TI TLE OF THE | NVENTI ON OLEFI N POLYMERI ZATI ON REACTOR, POLYOLEFI N PRODUCTI ON
SYSTEM AND POLYOLEFI N PRODUCTI ON PROCESS 5BACKGROUND OF THE | NVENTI ON
Field of the Invention [0001] The present invention relates to an olefin
pol ynmeri zati on reactor which uses a spouted bed, to a polyol efin production
system whi ch uses a spouted bed, and to a process for producing polyol efins
such as 10pol yet hyl ene and pol ypropyl ene using such a reactor or system

Rel at ed Background Art [0002] O efin polynerization reactors which

pol ynmerize, within a vessel and in the presence of a catalyst, an olefin
nononer fed in as a gas or liquid to formgranular polyolefin particles are
known to the al¥LLE OF HolkeANYENIION si ngl e vessel, the pol yolefin particles

approach a cogl etely mxed state, as a result of which there is a tendency
for a short pdPhEEMr actROLYMERIZARONI sc REAETOR par tROLEOLEIN have not

Parge 1o accurhaParioR $RSTRCRNoReAREPLESTR RRDIIETIONS T or e

particl es hav e« Structural uniformty. Qher problens that tend to
ari se include higher catal yst costs, increased catal yst residues, and

| ar ger sunbersagtmkmmdoﬁmm"f' sh-eyes” owing to the

simlarity in shape € eye o S in nol ded articles obtained by
nmol di ng mul ti sﬁlelgeafnbda!m&dnslo%prepar ed by polynerization in a plurality of
reaction zones. Moreover, with conplete m xing, when the polynerization of
di fferent |ot400@l] Thaprdsedt m!rtsnmn velatgs hy an lodeffropglyerdrizatiomneactordi t i ons,
because it takes tinme to co y disc arge fromthe vessel the

pol yol efin par“t’ eh ges & 5p0 é}&P)ﬁ‘nﬁ‘P lye gﬂrﬂrpé‘imt%l PosEeTR MedNefe usas
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10 polyethylene and polypropylene using such a reactor or system.
Related Background Art

{0002] 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.

15 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.

20 [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

25 prepared by polymerization in a plurality of reaction zones. Moreover,

with complete mixing, when the polymerization of different lots is



5 deal with this problemis to connect a plurality of continuously stirred
reactors in series so as to create overall a plug flow pattern. However,

t he equi pment costs associated with connecting a plurality of reactors in
series are considerable. [0004] Accordingly, there exists a desire to
obtain a narrower residence 10 tine distribution and achieve plug flow in
a single reactor. Known exanples of such reactors include those described
in Patent Publication No. 2675919, U S. Patent No. 5235009, and Japanese
Transl ati on of PCT Application No. 2002-537420. In addition, reactors in
whi ch particles are m xed by neans of a spouted bed are al so known (see,
for 15 exanplarricthpainky eafyiagsthatpobymefizaioh Appliticnd, ibeoalie. it 2802- 520426,
Eur opean Patent Lai d-open Publication No. 1484343, Japanese Patent

Appl i cation Lalwe épsommetely ggchamgpagomy theavessel thet patyolgsin paiciesn

Lai d- open No. 59-42039, and, Japanese Transl ati opn.of P i cation No.
%oi)z-fg\g%le). t%wm@n%pmﬁw%dl}ap%m%mﬁ a—f&%&%&%e%s ofd

at en ubl i cagi . i ur of .zones are forne
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or the §ike beleRl @thdBit pobltm it B8 c¥Rs&ela piliRiigy " rﬁiﬁubﬁk&%‘ sHe8

conplicated construction, in addition to whi ch a | arge anbunt of energy

is required focacamstimberidshs @atd crehesovetdll hipdupflooepatdh. UHoweRat ent No.
5235009, wherein a plurality of fluidized beds are connected in series in
the vertical ¢heequipmant easts ansediatesl withwodredingrephwality cftreardars ist age may
result in an enornmous reactor height. In Japanese Transl ation of PCT

‘Appl i cati on NECTISSHE0 camsrderablenni ch carries out pol ynerization in a single

pass within a I reactor, the. t,ube t, be made extrepely long to
achi eve a suf 1[‘?@3&?&?5@?5@%%“&6 .?Safiﬁ%%f‘]"'%@t?ﬁl & PATAPEE T%@E‘%F%i di zed bed
reactor@ |ikey RSO0 R r-ansl.atj ication
No. 2002-5204‘:21%{&2% Eur%%e%ﬁglgg?lgﬁ'? qﬂﬁ?ﬁ%e@%ﬁﬁélggﬁ%ﬁ‘?&w%%%, each
pol yol ef m 10epanples b€ si@paaicads indlide tHosk /issoMbdd iR Pdient' BMHcfion MaKi Ng it
difficult to renove polyolefmparticles fromthe unit in a plug flow

manner. HenceNot B6752E%, ddrit ePatemte N 235008, and dapemese Rrandaticwefl. The
fluidized bed_reactors described in Ja:gqa;mese Pat ent Application Laid-open

No. S 58-2167835! Smplirein Pla-eAP033r#4kt i bnadditienopeactovs. inswhieh 59- 42039

and Japarose T1A0L Uk 00Ol pPSLARPL CELLGD, o 2002 padelg dopnot

B OHRIET | e ) YRRBRLLCLEREN, ARRIRIENE dapesad o] 1
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).

20 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
25 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



20 ol efin polynerization reactor which has a sinple construction, yet can
substantially reduce the residence tine distribution. Another object of the
invention is to provide a polyoleftn production system which |ikew se has a
sinple construction yet is able to substantially reduce the residence tine
distribution. A further object of the invention is to 25provide a

pol yol efin production process which uses such an olefin polynerization
reactor or polyol efin production system [ 0008] The ol efin polynerization
reactor according to a first aspect of the invention includes a cylinder

whi ch extends vertically and a decreasing dianmeter nenber which is forned
on the cyl i ndéeds hesscamettediidascdesirethervettical ditecticn slesneedigrpesideel v
downward, and has a gas 5 inlet orifice at a bottomend thereof. A spouted

bed is forned a Feshpardat eagbtstage melgeantincareendsynoys reaniprieeight f doe of t he
d i ng di anet nber .and an inside.surf t h | i nder , above th
Gocr casi ng i dAGATEe nERBSRion cobRICT HAPRICLioB 0 Kou I sy ahich
| 09 f o . or L ©l .
hade to 11 ow SRRty PG Bhss AOnHLE NGO RGMAP B8 27° he
bottom gnd of wihe ndlaeRagiang ditrigdl rloggnéaef.dﬁ&c& g@lﬁﬁ@ieﬁts%ﬁa&ﬁezone t hat

hol ds catal yst-contai ning polyolefih particles and where a particle bed is

to be fornmed, tinfeer eby form ng a spouted bed within the reaction zone. As
used herein, 15 "spouted bed" refers to a particle bed state characterized
by the circul $0¢06] Wothecieaitlatong fhridized ded mhetos ke Hbose describediin a
particle bed conposed_of Qlyolefizgparticles (sonmetines referred to bel ow
as sinply "pa ﬁﬁ@ﬁ@%"?h%ﬁ§ﬂ85d@f Phd abppbsation A-ol2002m20dRbarafing gas
fromthe gas iinlet orific "spouyt .. (or spou i on), whi.c as a dilute
20particle conCEMEt '%?Ptﬁlé%ﬁ"‘?m’% Eglﬁ][n(ea%o ﬁg gftgﬁﬁg’ﬁ%rﬂﬂ)&&ﬁﬁﬁ in which
partici{gs flo i . 1&95' I t here
al so fornms at W?ﬁ@%g |ep_ﬁer%/t&§?u¥%t1ée§1\s~tﬁﬂ§§% ngflr%a%?]% grﬁa S lljtcszg{uﬁ;gﬁll\;\hqgr e
particles fal tehéve podydlefin Degdtistedt ol dRE mﬂ@mrﬁlmﬁgcgo@f nidnay.ty. [0010]
A portion of the ol efin-containing gas blown in fromthe gas 25inlet
orifice fornsHehee,spoutreddencevwtimps dqisistbutipe pamtot che mechwahd The renmai nder
di ffuses into the portion of the particle bed having an_annul ar,
fluidized bed reactors described in Japanese Patent Application Laid-
open No. S 58-216735, Japanese Patent Application Laid-open No. S
15 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] It is therefore an object of the present invention to provide an
20 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 vet is able to substantially reduce the
residence time distribution. A further object of the invention is to
25 provide a polyolefin production process which uses such an olefin

polymerization reactor or polyolefin production system.



structure. The solid-gas contact between the ol efin-containing gas and
polyolefin particles in this way allows the polyolefmparticles to grow

t hrough ol ef m pol yneri zation within the reaction zone. [0011] Cenerally,
when conpared with a fluidized bed, a spouted bed is 5 known to be capabl e
of exhibiting an excellent performance in ternms of pressure |oss and, ow ng
to circul atory novenent of the particles, to give rise to m xi ng which
sonmewhat approxi mates plug flow. Therefore, an advantage of the spouted
bed-type olefin polynerization reactor according to the present invention
is that it can nmake the 10 residence tinme distribution of particles in the

reaction zone [0008]0Tke oldfﬁﬂﬂbllynmiz@’ﬁoﬂrréad“t@a@(td@!’r@mghbGi’lﬁmls ctapff | ui di zed
bed. Another advantage is that when relatively |arge polyolefin particles
with sizes onthhenwentém dhcledeseraalcybindei nelichsextonds wenlichllyequidr e a very

hi gh gas velocjty for fIU|d|zat|on in.a fluidized bed are_ produced, such
particles 15céilﬁ°1[5’ésmglﬂlﬂlin§@6 magmper yihegh gsangme@mtﬂge cylinderpbas @8 bed t han

ecand gégéifd@% Hisnslot hﬁ%‘:ﬁeﬁﬁﬁw BRest By RS ind i B ags 0
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has an 20 |nS| e dianeter t ecreases progressi vel and has a

gas inlet oritégeontzode Q@&meal %5}%1{ hﬁf&oéurfa%e%ﬁhé%b&ﬁ&ﬁg d‘i’ﬁﬂn%fbr' S

di sposed at a position, within a reaction zone encl osed by an inside
surface of t hencelserearsl g iisikeniefaceeabdte ayhnder aimsiedehes dedreasingf t he
cyl i nder above the decreasing dianeter nenber, that faces the gas inlet
‘ofifice, and dsypgtemmemdenn outside di aneter that increases progressively

o MR XL TSGR RS S ICRE
10 invention, an olefin-containing gas is made to flow upward at a high
velocity from the gas inlet orifice at the bottom end of the decreasing
diameter member and into a reaction zone that holds catalyst-containing
polyolefin particles and where a particle bed is to be formed, thereby
forming a spouted bed within the reaction zone. As used herein,
15 “spouted bed” refers to a particle bed state 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
20 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
25 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



[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 sposing a defl ector above the reaction zone enables the scattering of
spouted particles to be suppressed. As a result, the freeboard zone can be
shortened, nmaking it possible to achieve a higher volune efficiency than in
a fluidized bed reactor. [0014] It is preferable for the olefin

pol yneri zation reactors of the 10 invention to have a plurality of the
reaction zones and for polyolefmparticles to pass sequentially through the
reaction zoneSgifohga t }Tﬁe%foﬁﬂ—%%@'cﬂfltaef betdeN9he Bi’éi“ﬁpb&ht&iﬁlﬁq(g ga?s%ﬂi' It is
even nore preferable for the urality of reaction zones e each forned

in avertical payofid gaeticlefién Bab wadyehllowdakid belydefipRdickss@quent i al |y
froman upper reaction 15 zone to a |lower reaction zone. By providing a

plurality of rtbsetghorefiopelynaniratiohtwitlehdlé rapctibe zepout ed beds, the
resi dence tine 8i stribution for the particles can be nmade sufficiently
smal | . Mor eovdP01 bk CGererailypwhen pompares with atfiuidised beils 4 spanted bed is

o o i ce i 558 P Ct Blobinete SRS T oS oo
can be narro i.m.ar rnee. -\ r..of es than by
Ca D D Uk Tl o R ol Iy RS Bl A,

pol yneri zat i orgiv@aﬁg@rtcprﬂﬁiﬁgd WHit R, s&%e%ﬁ@ré;?ﬁexﬁ‘x?ﬁé‘éa’ gplﬂ’(ﬁf@.l ity of
reaction zones in series and 25having nultipl e spouted beds™t o have neans
‘for transf erriTigrefotey aneddvapaptiafl the spoatedasediyplrslafih Polignéeagionon zone to

a downstreamside reaction zone. An ejector systemmay be used as this
transferring weagier agerrdinga e ftbe rpresentemvenporfisr thiaf yit icaol ouks theparticl e

renovi I'i ne for renpving pol yolefin particles fromthe upstreamside
reacti Eﬁ zone,re%ﬂer@ee%%r‘%ﬁ?’g\‘f%%cpﬂ)ﬂmq‘f Sp¥r ﬁl%%feéw?@?r@@ﬂﬁglﬂﬂ%’é?f and a
particle 5 fe?mip line for f i ng..pol yol.ef m pariicl.e romthe ejector to
t he downstreantsi e1?%%3%?5ﬁm§§%évg¥ﬁlé%@@?ywﬁeﬁ@dgﬁdeﬁgito;hggg?en1is
used, it IS eWRP.REEIRRE BhaPHEathRdly | LAQIIER rther

i ncl ude an on-off val l\?e provi deeg&1 at %nﬁgﬁ?qe)mﬁ?g@%%si t orslfzgﬁkphe
particle removiangrddrnef sevedalangiisndteaditng winild vdaued &%B&lﬂﬁgl@t@ with 10
the particle removing line on both an upstream side and a downstream side
of the on-of f velgciy fanduidstvnaingadluidized dedrire prodygiedgsuiht particiehe particl e

r enovi l'ine. By epploying such an arrangenent, clogging of the on-off
val ve gﬂd t he® i’&ﬁ&%ﬁi Ploa Jauisn £%8| Yelpeigy dntagpouted 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
20 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
25 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




[0016] It is also possible, in an ol efm pol ynerization reactor having a 15
plurality of reaction zones forned in a vertical row and having nultiple
spouted beds in the vertical direction, to enploy as the transferring nmeans
a downconer instead of the above-described ejector system The downconer is
situated so as to pass through the decreasing dianeter nenber, and all ows
polyolefin particles to fall froman 20 upstream si de upper reaction zone
to a downstream si de reaction zone. [0017] In the inventive reactor, it is
preferable for the decreasing dianeter nenber to have an angl e of
inclination between the inside surface thereof and the horizontal, which is
| arger than anfr@ngin€ngtic Weplos@ht eylitdig. pol yoletin particles within the
reaction zone. This 25enabl es downward novenent by the polyolefin particles
to be smooth dAdlipkesai tomasyional nBuidoaedt tedrigpe deswen | 4re cahsdmti but i on.

It is wespeciaglly preferable for the decreasing dianeter nenber to have an
angl e of incli Pl Bersvanlst thsesqoHEiddin Suddraloesuppessopartinlt sdadtenor i zont al |

which is an angle at whj.ch all of the pol oIefinparticIfe wi thin the
reacti on zone cancv& bt Q\ﬁ eAEI08 FSFPRIRG &%@? gesend) 25peef; @ a"ecﬁ@éf}mrmverrent
of the pgolyol efd rts o S jakl oth. [001 so, the
ratio dgl dé b?ﬁ%/\%é%ﬁt tﬁtllas%lgrlﬁlé)ge&% gtr?gtée?)ﬁ)VSZ{hg%'re?\ E@orbggn% nﬁ“@’gieér i ce and

the cylinder ispatdiedofNloffedBaktildd & %@thpﬂésé‘a. orad easr%édgé, Net Ni s
S ed” hav

arrangenment facilitates the formation of a stable spouted i ng good
particle cir ctitaboad Zonetchr beahottensd, 20dking 0GR td Actdewt & h@theri t 1S
preferable in the inventive reactor for the deflector to have an angle of
‘inclination b&plwencliciansyshafeirsaflfislized best waétoand t he horizontal, which is

| arger than a | e .of repose for the polyolefin particles within the
reaction zoneTO(%hmﬁs[td?%8&1"%‘@}@5}05@90@6&1@%@@@3 gnfreaetpey oékhag to the

def | . M Ity J 1 . ef bl e f t he defl.ect t

out 51 a5 sur t abropon dhitir® & RpBlis] 8686 FrsBop st eniop RebERen pr ocess
de_sur 1 B0t T BB proc:
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of the invent standpsinf of saving ppatecid thedeston A KAvehi MoRaplkGhsle Mkt hin the
reaction zone. 20 The polyolefin production nethod of the invention may

i ncl ude t he sthepplofaligy wf ircamiosl zorfee ¢dibegeashebimed dn taheertibalfiow and
pol yneri zat i o&)érgact ?r and at the sanme tinme continuously renoving a gas
cont ai ni ng unt¥d8¢ delmlehin particlen tonpass|sefventisdlyyfrem amubper reeeldonr and

(eur 90 he TRy ed oGS AR e shel i BOL Y] sallon.t saelar, nd the
O o oont a1 AUy, GREIRER Ragth) W SsFARES bbad, R CTRIARLE tifhe tNe
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
20 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

25 having multiple spouted beds to have means for transferring polyolefin

particles from an upstream-side reaction zone to a downstream-side



portion of the spouted bed fornmed within the reaction zone. This nmakes it
possible to utilize the I atent heat of vaporization of the condensate,
enabl i ng heat renoval fromthe ol efin polynerization reactor by the
condensate to be carried out efficiently. Mdreover, in 5 cases where the
ol efin polynerization reactor has a deflector, the condensate may be fed to
a bottom portion of the deflector. This has the advantage of enabling a
condensate feeding line to be installed using a jig for the deflector.

[ 0021] The pol yol efin production system according to yet another 10 aspect
of the invention includes an olefin pre-reactor for polynerizing olefin in
t he presence atadivnobefié.n pol gjpetor zyttiean noat dleysiedansl thor ramderpmigy ol ef i n
particles, and the above-described olefin polynerization reactor of the

i nventi on whi dhedns. cdhedmnsteraag mesnb peefarably Hichlestaartiele sempyms

E;IS; | ;?:Lﬁ’{' it OF st PAlSRUTABRRELS GH A eél}ﬁfeeéé‘%éf;oﬁ ‘bed
Peactor 1o ompbdye SetfdtaighRled S R C oo IR sy B ARt Rt on
method gf the fbé&{ﬂ%f%ﬁf&r ?ée@h??bl&dl@ﬁ?}%}ﬁél@@ B&RPHY efeb@F 130t Sl urry

20 contai ni ng poly n part sand liquid olefin fromthe bulk

pol yneri zat i odoeaatan-dide régtiohefone. pahydmeed Hdicr®anrgacabokystém ishi s case,
it is desirable for the slurry to be fed to the olefin polynerization
reactor in suciked idsreentrhate, piafetahle farathei wansfomi@gninehns ta hertheref i n

pol ynmeri zation reactor, the liquid olefin present jn the slurry has a
25super fici al N@reiapyoreitl aalvegperided ah@nomteimadiaty Rasitgy oBx®ged a

m ni mum fl ui di zati,on vel.oci.ty of ,the pol yolefin rticles.held ip the
feact i on zone PARIGSFAHPYIDEIIe. fd pay desdiuy fige PUCh RRIGIHRIT WitBe fod i nto

the ol ghi n pol kzatl | : r | j fl owder
e o 801 ", RORKTBRIER! kAo RBHE o A & RpOREI RAE! PR dlARuBfone!

ol efin pol ymexjdeass 98 dreaftvilve BYd $&idsi 1gad hepidvent &’lo%gﬁ@ with @ feed 5
position in the foregoing manner, the flow state of the spouted bed can be

frilly prevenpedide oombeingnlimeg Uy teaiyleyingtdnchami dnraggemomt,oflogiagl i qui d
ol efm The "superficial velocity" of the liquid olefmfollow ng
gasi fi cation pétheromelivlvrred thegeatpecanbeadestyataly eeveptedonverti ng the 10

€ L 8 e G i Seh Sl Bl o 220 o1
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;Iylt LSSSL) - 15500434 bEas A 8RePértichY AtE@sh, PO Kh}RSy 38 @ErPRGETERE Whi ch,
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
20 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

25 enables downward movement by the polyolefin particles to be smooth

and makes it easy to narrow the residence time distribution. Tt is



sinple, enables a narrow residence tine distribution to be achieved. As a
result, when an olefin polyner is continuously produced, it is possible to
produce polynmer having an excellent structural uniformty, in addition to
whi ch pol yner replacenent in the reactor with changes in 20t he production

conditions is easy. BRI EF DESCRI PTI ON OF THE DRAW NGS FIG1 is a
schematic view of an enbodi nent of the polyolefin production system
according to the present invention; FIG 2 is an enlarged

schematic cross-sectional view of the 250l efin polynerization reactor 10A
in FIG1, FIG 3 is a schematic view of another enbodi nent of the

pol yol ef m pr odesptiialiy syrefgablacioerttle npctedsingediafmetdt indibel 1t HhvieSard
schematic view of yet another enmbodi nent of the polyol efin production
syst em accor di angle ooff Heclimtem ibetweemdhe inside surface HHe@d iandatlygr aph
showi ng a nornal | zed transi ent response curve 5qgbtained in Exanple 1.

DESCRI PTI ON CFhofHenprhepiigiers ensomlaeirdich cdoef U gpbolefin eagidesent s of
(e et on SBURE TLRE Dol SRS LIS, hR e, o oched
such as sup- dov@Nflovement of the polyolefin particles becomes especially smooth.

[0018] Also, the ratio da/dp between the orifice diameter dy of the gas

inlet orifice and the cylinder inside diameter dg is preferably 0.35 or les.

Using this arrangement facilitates the formation of a stable spouted bed

having good particle circulation in the reaction zone.

10 [0019] In addition, it is preferable in the inventive reactor for the
deflector to have an angle of inclination between an outside surface
thereof and the horizontal, which is larger than an angle of repose for
the polyolefin particles within the reaction zone. This discourages
polyolefin particles from sticking to the deflector. Moreover, it is

15 preferable for the deflector to have an outside surface of conical shape.
[0020] The polyolefin production process according to another aspect
of the invention involves carrying out olefin polymerization by using
the above-described olefin polymerization reactor of the invention to
form a spouted bed of polyolefin particles within the reaction zone.

20 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

25 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



10 left-right are based on the relative positions shown in the diagrans.
Rel ati ve di nensions of features shown in the diagrans nay not be true to
scal e. [0025] Pol yol efin Production System FIG 1 shows a pol yolefin
production system 100A according to 15 the present enbodi ment. This
production system 100A includes an ol efin prepol ynerization reactor 5, and
an ol efin polynerization reactor 10A which is connected as a subsequent
stage to the ol efm prepol ynerization reactor 5. [0026] Oefin

Prepol yneri zati on Reactor 20The ol efin prepol ynerization reactor 5

pol ynerizes olefin in the presence of an olefin polynerization catalyst to

f orm pol yol ef ppgréod i ofl 8. spOAST |bddx fsmeds wathih e olegttich RHBLO! YRR | zat i on
reactor 5 include, but are not |limted to, slurry polynerization reactors,

bul k pol yner i Zaakesnit2pessdlole otes utidive r thedlatartkheatpef gaporibatien pdl theer i zat i on
2010, 0 o0 DGR 028 Bl I Al o ez, My e
oy b Used | TCRAHOPRARY GRLSegiesfo B (RO, BIIAEHDY orMPEALEDNS t hat ey
Canic type T eactare nir BE LBEE A hich R o 4" Sel el heir en
Japancee. Pat ent Bubl oar o Na e oL e ARk TR R "2 ™
process in whithadvaptiggrdrenablingn conldetsate feedippdhrrtedetiustaied ngingn ol ef i n
a jig for the deflector.
[0021] The polyolefin production system according to yet another
10 aspect of the invention includes an olefin pre-reactor for polymerizing
olefin in the presence of an olefin polymerization catalyst and forming
polyolefin particles, and the above-described olefin polymerization
reactor of the invention which is connected as a subsequent stage to the
olefin pre-reactor.
15 [0022] The polyolefin production process of the invention carrics out
multistage olefin polymerization using the above-described polyolefin
production system of the invention. When a bulk polymerization
reactor is employed as the olefin pre-reactor, the polyolefin production
method of the invention preferably includes the step of feeding a slurry
20 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

25 superficial velocity following gasification® which does not exceed a

minimum fluidization velocity of the polyolefin particles held in the



10 nononer such as propylene or butene to an inert solvent such as an

al i phatic hydrocarbon (e.g., propane, butane, isobutane, pentane, hexane,
hept ane, octane) or an alicyclic hydrocarbon (e.g., cycl opentane,

cycl ohexane), an olefin polynerization catalyst is dispersed in the

pol ymeri zation solvent to forma slurry, and 15 polynerization is carried
out in a state where the polyner that is forned does not dissolve in the
pol ymeri zati on solvent. Polynerization is carried out at a tenperature and
pressure at which the polynerization solvent is maintained in a liquid
state and the polymer that is formed does not dissolve in the

pol ymeri zat i onegiovieshe. TRgtepedtively, iizatdesitale foetpreslairyne befedémeral Iy from
30 to 100C, and preferably from50 to 80C. The polyneri zation pressure is
gener al | y fronhs tleficapadymeeigstior reastdrordmae hightr posttionadbhy afpond®. 3 to 5
MPaG. [0029] Bul k pol] ynerization reactors that may be used | ncl ude known

pol yreri zat i oneYebadithé spowad beddhatis formed da the sractippezangavitbiisthdnd | oop-
25t ype reactor escyi bed i.n Japanese,Pat ent Publ.ication . S.41-12916,
Tapanese. Pat oRetBLBP DL ZaHOR RG0S o B 8V e the iR oot BB oR TBub 1 cat i on
No. S 474-42379...; ¢ jzat i i | i | ef.1i n nmonomner
such asg_propy gﬁlggglrﬁng%_lf gﬁg@pﬁ@g@%@ﬂ%@&%&%@%ﬂ;{@ﬁ?#@ﬁegge%ﬁ@ in the
substantial abgsefgly pfevenedt o/ \b%l%lﬁir%lﬁhstﬁsleabsliﬂh%hsiﬁcm&{Qﬁ‘&h@ons (e.g.,
propane, butane, iSobutane, pentane, hexane, heptane, octane) and

al i cyclic hydligoatdlefis. (e. g., cycl opentane, cyclohexane), an olefin

pol yneri zation catal yst is dispersed in the polynerization solvent, and
pol ynerization is cHei‘sypedicialn vglenitat’e afhéhe hgedpalsiver fallparings f or med

does not dissolve in th ol ymeri zation solveni. ., Polynerization is carried
o at s termgrsifigaton TeRad (B isedn: s 1he SN ADRSEY ey LRS! B sor vent

is mai ptained_in.a l-iguid a and . rath s r ned.-does not

di ssol g(g in tﬁgﬁﬁ% ﬁﬁ(r:re(ﬂ?llwzﬁat%ié Sﬁﬁlseoﬁ@%%i{&eﬁggﬁ t)fllﬁé)?% ¢ Péﬁn I]ez(rj‘flpt@lglrlature is

general |y frop,3fyii8 tﬁ@%lurﬁ&’i’icpﬂ@\fv%%bfo\ﬂoﬁxﬁﬂ%‘ Qiffcati&0 Gnd @R idin

pol ymeri zation pressure is generally fromstandard pressure to 1% 15MPaQ

and pref erabl hef tauer Bbyb theo cRosW NG Ia SN ioh ik bRfic- pylencgBatiphase

pol ymeri zation reactors that nay_be used include known pol ynmeri zati on
reactors, sucteagwrtddindendBorsniékic rhed Dnis)tpaimssde Birneeter Afpthe cat i on
Lai d-open No. S.46-31696 and Japanese Patent Publication No. S 59-21321.
Stirred tank-?ﬁb@e@hs 20 phase polynerization is a process in which a

. r 2 a JProcess 10w ch.
ol o7 o bol ymobT2a 0 RS ith BRuldhS Al oo, i ORRER LT 0 "
W thin the ”e%hﬂiﬁfbé’n g Rl AP RGUEALLHmd BRI o 'H: hdifedRseOUs state

is polynerize e polynerization tenperature is generally from 50 25to
110C, and preAgrabésnld, rolieb@nt lefidOfolyhite ipdant@ibaslyi prodacessiurie shoul d be

in arange at which the olefin can be present as a ) )
possible to produce polymer having an excellent structural uniformity,
in addition to which polymer replacement in the reactor with changes in
20 the production conditions is casy.

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

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

10



vapor phase within the stirred tank-type gas phase pol ynerization reactor,
and is generally fromstandard pressure to 5 MPaG and preferably fromO0.5
to 3 MPaG [0031] Fluidized bed-type gas phase pol ynerization reactors that
may 5 be used include known reactors, such as the reactors described in
Japanese Patent Application Laid-open No. S 58-201802, Japanese Patent
Application Laid-open No. S 59-126406 and Japanese Patent Application

Lai d- open No. H 2-233708. Fluidized bed-type gas phase polynerization is a
process in which a nononer in a gaseous state is 10 used as the nmedium
and, while maintaining prinmarily an olefin polynerization catal yst and

ol efi n pol ynerpoilyolafifi prodlicried sg$tatreacsbtding té e ineethition;by the flow of the
medi um the nononer in the gaseous state is polynerized. |In sone cases, an
agitator is al so prBlfidbds eosobemabiceviewuptiyeaanagher smbogdonsitesl thet i on
tenperature is gfﬂqeitally 15 from O to 120C, preferably from 20 to 100C,
and nore pref @Rl pedughon systemaccoring & VeHIB A Br essure shoul d be

in a range at whic gl efin, can _be pr A I I?lg i thin the
f1 ui di zed bed-typeh]?]te(gec‘stlgref 812RR SﬁQWE*%%P?ﬁﬁ@ﬁ@ﬁ&#%ﬁﬁswﬁo 7sse 1o 10
MPaG peefera : 8 MPaG and nore preferably from0.5 to 5
20|\/PaGS[0032i2)lb)éijoﬁrr%(lPi%ia%%n I%olf' different reactors are exenplified by a

slurry pol ymreDESCRIPTICGNOPTHE PREFERRED BVIBOREVIBNTS eactor, to which is
connected, as the subsequent stage, a fluidized bed-type gas phase

pol ymeri zat i o002 cPreferred embbidiments odirtke tiypmtipasarphdeseripal ymdetadat i on
25reactor. [0033] Alternatively, a flushing tank for separating unreacted
olefin or polbplasy i while orefersingerte theomftashad diggpinge Wheae t Regesrymy

1y b id t I I i.zat | bul k
ol yor | vat o HECRUPY QT Gt RS A REPLPBLES PHET o8 BORUTERANg; age,
gas phgge pol Yéf?-ﬁgﬁftaké’%aéé’tf%hoﬂm S{é‘fé}'vaes BsifibHy @hﬁ%ﬂ i?le{:i‘fet biiL) > _phase 5
pol ymeri zation'reactor, a s Orr ed ank-t?pe gas “phase polynefizat'i on

reactor or thRepdtheesidRntions EFeatRadhokef inntheAiysreiiszahy @6t beaskor 10A.
However, such a flushing tank is not always required; particularly in cases

where a bul k pmbgaberi zation reactor is used, a flushing tank is often not
provi ded. 10[0034] defin Polynerizati on Reactor The ol efin
pol yrrer i zat i of0328d Ra@yolebn Rreductiasadysdemwhi ch carries out, in a

substant il 9% BIRES 85 oS RUEL L RAPSLATELL S RESEAED, "
[0035]; Kefer ring tQefl Grbodlfat®! & ROAIRN &AM 6ERAGhALE ' S

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
20 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
25 reactors, stirred tank-type gas phase polymerization reactors, and

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

11



15 conposed primarily of a cylinder 12 which extends vertically, a
plurality of deflectors 20 provided inside the cylinder 12, and a plurality
of tubul ar baffles (decreasing dianeter nenbers) 30 provided inside the
cylinder 12. The deflectors 20 and tubular baffles 30 are alternately

di sposed in the axial direction of the cylinder 12. Also, it is preferable
20 for both the deflectors 20 and the tubular baffles 30 to be di sposed
coaxially with the center axis of the cylinder 12. Fromthe standpoint of
stabilizing the spouted bed, the inside dianeter of the cylinder 12 is
preferably not nore than 5 m and nore preferably not nore than 3.5 m

[ 0036] | n the théwfrieactpod mae bie zaed alvneeaptuwality0A reddtes afébe saromtygenes 25
25are forned in a vertical row inside the cylinder 12. Each reaction zone
25 is a regi odmanbE esed ingombinagions prEve wr faere reactarstefdiffsrng 4¥pese 30, the
i nside surface of the tubul ar, baffle 30 directly below, and the inside
surface of thénﬁﬁp?P e nYPRnder 12 between these two tubul ar baffles

30. Th j N i I i.ns, d f
of tho eyl nadpOaS e poFRfrPAbE Pl G AR BRG LRIREADALEE hBRLCE PUTLRo
Daff11e 80 di 1 GGychaM Ichgok OB o i GHHTMAI g ratrt B 18I e surface

of the portio f the cylinder 12 therebetween. 7] Wthin each reaction

zone 25, an oltgpe reactit desurit@ddaslaphosse Rupaatrithblicatiorh Ngh Sv41-02916, from a
gas inlet orifice forned at a bottom end 30b of the tubular baffle 30,

t her eby f or ni dgpanespobatent Hadvlicatiai®pby d¥ et6-hl pHY taind| dapanef(B83ntAs shown
in FIG 2, in ea%h reaction_zone 25, a deflector 20 .is disposed at a
position that TublisatignoWNo.t ReA +-AB3T%r Blrry Robymmerialiphcissa tRrRCe§AN nl et

orifice. The ragl.e, of the deflector ,20 is to prevent spouted pol yol efm
particles frofighi? cPoNgenEAian alent ds el oBy a8fink Can Pt
freeboapd zon ;ﬁﬁﬁgj' i £l 2ne i [ 0039]
The de?Pector(ﬁ&o as éa"ﬂ%lo%sl Egﬁﬂg apgp%iuﬁlea&t%E%Zer%g%%gn?%lﬁggggl osed, an
out si de di ameiphyid Chydrbe4rBaf € $e.Br, 0Pk Ssufiic) Ebitatle) WiddbithneaNPer@taiigt t om end
20b that is spaced apart fromthe inside wall of the cylinder 12. As a
result, parti dbrsng, hdiephanee hetanedl com apwealityclht | ingdro@oban t fe.ghe i nsi de
surface of the deflector 20 and are taken up into the_annular structure of
the spouted bé&¥clopeniane gaetohexare), gar e olediy coplmerigign deasglyplasisi ng

bet ween t he b%ttom and 20b of .t he def.l ect olr 20 anc% t he inger wal I, of the
cyl i nder 1SPETSGE 4% PRIYISHZALIRRS FlNeRly 1Ps 19T 4 Be SEET Ry @ flder whi ch

has anjgnsi depolymerization is carried out in a state where the polymer that is formed
does not dissolve in the polymerization solvent. Polymerization is
carried out at a temperature and pressure at which the polymerization
solvent is maintained in a liquid state and the polymer that is formed
does not dissolve in the polymerization solvent. The polymerization
20 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(5, 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-
25 type reactors described in Japanese Patent Publication No. S 41-12916,
Japanese Patent Publication No. S 46-11670 and Japanese Patent

12



25di aneter that progressively decreases in the dowward direction, and has
a top end 30a that is contiguous with the inside wall of the cylinder 12.
Such an arrangenent allows gases to circulate upward froma circul ar gas
inlet orifice at a bottomend 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 valve (not shown) so that polyolefin particles
within the reaction zone 25 do not flow downward through the gas inlet
orifice at such tines as startup or tenporary shutdown of the olefin

pol yreri zat i oPubbagtiar NOAS $#082379.As Bg;%omlymeﬁmgon 1§ qupregsperindownconer s
35a are provided so 10 as to pass through e?ch of . the four ypper tubular
baffles 30 wi MHIAh @Reolglnimereman suchhas propytlensnPt SWRRE e ruse8 1si € pr ovi ded
in the bottompst tubul ar baffle 30. The u r_downconers, 35a al | ow

bol yolef i n papehenaLaisrsofent b fsspiimuil BEieor? of 50T et Aeh 0 ey
reaction zone . oTe}'TATolo [ 5 renove
pol yol efin pa?gﬁgg%@ﬁ?&gﬁﬁﬁa?éﬁﬁK%ﬁﬂﬁ%?bégact|on’ggﬁgﬁéﬁ% %?gccérge t he
particles out siegghedheptafie, Oty and hfic &Y@I%Y@b&’aﬁﬁofﬁée.g’mdydﬂﬁem,arran93d
in series with the bottom downconer 3%b. he pol yol efin particles can be
di schar ged i ncpclehteagiiean slefip pylyswcization vedtslystpenidigpeased @b abeng t hese
val ves V71 and V72. 20[0042] To form.a stabl e spouted bed in each reaction
zone 25, it i pobwesrizabos sclwenteand palbmesizatien fis cagied Ut gRya thEef ol | owi ng

conditions. Nanely, ,the ratio A/ dB between the di ter. dA of the gas
i-nlet orifi cewglgr‘%/h@%d?qlﬁ?ﬁeén a0 ps Oformpg'i t‘ﬁﬁbqﬁl d}o%ggiﬁspgz%omar{het he i nside
di anmeter dB o ) [ t he angl e
of 25i nclinat %8%?%%? H%ﬁé’eﬁﬁbﬁ(g?ﬁ‘%ﬁ% ﬁgﬁ gsogqlﬁgﬁl%&t é;{ag?@éﬁ%&ﬁﬁ%_ angl e of
the ingjpde suaﬁ&gﬁemué he v&mpvltﬂé PR ihbAzA b Nehih R RRIAERRHNN, al S
preferably at |east the angle of 'repose for polyolefin particles present
wi t hin the cyligoidestale? and hike raei0thatne! foratd aivea3dti dissodve iprthéer abl y at

| east the angle of repose and at |east the angle at which the polyol efm
particl es canpblynusinstien eojveart.schhe gollymeaxdtiont fepiperatyre ingendrallvay,

Ssmooth dovnvgr g MRy TS M08%c, M Pt ably PRom 5% SsB T ©VHhe
polymerization pressure is generally from standard pressure to 10

15 MPaQ and preferably 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. 8 59-21321. Stirred tank-type gas
20 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
25 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

i3



[ 0043] Al though a spouted bed can be forned even using a flat plate with a
gas inlet orifice fornmed therein instead of a tubular baffle 30, a region
where particles do not fluidize will arise on such a flat plate near the

i nside surface of the cylinder 12. As a result, due to poor heat 10 renoval
inthis region, the particles may fuse together into masses. To avoid such
a situation, it is thus desirable for the tubular baffles 30 to have an
angl e of inclination a30 which, as noted above, is at |east a given angle.
[0044] It is preferable for the deflectors 20 in FIG 2 to have an angl e of

15 inclination a20, i.e., the angle formed between the outside surface of
the defl ector Rfoanshdsbewithin zhatAirredvhirdhtyipe gas lppass afigdtorof repose
for polyolefui particles present within the cylinder 12. In this way,

pol yol ef i n parreietbysardns bgeretaltyu direty spndushpecksareoto s§ i elflaty 4ml t he

for exanpl e, IEMANNAODE-1® SHHACS0. The angl 65 of i aclinati on a30 and
220, ot DR At e e OO I SEATES R0, 30, 00
20 yol o n 1 oy Oy i0Hfe kD Pedcnst oo ous, WS MERES Re@Bbl 100 1y

be made of, f JapeasPP&ent @gjp@@aﬁéﬁ Q@Ai&c%ﬁﬂ Noai 9l 353088028 Fapaiet as " SUS
304" and "SUS 316L". As used herein, "SUS' refers to a stainless

speci fi cat i on PstendApplicatidnblaidapsme do. | Hd9s1 26406 Shddpardse (Mignt 1t i s
preferable to use "SUS 316L" when a catal yst which are high in corrosive

i ngredi ent (e.@nll%tlﬁ&l@gbﬁp@shbhfhg-wa78§i n&)uiflized beddyporghophase [ 0047] As
shown in FIG 1, ,a gas feeding nozzle 40 is provided at the bottom of the
Sylinder 12, ZRTBHEEHO8 61 PIOReroHbREECh & RROTET tha SBEREHHER Fhe

cylindep 12 byutpyaofng LLR SBENdMCHRAESHAL Bhmdfl 200 gl 2 925

di scharge nozzle IS provided ar e taop 0 Gas whi ch

has risen up pbBlyanezaios Gl adsd E)l?elﬂns pél aihgéf%&}i z&@%ta%tvﬁmiﬁlf through

a line L40, and ‘gas-entrained particles are renoved by an optionally

provi ded cycl trenfediunAftyethet lowges tHramedann cthet Mmoaumlr tin elaé Badousn a first
heat exchanger 63, a conpressor 64, a second heat exchanger 65 and a
gas- i qui d sep@taivpobmerizedi s InSomm caaced agitatdrnis 4180 pvoeddaddoher |ine
L35 and recycled. In agﬂition to the gas feeding nozzle 40, a djscharge
nozzl e (not sREReEWHREHz3t00: o n Bt dymgrizeiren JEmgendIgoiserreralyti cl es at

1, engat " AELPI PSSR AT BORPOUPEOIAET B b LR (e

olefin 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

20 MPaGG

[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

25 reactor.,

[0033] Alternatively, a flushing tank for separating unreacted olefin or
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20 polynerization reactor 10A at the end of reactor operation, it is
preferable to provide an interior nenber 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 25whi ch feeds, fromoutside the cylinder 12 to
a given reaction zone 25, liquid olefin that has been separated by the

gas-liquid separator 66. Specifically, as showmm in FIG 1, 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 pulym&2zasiod seltdnodrdn2@léfr pbpedimgartibles Inmayugérneedlipbef i n

nononer are connected to the 5 liquid feed nozzle 50. In FIG 1, the liquid

feed nozzl e 5pravddef] speleasnnenr skumey gpelyinmrization| freastonf ot he tlubkl ar baffl e
i.d feed n l e 50 not to such a position

30. However, the liqu 0z [ limte

and may i nst egaﬁzyéer&ag%g%%ﬁtoxf@dz, éQﬁPﬁﬂt@fth?éﬁp @RE‘? E&Spﬁﬁﬁ%ﬁﬁﬁg@f ag
def |l ector 20. i.quid feed.nozzle 50.is prefera rovided in a high
gas velocity %%Jrﬁ%%sg?f’fblglﬁgﬁzag’sonaregﬁt(?ﬁPF%a%g@lﬁﬁ%&bx‘&%&ﬁs RS2 o1 ned.
[0049] A so, BoRitrBlati S, di ALGe _R9Z27) .65 | in
portions of tﬁ% cyli ﬁég%{ Iilééa?gc? %ﬁﬁﬁe%t@?éeé%)ﬁg%g:gagﬁ{e%ﬁ?ﬁbuI ar
baffl es 30. Muzetrpechd htablyentBadababed bl&ﬁﬁlzpalylmeﬁz@;ﬁﬁl #h&ohange nozzle 60
is provided in the portion of the cylinder 12 facing the outside 15
surface of thHosweyonduchbuflashipgfthhle 18Mot rabway$ eequired; Partcudady dh schar ge
nozzle 60 is connected to |ine L40 by way of a line L41. The amount of gas
di.schar ged fre&#es vehgjas bukcpelymenzation asador isuseshta Suskinggnk dspect i ve

val ves or ot hgﬁ rreaﬁrfbs sgjﬁas to be substantially equal to the anpbunt of gas
that has been®fBH PP Yt he 1iquid feed 20 nozzle 50 and vapori zed.

Ther efqf e, ex@3ﬂgﬂFfm%§t¢§g@mﬁfﬁ J omer has been fed into the

cylinder 12 I qui nozzl'e 50, the superficial velocity of the
gas inside the cyl Imﬁeﬂeﬂ@pbg/_ﬂf@péaﬁ%ﬁtféa@af 1 @Al aGeAsbAwhidcddigs ver ti cal
direction. [0050] In addition, a line L5 is connected to a position on
t he cylinder @8l abilbdtantially giseghasbatate,hm olefimpslyrmehizdtion fatdde 30, and
pol yol efin particles containing solid particles of a olefin polynerization
catal yst ar o pelyplafisupgatielgs sonmaskby theajefin prepspymwetizatacichcior 2one 25.

0035} Referring to FIG. 1, the olefin polymerization reactor 10A is

15 composed primarily of a cylinder 12 which extends vertically, a
plurality of deflectors 20 provided inside the cylinder 12, and a plurality
of tubular baffles (decreasing diameter members) 30 provided inside the
cylinder 12. The deflectors 20 and tubular baffles 30 are alternately
disposed in the axial direction of the cylinder 12. Also, it is preferable

20 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

25 are formed in a vertical row inside the cylinder 12. Each reaction zone

25 1s a region enclosed by the outside surface of a tubular baffle 30, the

15



[ 0051] Accordingly, in the present enbodi nent, a two-stage pol ynerization
step is achieved by the olefin prepolynerization reactor 5 and the olefin
pol ynmeri zation reactor 10A. In this way, the olefin 5 prepolynerization
reactor 5 effects the polynerization and growth of pol yol efmparticles,
creating relatively large polyolefin particles having a particle size of

- preferably at | east 500 um nore preferably at |least 700 m and even nore
preferably at | east 850 m thereby enabling the fornmation of a nore stable
spouted bed. However, it is also possible to 10 have the polynerization
step be conposed of a single stage that does not include an olefin

prepol ymer i zatihgfe s82GESof the | tibliRF DafRS S0 aRe@EbERVROININRIC! ZR1deON

catal yst or prepolynerization catalyst is fed directly to the olefm

pol yner i zat i osurfees todrthé Ofgrtian cofottef cylimddrytk hepaddrothdss te@r tubathrout .

Al ternatively, one or nore additional 15 olefin polynerization reactor,
such as an ol &rfffespi@polkertenmestireacticmazensy 25 ive ragionl efclaseddiyyiher i zat i on
reactor 10A, nmy . be provided subsequent to the ol efjn, polynerization
reactor 10A sdnside s %‘@rﬁfg&é Cé’ﬂﬁaﬂyﬂ%ﬂ thettepitheres d?%h‘ﬁé%‘f'e%lﬂgﬁcetﬁr ee or
nore stages [ Q05 fi Rol,.yol £f m.and tal 20 t he ol efin,

pol yol e?i n, cgi?eaﬁg}%@:g%aﬁgéﬁe. %%@sﬁ%}ﬂgg@%ﬂg&f}ﬁheéﬂ ﬂé?f g/ &re
descri bed. [ Ofindde dHRIIE pbftiROMIE YRR thERBERLeen?Ol YOI of | 1
production process and polyofefin produttion systemof the invention,

pol yol efin-- [0637] Within Raplelrva®ion( gbed 28, RanBRAhWIREainDbeSdsnfl6RRO! yner) - -

25production is carried out by the polynerization of one of nore olefin
:(honopol yner i sawagh abe ligholejovityi frati ergas iklcanpifes fotmed eit ianisottdmt
end 30b of the tubular baffle 30, thereby forming a spouted bed of
10 polyolefin particles.
[0038] As shown in FIG 2, in each reaction zone 25, a deflector 20 is
disposed at a position that lies above the tubular baffle 30 and faces the
gas inlet orifice. The role of the deflector 20 is to prevent spouted
polyolefin particles from scattering. This makes it possible to shorten
15 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
20 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
25 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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may be used in this invention include ethylene, propylene, 1-butene, 1-
pent ene, 4-nethyl-I|-pentene, 5-nethyl-I-hexene, 1-hexene, 1-heptene and
1-octene. [0054] One or nore of these olefins nay be used. Alternatively,
the 5 olefin used may be changed in each polynerization step. In cases
where polynerization is carried out as a nmultistage process, a different
olefin may be used in each stage. Wien two or nore ol efins are used,
exanpl es of suitable ol efin conbinations that may be enpl oyed i ncl ude
propyl ene/ et hyl ene, propyl ene/ 1 -butene, propylene/ethylene/l-butene, 10
et hyl ene/ | - butene, ethylene/l-hexene and ethylene/l-octene. In addition to
ol efins, it isl2al Suchossidtahgemetisallatvst feses anecirduirtevapwands fioapal yneri c

i ngredients such as di@nes._EOOSS] A efin polyners (honopol yners,

copol yrmer s) suidteubas gas oplgt endchaind poltymend, 30brafphe arwlan bafflede, bwpol yrer s,
propyl ene/ 1- 5 butene cqpol yners and, propyl epe/ et hyl ene/ | - byt ene

copol ynmers mayo5& NQH GEAVA £y Lo cagulaty upyyar ge‘b‘fe‘@él g topeBAtiden. The

duct i f olefi I t ai ned | ti-St | i zat | i
i ch-the. pr of it PRy BEA T masret e R FRERCat el g R "
[ di ents digf ' i t j ' d F
examl e 11 119 0Pop Rl ATRRSE thetBof AR e Rl S

copol yner by fregilefn @asidlyPaidin efdablid® zafe 2bafd AoPfleRAapiBrardat i on
reactor 5 and an ol efin polynerization reactor 10A so as to form

honopol yner pdhtoughethe gas dmlebloyifiei ai sgch hiends nststatgf ion teirporarys mal |
anount of another olefin to formrandom copol yner particles, then feeding,
in a subsequeshuisiodgeot thswolgfiopokyatesizaijpr scastordidéf.i n to these pol yner

B epol yrer | 2adDBH1 A3aRPR 1§ FAE L fO0T Ures BOTIFRBITs 20F 8 HBSHERROL0A  Thi &
Pl yen zat | on PEARrL P HRD gk phE? Fo Pt S s St s ¢ ona

ratio within CHBn@M NPEr af@r4i 6bsm HwhcBRRE 035H kﬁ}ﬁépﬁ@Hahin%ffeCtiVe
for reducing 5nol ding defects. [0056] Exanpl esof suchpol yner si ncl ude

propyl ene- pr opytienaiest hinbalepbafflee868., The upper downcomers 35a allow
propyl ene- pr opyl ene/ et hyl ene- propyl ene/ et hyl enepol yners,
polyolefin particles to falP from an upper reaction zone 25 to a lower
reaction zone 25. The purpose of the bottom downcomer 35b is to
15 remove polyolefin 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.
20 [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/dp between the diameter da of the gas inlet orifice
at the bottom end 30b of the tubular baffle 30 and the inside diameter dy
of the cylinder 12 is preferably 0.35 or less. Also, the angle of
25 inclination a30 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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propyl ene/ et hyl ene- pr opyl ene/ et hyl enepol ynersand 10

propyl ene- propyl ene/ et hyl ene/ | - but ene pol yners. Here, a dash ("-")

i ndi cates the boundary between polyners, and a slash ("1') indicates that
two or nore olefins are copolynerized within the polymer. O these, the
production of nultistage-pol ynerized propyl ene-based copol ynmers which are
pol ynmers havi ng propyl ene-based nononmer 15 units, are called "high-inpact
pol ypropyl ene” (in Japan, also custonmarily called "pol ypropyl ene bl ock
copolynmers”), and have crystalline propyl ene-based pol yner segnments and
anor phous propyl ene-based pol yner segnents, is preferred. A nmultistage

pol yneri zed propsdseiie- haglebfceposdy fmr pelaolelia partiphes gaetnt twighin2Becont i nuous
nmul ti stage pol ynerization, in any order, of crystalline honopol ypropyl ene

segnents or r apbodercihol e angle pfeincknathimadeds myorsoprefeyatelyi atilngpta smal |

t of | ef i ther th I , With b t
Gopol yrer | z6d e GREEL AU FEPRSS RO AE SiFIANEE sin Ve G PAYRFER! ent . an
ol efin other than,ethyl ene 25a r | ene, in- & rlsec-f e
respective polP§iH?E. C%UEI’? EO%B%gqlgrf@E edalgrarvﬁ{aﬁ ﬁ@if s@ggivf& as
measureg in 131%0% 460%%%%9@&%?%@?%%1% ﬁ%ﬁles"i@b&ljﬁe{/@d preferably in
a range of from T'hltol g. I's nufti'stage pol ymerized

A

pol ypropyl enef Fepotikd wxcedd Batfolréd eves usingng dlat plgedi ty and
i npact resistance, and can therefore be used in autonotive conponents such

as bunpers 5 wathda gaginlet brificafickned thereiounstpad bfigi tuhuboafilmdbsasuch as
retortabl e food packagi ng containers. _[0057] Mreover, in the olefin
.pol ymeri zat i ofegiemwthere patdiclss|dparairiividize yalctrissiprpsusbiesBaigplateriear nvent i on,

br oad h | I ' di i byt i f th | efi I , th
of o1 i n- ol y o BB 90%s: SUlRda 1 105 Forishle B Prer i on st eps
in pol yref: e 20ty it 1 HEI YTz on
aavant Weous Tapo R ST R e PR Bray TS, SRRl ARG ST 2, "t gt

di stribution. afGH ¥REPSifiatioeit! Bithi ebsirabls FOS tHey nBDIR HaElePI) FBASUr enent
as described above for the polyner conponent obtained in 15 the

pol ymeri zat i ohawd ef dnght of irudimatien tdB) Migilgsds noledcabove, yweagleastpal ymer
component is in a range of preferably fromO0.5 to 100 Wg, nore preferably
from1l to 50 givegangled even nore preferably from2 to 20 dUg. This

RHECERTE TG R R O T AL
I t I lar. wei gh I ...Th fy ti

e L By ROREN T B DA AR % 52 e
conponent  obt gimedod 50 bAE IRChSIRIA2WHRh SR Re D aRE18 BGESodehdr N ghest

nol ecul ar wei ght pol yner conponent accounts for from0.1 to 80 w % of the
ol efi n 25pol ypslyolelf@0paiticlae ppéht nwhhiny Nk i Gdiniden It alysthisused, i n t he

i nventi on may be

: polyolefin particles can be adequately prevented from sticking to the
deflectors 20.

20 [0045] Polyolefin particles have an angle of repose of, for example,

from about 35° to about 50°. The angles of inclination a30 and «20
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

25 no influence on gas flow and polyolefin flow. The cylinder 12,

deflectors 20 and tubular baffles 30 may be made of, for example,
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a known addition polynerization catalyst used in olefin polynerization.
Il1lTustrative exanples include Ziegler-type solid catalysts fornmed by
contacting a solid catal yst conponent containing titanium magnesium a

hal ogen and an el ectron donor (referred to below as "catalyst 5 conponent
A") with an organoal um num conpound conponent and an el ectron donor
conponent; and netall ocene-type solid catal ysts prepared by supporting a
nmet al | ocene conpound and a cocatal yst conponent on a granular carrier.

Combi nations of these catal ysts may al so be used. 10[0059] What is conmonly
referred to as a titaniun magnesi um conposite catal yst may be used as

catal yst conpeagivh sfetsRh@¥%efnicss seelsueRakatSum304” andi“8u/eB1élype solid
catal yst. This conposite catal yst nay be obtained by contacting a titanium

conpound, a negnesdderaoN BN refoc tam sthiabtss speatficadronssaidaadizehbyf ol | owi ng.

15 [0060] Titanium corg)ounds that may be used to prepare catalyst conmponent
A are exenpl | ffRaEcEy ndustial Snderdslts. hismtorstle eres SSUBGIRLa

Ti (ORI)aX4a (wWhere 12' is a.hydrocarhon group of 1.tg 20 carbpns, X is a
ol obn at o Wi Faalvst pei L gh s tros R ergtit e sy & DAIGREL rat | ve
exanpl es i ncl O i ium 20 conpounds such as titanium
S BehT or | de e hEUNBOAAISARE BT ounds. such e

tetrach i de; X ani um conpounds such as

et hoxyti t ani uppd47]chd ghdwh RGP ! Q?é‘é'fké’dlh%'!ﬁo%ﬂe% i%;_rbl‘i‘)%id@ fiahegenat ed

di al koxyti tanium Conmpounds such as di et hoxyTitani umdichl oride and di but oxy
titani um di chbottmieof thenefiadegelPatadd gascahkolefin hrotionrdenpduoddesuch as
25triethoxytitani umchloride and tributoxytitani umchloride; and

't et r aal koxyt i bawémnofcthepydindsr $2dty waytef a dise HB30) and antampressdr 54.

tetrabut oxytitaniym These tjitanium conpaounds may be used singly or as

conbi nat i ons iﬂ adgiony angre dGBAESt No740 &1 ISvEgYadsdy At @&W&ﬂgs%@hat may be

used tfybrepalgucalal St OTRRREN & 8LE CXeTRLLLL o by manest up comolnas
e e S T R
7 Sy PATRRTESALR oSy pgi o e hugs
passed through treatment in a first heat exchanger 63, a compressor 64,
a second heat exchanger 65 and a gas-liquid separator 66, it is
15 introduced 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
20 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

25 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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10but yl et hyl magnesi unmy al kyl magnesi um hal i des such as butyl magnesi um

chl ori de; al kyl al koxymagnesi um conpounds such as butyl et hoxymagnesi umy and
al | cyl magnesi um hydri des such as butyl magnesi um hydri de. These nagnesi um
conpounds having a reducing ability nmay also be used in the formof a
conpl ex conmpound 15w th an organoal um num conpound. [0062] Illustrative
exanpl es of magnesi um conpounds which | ack a reducing ability include

di hal ogenat ed nagnesi um conpounds such as magnesi um di chl ori de;

al koxymagnesi um hal i des such as net hoxymag, nesi um chl ori de, ethoxymagnesi um
chloride and 20 butoxymagnesi um chl oride; diallcoxymagnesi um conpounds
such as di et hddpecHadyj amstarveh o BIE ol \enfgprid feedmoznhe 5 trag nesitednear boxyl at es
such as magnesium | aurat e_and_ magnesi um st earate. These nagnesi um conpounds

whi ch | ack a rBeges Hjetasifice 9f thaysepend bbbyl tadliaR) drpmthe tominesiozed,
ith i d t fi 25cat al t t A ti , b
o known et nod b s alsABToU A Ot SO ndd FiGE S ety Sherdey o Y
0063] El A
[ ] Electr Q&eg%l?ffosr. &Q&‘gge”@g rlfgﬁeg%&%léf& RlGroRlc? aa?%%ﬁ%%fe:%m%ﬁ%%nem

i ncl ude oxygen-c aining onors such as enol s,

ket oness al denyghas fectdid¥@Xy50.C BEFHS. 1,8RE FlyRicPleclRRIL5@ks &i@.gb&%ﬂi c aci ds,
ethers, acid am des and acid anhydrides; nitrogen-containing el ectron

donors such aseanthenia, inktiondie ofl the ithleslanbaffies3®y afatveser, dneliguigani ¢ aci d
halides. O these electron donors, the use of inorganic acid esters,
organi ¢ aci d deesdknezdadkihees lingtask tf eucled. p¢sitddn pndrmhyprinstdad bor gani ¢

acid esters inglude sjlicon conpounds having the general farnula
R2"Si (OR3) 4_" dispeesd iy gxempleypeasc bgwtoqoefgf 8t aﬁﬁqct% 290 d&epbons or a

Pydrogen ot oy bSO BRSSP B i e e
Lot r et noxys  Tas, 151 P arROUEE SRS ASPOUE BIEH ane;
al kyl tri al koxyet4gngssuaehgiareithyoft padrdidehxpsi Ad¥fs 60 are provided in
portions of the cylinder 12 facing the outside surfaces of the tubular
baffles 30. More specifically, as shown in FIG. 1, a gas discharge
nozzle 60 is provided in the portion of the cylinder 12 facing the outside
15 surface of the second tubular baffle 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
20 nozzle 50 and vaporized. Therefore, even when liquefied olefin
monomer has been fed into the cylinder 12 via the liquid feed nozzle 50,
the superficial velocity of the gas inside the cylinder 12 is kept
substantially constant in the vertical direction.
[0050] In addition, a line L5 is connected to a position on the cylinder

25 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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15 ethyl tri nmet hoxysil ane, butyltrinmethoxysilane, isobutyltrinethoxysilane,
t-butyltrimethoxysilane, nethyltriethoxysilane, ethyltriethoxysilane,
butyl triethoxysilane, isobutyltriethoxysilane and t-butyltriethoxysilane;
and di al kyl di al koxysi | anes such as di net hyl di met hoxysi | ane,

di et hyl di met hoxsi | ane, di butyl di net hoxysi | ane,

20di i sobut yl di et hoxysi | ane, di -t - but yl di net hoxysi | ane,

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

but yl net hyl di met hoxysi | ane, di net hyl di et hoxysi | ane, di et hyl di et hoxysi | ane,
dlbutyldlethoxy5|lane dllsobgﬁé%dlethoxy5|lane

di -t - but yl di eBFofeddhrangd, thistlin twmtepmoxwaumezone 25.
25but yl et hyl di xysi | ne and. t - Qut yl net hyl di t oxyS| | ane. [0065]
Preferred or ggﬁ(Iﬂ{I(Ia%P‘EPr et s 1ncihgde PHRSART u nt ané y-Rgact i onal

b i h. I b t I I
carboxyl i ¢ acPAnERERlon MOl 1 I?s@?ﬁr&%ﬁ%noéwa IRPRE et ve

exanpl es incl d"Blch I et hyl
pr opi onat e, ethI?I but%Ireg?gI%Ig&ﬁnF%&I/é?é}t@% ?@ereﬁhp% EII?I aI’OdIgﬁI?hy
acryl at®e, net pydpolehhesitithateactoethetfebienheas m@ﬁkaﬂonb@ﬂd Q2b®th Gt hyl
toluate, ethyl toluate, ethyl anisate, diethyl succinate, dibutyl

succi nate, di Eolb'plefnapanml:es creafing y&laﬂm&tlpﬂwge ,podbroidﬁxhpbrtrwéseladmg di but yl
mal eate, diethyl jtaconate, dibutyl itaconate, diethyl phthalate,

di -n-butyl pht Rartilesize ef arafesblit 3 legsh ORQI LR anoreyme farallyrat depst iRl es

| ud t te | i phat yl t h t h I
acid estors. Hia g %‘eﬁqp@%aéﬁjaeé@?bi? St et oD dheradunaPlng B nl | ¢ aci
di . f..6et I
i akyl et hor DreguRh SSRGS aqERRbue i, | Blo e E PRt P8 per

di amyl1cet her , halie ﬁl@%ﬂi&ﬁéﬁ@ﬁﬁtﬁ{ steﬁ%eh%m%%éd ofbNGhole TRidWihat a08SY! et her
and et hyl |sobutyl et her.

not include an olefin prepolymerization reactor 5. In this case, an
olefin polymerization catalyst or prepolymerization catalyst is fed
directly to the olefin polymerization reactor 10A, and olefin
polymerization is carried out. Alternatively, one or more additional
15 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
20 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--
iLe., olefin polymer (olefin homopolymer, olefin copolymer)--

25 production is carried out by the polymerization of one or more olefin

(homopolymerization or copolymerization). Examples of olefins that
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Preferred exanpl es include dibutyl ether and diisoanyl ether. [0067]
Illustrative exanples of organic acid halides include nono- and

pol yfunctional carboxylic acid halides, such as aliphatic carboxylic acid
hal i des, alicyclic carboxylic acid halides and aromatic carboxylic acid 20
halides. Illustrative exanples include acetyl chloride, propionyl chloride,
butyryl chloride, valeroyl chloride, acryloyl chloride, nethacryl oyl

chl oride, benzoyl chloride, toluoyl chloride, anisoyl chloride, succinyl
chl oride, malonyl chloride, maleyl chloride, itaconyl chloride and

pht hal oyl chloride. Preferred exanples include aromatic 25carboxylic acid
chl ori des suchmag bbenzdyh thoh imvreantien indmdoﬁth)dmeorpmteylam lpbttiead, ol

chl oride. Phthaloyl chloride is espeC|aIIy preferred. [0068] Exanpl es of
met hods for priépiiiend-wathullspenienen onBethyl- i-hexange Ithaxeney Ldwipkere (1)
Reacting a Ilgﬁhglnqgne5|un1conpound or a conpl ex conpound of a magnesi um
conpound and “8EFPOn donor, with a precipitating 5 agent, then

Lreating with BoSkt HEUT SRPAMALTUEINRy id BULLM eRIRAUNG, 2ad an

el ectron dono reating Y um conpoun or a’conpl ex
conpoung of a o3&t %s@@%@ﬁ'ﬂé%l‘%ﬁi@ﬂuiﬁdeé’dlﬂ Bgrn‘?ér%hbﬁ“sté’ﬁnoln cHédsh a

titani um conpound or with a titani um conpound and an el ectron donor. 10

(3) Reacting avierepotymagntionlsncanigbomcas hiultisthge pratess, taadifferergonpound in
t he presence of an electron donor, and inducing the precipitation of a

solid titani umlefonplapbe yseyl imeachstager eWhangtwher mese plefimsparodsed, obt ai ned
in method (1), e wth a titani um conpound, or with an

el ectron donoﬁxéﬁ%'tﬂleé %:?Pi@%(ﬁ?ﬁ%%mmé ghyat snaspbe PGy SrHnelds sol i d
product_obt etk B0 A LS MRS BB o o
22?@23?}% ' ' ;ﬁngt&%gm%ut@ﬂé: NGth3lenle’ LhORR | shd rsﬂa&ﬁﬁew B&eﬂé! esyfr
addition to olefins, it is also possible to use at the same time various
copolymeric ingredients such as dienes.
[0055] Olefin polymers (homopolymers, copolymers) such as
propylene homopolymers, propylene/ethylene copolymers, propylene/1-
15 butene copolymers and propylene/ethylene/1-butene copolymers may
be advantageously produced in the present invention. The production
of olefin polymers obtained by multistage polymerization in which the
proportions of the monomer units serving as the polymer ingredients
differ in the respective stages is especially preferred. For example, it is
20 possible to form a multistage-polymerized olefin copolymer by feeding
one type of olefin to an olefin prepolymerization reactor 5 and an olefin
polymerization reactor 10A so as to form homopolymer particles, or
copolymerizing the first olefin with a small amount of another olefin to
form random copolymer particles, then feeding, in a subsequent stage,

25 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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20conpound and titaniumtetrachloride. (6) A nethod in which a solid
product obtained by reducing a titanium conpound with an organonagnesi um
conmpound in the presence of an organosilicon conpound or an organosilicon
conpound and an ester conpound is treated by adding, in order, a m xture of
an et her 25conpound and titaniumtetrachloride, followed by an organic acid
hal i de conpound, and the treated solid is subsequently treated with a’

m xture of an ether conpound and titaniumtetrachloride or a m xture of an
et her conpound, titaniumtetrachloride and an ester conmpound. (7) A nethod
in which the product of the contact catalysis of a netal oxide,

di hydr ocar vyl raegersi emuarndefan ipalyygenzationt edaniongl (W .colbis iesulss oont act ed
with an el ectron donor and a tiftanjum conpound,. either follow ng treatnent
with a hal oge&EoNg residance dpmeydisidpation, an the aledigeprlymerigytion sacksd i n whi ch

21 Koxyragnosi dRP-SRREALeRY ld FHIRTS forl EBrboR iRl Rl dnb B ean) um
Cuch treat montoo(oft RESERR, o TRRL ThBoath A8 S RS DO TOR e s (1) 1o

(8) aboye w t maldhp @gents. a hal ogen conpound or an aromatic hydrocarbon.
[0069] O the above nethods for preparing catalyst conponent A 15 nethods
(1) to (6) ar ¢OQyadfBxamples These afet hodssuoh pr epgrodyrners are geoksxdal |y al |
carried out in an inert gas atnosphere, such as nitrogen or argon. [0070]
In the prepar &9mfensprendendethylamgonent A, the titani um cerlpoeny,
organosilicon _conpound and ester_ conpound are preferably 20 used after

di ssol ution oPrQHr;H%H‘?“@ﬁ(’FP e%’%‘ﬁﬂ%‘ﬁ@% epefathylene st r at i VROISRSHDI es of

oct ane. and doBh TR ok BESBBAERELC " ae hemgRe ana xybne:
and e her conpaiAia e DA ARAFKSATSHERE polfHhGK: CYRRONPERNP(ang decalin
indicates the boundary between polymers, and a slash (/) indicates
that two or more olefins are copolymerized within the polymer. Of
these, the production of multistage-polymerized propylene-based
copolymers which are polymers having propylene-based monomer
15 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
20 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

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

copolymer has an intrinsic viscosity, as measured in 1,2,3,4-
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25et her, dibutyl ether, diisoanyl ether and tetrahydrofuran. [0071] In the
preparation of catal yst conponent A, the tenperature of the reducing
reaction which uses an organomagnesi um conpound is generally from-50 to
+70C. Fromthe standpoint of catalyst activity and cost, the tenperature is
preferably from-30 to +50C, and nore preferably from-25 to +35C. The
dropwi se addition tine for the 5 organonagnesi um conpound, while not
subject to any particular limtation, is generally fromabout 30 mnutes to
about 12 hours. Follow ng conpletion of the reducing reaction, subsequent
reactions may be carried out at a tenperature of from20 to 120C. [0072] In
t he prepar at i teirabfydoataphtteierecarddseds whjclt isepreéateidyng a dge @ddtdnon nmay be
carried out in the presence of a porous material such as an inorganic oxide
or an organi codort(yn&() sWgas This anhisistagsepelymatized opelypranyléngphasgdat e i nt o

t he porous material. Such ous materials preferably hayve a pore vol une at
a pore radi us HOYIGMhep ef‘geci%@@)?‘ﬁ?ﬁ '@Fls'élncﬁe'gg’(d‘ﬂ@ agh desiffantfar age
particle size t 0 I o] S i ¢ oxides
"ol ude si 02, 2 565 RS RS Th st e R B S B RENAEE' £ 2 e
of poroys pol ¥iPidsot Ay ARdAR! Yatlols kQ%igdcd?@éiﬁ&% RERLYIBfSorfad as
pol ystyrene and styrene-di vi nyl benzene copol yners; pol yacryl at e-based
porous pol ymefs®dspeRagingpohigidtyl acrylate, nethyl acryl ate-divinyl benzene
20 copolyners, polynethyl nethacrylate and nethyl
met hacr yl at edi0057y Nereownr inothel olnfin spolymdripatigm redctor- hiad eolysdelous pol yners
such as pol yet hyl ene, ethyl ene-nethyl acrylate copolyners_and .
pol ypr opy| eneProdpctionr PEogsss sl dhe ipeéniicme 0 brpagden ﬁaezmgfwr weight
styrenedi vi nyl.benzene copol yner.s ar referred. 25 @073] The organoal um num
conpound corrp%lﬁﬁﬂ}u ]lﬁ)geﬁ?itﬁetﬁ%ﬁﬂr BBE'PE% § eo‘?elegnZP [ %‘prﬂned’g? al yst has
at |leagj one ] . D 3 C : -ynical |y have
one of Uhe 1o Fanr Rt T AR 310 maReh i ARS HE B B P

molecular weights. The present invention is also advantageous for

producing olefin polymers having a broad molecular weight

distribution.  For example, the intrinsic viscosity obtained by

measurement as described above for the polymer component obtained in

15 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

20 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

25 polymer.

[0058] The olefin polymerization catalyst used in the invention may be
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5In the above fornulas, R4 to BY are each hydrocarbon groups having from1
to 8 carbons, and Y is a halogen atom hydrogen or an al koxy group. R4 to
BY may each be the sane or different. Also, the letter mis a nunber such
that 2 m 3. [0074] Illustrative exanples of the organoal um num
conpound 10conponent include trial kylal um nunms such as triethylal um num and
triisobutylalum num dial kyl al um num hydri des such as diethyl al um num
hydri de and diisobutyl al um num hydride; dial kyl al um num hal i des such as
di et hyl al um num chl ori de and diisobutyl al um num chl oride; m xtures of a
trial kylalum numw th a 15di al kyl al um num hal i de, such as a m xture of
triethylal um raknovm hdditienpdlmharization chlyst weddndlefik pblmerzaaoes such as
t et raet hyl di al unoxane and tet r_abul'all di al unoxane. O these or ganoal um num
conpounds, t hdllugeatve gxamples| ingludeudiaglentyae nsoliducatabfstsa fermed byy| al umi num
with a diallcyl a{ﬁgm’ num qajl de, or an 20al k%l al.unoxane is preferred. The use
of triethyl al GRIRGHS @ 3AKbERIRY PP MP PRSI CONIRINNG HARIUA BIFSS MM i numand
di et hyl al um n | Qr.i et hyl di al a i 5 nore preferred.
[ 0075] Exanpl ég]hg‘tbgt%heglgﬁl e%g r%g&@hoc[%ggng%ﬁ%%i& E‘Ee%af’ﬂ’ ffie aé%%r ation of
a Zieglgr sol icgngﬁah@ﬁﬁ’ﬁt’ Wit Atl8rdaiBaudlih O & amqw £Gfd Ghect ron
donors: oxygen-contai ni n)g el ectr%%] d%nors such gs a C(%% S, gﬂenol S,
ket ones, al dekjstasn aiwnbexbinpoaentds and henetsli®iedeafpe solid catalysts
prepared by supporting a metallocene compound and a cocatalyst
component on a granular carrier. Combinations of these catalysts may
also be used.
10 [0059] What is commonly referred to as a titanium/magnesium
composite catalyst may be used as catalyst component A employed in
the preparation of a Ziegler-type solid catalyst. This composite
catalyst may be obtained by contacting a titanjum compound, a
magnesium compound and an electron donor such as the following.
15 [0060] Titanium compounds that may be used to prepare catalyst
component A are exemplified by titanium compounds having the
general formula Ti(OR"), X4, (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). [IMNustrative examples include tetrahalogenated titanium
20 compounds such as titanjum tetrachloride; trihalogenated
alkoxytitanium compounds such as ethoxytitanium trichloride and
butoxytitanium trichloride; dihalogenated dialkoxytitanium compounds
such as diethoxytitanium dichloride and dibutoxytitanium dichloride;
monohalogenated trialkoxytitanium compounds such as
25 tricthoxytitanium chloride and tributoxytitanium chloride; and

tetraalkoxytitanium compounds such as tetraethoxytitanium and
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organic or inorganic acids, ethers, acid am des and acid anhydrides; and

ni trogen-contai ning el ectron donors such as anmonia, amnes, nitriles and

i socyanates. O these electron donor conponents, inorganic acid esters and
ethers are preferred. 5[0076] Preferred inorganic acid esters include
silicon conpounds of the general fornula ROnSi (012.1)4, (where RO is a

hydr ocarbon group of 1 to 20 carbons or a hydrogen atom Rl is a

hydr ocarbon group of 1 to 20 carbons, and the letter nis such that 0 n <
4). Illustrative exanples include tetrabutoxysilane, butyltrinethoxysilane,
tert-butyl-n- 10 propyl di net hoxysil ane, dicycl opentyl di met hoxysil ane and
cycl ohexyl et hyéteibmshvakasiuhanelhesk GRATImRIRiundd netyhies gsddng %Si%rdi al kyl

et hers, and di ether conpounds of the general formula R1 R" - CH2-- -
CH2 - 0 R 14 RstombBiationhef fvove Mwethdragf. R11 to R14 are each i ndependently

a linear or br ed al kyl, alicyclic hydrocarbon, aryl or arallcyl group
of 1 to 20 car[@(géﬂ,M&Bﬂ%@&hcwﬂpgﬂn@l@%ﬂ?aﬁb@eauwﬁdF%@é@?ﬂaft safalyst] ustrati ve
exanpl es i ncl ude di butyl ether,..di | ether, 2,2-diisobytyl-1, 3-

di met hoxypr opgﬁ%lPSH%“L{z%(z"-r Pé@!ephﬁsﬁ%m&g@swﬁm%ﬁmﬁﬂé havgya| go78] o
t hese efjectro C STV Iy 0 he general

f or mul a$ RlSRl%ISa%WgﬁPgﬂespech{al @%%@rﬂﬁ%r g?ﬂ(ﬁ%gld?lféa\}g %ydr ocar bon
group of 3 toreich BBy, And WhagElesie ARRMJAtWARhNRICRNDGEingnd he silicon

are secondary or tertiary. Illustrative exanples include branched chain

al kyl groups sbitity. aslluswatiwpykamples ofuhagdnesiver tofpouhdandidtehiveaay! ;

cycl oal kyl groups such as cyclopentyl and cycl ohexyl; cycl oal kenyl groups
such as 5 cytdyee emility agludey| dighylpsgrasormasoptmmykds asdch obyl . In this
formula, R 6 is drocar bon gro of 1 to 20 carbons, i]lustrative

exanpl es of V\ﬂ]ir%%hy GRS ai‘é‘l’ﬁg@ﬁa&“ﬁs‘&ﬂkyl dibwyhaagnesiioas ad hy| |

et hyl ,1¢pr opyl I t.yk; 1branched .alkyl groups such as. i sopropyl,
sec bUk1 7Y ePe kR R Kk RGBS P SRS i 10
cyclopentyl agglofis) ohexiyialkdeiAAEIRRNH gr%(ﬁuﬁj@ as g%ehl opept enyl ; and
aryl groups such as phenglﬁly%ndﬁ%]gl yl. Al'so, In e above tor rrulg% R17 is a
hydr ocar bon gbwyletlefxyindgmediingar habs allgithaiztesiial ehpdlidesa By ogar bon group
of 1 to 5 carbons. Illustrative exanples of organosilicon conpounds that
may be used autglieagnssaen rigrdrittenor These magnesium compounds having a

reducing ability may also be used in the form of a complex compound
15 with an organoaluminum compound.
[0062] Illustrative 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
20 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
25 catalyst component A preparation, by a known method from a

magnesium compound having a reducing ability.
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15conponent si ncl udet ert - but yl - n- pr opyl di net hoxysi | ane,

di cycl opent yl di net hoxysi | ane and cycl ohexyl et hyl di net hoxysi | ane [0079] In
the preparation of a Ziegler solid catal yst, the organoal um num conpound
conponent is used in an anount, per nole of titaniumatons in catalyst
conponent A, of generally from1l to 1,000 20 noles, and preferably fromb5
to 800 noles. The el ectron donor conponent is used in an anount, per nole
of titaniumatonms in catalyst conponent A, of generally fromO0.1 to 2,000
nol es, preferably fromO0.3 to 1,000 noles, and nore preferably from0.5 to
800 nol es. [ 0080] Catal yst conponent A, the organoal um num conpound
25conponent arf@0é6heERlceroh rdonogothat magripomedtto pegpdee chtadyg kbmipohentnut ual
contact before being fed to the nultistage polynerization reactor, or may
be separ at el y 4 &itlade expgentantainimgeelpoirgmdenoratsivon as eloohols, phéres,cont act ed
wi thin the reactor. Ql{%grnative]l?y, any two of these conponents nmay first be
contact ed wi t KeEAER ydesy frboveylice RaidSI SECE0 AP MEARICS BHIBRFEARE] y br ought
into contact, t 5. respective c onents .be. brought i.nt o nut ual
contact in a Sﬁ[ﬂﬁa:&ﬁws’o?mﬁi ﬁné‘ie& B%&{?Cd Se}nhyfiggé&] %ﬂ%@gw&@mﬁet al | ocene
conpoungs tha 0, 5@% t t : .. dicat al yst

i ncl udegtrans}e%ei%g?n%&ng?;%%é#p%sgn S O ’ta@nﬁllﬁ{é&gﬁgﬁ%éﬁ?%ﬁ%&aﬁgl a. 10LM

In the formul argddi¢ acil haladsl t iGMtHEBE dlectwonl SordbraUIHREHsaVBT Ghorsaticsfi es the
atom c valence of the transition netal M and L is a ligand attached to the
transition neteid estirs,| cegatic anil axtars andeterofs drefesred. | i gand having a

cycl opent adi enyl skel eton. 15[ 0082] The transition netal Mis preferably an
atom from gr oﬂ%@é Rigfegregs ipprgapisr jasi cesterpl énchpde rlignre eammpoyndsiPAC,

e o TR A T R S R0 b 20B3) 5o L

10 group of 1 to 20 carbons or a hydrogen atom, R? is a hydrocarbon group

of 1 to 20 carbons, and the letter n is a number such that 0 < n < 4).
Hlustrative ~ examples  include  tetraalkoxysilanes such  as
tetramethoxysilane, tetraethoxysilane and tetrabutoxysilane;
alkyltrialkoxysilanes such as methyltrimethoxysilane,
15 ethyltrimethoxysilane, butyltrimethoxysilane, isobutyltrimethoxysilane,
t-butyltrimethoxysilane, —methyltriethoxysilane, ethyltriethoxysilane,
butyltriethoxysilane, isobutyltriethoxysilane and t-butyliriethoxysilane;
and dialkyldialkoxysilanes such as dimethyldimethoxysilane,

diethyldimethoxsilane, dibutyldimethoxysilane,
20 diisobutyldimethoxysilane, di-t-butyldimethoxysilane,

butylmethyldimethoxysilane, butylethyldimethoxysilane, t-

butylmethyldimethoxysilane, dimethyldiethoxysilane,

diethyldiethoxysilane, dibutyldiethoxysilane, diisobutyldiethoxysilane,

di-t-butyldiethoxysilane, butylmethyldiethoxysilane,
25 butylethyldiethoxysilane and t-butylmethyldiethoxysilane.

[0065] Preferred organic acid esters include monofunctional and
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by (substituted) cycl opentadi enyl groups, (substituted) indenyl groups 20
and (substituted) fluorenyl groups. Illustrative exanples include

cycl opent adi enyl, met hyl cycl opent adi enyl, tert-butyl cycl opentadi enyl,

di et hyl cycl opent adi enyl, tert-butyl-nethyl cycl opent adi enyl,

met hyl -i sopropyl cycl opentadi enyl, trinethylcycl opentadi enyl,

t et ranet hyl cycl opent adi enyl , pent anet hyl cycl opent adi enyl, i ndenyl,

254,5, 6, 7-t et rahydr oi ndenyl , 2-nethylindenyl, 3-nethylindenyl, 4-

met hyl i ndenyl, 5-nethylindenyl, 6-nmethylindenyl, 7-nethylindenyl, 2-
tert-butylindenyl ,3-tert-butylindenyl, 4-tert-butylindenyl,S -tert-

butyl i ndenyl, foly@fifctidubl taBERPNG adidt &ftdrsPsticH ANEigshaticZoasbogiieidiyi ndeyl ,
4, 7-di nmet hyl i ndényl, 2,4,7-tr1nethylindenyl, 2-methyl- 4-isopropylindenyl,
4, 5- benzi ndengdters2-atfeydiyd cdrtoxlytinzacidessydrs ahd Gromdten chibuketiyl acid

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

2- met hyl - 4- napHiensy| ilHugtrative eramplasyinchadey nagthek lagetatesorthpl [acetate,

2, 7-ditert-butylfluorenyl and substituted v rfions of the, above, In cases
Where there aFEUYIpPIPHIAS B | REORINAlR FHYT DUVl e R VAR sKel ot on,

those Ravi ng Heayi S5l PSP ey oubRoray ooy Igpiate, o' Ner thAN
het er oat om begity b GARS mé tpqa@.a?et, Oéfﬁymélumégraﬁgar BARAG OMBhy{ excl udi ng
groups having a cycl opent adi ene-type anion skel éon). [0085] Exanpl es of

t he het er oat osccinhatd)e ditaitgl oailcoinabgadidtlydr @dlonafdy dittityldemabongen, sul fur,
ni trogen and phosphorus atons. Such groups are exenplified by al koxy

groups, aryl osiymaginplumsleatehidilatirb xmealepteudiethyt Htasanate pdipugyloitaronatel kyl ani no
groups, arylam no, groups, alkylphosphino groups, aryl phaosphi no groups, and
aromatic or aMefht pathelate o‘ély%‘l%iu&‘yigrﬂﬁb%la??avﬁlﬁb dusaweylr i phgbalete east one

t t f 20 | fur.. nit d h t .
i ustirat ve BRI EEPER o gase e ol @ prodi AQY SRS .
or om ne and |ohg RSy THE W OCAIABRAKOHAR s BEMRAILE sk DY @i k1.

aral kyl, aryl an grou
esters. Phthalic acid diesters are more preferred.

[0066] Illustrative examples of ethers include dialkyl ethers such as
diethyl ether, dibutyl ether, diisobutyl ether, diamyl ether, diisoamyl
15 ether, methyl buty! ether, methyl isoamyl ether and ethyl isobutyl ether.
Preferred examples include dibutyl ether and diisoamy!l ether.
[0067] Tllustrative 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
20 halides.  Illustrative examples include acetyl chloride, propionyl
chloride, butyryl chloride, valeroyl chloride, acryloyl chloride,
methacryloyl chloride, benzoyl chloride, toluoyl chloride, anisoyl
chloride, succinyl chloride, malonyl chloride, maleyl chloride, itaconyl
chloride and phthaloyl chloride. Preferred examples include aromatic
25 carboxylic acid chlorides such as benzoyl chloride, toluoyl chloride and

phthaloyl chloride.  Phthaloyl chloride is especially preferred.
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[0086] Two or nore ligands L may be directly linked to each other or 25may
be linked through a residue containing at | east one type of atom sel ected
from anong carbon, silicon, nitrogen, oxygen, sulfur and phosphorus atons.
[I'lustrative exanples of such residues include al kyl ene groups such as

met hyl ene, ethyl ene and propyl ene; substituted al kyl ene groups such as

di met hyl net hyl ene (i sopropylidene) and di phenyl net hyl ene; silyl ene groups;
substituted silylene groups such as 5 dinmethylsilylene, diethylsilylene,

di phenyl silyl ene, tetramethyldisilylene and di net hoxysilyl ene; and

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

met hyl ene, et gdes)eExathprs hyt REMvISNRr( bRRFARY LARRE) cordhRh@pyAmet hyl ene,

di met hyl si l yl ene, diethylsilylene, diphenylsilylene and 10di net hoxysil yl ene
are especi al | ynqluéd terfedowjr@)87] 111 ustrative exanpl es of netall ocene
conpounds i ncl ude bi s(cycl opentadi enyl ) zi rconi undi chl ori de,

bi s( et hyl cycl(b)p%mCémgehlquldmmmm ﬁ@mlp@rmdl,eor a complex compound of

bi s(i ndenyDzi r coni undi chl ori de, gtetrah dr0|nden%F2|rconium

di chl ori de, e?h??%%‘%‘(?%@%‘f pak chhle onor, with precipitating

ai oni ort de. o gei et HARREL R | Sﬁ%ﬁﬁ%ﬁﬁ?ﬁﬁreﬂ*@ é%ﬁﬁ%ﬁm

di met hyl si | yl e@ﬁbbaﬁ@wwfe!c&aﬁ%ﬁafenyl ) (3, 5-di-tert-butyl-
phenoxy)titani um di chloride. Additional exanples include corrpounds

(2) Treating a solid magnesium compound, or a complex compound of a
solid magnesium compound and an electron donor, with a titanium
compound or with a titanium compound and an electron donor.

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

(4) Further treating the reaction product obtained in method (1), (2) or
(3) above with a titanium compound, or with an electron donor and a
15 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
20 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
25 compound and titanium tetrachloride, followed by an organic acid

halide compound, and the treated solid is subsequently treated with a
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20i n which the dichloride has been substituted wth di methoxi de or

di phenoxi de groups. [0088] Cocatal yst conponents that may be used in the
preparation of metall ocene-type solid catal ysts include organoal um nunoxy
conpounds, organoal um num conpounds and boron conpounds. 25[0089]
II'lustrative exanples of the organoal um nunoxy conpounds

I ncl udet et ranet hyl di al um noxane, t et r aet hyl di al um noxane,

t et rabut yl di al um noxane, tetrahexyl di al um noxane, nethyl al um noxane,

et hyl al um noxane, butyl al um noxane and hexyl al um noxane. [0090]
I'lustrative exanpl es of organoaluninun1conpounds I ncl ude

trinmethylalu B{mré BT%%Y}%@CBHI tﬂallHanyﬁeFrooglle a mixture of

Strii sobutyl um num an ri-n- exyI al um num ust rative exanpl es
of boron Corrp@ﬁréﬁﬁerlceﬁipé@ﬁdttﬁﬂaﬁi(mtﬁtﬁéchuﬁfdémarbyﬂésmro@ﬁgnoﬁmdphenyl car beni um

tetral ci s(pentafl uorophenyl 3 borate, tri(n-butyl)anmoni um
tetraki s(pent &7) Aomeghoeiniyl \)vbuﬂlameqmidubﬂ\bﬂﬁWmdnyacamatalymmmf a metal
10t et ral ci s(pent af | uor ophenyl ) bor ate.
oxide, dihydrocarvyl magnesium and a halogen-containing alcohol is
5 contacted with an electron donor and a titanium compound, either
following treatment with a halogenating agent or without such
treatment.
(8) A method in which a magnesium compound such as the magnesium
salt of an organic acid or an alkoxymagnesium is contacted with an
10 electron donor and a titanium compound, either following treatment
with a halogenating agent or without such treatment.
(9) Treating the compound obtained in any of methods (1) to (8) above
with a halogen, a halogen compound or an aromatic hydrocarbon.
[0069] Of the above methods for preparing catalyst component A,
15 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
20 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

25 ether, dibutyl ether, diisoamy] ether and tetrahydrofuran.
[0071] In the preparation of catalyst component A, the temperature of
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[ 0092] The granular carrier that nmay be used in the preparation of

netal |l ocene solid catalysts is preferably a porous substance, illustrative
exanpl es of which include inorganic oxides such as Si 02, A 203, MO, Zr02,
Ti 02, B203, CaO 2znO BaO and Th02; clays or clayey mnerals 15 such as
snectite, nmontnorillonite, hectorite, |aponite and saponite; and organic

pol ymers such as pol yet hyl ene, pol ypropyl ene and styrenedivinyl benzene
copol ymer. [0093] Metall ocene-type solid catal ysts that nay be used incl ude
those nentioned in, for exanple, Japanese Patent Application Laid-open No.
20 S 60- 35006, Japanese Patent Application Laid-open No. S 60-35007,
Japanese Pat ehe AARIdRIERBAWIADENN oneBRriaiGum) 2BRNRRAGRAL ent
Application Lal d-open . S 61-108610, Japanhese Patent Application

Lai d- open No. g&n&htly 1680550 lapanese Pad@nthcAppldpoaitioitatalyd-apeftyNo. S

61- 296008, Japanese Patent Application Laid-open No. S 63-89505, 25Japanese
Pat ent Appl i canid cwst, ghd-tepenraloe b (Bepadip FromaFines €50 @G nandiman of PCT
Application No. H 5-502906, Japanese Patent Application Laid-open No. H

6- 336502 and DEERese fmedd toppPr dat i dAe Ldoawaiseaddigon Hime 2tox 1hs. [ 0094]

When a petal l ocene-type .solid catalyst. is used jn olefin pg%l)éne i zation, a

cocat al yst coThoMERtERREIAM, LORHPOYAGA nERIlG ok, FP e&@ﬁBo&M GU56r on
d : : i ,
conpound may Bg,iHER 39%6%%%13{( fﬁdﬁ?cﬁrﬁﬁi‘ry@ 1{1%11? Chy GARGE 1% m%l{/s

met al | ocene-type soli and e cocat al yst conmponen be brought
into mutual CFBIlaﬁz‘in@rcbﬁfplétﬁmbe'ﬂEefr@&hdiﬂ% Qehdtfor) YubbRfueAB b ARJn§act or, or
may be separately fed into the polynerizalion reactor and contacted within
the reactor. Aaydrenaiiisdbyt atHtemipeeatnespeedmn\2d oolpddGent s may be brought
into nutual contact in a plurality of divided portions. [0095] The nass
nmean particl el#l72ddnethefpreparaipovel srtdlysi poinpasentzay.i e cadudipgt is
generally from5.to 150 gm |n a gag phase polynerization. reactor in

parti CL¢ ar, tEaSHBRMEYsdY fruried out &y ﬁwgprSFenfﬁ P RererePaigriglisech @gct or

exterior, it |s. i.rable.to al havi an rticle
di aneter of p‘lrilz}‘lfelFg a‘]% ggx eeggt%ﬁl géﬁn}c Qﬁgﬁmrreorr & ;age&eggﬁﬁygget S?@‘ist 15 gm
The pol yIeri Zgidaat: eAilrdghatt thiblie BbRARMNGARL! SRM pdFBls hitlile additi ves

such as a fluidization'aid and an antistatic additive. Tog er with the

pol ymeri zat i oprefatblyisivecd péree/chiinpreagire eadiesdofMioim 26 an200idnabt use may
al so be nmade of a chain transfer agent such as hydrogen for the purpose of
regul ating thd leeste0dl ml/gnendlan oferagre ppolojersize of from 5 to 300 pm.

15 Examples of porous inorganic oxides include SiO,, ALO3;, MgO, TiO,,

Zr0O, 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-divinyl benzene

20 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, Si0,, Al,O; and styrene-
divinylbenzene copolymers are preferred.

25 [0073} The organoaluminum compound component used in the

preparation of a Ziegler solid catalyst has at least one aluminum-carbon
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[ 0096] The ol efin polynerization catalyst nay be a so-called

prepol yneri zati on catal yst which first induces polynerization in a smal
25anmount of ol efi nExanpl es of olefins that may be used in prepol ynerization
include the olefins that may be used in the above- described

polymeri zation. In this case, a single type of olefin my be used al one, or
two or nore different ol efins my be used together. [0097] Methods for
produci ng the prepolynerization catalyst include, but are not limted to,
slurry polynerization and gas phase 5 polynerization. O these, slurry

pol ynerization is preferred. The use of the latter in production is

somet i mes ecopgi G hie ABANEAEAUMay PO ARTBYe B BRI FiiRMigHt uSing a

bat ch system a sem bat type syste nt 1 nuous system 98] The
mass nean par el firdgiser of the prepolymerization 10 catalyst is
generally from5 to 1,000 um In a gas phase polynerization reactor in
particular, to n‘inifﬁmzﬂdYgg,,atter to the exterior of the reactor, the nass
nean particle dianeter is preferably at |least 10 m and nore preferably at
| east 15 m Moreovdb R°Al-OsAdBRrabl e for the amount of prepol ymerization

I havi icl [ f 15| 0 iall
ase Lhin 10 Hhihs BBnee Ferfmilib00o Kacuporhapatam S it Eihay oo
i ntroduced i ' ' t th
| Tkoe It rodubemb By SREPRPnhY W RERisRR s pAE OB BB OF 20

nitrogen is agﬁﬁgpo%“it@@mﬁgk%ﬁ)@& tHRodand 8f HIFFRERAUNIEORLEIQRE TS
Next, the procCess of producinhg a polyolefin using such a systemis

descri bed. Fi{sd purabbiysichfthst am kgd.es contai ning a catal yst conponent
havi ng pol yneri zation activity are formed in the olefin prepolynerization

reactor 5 by HGMoMHusteathed emsimpjesanobl éhé n ceSpwalumeinimat compoundl yst .
[O101] ) epar el B Y o Totbie” Hoallylalhiotas Sucly 89, ety ialumnir and ® |+ "
triisobutylaluminum; dialkylaluminum hydrides such as
diethylaluminum  hydride and  diisobutylaluminum  hydride;
dialkylaluminum halides such as | diethylaluminum chloride and
diisobutylaluminum chloride; mixtures of a trialkylaluminum with a
15 dialkylaluminum halide, such as a mixture of triethylaluminum with
diethylaluminum  chloride; and  alkylalumoxanes such  as
tetraethyldialumoxane and tetrabutyldialumoxane. Of these
organoaluminum compounds, the use of a trialkylaluminum, a mixture
of a tralkylaluminum with a dialkylaluminum halide, or an
20 alkylalumoxane is preferred. The wuse of triethylaluminum,
triilsobutylaluminum, a mixture of triethylaluminum  and
diethylaluminum chloride, or tetraecthyldialumoxane is more preferred.
[0075] Examples of the electron donor component used in the
preparation of a Ziegler solid catalyst include the following commonly

25 used electron donors: oxygen-containing electron donors such as

alcohols, phenols, ketones, aldehydes, carboxylic acids, the esters of
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L30 into the ol efin polynerization reactor 10A fromthe nozzle 40, the
pressure is raised to the polynerization pressure, and the interior of the
cylinder 12 is heated. The polynerization 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

M PaQ preferably fromO0.2 to 8 MPaQ and nore preferably fromO0.5 to 5
MPaG. At a polynerization pressure bel ow standard pressure, the
productivity may decrease. On the other hand, at a reaction pressure above
10 M ' aQ equi pnent costs for the reactor may becone high. 10 The

pol ymeri zat i OBr%a%'fEP@{ ﬁ:é)‘ﬂ%eﬁﬁé’%iidg,se O%cgiri% Qs hlifadi aﬁ%lgaﬁ&@gnaﬁaﬁ the

nol ecul ar wei ght of roduct ‘an actors, alt gh a’tenperature

bel ow t he nel hitft%eﬁ_ﬁﬂdﬂﬂtaiﬁfngt dlectedie UoRoRoduehiess adptbrivd,efreimal)| yudles| east 10C
| ower than the nelting point, is desirable. Specifically, the tenperature

i s preferabl yahd esnc@atated 20Qf thase eelectfonpdedar adhyordentsniférghoicl’dd, and even
nore preferably from40 to 100C. It is preferable to carry out
pol yneri zat i ofStes aag cdlasrs aenprsiftreshi ch is substantially free of noisture.

ol yrer? zat 1 oA dTrte ittt eae Bt SitesceoBiyuds of B bon-
Tover ¢ e pol BaRrr SR SROR e B R by R A LT 81 B "t m
a particle di a0%h&on8forfd Hjﬂdl%g@ﬁ”at(ﬂn,5Rmi'sté3h§“&%H£rb%n%rg?li¢ Wiicly gve been

obt ai ned separately by a known nethod are fed to the T nder 12 through a

feed Iine (notarBosd)awwd)the detteeat Bosuch thatn@ b < Fhe Dlobiraiwf exansles i cl es fed
into the cylinder 12 are nost often particles which do not contain a

catal yst compshulst héafiabytoxysanerer | butyltomesloadysilaye, al tehebighii-the presence
W t hi he parti c{dgs f a catal yst 8prrp nent _having a_ pol yneri zation
acti vi (i/ is adeyidimethoxysiany Whendisgelopeatildmmsthoxysilage are f@linto the

cylinder 12 [ f ing.an _olefin nononer gas fromthe nozzle 40, as
shown in FIG ,Cl(gheg‘%eﬁﬁglgj%gt&o@m Fyol efin particles is forned within the

reacti on zonergfy) Bidferrt ethkidShcillie ALY PERLs W8 8ol BMbiRggas i nl et

orifice, the particle concentration near ‘the center a t he
cylinder 12 ig¢fthbgen@attdrammlzone 25 and a spout is fornmed in which
particles flow upward

RII

I
R**0O—CH,~C—CH,—OR!*
l
Riz

15 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. Ilustrative
examples include dibutyl ether, diamyl ether, 2,2-diisobutyl-1,3-
dimethoxypropane and 2,2-dicyclopentyl-1,3-dimethoxypropane.

20 [0078] Of these electron donor components, an organosilicon
compound of the general formula RPR'Si(OR'), is especially
preferred. Here, R” is a hydrocarbon group of 3 to 20 carbons in
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10 together with the gas. Meanwhile, an annular structure of particles
falling in the manner of a noving bed under the influence of gravity is
formed at the periphery thereof, giving rise to the circulatory novenent of
particles within the reaction zone 25. [0104] Once a spouted bed has been
formed wthin each reaction zone 15 25, the polyolefin particles

contai ning a catal yst conponent having a polynerization activity that were
formed in the prepolynerization reactor 5 are fed fromline L5 into the
cylinder 12 at a constant rate per unit time, thereby commencing
steady-state operation of the olefin polynerization reactor 10A. As the

pol yol ef m par tj¢ o] i.ni aly nent i
polynerizatiohmgggﬁeﬁtg&%Pgm/mn P%&ggghﬂkeg%tggﬁBgo%% §§£¥Pﬁ§§%r
successivel y figkihryt hroMgiatihe éstﬁﬂx%ﬂesdmzﬁloﬁ@é EHagh ANl ghﬁlprseact' on
zone 25 below, and are eventually discharged fromthe bottom downconer 35b.
[ 0105] Meanwhisheh apaoprapyl} see-ohtel, itmhnqdmﬂ-ten%@lnby@og&ﬁl foups a 25spout
and sweeps past the particle bed, while the remai nder of the gas diffuses

into the portisaeh ofs chielopantyl cirsl sydiohewylngeyntoalkenylagraspsusudires In this
way, the ol efin-containing gas and the polyol efin particles undergo
soliq-ggs con@gelpp%zﬁanﬂﬁe%ﬁ@rﬂngmpﬁh@ afal Bhenyiyand; Fplihe Iﬁoﬂw efin

o grove h of TRE i Bor & et RE haRolp oo fiiore e er PERERYE e bed To
formin each ' WL kS = Eﬂﬁ'@t f,0l |, iNg
operating conglgiﬁﬁglr?gbrbeﬁgg%}@??lgg% sﬁ@?%@ﬁ%ﬁ% 1e ga Sé?lqg%raginil:‘ﬁa I’veI ocity
U0 be equal tethgl, igopdl Bt RAaa peht/lbrahhed ARF! SURps fidh Alisygbegi ty U ns at
whi ch a spout eéglboelg l?gltcaggbl eptgf@f or m ng. I?a%ﬁjilgi on to t%g gﬁysi cal
properties of s¢chbutphwdert-lautgll 480d géaseamydi ngydiealkyledgroupe mich masn gas
superficial velqgcity Uns is also influenced by the shape of the

pol ynel® zat i oRv¢lepityl and eyl ehexylorwelnalikenyd eeomnsamch as syelenertenyle al cul at i ng

e i ni mum 632, SHRSELOLS! BlonE! SSLLY olTRon, N OARKIRHS Lo e, (1 el 0w

R" is a hydrocarbon group of 1 to 20 carbons, and is preferably a

hydrocarbon group of 1 to 5 carbons. Illustrative examples of
organosilicon compounds that may be used as such electron donor
15 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
20 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
25 component and the electron donor component may be brought into

mutual contact before being fed to the multistage polymerization
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15In this fornula, dp is the particle diameter, ps is the particle density,
pGis the gas density under the pressure and tenperature conditions of the
reaction zone, piaR is the density of air under roomtenperature
conditions, and Ls is the height of the spouted bed. [0107] The spouted bed
hei ght Ls within the reaction zone 25 is equal 20 to or |less than the

maxi mum spout ed bed height Ls wa at which a spouted bed is capabl e of
formng, and is not subject to any particular limtation provided it is
equal to or |ess than the maxi num spouted bed hei ght LsmAx. Vari ous
formul as for cal culating the maxi num spouted bed hei ght LSmAx have been

roposed, one i s, fr@r I . =) 0dGA} ( 2 -
IIO' 8 218 + cﬁﬁ%%f%n%@u'b?f Q&Ha?atél%z? g&?ﬁ?sﬁgolrnrlf‘u a?é%g?)(o ?}gﬁ%%zeare%ogr m %u(al)

vel ocity of theaqar, ttheh eontfd Within $hd Reachdmi MUferhativ iy, zaty eRo Vst oci ty.
[0108] Fromthe standpoint of volune efficiency and enabling the 5
formati on of dheser eompabéms spayt fdt ded contacied withf eadblothdrpmnt hihespout ed
bed height L, to be higher than the tubular baffle 30. [0109] As shown in
FIG 1, after dplaininggCempeneinsabiegupnidnnbranghhginéeneomactal pr othet he

ol ef i n-cont ai ni_.n as renoved fromthe olefin | ymerj zation reactor, the
condensite. myREcfEgcoBPpHe s e e opghiints wRBia SoRGEL I B Higtat cd at an
i nternedi ate ylinder 12. This enables the ol ef m nononer
consunmed by tﬁ)tef%g@fi%rg{)@éjgi on reaction to be replenished. In addition,

when the Iiqui[dosvﬂ]effsmnma_aoaierm&_ﬁnséén%_eéompbﬁm the e¥dy Meisdd toheat
renmoval from the polyolefin particles is alfso possible’owng to the | atent

‘heat of 15 vaperare ahe ometalloctmstypeutalid toatabfstr @rbideomransivien Aetadi t hin the
cylinder 12, on account of the heat of reaction, the tenperature of a

reacti on zoneceBppundsol thedellowiigpgenera foumulaer up the reaction zone 25 is
Iocatef within the C)f\léi nder 12, resulting in a tenperature difference with
| ower t%action zondsMs. Hence, to equalize the tenperature, liquid olefin

In the formula, M is a transition metal, x is a number which satisfies the
atomic valence of the transition metal M, and L is a ligand attached to
the transition metal. At least one occurrence of 1. is a ligand having a
cyclopentadienyl skeleton.

15 [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 hathium.

[0083] Ligands 1. having a cyclopentadienyl skeleton are exemplified
by (substituted) cyclopentadieny! groups, (substituted) indenyl groups

20 and (substituted) fluorenyl groups. Illustrative examples include
cyclopentadienyl, methylcyclopentadienyl, tert-butylcyclopentadienyl,
dimethylcyclopentadienyl, tert-butyl-methylcyclopentadienyl, methyl-
isopropylcyclopentadienyl, trimethylcyclopentadienyl,
tetramethylcyclopentadienyl, pentamethylcyclopentadienyl, indenyl,

25 4,5,6,7-tetrahydroindenyl,  2-methylindenyl, 3-methylindeny!, 4-
methylindenyl, 5-methylindenyl, 6-methylindenyl, 7-methylindenyl, 2-
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20 nononer is fed froma nozzle 50 provided at an internedi ate stage of the
cylinder 12, thereby enabling this tenperature difference to be held to a
m ni num [011 O] Wth the olefin polynerization reactor 10A according
to the present enbodinent, mnmultiple spouted beds are formed within the
25cylinder 12, enabling the particle residence tinme distribution to be
narrowed. Accordingly, in the continuous production of olefin polyner, it
is possible to produce ol efin polynmer having an excel |l ent structural
uniformty. Mreover, when the production conditions are to be changed,
because polyolefin particles polynerized prior to the 5 change in

condi tions caqe&_%ugﬁ%}gh%wdi sgﬂ&%lﬁﬁmgheégéﬁﬂ%gﬁn%%wu he;_appunt  of

of f-speci fication that arises as r cut to a
sufficient degigBindthsl0. bYs-RirRBiEIiRdesMal | ectofes-Blyliad&iippr esg, t he
scattering of spouted particles, the freeboard zoneS can be shortened,
enabl i ng a hi gimeiblimieykf 4,7ediandyylimlchel, ath)7evmethiidpdehil)] 2-hixethpl-esent
invention is not limted to the above enbodi nent For exanple, in the

f or egoi ng enbddisapnepylindsmyd.ondSsbagindenyl, e rbiylaxd-h8-tenesindeayls Hor
transferring lyqlefin parti ¢l from.an upstream si de regactjon zone to a
downst rdam si dEeRdidensh 2ometybanRiven ingenyls fraacihyrdohaylindsnyby ¢ he

pol yol efin pant] 5 4t 0 : nsf } ' stem. The ol efin
ol yrrer 1 zat | ot PEUSE SRpBEsAFoehll DB Gshek: 27 Bt fbifechLs 2 ooe shown
in FIGS has aBLEHRILRAS S| (ARAARE] IVRRIBRATE. hE) hEORA! itvebisesal t hough
not shown, it 1s possible’ to use a transferring neans called a double

.danper or a dedte theteblge sy plemlihi ¢h ngaﬁastmmg@@d:\l,\?@ame@m- of f
val ves 20provided on a circulation line to carry out powder transfer.
[0112] The t r skalétony thesp heands oy baenwtiaily Hikpof yniké.zat i on reactor 10B has
a partijcle reppvi ngir line L31 which renoves, polyolefin particles from an

&

upst r el si del[0034d tliigandsoheotber, than thpshaying 2 pydopatadisnylaskeldnr end of
th ticl i ng..|i ne, L31 ticle feeding |ine 25L33 which
f oade pol yol efitn Bl ERAcoY e RS Bafis ‘aupt “BalbloncRPukrdf go
s es € ¢ N . t
|t er g at o bidosiBorditohho tecdisfl Bolipd Hatfhe 2 orf|dptie®nBl | o) 4

t he vapor-liqgﬁgn%gagﬁﬁgpr 66 are |inked together by a line L36 on which is
di sposed a conpressor (nhot shown). Part of the recycled gas separated off
by the gas-|i {10i8d] fopapdtoof Gheilstéredtons igatheflaateroatom-bearing group

15 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

20 among oxygen, sulfur, nitrogen and phosphorus atoms. Illustrative
examples of the halogen atoms include fluorine, chlorine, bromine and
iodine atoms. The hydrocarbon groups are exemplified by alkyl,
aralkyl, aryl and alkenyl groups.

[0086] Two or more ligands L. may be directly linked to each other or

25 may be linked through a residue containing at least one type of atom

selected from among carbon, silicon, nitrogen, oxygen, sulfur and
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5ej ector operation. [0113] In the above enbodi nents, an ol efm

pol yneri zation reactor in which five spouted beds are fornmed in the
vertical direction has been described. However, the nunber of spouted beds
is not limted to five, and may even be one. Fromthe standpoint of
achieving a sufficient 10 plug flow effect, the nunber of spouted beds is
preferably at |east three, and nore preferably at |east six. Mreover, the
plurality of spouted beds need not necessarily be fornmed in the verti cal
direction. For exanple, a plurality of reactors within each of which a
single spouted bed is foined at the interior may be arranged in a

horzont el 0 AR WL LS. of S KAERChRlyfesion and

t he operation-co r e volume of each

reactor stage flesOBiduph shile apalorRyIehd ntRAch Ghe pRShydentd sQbstigiiddence time
So as to narrow'the residence tine distribution of the polyolefin particles

and to nake t hdkydemuingroaps palcholsf idimpthgtiuethicaie ¢Robraydidend) neldudi ng t he
ol efin 20prepol ynerization reactor 5) nore uniform [0114] Moreover, in
the above enbsdphamyinethylepgssilylanevgiaipsasubstinitad sdpldnegroups 8@hias di sposed

near the gas iple rjfice of the second tubular baffle 30 fromthe top.
I—|0wever,g t he 6’8@?@9’3‘%@% number %F&yi?ﬂh’ﬁ‘a’eﬁ eed noz z§ligherysitdenge suitably
2et e Sl LS, IR gl SEPRNEIELARUIRLE FACHrh BiSaR gsEY, oL
equal i zed by th a i ne t pde liquid

f eed nozzl es 50. %&I fer a%e?ige y?lra%ngﬁ’Pgﬂ#hgggs'nogfzﬁé%e’n% @eg%ér:!ovi ded
near the gas iety®dneQr idimethydhestdheof (it gmélﬁ, baibhb@AnPhylbRd 15] I n
addi tion, each (ﬁéthe domng%hﬁgrs 35a gnﬂﬁgg rrentDi on-gd 1:?3‘;1 5 o};le of the
above enbodi méimsthiybsslylenepp endidthsilylent,r udesdiphendsidylendul ar andf f| e 30.

However, in cases where the polyolefmparticles are inpeded fromfl ow ng
bet weeh0 t he odimethexysibenceare sspeciabepwdeuebrer s 35a and 35b and the inside

f f th i.nd 12 t he insi.d f f th bul baf f |
30, the downolWEVA BES T6:ommEihmy foanaaHeR e Gamagings’ nBERs pr ot r ude
above the i nsb&g‘fﬁ?@%ﬁ%@%%{&gﬂﬁpemI ve tubul ar baffl %Eclﬁgridé n such a

case, a nechani val ve) for regul ati ng the anodnt of
particl es whi gﬁ(ﬁi&@@rkfy’cﬁfﬁeﬁfhd{@g@jzi{cgﬁﬁﬁﬁon zone 25 to a ljpwesrideaction
i provi de

zone 25 may be suitably on each downconer. 15[0116] Next, a
preferred arr hisgademtl)zdfconhenpol yol ef i ndighixdidet i on syst erbigdi,£,6,7enpl oys a
bul k pol yneri zation reactor as the ol efin prepolynerization reactor and
enpl oy® an ej Eirabydrjrdasmaicomiym dicdonde.i eifiymabis(indenid irdopatni n det ai |
while'referrina, o Fl G 4. The nolyolefin production sxstem.100C shown in
dichloride, dimethylsilylenebis(indenyl)zirconium  dichloride and
dimethylsilyl(tetramethylcyclopentadienyl)(3,5-di-tert-butyl-2-
phenoxy)titanium dichloride. Additional examples include compounds
20 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.

25 [0089] Illustrative examples of the organoaluminumoxy compounds

include tetramethyldialuminoxane, tetraethyldialuminoxane,

37



20pol yneri zation reactor 5 and an ol efin polynerization reaction 10C havi ng
at the interior both top and bottomreaction zones 25. [0117] The bul k

pol ymeri zation reactor 5 polynerizes an olefin in a liquid phase contai ning
an olefin polynerization catalyst, thereby form ng polyolefin particles.
The polyolefin particles fornmed in the 25bul k pol yneri zati on reactor 5 pass
through a line L5 together with liquid olefin, and are fed to the olefin
pol ymeri zation reactor 10C. A nozzle 68 for feeding a slurry to the top
reaction zone 25 is provided, as shown in FIG 4, at a position |ower than
the powder |evel 85 of the spouted bed. Wien the slurry is fed into the

or of or abl & 10'% BpuPARRRERkSAE e bR LOEARE MGy B BlnoBhe. o ) °

velocity, fol bﬂi@ﬁmgnﬁ@é}&a&liega&érymmﬁfoxtaheah&%k aRJrﬁih;'gQarY@.thi n the slurry

does not exceed’the mninmum fluidization rate {Us) of the polyolefin

particl es hel o090 Hillnstrixéve easibles adnregadmaliByinueg Woripoi@ds hackiderry feed
rate in this way, it is possible to fully prevent the flow state of the
spout ed bed f tromethybdwinmpronst abkeethPlaluthingas,i f i catri-orbusylalumeinkingui d ol efi n
inside the reaction zone 25. [0118] In the arrangenent just described, the

slurry ?s fedfisehatylabysinumand bidrhexylafumeuBonder | evel 85. However, the
o7zl & 6. may YRS IRER S Sragbt FoRthy BHERh { B P R Bondribvel 85,
fims i s made PSCHARBRhARIRENRE CUC are of thet BhsRyKabahal NoL o Rept
-from becom ngiagispidiRaMdBphéigpasi fi eatdten of t@ﬁnlﬂuﬂjdzﬁnﬂlbﬁfdn@ [0119] As
shown in FIG 4, a gas feeding nozzle 40 provided at the bottom of the
cylinder 12 fetdkisfpgasihoarsphésf) n mordeer dml t hd Neditrethylanilinium
10 tetrakis(pentafluorophenyl) borate.
[0092] The granular carrier that may be used in the preparation of
metallocene solid catalysts is preferably a porous substance, illustrative
examples of which include inorganic oxides such as S10,, Al,O3, MgO,
Zr(0,, TiO,, B,0s, Ca0, ZnO, BaO and ThO,; clays or clayey minerals
15 such as smectite, montmorillonite, hectorite, laponite and saponite; and
organic polymers such as polyethylene, polypropylene and styrene-
diviny! benzene copolymer.
[0093] Metallocene-type solid catalysts that may be used include those
mentioned in, for example, Japanese Patent Application Laid-open No.
20 S 60-35000, 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. § 61-276805, Japanese Patent Application Laid-open No.
S 61-296008, Japanese Patent Application Laid-open No. S 63-89505,
25 Japanese Patent Application Laid-open No. H 3-234709, Japanese

Translation of PCT Application No. H 5-502906, Japanese Patent
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20 of the cylinder 12 via a line L30 and a conpressor 54. A gas discharge
nozzle 61 is provided at the top of the cylinder 12. Gases that have risen
t hrough the cylinder 12 are discharged to the exterior via line L40, and
gas-entrai ned particles are discharged by a cyclone 62 that is optionally
provi ded. The gases pass through a conpressor 64 and a 25heat exchanger 65,
then are introduced to line L30 via line L35 and recycled. [0120] As
descri bed above, the ol efin polynerization reactor 10C uses an ejector
system as the transferring neans. This transferring neans includes a
particle renoving |ine L31 which renoves polyolefin particles fromthe

At cl o ermiG AR LESToP foal baPepLapd aifngh Polen ABPUFER 't ceds
pol yol efin pa%&&_bﬁgni\foqtﬂe%_@zﬁb&ct or 32 to the bottomreaction zone 25. An

on-of f val ve I stSituatedalong the particle renmoving line L31. Lines 38

are connect ed [@@ﬂhwmﬁr i Gh&QaNEHRLIDEe | 4R Lddalpt Gdeusdnsts egi¥ini de and
t he downstream si de of this on-off 10val ve 80, enabling a gas for

preventing cl pghyimegrizatiohe af escatalyst thappagiti alch seanvomggnbalomilkdh via the
gas feeding lines L38. [0121] Part of the gas that has been pressurized by
t he condressorospousdped honem agmpbivpd mayba wsedHegethectigecgsaryThils gas is

used for ejector operation. In addition, part of the gas pressyrized by the
conpressor  18U@Y Gages, othe; m%&}mepﬁém r@@%watai)@tt%f; r}E‘?t?(&aéaLfY%rmvi ng
line L31 on the upstr.eam and. downstream. sides .of the -of f valve 80. This
ghe i s used t BomPBTutREY 35 hRBH s STBA Rl ko8 bl Aot o a2
-10122] The fl r - Lhe. ej r i j S Ul to an
barcrtulnr 11 e DAEnRliZklitn SIEELET, GPOhAY | 8O SaRruSOfedd Ui he D 20Y

di schar gi ng t pelypdriatiohresast afd esntadiag vatid the efacGRs WIREnAtD/ey,event
clogging is preferably about 10 parts by volune per 100 parts by vol une of
t he gab0for ofier atspagiteheompenents . mIp hreebraighy iptoewertvalct@ygadtnp of t he
on-of f valve 80 and the ejector 32, it is preferable for the gas to be fed
constantly thPB‘\E@lHYqur?BEI d@ottipnshe upstream and 25downstream si des of the

on-of 1, el v FRGMIAIS GRRLPHLS Shabde FhhOuPOLtTHL 2Bl dhtor 100
polymerization catalyst is generally from 5 to 150 um. In a gas phase
polymerization reactor in particular, to suppress the scattering of

15 particles to the reactor exterior, it is desirable to use a catalyst having a
mass mean particle diameter of preferably at least 10 pum, and more
preferably at least 15 um. The polymerization catalyst in the present
embodiment may include additives such as a fluidization aid and an
antistatic additive. Together with the polymerization catalyst of the

20 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

25 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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on-of f valve 80. [0123] The ol efin polynerization reactor 10C has

capaci tance type | evel gauges 93 and differential pressure gauges 90 for
measuring the heights of the spouted beds (the positions of the powder

| evel s 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
85 to be nore accurately understood. To prevent clogging of the connection
lines for the differential pressure gauges 90, it is preferable to carry
out line blow ng constantly or periodically. 10EXAMPLES [0124] Exanple 1
A cylindrical cold nodel reactor made of transparent polyvinyl chloride and

capabl e of formng t spout ed be iLnside the l,i nde furnished to
Cvestigate ¢ berauBnERRARonT Sy S EREn S ST AR BB i zat s on
reactor accor gj tgiet\wﬂf ' [ Thi j t ubul ar
baffl es of i m‘/ﬂg?c?gf Coni ca Slgﬁ‘g;})eem\?\n%?ﬁha&gggs I?lhfgtgqjosé‘fl |cctaﬁéteﬁer ein, each of
whi ch was pai [egoyy Mbtl@ocﬁ;oﬂirclﬁ‘bdﬁlﬁﬁgﬁﬁé (}j’rep@l?fﬁféﬁiéﬂoﬂ@ﬁﬁaﬁ}@@ﬁh&lud@,d
coaxially within the cylinder. [0125] The cylindrical cold nodel reactor
had an i nsi de bdi amet enotdBimited0 t600slmmmy grdymbezaam | mkdt gas i phaw at t he
bottom end of each tubular baffle had a dianeter dA of 100 mm Accordingly,

in the PresentPobrapprasion; h&theses suyydpplyarerization ieprgisrada) ekhegisef i ce
Lnder i nside dianeter dB was 0126] The

di t dA h | . 2. :
e o b S i SRyl s B Ees soBaoBicallycAdentagsPRs unf 1| os

of inverted cenj - sh nd f. Lzant al Lhel i nation
bet ween t he og?é(?%lémzlu@? gcbgs&g%@@ ﬁg?gg@e%f% 3?82%8%%t%g%%a?éh6h{bgl wer e
each 65. The tygeiUu] &nthabls St&avi ng an inverted coni cal shape were each
provi ded with a downconer having an inside dianmeter of 40 mm The coni cal

defl ect ors hadl0Gog]i Tis¢ daaghi anehepadicld héiabetdroof ehd pfepdBandniaatiand wer e

holl ow at the interior. 5 [0127] The gas introduced into the unit was
room t éfiper at gatehwsi r js vgrnerallyasirémd 5 ntaat 1,800 apuen.of Th 5a nBapephasenut e. The
particles used re.pol ypropyl ene particles havi n% an average particle size
of 1,100 gm PRYRYFAEBICIAT HbRAUEHET Ko THBIEMSFEEEtIPdRe Qfer e each

filled with 3Qeka o R2 R ARY B0S BAHAS ifRietd SHRRYIKY 23R B" ©

um, and more preferably at least 15 um. Moreover, it is desirable for
the amount of prepolymerization catalyst having a particle diameter of

15 Iess than 20 pm, and especially less than 10 pm, to be low.
[0099] The polymerization catalyst may be introduced into the reactor
as a suspension in a hydrocarbon solvent or the like. Introduction by
entrainment with monomer gas or an inert gas such as nitrogen is also
possible.

20 [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

25 polymerization catalyst.

[0101] Separately from the above, an olefin monomer gas is fed via line
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10fornmed in the respective reaction zones by feeding in gas at the above-
indicated rate fromthe gas inlet orifice in the bottomtubular baffle
[0128] An anount of pol ypropyl ene particles identical to the anount

conti nuously di scharged fromthe downconer was subsequently fed in fromthe
topnost portion of the unit. Next, 3 kg of polypropylene 15 particles
havi ng the sanme average particle size and colored red was fed in for a
limted time, the amount of colored particles in the particles discharged
outside of the reactor was nonitored over time and, using this as the
pseudo i npul se response (delta response), a transient response curve was

obtai ned. To MY #106 thd181cFHMOBETynRE 80P F@Rtor2(D A dm ¢heeBozAdB0atheval ue in
the L*a*b* col or system was nheasured with a color difference neter (Color

Conput er SM 5, pressocef sahiseddo biye Pubyanerestiohnstssungnnd the intetivdo)) thend t he
amount of colored particles was determ ned based on a previously prepared
wor ki ng cur ve.cylinder [Dispgiated. G Bhaspalysierization prssizewhichumey dstanyesponse

curve in 25exanple 1,.and also the . data for both two-t.ank seri.es and a
three-tank sePFesuWEw PG ich Fecelotn i aepioal bR Pemcdel - 1 n

compar abl et o Prardf s 8okt EBGs SEeniely R RS SRR ITIN (v e
fluidized bed?%[f’%&?‘@%%éwlbnfgdgﬁm% Mﬁagd}%bf@pﬁ%rgg{yo&gﬂlegg garticles

(average part ze, used In this exanpl'e are classified as
B particles i MGl Anatpolymesizhlicabrasurf b§lai sahdard! preskuza! then
properties and thus can be easily fluidized, it was confirned that spouted
beds stably f produstigitywnth deuslaspar Ondhe ath§roliBt], abearepitéon Preseurd
10Exanples 2 to 9 below were carried out_to investigate the relationship
bet ween the s@boye il0yMia(y egepment peds fIBF ) reactar Megcbeeing dib.and t he

shape of, the ﬂgu%%[ylgnglzfaltﬁh [tgr%gg atuEr)éar\T/EI[igs 2according to the type of

monomer, the molecular weight of the product and other factors,
although a temperature below the melting point of the olefin polymer,
and preferably at least 10°C lower than the melting point, is desirable.
Specifically, the temperature is preferably from 0 to 120°C, more
15 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
20 within the polymerization reaction system may [ower the
polymerization activity.
[0102] Next, polyolefin particles having a particle diameter of from
about 0.5 mun 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
25 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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A cylindrical cold nodel reactor made of transparent polyvinyl 15 chloride
and capable of form ng a single spouted bed inside the cylinder was

furni shed for use. This reactor had, disposed within the cylinder, a single
tubul ar baffle with an inverted conical shape having a gas inlet orifice
and, paired with the baffle, a single deflector with a conical shape.

20[ 0133] The cylindrical cold nodel unit had an inside dianeter dB of 500
nm and the gas inlet orifice at the bottomend of the tubular baffle had a
di aneter dA of 100 mm Accordingly, in the present exanple, the ratio dA/ dB
between the gas inlet orifice dianmeter dA and the cylinder inside dianeter

dB was 0. 2. 25&(9&%6{1{%5%3%'3? gg'gyrdlélﬁaitiaﬁt Eﬁf\ri%té@ﬁ%ﬂﬁﬁhﬁﬁei Pidsfigeesur f ace of

t he tubul ar baffl'e havin ted coni cal ape and the horizontal and

the angl e of iwhinngid partiohis\ea dabyRushstthent hbaig fpoljraedaitionct or and
t he hori zont al vyere_each 65. The conical deflector had an inside di aneter
at the bott omasticrityfis 83G@ptable.and was hol l ow at the interior. [0135] The

interior of the reactor was filled with 40 kg of 5 pol_y(grople ene particles
havi ng an averl&4@3bd¥here pelysieln perticlasparefed Atgathengidindsy 2h vwhilsm t he gas

inlet orifice,.and the flow state of the polypropyl en arti S, Was
observed. The fgs@ngﬁﬁq}aﬁeg&or}qw% &4 Qmitge\ﬂzégzlfaé%n?? Wé’i‘ﬁ:[@ Zir, which
was fed in at }: ﬁ]ﬁ ]ﬁ& I an

ordi nary spoutagsjiﬁltéﬁi ?%%évfé?fj{aleeqﬁ{a% olgfsé%(ri%g !e(r%il% I'C Fﬁfg&gg)?ltiloc Fe
concentrati on gsearTHigs GR{HeR th¥étforLbf HiRCeAYVirbRIRE 9M8Sn]e@WrifReSiRUL Of
upwardly flow ng gas and particles stably fornmed, and particles dropped
.down in a novipagtidledostatteitiah thing neer thehwenyertayéy edthe [((§liddér Exanthee 3
15Aside fromsetting the diameter dA of the gas inlet orifice at the bottom

end of the tubgiciionbzdnel 2 aad 25peit isnformad infwhicl paticled Howagpward to t he
particl

Pol ypr dfiyl one BB PO Hife ibbs MFBEN A $hicgmBIER FETarEHY PAEESOAl o
hetveen e gl Atk cd B Uk 6 e sy, Lt o
was observed iffrh&ifafth8SRAPhEXAMBIRL, giving rise to the circulatory movement
of particles within the reaction zone 25.
f0104] Once a spouted bed has been formed within each reaction zone
15 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
20 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
25 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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[0138] Exanple 4 Aside fromsetting the dianeter dA of the gas inlet
orifice at the bottomend of the tubular baffle to 125 mminstead of 100
nm air was 25fed to the particle bed in the same way as in Exanple 2 and
the flow state of the pol ypropyl ene particles was observed. In this
exanple, the 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 BAside fromfeeding 7.1 nB/mn of air to a particle bed conposed of

pol ypropyl ene particles having an average size of 900 minstead of feeding
7.5 mB/ mn of jRithist §ag, RBE Ld16Hi8-cBAMIFIAFPOSE Anaf tH@:OLp)é o gRetiglag ti cl es
havi ng an average sizé of 1,100 m air was fed to the particle bed in the
same way as i undetgomEodid2eandorithet bhdwhstatienodf tthe chtalygpolvwthioplyd ene
particles was observed. In this exanple, the ratio dA/cla between the

di anet er dA opolyhlefigagarticles emises chearndelihepelymatyaiion n&gagdod| et er dB

was 0.2. As in Exapple_ 2, an ordjnary spou bed fl ow state was observed
in the pr esenPf%Q%ggP%ﬂ“I%Mgﬂo“ﬁhé’%ﬁh“‘ep y?%%g‘i%‘“?lf:ﬁrm setting the dianeter
dA of the gas.jnlet. orifice at t end . tfle to 75
nm | nst%ad of [dllgé?rlr:'r?lr aa:ft?&\?/ag?()*l%g%%o '{Ohig)r%la{}'t ?%heltegg%‘g I%J%éﬂe‘ﬁ%s’?grlr% way as in
Exanpl e 2 andPlteel?@r%lElleotWafSHﬁt g)lR}fwiﬁ%g)[p@PitM}%r&ﬁidiﬁM b@%*aﬁkﬁécﬁ?.é(‘{aﬁlaﬂbserved-

In this exanp e ratio dA/dB ween the dianeter dA of the gas inlet
orifice and tﬂ@dg%g%mbéﬁii@u velsdigfeUg barsguel ol greated thdn thésnimimexanpl e 2, an

ordi nary spoute ed flow state was observed in the present exanple.
- gas superficial velocity Ums at which a spouted bed is capable o
forming. In addition to the physical properties of the powder and
10 gases being handled, the minimum gas superficial velocity Ums is also
influenced by the shape of the polymerization reactor. Various

formulas have been proposed for calculating the minimum gas

superficial velocity Ums. One example is formula (1) below.

1/3 0.2
Ums:d—‘p[i”l—] \/szS(pS_pG)x[pGJ c e e (1)

3\ 45 P Pam
15 In this formula, dp is the particle diameter, pg is the particle
density, pg is the gas density under the pressure and temperature
conditions of the reaction zone, par is the density of air under room
temperature conditions, and Lg is the height of the spouted bed.
[0107] The spouted bed height Lg within the reaction zone 25 is equal
20 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)

25 below.
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[0141] Exanple 7 Aside fromsetting the dianeter dA of the gas inlet
orifice at the bottomend of the tubular baffle to 125 ruminstead of 100
nm air was 25fed to the particle bed in the same way as in Exanple 5 and
the flow state of the pol ypropyl ene particles was observed. In this
exanple, the 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 HAside fromsetting the dianmeter dA of the gas inlet orifice at the
bottom end of the tubular baffle to 50 nminstead of 100 nm air was fed to

the particle bed in the s way as.ln Examl and the flow state of the
{ QbSrle _tf?ntﬁé’g eE

pol ypr opyl ene parti Efes WES. @bﬁ%qv% anpl e,. th(gzgati o dA/ dB
between the di ameter dgA ofZ tihe gas inlgtumrifice and the 10 cylinder
i nside dianeter dB was 0.10. The formation of a spouted bed, although

unst abl e, was confilnnhis fernidlasuexahphtamitblvelosity tofehs patticlen wed
off-center, formng at a position other than the center axis of the
cylinder, whi &hsisithe minimenfluidigaiion selpgity.ati on in the hei ght of the

particle bed ' ral fo the spout. In addifjon, the spout. form ng

posi tion 15\A/a£8giﬁc§r}m'?f\9€ﬁt ® sipadpgant of Sepiviee) § Yt ?ﬁ%.erﬁgh%]&&aml e 9
Aside from setting. the.di aneter dA of the.gas inlet orifi.ce at the bottom
end of The ¢ et  BREE pid b lied 88408 T eBBlabR bini B8 sBowkH®, 0°% he
particle bed i : i 1@%5!) he flow 20 state of the
pol ypr opyl ene.!jg%?l'?fg(}:l gﬁﬁmﬁggm?QWt |§ﬁg§grbrpl e, the ratio dA/dB
‘between the d{GI0ENeAs sowih i FEGIRSaftarl Blaifinialfd eendbndatb sy €oddensiag 1 nsi de

di aneter dB was 0.10. The formation of a spouted bed, although unstable,
was confirnedsemet &i sllewéintheeoleTinatornitaninghgas peatovedv&dnofthe calafier, f ormi ng

at a position other_ than the center axis of the 25cylinder, which in turn
resul ted in aPolmesizatanirqaetas theicghdortate mayphe deéite the cylinder 12

10 from a nozzle 50 located at an intermediate stage of the cylinder 12.
This enables the olefin monomer consumed by the polymerization
reaction to be replenished. In addition, 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

15 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

20 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

25 cylinder 12, enabling the particle residence time distribution to be
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bed peripheral to the spout. In addition, the spout founing position 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 (Polynerization
Step I'l) in which 5 propyl ene honopol yneri zati on was carried out using a
spout ed bed reactor. The polyolefin production process carried out in
Conparative Exanples 1 to 3 included a step (Polynerization Step I1) in

whi ch propyl ene honopol yneri zati on was carried out using a fluidized bed
reactor instead of a spouted bed reactor. The polyolefin production 10

process carri efpided N @&%Bﬁiig%l ,Chﬁ‘xf th8 € comuRidub OPrddﬂfé{iHHle AoRLRP

(Pol ymerization Step II1) in propyl ene- et hyl ene copol yneri zati on was

carried out usiodgner, Spdupesitiedor gadiied oldfin pxlgimprdsvitl ha ddchad
Conparative Exanples 1 to 3, the physical properties of the polynmer were
measur ed and etatwaaleohitsmitys c Moxedvie wden thepotlastiof cpnditions asito Vi scosity
(units: dllg) THr ee different sanples were prepared by dissolving the
pol yner in 1, Pe3changed; hegansnpehraialin neartisiey epplymsrized detied #p nig
concentrations, The. pol yier concentrations of e respectiyve.sanpl es were
set to B 1 g ghang i Giditanso 6 grab imetheditan v St 1 250 °° 0

t hese sanpl es gau-ad; : r i el ohde

Vi sconet er. Ir?ﬁg)gu?(t)rggancg%\j&mfﬁhu?ﬂiﬁnei Ebﬁ&dﬁg S%a?%%?%?#?ﬁﬂg)e@t:t@gd on page

491 of KCbunsiiufieRait] ddghot.y TRIsos dibiViding WH GorsS20 Qb Uilipphdss ofheKabunshi
Ji kkengaku [ Experi nmental pol yner science] (1982, Kyoritsu Shuppan), the

reduced vi scostdtierimgsop bppditted paeides thhdr&boant emasatarobe shioetehdd i ntrinsic
viscosity was determ ned by extrapolating the concentration to zero.
[0146] (ii) E@n@blmgeahmhtvcémwﬁﬁm@nwt%be gehieged. The ethyl ene unit

cont enf e SebSTLASC DY Lne, LR Specty U et oy | penceordapee i1 1R
pol yrrer handb?Bi‘]ex(a}t?pqg,’ in the foregoing embodiment, downcomers 35a are
employed as the means for transferring polyolefin particles from an
upstream side reaction zone to a downstream side reaction zone.
However, it is possible instead for the polyolefin particles to be
15 transferred by an ejector system. The olefin polymerization reactor
10B of the polyolefin production system 100B shown in FIG. 3 has an
ejector-based transferring means.  Alternatively, although not shown, it
is possible to use a transferring means called a double damper or a
double bubble system which uses two, spaced apart, on-off valves
20 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 1.31 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
25 I.33 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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5Ki nokuni ya Shot en).

content FE) (units:

As used herein, "ethylene unit" refers to structural
units which originate fromethylene. [0147] (iii) Polymerization Activities
i n Respective Polynerization Steps (units: gig) The polynerization
activities were calculated by dividing the 10 weight (g) of polyner
produced in each polynerization step by the weight (g) of the solid

catal yst conponent fed to that polynerization step. [0148] (iv) Copol yner
Conmponent Content FEp (units: w % The copol yner conponent

wt

% was 15cal cul ated using the follow ng formula. FE?

VEp/W X 100 In the fornmula, W stands for the total anopunt of polyner

pr oduced (hompahiaes aﬁCIH&QﬁﬁHIat@ @smaqwm:r p&HERORAM ViSO MREE!). per unit
time, and WEp is the amount of copol yner conponent produced per 20unit tine

i n Pol yneri zatiiherejé&item X hid dhe {dpbfdquid Jepardtot 66 i Hifikeddasgetheoby Rol yner
Produced in Respective Polynerization Steps (units: dl/g) The intrinsic

viscosity [fl lipe Ici6 omevipoh yMrspomtb@rﬂ:@mprpﬁS@u(micﬁhOWH) Part of the

10

15

20

25

recycled gas separated off by the gas-liquid separator 66 is fed as gas for
ejector operation.

[0113] In the above embodiments, an olefin polymerization reactor in
which five spouted beds are formed in the vertical direction has been
described. However, the number of spouted beds is not limited to five,
and may even be one. From the standpoint of achieving a sufficient
plug flow effect, the number of spouted beds is preferably at least three,
and more preferably at least six. Moreover, the plurality of spouted
beds need not necessarily be formed in the vertical direction. For
example, a plurality of reactors within each of which a single spouted
bed is formed at the interior may be arranged in a horizontal direction
and coupled in series.  Also, in reactor design and the operation control
method, it is preferable to design the volume of each reactor stage and
control the polyolefin particle hold-up or residence time so as to narrow
the residence time distribution of the polyolefin particles and to make
the amount of polyolefin produced at each stage (including the olefin
prepolymerization reactor 5) more uniform.

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

of the respective reaction zones 25 can be equalized by some other
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in Polynerization Step (1), the intrinsic viscosity [n]p2 of the polyner
25conponent produced in Polynerization Step (11), and the intrinsic
viscosity [fI]EP of the copol yner conmponent produced in Polymnerization
Step (I1l) were calculated using the followng fornmulas. [11] = ([112
[111131 X WPI/ (WPl WP2)) X (WPl WP2)/WP2 [rdEP = ([1113 [fI]PI X W1/100 -
[flip2 X W2/100) X 100/ VWEp S5Where [11],: intrinsic viscosity (dl/g) of

pol ymer from Pol ynerization Step (I) H intrinsic viscosity (dUg) of

pol ynmer follow ng Polynerization Step (I1) [t]]3: intrinsic
viscosity (dl/g) of polyner follow ng Polynerization 10Step (I11) WPl :

A t of I : I P | [ i i A t of
ool yor _pr odutha Th oS ae DSt ek o P Pka | S180) "ot ) Bt hyl ene

Unit Content ofikahtvaly, LequaTest nrAdv0eany be Pasidat nom tRopysriétzat i on
Steps (units: w % 15%he ethylene unit content EEp (units: wt % of the

pol ymer conponeificepit edelcetihienutrdbybafflez 30i on Step (111) was conputed from
the following []E)(ljlrSrﬁu{naéddlziggn,:ei?:hﬁflﬁclg /dlz)\lwncomers 35a and 35b mentioned in
5 one of the above embodiments has a top end that protrudes above a
tubular baffle 30. However, in cases where the polyolefin particles are
impeded from flowing between the outside surfaces of these
downcomers 35a and 35b and the inside surface of the cylinder 12 or
the inside surfaces of the tubular baffles 30, the downcomers 35a and

10 35b may be constructed so as not to protrude above the inside surfaces
of the respective tubular baffles 30. In such a case, a mechanism (e.g.,
an on-off valve) for regulating the amount of particles which drop from
an upper reaction zone 25 to a lower reaction zone 25 may be suitably
provided on each downcomer.

15 [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

20 polymerization reactor 5 and an olefin polymerization reaction 10C
having at the interior both top and bottom reaction zones 25.

[0117] T he bulk polymerization reactor 5 polymerizes an olefin in a
liquid phase containing an olefin polymerization catalyst, thereby
forming polyolefin particles. The polyolefin particles formed m the

25 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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Here, E3 is the ethylene unit content (units: w % of the pol yner

20fol l ow ng Pol yneri zation Step (I111). [0151] (vii) Fisheye Count (unit:
count/ 100 cnR) The polyner was fed to a T-die filmform ng machi ne
(rmanuf actured by Tanabe Pl astics Kikai; T-die width, 100 nm) equi pped with
a single-screw extruder having a screw dianeter of 20 25nm and a 50 ]ini
thi ck sheet was manufactured at a tenperature of 210C. The resulting sheet
was placed on the platen of a scanner (GI- 9600, manufactured by Seiko
Epson Corporation; resolution, 1600 dpi). Next, a Hansa Hard Chrone
Ferrotype Pl ate (produced under this brand nanme by Om ya Shashin Yohin M)

was pl aced over fingeshestedthd b ki @ B%of 1oIHRAGoRE 98 i9hrVigeliat e faci ng

the sheet. Selti ng the scan utron to 900 dpi and the tonal

gradations fogh&aghnPEKE!4, 1R Bpbiitien 16Wet ERGEIRS péhdersheel 85wt that ered into
the conputer as a black-and-white inmage and saved in a bitmapped format.

This i mage waspelitgd beded Wisémthel shage iaded yitosthe otdatimnezopgriidirosdaby Asahi
Kasei Engineering Corporation under the brand nane "A-zo | CLin"C ). Fisheyes
were 10 recogppgitidndewar dms thhgovedes lpyel gy of istpraferaifleite regiaisURsi ngs.

Because_the fisheyes were of i ndefini.te.shape, size o ach f.i sheye was
equat ed3t o t héluéiliygﬁe?éfl &tesp '—Ea‘ctﬂ? sveergieial W@F@%k&h@wlﬁ% ga%ﬁggt}orhﬁj t hey
nunber of fisheyes havi,ng._a_dli r 2 r S i ned. The
fi sheye count 1G9, %ﬁﬁﬂe‘f‘%@%hﬂmhgg%sg@Sgre%gﬁ&wgn%%gi tﬂe sheet
0152] Ex I i i s i bl ‘8l

[ ] Exanp ﬁuméﬁgﬁﬁki@@ 6P£He0%yoleﬁn@)a§nélb§, REIdSHihin!(BS feattiog

aut ocl ave equi ppe rrer S charged with 1.5 L of thoroughly
dehydrat ed andogleasr aB?(}eEulhﬁﬁglﬂ% s|BfryFéed raroth tiak viay] Btibposdibleitoum and
3.75 mol of cycl ohexyl et hyl di net hoxysilane. To this was added 15 g of a
solid cat al ysfulbopreyeanthe ﬂ@WIMrm@tgmBmt% bgd dtomp hepgmirgeunable
continuously fed in _over a perjod of a OUt@L%% m nut es whie hol ding the

t enper 80 ur e wirtith gasification dh%ll‘,iﬁu@t(’lﬁﬁgmﬁ ¢ ERTHBRP L vi ng out
25pr epol yner f(?lt liS?n['n E’E:e aﬁ%ﬁggrhgrﬁe Jrllls% aéeis(c)rqbesé,u{hrey sﬁ\%sy ety thamsherred
position lower than the powder level 85. However, the slurry feeding
position is not limited to such a position. For example, the nozzle 68
may be provided at a position higher than the powder level 85. This
15 has the advantage that, even when 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
20 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
25 heat exchanger 65, then are introduced to line L30 via line L35 and

recycled.
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to a stirrer-equi pped 150-1iter autoclave made of SUS 316L stainless steel
and 100 L of liquid butane was added, thereby giving a prepolynerization
catal yst conmponent slurry. The solid catal yst conponent used was one
prepared by the sane nethod as that described in Exanples 4(1) and (2) of
Japanese patent Application Laid-open No. 52004-182981. [0153]

Pol yneri zation Step | (propyl ene honopol yneri zation using slurry

pol ymeri zati on reactor) Propyl ene honopol yneri zation was carried out
using a stirrer-equi pped 42-liter Bessel-type slurry polymerization reactor
made of 10 SUS 304 stainless steel. The polynerization reaction was

carried out ' C 'ﬂmﬂé I egi | ,

triethylal um%%@%@gpg exyl%le%[:}?&%d?fr?e ﬁglf(lg)?hqgﬁlgzaatn te%g&grlggolllsﬁsmri zation
catal yst conpapeféctst wgtymiﬁmet@@sf&ﬁﬁg%emﬂae TidaGidneferaondhdangns were as
foll ows. 15Pol ynerization tenperature: 70C Stirring speed: 150 rpm Liquid

| evel in reacimiudes8 al pRriogy | eneviegdlinate3t 2ehicly heHpdeogmiydlebd rate: 215
NL/ h 20Triethylalum numfeed rate: 45.3 mml/h | .

Cycl ohexyl et hpadickest frosy iel upper freedlionazene 85 6amgIsOHOIR 2 petsifed Ak at i on

catalyst cominent SILLY hecd, Late (G ITPL) 2oLl o0 Sohgl ok, o poponen
L33 which feeds polyolefin particles from the ejector 32 to the bottom
reaction zone 25. An on-off valve 80 is situated along the particle
removing line L31. Lines 38 are connected to the particle removing
line L31 on the upstream side and the downstream side of this on-off
10 valve 80, enabling a gas for preventing clogging to be fed into the
particle removing line 131 via the gas feeding lines L38.
[0121] Part of the gas that has been pressurized by the compressor 64 is
fed through line L37 to the ejector 32. This gas is used for ejector
operation. In addition, part of the gas pressurized by the compressor
15 64 is fed through the lines .38 to the particle removing line 1.31 on the
upstream and downstream sides of the on-off valve 80. This gas is
used to prevent clogging of the on-off valve 80 and the ejector 32.
[0122] The flow rate of the ejector operating gas is not subject to any
particular limitation, provided it is an amount which is capable of
20 discharging the polyolefin particles. The amount of gas used to
prevent clogging is preferably about 10 parts by volume per 100 parts
by volume of the gas for operating the ejector. To reliably prevent
clogging of the on-off valve 80 and the ejector 32, it is preferable for the
gas to be fed constantly through lines L38 to the upstream and
25 downstream sides of the on-off valve 80 during operation of the olefin

polymerization reactor 10C, regardless of the open or closed state of the
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25[0154] In this reactor, the slurry had a nean residence tine of 0.29
hour, and pol ypropyl ene particles were discharged at a rate of 2.67 kg/h.
The pol ynerization activity in this polynerization step was 4,790 g/g. The
pol ypropyl ene particles obtained had an intrinsic viscosity of 0.93 dl/g.

[ 0155] Pol ynerization Step Il (propyl ene honopol yneri zati on by 5 spouted
bed reactor (gas-phase polynerization)) A spouted bed reactor having
two reaction zones in the vertical direction (1,440-liter capacity; inside
di anmeter, 500 mm was furnished for use. The tubul ar baffles and deflectors
were made of SUS 304 stainless steel (with surfaces finished by buffing at
agrit size ofg30@halvk®@nd the material making up the rest of the reactor
was SUS 316 (wth surfaces finished by buffing at a grit size of 300). This

reactor was cqoves|t ebe f@lefinspolyaregizhtiom raadtbri idiCz dois bexgpactaweotypai t h
stirrer. That is, the stirrer and gas dispersion plate within the original
reactor were tlekedrganges QAdind diffemential piressere gawgsasr} fommeaguring tsul ar

baf f | d 5 fl i | ed i | h i
Phe ver o Beidhis ohhe mbvisdbhrds (Barnaseonsnal 4t pesder dodiedoher o pad |
th h d si t h , i Ex | . ¥
cont a1 nPng polBBEALER T CPRredRE by 17T Righs 2o R i Byt
intermttentl ?ﬁ)rééguﬁe %Adé{e@%téﬁagfes%i#lg%é}% td ﬂf&%&w&l}‘ 1EhAs 8kus e 20

r ing step to t

pol ynmeri zati on react n"the prece e top reaction zone in

the spouted beghreeagifitelyTheddbtably MBI prEREntzalokfing’ eRCh® copnsttione spout ed
bed reactor are connected via a line, and the anmount of slurry fed to the

spout ed bed r dimes dor the diffgrensinbprasyurargaoge®0, ivad prefpmblei tdewrynodthi s | i ne.
25[ 0157] The following two slurry feeding nethods were tried when feeding
the slurry tolinedlewing emstandly o gseogdicatlfe spouted bed reactor.  In one

net hod, .the s fed into the reaction zone froma hi gher position
than t h8 pommm%f the spouted bed. In the other nethod, the slurry

was fed into itd | ower than the powder |evel of the spouted bed;
that is, dire %ﬁi%;f%ﬂ?lr?gl particle bed. It was

A cylindrical cold model reactor made of transparent polyvinyl
chloride and capable of forming two spouted beds inside the cylinder
was furnished to investigate the residence time distribution in an olefin

15 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

20 500 mm, and the gas inlet orifice at the bottom end of each tubular
baffle had a diameter dy of 100 mm. Accordingly, in the present
example, the ratio da/dp between the gas inlet orifice diameter d, and
the cylinder inside diameter dg was 0.2.

[0126] The angle of inclination between the inside surfaces of the

25 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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5 confirnmed that the slurry can be fed without difficulty by either nethod.
Moreover, it was |l earned fromthese tests that, when the nethod of feeding
the slurry directly into the particle bed is used, feeding the slurry
intermttently at a frequency of about 100 tinmes per hour and thus making
t he amount of slurry fed at one tine small is effective for 10 nai ntaining
the flow state of the spouted bed. Limting the feed rate of the slurry
makes it possible to keep the superficial velocity follow ng gasification
of the liquid propylene present in the slurry from exceeding the m ni num
fluidization velocity in the reaction zone. This presunmably makes it

possi bl e to stpphesisofitaliotverat equhs 6BF t hiThet ey Sybtilambhiflas hacingt ed W t h
gasification of the liquid propylene, increasing the stability of the flow
state in the #psteddobmd! shapstwene ecad amaded wiithfadewvnepmerchasiing Ay direct!ly
to the particle.bed. is that_ the |aten; heat. of vaporization framthe
gasi fication Y5195 dignelse HadOpeumsedhgareniedl detigetars gé@i%l‘{}ma]% renove

t he heat of | ' ion. Th t h in.20 Tabl.e | bt ai ned,
e et oL BT, BB b et R oA AFe e, ooneie

bt ai [ t t i Lehs I ' pynE }5%9 t@e th

gar ?: (r:]?% g:hng{lr%h;xjg%p%gg ﬁfﬁ“% 1g,ﬁtgﬁ1h§ Fiéigﬁ?’thg If(v{g?lé 0 ta%tlh%ed a?br Sol ymers

obt ai ned usi nghidlewaptfb@dnidl it bfthe 8 per mihstel edhbrmiclepesed i on hi gher
than the powder |evel of the 25particle bed. [0158] The spouted bed reactor

used i n the pwesepolypxapyiéme pagichay hajieg thoravessgedpartialesfiee afnigldkans (see
FIG 4). This transferring neans, which is designed to transfer

pol ypr opy! enelPar tTha ©p feashon vengmnsr theebritara readdinn gona mere ¢welt reaction
zone, include

and a particl ﬁ“?‘égﬁwgﬂ Fﬁ«raf?e Bglk?g?‘&%’@%% yﬁ%&ﬁgr ﬂgﬁégo{l?%ag?vff%m%g? iejngCtgg;es
(gasesqli SCha{(ﬂﬁl%dIihgﬁéej&%?te%ﬁpe ?Jac alElE izﬁﬂgsuf))? Cfe% g E}O? ggg ?ﬁhe%o%ef ed as a

gas for operating n Ion, € circulating

gases were fegdiQtddvatdBehi ﬁﬁ@a@ﬁkﬁleﬂ&%é& LEREbReaSBhIa hamen- of f val ve on
the particle renoving tube to prevent obstruction. It was confirnmed that,

by 10 feedi ng (BB} Aabatrouat iobrpadyrepnleha pagiddes ddanvich! tdeéhapsioneam and
downstream si des of the on-off valve, clogging can be nore reliably

prevent ed t haspnimenuslyotisehaggest frenf g dowycanen Wes apkieaeertly feikiror  t he

downstream si de al one. [0159] .Propylene .and hydrogen were continuously fed
from t he bot B EXoR PGSt Sbived Libe Fahct Pz, kAot REDRERRAENC

constryction. _ln thi Y, spout ed bed..was..fo i n ch the top and
bot torhr eact 1T bV B Ba R ROA Pl R S ST ERe e ERELaR R T 2t on
was carried aytfophy §ignirdr ﬁin'&? X GARRINERS dofork§ SarfidlBs Rf 8RS Pagiganst ant . The
reaction conditions were as follows. 20Pol yneri'zation tenperature: 80C
Pol yreri zat i afisgiiaegsloatside, 8 Meardagaugead irsididra) ot tieadid)msgas | ow
rate: 140 nB/h
L this as the pseudo impulse response (delta response), a transient
response curve was obtained. To monitor the amount of colored
20 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

25 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

51



Propyl ene feed rate: 20 kg/h Hydrogen feed rate: 1,150 NL/h 25Pol ypropyl ene
particle hold-up: 60 kg (top stage, 30 kg; bottom stage, 30 kg). [0160] In
this reactor, the polypropyl ene particles had a nean residence tine of 4.6
hours, the concentration ratio of the gases within the reactor

(hydr ogen/ (hydrogen + propylene)) was 10.4 nmol % and the polyner particle
di scharge rate was 14.9 g/ h. The polynerization activity in 5this

pol ymeri zati on step was 21,900 g/g. The pol ypropyl ene particl es obtai ned
had an intrinsic viscosity of 0.93 dl/g. [0161] Polynerization Step Il
(propyl ene- et hyl ene copolyner obtained with fluidized bed reactor

-ph | I i ' d f th
o P b GAPERIE 3y Mnkehicl w0 HBLORYLERS Dby HGT HLabRakRe? | fom the
fluidized bed aaREMe £&ﬁﬁ@6fExéonﬁl%bds)stuf@aethféénaﬂkzs@ﬁe@ﬁ%d&p@mte@r was made

of SUS 316L stainless steel (the inside surface of the reactor and the

surfaces of th‘gud@@@bedy)mrmﬁmﬁms were finished by buffing to a grit size

of 300). The reactor was equi pped with a gas dispersion plate and a

stirrer. 15 [ (0BX]] #ttbpytterbe pligtopyiengndattiictiso feversge Pacioe i Higdusly fed

to this fluidi zed bed reactor, and propyl ‘g d et | ene copol rrerl zation
o)

was carfied odsl Q%Uﬂﬂb%@‘bé’éﬁh@ grampleyde rBj pardglegan €pur gi ng
RS i LSkl O B Lo T b Lt o,
(gauge pressutediCheHi &, 1P fB8SondrM¥dr he spdted B8 stably form even
o with such particles.
[0131] Examples 2 to 9
10 Examples 2 to 9 below were carried out to investigate the
relationship between the stability of a spouted bed formed in a reaction
zone and the shape of the tubular baffle.
10132} Example 2
A cylindrical cold model reactor made of transparent polyvinyl
15 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.
20 [0133] The cylindrical cold model unit had an inside diameter dg of 500
mm, and the gas inlet orifice at the bottom end of the tubular baffle had
a diameter dy of 100 mm. Accordingly, in the present example, the
ratio da/dg between the gas inlet orifice diameter d, and the cylinder
inside diameter dp was 0.2.
25 f0134] 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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Propyl ene feed rate: 34 kg/h Ethylene feed rate: 7.3 kg/h 25Hydrogen feed
rate: 49 NL/h Polyner particle hold-up: 55 kg [0163] In this reactor, the
pol ymer particles had a nmean residence tinme of 2.7 hours. The gases within
the reactor had the follow ng concentration ratios: ethylene/(propylene +
et hylene), 27 nol % hydrogen/ (hydrogen + propylene + ethylene), 0.79 nol
% The 5 polyner particle discharge rate was 20.6 kg/h. The pol yneri zation
activity in this polynerization step was 10,300 g/g. The copol yner
conponent in the polyner particles obtained had an intrinsic viscosity of
4.08 dl/g, a content of 27.9 wt % and an ethylene unit content of 33 Wt %

Th I h I.n Table 1. 10[ 0164] . 11..P ' ' S I
(e opyt e oG SRghd Su bl v LRl ety SAuRSISLEgy o St P
Asi de from changig,bhe fkloidid c5eacthoronRRfl ddiRRfr RIPRY! F8RIe

honmopol yreri zation Was carried out in the same way as in 15Polynerization
Step | of ExampdfetdPat thedotiom EAdbEBAENMR, and0vis I510PY hene theeidrr ate: 16

kg/ h Hydrogen feed rate: 137 NL/h Triethylalum numfeed rate: 37.8 mmol/h
20Cycl ohexyl ef0i3 i T himtgrsod anfe theedeacadre: wbs 6fibhedn with 40 kg of
5 polypropylene particles having an average particle size of 1,100 pm.
A gas was fed in from the gas inlet orifice, and the flow state of the
polypropylene particles was observed. The gas introduced into the
unit was room-temperature air, which was fed in at a rate of 7.5 m’ per
minute.

10 [0136] As a result, an ordinary spouted bed flow state was observed in
which the particle concentration near the center axis of the cylinder was
low, a spout of upwardly flowing gas and particles stably formed, and
particles dropped down in a moving bed state at the periphery thereof.
[0137] Example 3

15 Aside from setting the diameter d, of the gas inlet orifice at the
bottom end of the tubular bafile 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/dp between the diameter d, of the gas inlet orifice and the

20 cylinder inside diameter dg was 0.15. As in Example 2, an ordinary
spouted bed flow state was observed in the present example.

[0138] Example 4
Aside from setting the diameter d, of the gas inlet orifice at the
bottom end of the tubular baffle to 125 mm instead of 100 mm, air was

25 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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Prepol yneri zati on catal yst conponent slurry feed rate (polynerization
cat al yst conponent basis): 0.591 g/h [0165] In this reactor, the slurry had
a nmean residence tine of 0.84 hour, and the rate at which the pol ypropyl ene
particles were discharged 25was 6.61 kg/h. The polynerization activity in
this polynerization step was 11,200 g/ g. The pol ypropyl ene particles thus
obtained had an intrinsic viscosity of 0.92 dUg. [0166] Pol yneri zation
Step Il (propyl ene honopol yneri zati on by spouted bed reactor (gas phase

pol ynmeri zation)) The pol ypropyl ene particles obtained in Polynerization
Step | 5 were fed to a reactor having the sanme construction as the spouted

et ting the poRybbSA B oEhr o FBmil et e SRR Sfet Sl tsa g
o Lom o139 KBS LERE LETRRS A IS EALLRAYL | (e
a1 e SESApE s Vouesa st i ppencieslaines s o 3,
pol yreri zat i ofi0 &K iBsanmyples t hi s pol ynerization step was 13,600 g/g. The
resul ting polypropylene particles _had,an intrinsic viscosity of 0.90 dug.
15[ 0168} Pol yrer i zahside fiome feading 7 driopiniemé 2itteyy patcledissl sompaszdt i on with
part i ol o obt 8 AUPIIRHWOPHEIRS HEVIAE S BHAEF Slab e Wolt Tsliod §Ta F vact or
having the SaRaBgns s HokRILOR % EHILE AR RAbLEH My e ekl
. particles having an average size of 1,100 um, air was fed to the particle
bed in the same way as in Example 2 and the flow state of the
10 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 0.2. As in Example 2, an ordinary spouted bed flow
state was observed in the present example.
[0140] Example 6
15 Aside from setting the diameter ds 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
20 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

25 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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20 Aside fromsetting the hold-up of the polypropyl ene particles to 60 kg,
propyl ene and et hyl ene copol yneri zation was carried out in the presence of
pol ypropyl ene particles in the same way as in Polynerization Step Il of
Exanpl e 10. [0169] In this reactor, the polyner particles had a nean
residence tinme 250f 3.1 hours. The polymer particles were discharged at a
rate of 19.7 kg/h. The polynerization activity in this polynerization step
was 8,470 g/ g. The copol yner conmponent present in the resulting polyner
particles had an intrinsic viscosity of 4.99 dl/g, a content of 25.4 wt %
and an ethylene unit content of 38 Wt % The results are shown in Table 1.

5[0170] Ex | e..12. Pql i i on. St I I . i zati
using sl ur ry. Bofgry e SEree e Ayt 0. SO REP S PR RRG NG (he
fol |l ow j i g h I i i rried out
i the oame. ey 2ol AILURRPURRIASCOR LA, MRS 4F obfiflafyer T e 06
Tri et hyl al Ui ng sk e st8Bvhs B0k Bd DY Gkqliexl kil et hoxysi | ane | eed

rate: 5 3 moUh Prepol ynerization catal yst conponent slurry feed rate
(pol yneri zat i d0142} Bkysplec®nmponent basis): 0.566 g/ h 15[0171] In this
reactor, the slurry had a nmean_residence tinme of 0.79 hour, and the rate at
whi ch tRe pol ypr opyAsifle framtsetiing theediamgtes sharidbd gagdnlat oadlikgahtheThe

I i zati tivi in thi I izat i t 8,710. g/g. Th
b0l Ypr opy | ene. oot ERSDE i bbyaERe e et i Msteeti D boSF or 0. 90
dl/g. 20[0172 i i : ) h I i i b
Spoi ed bed r d5nonny Gt 384 T3 serb LRy 4y TAARTRE L LESBDYC) e
particles obtaipedrim ﬁ&yﬁ@méﬁt LePcIol YRs ob¥EVEdf e i Exdifigiet e havi ng

t he sane construction ‘as spout ed bed reactor used in Polynerization
Step Il of Exanpbelld: bésieda fheodlameter d, of the gas inlet orifice and the

25chan%ngt hef ol | owi ngreactioncondi tions, propyl ene

cylinder inside diameter dg was 0.10. The formation of a spouted bed,
although unstable, was confirmed in this example. That is, the spout
moved off-center, forming at a position other than the center axis of the
cylinder, which in turn resulted in a variation in the height of the particle
bed peripheral to the spout. In addition, the spout forming position

15 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
20 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 0.10. 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

25 cylinder, which in turn resulted in a variation in the height of the particle

bed peripheral to the spout. In addition, the spout forming position
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honmopol ynmeri zati on was carried out in the sane way as in Polynerization
Step Il of Exanple 10. Polynerization tenperature: 70C Hydrogen feed rate:
1,360 NL/h Pol ypropyl ene particle hold-up: 57 kg (top stage, 28.5
kg; bottom 5stage, 28.5 kg) [0173] In this reactor, the polypropyl ene
particles had a nean residence time of 4.2 hours. The rate of pol ypropyl ene
particle discharge was 13.6 kg/h. The polynerization activity in this

pol ymeri zati on step was 15,300 g/g. The resulting polypropyl ene particles
had an intrinsic 10viscosity of 0.97 dUg. [0174] Pol ynmerization Step |11
(propyl ene-et hyl ene copol yneri zation with fluidized bed reactor (gas phase

pol yneri zati on olypropyl ene .partigcles obtained from Pol yneri zati on
Step Il above%@@s?rgadf%c%ggé%?%l} aﬂg\ﬂvﬁbﬁ{nﬁe same construction as the 15
fluidized bed t i | e ] I Exanpl e 10.

Propyl ene and[dcjat I%\aﬁggéﬁ);&m@?’i zatlgﬁﬁ\%\i/aagi@??ere ;llésclaﬁgr?ed out in the
presence of pol ypr o oﬁdl?oﬂéﬁhtﬂr&hﬁﬁidnrprbb@ss&ﬁﬁﬁed/@m iaEAafngted Yoes i zat i on
Step I'll of Exanple 10. [0175] In this reactor, the polyner particles had a
mean resi dencé2tofnthe A6vefticd mchoiedsa stEpe(Rodymenzativar $iepl 18k imevleckli schar ged
at arate of 19.7 kg/h. The polynerization activity in this polynmerization
step was 10, sPpylepe romopolysiopiation owpp arted puk apingi & sprutadebed t i ng

pol ynmer particles had, an ir}ﬁr nsi c v*.scositey of 4.30 dU%{ a coptent of 30.9
w % and an Eetaﬁ?ﬂren ety Brdugtion progesg casricd quidp Gamparatise s hown i n
Tabl e 1. [017El{a.r%8fg§ai 3h! ¥ §nbrsaed! £ st.]ep (Polymerization Step II) in which

propylene homopolymerization was carried out using a fluidized bed

reactor instead of a spouted bed reactor. The polyolefin production
10 process carried out in Example 13 of the invention included a step
(Polymerization Step III) in which propylene-ethylene copolymerization
was carried out using a spouted bed reactor. In Examples 10 to 13 and
Comparative Examples | to 3, the physical properties of the polymer
were measured and evaluated as described below.
15 [0145] (i) Intrinsic Viscosity (units:  dl/g)

Three different samples were prepared by dissolving the
polymer in 1,2,3,4-tetrahydronaphthalene solvent to predetermined
concentrations. The polymer concentrations of the respective samples
were set to 0.1 g/dl, 0.2 g/dl and 0.5 g/dl. The reduced viscosities of

20 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

25 concentration, and the intrinsic viscosity was determined by

extrapolating the concentration to zero.
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Pol ymeri zation Step | (pol ypropyl ene honmopol yneri zati on using slurry

pol yneri zation reactor) Propyl ene honopol yneri zati on was carried out
in the sane way as in Polynerization Step | of Exanple 10. 5[ 0177]

Pol yrmeri zation Step Il (propyl ene honmopol yneri zation by fluidized bed
reactor (gas phase polynerization)) A fluidized bed reactor
(capacity, 1,440 L; inside dianmeter, 500 mm was furnished for use. This
react or was made of SUS 316L stainless steel (with the inside surface of
the reactor and the surfaces of 10internal conponents finished by buffing
to a grit size of 300), and equipped in the reaction zone with a stirrer.

[0178] A sl urgg% n#igg%h?%ggg}dpcgﬂghfaﬁﬂt@ar ;{Ti@)éﬁs and |iquid propyl ene was

fed intermttentl urry pol yneriz react or of the previous

stage to the flui di The cbebericcasit Vontht dvaY dé@thingdHy eHevIdegdeddumor ti ons,
in addition to which propyl ene and hydrogen were continuously fed fromthe

bott om of t he m&thod,oin adcdriiancti wéth bR dspsasutrhercabyrefentettsovibdd ont he
reactor, and propyl ene honopol yneri zati on was carried out while purging

excess gas toPR8¢ o el fr@&umshic hendeindéu . [Thee pplyarari bandberkl (i were as
fol L ows 20Polurerizali Qn LEPerAl Uiy 202 POLNTRLIZ Ak BEES Y ©
: structural units which originate from ethylene.
[0147] (i) Polymerization Activities in Respective Polymerization
Steps (units:  g/g)
The polymerization activities were calculated by dividing the
10 weight (g) of polymer produced in each polymerization step by the
weight (g) of the solid catalyst component fed to that polymerization
step.
[0148] (iv) Copolymer Component Content Fgp (units:  wt %)
The copolymer component content Fpp (units: wt %) was
15 calculated using the following formula.
Fep = Wep/W, x 100
In the formula, W, stands for the total amount of polymer produced
(homopolymer component and copolymer component combined) per
unit time, and Wgp is the amount of copolymer component produced per
20 unit time in Polymerization Step (I1I).
{0149} (v) Intrinsic Viscosity of Polymer Produced in Respective
Polymerization Steps (units:  dl/g)
The intrinsic viscosity [1]p; of the polymer component produced
in Polymerization Step (1), the intrinsic viscosity [n]p, of the polymer

25 component produced in Polymerization Step (), and the intrinsic

viscosity [n]gp of the copolymer component produced in Polymerization
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1.8 MPa (gauge pressure) 140 nB/h Propylene feed rate: 20 kg/h Hydrogen
feed rate: 1,150 NL/h 25Hol d-up: 60 kg [0179] In this reactor, the

pol ypropyl ene particles discharged had an intrinsic viscosity of 0.96
dl I g. The polymerization activity in this polynerization step was 16, 600
g/ g, which was | ow conpared to Pol ynerization Step Il of Exanple 10.
[0180] Pol ynerization Step Il (propyl ene-ethyl ene copol ynerization 5with
fluidized bed reactor (gas phase polynerization)) Pol ypr opyl ene
particles obtained from Pol ynerization Step Il above were fed to a reactor
havi ng the sane construction as the fluidized bed reactor used in

Pol yneri zati op, St H of ampl e. 10 ide. fr ting the hold-up of the
pol yner parti S’iegs(ﬁ?b‘WE %Elﬁi%aﬁprﬁéﬂ%ﬁglgE@?ﬁﬁgatﬁé copol yneri zati on was
carried out i{]f}]t he_prgsence of pol ypropyl ene particles in the sane way as
in Polymerizatt'th Step'fI1 of Exanple 10. [0181] In this reactor, the

pol ymer partig{igs Qadg[ﬂ]im?ﬂ]ﬁﬁ stgllc;‘é(rwp‘ +iwe) ek (Rp2-HWp)sWe,The

pol ymeri zation activity in this polynerization step 15 was 7,040 g/g. The

copol ymer confippent= p(legentnin x Wey/i 66 ui[himo PoLAIAB) xJ80{Wei es had an
intrinsic viscosity of 3.60 Wg, a content of 26.1 w % and an ethyl ene
unit content Bthess[nh: vintminsicreseasity (dVs) ehpalymer frem) Rolymerigation

Conparative Egt%rpmbe 2
[n]2: intrinsic viscosity (dl/g) of polymer following Polymerization
Step (II)
[n)s: intrinsic viscosity (di/g) of polymer following Polymerization

10 Step (111)

Wpi:  Amount of polymer produced in Polymerization Step (I) (kg/h)
Wpo:  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 %)

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

Egp = E; x 100/Fgp
Here, E; is the ethylene unit content (units: wt %) of the polymer
20 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
25 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 (G-
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20Pol yneri zation Step | (pol ypropyl ene honopol yneri zation using slurry

pol yneri zation reactor) Propyl ene honopol yneri zati on was carried out
in the sane way as in Polynerization Step | of Exanple 11. [ 0183]
Pol yrmeri zation Step Il (propyl ene honopol yneri zati on by 25fl ui di zed bed

reactor (gas phase polynerization)) A slurry containing polypropyl ene
particles and liquid propylene was fed intermttently fromthe slurry

pol ymeri 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

e s o B AT B TR S OSSO0 o ¢ e
eSS, coneas HLh (8RSt 8 PN CplinLi ol g R, 1 8 2o
ot Lo oo, Ou iyl s Pt e 00
rate: 140 nB8/ miBoofydidred fidedfrihe @lat2Fadigg tthe sheet. Setting the scanner
5 resolution to 900 dpi and the tonal gradations for each pixel to 8 bits, an
image of the sheet was entered into the computer as a black-and-white
image and saved in a bitmapped format. This image was digitized
using image analysis software (produced by Asahi Kasei Engineering
Corporation under the brand name “A-zo kun”®). Fisheyes were

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

15 100 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,

20 375 mmol of triethylaluminum and 3.75 mmol of
cyclohexylethyldimethoxysilane. To this was added 15 g of a solid
catalyst component, following which [5 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

25 prepolymerization. The prepolymerization slurry was then transferred

to a stirer-equipped 150-liter autoclave made of SUS 316L stainless
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Hydrogen feed rate: 1,150 NL/h 15Hol d-up: 46 kg [0184] In this reactor, the
pol ypropyl ene particles discharged had an intrinsic viscosity of 0.91 Wg.
The pol ynerization activity in this polynerization step was 12,900 g/ g,

whi ch was | ow conpared to Pol ynmerization Step Il of Exanple 11. 20[ 0185]

Pol ynmeri zation Step 111 (propyl ene-ethyl ene copol ynerization with fluidized
bed reactor (gas phase pol ynerization)) Pol ypropyl ene particles
obtai ned from Pol yneri zation Step Il above were fed to a reactor having the

sanme construction as the fluidized bed reactor used in Polynerization Step
1l of Exanple 11. 25Aside from setting the hol d-up of the pol yner

particles to 65 kg, propylene_and . ethyl ene copolynerization,was carried out
in the presemt!ofn o]cﬁ%rlop%? gfﬁllgagﬁa@?e‘é’aﬁ n244f8l: s %Wa)g“é’élgi A

Pol ymeri zati on_ St L1.I of EX le 11. [0186] In th{s reactor, fhe polyner
particles had péeg?@gwep&q%n@géwgmco pc%‘.e 18 e, ?’F@e pSo611 rreclﬂlta%%li on
activity in thig hagdd BYathe faRdh@hdd ad fifit HRRSTHAET
conponent presgnﬁﬁhyﬁﬁﬁiuﬁ%%ﬁggﬁy#@rep%lrti cflges ﬁagﬁan i&ﬁi{r?ﬁsi c
viscosity of 4nEkadlpléhs 4(@) aARYENGT Dipadésedpatbnt VA pplichiian IehdvpeaaNdIni t
content of 32 wt % The results are shown in Table 1. [0187] Conparative
Exanpl e53 10PQ0PA=829281i on Step | (pol ypropyl ene honopol yneri zati on usi ng

sturry [0153] Polymerization Step I (propylene homopolymerization using
sharry polymerization reactor)
Propylene homopolymerization was carried out using a stirrer-
equipped 42-liter Bessel-type slurry polymerization reactor made of
10 SUS 304 stainless steel. The polymerization reaction was carried out
while continuously feeding propylene, hydrogen, triethylaluminum,
cyclohexylethyldimethoxysilane and the prepolymerization catalyst
component slurry into the reactor. The reaction conditions were as
follows.
15 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
20 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)
25 [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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pol ymeri zati on reactor) Propyl ene honopol yneri zati on was carried out

in the sanme way as in Polynerization Step | of Exanple 12. [ 0188]
Pol yneri zation Step Il (propyl ene honmopol yneri zati on by 15fl ui di zed bed
reactor (gas phase polynerization)) A slurry containing pol ypropyl ene

particles and |liquid propylene was fed intermttently fromthe slurry

pol yneri zation 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 20 continuously fed fromthe bottomof the reactor. A
fluidized bed was thereby formed within the reactor, and propyl ene

honmopol yneri zati on ,was .c%rrie . oyt ur gi. n

I . Whi.l e . ex essé’%aas éq) hol d the
pressure constantPO RPN RS Rat tH PEaR P YR 6 a2 BB 1 ui di zed
bed reactor u ' 'g%?t? I R ALV& 1. The
reaction ZSCoggllgtédg}ﬁI%\b\ilr%gé S %P?g%% oﬁll%/dr)ré?i zat| 8?%%%}5 rat u'rbg: 70C

Pol yneri zati oglpressure: 1.8 MPa (gauge pressure) Circulating gas flow

rate: 140 nB8/ h Propyl ene feed rate: 20 kg/h Hydrogen feed rate: 1,360 NL/h
5Hol d-up: 57 k@130 ™Ay menzathors Bepctbr (proprdeno! hamopylyereeizptioni bl es

di scharged had an intrinsic viscosity of 0.93 dl/g. The polynerization
activity in tBpenipdbydresactaaBanphasspolaseni2atkgy) g/ g, whi ch was | ow conpar ed

o Pol yrer i zati on S{ep l] 0L Exanp 6,42, A0 Q400 DOLATE hadidat Step 11!

direction (1,440-liter capacity; inside diameter, 500 mm) was furnished
for use. The tubular baffles and deflectors were made of SUS 304
stainless steel (with surfaces finished by buffing at a grit size of 300),

10 and the material making up the rest of the reactor was SUS 316 (with
surfaces finished by buffing at a grit size of 300). This reactor was
converted for use here from a fluidized bed reactor with sturer. That
is, the stirrer and gas dispersion plate within the original reactor were
taken out and, in their place, combinations of a tubular baffle and a

15 deflector were installed coaxially at each of two stages in tﬁe vertical
direction. The tubular baffles and deflectors used here had the same
shape and size as those used in Example 3.
[0156] A slurry containing polypropylene particles and liquid propylene
was fed intermittently in a plurality of divided portions from the slurry

20 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.

25 [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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with fluidized bed reactor (gas phase pol ynerization)) Pol ypr opyl ene

particles obtained from Polynerization Step Il above were fed to a reactor
havi ng the sane construction as the fluidized bed reactor used in
Pol ynmeri zation Step 111 of Exanple 10. 15 Aside fromsetting the hol d-up of

the polyner particles to 65 kg, propylene and et hyl ene copol ynerizati on was
carried out in the presence of polypropylene particles in the sane way as
in Polynerization Step 11l of Exanple 12. [0191] In this reactor, the

pol ymer particles had a nmean residence tinme 20 of 3.4 hours. The

pol ynmeri zation activity in this polynerization step was 10,500 g/g. The

copel et ComancalBESIBly e}l B3 IR, RIS e Be S gl 1
i & comtont gyt gAY LRGES RPURI T sOLAAGR) Table 1
Pol ymeri zat i onn@Rbd MikkYsiWby was fed into a position lower than the powder level
of the spouted bed; that is, directly into the particle bed. It was
5 confirmed that the slurry can be fed without difficulty by either method.
Moreover, it was learned from these tests that, when the method of
feeding the slurry directly into the particle bed is used, feeding the
slurry intermittently at a frequency of about 100 times per hour and thus
making the amount of slurry fed at one time small is effective for
10 maintaining the flow state of the spouted bed. Limiting the feed rate of
the slurry makes it possible to keep the superficial velocity following
gasification of the liquid propylene present in the slurry from exceeding
the minimum fluidization velocity in the reaction zone. This
presumably makes it possible to suppress fluctuations within the system
15 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
20 Table 1 were obtained, in Examples 10 and 11 and in Comparative
Examples 1 to 3, for polymers obtained using the method in which the
slurry is fed directly to the particle bed. In Examples 12 and 13, the
results were obtained for polymers obtained using the method in which
the slurry is fed from a position higher than the powder level of the
25 particle bed.

[0158] The spouted bed reactor used in the present example has an
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4,790 11,200 8,710 |Intrinsic viscosity bilp, di/8 0.93 0.92 0.9
Pol ynmeri zation Step Il Tenperature C 80 80 80

10

15

20

25

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

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

Polymerization temperature:  80°C

Polymerization pressure: 1.8 MPa (gauge pressure)

Circulating gas flow rate: 140 m’/h

Propylene feed rate: 20 kg/h

Hydrogen feed rate: 1,150 NL/h

Polypropylene particle hold-up: 60 kg (top stage, 30 kg; bottom stage,
30 kg).
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80 70 70 Pol ynerization activity gig 21,900 16,600 13,600 12,900 15, 300
14,200 Intrinsic viscosity fun dl/g

[0160] In this reactor, the polypropylene particles had a mean residence
time of 4.6 hours, the concentration ratio of the gases within the reactor
(hydrogen/(hydrogen + propylene)) was 10.4 mol %, and the polymer
particle discharge rate was 14.9 g/h. The polymerization activity in
5 this polymerization step was 21,900 g/g. The polypropylene particles
obtained had an intrinsic viscosity of 0.93 dl/g.
[0161] Polymerization Step III (propylene-ethylene copolymer obtained
with fluidized bed reactor (gas-phase polymerization))
The polypropylene particles discharged from the spouted bed

10 reactor in the previous stage were fed continuously to a fluidized bed
reactor (capacity, 980 L.). The fluidized bed reactor was made of SUS
316L stainless steel (the inside surface of the reactor and the surfaces of
the interior components were finished by buffing to a grit size of 300).
The reactor was equipped with a gas disperston plate and a stirrer.

15 [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.

20 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

25 Hydrogen feed rate: 49 NL/h

Polymer particle hold-up: 55 kg
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0.93 0.96 0.9 0.91 0.97 0.93 Tenperature C 80 80 80 80 70 70

10

15

20

25

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

[0164] Example 11

Polymerization Step I (propylene homopolymerization using slurry

polymerization reactor)

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

Reactor fluid level: 30L

Propylene feed rate: 16 kg/h

Hydrogen feed rate: 137 NL/h

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

[0165] In this reactor, the slurry had a mean residence time of 0.84
hour, and the rate at which the polypropylene particles were discharged
was 6.61 kg/h.  The polymerization activity in this polymerization step

was 11,200 g/g. The polypropylene particles thus obtained had an
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Pol ymeri zation Step Il Polymerization activity g/g 10,300 7,040 8,470
7,540 10,800 10,500 Copol ynmer conmponent content Fa, Wt % 27.9 26.1 25.4

intrinsic viscosity of 0.92 dl/g.
[0166] Polymerization Step Il (propylene homopolymerization by
spouted bed reactor (gas phase polymerization))
The polypropylene particles obtained in Polymerization Step I
5 were fed to a reactor having the same construction as the spouted bed
reactor used in Polymerization Step II of Example 10. Aside from
setting the polypropylene particle hold-up to 46 kg (top stage, 23 kg;
bottom stage, 23 kg), propylene homopolymerization was carried out in
the same way as in Polymerization Step IT of Example 10.
10 [0167] In this reactor, the polypropylene particles had a mean residence
time of 3.1 hours. The rate of polypropylene particle discharge was
14.7 kg/h.  The polymerization activity in this polymerization step was
13,600 g/g. The resulting polypropylene particles had an intrinsic
viscosity of 0.90 dl/g.
15 [0168] Polymerization Step III (propylene-ethylene copolymerization
with fluidized bed reactor (gas phase polymerization))
The polypropylene particles obtained from Polymerization Step
Il above were fed to a reactor having the same construction as the
fluidized bed reactor used in Polymerization Step III of Example 10.
20 Aside from setting the hold-up of the polypropylene particles to 60 kg,
propylehe and ethylene copolymerization was carried out in the
presence of polypropylene particles in the same way as in
Polymerization Step 11 of Example 10.
[0169] In this reactor, the polymer particles had a mean residence time
25 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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24.4 30.9 27.9 Intrinsic viscosity [ram dlig 4.08 3.6 4.99 4.11 4.3 4.2
Et hyl ene unit content EEp W %

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

5 [0170] Example 12
Polymerization Step I (polypropylene homopolymerization using shurry
polymerization reactor)

Aside from changing the following reaction conditions,
propylene homopolymerization was carried out in the same way as in

10 Polymerization Step I of Example 10.
Triethylaluminum feed rate:  35.1 mmol/h
Cyclohexylethyldimethoxysilane feed rate: 5.3 mmol/h
Prepolymerization catalyst component slurry feed rate (polymerization
catalyst component basis): 0.566 g/h

15 [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.

20 [0172] Polymerization Step II (propylene homopolymerization by
spouted bed reactor (gas phase polymerization))

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

25 changing  the  following  reaction  conditions,  propylene

homopolymerization was carried out in the same way as in
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33 33 38 32 32 33 Evaluation of final polymer Intrinsic viscosity dlig 1.81
1.65 1.94 1.69 1.72

Polymerization Step II of Example 10.

Polymerization temperature:  70°C

Hydrogen feed rate: 1,360 NL/h

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

5 stage, 28.5 kg)

[0173] In this reactor, the polypropylene particles had a mean residence

time of 4.2 hours. The rate of polypropylene particle discharge was

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

15300 g/g. The resulting polypropylene particles had an intrinsic
10 viscosity of 0.97 dl/g.

[0174] Polymerization Step III (propylene-ethylene copolymerization

with fluidized bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step II

above were fed to a reactor having the same construction as the
I5 fluidized bed reactor used in Polymerization Step HI 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 HI of Example 10.

[0175] In this reactor, the polymer particles had a mean residence time
20 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
25 shown in Table 1.

[0176] Comparative Example 1
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1.81 Ethylene unit content wt %9.1 8.6 9.5 7.9 10 9.3 Fisheye count
count/100 ena2 3,648 4,739

Polymerization Step I (polypropylene homopolymerization using slurry
polymerization reactor)
Propylene homopolymerization was carried out in the same way
as in Polymerization Step I of Example 10.
5 [0177] Polymerization Step II (propylene homopolymerization by
fluidized bed reactor (gas phase polymerization))
A fluidized bed reactor (capacity, 1,440 L; inside diameter, 500
mm) was furnished for use. This reactor was made of SUS 316L
stainless steel (with the inside surface of the reactor and the surfaces of
10 internal components finished by buffing to a grit size of 300), and
equipped in the reaction zone with a stirrer.
[0178] A slurry containing polypropylene particles and liquid propylene
was fed intermittently from the slurry polymerization reactor of the
previous stage to the fluidized bed reactor as a plurality of divided
15 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.
20 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
25 Hold-up: 60 kg
[0179] In this reactor, the polypropylene particles discharged had an
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2,315 2,866 879 2,392
honmopol yneri zation using slurry polynerization reaction) 5Aside from

changing the follow ng reaction conditions, propylene honopol ynerization
was carried out in the
Pol ymeri zation tenperature: 78C Propylene feed rate: 20 kg/ h 10Hydr ogen
feed rate: 169 NL/h Tri
Cycl ohexyl et hyl di met hoxysi |l ane feed rate: 5.7 muol/h Prepol ynerization
catal yst conmponent slurry feed rate (polynerization catal yst conponent
basis): 0.968 g/ h 15Pol

[ 0194]

[0193] Exanple 13 Pol ynerization Step |-1 (propyl ene

same way as in Polynerization Step | of Exanple 10.

ethylalum numfeed rate: 39.9 mmuUh

ynmeri zation pressure: 4.5 MPa (gauge pressure)
the slurry had a nean residence tinme of 0.31

intrinsic viscosity of 0.96 dl/g. The polymerization activity in this
polymerization step was 16,600 g/g, which was low compared to
Polymerization Step II of Example 10.

[0180] Polymerization Step I (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 1II of Example 10.
Aside from setting the hold-up of the polymer particles to 40 kg,
propylene and ethylene copolymerization was carried out in the
presence of polypropylene particles in the same way as in
Polymerization Step I1I 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

[0182] Comparative Example 2

Polymerization Step 1 (polypropylene homopolymerization using slurry

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

[0183] Polymerization Step II (propylene homopolymerization by

In this reactor,
5
10
15
shown in Table 1.
20
polymerization reactor)
25

fluidized bed reactor (gas phase polymerization))

A slurry containing polypropylene particles and liquid propylene
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hour, and the rate at which the pol ypropyl ene particles were di scharged was
3.65 kg/h. The polynerization activity in this polynerization step was
3,770 g/g. The pol ypropyl ene particles thus obtained had an intrinsic
viscosity of 0.92 dl/g. [0195] Polynerization Step 1-2 (propyl ene
honopol yneri zati on using slurry polynerization reactor) 5The slurry

di scharged fromthe reactor in the previous stage was directly fed into a
163-liter Bessel-type slurry polyner reaction equipped with a stirrer and
made of SUS 304 stainless steel, and propyl ene honopol yneri zati on was
carried out without interruption. The reaction conditions were as follows.
10Pol yneri zation tenperature: 76C Stirring rate: 150 rpmLiquid level in
reactor: 44 L vwaopsd enterrthideedtlyafrem i@ Rkﬂdy Hpmogemtiveetactar eof 8@ NL/ h
15Pol ymeri zati on pressure; e pressure) [0196] In this reactor,
the slurry had)rﬁwﬁﬁwtarg@swd&f‘c@wdm%g oreeetonao%ra Rl of  divededs

VR o polymeRFONS o s PRTRES 6, SYIch) Gromnans odtrt FRRGRY oY ol cne.
particles had c%ﬂtljm%lfs'l NLE PohS BRShEYor fofdhd 7e£9G / A fluidized bed was
5 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.
10 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
15 Hold-up: 46kg
[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 I of Example 11.
20 [0185] Polymerization Step I (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 1.

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

propylene and ethylene copolymerization was carried out in the
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[0197] Pol ynerization Step 1-3 (propyl ene honopol yneri zation using slurry
pol yneri zation reactor) The propyl ene particles obtained in
above Pol ynerization Step 1-2 were fed to a reactor having the sane
construction as the slurry 25pol yneri zation reactor used in Polynerization
Step 1-2. Aside from changi ngt hefol | owi ngreacti onconditions, propyl ene
honmopol yneri zati on was carried out in the sanme way as in above
Pol yneri zation Step 1-2. Polynerization tenperature: 69C Propyl ene feed
rate: 0 kg/h 5Hydrogen feed rate: O NL/h Polynerization pressure: 3.8 MPa
(gauge pressure) [0198] In this reactor, the slurry had a nean residence
time of 0.61 hour, and the rate of polypropylene particle discharge was
15. 0 kg/ h. Theyrdehydrebi zabiypRoRAbhd/| birticlest hinS the! WaRld Zakl onsStigp was
4,900 g/g. 10The resulting polypropylene particles had an intrinsic
viscosity of @oBanetiagion Step III of Example 11.
[0186] In this reactor, the polymer particles had a mean residence time
of 3.4 hours. The polymerization activity in this polymerization step
5 was 7,540 g/g. The copolymer component present in the resulting
polymer particles had an intrinsic viscosity of 4.11 dl/g, a content of
24.4 wt %, and an ethylene unit content of 32 wt %. The results are
shown in Table 1.
[0187] Comparative Example 3
10 Polymerization Step I (polypropylene homopolymerization using slurry
polymerization reactor)
Propylene homopolymerization was carried out in the same way
as in Polymerization Step I of Example 12.
[0188] Polymerization Step II (propylene homopolymerization by
15 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
20 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

25 conditions were as follows.

Polymerization temperature: 70°C
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[0199] Pol ynerization Step |1l (propyl ene-ethyl ene copol ynerization with
spout ed bed reactor (gas phase pol ynerization)) Pol ypropyl ene particles
obtai ned from Pol yneri zation Step 1-3 15 above, and al so propyl ene,

et hyl ene and hydrogen, were fed to a reactor having the sane construction
as the spouted bed reactor used in Polynerization Step Il of Exanple 10. In
this way, a spouted bed was fornmed in each of the top and bottom reaction
zones, in addition to which the copol ynerizati on of propyl ene and et hyl ene
was carried out 20in the presence of polypropylene particles while purging
excess gas to keep the pressure constant. The reaction conditions were as
follows. Polynerization tenperature: 70C Pol ynerization pressure: 1.4 MPa

(gauge pressus&y b sidd fgﬂe@ﬂlrlaslfg PWar(@hege fie®sur) h 25Pr opyl ene feed rate:
25 kg/ h Ethylene feed ra g/h Hydrogen feed rate: 85 NL/h Hol d-up:

55 kg (top st@geulafilg pakfowtratet orh@tmgﬂa 27.5 kg). [0200] In this reactor,
the polyner particles had a nean residence tinme of 2.8 hours, and the
concent r at i orProgyleos fcﬁdltahfé g%{% Wi thin the reactor 5 were as foll ows:

et hyl ene/ (pr IIriyl ene + eth % | % (hydrogen/ (hydrogen + propyl ene
+ et hyl ene), yérpgrpifeas) ﬁiQ/ particle discharge rate was 17.8 g/ h.
The poI yrrerl h]gn ac%ﬂélty in this polynerization step was 2,890 g/g. The
copoly ﬁﬁS Bided in the pol ymer particles thus obt ai ned had an

[0189] In this reactor, the polypropylene particles discharged had an
intrinsic viscosity of 0.93 di/g. The polymerization activity in this
polymerization step was 14,200 g/g, which was low compared to
Polymerization Step I of Example 12.

10 [0190] Polymerization Step III (propylene-cthylene copolymerization
with fluidized bed reactor (gas phase polymerization))

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 HI of Example 10.

15 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 111 of Example 12.

[0191] In this reactor, the polymer particles had a mean residence time

20 of 3.4 hours. The polymerization activity in this polymerization step
was 10,500 g/g. The copolymer component present in the resulting
polymer particles had an intrinsic viscosity of 4.20 dl/g, a content of
27.9 wt %, and an ethylene unit content of 33 wt %. The results are
shown in Table 1.

25 [0192] Table 1
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10intrinsic viscosity of 3.79 dUg, a content of 15.7 wt % and an et hyl ene

unit content of 35.7 Wt % The results are shown in Table 2.

[ 0201]

Table 2

Unit Exanple 13 Polynerization Step |-1 Polynerization activity g/g 3,770
Intrinsic viscosity [i]pmdl/g

10

15

Unit EX10 [CE1l |[EX 11 ICEZ EX 12 ]CE 3
Polymerization [Polymerization activity  |g/g 4,790 11,200 8,710
Step I Intrinsic viscosity [nl,, |dlg 0.93 0.92 0.9
Temperature °C 80 80 80 80 70 70
Polymerization {Polymerization activity  [g/g 21,900 F16,600 113,600 §12,900 {15,300 [14,200
Step I Intrinsic viscosity fnlp,  {dlg 0.93 056 (0.9 0.91 1097 |0.93
Temperature °C 80 80 80 80 70 70
Polymerization activity  [g/g 10,300 }7,040 |8,470 §7,540 [10,800 [10,500
Polymerization [Copolymer component  |wt % 279 {261 |254 (244 [309 |27.9
content Fgp
Step IT Intrinsic viscosity [l {dlg 408 [3.6 499 411 |43 4.2
Ethylene unit content Eg, Jwt % 33 33 38 32 32 33
Evaluation of |Intrinsic viscosity dlig 1.81 JL.65 (194 |le9 |1.72 {181
final polymer |Ethylene unit content wt % 9.1 86 9.5 79 10 9.3
Fisheye count count/100 cm?® 3,648 4,739 2,315 |2,866 [879  [2,392

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

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

Polymerization temperature:  78°C
20 kg/h
169 NL/h

399 mmol/h

Propylene feed rate:
Hydrogen feed rate:
Triethylaluminum feed rate:
Cyclohexylethyldimethoxysilane feed rate: 5.7 mmol/h

Prepolymerization catalyst component slurry feed rate (polymerization

0.968 g/h
4.5 MPa (gauge pressure)

catalyst component basis):
Polymerization pressure:

[0194] In this reactor, the shurry 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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0.92 Polymerization Step 1-2 Polymerization activity g/g 6,830 Intrinsic
viscosity Irfipl-2 dl/g 0.92 Polynerization Step 1-3 Pol ynerization

activity g/g 4,900 Intrinsic viscosity [i]pl_3

was 3,770 g/g. ‘'The polypropylene particles thus obtained had an
intrinsic viscosity of 0.92 dl/g.
[0195] Polymerization Step 1-2 (propylene homopolymerization using
slurry polymerization reactor)

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

10 Polymerization temperature: 76°C
Stirring rate: 150 rpm
Liquid level in reactor: 44 L
Propylene feed rate: 10 kg/h
Hydrogen feed rate: 50 NL/h
15 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 resuiting polypropylene particles had an intrinsic viscosity of 0.92
20 dl/g.
[0197] Polymerization Step I-3 (propylene homopolymerization using
shurry polymerization reactor)
The propylene particles obtained in above Polymerization Step
I-2 were fed to a reactor having the same construction as the slurry
25 polymerization reactor used in Polymerization Step 1-2. Aside from

changing the  following  reaction  conditions, propylene
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dl/g 0.92 Pol ynerization Step Il Polynerization activity g/g 2,890
goggl ymer conponent content PEP wt % 15.7 Intrinsic viscosity [flI]Ep dl/g

homopolymerization was carried out in the same way as in above
Polymerization Step 1-2.
Polymerization temperature:  69°C
Propylene feed rate: 0 kg/h
5 Hydrogen feed rate: 0 NL/h
Polymerization pressure: 3.8 MPa (gauge pressure)
[0198] In this reactor, the slurry had a mean residence time of 0.61
hour, and the rate of polypropylene particle discharge was 15.0 kg/h.
The polymerization activity in this polymerization step was 4,900 g/g.
10 The resulting polypropylene particles had an intrinsic viscosity of 0.92
dl/g.
[0199] Polymerization Step I (propylene-ethylene copolymerization
with spouted bed reactor (gas phase polymerization))
Polypropylene particles obtained from Polymerization Step -3
15 above, and also propylene, ethylene and hydrogen, were fed to a reactor
having the same construction as the spouted bed reactor used in
Polymerization Step II of Example 10. In this way, a spouted bed was
formed in each of the top and bottom reaction zones, in addition to
which the copolymerization of propylenc and ethylene was carried out
20 in the presence of polypropylene particles while purging excess gas {0
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
25 Propylene feed rate: 25 kg/h
Ethylene feed rate: 10.3 kg/h
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Et hyl ene unit content PEP W % 35.7 Evaluation of final polynmer Intrinsic
viscosity dl/g 1.37 Ethylene unit content wt %5.6 WHAT IS CLAIMED IS

1. A polyolefin production system conpri sing:

Hydrogen feed rate: 85 NL/h

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

[0200] In this reactor, the polymer particles had a mean residence time

of 2.8 hours, and the concentration ratios of the gases within the reactor

5 were as follows: ethylene/(propylene + ethylene), 27 mol %;

(hydrogen/(hydrogen + propylene + ethylene), 0.67 mol %. The

polymer particle discharge rate was 17.8 g/h. The polymerization

activity in this polymerization step was 2,890 g/g. The copolymer

component included in the polymer particles thus obtained had an
10 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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an olefin pre-reactor for polynerizing olefin in the presence of an olefin

pol yneri zation catal yst and form ng polyolefin particles;

and

a

spout ed bed-type ol efin polynerization reactor connected as a subsequent

stage to the olefin pre-reactor,
pol ynmeri zati on reactor conprises:
a decreasing di aneter

di anet er that decreases progressively downward,

at a bottom end thereof,

a plurality of

decreasi ng di aneter

wherein the spouted bed-type olefin
a cylinder which extends vertically;
menber which is formed on the cylinder

and
has an i nside

and has a gas inlet orifice
wherei n spouted beds are fornmed inside
reaction zones enclosed by an inside surface of the

decreasi ng di anet er

sequentially t
process which

the polyolefin
production pro
pol ymeri zati on

feeding a sl ur+

bul k pol yner i z&blyarrice ot

slurry being f

menber and an_inside surface of the cylinder above the
nmenber, and wherein ponoIequnpdEkmﬁb@s pass _
hrough the reaction zones. A|pol yol ef | n production
conpri ses carrying out nultistage olef|h3polynerizatipn usi ng
Bk eg N RHAPR A e o of | #%r a2 dhet orl | s & bul k
St B B or ed “aga P ocui-cof of m f rom ¢ he
(Prolj,tmeﬂztaaombﬁmmy pol ynegigzat 6830r eact or, the
gg:ptl—% the IIr?tTrllnglc%?slc%sr,T}ltayr t ﬁfzi on re%f/thI 0.92
Polymerization | Polymerization activity g/g | 4,900
Step I-3 Intrinsic viscosity [M]p13 dl/g | 0.92
Polymerization activity g/g 12,890
Polymerization | Copolymer component content | wt % | 15.7
Step 111 Fep
Intrinsic viscosity [n]ep di/g |3.79
Ethylene unit content Egp wt % | 35.7
Evaluation of | Intrinsic viscosity dl/g | 1.37
final polymer | Ethylene unit content wt % | 5.6
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in such a manner that,in the reaction zone within the olefin polynerization

reactor, the liquid olefin present in the slurry has a superficial

foll owi ng gasification which does not exceed a mninmum fl uidization
velocity of the polyoiefmparticles held in the reaction zone. 4. The

pol yol ef m producti on process of claim2, wherein the olefin

of feedin

a bul k powijﬂ;' f@HL%l\ﬁﬁﬁcfsor’ and the process further conprises the step

ng polyolefin particles and liquid olefin from
the bul k pol ymari zatA gulydlefacroduction szeenotdhpridingo! ymeri zation reactor, the

pre-reactor

slurry being fed to the glefin polymerization reactor from a higher
position than a powdBrlefey gre-sractereos pelxmeripag alafit in ¢hd orned in the

reaction gong, W dedh DI e A SEL R hPFRYs: 274 FsHhitSRAYefin particles; and

a spouted bed-type olefin polymerization reactor connected as a

subsequent stage to the olefin pre-reactor,

wherein the spouted bed-type olefin polymerization reactor

COMmIprises:

a cylinder which extends vertically; and

a decreasing diameter member which is formed on the cylinder, has an

inside diameter that decreases progressively downward, and has a gas inlet orifice at a

bottom end thereof,

wherein spouted beds are formed inside a plurality of reaction zones

enclosed by an inside surface of the decreasing diameter member and an inside surface

of the cylinder above the decreasing diameter member, and wherein polyolefin particles

pass sequentially through the reaction zones.

2. A polyolefin production process which comprises carrying

out multistage olefin polymerization using the polyolefin production system of

claim 1.

3. The polyolefin production process of claim 2, 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 shurry being fed to the oiefin 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 fividization velocity

of the polyoiefin particles held in the reaction zone.

4. The polyolefin production process of claim 2, wherein the olefin
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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 shurry 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.

80



