer component content Fpp (units: wt %) was
calculated using the following formula.
FEP = WEP/Wt x 100
In the formula, W, stands for the total amount of polymer produced
(homopolymer component and copolymer component combined) per
unit time, and Wgp is the amount of copolymer component produced per
unit time in Polymerization Step (III).
[0149] (v) Intrinsic Viscosity of Polymer Produced in Respective
Polymerization Steps (units: dl/g)
The intrinsic viscosity [n]p; of the polymer component produced
in Polymerization Step (I), the intrinsic viscosity [n]p of the polymer
component produced in Polymerization Step (II), and the intrinsic

viscosity [n]gp of the copolymer component produced in Polymerization

57



10

15

20

25

57 Step (I11) were calculated using the foll ow ng
formulas. ['11P1 = [1111 [111P2 = ([1112 - [TI]PI X
WP1/ (WP1 + WP2)) X (WP1 + WP2)/WP2 [rl]EP = ([1113 -
[rl]pl x W1/100 - [TI]p2 x W2/100) x 100/ VWEp 5 Were
[rI]l: intrinsic viscosity (dug) of polyner from

Pol ynmerization Step (lI) [112: intrinsic viscosity
(dug) of polyner follow ng Polynerization Step (I1)

[ TIHRVErSd16uldd infpythe oo veihgforrias. f ol | owl ng
P%mpi)gﬁéﬁw%%tggp 1) WPL: %rmun-t oSf pol ymer

Rﬁgﬁﬁc&d i[guF’ol ymerization Step (1) (kg/h) W2:

t of ymer produced in Polynerization Step (11)

BfkEnent Wbt r HECREL VBT R 22 on & eps
e © o= (s SInTbo WRL00 . Eilel XCWHY00)500AW R S

e polymer conponent produced in

POWherer rqd | ditrivis@d vidcosity it/ Cﬁﬁ’g_tb érr from Podymerization
foll ovmpr@?forrrul a. EEp :itEB Xg}OO/ Elgﬁnl—lere, E3 is the
eStep @pe unit content (units: w 9% of the polymer 20

follom ng Polynmerization Step (I111). [0151] (vii) .
Firghey dneisic isoosity qdbig)/ 8DPotyRier TrodlgwingrPolyarerization
e

IR asti cs Kikai - T-die width: 100 ) equi pped

with a single-screw extruder having a screw di aneter
omBo htrinsic aviscesibp (dl/e)i ok poipmiervwiodlowing Rolymedization
Stepen t he platen of & scanner (Gr- o

Wp;:  Amount of polymer produced in Polymerization Step (I) (kg/h)
Wpa:  Amount of polymer produced in Polymerization Step (II) (kg/h)
[0150] (vi) Ethylene Unit Content of Polymer Component Produced in
Respective Polymerization Steps (units: wt %)

The ethylene unit content Egp (units: wt %) of the polymer
component produced in Polymerization Step (III}) was computed from
the following formuia.

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

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

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

210°C. The resulting sheet was placed on the platen of a scanner (GT-
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58 9600, manufactured by Sei ko Epson Corporation;
resolution, 1600 dpi). Next, a Hansa Hard Chrone
Ferrotype Pl ate (produced under this brand nane by
Om ya Shashin Yohin KK) was placed over the sheet with
the mrror-finished side of the plate facing the
sheet. Setting the scanner 5 resolution to 900 dpi and
the tonal gradations for each pixel to 8 bits, an

i 9600, pfarhifacisied bySeikenEpses Qorpordtim; Q@B@luttﬁfn, 4600 dpi).

bl ack-and-white i nmage and saved 1 n a bitmpped

f Dlenatf a Hémisa Hard €hwemedFefrotypeeiPlats i(peoduvedansde! thd brand

software (produced by Asahi Kasei Engl neering

Cnamer by i(dmiya &rashire Yohén K Ky weas' plazed lovet (the sheet with the
Fi sheyes were 10 recogni zed as areas that are brighter
t trrrorifemished rside o thgsplaBe facing thehshdeit s hSettingwthe soanner
i ndefinite shape, the size of each fisheye was

erpselution do 906 dpicard the trinad gradatiens fort éechspixel to 8 bits, an
surface area, and the nunber of fisheyes having a

dimage of the steet gmsoentesed intosthejcompuktercas athlack-and-white
fisheye count was the nunber of such fisheyes per 15
100ageranst sewed sineet bitreppefl foramgtt e Tlais image was digitized
Prepol ynerization A 3-liter stainless steel autoclave

edsingpisnage analysis jsofievargatproduced dbynviAsahi Kasei JEngineering
t horoughly deh dr ated and deaerated n-hexane, 20 37.5
nfrerperatiot thenibramd aname. 78-raokunf®). Fisheyes were
cycl ohexy (ijet hyl d| t hoxysjl ane. To this was added 15
ofecpenizadyas gEeas aé@ g tharpthednsugonnrdings: s %ecause
t&)@ﬁ yl ene was _con ous y fed@‘ll n. over a q_gr d of
SIOY &S ﬁﬁ?’@s %m 'Fedls aPe:hEne t%é} atdy nwas

t he ocI at apout . 10C, carry out 25

MR 53 fhe, diagmeterf Br‘é‘ﬁ%‘leyﬁ‘[éntﬁ sgrfl'épmrﬁas and the
t hen tranﬂ]ﬁrred %g?%ételﬁr@fém 5?690(]15?1n|1| E)rrmore was
determined. The fisheye count was the number of such fisheyes per
100 cm” of the sheet.

[0152] Example 10

Prepolymerization

A 3-liter stainless steel autoclave equipped with a stirrer was

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

to a stitrer-equipped 150-liter autoclave made of SUS 316L stainless
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59 steel and 100 L of liquid butane was added, thereby
giving a prepolynerization catalyst conponent slurry.
The solid catalyst conmponent used was one prepared by
the same nethod as that described in Exanples 4(1)
and (2) of Japanese patent Application Laid-open No.

5 2004-182981. [0153] Polynerization Step | (propyl ene
honmopol yreri zation using slurry polynerization

r gl Ohnd P10DY IeN6F NRERRP! b Z O iR, Cﬁ{érésf gwmg a

using a stirrer- equl pped 42- |ter Bessel 2t ype

p 0 30 a S
Pi‘é(éﬁmﬁl%egizggilbyner [ g.lg&l on ré%?ﬁ%nsﬁgér caﬁ‘lﬁ%dbml& Tatalyst

Webhporent used styoﬁeegﬂég% e@Athe MEAhO8 A3 that described
triethylal um num hexyl &t hyl di net hoxysi | ane and

t _
t%gﬂr;kggg?ggw TLﬁﬁﬂ'(Q)‘ of Fuphiisde pate . ons?{/@ﬂiceﬁidﬂLmd Bgsen No.

e reaction condl re as
120041 y8B981zat i on tenperature: 70C Stirring speed:
150 rpm Liquid level in reactor 18 L Propyl ene feed

r [0 k53 ]2Polsgherizitioti oS&p Qp'rdgﬁrgﬁae Hémbpolhymerization using

Trlethylalumnumfeedrate [/ h

Glarphpalymetizationresdvtan)si | ane feed rate: 6.6 mmol /h

Prepol yneri zati on catal yst conponent slurry feed rate

(pol ymePiapstiene homopdlymerizativmends bagist) oud usig @ Stirrer-
Pol yneri zati on pressure: 4.1 MPa (gauge pressure) 25

[ &ptippetdn424Hiter rBessebitype hetumiyu polytherizatiorareactor made of
residence time of 0.29 hour, and pol ypropyl ene

pALiS 304 sstamlessditeehar The ];aﬂymemlauomf reactionkwab.carried out
while continuously feeding propylene, hydrogen, triethylaluminum,
cyclohexylethyldimethoxysilane and the prepolymerization catalyst
component slurry into the reactor. The reaction conditions were as
follows.

Polymerization temperature: 70°C

Stirring speed: 150 rpm

Liquid level in reactor: 18 L

Propylene feed rate: 25 kg/h

Hydrogen feed rate: 215 NL/h

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

Polymerization pressure: 4.1 MPa (gauge pressure)

[0154] In this reactor, the slurry had a mean residence time of 0.29

hour, and polypropylene particles were discharged at a rate of 2.67 kg/h.
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60 The polynerization activity in this polynerization
step was 4,790 g/g. The polypropyl ene particles

obtai ned had an intrinsic viscosity of 0.93 dl/g.

[ 0155] Pol ynerization Step Il (propyl ene
honopol yneri zation by 5 spouted bed reactor

(gas- phase pol yneri zation)) A spouted bed reactor

having two reaction zones in the vertical direction

( Thé4solymaizatrraactivity isilie pdlpreiation0deprvagvds7oo g/g.
furni'shed for use. The tubular baffies and deflecfors

WEhe e lest shtairab had erl idtinkic §iscbsikeof 0.93
fini sﬁgpg?/ﬁ%uffi%ﬁgt agrit size of 300), 10 an%?t he

ndl/grial nmaking up the rest of the reactor was SUS 316
(with surfaces finished by buffing at a grit size of
355 TRolymendzation Wasep cBnv@rbpylener hoopelyimérieatien by
fluidized bed reactor with stirrer. That 1s, the

sspouted beddregetordigappimse pobymieeizatioh)h t he ori gi nal
reactor were taken out and, in their place,

conbi naAi sprarted bed: reactar hivdhpl twereacticib zonés du tthe vertical
were installed coaxially at each of two stages in the
véirection (1gi40etitérccapatity; ingide atiatmetéd, &00amin) was furnished
defl ectors used here had the sane shape and size as
t forsesass ethe ntubsudamp bafles podsdeflactors rwerec omads of n'§US 304
pol ypropyl ene particles and liquid propylene was fed
i stainless steal (withhsurfpees nishedoby dhuffimgiabargribsizef 0H300),
the slurry 20 polynerization reactor in the preceding .
the, maferiab pnaking: upthe gast of the:eeaqtonveas 316 (with
reagtor. _-The slurry polymerization reactor and the
s Bashedaby & gbangut stzes o4 300) nelhisrkeackr was
amount of _slurr fed to the spouted bed reactor,is
r%%‘i‘é{dfﬁyu%%@fﬁ qm\/%ﬁfﬂadﬁedvb@@ geagpr with sticres,  That
25 [,0157] The follow ng two slurry feeding, nethods
vi§y the ﬁngr@rmg% &éﬁperrgl%pfaée avithin ghe mlglaar reactor were
i . of . :
"Ghen i él?g,eu? ﬂlfeﬂ'eplsa%g,u tc%?nbblggtl{)gg C(;to 2 tubular baffle and a
deflector were installed coaxially at each of two stages in the vertical
direction. The tubular baffles and deflectors used here had the same
shape and size as those used in Example 3.
[0156] A slurry containing polypropylene particles and liquid propylene
was fed intermittently in a plurality of divided portions from the slurry
polymerization reactor in the preceding step to the top reaction zone in
the spouted bed reactor. The slurry polymerization reactor and the
spouted bed reactor are connected via a line, and the amount of slurry
fed to the spouted bed reactor is regulated by an on-off valve provided
on this line.
[0157] The following two slurry feeding methods were tried when

feeding the slurry to the top reaction zone of the spouted bed reactor.
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61 In one nethod, the slurry was fed into the reaction
zone froma higher position than the powder |evel of
the spouted bed. In the other nmethod, the slurry was
fed into a position |ower than the powder |evel of
the spouted bed; that is, directly into the particle
bed. It was 5 confirnmed that the slurry can be fed

wi thout difficulty by either nmethod. Moreover, it was

' afm?l?ﬁ‘gm?ﬁgo ttﬁﬁssiuéﬁféésfféﬁ m“‘ﬁ”aé%ém”x?t@%g ﬁ%m 3 higher
?Bé%amﬁﬁer? S0 ROWARS 1$vRlc opcthen sapuigth adhs Tothenpther
RicLa0t, o %Lra'o»my fock Py, BORon Vet iap e pRuder lovel
Bk dbe; sopited bPd: 1Bk oSy diretiy et the paifisle g, 1t was
prenfnef il el S Eﬁqfes'ia@éb%&fﬁﬁ" G ither method.
M@%h%%ﬁ' S Rame, oy ﬁi#%a@bﬂpﬁﬁaéi Vet (b5 msthod of
%@%iﬁ% B O IRRAT bl B0 0. frdie
BT Rt o te%:‘?f?oof Rl i A haTod and thus
ofthode et FGF oMlomy R0 b St B bl s pffpotive for
el Btk MRS 4 B 5Rlndd pid. ) ToRERR B8 frg e of
oo y%@fi&;@%‘% B ORI, Korp R PR il v lpehty ollowing
Eé atiog ST 1IGAY, %059‘%%3’%"3%?%%@%# Qf"f‘% excoeding
IO?Jurry |g?'$lha Qrom a p03|t| on ﬁﬂer than pﬁe po This

r@\aégt Ik &Zg I}lgalfgnéltt ﬁﬁfs%irtgg: to {éﬁggrésglﬁé%]tu-ﬁﬂ%ﬁ Wﬁﬁldtl{éeﬁrstem

as an
associated with gasification of the liquid propylene, increasing the

stability of the flow state in the spouted bed. Another advantage of
feeding the slurry directly to the particle bed is that the latent heat of
vaporization from the gasification of propylene can be used particularly
effectively to remove the heat of polymerization. The results shown in
Table 1 were obtained, in Examples 10 and 11 and in Comparative
Exampiles 1 to 3, for polymers obtained using the method in which the
slurry is fed directly to the particle bed. In Examples 12 and 13, the
results were obtained for polymers obtained using the method in which
the slurry is fed from a position higher than the powder level of the
particle bed.

[0158] The spouted bed reactor used in the present example has an
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62 ejector-based transferring nmeans (see FIG 4). This
transferring nmeans, which is designed to transfer

pol ypropyl ene particles fromthe upper reaction zone
to the |l ower reaction zone, includes a particle
renmoving line wth an on-off valve, an ejector and a
particle feeding line. 5 Mreover, 10 vol % of the
circul ating gases (gases discharged fromthe top of

B8RS o S8l G705 55 s s,
aovkichrisafeBaed or Tanstes, %l%#r@ﬁwﬁ‘éiﬁéﬁé%fmﬂp upper
[e e i T,
e o35G b chSeE, B3, BB P time
v\ﬂgn such fﬂ)gfgi"/é.%é&% onl a%]gg%% g’ strea cbﬁfge% from the
Ec%eﬂteﬁ‘é%ﬁgﬁeﬁ“iasﬁt“m e 2, s%%e %g%ﬁﬁo?r oitieling the

'y Bl o pdafticklc N6 BRELE cilfithg RofES Bl oo the
pbﬁgﬁh%“ Q«E@"ﬁgg’ﬁ@s}rﬁ A ol e ESEDE il g8 paric
pz%m SEBEK et uﬁ?%ﬁf%%@%oﬁhe%% fgfimed that, by
owr te 1i)ggﬁﬁfﬁgﬁropy € e‘-’f gesé F‘gtfé&ﬂz?}hl? %Rgﬁ'éam and
Rl S 8 YA 8 e ety

Shidifented th&¥when such a gas is fed onIy to the upstream side or the

downstream side alone.

-‘!!l

Iu

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

Polymerization temperature: 80°C

Polymerization pressure: 1.8 MPa (gauge pressure)

Circulating gas flow rate: 140 m*/h

Propylene feed rate: 20 kg/h

Hydrogen feed rate: 1,150 NL/h

Polypropylene particle hold-up: 60 kg (top stage, 30 kg; bottom stage,
30 kg).
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63 [0160] In this reactor, the polypropyl ene particles
had a nean residence tinme of 4.6 hours, the
concentration ratio of the gases within the reactor
(hydrogen/ (hydrogen + propyl ene)) was 10.4 nol % and
the polynmer particle discharge rate was 14.9 g/ h. The
pol yneri zation activity in 5 this polynerization step
was 21,900 g/g. The pol ypropyl ene particles obtained

Pgﬁb@ F‘ggﬂ 2‘% §°€p COSI : FOf e@ﬁ@%ﬁﬁ{ﬂsé}%(s eéémmdence
p%r@? E)]Pﬁ’; U;anégg%%ﬂf Ct S gq%t Qqeggvﬁﬁm the reactor
p@@é@@' dEker & PRGPYIBRe nwaaé%&te@% Yo, e hecpolymer
b@%ﬁ‘%ﬁaﬁé@ﬁﬁ%@% b T8, o qxlyicbatighectivity in

| R IRl B E RS ] PeThvRRRy g atfictes
Sbﬁﬁu‘fé R99) ]{lmﬁslgqﬂgé&py@fo@?u# ed with a gas

di spersion p ate an 1621 Propyl ene,
SAM P B AR e T3 p(?@@yeﬂg;%ﬁtze CEs b bbtained
:@fg‘propy é‘%‘e’bégs%?@réé%khﬁge BbabfeoRhee gac o
were  as? Wi&é@l’%ﬁ%ﬁ#&%g {eBafged B e, sB3fted bed
QLR e e PRVIDRS MAge viorp I cpiRiaGu Y T2 iBlidized bed
redhetorita Pee@y ﬂ@L)ene[ﬁé‘ﬁﬁ%?E& ‘bed l?ea't':&fﬂ“\va%%)%(_i% 8f SUS

Hydr ogen rate: 49 NL/ mer particle
591 10 stainless steel (the inside surface of the reactor and the surfaces of

the interior components were finished by buffing to a grit size of 300).
The reactor was equipped with a gas dispersion plate and a stirrer.
[0162] Propylene, ethylene and hydrogen were continuously fed to this
fluidized bed reactor, and propylene and ethylene copolymerization was
carried out in the presence of polypropylene particles while purging
excess gas to hold the pressure constant. The reaction conditions were
as follows.

Polymerization temperature: 70°C

Polymerization pressure: 1.4 MPa (gauge pressure)

Circulating gas flow rate: 140 m*/h

Propylene feed rate: 34 kg/h

Ethylene feed rate: 7.3 kg/h

Hydrogen feed rate: 49 NL/h

Polymer particle hold-up: 55kg
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64 [0163] In this reactor, the polynmer particles had a
mean residence tinme of 2.7 hours. The gases within
the reactor had the following concentration ratios:

et hyl ene/ (propyl ene + ethylene), 27 nol %

hydr ogen/ (hydr ogen + propyl ene + ethylene), 0.79 nol

% The 5 polyner particle discharge rate was 20.6
kg/ h. The polynerization activity in this

DRt g A NP Rl A BB Fence time
| B2 oot s Sy 180G ol 7 Bollbwing
popkEmraicn SRR, )" OB g e oo pEAFRSE, 2, mol %
BB GroRBhY BN, £ GhndE 199 100 o4, The
PROHEEY TN (B0ae SIS Wb %l RV PRES, SN Bvation
| i s Bl ABNE B 58, 101700 51 fhe, sqpotymer
¢ Sofinonéaf iff B pLIsheOEkBRSS LBIABCHHER 3 HfHIGE Viscosity
COM g o seh €8 275 G AR BIBRe 1 Sbieh of 3

t B} %| UrThe RAWIR #FBARORASIIEAIR £.ime of 0.84  hour,

and the rate at which the polypropyl ene particles were

d[ G4 BRAmpl® 1vas 6. 61 kg/h. The pol yneri zation
activity in‘this polynerization step was 11, 200 g/g.

TRelymenpatoy| S daybtopyené NhenpotiRreiAfidnaising slurry
polymerization reactor)

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

Reactor fluid level: 30L

Propylene feed rate: 16 kg/h

Hydrogen feed rate: 137 NL/h

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

[0165] In this reactor, the slurry had a mean residence time of 0.84
hour, and the rate at which the polypropylene particles were discharged
was 0.61 kg/h.  The polymerization activity in this polymerization step
was 11,200 g/g. The polypropylene particles thus obtained had an
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65 intrinsic viscosity of 0.92 dug. [0166]

Pol ynmeri zation Step Il (propyl ene honopol yneri zati on
by spouted bed reactor (gas phase pol ymerization))
The pol ypropyl ene particles obtained in Polynerization
Step | 5 were fed to a reactor having the sane
construction as the spouted bed reactor used in

Pol yneri zation Step Il of Exanple 10. Aside from

R E = 05
TG, T had e e i G oS
- ShoweidiEd feasiorcieas pBRe poLerZatgD of |

o100 b ot S B b s
s 0 ol o 4 BRI B
CHLATEE L4901 el SR SucE RS 10, Aside fom
oneTingcte PRhrEBpyRie parfcif Holfii ko “REKC by ¥8Eey 23 ke;
t Bofigft 358,23 Re)x Broriend Torf S miph oo g Yvds Gpprieg out in
Plhe B s i Rofb PRGN SEL i PREamE e o

St@s@eﬁgg ‘gﬁ? g&%(&ﬁf,' lﬁ@tﬁdlgpmllﬁf% yafﬁ'clgg aldh b residence

ol yprlopylen S in the sane way a

itﬂme':> BFYATR hédlis! ¢8te! bF gﬁl@@gﬂﬁ% PartieR18Rkchhibe was

I's reactor, the polymer p a nmean

I t 5 » . 3 . . i
|38 IR pobfipdidul 1oy \BippAREcBatbh S5 v
gfg%xmr igf@l | Thed¢bduiting pBlYptopyRdle Parti€Rs' RAd S&€Pintrinsic

viscosity of 0.90 dl/g.

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

The polypropylene particles obtained from Polymerization Step
I above were fed to a reactor having the same construction as the
fluidized bed reactor used in Polymerization Step III of Example 10.
Aside from setting the hold-up of the polypropylene particles to 60 kg,
propyléne and ethylene copolymerization was carried out in the
presence of polypropylene particles in the same way as in
Polymerization Step 11I of Example 10.
[0169] In this reactor, the polymer particles had a mean residence time
of 3.1 hours. The polymer particles were discharged at a rate of 19.7
kg/h. The polymerization activity in this polymerization step was
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66 8,470 g/ g. The copol ymer conponent present in the
resulting polynmer particles had an intrinsic
viscosity of 4.99 dug, a content of 25.4 w % and an
et hyl ene unit content of 38 wt % The results are
shown in Table 1. 5 [0170] Exanple 12 Pol yneri zation
Step | (pol ypropyl ene honopol yneri zati on using slurry
pol ynmeri zation reactor) Aside fron1changing t he

DRATILIN TR coBoLael chiiihent R8RS he resulfing polymer

Tpartﬂtﬂe%D %gﬁ%ﬂﬁ@bggvﬁgﬁﬁﬁ £ 4l§§ad1f"é,h tBntent of 25.4 wt %,

(Pr ep?%@ﬁ%@% on ca ? ?(;Senp‘%t(neﬁt g?lur r yu&ge@'!é% Q}own m
MTE

rization cat aI yst conponent basis): 0.566 g/h
15 70171] In this reactor, the slurry had a nean

I EBIHANERakiglE 1of 0. 79 hour, and the rate at which
tﬁ?ﬁ| ypro;PlF

ene particles were discharged was 4.93
kBblymd#iea Aol
pol yrrer [ zattﬁ)?llcl) v@k dgﬁr%%é B?Iﬂdbﬁ%gﬁqu E)lro cl)1 plyl/?mﬁ shurry
896}8;11% ﬂl ned had an intrinsic viscosity of
dug. 20 [0172] Pol ynmeri zation Step Il (propyl ene
honopol KBkid Zfion®" dhung$ie U ike tiBHoWiﬁgt QYealf8f RitARBtions,

pol yneri zation)) The polﬁyi/%ropyl ene parTicl es obtained

groiegdlmme hiohedpélynidrésation WRisecieiéd Sul i @R lsamd waylas in
e sane constructl on as the spouted bed reactor used

chaner mg the Por om ot e e condi t1 one,  propylene.
h’Bneﬂgﬁlalmmmmnlfeed v&te: cA3Y.1 edmolth i n the sane way as
Cyclohexylethyldunethoxysﬂane feed rate: 5.3 mmol/h
Prepolymerization catalyst component slurry feed rate (polymerization
catalyst component basis): 0.566 g/h
[0171] In this reactor, the slurry had a mean residence time of 0.79
hour, and the rate at which the polypropylene particles were discharged
was 4.93 kg/h.  The polymerization activity in this polymerization step
was 8,710 g/g. The polypropylene particles thus obtained had an
intrinsic viscosity of 0.90 dl/g.
[0172] Polymerization Step II (propylene homopolymerization by
spouted bed reactor (gas phase polymerization))

The polypropylene particles obtained in Polymerization Step I
were fed to a reactor having the same construction as the spouted bed
reactor used in Polymerization Step II of Example 10. Aside from

changing the following reaction  conditions, propylene

homopolymerization was carried out in the same way as in
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67 Polymerization Step Il of Exanple 10.

Pol ynmeri zati on tenperature: 70C Hydrogen feed rate:
1,360 NL/h Pol ypropyl ene particle hold-up: 57 kg (top
stage, 28.5 kg; bottom 5 stage, 28.5 kg) [0173] In
this reactor, the polypropyl ene particles had a nean
residence tinme of 4.2 hours. The rate of

pol ypropyl ene particle discharge was 13.6 kg/ h. The

ReliGs |

. 5“’8‘7%‘%%@":%% nﬁe%&pgl(ﬂy%?ggiylz:tnieoga?: iegl es
poo et atioB ettt I, e et tyl ene
o FERLORER e ral:  l SBONENE O70) ne parti cl e
¢ ol BT ER AR Ho e 31 s (Gop ARG 2BS Kefgbottom
2%@§iﬁggc§ ﬁgg reactor used in Polynerization Step |11

mpl’e Propyl ene and et hyl ene copol yneri zati on
LS ARl e GEREES 1l  mean residenc
(OO 421 hOGSE) il rat bl ARGl [iEle Hibchlige was
19 kh,f The(p izl QP RS ot Bordlien st v
SESP00 W The S i)y ap peflclWilCudl Brisi

PolscoBity RA'0.9%Id4, had an intrinsic viscosity of 4.30

dl/g, a content O 30.9 wt % and an ethyl ene unit

C[O%t]t Polymerivatiéh Step 1HS 1ee-etHyleh® ebpolyrklAtion
1?01[%4376] yCriéln'par ative an‘pl(!ﬂc)al‘(?yikls oy P

with fluidized bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step II

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

[0176] Comparative Example 1
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68 Pol ynmerization Step | (pol ypropyl ene
honmopol yneri zation using slurry polynerization
reactor) Propyl ene honopol ynerization was carried out
in the sane way as in Polynerization Step | of
Exanple 10. 5 [0177] Polynmerization Step Il (propyl ene
honmopol yneri zation by fluidized bed reactor (gas
phase pol ymeri zation)) A fluidized bed reactor

t SRPElckfatin Siep T (IAISLATLATHoopdiythorRkigi e sturry

r?ga?hr%ﬁgﬁﬁbﬁ%a&% h the inside surface of the

he surtaces of 10 internal conponents

equi ppod e Iifobyindizig) S Larriediouiiipe sgme,way
swm?&%%ﬂzghpﬂdﬁghxmm pgrtl cles and liquid

propyl ene termtte y'fromthe slurry

p t fyth

PR e paar 7aten Mieg! 1t foroBy R i & pogbpBferigaion by
p t e and hydrogen
V\g?gdﬁ?:grl})te:dnrrggggjlry(gfﬁgghf ré\ﬁbt he toﬁpof the reactor.

A flui diazfididieed Wed rdabeired g PWD‘ indife dlameter 500

reactor and propyl ene honbpol rizatioh was carried
wwhs forhizhed forcass. 9Thid Qea@doel Was ﬁfaﬁéséfGSUS 316L

const ant. The reaction conditions were as fol

Petayritess ztel (withethieeinaide Surf86&-oPehy H‘Bé(ttéﬁhhﬁrthe surfaces of
pressure: 1.8 MPa (gauge pressure) Circulating gas

f irermradt eompédfients/ ﬁnﬁ’slmwlbznb % mahegﬁzosﬂsg/@f 300), and
Hydrogen feed rate: 1,150 NL/h Hol d-up: 60 kg

[ éqTippetrintthe seactiont 2one With astiyreropy! ene particles

di scharged had an

[0178] A slurry containing polypropylene particles and liquid propylene

was fed intermittently from the slurry polymerization reactor of the
previous stage to the ﬂﬁidized bed reactor as a plurality of divided
portions, in addition to which propylene and hydrogen were
continuously fed from the bottom of the reactor. A fluidized bed was
thereby formed within the reactor, and propylene homopolymerization
was carried out while purging excess gas to hold the pressure constant.
The reaction conditions were as follows.

Polymerization temperature: 80°C

Polymerization pressure: 1.8 MPa (gauge pressure)

Circulating gas flow rate: 140 m’/h

Propylene feed rate: 20 kg/h

Hydrogen feed rate: 1,150 NL/h

Hold-up: 60kg

[0179] In this reactor, the polypropylene particles discharged had an
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69 intrinsic viscosity of 0.96 dug. The polynerization
activity in this polynerization step was 16,600 g/ g,
whi ch was | ow conpared to Polynerization Step Il of
Exanpl e 10. [0180] Pol ynerization Step |1

(propyl ene-et hyl ene copol ynerization 5 with fluidized
bed reactor (gas phase pol ynerization)) Pol ypropyl ene
particles obtained fromPol ynmerization Step Il above

TS RGP 000 )05 T BTGBl AATATy o
 poseRanohesip, i KGQROTPSHIEE WS I il 1

e Py ReFiz608A B TI SR E@pRsI (ar ried out in the
presence of po%t)e/%ropyl ene particles in the same way as
| [0180)] Pobyrhérizhe [&?ﬁd} dtizati
tE(i)_sageacto_r, t%eagglsﬁegmpg?{?@?g@ﬁglﬁg?ﬁea_ W tion
r edttdfiaidized Bed ehcibrighs phase poBymetivaR6hYAL i On
activity in this polynerization step 15 s 7,040
9/ g. ThPobgnobylaie pafticles bbtaimi frorhhPblyinéfisatibh Step 11
pol ymer particles had an intrinsic viscosity of 3.60
dabover werd efield 96 a2feabtort Hgvimedthan saidey |cometrubtibn as the
content of 33 Wt % The results are shown in Table 1.
[ fltidiredrath reddtue usedrinl PobyeriZativeSicpalll oof Bxample 10.
(pol ypropyl ene honopol yneri zation using slurry
pAlsidee rframt isettinge ahe ohpld?uppyf ethe polwrnet yperticksst kord0 kg,
was carried out in the same way as in Polynerization
Spepyilend Emdnpthyléne COopoBiménzation i natsi can$edpout in the
(propyl ene honopol yneri zation by 25 fluidized bed
rpeesenee (gds pokypeopylencer particlesn) jn Athé ursayne way as in
cont ai ni_ng_ pol ypr?ﬁyl ene particles and liquid

emzation Step HI of Example 10.

[0181] In this reactor, the polymer particles had a mean residence time
of 2.2 hours. The polymerization activity in this polymerization step
was 7,040 g/g. The copolymer component present in the resulting
polymer particles had an intrinsic viscosity of 3.60 dl/g, a content of
26.1 wt %, and an ethylene unit content of 33 wt %. The results are
shown in Table 1.
[0182] Comparative Example 2
Polymerization Step I (polypropylene homopolymerization using slurry
polymerization reactor)

Propylene homopolymerization was carried out in the same way
as in Polymerization Step I of Example 11.
[0183] Polymerization Step II (propylene homopolymerization by
fluidized bed reactor (gas phase polymerization))

A slurry containing polypropylene particles and liquid propylene
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70 was fed intermttently fromthe slurry

pol yneri zati on reactor of the previous stage to the
fluidized bed reactor as a plurality of divided
portions, in addition to which propyl ene and hydrogen
were continuously fed fromthe bottomof the reactor.
A fluidized bed was 5 thereby forned within the
reactor, and propyl ene honopol yneri zation was carried

%ﬁ%{jeﬂ ist&?lé ctor h&%'stshﬂ-rigére COFL;,T:JC :f'%ﬁctgg of the
} ﬂdﬂisd!;té d ﬁﬁ%éelzﬁn%%e q)%?hréébtgpla)énﬁrf)ﬁﬁ‘é i3 oft §Rided

of Corrpa ative e reaction *'con I ons

Weioetiafis, Ofrl Oudditidh Ped y%‘cﬁ%ﬁi@a&‘l&ﬁ@ehﬁﬁur dl)% n were

Pol ynmeri zation pressure: auge press

Cicontihabhig yl Tdfféh
rate: 20 kg’ %iﬁgwdg%g?ﬁoé%@aﬁ fbf%:il(%g '\,Iﬁflﬁm bed was

Hetheteby: fotedd withifi‘the! realctirs ahd leﬁé1 hé'homopolymerization

pol ypropyl ene particles di scharge I nt

v nesocdrtiedobutOwhilledpiirg il f @x2ess/ gﬁé it éHd/Ig the \A;ﬁrbé@dr& ddhstant.

this polynerization step was 1

| This eeqraoeHad ehe Bameesnstaidtivh S tie FuidizeBtedtéictdr used
20 [0185] Pol ynerization Step H (propyl ene-ethyl ene

c rpdtolymierzztionn Step D of Uompadtived Bxaagsler 1 (9The reaction
phase pol ynmerization)) Pol ypropyl ene particles
obonditrusiwere #ofolimwszati on Step |1 above were fed

to a reactor having the sane construction as the

f Palythedidatien temperaturerseBOP@ Pol yneri zation Step |11

of Exarrple 11. 25 Aside fromsetting the hol d-up of

t Relysoesiratiop pressuress 18 MPa (gauge pressare) and

et hyl ene copol yneri zati on V\@s carried out in the
Circulating gas flow rate: 140 m’/h

Propylene feed rate: 20 kg/h
Hydrogen feed rate: 1,150 NL/h
Hold-up: 46 kg

-r~

[0184] In this reactor, the polypropylene particles discharged had an
intrinsic viscosity of 0.91 dl/g. The polymerization activity in this
polymerization step was 12,900 g/g, which was low compared to
Polymerization Step II of Example 11.

[0185] Polymerization Step III (propylene-ethylene copolymerization
with fluidized bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step II
above were fed to a | reactor having the same construction as the
fluidized bed reactor used in Polymerization Step III of Example 11.
Aside from setting the hold-up of the polymer particles to 65 kg,

propylene and ethylene copolymerization was carried out in the
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71 presence of polypropylene particles in the same way
as in Polynerization Step 11l of Exanple 11. [0186]
In this reactor, the polynmer particles had a nmean
residence time of 3.4 hours. The polynerization
activity in this polymerization step 5 was 7,540 g/g.
The copol yner conponent present in the resulting

pol ymer particles had an intrinsic viscosity of 4.11

d
Eﬁ’t ent&SP*’ESﬁ’m?%f&’%éf%?éﬁ@%%r 3B S Sitfer by s in
FE%F 1q Pol t St I
(poI gpropy ene fﬁé%ﬁé yrrerl zatl onou)sllmﬁzyl g?ulr?; o
r| e out ?‘%Ct é)poa‘_{(@ﬁi‘mé %%gl n E’%I yner?ggépielg%e time
S P t““§F Engé
(g?.g;pg %}ﬁg@pﬁ y r|E£z‘}21]3t§|ﬁ]c:)”f‘1l % Slu?I ul d ggﬁ tion step
r oAt rS4®as gphaﬂ?e 3édrﬁ bhefit i:lré‘ééﬁt in the resulting
cont ai Ni ng pol ypropyl ene” parti cl s and“lrquid

Ppobyther partielesf 94l iaht Bitfinksice '@‘iédbsitproﬂf el dI4,7¥ content of

pol ymeri zation reactor of the previous stage o the

f Rdi4livaedh, hatll hAasthYlerRSuaitRécHteht by 39 wili 94, dthe results are
portions, in addition to which propyl ene and hydrogen

vvsh@wﬂqncfmtﬂerluousl y fed fromthe bottom of the
reactor. A fluidized bed was thereby formed within

t[@lSHaummemmbmﬂg honopol yneri zati on was
carried out while purging excess gas to hold the

pPebgmerizationtStep I (poiypromdene honespsélymertamtion using slurry
construction as the fIU|d|zed bed reactor used in
Ppblymaetizatiomre®itor) | | of Conparative Exanple 1. The
Lg ?;:T’Ie(r){)]]&ﬂlzﬁﬁl?lg Mgl;mmgi;ﬂ?éh ifalsl :amr,tsiéd out in the same way
as in Polymerization Step I of Example 12.
[0188] Polymerization Step II (propylene homopolymerization by
fluidized bed reactor (gas phase polymerization))

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

conditions were as follows.

Polymerization temperature: 70°C
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72 Polymerization pressure: 1.8 MPa (gauge pressure)
Circulating gas flow rate: 140 nB/h Propyl ene feed
rate: 20 kg/h Hydrogen feed rate: 1,360 NL/h 5

Hol d-up: 57 kg [0189] In this reactor, the

pol ypropyl ene particles discharged had an intrinsic
viscosity of 0.93 dl/g. The polynerization activity in
this polynerization step was 14,200 g/ g, which was

RODEITRTAR bRy T8 A ey Sy Pene

Cﬁﬁ%h}'ﬁ[ﬁf ﬁéﬁmrﬁ’feth fdoifged bed reactor (gas

phase po rization)) Polypropyl ene particles

i | igz®tion Step Il  above were fed
?%f(gjyfléﬂe e diel v Wlﬁ%’h p
f

react or having t same construction as the

Hydebgat fhaPrateact 36(/sgghi n Pol yneri zation Step |11
of “Exanpl e 10. 15 ASide from setting the hol d-up of

tHg]Mpymag rticles to 65 kg, propylene and
et hyl ene copolyneri zation was carried out in the

I089]Ck BhisPRIQACRS) Alik yleh@ Sparficl
Hn sglc])l ymner iszati on’ St egﬁ‘?mvaaﬁ%ﬂ 1‘529.e [0191T In

tiptiinsieaoisebsityyhef RO ndlg paMhiec pobytaetizatioRanactivity in this
residence time 20 of 3.4 hours. The pol ynmerization
lywidryzatiort hitsp pelay &4 /208t igha, swhith wess 10wbQébrapared to
he copol yner conponent present in the resulting

Rolymesrization StegslIhefiERamiplé 12nsi ¢ vi scosity of 4.20
dl/g, a content of 27.9 wt % and an ethyl ene unit
doiO6ntPaliyntdizatich Step HEs(propykme-ethiytene icopdiyrnerization
Z\EitLOﬂlL?iz e-l-dagfl:,((:le rgaczcgr {(gas phase polymerization)})

Polypropylene particles obtained from Polymerization Step II
above were fed to a reactor having the same construction as the
fluidized bed reactor used in Polymerization Step III of Example 10.
Aside from setting the hold-up of the polymer particles to 65 kg,
propylene and ethylene copolymerization was carried out in the
presence of polypropylene particles in the same way as in
Polymerization Step III of Example 12.

[0191] In this reactor, the polymer particles had a mean residence time
of 3.4 hours. Th¢ polymerization activity in this polymerization step
was 10,500 g/g. The copolymer component present in the resulting
polymer particles had an intrinsic viscosity of 4.20 dl/g, a content of
279 wt %, and an ethylene unit content of 33 wt %. The results are

shown in Table 1.

[0192] Table 1
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Unit EX 10 CE 1 EX 11 1CE 2 EX 12 1CE 3
Pol yneri zation Pol ynmerization activity g/g
11,200 8,710 Step | Intrinsic viscosity [ul
0.93 0.92 0.9 Tenperature C 80 80 80 80 70 70

Pol yneri zati on Pol ymeri zation activity g/g 21, 900

16,600 13,600 12,900 15,300 14,200 Step Il Intrinsic
viscosity [tl], dUg 0.93 0.96 0.9 0.91 0.97 0.93
Temperatyre C 80 80 80 80 70 70 Polynerjzation

attivity ag/g 10,300 7, Qe g8 470 JEX W4GE10[E¥GD |g9r2 HBY12 [CE3
Polyprgization o lyrosrizalin vy e’z conpondhit® wt - % PF209 26. 1I8.718. 4
24pted] 30. 9fiRihsi@viscinitlant jdUsE, St ego93l | | nt j09hsi ¢ 09
viscosity|Tetpehtpe dl /g 4°08 3.6 48099 |do 11[sd. 3[86. 2 [70 |70
Ef{Polythegizaton (Palyderiziin beivily Helg W %0 JH,90016:660 12608 212,908 [15,300 [14,200
Ejsabmat i Oflnu@fic isads#yl[Rly! Jdgl SCOSI Joo30T[o.gp Ljo81 Jo.soo |d:9794[0.93

4, 790
] dug
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Tri et hyl al um num f eed rate 39.9 nm)I/h
Cj@193¥Exanaipig!1d net hoxysilane feed rate: 5.7 mmol/h

Prepol ynmeri zati on catal yst conponent slurry feed rate
( Polymerization o8tep I-1 (propylene homopolymerization using slurry
polymerization reaction)

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

Polymerization temperature: 78°C

Propylene feed rate: 20 kg/h

Hydrogen feed rate: 169 NL/h

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

Polymerization pressure: 4.5 MPa (gauge pressure)

[0194] In this reactor, the slurry had a mean residence time of 0.31
hour, and the rate at which the polypropylene particles were discharged

was 3.65 kg/h.  The polymerization activity in this polymerization step
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cat al yst conmponent basis): 0.968 g/h 15 Pol yneri zati on
pressure: 4.5 MPa (gauge pressure) [0194] In this
reactor, the slurry had a nean residence tinme of 0.31
hour, and the rate at which the pol ypropyl ene
particles were discharged was 3.65 kg/h. The

pol yneri zation activity in this polynerization step

74 was 3,770 g/g. The polypropylene particles thus

Oy Refy(ag/oan Th@tgb Sp}l/le‘héoghft‘i’cl% hul2obtiined had an
[ 0195] " Pol rizati ropyl ene

hmﬁdﬂ%bgﬁylm gglcmg slurry polynerization
reactor) 5 The"slurry di'scharged fromthe reactor in

['ﬂl@i]e%%eﬁﬁzaﬁén"\@& i 1é18s Ho@ﬁ@pﬁyil‘f’éi'liati(ﬁ{ using

Béssel-type slurry pol yrrer reacfion equippéd with a

sg]mpomﬂemgﬁoﬁfrew&pm stainless steel, and

propyl ene honopol ynerization was carried out wit hout

interr Uﬂhlecsiun'[y'l'dl@ch grgetl fonctirttdactuisi evious stage was
follows. 10 Polymerization tenperature: 76 Stirring

r directlySTedpinto qui 63 diter Besselagper slurdy ﬁdl’%merl eesction
feed rate: 10 kg/h Hydr ogen feed rate: 50

Pedui atitlona mtaserurand mAdeVisf S338 9804 stamlesy steel, and
[0196] In this reactor, the slurry had a nean

r peopidene homepolyefigationuwasacatride out withiout interruption.
pol ypr opyl ene particle discharge was 10.3 kg/h. The
pdhgreactian iconditicrs/weye as folowspol yneri zation step

was 6,830 g/g. The resulti gﬁ% pol ypr opyl ene particl es
hHolmenmnonscmmmu ty63€ 0.92 20 dug. [0197]

Pol yneri zation Step 1-3 (propyl ene honopol yneri zation

uStimgng rate: 150 rpm
Liquid level in reactor: 44 L

Propylene feed rate: 10 kg/h
Hydrogen feed rate: 50 NL/h
Polymerization pressure: 4.0 MPa (gauge pressure)
[0196] In this reactor, the slurry had a mean residence time of 0.68
hour, and the rate of polypropylene particle discharge was 10.3 kg/h.
The polymerization activity in this polymerization step was 6,830 g/g.
The resulting polypropylene particles had an intrinsic viscosity of 0.92
dl/g.
[0197] Polymerization Step I-3 (propylene homopolymerization using
slurry polymerization reactor)

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

changing the following reaction conditions, propylene
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slurry polynerization reactor) The propyl ene particles
obt ai ned i n above Pol ynerization Step 1-2 were fed to
a reactor having the sane construction as the slurry
25 polymerization reactor used in Polynerization Step
1-2. Aside fromchanging the follow ng reaction
condi ti ons, propylene 75 honopol ynerization was
carried out in the same way as in above

I¥ideri2atiohe r 0 r
GQC@ opyl ene 1f&ele(riijvarha?‘aerrﬁ%)tl {dgﬁhm%drg%lggn fév:gagr g% above

OPblyrficHghtioR St@g@li0n pressure: 3.8 MPa (gauge
pressure) [0198] In this reactor, the slurry had a

nPalymerzaits ternpbFratafe:0. §9°Chour, and the rate of
pol ypropyl ene particle discharge was 15.0 kg/h. The

ppfopzﬂenea‘éecpmtgct |0/kg/h in this polynerization step
900 g/g. 10 The resulting pol ypropyl ene

pHydroges fdwabirate: | GNLAki ¢ viscosity of 0.92 dug.
[0199] Pol ynerization Step Il (propyl ene-ethyl ene

cBohimyenzation peessuré:t h3HpMP2 (ohet pessiuw) (gas phase

pol ynmeri zation)) Pol ypropyl ene partl cl es obtained from

Hdl 1988 r ke thisoreaBtarp the sluty hhdve mean resiienceotimiecof,0.61
et hyl ene and hydrogen, were fed to a reactor having

t ey zanel thin sateuof ipolyproptybene pantiele dischamgec was US€dkg/h.
|n Pol ymer i zation Step Il of Exanple 10. In this way,

» ol poepizationsactivityrinl this pelymefizatien tstgp avas 4,900 g/g.
bottom reaction zones, in addition to which the

cbhoIrgsttingapolyprepylene partiokesoad anhipteinsicvwiscosity iodd).92
out 20 in the presence of polypropyl ene particles
&-e purging excess gas to keep the pressure

cona The_ reaction conditions were as foll ows.
0199 Polymenzatlon Step III (propylene-ethylene copolymerization

with spouted bed reactor (gas phase polymerization))

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

Circulating gas flow rate: 150 m’/h
Propylene feed rate: 25 kg/h
Ethylene feed rate:  10.3 kg/h
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Pol yneri zati on tenperature: 70C Pol ynmeri zation
pressure: 1.4 MPa (gauge pressure) Circulating gas
flow rate: 150 nB/h 25 Propylene feed rate: 25 kg/h

Et hyl ene feed rate: 10.3 kg/h 76 Hydrogen feed rate:
85 NL/h Hol d-up: 55 kg (top stage, 27.5 kg; bottom
stage, 27.5 kg). [0200] In this reactor, the polyner
particles had a nean residence tine of 2.8 hours, and

t gy @rspeanfdediraf "85MNB/Pf the gases within the
reactor 5 were as follows: ethyl ene/(propylene +

eHyld=ap) 5257k6g?i ng%ta/éé%ﬁ?@ des/ Kdtisth , 275 %2yl ene +

ethylene) polyner particle di char ge

r #0200 9n thiBretdior, The podV e a&ﬁéle@fhadiﬁtméaﬁ Yeshdence time
this polynerization step was 2,890 g/g. The copol yner

c @fi B divurs Nahd deel coficéiteation Y&kiGs Bt ghess wmm the reactor

obt ai ned had an 10 |ntr|nS|c vi scosity of 3.79

capérentasof follows:wt  8thydere o?ylbﬂeen% etiyleney) ntﬂltnﬂﬂ %;
357w % The results are shown in Table 2. P[0201]

T¢hydroget/(Hydrbgn awplpeopgnEohy rethyleae),00.67 mol %. The
Pol yneri zation activity g/g 3,770 Step I-1 Intrinsic

vipedymsier yparticlei dischidigeOr&te w2l Y78 ig/ht i dThe polymerization
Pol yneri zation activity g/g 6,830 Step 1-2 Intrinsic

viastivitiyt in [thig pio _ﬁn&t@aﬁoﬁZsteBohmseﬂ;m igdg. The copolymer
Pol ymeri zation activity g/g 4,900
component included in the polymer particles thus obtained had an
intrinsic viscosity of 3.79 dl/g, a content of 15.7 wt %, and an ethylene
unit content of 35.7 wt %. The results are shown in Table 2.
[0201]

Table 2
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Step 1-3 Intrinsic viscosity [TI]p .3 dUg 0.92
Pol ynmeri zation activity g/g 2,890 Polynerization

Copol yrmer conponent content wt % 15.7 Step Il FEP
Intrinsic viscosity [n]EP dUg 3.79 Ethylene unit
content EEP wt % 35.7 Evaluation of Intrinsic
viscosity dl/g 1.37 final polynmer Ethylene unit
content wt %5.6 78 WHAT IS CLAIMED IS: 1. A spouted
b¢d-type olefin polynerization reactor onpfLSin
~cylinder which extends vertically; and 5ﬁ’é1t et: Eleng]
dijamet er nenber which is forned on the | cyli P;er, has
an-inside dianpter that decreases progrlessi vely
dOWoYvh Erizatid l"tﬁ?nﬁrﬁﬁﬁoﬁ %l:ﬁ‘ht?“ fl ce a byvvom eng
t her eof , wher ei-r—a—spouted Fer-re de—a-
r eStep bih zone Iatmhsiseikcbmtﬁ[vn]ﬁw de _syrdigce @P2t he
o Ul fd.bc
r6,830ber
n(gaz a

d( (,l edbl llg UI dTl—b‘_t IIL‘,‘IIUUI d.IIU dll J.U THTST u
of PobanesjzationerPolpmesization delivi€nsi ng di @fgte
has
5o
(oot t om
ed at a

2, efinp Meri1 zation ct or conp
c ﬁﬁpdﬁ-? whi ch IBiiRsie v seerity By o dodleas
on t he egz [ifn
280

" aept \3‘?&%9% ﬁ%’&%éﬁ&s progr Y,
déc? easi ng

IhQ

ahf DRzt
5@@' .

psition, wt hlm)lpmenga@dm aanziqne encl &
it

hsi de surfac of the—decreast R1®) th—amet

hPplysnerization a@npfﬂymch ecomyponeté rcombents
Step I Fep

Intrinsic viscosity [1t]ep

e
p
i

a

dl/g
wt %

3.79
35.7

Ethylene unit content Egp

Evaluation of

final polymer

Intrinsic viscosity

dl/g

1.37

Ethylene unit content

wt %

5.6
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di aneter nmenber, that faces the gas inlet orifice, and
whi ch has an 20 outside dianeter that increases
progressively dowward, is closed at a top end
thereof, and a bottomend of which is spaced apart
froman inside wall of the cylinder. 3. The olefin
pol yneri zation reactor of claiml1l or 2 which has a
plurality of the reaction zones and wherein polyolefin

PaVHATIS CRAIMED p$quential ly through the reaction

zones. 47 The olfefin polynerization reactor of claim
3, wherdin 7Nt Rpoltdd abé&étw& rfléfihl Qpol {ch reacto
eachforrredinagertical row and the ofyol efin r

peommiigiagpass sequentially froman upper reaction
zone to a |lower reaction zone. 5. The olefin

pol yneri zat i on dydhwlep witichGaendsverticallyt ahher 5
conprising nmeans for transferring the poI’on efin

particles from decreasingr diametet enémbet ivwhichoiefdgnéd on the
downstream si de reacti on zone. 6. The ol efin

peilinder, 4nisi aninside tiamefer that deceasesiprdgressieely downward,
conprising nmeans for transferring the polyolefin
pandilalsesgds mietorificp at adottandnd theetof)n zone to a
downstream si de reacti on zone, 10 wherein the
transferring wisneincaspoused bedparformed imside angaktion zone
for renoving polyolefin particles fromthe

upnchosedhbyi are inside surface ofdhe aecrazsing diametey inemben and an
the particle renmoving line, and a particle feeding

| insade surfhee oif the pylinderabove the detreasingadianteterirember.

to the downstream side reaction zone. 15 7. The

ol ef i n 3ol ymeAinzelefiopolymerizatisin riagton @ymphising:n  t he
transferring means further conprises an on-off val ve

provi ded at aa!CYhﬁd@fﬁdllcstKtqmbiYﬂlﬁﬁaﬂﬁ; the particle
renoving line, and a,gas_feeding |jine which

communi cat es Wdaé?l'@%éll&éilﬂmﬂt@' mambenyvhichdsdiormeachon the

agylinder, has an inside diameter that decreases progressively downward,
and has a gas inlet orifice at a bottom end thereof; and

a deflector which is disposed at a position, within a

reaction zone enclosed by an inside surface of the decreasing diameter

member and an inside surface of the cylinder above the decreasing

diameter member, that faces the gas inlet orifice, and which has an

outside diameter that increases progressively downward, is closed at a

top end thereof, and a bottom end of which is spaced apart from an

inside wall of the cylinder.

3. The olefin polymerization reactor of claim 1 or 2 which

has a plurality of the reaction zones and wherein polyolefin particles
pass sequentially through the reaction zones.

4. The olefin polymerization reactor of claim 3, wherein
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upstream si de and a downstream si de of the on-off
valve and feeds a gas 20 to prevent clogging wthin
the particle renoving line. 8 The olefin

pol yneri zation reactor of claim5, wherein the
transferring neans is a downconer which passes through
the decreasing dianmeter nenber and all ows the

pol yol efin particles to fall fromthe upstream side

I gee bh%li};% of rbActitie z8A¥ &t 8a¢h Fodfied SAG V&icalPow and the

zone. 9. e olefin polynerization reactor of any one

opobyslefth partitled Pa&; s¥feritidlly RO esl AppeR sedbtiiiCk6he to a

nmenber has an angle of “inclination between the inside

sloweE feddiRiegdneand t he horizontal, which is larger
than an angle of repose for the polyolefin particles

within dhe rTaetdlefinzulgmerizifioniactiradf ¢laim 3 or 4, further
pol ynmeri zation reactor of any one of claims 1 to 8,
woenprisitg enmbas e fis wrﬁfmﬁc%e l’thBE]fjblgfolbﬂﬁ partivled efrofn an
i nclination between the inside surface thereof and the
hupstrearnagide wbaction zenato ardgwenstreaiigitle abactivn rbee.

pol yol efin particles within the reaction zone can be
gravi t abi onal The dlefihgadgmerizatibh. reabtorafadlaim 3 or 4, further
pol yneri zation reactor of any one of claims 1 to 10,
wbemgpirising emeans ofatAtrinsfearinge the hpolyoléfin epalitivdes dirom an
dA of the gas inlet orifice and the cylinder inside
dipstecam-sidei seaktdm ozone sty d 2downstreami-side reaction zone,
pol ymerization reactor of claim?2, wherein the =
detheseinothentransfereingl means icomprises arpdrticle eemaning line for
outsi de surface_ 15 thereof and the horizontal, which
i emeving polyalefin particlesofrone e upstean:-sideprgagtipnizone, an
particles within the reaction zonpe. 13. The olefjin )
p&egiar; praxided ondbe particlec remavimg ling; gind atparticle feeding
def |l ect ?r c{]as ari outsi de surface of conical shape.

e for feeding polyolefin particles from the ejector to the downstream-

side reaction zone.

7. The olefin polymerization reactor of claim 6, wherein
the transferring means further comprises an on-off valve provided at an
intermediate position on the particle removing line, and a gas feeding
line which communicates with the particle removing line on both an
upstream side and a downstream side of the on-off valve and feeds a gas
to prevent clogging within the particle removing line.

8. The olefin polymerization reactor of claim 5, wherein
the transferring means is a downcomer which passes through the
decreasing diameter member and allows the polyolefin particles to fall
from the upstream-side reaction zone to the downstream-side reaction
zone.

0. The olefin polymerization reactor of any one of ¢laims 1
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14. A polyol efin production process which conprises
20 carrying out olefin polynerization by using the

ol efin polynerization reactor of any one of clains 1
to 13 to forma spouted bed of polyolefin particles
within the reaction zone. 15. The polyolefin
production process of claim 14, conprising the steps
of : 25 continuously feeding olefin to the olefin

DB SABHAT ESEL Rl G A oo, gpee of
olisdlimatidi? Bﬁﬁb@eﬁlﬂfé gﬂbigg Issiﬁf%ﬁ? 4Rb+SF ?i?ﬂfegf;l]%ﬁﬂgnﬁal, which

returning the renove he reactor; -and cool'1’ng

S r - -

ol ef r“rgégéﬁ}l%%%%ﬁ%ﬂ?gondeﬁsafgﬁgﬁgé. %h@éfgﬁ’%@?gﬁ“ﬂm the
pf@mmﬂg&?&rocess of claim 15, further conprising

the step of feeding the condensate to a spout portion

of "the 19pout TheRALFHOSTpthatisd o i

17. A polyol efi ﬁ pr odﬁ%:t' Onéﬁ%%dg%d&g&\%éﬁﬁf%%@#gl?lmms 1
Ceg 8] Nghertin Okl | AedYehyiv® | dididepd} %eﬁﬂie?gh‘aﬂeaﬂ' ahfle of
pol yneri zation 10 reacto of claim2 to torma
shulireioleBetfedtOtheol i dé stdhbé tha@®olianld the Hdil‘?zoqtal, which
reaction zone, the process conprising the steps of:

cimnan ruiple | at Wwhithi all of élé gdlﬁolbﬁﬂ phridl&s within the reaction
pol ynerization reactor and at the Sane tine

caone oo be! gravitativhally digdsmrgedt ai ning  unreacted
olefmfromthe ol efin polynerization reactor and

returni by 15Theelefmpagngeizationt feactorast ey of@df dlfims 1
some or all of the renpved gas so as to obtain an

oteel 0pwheneiai thengtioadyldn detweenhe oeHiendianieter d, of the gas
condensate to a bottom portion of the

inlet orifice and the cylinder inside diameter dj is 0.35 or less.

12. The olefin polymerization reactor of claim 2, wherein
the deflector has an angle of inclination between an outside surface
thereof and the horizontal, which is larger than an angle of repose for
the polyolefin particles within the reaction zone.

13.  The olefin polymerization reactor of claim 2, wherein
the deflector has an outside surface of conical shape.

14. A polyolefin production process which comprises
carrying out olefin polymerization by using the olefin polymerization
reactor of any one of claims 1 to 13 to form a spouted bed of polyolefin
particles within the reaction zone.

15. The polyolefin production process of claim 14,
comprising the steps of:

continuously feeding olefin to the olefin polymerization reactor

and at the same time continuously removing a gas containing unreacted
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defl ector in the olefin polynerization reactor. 20 18.
A pol yol efin production system conprising: an olefin
pre-reactor for polynerizing olefin in the presence
of an ol ef m pol yneri zati on catal yst and form ng

pol yolefin particles; and the ol efin polynerization
reactor of any one of claims 1 25 to 13 which is
connected as a subsequent stage to the olefin

SIS B e ARl Gy FRAHE TSR P emoved

p @é%rﬂlé%%h&%y%ﬁﬂg the pol yolefin production system

of¥claim e polyol efin production process of

claim1 ' ' - tar,
por yrrer o0t Sile o 1 8L RIE rbbReA A5 58 as b Fodh fn olefin-
cqgagﬁ?ﬁ%?# of feeding a slurry containing
pol yol e Egﬁglélg es and liquid olefin fromthe bul k

ol ynmerijgati o f i.zat h@n
Foactor e oris PobRlleRf pRRtuchloR, bRoRas e Eletf 1] further

p‘@:lo)‘xliﬁi'siﬁgg %%%ﬁ%ﬁtﬂ%diﬂ%%lﬁﬁnéﬁ%?ﬁ% %5 d gﬁazlgt ga%krgfd?ﬁof the

react’i on hin the pol yme

r apohdd bé@foﬁh@@bﬁﬂﬁhﬁh&%ﬂéﬁf&?%n%” the slurry has a

superficial velocity follow ng gasification which does

not excdgd a An polslefihvi ﬁ"oﬂ%ﬁﬁﬂr \gg{'o%bé yvﬂﬁchhgclomprises

pol yol efin particlées held in the ction zone.

) o ; . ! C
1Ea?12«éhg ahut§ Slefino gobirherization 455 ulgﬁlgcltﬁé Bléfin apg!?lgﬁi‘éﬂ‘zatmn

ol efin pre-reactor is a’ bul k polyneriz
r eeaxtor ofasigint I tp foaass spbufeldhbécll Qﬂ‘lfﬁﬁliyéﬁ'ﬁ'ui bﬁrﬁ?l@@ within

of feeding a slurry contal ning polyolefin particles
atlie reaption zored, ithe processioonyptikinpchy seepwef:i on react or
to the olefin polynerization reactor,
continuously feeding olefin to the olefin polymerization
reactor and at the same time continuously removing a gas containing
unreacted olefin from the olefin polymerization reactor and returning
the removed gas to the reactor;
cooling some or all of the removed gas so as to obtain an
olefin-containing condensate; and
feeding the condensate to a bottom portion of the
deflector in the olefin polymerization reactor.
18. A polyolefin production system comprising:
an olefin pre-reactor for polymerizing olefin in the
presence of an olefin polymerization catalyst and forming polyolefin
particles; and
the olefin polymerization reactor of any one of claims 1

to 13 which is connected as a subsequent stage to the olefin pre-reactor.

19. A polyolefin production process which comprises
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the slurry being fed to the olefin polynerization
reactor 20 from a higher position than a powder |evel
of the spouted bed that is formed in the reaction
zone within the olefin polynerization reactor. 83
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carrying out multistage olefin polymerization using the polyolefin
production system of claim 18.

20.  The polyolefin production process of claim 19, wherein
the olefin pre-reactor is a bulk polymerization reactor, and the process
further comprises the step of feeding a slurry containing polyolefin
particles and liquid olefin from the bulk polymerization reactor to the
olefin polymerization reactor,

the slurry being fed to the olefin polymerization reactor
in such a manner that, in the reaction zone within the olefin
polymerization reactor, the liquid olefin present in the slurry has a
superficial velocity following gasification which does not exceed a
minimum fluidization velocity of the polyolefin particles held in the
reaction zone.

" 21.  The polyolefin production process of claim 19, wherein
the olefin pre-reactor is a bulk polymerization reactor, and the process
further comprises the step of feeding a slurry containing polyolefin
particles and liquid olefin from the bulk polymerization reactor to the
olefin polymerization reactor,

the slurry being fed to the olefin polymerization reactor
from a higher position than a powder level of the spouted bed that is

formed in the reaction zone within the olefin polymerization reactor.
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