;e3eq'q$ $JD6ZT PROCESS FOR PRODUCI NG OLEFI NI C POLYMER FI ELD OF THE

INVE The present invention relates to a process for 5 producing
an oI , and, particularly to a process for

ol ef i msr wher ein local heating is scarcely causﬁﬂwﬂ mﬂm
fIU|d|zed‘ BACKGROUND OF THE | NVENTI ON 10 [ 0002] Po used

I n various uses For exanple, filns forned of a straight- chaﬁmw+om+density
pol yet hyl ene (LLDPE) are superior in various characteristics, for exanple,
these fil nms have excellent heat sealing characteristics, high softness and

hi gh toughness, and procisS® FGI PRISIUCING COLEPINES| BOBYMER humi dity
resi stance and chem cal resistance and are inexpensive, and are therefore

widely utilized. [0003] These polyolefins are typically produced by a

| i qui d phase pol ynmerization method such as sol ution pol ynerization and
slurry polynerization. PartiEIEED | QF LUHDPEENGEERT poduced by 20

copol yneri zing ethylene with an a-olefin having 4 or nore carbon atons in

the preseh@@0di a Ehﬁﬂnyeﬁﬁntﬂ%nﬂeﬂRAQHﬂﬁﬁﬁﬁiﬂﬁcﬁﬁcﬁrﬂﬁﬁﬁﬁ%@l@@%rlzatlon
met hod. [0004] In the neantinme, if such a polyolefin is produced by a vapor

phase ol prediganpoan reteion e me ly@iefreAndanPBEtAELARKSY DS 3 PEIREFDr m of

a particle after polynerizatiaon and a_step of
for producing an olefinic polymer wherein local heating is

scarcely caused in a fluidized-bed.

BACKGROUND OF THE INVENTION
10 [0002] Polyolefins are used in various uses. For example,
films formed of a straight-chain low-density polyethylene
(LLDPE) are superior in various characteristics, for example,
these films have excellent heat sealing characteristics, high
softness and high toughness, and it also have good water
15 resistance, humidity resistance and chemical resistance and are
inexpensive, and are therefore widely utilized.
[0003] These polyolefins are typically produced by a liquid
phasepolymerizatioun@thod:nuﬂ1assolutionpolymerizationand
slurry polymerization. Particularly LLDPEs are produced by
20 copolymerizing ethylene with an a-olefin having 4 or more carbon
atoms in the presence of a Ziegler catalyst by using a liquid
phase polymerization method.
[0004] In the meantime, if such a polyolefin is produced by
a vapor phase polymerizationmethod, the polymer can be obtained
25 in the form of a particle after polymerization and a step of
precipitating particles and a step of separating particles from

the polymerization solution become needless and therefore the



precipitating particles and a step of separating particles fromthe

pol yneri zati on sol uti on becone needl ess and therefore the 1 producti on
process can be sinplified. This is the reason why studi es concerning the
production of polyolefins, particularly, LLDPEs by using a vapor phase

pol ymeri zati on nmet hod have been made energetically in recent years. 5

[ 0005] In the vapor phase polynerization nethod, polynerization is carried
out with fluidizing solid particles consisting of a catalyst and a produced
pol yol efin by suppl yi ng pol yneri zabl e nononer gas fromthe | ower part of a

reactor _t?rtaah&_aifohu'ﬁ%éegsb@@lnw diGndinerely. rania @Q'N}H@@é@é&@mrﬁfaﬂi on
10 and wi t hdraw ng the produced pol yner continuously or intermttently from

t he react gtudli@8tnddyrsitedit Re papaicRiasco Ppby Bl eZahsopamiitad.athere is a
| arge probl em concerning the renoval of polynerization heat.
Convent i onabPgs aynethwg 4 sapoawphesewhbthmarlizquébhabdehdd isat ¢ ried el

al i phatic hydrocarbon is supplied to a fluidized-bed reactor and the gas

di schar gedafirornelgetézetldy iin cegpnésyedrand cooled to |iquefy a part of
the saturated aliphatic hydrocarbon, to thereby circulate the saturated

al i phati c [RP@Bdcar blan the t¥RPQeatiaste ipe bynepbiatiquintetthix@d state, thereby
20 renovi ng_pol yneri zation heat. [0007] However,even if the conventional
heat renpPPAYIRELRSYE LIRS AF FERRIRT MedVWidhafdpiddzing selif makieled
renove heat evenL% fr€n1the £Iuidi%§d-bed and therefore |l ocal heatjng in
the flui dF2BE5EdNPCLAFRY2LEBEET §iRFAPTTL @ LY A 1nREITHRP DB R d

It | Lem W h a sh By | ' duced,
The. poty nPLVEeagsobr EClORR bR Gas ML LTI DG BPALCOR: SpURREcEh The

| . rred on the 3 te

obetac o {BoRaoh Bl Tor hi o R e aREl aPy ol e ERRe LB R R oo The
gas QRﬁtrEHHth@@hﬁ&%&&ngW@E%hpQ%%%%%%ng%gérﬁ%ﬁQEﬁ&ih&%u%QB”%h:OperatiOn of

the reaction systemsignificantly. [ n view of thi's situation, the
inventors;igtetrhe tRe®$EY from the reactor.
[0006] In such a vapor phase polymerization method, there
isalargeproblemconcerning the removal of polymerization heat.
Conventionally, a method is known in which a liquefiable
15 saturated aliphatic hydrocarbon is supplied to a fluidized-bed
reactor and the gas discharged from the reactor is compressed
and cooled to liquefy a part of the saturated aliphatic
hydrocarbon, to thereby circulate the saturated aliphatic
hydrocarbon to the reactor in a vapor-liquidmixed state, thereby
20 removing polymerization heat.
[0007] However, even if the conventional heat removingmethod
as aforementioned is adopted, it is difficult to remove heat
evenly from the fluidized-bed and therefore local heating in
the fluidized-bed is easily caused, giving rise to the sheeting
25 andmeltingpolymerproblem. Whensuchasheetormeltingpolymer

is produced, the polymer is deposited on the gas distributing

plate disposed on the lower portion of the fluidized-bed and



i nvention have nade earnest studies and as a result, found that the | ocal
heating in the fluidized-bed occurs in such a manner as to be concentrated
in the peripheral portion of the fluidized-bed reactor and that in order to
restrict the local 10 heating, it is effective to introduce a saturated

al i phatic hydrocarbon put in a liquid phase state selectively into the

peri pheral portion of the fluidized-bed to thereby solve the inferior

heat -renoving in the peripheral portion of the fluidized-bed reactor by
heat of vaporization. The present 15 invention has been thus conpl eted.

CBJECT OF THE4LNVENTLGNLRORRE bl comedn a@PloBGh a@fl ot R iaeNtd o n 11 Vi de

a process for producing an ol efinic polyner, the process fmaking it possible

20 to car FYuQul zbhes a0 nBEESo RAYIEF ha dld1@y 6f e @k efdiny v itdutirgh
heat -renoval efficiency and with nigh productivity. SUMVARY OF THE

| NVENTI ONp[L80&0] wii ph asesss f@ria Pr pdiididegranhel abirnkt ppéyseioacedrutiang 25

to the present invention conprises using a fluidized-bed reactor provided

Wi th a gagsedcstipnbsyisngmpkageilfdawiamg ly .l ar ge nunber of gas t hrough-hol es on

the lower portion of a cylinder section, 3 al  ow ng gas_contai ning at

| east ol yREPBZi ng Ironbeeod thipsds welrionghtihenveatoss oy thedudaagnthe gas

supplied to a gas introducing zone di sposed bel ow the gas distributing

pl ate in th¥enkdpaehave Masle PAFARSES DY ¢ 2a0C0RS & HRGUdH /1t heugdsimt

di stributing ﬁ%ate and by discharging the gas fromthe upper portion of the

reactor ahBSplPERhJiadting dar £hel suTAl 289 TRPQi P 5t e SBEN AT f | ow,

to (co)polynerize one or  t or .nore olefi,ns in_a vapar ph . Wherein; a

sat ur at ed® IFBhéFiE°H§8PSEggﬁgnlpbti PEId®EE bk §° Jﬂ”ﬁéﬂfﬁﬁﬁﬁized-bed in

a liquid phase.state and a or_phase state . and th re

(co) pol yngEFg'gazﬁﬁ §3 hr%aggﬁgi ??gnéf%%tlnmﬁgge?hgoi F\glsg‘g&rggg%%esalo?c?]he

cylinder paction ofithe Clewitiaqd hed i d 3 defided 25 A Qistance of

1,_tﬁgﬁrepg%%%ﬁgﬁi5tbé%meen t he ponpeﬁf}atioﬁ (Cl) of the satd&gt§§'15

al i phat i chudreaabBanphyt ihNaall§Guldpsh 3& est it d hee PEEE PREIRlinto the
peripheral portion of the fluidized-bed to thereby solve the
inferior heat-removing in the peripheral portion of the

fluidized-bed reactor by heat of vaporization. The present

15 invention has been thus completed.

OBJECT OF THE INVENTION
[0009] It is an object of the invention to provide a process
forproducinganolefinicpolymer, the processmaking it possible
20 to carry out the vapor phase polymerization of an olefin with

high heat-removal efficiency and with high productivity.

SUMMARY OF THE INVENTION
[0010] A process for producing an olefinic polymer according
25 tothepresent invention comprises usinga fluidized-bed reactor
provided with a gas distributing plate having a large number

of gas through-holes on the lower portion of a cylinder section,



section of the cylinder section at a relative distance of 0.7 to 1.0 from
the center of the cylinder section as a start point and the concentration (
CZ ) of the saturated aliphatic hydrocarbon put in a liquid state in the
center portion of the cylinder section 20 at a relative distance | ess than
0.7 fromthe center fulfills the follow ng equation: C1>C2 at a place cl ose
to the upstream section of said gas distributing plate. [0011] In the
present invention, the nononers are preferably (co) polynerized in such a
condition that when the inside radius 25 of the cylinder section of the
fluidi zedabedwieacias don el ey adsl @a sit Panaee 0z ing Mot oelrat tonshs

bet ween the average gas flow velocity (V1) of the gas in the peripheral
secti on othtrbagh theylrieadenrsést idowihga thel atasvesutipsltisncecofa Ggasto 1.0
fromthe center of the cylinder section as a start point and the average
gas vel ociihyrpd2rioly zheegdssposeticoear dahepgeatsi dasvtibbéioygl phdee smction
at arelative distance less than 0.7 fromthe center 5 fulfills the

f ol | owi ngtbguanisdde WE>Vheatf laigliged-Hegsasartdie dgstrusemSwidan of said
gas diffusion plate. [0012] In the present invention, preferably the

f1ui dized9Bsgribatisg Rasdts aeanbYf 8ischarging Fhe a?%e€¥?lsntfb$ ‘épﬁ?)%?t or

all of the streamof the gas supplied . to th as introdugcin on and a
sat ur at edpﬁlrltﬁﬁ’&‘?%thﬁocre&%ﬁ%ﬁggf%ﬁ% %%ﬁ gﬁatrﬁewglff kﬁﬁgﬁf Jr%)e he gas

q , .
resent | RUEHE BX. Sprar BRaFy obhe 95 11 Pat JBREBES. PRSCrDr 1oLk Hehs for
gi vi ng nnggg%ggglqntgev%_r§p§hgghofdﬂgi ir.cunference of the cylinder
section to"the gas su P e gas in rodu0|ng zone; and a saturated

al i phati c shydracarhan Jhg %rttl% "}%fd?:atﬂb%rgaﬁs sltfpooﬂdcﬁpcéd)

SAd gasq
|ntrodu0|ng zone in a va 1 quird mxed 20 state. [0014] Further in the

preseny | @wmll%d-@;e@awr@thd;@d Plh@%leCsBé{QéOé?ﬁd ROR apWlr pRadel sﬂaltél state
is preferably supplied froma supply port disposed on the peripheral

portion ohknthehgasodbméf battd NG i leymedr iz gcliat iswehdastandet 06nOtHato 25
1.0 fromthe center of the gas distributing plate.
when the inside radius of the cylinder portion of the
fluidized-bed reactor is defined as a distance of 1, the
relationship between the concentration (C;) of the saturated
15 aliphatic hydrocarbon put in a liquid state in the peripheral
section of the cylinder section at a relative distance of 0.7
to 1.0 from the center of the cylinder section as a start point
and the concentration {C;) of the saturatedaliphatichydrocarbon
put ina liquid state in the centerportionof the cylinder section
20 at a relative distance less than 0.7 from the center fulfills
the following equation: C;>C; at a place close to the upstream
section of said gas distributing plate.
[0011] In the present invention, the monomers are preferably
(co)polymerized in such a condition that when the inside radius
25 of the cylinder section of the fluidized-bed reactor is defined

as a distance of 1, the relationship between the average gas

flow velocity (Vi) of the gas in the peripheral section of the



[0015] It is preferable to copolynerize at | east one a-olefin selected from
et hyl ene and a-olefins having 3 to 20 carbon atons 5 by the

af orenenti oned process for producing an ol efinic polymer. BRI EF DESCRI PTI ON
OF THE DRAW NGS [0016] Fig. 1 is a schematic explanatory view showing a 5
pol ymeri zati on process by a process for producing a polyolefin according to
the present invention. [0017] Fig. 2 is a schematic explanatory view
showi ng another circulating process in a process for producing a polyolefin
according to the present invention. 10 (0018] Fig. 3 is a view of a

verti cal sestia8,Shout agnofle LYRTRLS ol aadbhEUsLRS Pl ey Upcsbn Lhe

present invention. i's an enlarged view of a major part of

Fig. 3. (OQROErFbE-t kg13nveeVs Ot BoNeld iaCat aseGld Ot shew R ARot 15
exanple of a diffusing plate used in the present invention. DETAIL

DESCRI PTI gi§ &R ddit ¥ NVENBIOAh ¢ G@21in Ahproeessr bolr tpoddsit thg dyiei wdef i ni c
pol ymer according to the present invention will be hereinafter explained in
detail . 20ctk@022htl & shoatdvbedhstedcthaéstheheni 8. 7 hEraaschavhesetéhe term
"pol yneri zation” is used in ternms of neanings inplying not
5 fulfills the following equation: V;>V, at a place close to the
upstream section of said gas diffusion plate.
[0012] Inthepresent invention, preferablythe fluidized-bed
reactor has a means for changing the direction of a part or all
of the stream of the gas supplied to the gas introducing zone;
10 and -
a saturated aliphatic hydrocarbon is contained in the gas
supplied to the gas introducing zone in a vapor-liquid mixed
state.
[0013] Also, in the present invention, preferably the
15 fluidized-bed reactor has a means for giving momentum in the
direction of the circumference of the cylinder section to the
gas supplied to the gas introducing zone; and
a saturated aliphatic hydrocarbon is contained in the gas
supplied to said gas introducing zone in a vapor-liquid mixed
20 state.
[0014] Further, in the present invention, a saturated
aliphatic hydrocarbon put in a liquid state is preferably
supplied from a supply port disposed on the peripheral portion
of the gas distributing plate at a relative distance of 0.7 to
25 1.0 from the center of the gas distributing plate.

[0015] It is preferable to copolymerize at least one a-olefin

selected from ethylene and a-olefins having 3 to 20 carbon atoms



only homopol yneri zation but al so copol ynerization, and also there is the
case where the term"polyner" is used in terns of neanings inplying not
only a honopol ymer but also a copolyner. 25 [0023] In the present
i nvention, when supplying an olefin to a fluidized-bed reactor in which
pol ynmer particles containing a catalyst are kept in a fluidized state to
produce an olefinic 6 pol ymer by a vapor phase polynerization reaction, a
saturated aliphatic hydrocarbon is supplied together with the olefin in the
state of two phases, nanely, a liquid phase state and a vapor phase state,
and prefepghlpe hBo;@eMéﬁQ&ohéglﬂjﬂ)d@s@?ﬂo§b§b@ub@n? de1kFuhdizad-jest o
renmove pol ynerization heat by the vaporization of the |iquid phase
saturated aliphatic hydrocarbon. At this tine, the olefin is
(co) polynerized such that the concentration of the saturated aliphatic
hydrocarbon put in a | BRIEG PESSRIPTION for fIHEH DRAWNES fied requirenent.
10 [ 0024] Here, the present invention wll be explained in detail with
ref erence [001Bilg. IFiA catid ystséhemalpipt iexb¥ammary i weew 5showiang a
fluidi zed-bed reactor 11. Also, gas containing at |east a polynerizing
mononey ( pledvme)x iaad iouppr Peds § ramraPrsepps§ famereducsd ngup@aler ¥ebin a
supply pipe 9 disposed on the |ower portion 15 of the reactor to a gas
i ntroduci AGCLERE NTLE ditHSo PG SES oW Y SFd<s-Fi-st ri buting plate 17 in the
quidized-ﬁ q react Qr 1%,.is bl.own into_a flugdized:bed 18.fromthe ﬁas
di stri but il § dlat e B9 aAd S & SH G 8* Pl 8RPEOF Y e M6 SBPYpBI e B ¢ he
upper porti,on <1f t.he reactaor. .Them%as ies st t}erre%\éoz%%ul civI\]/eda:to asslétprrgugh
the 20 re&E&P1aNd hiPd OF88 Sstfe AmbE FAST i 08d PFES REGhE F513F part cl es
(the soli l.yst .and.,th I o lLyner) in a fluidized state to
t her eby f%F%%%%é%%|§?aS§§a§%%5% %egg?ggﬁxgﬁgten) 18. In the present
i nventd on,og1at ur a4l & i phat i Hy HOGARRON: i & 15 WYEH £eh i dhdwi hgubge phase
state and a vapor phase state or in 25 a vapor-liquid m xed state to the
fluidi zedehadpl® Jn aFidd £ flis ihla PleRieeSARE it Hd HiIsarctimiand 2025] The
pol ymer particles produced by the pol ynerization 7

[0019] Fig. 4 is an enlarged view of a major part of Fig.

3.
[0020] Fig. 5 is a view of a vertical section showing another

15 example of a diffusing plate used in the present invention.

DETAILED DESCRIPTIONS OF THE INVENTION
[0021] Aprocess for producing the olefinic polymer according
tothe present inventionwill be hereinafter explainedindetail.
20 [0022] It should be noted that there is the case where the
term “polymerization” is used in terms of meanings implying not
only homopolymerization but also copolymerization, and also
there is the case where the term “polymer” is used in terms of
meanings implying not only a homopolymer but also a copolymer.
25 [0023] In the present invention, when supplying an olefin
toa fluidized-bed reactor inwhichpolymer particles containing

a catalyst are kept in a fluidized state to produce an olefinic



of at |east one olefin selected fromethylene and olefins having 3 to 20
carbon atons in the fluidized-bed 18 in this manner are w t hdrawn
continuously or intermttently fromthe reactor through a discharge line
10. 5 [0026] On the other hand, the unreacted gaseous ol efin, saturated

al i phati c hydrocarbon and the |Iike which have passed through the
fluidized-bed is decelerated inits flowrate in a decelerating zone 19

di sposed on the upper portion of the fluidized-bed reactor 11 and

di scharged out of the fluidized-bed 10 reactor 11 through a gas outl et port
di sposed gR1therUBPeS RJJY PRtk bBeyhbwidhzednbedaceashpra Bhe {Azd The
unreact ed gaSeous ol efins, saturated aliphatic hydrocarbon and the |ike

di schar ged1fipaattkenfirstatbondi g edrdieid deacigerthkl @iehcontesiénim heat
exchanger (cooling unit) 14 through 15 a circulating line 16, joined the
suppl y gashernstdites spphy phiase sl, 2nanell guppl i @di ¢ phisiseususty aaghanvdmnt he
inside of the fluidized-bed 18 in the first fluidized-bed reactor 11 by a
bl ower 13phhset Beaheat apdchaaferabdy ihea cvampert-atiqg dasised tstp toaltiy
cooled to a tenperature close to the dew point of the gas . The 20 dew
poi nt of the dasimdard-bled tenpememer ®odtymgiigatsd on d@iad donddissate starts.
When the circulating gas which is cooled to'a tenperature |ower than the
dew poi nt Vepoghgplties ot ke IANGARIASRE pRrEV IRt e¢ ggé?ﬁéﬁlﬁé’éftdlt%ﬁﬁwﬁ enoved
by the | atent heat of vaporizati.on of the liquid.,condensate tq thereby

hpr ove 2BENERA S EiBFal BT PAREEy 1 (A PALITEEEF bEd ors SRt Ul d be

noted that when.circul ating the .circul atin s to t.he fluidized-bed
eactor 1TOMAEREFAEGPT RE BT A ST e R e BvH Barsbe™t PER £ =

opti onal phaggofrbhe CLLcdl aling hide WedG928 Aad.rshdiRihod may be

adopted i ich e discharged gas Is c usi ng,” for exanple, a heat

exchanger [B@ﬁhgg a NAROT £ hi Bl e3RPAR R 11orh WRET iIRNexb N 888 Ynad&ihi]l
al i phatic 5 hydrocarbon which is put in a vapor-liquid mxed state is

subj ect edyt@nvapeerkhari dosepgr atj on chhe1yepal at edpgaseahasemi 8 rideul at ed
to the fluidized-bed reactor 11 fromthe supply port 9 and the |iquid phase
is directhp supptietdipedised evarctparllon dfsd,heaéladrdizadi-hedt1Bea M so, a
part or all of the 10 liquid phase may be supplied to the supply line 12
and ci r cubavebymerihend mgrdirred{bédfivnacirmt stppllaget freom s shppllierine
repl eni shi ng hydrocar bons. . .
12 is supplied from a supply pipe 9 disposed on the lower portion
15 of the reactor to a gas introducing zone 1llb disposed below a
gas distributing plate 17 in the fluidized-bed reactor 11, is
blown into a fluidized-bed 18 from the gas distributing plate
17 and is discharged froma line 16 disposed on the upper portion
of the reactor. The gas is thereby allowed to pass through the
20 reactorandthisgasstream (fluidizedgas) keeps solidparticles
(the solid catalyst and the produced polymer) in a fluidized
state to thereby form the fluidized-bed (reaction system) 18.
In the present invention, a saturated aliphatic hydrocarbon is
supplied in a liquid phase state and a vapor phase state or in
25 a vapor-liquid mixed state to the fluidized-bed 18. 1In Fig.

1, lla represents a cylinder section.

[0025] The polymer particles produced by the polymerization



[ 0029] The fluidizing gas consisting of the polynerization nononmers and the
circulating gas is introduced fromthe supply 15 port 9 as aforenentioned
and passed through the fluidized bed 18 at such a flow rate that the
flui di zed-bed 18 can be kept in a fluidized state by the gas. Specifically,
the flowrate of the gas introduced fromthe supply port 9 is about 3 Unf
to 50 Unf and preferably about 5 Unf to 30 Unf where Unf is the m ni num 20
fluidizing rate of the fluidized bed. It is possible to stir the
fluidized-bed 18 nechanically, for exanple, by using various stirrers such

as an ancBeryi YRgsstlddd e r36 €M d¥Ped Skl &Fh fIeh & iplR081 £ Y PEs HdV iRy -
Al so, the reactor may be provided wth a scraper. 25 [0030] The ol efin

pol yneri zgti & StapbBBYaBEmsiiv €6 FOLOodt ¥odopeHOI® it 88e8 MARASF idvgk i n
reaction condition fromeach other to carry out the polynerization. Next,

t he pol ynRithakrben SQontshepusiyt be dasereafi ttcantyiynd roum thike rpelgtweri zation
in two or nore stages will be explained in detail with reference to Fig. 2.
[ 0031] | nthheughse dfischrrgendioet 10he pol ynerization in two 5 or nore
stages, for exanple, in the case of carrying out the polynerization in a
mul ti st agdé0086dr plusd&hsoloahay w@nbn HppdieEC Ry i FRETNWS vabdfiphase
fluidi zed-bed reactors which are serially connected, the polynerization is
carri ed ogetasater aliphabi¢ dusiogarhideandl thetldde vApSH phegeassed

pol ymeri zati on apparatus, .a first fluidized-bed reactor 11 is connected
serially FBrQUEBchE fuidized-bed +&a ?S?f?ﬁaEEdsh%mht?rfquwr%R%hﬁ}e,
Fig. 2. The first fluidized-b reactor 11 is.alnost the sane as. the
quidizedgbgacFiEEP Fn8e§8PFb§§ Fﬁsppﬁgdlognghfhé¥§F3?éxF%EIEBc@%ﬁﬁ§hations
of the flutdi - hed _r.eact [ ' ] | yvirer, particl es

pr oduced ig%utl éggﬁ Pugggg%cﬁcg%odé ?ﬂéaagidgglﬁéﬁ%%%&\%%t% %ﬁ%\gﬁe%n J‘|r£l‘r31fLuzoegaglk%/écgr

I nteryy tt ‘E@%\lci‘.o?g,dlsgl'-ﬂp&@&ﬂ &t d 9o80h ke R0 §§9§éatan%élabggrs&}ﬂdwr@por

separators 31 an At"this tine, valves 33 and 34 are properly 20 opened

and shut gpdeheCeniiigh zedh@ecpolaRE opantii.cl es withdrawn in this manner are
di scharged in a transport line 25 by the action of the valve 35 and fed to

t he secondobkaildi zathdhaethreaatiead galsddusougle fiihes t retaportied idleigtat {O034]
The pol yner particles withdrawmm froma discharge line 25 30 of the first
f | ui di zedhgddoreabboraridtharndukghdi fehaoged Lraporhe Epasatorsi Bilzehthb82 are
fed to the second fluidized-bed reactor 21 through the transport |ine 25.
The transperctpirdd @ fgoled in ahaptke¢hpngan roshibpd ynithd 42ahzeigh he
ot her end of the transport line 25 is connected to the upper side of the
seconkP f | 8i ¢ el petng dddtort 6211 o Fhed frhes suPe Lot e fel AL ec BHPRL Hi K¢ he

ol efins f%g L%gmstug%lilé%plc%nltli%%o%zs llyS argaalisneqcob%hae Aerdd Gf ' Means such

fluidized-bed 18 inthe first fluidized-bed reactorllbyablower
13. In the heat exchanger 14, the circulating gas is typically
cooled to a temperature close to the dew point of the gas. The
20 dew point of the gas means the temperature at which a liquid
condensate starts. When the circulating gas which is cooled
to a temperature lower than the dew point is supplied to the
fluidized-bed 18, reaction heat can be removed by the latent
heat of vaporization of the liquid condensate to thereby improve
25 heat removal efficiency in the fluidized-bed 18. It should be
noted that when circulating the circulating gas to the

fluidized-bed reactor 11, a part of the circulating gas may be



5 as a centrifugal blower 41, also the polyner particles wthdrawm fromthe
first fluidized-bed reactor |1 is nade to be entrained in this gas to
transport the polymer particles and then introduced into the second
flui di zed-bed reactor 21. Al so, the gas containing new pol yneri zi ng
mononers (olefins) is supplied to 10 a gas introduction zone di sposed bel ow
a gas distributing plate 27 inside of the second fluidized-bed reactor 21
fromthe supply line 22 through a blower 23, blown into the fl uidized-bed
28 through the distributing plate 27 and discharged froma |ine 26 di sposed

on the UPBEEgRar Eirgh ah heileaat Qhactherelnd he 13:19aS He ﬂ'dé)ﬁﬂh; O pass

t hrough t eactor. The solid particles (the solid catalyst an

produced pobgeRrs) b be kePhobmay beUsdbgeddstat@ily the idashstgeam
(fluidizing gas) to thereby formthe fluidized-bed (reaction system 28. In

the preseghsi A¥erbbord wka ngl,effiors exiatp(1:Q) ROINEERT ickthaMddtr iHHviadycing a
20 liquid phase saturated aliphatic hydrocarbon into the fl uidi zed-bed,

wher ei n t kiapogalinated sepapating HydadarhortHes ssitpplated! tad itdiaatic
fluidized-bed in a |liquid phase state and a vapor phase state or a

vapor -3 i qbiydrocrebtost athd.chl AG3putl tinsleowlagpdre Inahed thiatedalsttaoigghi 8 new
catalyst is 25 not supplied to the second fluidized-bed reactor 21 in
general , auRéectedi Hocaareystideld Fepanailiay ttheasgpsirprtddpiaserlofise he

fl ui di zed-bed reactor through, for exanple, the transport line 11 25
accor di ngifoCireuheefd 10036 five HasAmeharactiods Lir baae e dysuprly

pol ymeri zation_of at |east on | efin sel,ected fromethyl ene and, ol efins
havi ng 3 P8¥50°c3R otr{"%fldrfé‘”i‘ﬁ p?’f‘?eg% i ilféﬂ’-tgé(dsﬁgp FRE R EParkPWRY hdr awn
5 continuously or intermttently .fro e reactor_through a djscharge |ine
20- 0037 PORFL8R' pihe thfr EAbERa-Edc BB 1Br e KRS0 050 et bebsit hat ot e

hydr rb ] I I : ; i,di.zed-pbe 8 are
Ot D98 R0d s d K MO LabATE RS SRA LUsoDstie ] LU Ae ededS are
upper por tpqhef1 L1081 $680Bddlddl Azl Redierat 91 c ¥ Lragd fgpslcé}?{&?d?%%ut of

the second fluidized-bed reactor 21 through a gas di scharge port osed
on the upp@HrbektrbensQf the second fluidized-bed reactor 21. [0038] The
unreact ed gaseous ol efins, saturated aliphatic 15 hydrocarbon and the like
di schar gedobR8in t haseddnd dilziind ged- bedsisting of the polymerization

monomers and the circulating gas is introduced from the supply

15 port 9 as aforementioned and passed through the fluidized bed
18 at such a flow rate that the fluidized-bed 18 can be kept
in a fluidized state by the gas. Specifically, the flow rate
of the gas introduced from the supply port 9 is about 3 Umf to
50 Umf and preferably about 5 Uys to 30 Uys where Uy is the minimum

20 fluidizing rate of the fluidized bed. It is possible to stir
the fluidized-bed 18 mechanically, for example, by using various
stirrers such as an anchor type stirrer, screw type stirrer and
ribbon type stirrer. Also, the reactor may be provided with
a scraper.

25 [0030] The olefin polymerization step may be divided into
two or more stages differing in reaction condition from each

other tocarryout thepolymerization. Next, thepolymerization



reactor 21 are cooled in a heat exchanger ( cooling unit y 24 through a
circulating line 26, joined the supply gas in the supply line 22 and
supplied continuously again to the inside of the fluidized-bed 28 in the
second fluidized-bed reactor 21 by a 20 blower 23. In the heat exchanger
24, the circulating gas is typically cooled to a tenperature close to the
dew point of the gas. Wien the circulating gas which is cooled to a
tenperature | ower than the dew point is supplied to the fluidized-bed 28,
reacti on heat can be renoved by the | atent heat of vaporization 25 of the

|'iquid cogdepsahecto émwciawwvlg baat thempyeymet{ L et epsYih Nedhbor
fluidized-bed 28. It should be noted that when circulating the circul ating

gas to thposeconsdgés uiidi zed- befld2nedr Bade«taidlwidhpaste0bnthecsircyl ating
gas may be purged from an optional place of the circulating Iine 26. [0039]

Al so, a nethod may be adopted in which the discharged gas is cooled in a
heat exchanger provided with a vapor-liquid 5 separation function, then the
sat ur at ed [@PBphat i crhytieocasdof parryhang vapdahd pqliydemixedisnaie tiwo

subj ected to vapor-liquid separation, the separated gas phase is circul ated
to the fl grdneed- bedgesacfor @4ampben alsuppt Captr tofambatiwing (it Whase i s
directly suEpIieq to the Lower portion of the fluidized-bed 10 28. Also, a
part or aRelymerhéatiqni dnpRadelidytBges ygprire®heset Pe lvmepiyzatimn 22 and
circulated to the second fluidi zed-bed reactor,k 21 together with other

r epl eni shPRE2RFEHSCRRHHRE. LYOTAFP L RhERE FividifpdTRrdctrdcrFeattfh 11, as
af orenentioned, the, fluidizi gas, i s ssed, t hr pugh, the 15, fl ui di zed bed
18 at SUCRTE PEBHALAYeCPRAECERRYTOF FOLAEEIF A8 ¥ant D Kemt o5 P (34l di zed
state. In EEE agcond fluidized-bed reactor 21, the fluidizing gas is passed
t hr ough tﬁe Pl di zed bed 28 at such a flaw rate that the fluidized-bed 28

can be) kepposhja fly dhgrdistatgge Tglde%g;gﬂﬁisée@@y&iagélzgmohmepgé% ate of

the gas introduced fromthe bottdomo reactor through the supply lines

12 and 22;ifs raftoeituBiihdative d0eblbt oand ps ebahablydalouta 15 b atfe Shdnf

where Unf is the mnimumfluidizing rate of the fluidized bed. It is
possi bl e Foustiitetihbell téstzed dleds IshawmeHani £ak laxanfire 2Figxanpl erhdy
usi ng various stirrers such as an anchor type stirrer, screw type stirrer
and ri bbofiitgpefiuidieed-ped42kastbrodgh isha lalbete téveplsmmet iaGnscheer e
furnished as to 13
fluidized-bed reactor described in Fig. 1 and therefore the
15 explanations of the fluidized-bed reactor 11 is omitted.
[0033] The polymer particles produced in the fluidized-bed
reactor 11 are withdrawn continuously or intermittently and
subjected to solid-vapor separation using solid-vapor
separators 31 and 32. At thistime, valves 33 and 34 are properly
20 opened and shut under control. The polymer particles withdrawn
in this manner are discharged in a transport line 25 by the action
of the valve 35 and fed to the second fluidized-bed reactor 21
through the transport line 25.
[0034] The polymer particles withdrawn from a discharge line
25 30 of the first fluidized-bed reactor 11 through the solid-vapor

separators 31 and 32 are fed to the second fluidized-bed reactor

21 through the transport line 25. The transport line 25 is

10



a nultistage vapor phase polynerization apparatus consisting of two
fluidized-bed reactors, nanely the first fluidized-bed reactor 11 and the
second fl uidi zed-bed reactor 21 which are serially connected to each other,
even a nulti stage vapor phase 5 apparatus consisting of three or nore
fluidi zed-bed reactors can be structured in the sane manner. [0043] In the
present invention, at |east one olefin selected fromethylene and a-ol efins
having 3 to 20 carbon atonms is supplied to the fluidized-bed as

af orenenti oned and (co)polynerized. 10 Here, exanples of the a-olefins

havi ng 3 1p280nhEakERem @HO88phNghude F apYlteRe tHebehaRE t He REBLSRSrt
1- hexene, 4-nethyl-1-pentene, 1l-octene, 1-decene, 1-dodecene,

1-t et r aderene 251: hesagdeeesa toltlos ipgecaieiant thead @asem €l uf Q44H-bedt he
present invention, it is preferable to 15 polynerize ethylene with an

a-ol efin haxtbgr& 1.0 Thecprbosunt afsthrdPpacontaiaing ehbaydlenfeinvg tfledan
a-olefin having 5 to 8 carbon atons . Further, ethylene may be

copol ynerfrzen ttid lsupwd yol imerd? asotefsed. by 60dsds Bes¢desselmfans susther

pol yneri zabl e nononmers may be 20 copol yneri zed according to the need. For
exanmple, &$mrytenypelwpnbleoyesuth adssttherel yirerpa ekl oFeewl thidggwn
acetate, vinylacrylate, methylnethacryl ate,tetrafl uoroethyl ene, vinyl ether

and acryl BrPRriheFiEsh; bt &L #pdreRed R ALt ddff BREeaht 9% 6pit&rd ned
non con UARLE BoLieTes suh 28 b heiadi ey 20 0 yel ppeniadene o
and al dehydes sHCh;28,/9" FRLI8DYAS-HBY DELCOBR! ¥TerIZELy, 1the qas
containing new polymerizing monomers (olefins) is supplied to
10 a gas introduction zone disposed below a gas distributing plate
27 inside of the second fluidized-bed reactor 21 from the supply
line 22 through a blower 23, blown into the fluidized-bed 28
through the distributing plate 27 and discharged from a line
26 disposed on the upper portion of the reactor, whereby the
15 gas is allowed to pass through the reactor. The solidparticles
(the solid catalyst and the produced polymers) can be kept in
a fluidized state by this gas stream (fluidizing gas) to thereby
form the fluidized-bed (reaction system) 28. In the present
invention, the olefins are (co)polymerized with introducing a
20 liquid phase saturated aliphatic hydrocarbon into the
fluidized-bed, wherein this saturated aliphatic hydrocarbon is
supplied to the fluidized-bed in a liquid phase state and a vapor
phase state or a vapor-liguid mixed state.
[0035] It should be noted that although a new catalyst is
25 not supplied to the second fluidized-bed reactor 21 in general,
a new solid catalyst may be supplied to a desired place of the

fluidized-bed reactor through, for example, the transport line

11



[ 0046] Mononers consumed by the polynerization may be supplied from
optional places. For exanple, these nononers are supplied in an gaseous
state to the reactor froma supply port through a supply line in usual. 5
[0047] In the present invention, the saturated aliphatic hydrocarbon is
supplied in a vapor-liquid tw-phase state to the reactor together with the
af orenenti oned olefins. As the saturated aliphatic hydrocarbon,
specifically one or two or nore types selected fromsaturated aliphatic
hydr ocar bons having 4 10 to 20 carbon atons such as n-butane, i-butane,
n-pent aneys i sREMERNEy NEXERE, nbeyt ane, octane, nonane, decane,

2, 2-di met hyl propane,” 2, 2-di net hyl but ane, 2, 3-di net hyl but ane,
2,2,3-tripeodgl but ane,pcl yivé hydranitcnrs, pdodathyl penthangolymerization

2, 2-di et hyl pent ane, 3, 3-di net hyl pentane, 15 2, 3-di net hyl pent ane,

2, 4- di metdy bpeld @se on2-akd hih lexlaws e Bf neh pheareand -aisd il haxatag

2, 3-di met hyl hexane, cycl opentane, cycl ohexane, nethyl cycl opentane and

di met hyl cytb@pentrire atemsisadhe D043} 1 Zebrieed 8 de kieytdriccardwhshdsatwor at ed
al i phatic 20 hydrocarbons having 4 to | O carbon atons, specifically,
|-penﬁanecont¥nﬂn%ﬁky ¢rbbmﬁﬁémlﬁtgnthhefé®mthbelrﬁéct@rpﬁbr@ugbly used.
These conpounds may be used in conbinations of two or nore. [0049] In the

present i T %?ﬁ?s%@urated al i phatic hydrocarbon as aforenentioned is
supplled e re tor a 25 two- phase statel ? a |I%Uld phase
state and %P ﬁge E St BNZRECHPE BREBPVS 114 &onﬁaﬁu& &% xed state

sat ur at o b %”%i# s R ER B %L*%ﬂ%ﬁ%%siéa%é‘%ﬂ'v%ﬂe P epRe
ol efins R3S &_92 de/méz Pe'aeggggﬁg ghta gge, phen the,inside

radi us of portiron o |ze Feactor i's°defined 5 as

a di .SLbanCc?ec?éléraEig?%E@bi‘Bh%@ié’p@@éé("%ﬁ'i:ﬁe‘"@pﬁ@f‘?%?%E@E'@tﬁ@éécB&dt he

saturated ali phati ydrocarbon put in a liquid ate in the peripheral

portion of1di®i £odlpelerrseetopn2at afdr €1 Ehyegdisbanceroth. detond. 0 from
the center of the cylinder section as a start point and the concentration

(C2) of tiensdizedtmsd ¥ adtidquhatli €hhydgloeaghend psthafge ddrqutddspbatd in the
center portion of the cylinder section at a relative distance | ess than 0.7
fromt he aentter Ungdi [dorttdmn fd Ithe sgceq@atfilondiCedcbedprereralnl 1.
C1>C2x1.5 and nore greferabl C1>C2x2.0 at a place close to the upstream
section of0Q¥H gaShai ynrepeteAgopsgras olefins, saturated aliphatic

15 hydrocarbonandthelikedischarged fromthe second fluidized-bed
reactor2larecooled inaheat exchanger (coolingunit) 24 through
a circulating line 26, joined the supply gas in the supply line
22 and supplied continuously again to the inside of the
fluidized-bed 28 in the second fluidized-bed reactor 21 by a

20 blower 23. In the heat exchanger 24, the circulating gas 1is
typically cooled to a temperature close to the dew point of the
gas. When the circulating gas which is cooled to a temperature
lower than the dew point is supplied to the fluidized-bed 28,
reaction heat can be removed by the latent heat of vaporization

25 of the liquid condensate to thereby improve heat removal
efficiency in the fluidized-bed 28. It should be noted that

when circulating the circulatinggas to the second fluidized-bed

12



15 [0051J When (co) polynerizing the olefins in such a condition, it is
possible to selectively renove the heat of the peripheral portion of the
flui di zed-bed reactor at which portion the problem of heat generation is
significant and the generation of heat spots can be limted. The liquid
phase saturated hydrocarbon 20 is concentrated in the peripheral portion of
the fluidi zed-bed reactor by using the above condition, whereby heat can be
renoved efficiently. This nakes it possible to save the anpunt of the total
| i qui d- phase saturated hydrocarbon and to reduce |load on facilities such as
bl ower usedat-@ogi paul at gat-heo POt éresi Zd i 2hndasas [P He IJurdgesffoaiive to
make the gas velocity higher on the peripheral portion of the cylinder
section thanopRibhgicgnkee &8 thpoetirenlaktihie 16yl rder section in order
that the concentration of the saturated |iquid phase is nade hi gher on the
peri pheralfopg®fi on Mfsd,he mythodleraysbetadoptddrinonhibe ceatddrs graardgeah of
the cylinder section. 5 [0053] It should be noted that the concentration of
t he sat ur ghedisldquiladd dnhgheraramhanger pravided dishat erapon-fequid
fluidized-bed reactor is nmeasured in the follow ng manner. [0054]

Speci fi caBeparatégnpfungt honz|tdans thessarpeated ahiphawer hysindaarksin t he
distributin% plate to collect a gas sanple 10 and the ratio of a liquid in
a sat ur at BHtsiRtee VaRa&r pANd duPEX e F taifhdFabuP2eEbREi §¢ FRPAT THeIY Ihver
‘portion of the distributing plate is calc¢ulated fromthe conposition of the
gas as a AFBETE&AEENt F S%Paféégg]gﬁﬁ Pﬁésﬁré§eﬁﬁri EEDC (€ ol ef i ns

are prefe condi tion when the inside

bl.y.15 | i d.i h hat .
e of ERRatapRA R 20t 3 RS e 50 b b RS g e

di st i Qﬁh' wﬁﬁp 98 I : i V1
o;‘ St ﬁgcgaggiii?%gg%)%%%wel&a lﬁ%r?ﬁ%n 0 %E%%&%ﬁgg Sec llugL\r%ﬁl\é‘féog_CBrée agi v)e
di st gnee 9%.0-}51:%% la Qdromd *&ﬁ%f%ﬁ@ﬁﬂ{uj@@ﬁéé e Ghi Y 85 @
start point and the average gas flow velocity (V2) of the gas in the center

portion ototdie fé)ﬁFbmgreIir%BQQi i &l reul ekl ¥6 thestanshdlass di-Gbhed from
the center fulfills the follow ng equation: V1>V2, preferably VI>V2 xI . 5

and nore peetepabky Yby¥2x2r. witht ozhplracepldleddaehting megdipsiareams=25 section
of said gas diffusion plate. [0056] If the olefins are copol ynerized under
this condil®P4R) thelr ithe o idrdplfensi difzed et teadter allarger specific
gravity 1zforementioned, the fluidizing gas is passed through the
15 fluidized bed 18 at such a flow rate that the fluidized-bed 18
can be kept in a fluidized state. In the second fluidized-bed
reactor 21, the fluidizing gas is passed through the fluidized
bed 28 at such a flow rate that the fluidized-bed 28 can be kept
in a fluidized state.
20 [0041] Specifically, the flow rate of the gas introduced from
the bottom of each reactor through the supply lines 12 and 22
is about 3 Umf to 50 Umf and preferably about 5 Uypr to 30 Ups
where Ups is the minimum fluidizing rate of the fluidized bed.
It is possible to stir the fluidized-bed 18 mechanically, for
25 example, byusingvariousstirrers suchasananchor typestirrer,

screw type stirrer and ribbon type stirrer.

[0042] Although the above explanations were furnished as to
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5 10 15 20 than a vapor phase sinks at the center portion where the flow
rate is low and are therefore concentrated in the peripheral portion of the
cylinder section where the flowrate is relatively high, which makes the
concentration of the saturated aliphatic hydrocarbon in a |iquid phase
state higher on the peripheral portion of the cylinder section than on the
center portion of the cylinder section. [0057] The average gas flowrate in
the cylinder section of the fluidized-bed reactor is neasured in the

foll owi ng manner. Specifically, an insertion |ength variable type

pi tot-tubg rmdf@@a#é ST MR JeOwRN vRRIMIZAQR 10 hbpadasudi sbhishukisng pl ate

to neasure the gas Tlowrate at each given position wth changing the

i nsertionof engd IF1efi dikedpbledt rédbecsbepndiie 3¢ athd ramsithg1geateedt-®ed

peri pheral portion of the cylinder section. Each average gas flowrate in

t he cent erepetdt onl ant tthe perdgphierfdlu iphrdddbibdds deauitd f RaMwiehobtra ned
distribution of gas flowrate in a radial direction. [0058] In the case
wher e t hesgaball pworsiesteahhotedssh mtasur, edyven ta mgl taktabateb as phg san
equation for calculating the pressure drop of the distributing plate of the
f 1 ui di5zedaprealr asus hoaws i st ine dordhnee pr MmoEer klua di zpdnivede repEYsI]s Pd;
Pressure drop of the distributing plate; 25 [0060] Uc; Average flowrate in
the ofi fie& dbe rHer @r S FFBIRHT nghpl 8BS FPBOBRT-Cd; Pressure drop

coeffici e[n(t)édzfﬂ]d 1§n tl'[eogﬁgLerF;‘gin[%zegr?éllgn,ogttfeeagcaghe olefin selected

fromethyleneanda-olefinshaving3to 20 carbonatoms is supplied
to the fluidized-bed as aforementioned and (co)polymerized.

10 Here, examplesof thea-clefinshaving3to20carbonatoms include
propylene, l-butene, l-pentene, l-hexene, 4-methyl-l-pentene,
l-octene, l-decene, l-dodecene, l-tetradecene, l-hexadecene,
l-octadecene and l-eicosene.
[0044] In the present invention, it is preferable to

15 polymerize ethylene with ana-olefin having 4 to 10 carbon atoms
and particularly ethylene with an a-olefin having 5 to 8 carbon
atoms. Further, ethylene may be copolymerized with two or more
a-olefins.
[0045] Besides olefins, other polymerizable monomers may be

20 copolymerized according to the need. For example, vinyl type
monomers such as styrene, vinyl chloride, vinyl acetate,
vinylacrylate, methylmethacrylate, tetrafluoroethylene, vinyl
ether and acrylonitrile, conjugate dienes such as butadiene and
isoprene, non-conjugate polyenes such as 1,4-hexadiene,

25 dicyclopentadiene and 5-vinyl-2-norbornane, acetylenes such as
acetylene andmethylacetylene andaldehydes suchas formaldehyde

may be copolymerized.
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[0063] A nethod for controlling the average gas flow rate at the cylinder
section of the fluidized-bed reactor under the above condition will be
explained later. 5 [0d64] Al so, the polynerization is carried out typically
under a polynerization pressure ranging fromO0.1 to 10.0 MPa and preferably
0.2 to 4.0 MPa at a polynerization tenperature TR ranging fromtypically 20
to 130c, preferably 50 to 120c and nore preferably 70 to 110c which is the
sanme as the tenperature 10 (Tout) of the gas discharged fromthe reactor

t hough this condition depends on the type olefin, copolynerization ratio,

the amounto@iet he sRhumatredtcduphalh¢th¥disaeRonaandngas, bé svppated [ 0065]
The above copol ynerization may be carried out in the 15 presence of a

nol ecul ar £ weh @ft ieeul B &¢e SUCIFAS e RYAP0E6 T RGRONEhBEe k8 éf@sﬂ?@di@@d t he
regul ator may be supplied froma desired place. [0066] The ol efinic polyner
produced im dihejatmne Fa@Mer tosthet hedsawor chrdm nucwsipl yopoirtt ehiotgant | y
fromthe |l ower portion 20 of the reactor and typically dried. The saturated
al i phati ca hydpptar bome asn afisuahenti oned i s non-pol yneri zabl e and i s not
consuned by the pol ynerization. The saturated aliphatic hydrocarbon

gasi fPed [@O4hk redet tbe Pyssemti dnNenidoawn theosriuriated gddihatii th t he
unreact ed pol ynerization nononers and 25 typically circulated as the
fluidizi nfgygaRCaBPeRel § cuiRRYIeM tidt &R ild btwooRhEse StRéEE Kand,
non-vaporij zed derocarbon are,t¥picallg contai ped in t@gjproduced ol efinic
pol ymer aride FFaACHRY S Y ThEDP AL BFMSMY: HRT 17 611 he Acedti€ed
content may, be suppli.ed from a, desired place. _[00 The s_di schar ged
Crom the TYERrar B P e TR G RES L FL AR LY TP B PR BBREd 1 1
heat exc ' f ' i 6. _hydrocarbon
cont ai ned W%S%ﬁ%gg%éﬂ#gfﬁﬁg*?ﬁgaéégg?n5258§§E$Efﬁiﬁkéﬁ#éﬁﬁﬁ%§g¥é95h t hen
ci rcyhat ed, 19 t herE6RCL PEms [ O068] aWNEDLGEERY! 2l LBGr LhE, dhsphatgRd, gas to

the reactor in this manner, a part of the discharged gas nay be purged. The

10 gas di scharogdlef rRexihe, reagt ahel ypbeahky s6RhALNSqEBRAAGted
pol yneri zi ng nononers, hydrogen gas, inert gas and the like in addition to

t he sat uraj zddahéphal peobyde pegribaiimdti3aHutdand,he, prasast hiydvaminen, when

the discharged gas is circulated to the reactor in this manner, the

sat ur at ed2 a2 j phatinetbyhpdracear banmebhhyghphatabheen3cvetbglprnaaheat

exchanger to put the hydrocarbon in a vapor-liquid mxed state is

pref er abl ¥, eTdtne b etrasténg; dézPndigashyipanbkasapply port to the reactor

as it is.
1 2,3~-dimethylpentane, 2,4-dimethylpentane, 2-methylhexane,

3-methylhexane, 4-methylhexane, 2,3~dimethylhexane,

cyclopentane, cyclohexane, methylcyclopentane and

dimethylcyclopentane are used.

[(0048] Among these hydrocarbons, saturated aliphatic

20 hydrocarbonshaving4tolOcarbonatoms, specifically, i-pentane,
n-pentane, i-butane, n-butane or the like is preferably used.
These compounds may be used in combinations of two or more.
[0049] In the present invention, the saturated aliphatic
hydrocarbon as aforementioned is supplied to the reactor in a

25 two-phase state, namely a liquid phase state and a vapor phase

state and preferably in a vapor-liquid mixed state to remove

polymerization heat by the vaporization of the liquid phase
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[0070] Also, a nethod nmay be adopted in which the .discharged 20 gas is
cool ed using, for exanple, a heat exchanger having a vapor-liquid
separating function, the saturated aliphatic hydrocarbon which is put in a
vapor-liquid m xed state is subjected to vapor-liquid separation, the
separated gas phase is circulated to the fluidized-bed reactor fromthe
supply port 25 and a part or all of the |iquid phase may be supplied to the
supply line and circulated to the fluidized-bed reactor together with other
repl eni shing hydrocarbons. 20 5 10 15 20 [0071] In the present invention,
the nol ecehanraeeé@hil Dbhébecregarbtagoohefinic pol ynmer nmay be regul ated by
changi ng pol yneri zation conditions such as polynerization tenperature or by
control |i oS50k amiunthef plredeadgennfirnltdonl, arheeiodltf insgulrat or) to be used.
[00Z' 2] Exanples of a nethod of satisfying the foregoing requirenents C1>C2
and V1>Vz(corpobene f 00§38Jin $kch arebhdd tipnwhiah whef thdiized-deedadeast or
havi ng a neans for changing the direction of all or a part of the flow of
the gas soppihicedyildndae prastian péddiks ifd uidie eidshesedeantior Hes defanated

al i phatic hydrocarbon put in a vapor-liquidm xed state is contained in the
gas stppl 2ed désthracgasf ilnt tHGuERAEt 2oRBhIPJU4]eqR)t e rERABALTAtMONCh a
means for givi nmonepntumin the direction of the circunference of the

At or onent { GReB® Y19 AUBREBHFE i Bt en YAEO STHRPT &t 17 Ehes e FREFGdUCI ng
zone is provided and. the,saturated i phat.i.c drocar.bon_put i .

vapor - 11 GE cHH REBEPAFaL B oA ot P HR RS SSarreat thrERa TS

| ntroduci gg.zonge NG HOOZST ¢ B &y TN,k Ghhd DS salanaLed ghiphati c
hydrocarbon put 1Tn'a I'iquid phase state I's supplie om a supply port

di sposed 98 4 her per iRhal{@l aRPrdlontRcdhe fao i &)1 Byt kR Bhaheadkqa
relative distance of 0.7 to 1.0 fromthe center of the gas distributing

plateg [ 09¥Ebn&tiShydrbeaRonoshit 1h av i §ubg Al Rete ZnidPpktASNt he

means carrying out the nmethod (1), there is a nethod in which a diffusing
pl ate forofli shiéidplinget edd on oft gasdladile gastdingdd illlsi Rgapl at.g and

for making the flow 21

from the center fulfills the following equation: C;>C,,
preferably C;>C;x1.5 and more preferably C,>Cy,x2.0 at a place
close to the upstream section of said gas distributing plate.

15 [0051] When (co)polymerizing the olefins in such a condition,
it is possible to selectively remove the heat of the peripheral
portionof the fluidized-bed reactor at whichportionthe problem
of heat generation is significant and the generation of heat
spots can be limited. The liquid phase saturated hydrocarbon

20 is concentrated in the peripheral portion of the fluidized-bed
reactor by using the above condition, whereby heat can be removed
efficiently. This makes it possible to save the amount of the
total liquid-phase saturated hydrocarbon and to reduce load on
facilities such as blower used to circulate the polymerizing

25 gas.

[0052] It is effective to make the gas velocity higher on

the peripheral portion of the cylinder section than on the center
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of gas turbulent at the lower portion of the gas distributing plate is

di sposed in the gas introducing zone di sposed on the |ower portion of the
gas distributing plate. An enbodi nent of a vapor phase fl ui di zed-bed
reactor provided with such a 5 diffusing plate is shown in Fig. 3 and Fig.
4. Although Fig. 4 and Fig. 4 show the case where the nethod (1) is applied
to the fluidized-bed reactor shown in Fig. 1, even a nultistage vapor phase
pol ymeri zi ng apparatus may be structured in the sanme nanner. 10 [0078] Fig.
3 and Fig. 4 partially show an exanpl e of a vapor phase fl uidized-bed

react or psewt e o t he aydifrfdesd Bgcpliahein A rdielf thaband abgcditebtaon
fluidized-bed reactor 11 is a horizontal plate disposed apart to sone

ext ent fraefntthkeshautrameaf 11bdeidiphabiead- hedereagher drl thehperdphkuailng
plate 42 is supported 15 By a part which is the distal end of a supply pipe
9 and extrowsicom athéhensiydendgert hectiandiized- ordheasnded porftG@IOpLA
center hole 42a is formed in the center of the diffusing plate 42 and the
end of thHeEsupplingehes@ctsomttached to the underside of the diffusing
plate 42 in such a_manner _as to surround 20 the center hole 42a. Al so,
pluraP velQ9%3 |y &6t SEPpdd 85 BP&edr FRAGedhar prGsat randery ats tiror
exanpl e, at equal .intervals) .in the direction of the circunference of the
supply pifRFWraTed ‘?r;]alrf?h% d”%qf@%% R bR dHeLGpsti s g8 §2&hi ch

PR o) SCoRL e skl Neo L) heggPes B8l YIETLEL 08, ppaekatus 20 1L
fromthe seply Pl BBeRikrScahhoved LomPPRqg S PO 22 installed on the
lower portion of the distribu-tj;ng plate to collect a gas sample
10 and the ratio of a liquid in a saturated state under pressure
and temperature condition at the lower portion of the
distributing plate is calculated from the composition of the
gas as a mist concentration.
[0055] In the present invention, the olefins are preferably
15 (co)polymerized in such a condition that when the inside radius
of the cylinder section of the fluidized-bed reactor is defined
as a distance of 1, the relationship between the average gas
flow velocity (Vi) of the gas in the peripheral portion of the
cylinder section at a relative distance of 0.7 to 1.0 from the
20 center of the cylinder section as a start point and the average
gas flow velocity (Vz) of the gas in the center portion of the
cylinder section at a relative distance less than 0.7 from the
center fulfills the following equation: V;>V,, preferably Vi>V,
x1.5andmore preferablyV;>V,x2.0 at aplaceclose to the upstream
25 section of said gas diffusion plate.
[0056] Iftheolefins are copolymerizedunder this condition,

the liquid droplets of a mist having a larger specific gravity
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the center hole 42a and slits 9a of the diffusing plate 42 to constitute a
flow directed upward fromthe center as shown by the arrow 45 and a
circunferential ring flow as shown by the arrow 47 respectively. The f1 ow
shown by the arrow 47 is 5 circulated within the gas introducing zone 11b
bel ow the gas diffusion plate 17 of the fluidized-bed reactor |1. [008I] To
state in nore detail, the center upward flow 45 directs upward fromthe
center hole 42a of the diffusing plate 42 and constitutes a flow like a
fountain which likely falls 10 around radially and the circunferential ring
flow 47 ainst iat wvhesraphadeasifikeowatasthd ddntdrraweraionr ehkae ahe alowg t he
inside wall surface of a hem sphere bottom 1la of the fl uidi zed-bed reactor
11 from tdeaehdlse 1%w @m@yabe rbgardedeasoanenhrrbddcinonhpoper dphehel

fl ui di zed- bed reactor of the supply pipe 9 as 15 the start point

t hr ough taeetsian gfgde dg epsegtdomsehpentbe flnw bate i vakabtieehixed,
which leads to the result that powdery polynmer neither reC|f[tate$ nor
retains 6H&HbrW&dﬁ%%@ék?étﬂﬁécpﬁ§ﬁ@§IWéPPn39FﬁéﬁéséFuFﬁgeéa% ipRabdaci ng
zone 11b, but reaches, the f|UIdIZ -bed 18 OL Ee 20 flui di zed-bed reactor
11 agai n ARG TR ol e 174U3F tP S§a§t&|t§t r'LB FFnﬁon%?epﬁl?lpP%Bé] I n

th t diff f bl I

vert! cal B B GHoR e 5YEhaTaK S bt SRHE TT it Sd Bea F caaE b-0P 285 0084
Al so, thquQOV'lckégygé plate may be dlsposed al nost parallel to the gas
di stributing ate as Shown 1n Fig. 3, may be disposed so as to forma

concave fRugwg theTHéSaPélség{é Rigd #9 ABrate 19 nqléﬂc@l%d%%ysgetq'oﬁpefed SO

as to forn1a convex facing the gas distributing pla
the fluidized-bed reactor is measured in the following manner.

10 Specifically, an insertion length variable type pitot-tube is
installed on the lower portion of the gas distributing plate
tomeasure the gas flow rate at each given position with changing
the insertion length of the pitot-tube step by step from the
center to peripheral portion of the cylinder section. Each

15 average gas flow rate in the center portion and the peripheral
portion is found from the obtained distribution of gas flow rate
in a radial direction.

[0058] In the case where the gas flow rate cannot be measured,
it is calculated using an equation for calculating the pressure

20 drop of the distributing plate of the fluidized-bed as shown
in the formula 1.

APy = CDucz- P (Formula 1)
where:
[0059] APy; Pressure drop of the distributing plate;

25 [0060] Uc.; Average flow rate in the orifice of the
distributing plate;

[0061] Cp; Pressure drop coefficient; and
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[0085] In the present invention, the height of the gas introducing zone
(hei ght fromthe opening portion of the introducing pipe 9 to the underside
of the gas distributing plate ) is in a range from1.5 or Less and
preferably 0.7 to 1.0 based on its dianeter. [0086] Al so, in the above
diffusing plate, the ratio of the area (A2) of the center hole to the area
(Al') of the underside of the diffusing plate preferably fulfills the
followi ng relationships. [0087] 0.1<A2/A1<0.75 [0088] 0.5< (do - de) /2h<5
15 20 where do represents the dianeter of the diffusing plate, de

represents theodranet es fipshdetdi afetre)ge.the introducing pipe and h
represents a mninmum di stance fromthe outside edge of the under part of

t he diffusoog3pl atea methba wakl cohtrbeélgas ther adueang zasef1p@082keAt this
time, the velocity head (Hv) based on the whole flow area of the diffusing
pl at e preferdd yydandeti esct henfad thw HfuiduasdohnedHvedc3dk Randey [tG:@90]

Al t hough the diffusing plate explained above is provided with a hole in the
center thabpevé, coheldidfusihy péaecreplaenednlabherpresent invention nmay be a
diffusing plate with a slanted upper surface. Another enbodi nent of the
vapor 5phaé8°§4hi di 2é80hddaRALNTRL HEvi reds wrrl iedatat WP Fabivigngleate with
24 a slanted upper surface is shown in Fig. 5. Although Fi%. 5 shows the
case of appP9LVECE herhEPPORr¢AFUD FRRIFNGI HFeRdCbedtPedbt BrMERORAY n Fi g.

1, tist I i zat i t h in Fig.
b v S VAL LR AR PIPSRPSLYETSalon AR 28 o L1 P,
fluidized-bed. t 11.is.l I L L t

J R e S L S

the flo b | aL.r i i i i 0 a
bart of dREES Y RSP0 (E100 AL B A Celd BL RS ciRbEalnst

flui diozedtbﬂdougpa@f othdlgad 0didendp§edi S1&hbehé ngeptabe LHocabANgntihRe inside
wal | surface of a hem sphere bottom 21a of the fluidized-bed reactor 11

and has acéedlevoanbrdmiedncene sypee1dHil 0082 llymdrtli tamodiaherat,, the
di ffusing plate 52 having a circular cone (or a cone) which conprises an

upper conehpamdwart b aine saduvetred ladti phena cphytironabBohasmd gy o shape
that a portion corresponding to the bottom of the upper cone portion 51
proj ects dataward and is designed to have the follow ng 20 di nensi ons.

[0065] The above copolymerization may be carried out in the
15 presence of a molecular weight regulator such as hydrogen
according to the need and the regulator may be supplied from
a desired place.
[0066] The olefinic polymer produced in the above manner is
withdrawn continuously or intermittently from the lower portion
20 of the reactor and typically dried. The saturated aliphatic
hydrocarbon as aforementioned is non-polymerizable and is not
consumed by the polymerization. The saturated aliphatic
hydrocarbon gasified in the reaction system is withdrawn from
a line together with the unreacted polymerization monomers and
25 typically circulated as the fluidizing gas to the reactor after
cooled inusual. On the other hand, non-vaporized hydrocarbons

are typically contained in the produced olefinic polymer and
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[0093] (i) The shape of the vertical section of the upper cone portion 51
is an isosceles triangle and its apex angle B 1 is 90 and the shape of the
vertical section of the |ower cone portion is |ikew se an isoscel es
triangle and its apex angle 25 B 2 is 150 . However, these apex angles are
not limted to the above values. 81 may be designed to be in a range from
80 to 120 and 82 may be designed to be in a range from 120 to 25 160
[0094 ] ( ii ) The maximum di ameter D2 ( see Fig . 5 ) of the above
diffusing plate is 1.3D1. Dl represents the inside dianeter of a pipe

consti t Uty NehdevalFon taRorephase §hd CiHeaitd sy HirRMradasddD2ohsenot
limted to the above value but may be in a range from 1. 1D to 1.5D1. [0095]

(i) Thengy sanaeodili &t feen 4 heedl fédsphgcel ate and the bottom of the
fluidized-bed reactor is found fromthe follow ng equation and is a val ue
cal cul at ego@#En t hEheoefd deisehbirg@dkf rom she toadtOr ad afokémit LidheED2t)
provided that the coefficient k is 0.8 or nore and 1.2 or |less. [0096] In
Fig. 5, onerahgwa bine he typdrsdl Bceednd ithe hgateexshrhgees tof 1iteedif f usi ng
plate 52 (which neans a substantial 15 cone surface of the aforenentioned
cone Port3d RIFIPE thhsadoipiepalyrertint prdueearpreBraame infd dauEhag port
9b of the fluidized-bed reactor 11 and rajsed by the circunferenti al
circul ar 93DWPRPLEIERRALRY RRS P Embket fé 2bFC et g2 EcBa2tafso, if
t he upper, surface 54 is provided with buff finish 20 (mrror finish) , this
i s preferd @Dtk he powder pol ymer accumul ated on the upper surface

e 15 dagLL ot B9800 L 8k itbtenit, Lol paglesing

uni formt sses, not wh, surface 54.

Then, thejfrgitfhfiléstjngﬁgngjr?taﬁgggti & F&m%vagg%l%;&ggdag%gngg% fgj%é%d@y HRans of a

mononer, for exanple, e ene (not s Speci _ King mcro
pressgre & thied @hyr QU eV n iR RRWERIL PehyIRE 1fiRoELaRbLehisNgnt B8 kB8 de of

the diffusing plate 52 from 26
polymerizing monomers, hydrogen gas, inert gas and the like in
addition to the saturated aliphatic hydrocarbon.
[0069] In the present invention, when the discharged gas is
circulatedtothereactor inthismanner, the saturatedaliphatic
15 hydrocarbon which has been cooled in a heat exchanger to put
the hydrocarbon in a vapor-liguid mixed state is preferably
circulated as fluidizing gas from a supply port to the reactor
as it is.
{00701 Also, a method may be adopted in which the discharged
20 gas 1is cooled using, for example, a heat exchanger having a
vapor-liquid separating function, the saturated aliphatic
hydrocarbon which is put in a vapor-liquid mixed state is
subjected to vapor-liquid separation, the separated gas phase
is circulated to the fluidized-bed reactor from the supply port
25 and a part or all of the liquid phase may be supplied to the

supply line and circulated to the fluidized-bed reactor together

with other replenishing hydrocarbons.
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t he above plural holes. [0098] Such the diffusing plate 52 with the upper
surface having a slant shape is not limted to the type having the

af orenenti oned shape, but may be a type which is designed to 5 have a side
edge (the slant portion of the upper surface) of a concave arc curve when
viewed in its vertical section. The whol e configuration of the diffusing
plate in this case may be regarded as a trunpet shape corresponding to, for
exanpl e, the bell portion (commonly known as a "norning glory") of a wind
10 instrunent. [0099] Also, the diffusing plate with the upper surface

havi ng a pp@mi] shape tmy piesenity peveht £bni sidenbgeedlte havghe i deedge of
a convex arc curve when viewed in its vertical section. The whol e

confi gur atéom oingheldf i fiusi pgl phat emap bbi segasetsdybySchengegar ded as a
donme shape. [0100] Moreover, the diffusing plate with the upper surface
havi ng a sbhynteshapei omycdred st igmpe saMulclas podgsegnedttionhhemparature
straight-line side edge when viewed in its vertical section. The whol e
confi gur av¥ opy ofonheotlihasthg phavetiafthydregee imgleouberrwgapbéd as a
circular cone shape. [0101] In addition, the slant body nay have a

pol ygénal regnbasphpet el B8eus8da circul ar cone shape as its whol e
configuration. Next, the nethod &%) w |l be explained. [0102] In the nethod
(2), a flRY1%2ka- bé&aFﬂei@Ponhé'v GPe 8 InEa e STIRIgiteend FFGFEHEM i n t he
direction_of the ci cu§ﬂ§§enc%iQ;>bhe.c¥¥igder portion to the flow supplied
to the flIUFTH 2T DRE ol théwer 'pot ol “sf the gas distributing plate is

{1 ai o 2edl ST cactal T NAB R RARNE g o4 SRR b e

for giving faced Eﬂaf}gﬁzhg% ?ﬁ%td't%dondbgfe&ii% 2l BELE 46 ¢hdmrhed in
whi ch the supply port of "t 5 supply pipe tor supplylng the gas containing

the i@tUré‘fﬁ:dneabiaﬁhﬁﬁbflbégrt&?%h’@?a@%nﬂfbcﬁ;dﬁ?@&dd&%%ﬂ&%oﬁfﬁt@{fee i's
di sposed aside the center axis of the cylinder section of the fluidized-bed

react or ag@ltdiretedaveppas ich wlrowa ibbrepdlt | Aetvago ]l iafuiagl ge@thter nare
with the line connecting the center 10 of the cylinder section to the
center ofis hmsorstginied por ttheThassappbyipdrtoithrefeiatryddicipesednen a
position at a relative distance of 0.2 to 1.0 fromthe center of the
cylinder ERRT74bn ad2a stmethpdiin wWiliah eheepnsi fer radiinyg aomend wy [iirnder
portion is defined as a distance of 1. The direction of the gas to be 15
bl own pr ke dbFgctépPre I anfgFeurafgeRgePidhiSdl e vensnt ipned £Nd indes
connecting the center of the | inder. secti.on to the center of the supply
por t 25 01021 RPREC e §ARHERALOPSP IS PR TROFERAGHAFTE I § BERFEASR I ol
b T L R e
mixedstateiscontainedinthegas suppliedtothegas introducing

zone; and
[0075] (3) a method in which the saturated aliphatic

20 hydrocarbon put in a liquid phase state is supplied from a supply
port disposed on the peripheral portion of the gas distributing
plate at a relative distance of 0.7 to 1.0 from the center of
the gas distributing plate.
[0076] First, the method (1) will be explained.

25 [06077] As the means carrying out the method (1), there is
a method in which a diffusing plate for distributing the flow

of gas to the gas distributing plate and for making the flow
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the introduced gas is disposed in the vicinity of the supply port of the
gas introducing zone. Next, the nethod (3) wll be explained. [0105] In the
met hod (3), the saturated aliphatic hydrocarbon 25 put in a liquid phase
state is supplied froma supply port disposed on the peripheral portion of
the gas distributing plate at a relative distance of 0.7 to 1.0 fromthe
center of the gas 28 distributing plate. At this tinme, the saturated

al i phati c hydrocarbon put in a vapor phase state nmay be supplied froma
supply port disposed on the center portion of the gas distributing plate at

a rel ati ve dhstangpuless dthahd 1 buidropolrite opeBEet he Thes o S u PORE
di sposed on the peripheral portion of the distributing plate nay be

di sposedpaatiehésupstpesstsiniahy @dewisitreancsndezohet Hesgasedi shrihati ng
plate. It is however preferable to | ocate the supply port on the upstream
si de of tlb@egapodtsonidfittiheggpkadestrdbut heg \nlatweoi nBnoémdodimehutofig 10
the liquid phase properly. [0106] In this nethod, a part of the saturated
al i phati @ Wpoac phisee dmtigiired-bed reasitroulraovigarpyith saprat ed as a
l'iquid phase by using a cooler or the like, the resulting liquid

phasesat @idfeagiag pRatecipyshedarborfis. sugmd E49fr 8m tlhgtlé@ﬁ)‘phyﬁi%- por t
di sposed on the, peripheral portion of the %?S di stributing plate_and the

ci rcul at #nggaki8r ot SRPEHRH RS WheE S hFESsBEEPatedl Al 1 PHARPELRFdFBcar bon
t ai th i,n.h t i L ied f th | t

(i Sposed B e iCHTEer DR0y FEBRCBF HR“galhafber ) but PR of AL T bAdEl . I n

th i I on, t .l f ith t t ed. al i phat i

hydr bcar SRR He Pt i a 2sneer et it vt SRR LRSS por

disposedm%gngQQ peri pheral portion of the gas distributing plate nay be
supplied fromthe outside of the fluidized-bed reactor. Al so, at |east a

part1®f tlpe7®at ur ateg. al hpAatif. BYEEPEEDPY HHw bR SRamp VAR aPPassrsSt ate
and supplied fromthe supply port disposed on the center portion of the gas

di stri bubhageplfat:g diegdodesiupphicedrf petviHedowi shde &f fEheihyupdaeed- bed
reactor. 29 [0107] (Catalyst) [0108] In the present invention, the
copol yneAidiaf f wsi mg pdbbedfeof aonadl dieyedeoedreaetooultl Usiangoai soneat ange of
catal ysts known as catal ysts for ethylene polynerization such as Ziegler
plate disposed apart to some extent from the bottom of the
fluidized-bed reactor 11. This diffusingplate 42 is supported
15 by a part which is the distal end of a supply pipe 9 and extends
to the inside of the fluidized-bed reactor 11.
[{0079] Acenterhole42ais formedinthecenterofthediffusing
plate 42 and the end of the supply pipe 9 is attached to the
underside of thediffusingplate 42 in such amanner as to surround
20 the center hole 42a. Also, plural vertically cut slits %a are
arranged at proper intervals (for example, at equal intervals)
in the direction of the circumference of the supply pipe 9 in
a part among the end portion of the supply pipe 9 which part
faces the inside of the fluidized-bed polymerizing apparatus
25 11.
[0080] For this, thegas fedtothe fluidized~bed polymerizing

apparatus 11 from the supply pipe 9 is allowed to pass through
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5 type catalysts and Philips type chrom um oxi de catal ysts. Anong these
catal ysts, particularly a netall ocene type catalyst is preferably used,
[0109] Specifically, the netall ocene type catalyst preferably used in the
present invention conprises, for exanple: 10 [0110] (A) netall ocene
conmpounds of transition netals selected fromthe 1VB group in the periodic
table; and at | east one conpound selected from [dl111l] (B) (B-1) organic
al um num oxy conpounds [0112] (B-2) organi c al um num conpounds; and 15
[0113] (B-3) compounds which react with the netall ocene conpound (A) to
form an i panteqf Oibl4 4eApnNesalkecBaeco L artpouiid)f ylinkbplEte @@t abl ocene
conpound (A) of transition netals selected fromthe IVB group in the

peri odi c ¢tah$elnee spddiovi dalregt20 nppradehren e tdmntfart laanishgwiobyul a
(i). Mx (i ) wherein Mrepresents a transition netal selected fromZr,
Ti, Hf, Whearmaw Afd and a qigmedanentdal gang ddomdiasasdewwi b the
transition netal_wherein at |east one L is a |ligand having 25 a

cycl opent ¥aF @yt 7 s¥eIRLEF EVehy- LT Hekow REPWh Y it B THERM rfy/ al s

cycl opent adi enyl structure i.s a hydrogen atom a hal ogen atom a

hydr ocar b%hrﬁ‘t‘gﬁbe%a‘\’/:’r?fglri the ﬁ?% RO Zé’f?ealllg& egrsuphesgas

diffusion plate 17 of the fluidized-bed reactor 11.
[0081] To state in more detail, the center upward flow 45
directs upward from the center hole 42a of the diffusing plate
42 and constitutes a flow like a fountain which likely falls
10 aroundradiallyandthecircumferential ring flow 47 constitutes
a radial flow as if it draws a circular arc along the inside
wall surface of a hemisphere bottom lla of the fluidized-bed
reactor 11 from the hole 9b (may be regarded as an introduction
port of the fluidized-bed reactor 11) of the supply pipe 9 as
15 the start point through the slits 9a.
[0082] As a consequence, the both flows are mixed, which leads
to the result that powdery polymer neither precipitates nor
retains on nor adheres to the inside wall surface of the gas
introducing zone 11b, but reaches the fluidized-bed 18 of the
20 fluidized-bed reactor 11 again from fine holes 17a of the gas
distributing plate 17.
[0083] In the present invention, the above diffusing plate
is preferably placed vertically as a whole to the axial of the
fluidized-bed reactor.
25 [0084] Also, the above diffusing plate may be disposed almost
parallel to the gas distributing plate as shown in Fig. 3, may

be disposed so as to form a concave facing the gas distributing
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an aryloxy group, a trialkylsilyl group or a SO3R group (where Ris a C1_B
hydr ocar bon group which nay have a substituent ) and x represents the
atom c value of the transition nmetal. , [0l 16] As the ligand having a

cycl opent adi enyl structure , 5 al kyl substituted cycl opentadi enyl groups
such as a cycl opent adi enyl group, nethyl eycl opentadi enyl group,

di nmet hyl cycl opent adi enyl group, trinethylcycl opentadi enyl group,

t et ramet hyl cycl opent adi enyl group, pentanethyl cycl opent adi enyl group,

et hyl cycl opent adi enyl 10 group, nethylethyl cycl opent adi enyl group,

propyl cychppentadi@lybe0s P8Po s 8Bt lagr epYF6¥e! HRM v #aying @HR, gas

butyl cycl opent adi enyl group, nethyl butyl cycl opent adi enyl group ang

hexyl cycl @pept astheiyd ©roue, indenyl groups and 4,5,6, 7-tetrahydroi ndenyl
groups and 15 fluorenyl groups may be exenplified. These groups may be
substitut 00851 h alhakbgeprasemt tinvahkybsi| yhegheughar ofhéhki kas [ 0117]
Anong these groups, alkyl substituted cycl opentadi enyl groups are

parti cul aihyredet Bn@btene Speei¢ht Exemptles eenhreg|pgantontdErthaan the

| i gands having 20 a cyclopentadi enyl structure are as follows. Exanples of
t he h&l ogent Fedveides PERE™Y He themndeinsd demrbih agagmii sttt irkxphpkes of the
hydr ocar bon group having 1 to 12 carbon atons_include al kyl groups such as

a methyl ¥¥ddp2a EBRYP §F%ﬂpl DrépyEs§r 80P, Prebpraply Grod® dnd Basgrd group,
cycl oal kyl grougi such 25 as a cycl opentyl group and cycl ohexyl group, aryl
groups sueh & PHERYF group and tolyl group and aralkyl groups such as a

b | h | f th
Uncl ude af%ﬁﬂxy “pSEE YA, A Uhoa HTRLET g ol 8 g?busoh ORI BBE e
aryl oxy grou B‘i‘etﬁep@&‘i‘@é% HSQUR, Exanples o4 )t iy @Réﬁ;gaeyela@d ude a

p-tol uene su foﬁ%t group, ane sul fonate group an trifluoronethane

sul f gpat e, gr oWp. 4 pr 0418 bDaEerE@§§r¥QP§ef&h?lEQEDQHQdf6§P6Q§H?ted by the
above formula has two or nobre groups having a cycl opent adi enyl ructure,

t wo groupﬁeh@yi@gsﬁlﬁyclopentadlenylstructure anong these groups may be
conbined with each other through an al kyl ene group such as ethyl ene or
propyl ene, suyboBlfut ed .dldds/@ae0gibdup
[0088] 0.5< (dg - de)/2h<5
where dy represents the diameter of the diffusing plate, de
15 represents the diameter (inside diameter) of the introducing
pipe and h represents a minimum distance from the outside edge
of the under part of the diffusing plate to the wall of the gas
introducing zone.
[0089] At this time, the velocity head (Hv) based on the whole
20 flow area of the diffusing plate preferably satisfies the
following equation.
Hv>0.34kPa
[0080] Although the diffusing plate explained above is
provided with a hole in the center thereof, the diffusing plate
25 used in the present invention may be a diffusing plate with a

slanted upper surface. Another embodiment of the vapor phase

fluidized-bed reactor provided with such a diffusing plate with
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10 such as isopropylidene or diphenyl nmethyl ene, silylene group or
substituted silylene group such as a dinethylsilylene group, 1

di phenyl silyl ene group or nethyl phenyl silyl ene group. [0119] The

met al | ocene conpounds contai ning such a |igand having a cycl opent adi enyl
structure are represented nore 15 specifically by the follow ng fornula
(i1} when the valence of the transition netal is, for exanple, 4.
R2kR31RAMR5NM (11) wherein Mrepresents the foregoing transition nmetal, R2
represents a group (ligand)having a cycl opentadi enyl structure, 20 R3, R4
and RS repraseited s hanme e iey shepentiadirary! sst ract HeeqgRr Fogher groups
as aforenentioned, k denotes an integer of 1 or nore and k + 1 + m+ n = 4,
[0120] | nsHdws pheseabei o eiptdlanngrehal hotkoa cbnpeunds fEpt@sestiedchy
RZKR3l RAMRSNM i n which at |east two, for exanple, 25 R2 and R3, anong R2,
R3, R4 antkRFE@r eshlgrwoupsn (Figands)evaviagnal cyst apentaoh enyhaséructure are
preferably used. These groups having a cycl opentadi enyl structure may be
conbi ned po ymessicka Bon agideera iy esghhawnal kyFeme Ymeyp havebshet ased

al kyl ene group, silylene group or substituted silylene group. [0121]
Exanpbes affrudicifmetad |3R@EFR: conpounds as af orenenti oned, when

specificaluy Mis_zirconium include 5 bis(c¢yclopentadi enyl)zirconi um

di chl ori de? %ﬁ%(cy%lgbgﬁFﬁaF%nQr?E?r%%n?ﬁn?df%?bﬂiﬂ%?'bed reactor 11

bi s(cycl opent adi enyl ) di_net hyl zi r coni,u . . .

b1 5( oyl Geni' ey GO RERF-PPEOALdf then 2 gas distributing plate
bi s(cycl pent i_enyl)di zyl-zi.r.ceni 1 . . . .
bis(cyclgpéntggﬁeﬁéF%gfgg n &é%?s gegggﬁegﬁy%gﬁaFgf,dlStrlbutlng the

bi s(cycl i jr ' i ~Lel Uen n v 3 . .
bi SE czcl g%gcﬂ{ gacd*: g%‘lﬁ%é# r@g{lglélu'%eg ?rrlbﬁ‘l %gr%ﬁrrg%{zgﬁéeqsﬁ% 1‘pol aete9 Y,hl‘:h S

bi s( et hyd exehopens ag iy Ik 2ihaariiym dL,ehkartd€n introducing port 9b
bi s(di met hyl cycl opent adi enyl ) zi rconi um di chl ori de, 15

" bi s( et hylgy ehepent adi eay-bair caudtn dilghkeride,gas distributing plate
bi s(met hyl et hyl cycl opent adi enyl ) zi rconi um di chl ori de,
bi s( pr opyl T pdlooge nhadi esytig 2+a lclo srfiacdiec bifoa i ltkmi sphere bottom 1la of
bi s( met hyl propyl cycl opent adi enyl ) zi rconi um di chl ori de,
bi s( but yltdy fdpdniiadideipeld zerebairubd diagld deisde, h@blow and closed cone
bi s(met hyl but yl cycl opent adi enyl ) zi rconi um di chl ori de,
shape.
15 [0092] In this embodiment, the diffusing plate 52 having a
circular cone (or a cone) which comprises an upper cone portion
51 and a lower flat cone portion 53 having such a shape that
a portion corresponding to the bottom of the upper cone portion
51 projects downward and is designed to have the following
20 dimensions.
[0093] (i) The shape of the vertical section of the upper
cone portion 51 is an isosceles triangle and its apex angle 6
1 is 90" and the shape of the vertical section of the lower cone
portion is likewise an isosceles triangle and its apex angle
25 02 is 150° . However, these apex angles are not limited to the

above values. 01 may be designed to be in a range from 80°

to 120" and 62 may be designed to be in a range from 120° to
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bi s(trinmet hyl cycl opent adi enyl ) zi rconi um di chl ori de, bis(indenyl)zirconium
di chl oride, bis(indenyl)zirconiumdibrom de,

bi s(4,5, 6, 7-t et rahydroi ndenyl ) zi rconi um di chl ori de, bis(fluorenyl)zirconium
di chl oride, 25 ethyl enebis(indenyl)zirconiumdichloride,

et hyl enebi s(i ndenyl ) zi rconi um di br om de,

et hyl enebi s(i ndenyl ) di net hyl zi rconi um 33

i sopropyl i dene(cycl opent adi enyl -fl uorenyl ) zi rconi um di chl ori de,

i sopropylidene(cycl opent adi enyl - met hyl cycl opent adi enyl ) zi rc oni um

di chl ori dego’di.net hyl 5 silyl enebi s(cycl opent adi enyl ) zi rconi um di chl ori de,
di met hyl si | yl enebi s(net hyl cycl opent adi enyl ) zi rconi um di chl ori de,

di net hyl si0884&hebi ${i1iThe hpkéypomopeanate ey X geedoid um) dd € hher deye

di met hyl si | yl enebi s(i ndenyl ) zirconi um di chl oride, 10

di et hyl sti 38 esiedy stiatretisy li-Ffddédyl P repmesendischher igeide diameter

di net hyl si |l yl enebi s(2-nmet hyl - 4-i sopropyl i ndenyl ) zi r coni um di chl ori de,

di met hyl 27 ¢l Rhee SRIISSPdAttddi%e R B-FRQNs POy ZPhasmicdmcdilation agshan
diphenylsikylenebisgindenil zirconium15 dichloride6w£01221 It should be
not ed>t hat"4 P4 HE ABbVEIBXERPI e, Tih&baves YBStFt BPF iR prsdet BoF 2Rge

cycl opent dienglly¢n%ﬁifc%H§§ a l,2- and 1, 3-substitution products and the
tri-substitUtion product: of~a cycl opentadi enyl ring include 1,2,3 and 20

uty nolI ] somdPetLate 4S53R HE (Evea B ERIR SRS g ap T o,

conpounds jpbt '@%%%%M&%&igé@i Ha 05t nié'frfoﬂﬁ@aﬁﬂaﬁg‘ctﬂéom um

tantalumor c rom_ umfor zirconium?25 I n t_ e_ Zl rconli um net a ene
conpoundst &) seitid eAad t aBARIdEY abf 18xeaRl Ehil 8ed WL24nd Bobhe i prasent

invention, as the netall ocene conpound 34
10 k is set to 1.0.
H1 = k- (D12 % /4)/(D2-m)

provided that the coefficient k is 0.8 or more and 1.2 or less.
[0096] In Fig. 5, one shown by the symbol 54 means the upper
surface of the diffusing plate 52 (which means a substantial

15 cone surface of the aforementioned cone portion 51). The powder
polymer introduced from the introducing port 9b of the
fluidized-bed reactor 11 and raised by the circumferential
circular flow 47 eventually precipitates on the upper surface
54. Also, if the upper surface 54 is providedwith buff finish

20 (mirror finish), this is preferable because the powder polymer
accumulated on the upper surface 54 is easily slipped.
[0097] Also, plural or at least two holes having uniform
thicknesses, though not shown, are opened in the upper surface
54. Then, the diffusing plate 52 is provided with a purge line

25 by means of a monomer, for example, ethylene (not shown),

specifically, makingmicropressuretotherebyprevent the powder

polymer from entering the inside of the diffusing plate 52 from
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(A), zirconium netall ocene conpounds having a |igand containing at |east
two cycl opentadi enyl structures are preferably used. These netal | ocene
conpounds (A) nmay be used in combinations of two or nore. 5 [0125] ((B-1)
Organi ¢ al um num oxy conpound) [0126] The (B-1) organic al um num oxy
conpound may be conventionally known benzene-sol ubl e al um noxane and al so
benzene-insol ubl e organi ¢ al um num oxy conpounds as disclosed in the
publication of JP-A No. 2-276807. 10 [0127) This al um noxane may contain a
smal | amount of organic netal conponents. Al so, a material obtained by
renovi ng g viaidwe I AET @ast&s. organi ¢ al um num conpounds from a recovered
al um noxane solution by distillation may be used by redissolving it in a
sol vent. [098)128] scthebhasdspeasing pxanpl 88 withhehergapee alinfikaem
conmpound used in the production of alum noxane are those described | ater as
t he organiavialam mikcongape {8-129t Thesteed onpoumest ypgy bhavisedtha
conbi nations of two or nore. Anpng these conpounds, trialkylal um num and
tricycl oa fodenhemt inme@Glare pdrut cudyatley apicgper ablieh [0149Figned, tohe
benzene-i nsol ubl e organi ¢ al um num oxy conpound contains an Al conponent
sol ubbe MABD@ afedden Eheapdant portderoprt| 888, upPerefHBERCE% 6F | ess
and particularly preferably 2 0 or |ess as converted into an AL atomand is
i nsol ubl & BTGV ELNERY V8o B eV AWBEnrRnid:S [VOFFFICarn§ SSHIM | i £%€0f such
an organi | um num oxy ,conpo nd?in benzene i s found in, the follow ng
mnner . SIEGHT CORHPA A B 0T oGk it 4 UM Rty CEmboUTRP L BFVeSondi ng
to Al of 100 tQ IS eri]%ﬁ) in_l benz ggnq%n 1 xed at
60c for 6 HOUrS c\ijlviatsh SEWI%?%S.S %gl%gﬁ%% %ﬁ?ﬁg gﬁbj%.e% %3( 3)3 'l ﬂjgti on
using a @ lassfdd { QlondrL @ ARkl Al SGp UAdS HERLINT G angshhe sol id
part separated on ltdhe (gcirciter |y§ was eo?vvith 56 %019 S’%ﬁ" ger?zene four
timesg Thetstihgeexi stential anount (x mmol) of Al atons existing in the
all filtrates is nmeasured to determne the solubility (x% of the organic
al um num YSEIONPOANLo, lthd def Pl ebedpliafeanidirothe ppear gant Lca@huiagm oxy
10 conpounds (B-1) may be used in conbinations of two or nore. [0131]
((B-2) Ogaiiantalamapgeumeago mpound)yded 33]chThe degagnedalkomhasem aospdend
(H2) used in the present invention is represented by, for exanple, the
f ol | owi ngeday wfl a qdrivgx arc curve when viewed in its vertical section.
The whole configuration of the diffusing plate in this case may
15 be regarded as a dome shape.
[0100] Moreover, the diffusing plate with the upper surface
having a slant shape may be a type which is designed to have
a straight-line side edge when viewed in its vertical section.
The whole configuration of the diffusing plate in this case may
20 be regarded as a circular cone shape.
{ol01] In addition, the slant body may have a polygonal cone
shape close to a circular cone shape as its whole configuration.
Next, the method (2) will be explained.
[0102] In the method (2), a fluidized-bed reactor having a
25 means, for giving momentum in the direction of the circumference

of thecylinderportiontothe flowsuppliedtothe fluidized-bed,

on the lower portion of the gas distributing plate is used and
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15 RInAl X3-n ( iii ) wherein Rl represents a hydrocarbon group having 1 to
12 carbon atons, X represents a hal ogen atom or a hydrogen atom and n
denotes a nunber from1 to 3. [0133] In the above formula (iii) , Rl
represents a hydrocarbon 20 group having 1 to 12 carbon atons, for exanple,
an al kyl group, cycloal kyl group or aryl group and specifically a nethyl
group, ethyl group, n-propyl group, isopropyl group, isobutyl group, pentyl
group, hexyl group, octyl group, cyclopentyl group, cyclohexyl group,
phenyl group and tolyl group. 25 [0134] Specific exanples of the organic

al um num gogpeungt é8-2) i phkeithhsdrayatpehude thtabkybaburhagnenhsuch as
trimethylalumnumtriethylal um numtriisopropylal um num and 36
triisobutylalanadrpeal keaytakuimnamsasoehl agqui dopikedykakugl. num

di al kyl al um num hal i des such as di net hyl al um num chl ori de, diethyl al um num
chl ori de, [0103bpr opyl @hemaama €hkoyidienamdmenitswbin \d alircunderenitdarkilde; 5
al kyl al um num sesqui hal i des such as net hyl al um num sesqui chl ori de,

et hyl al unilhuecseegui thkoei de amethod in which the supply port of the

i sopropyl al um nunsesqui chl ori de: al kyl al um num di hal i dessuch as

met hylSal updPRAY dPERE of PHeSURPhyi G ukhAuERdi eanbridénandhrsspEupgtatuni num
di chl oride; ~and al kyl al um num hydri des such 10_as diethyl al um num hydri de
and diiso%%%@?%?hﬁi VAT PGHFPER. PYD138B] 2 AV3BCES £ AB1Er BAKPE &FafRPndm

oo, "R TALYROREE GL9° it BORRE FEiENRE e Ll Ve, O TSRt CLORE an
-ORZ 15. - OS5I R33 - 2 - NRL2_ qf. .a_-SI R63
group or - B RPHATAIRES st L A damst 00N aRBors brop oz ded¥leitr,' 0

Re respectivgl v, {SR exene Brrﬁ%?é(' wﬂtrkf)%e an £ %nr%’c%/ﬂ]mggac@xei %%&rg%&y'

group, an I sobut group, a cyclohexyl group or a phe roup,

repr ggent §r ay dAgeiied! QB3 oRBE HW hdl@Hte 2@ raPhet SYbp By Pt 2N Thsopr opy!
group, a phenyl group, a trinmethylsilyl group or the Ilie and R6 and R~

respecti vehypIeisents praebhybl groidpOsed@nvrehipbsgtoun. at & 38 ATRRY t hese
conpounds, trialkylalumnumis preferable and triisobutylalumnumis

particul adiytapnet esaldl.@ tdhese 2omngentcenakbund iurhe ayddimitse cBc2)iomy be
used in conbinations of two or nore. [0137] ((B-3) Conpounds which react
with t he astakkectneo37Tt wheonpbendng e trpdiorsrodnthercyldinder portion

is defined as a distance of 1. The direction of the gas to be
15 blown preferably forms an angle ranging from 30 to 150° with

the line connecting the center of the cylinder section to the

center of the supply port.

[0104] Also, as the means for giving momentum in a

circumferential direction, there is also a method in which a
20 baffle plate giving momentum in a circumferential direction to

the introduced gas is disposed in the vicinity of the supply

port of the gas introducing zone.

Next, the method (3) will be explained.

[0105] In themethod (3), the saturated aliphatic hydrocarbon
25 putinaliquidphase stateissupplied froma supplyport disposed

on the peripheral portion of the gas distributing plate at a

relative distance of 0.7 to 1.0 from the center of the gas
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[0138] Exanples of the conpound (B-3) which reacts with the netall ocene
conpound (A) to forman ion pair may include Lewis acids, ionic conpounds
and carborane conpounds described in each 5 publication of JP-ANos.

1- 501950, 1-502036, 3-179005, 3-179006, 3-207703 and 3-207709 and in the
specification of US-5321106. [0139] Exanples of the Lewis acid include

tri phenyl boron, tris(4-fluorophenyl)boron, tris(p-tolyl)boron,
tris(o-tolyl)boron, tris(3,5-dinmethyl phenyl)boron, 10
tris(pentafluorophenyl)boron, Myd 2, A1203 and Si 02- A1203. [0140] Exanpl es

of the iogig:coPROYURY pDgtHde At this time, the saturated aliphatic
tri phenyl car beni ur nt etr aki s(pent afl uor ophenyl) borate,

tri - n- but y{appeatyeh ebuakirs @peaball ppasphepyte moy ade.supplied from a

N, N- di met hyl ani | i ni unt et r aki s( pent af | uor ophenyl) borate and 15

f er r oceni supel y popentiafidasrdphenylderi@mapert { 01 41t HexgapHes tefi buld ng

car borane conpound i ncl ude dodecaborane, 1-carbaundecaborane,

bi s- n- but gl apeert amglbiciardrddotievay mgatban 0.7 from the center. The
tri-n-butyl ammoni un( 7, 8-di car baundeca) borate and 20

tri-nShut yhpphwnponttdideeangdendehg-parbahadatapobbianeof[ ohg2] These
conpounds nag be used in conbinations of two or nore . In the present

i nvent i ondigtrikasingnelebfpdandbecfeepPedctr 6f the EBRpsARHt §10B- O, (B-2)

and (B-3) .as aforenentioned is used as the co-catal yst component (B) and
these conforRAtEcas %k@eﬁ%gﬁgﬁﬂgﬁﬁ SbFFBhQPFﬁnaoﬂﬁ?%?ng:Whé§b%88ﬁ&@&hds.It

is desirable,t t t ot t (B-1 - h
comonent BESEEPAETE S A SiSte Tirrmany (9 8 tHe RSt Eal i denta yst)
0144] | t . 1 QR ot <l i . .

cont ai ni ngPF S EEFeI AN Blard) £Lon B9 A e B BisRidtiting

co-chﬁly§gecggagggn%hggg on%§r§ so typically 5 preferable that these
catal yst conmponénts be brought into contact with a particle support

conpound apgossed asm anhs¥PpRthoBr by ipagtt WIe (i datsiratee i igaal yst) .

[ 0145] As the support conpound, a granular or fine particle solid having a
particl e Hyapeterbonh dOntaisdfd in mrend jpreilrtainy gds 4G tsepa@@tad ssused.
This support preferably has a specific surface area of typically 50 to 1000
m2/ g and a lponrd dvphase bgfufiBy acdrlercad/tdge | Okd46]thasrsseht dng Uppp©itd
porous inorganic oxides are preferably used. Specifically, Si02, A1203,

MyO, Zr 02phdsezatuzanedxlicd@t izntydBacs rip 2 savprlied §kem bheguppldies of

t hese
15 port disposed on the peripheral portion of the gas distributing

plateandthecirculating gas fromwhich the part of the saturated
aliphatic hydrocarbon contained therein has been separated is
supplied from the supply port disposed on the center portion
of thegasdistributingplateinusual. Inthepresentinvention,
20 at least a part of the saturated aliphatic hydrocarbon put in
a liquid phase state and supplied from the supply port disposed
on the peripheral portion of the gas distributing plate may be
supplied from the outside of the fluidized-bed reactor. Also,
at least a part of the saturated aliphatic hydrocarbon put in
25 a vapor phase state and supplied from the supply port disposed
onthecenterportionof thegasdistributingplatemaybe supplied

from the outside of the fluidized-bed reactor.
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conmpounds, for exanple, Si02-MO, Si02-A1203, Si02-Ti02, Si02-V205, f

Si 02-Cr203, Si02-Ti02-Mg0 and the like are used. Anong these conpounds)

t hose having Si 02 and/or A1203 as their major conponents are preferable. 20
[0147] The above inorganic oxide may contain carbonates, sulfates, nitrates
and oxi de conponents such as Na2C03, K2C03, CaC03, MyC03, Na2SQq, Al2 (S(Oq)
3, BaSOQg, KNO3, My (NO3) 2, Al (NO3) 3r Na20, K20 and Li20 in a snal

anount. [0148] As the support, organic conpounds nmay be used. For 25
exanpl e, (co)pol ynmers produced using a-olefins having 2 to 14 carbon atons
such as<¥dbﬂfwe thgghggg 1- butene and 4-net hyl - 1- pentene as the nmgjor
conponents or polyners o 6 copol yners produced using vinyl cycl ohexane

and styrenp @) thergaige EQggeﬁgn&ﬁvgaxlgﬁ usgd. cbBd4Phelt zheidasSikabl e
t hat the support be brought into contact with the above each component at a

t enper at W&, And Pl &b d ¥ay ¥ SatPidalmtansi by afeld@bling@ @a{@@?sf;@r 1
mnute to 50 hours and preferably 10 mnutes to 25 hours. [0150] I n the
solid catiglowat aRr epaatfsts fde cabguenmapotimetheatibdbldaeas zoagosnd (A)
is preferably carried 1n an anount of 5x10 6 to 5x10 4 gram at om and

pref epabltyddcatbhdy2xd@nd Bt B A9 t gpemtasond un exsdé canalgkals .at amoper 1 g
of the support and the conponent (B) is preferably carried in an anount of
10 3 to Stlese? qytan ytam @ed tiraeflerlyt y mer@l3ocengxiPp2 gabalasbmias an
al um num atom or a boron atomper 1 g of the support. Further, in the
present ipRafmIaAM Y alsedugh the solid catalyst 15 [0151] as af orement i oned
may be used for polynerlzatlon as it i used in the formof a

pre-poly %9%&|onS€8FéF}§? #BrnEBebVeE?élBSP?ﬁeFVEPnﬁaFﬁéyﬁFef|n t her eon.
0152 t 5 th t { h | t al yst
o the % Era Pt than thd breari RS f on PABSD L 588y SaF SRcBRbGA: of

o kot 1O ok herSF LB Féns?ﬂg Pﬁs%h§%|%%s P48 ot i on,
al though e GOIpeHeH tflg)l\@%z%% “%E%kg% petio ‘éi*l%”té‘ﬁldé‘g 4 at 1east

pre-pol ymerization catal yst, it according to the need, in
an amuntoQf Qoo BP9, sé)j@&%@.bflyo[ﬂ,o to 200 and nore preferably 15 to 150

internms of the atomic ratio of alum numor boron (Al or B/transition
metal) togil¥0 (B) (B-1) organic aluminum oxy compounds;
[0112] (B-2) organic aluminum compounds; and
15 [0113] (B-3) compounds which react with the metallocene
compound (A) to form an ion pair.
[0114] ((A) Metallocene compound)
[0115] The metallocene compound (A) of transition metals
selected fromthe IVBgroup intheperiodictableare specifically
20 represented by the following formula (i).
MLy (1)
wherein M represents a transition metal selected from Zr, Ti,
Hf, V, Nb, Ta and Cr, L represents a ligand coordinated with
the transition metal wherein at least one L is a ligand having
25 acyclopentadienyl structure and Ls other than the ligand having

a cyclopentadienyl structure is a hydrogen atom, a halogen atom,

a hydrocarbon group having 1 to 12 carbon atoms, an alkoxy group,
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transition nmetal in the polynerization system [Ol55] In the present

i nvention, an olefinic polynmer can be obtained in the formof a granul?r
particle by the vapor phase polynerization as aforenentioned. It is
desirable that the 5 average particle dianmeter of this particle be about
250 to 3000 a mand preferably about 400 to 1500,um [0156] In the present
invention, it is particularly desirable to produce a straight-chain

| ow- density pol yet hyl ene having a density (ASTM D150E) of 0. 865 to O.
9259/ cnB8 and preferably 0. 880 10 to 0.920 g/cnB. This straight-chain

| owdensidy nQlvsthyhenp, s af ef bl 1%@@%%&%%}%%1; nimh@g@i ved

fromethylene”in an anmount of 87.0 t I'% and preférably 90.0 to 96.8

nol % and g he steugtav@todiibolleidgs whiem Aapliefvds Bayshg theh@ )18ngar bon
atonms in an anount of 13 . 0 to 2 . 4 nol% and preferably 15 10.0 to 3.2

mol d. [ 015 Trdphdsahoul thdeatwhed thbie the theft rags polyneretRY. cOntain the
unit derived from other copol ynerizing nononers such as pol yenes and the
like in aipEh®UNnt A& éohigaved gldviorg leesyclppeherpailen y3%shyuseiuglat ,or | ess
and particularly preferably 3 20 by weight or less to the extent that the
obj ectb ofaliel prusenitutradntyohopen nodiemphi geolpEFFECT ©F FHE | NVENTI ON

[ 0158] According to the present invention, the vapor phase 25

pol yrer i ¢ opoitatignns aroyry aéthy icyetbpreutadbervt gapupe carried out
w th high heat renoval efficjiency and polynmer sheeting or nelting is

scar cel y THIRERY Yy hearen Grdl ¢4t | dFOWhent Dimethy baviel ppeakadienvhi c

pol ymer. EXAMPLE [ 0159 Thf resent. inventjon wll be hereinafter explained
5 in nmor TRy It %F%@éFQﬁ eRtagheRy HoWRer, are not intended to be

limting éﬁnEJE%éH§¥E§E1éé&ﬁ%ﬁéf@hyl group, ethylcyclopentadienyl

10 group, methylethylcyclopentadienyl group,
propylcyclopentadienyl group, methylpropylcyclopentadienyl
group, butylcyclopentadienyl group,
methylbutylcyclopentadienyl group and hexylcyclopentadienyl
group, indenyl groups and 4,5, 6, 7T-tetrahydroindenyl groups and

15 fluorenyl groups may be exemplified. These groups may be
substitutedwithahalogenatom, trialkylsilyl groupor the like.
[0117] Among these groups, alkyl substituted
cyclopentadienyl groups are particularly preferable.
Specific examples of the ligand other than the ligands having

20 a cyclopentadienyl structure are as follows. Examples of the
halogen include fluorine, chlorine, bromine and iodine.
Examples of the hydrocarbon group having 1 to 12 carbon atoms
include alkyl groups such as a methyl group, ethyl group, propyl
group, isopropyl group and butyl group, cycloalkyl groups such

25 as a cyclopentyl group and cyclohexyl group, aryl groups such

as a phenyl group and tolyl group and aralkyl groups such as

a benzyl group and a neophyl group. Examples of the alkoxy group
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Exanple 1 [0160] (Preparation of a solid catalyst conmponent) [0l 61] 10 kg
of silica (Si02) which had been dried at 250c 10 for 10 hours was suspénded
in 154 1 of toluene, which was then cooled to Oc. To the suspension

sol ution was added dropwi se 50.5 1 of a toluene solution of

met hyl al um noxane (A1 = 1.52 nol/1) over one hour with keeping the
tenperature of the suspension solution at 0 to 5c. In succession, the
resulting 15 solution was kept at Oc for 30 minutes, then raised to 95c
over 1.5 hours and kept at 95c for 4 hours. [0162] Thereafter, the solution
was dr oppagk 1iibae@RE xR SHPEE DRS APY reaS armae@lxp)gr%ﬁant Bkh@piedhe
solid catal yst conponent obtained in this manner was washed twice with

tol uene 20r amé &hgnokgdyspes siattliudel@0phenbxlyof tenms. t Egnpd d0bd tagount of
|60 1. 22.0 1 of a toluene solution of

bi s(1, 3- redyRgram hyttydée epertcidiamnyshzf osahe gmodip; merhate §Zi fondbe 7

nmol /1) was added dropwi se to the obtai ned suspension 25 solution at 80c
over 30 mmupsrahdtiElvesmetimnsctwut fomvasgfoup her kept at 80c for 2
hours . Thereafter, the supernatant was renoved and the resi due was washed
twi cedwi tPHBlane 0 toist a7 pe ¥heregt RYLPAPEHNE KRR T *RrteRY tdvneRPHENg
zirconiumin an anount of 3.2 ng per 1 ghof, silica. [0163 ,

( Pr epol yre a3 it Dt hePS a9 F cHE MRSt %Hﬂ%%n%n?yciﬁ%ﬁ\]a%%%bll react or

in which the at h t hly 5 I d by nit h d
W th 7.0 S U ARG Sirs RSEATAIS Y SLORBBRERL KA SR Y SRR n
17 The syelird B8R drRiEe SOmERE e ey RRRa L% Rt A 5 B9 e R recane
[ ' | i te 1 8
R B i S et e A I S S A T S

10 t@ol5csuc£r%§5is£;§f@;5)(ib&e§&w m%ﬁeﬁ&@mg%a?wa%,syﬁpﬁm JruPokl Me,
2.4 I |'a .2 kg of

nmol of triisobuty um num and -hexene were supplied to the

system whigdt as ddei INadsd grivm stlcesed syairechflandyltbaa, gkBapsuppl y
of ethylene was resunmed. Ethylene was supplied at a flow rate of 8 N8/ hr

for 15 mditiresnyded Iiemd | qroumt @r wast ldy bpipenly T ©1 Py NaBé hgrdéap set t he
pressure in the systemto 0.8 kg/cn2-G During this operation, the

t enper at ur®LIF] t heThysrehahdecensedmpouss8e. ceOtpdnésp Fheheaf iégandt hyl ene
was supplied at a flowrate of 4 Nn8/hr for 3.5 hours with controlling the
syst em t e 1 XD TN RBRNY DI AYCERTS dper hepbaserhedsperem was kept
under _a pressure of . 0.7 to 0.8 kg/cnp- Next, .the atnosphere in the system

G
was tepl a?i&?lbgﬁ%]tlrﬁbgé’ntaﬁdf?%]eg‘%ﬂb%rfr%%a ved ) r Bhgdddie valence of

the transition metal is, for example, 4.
R%,R*RY,R° M (ii)

wherein M represents the foregoing transition metal, R®

representsagroup (ligand) havingacyclopentadienyl structure,
20 R3, R* and R’ represent groups havingacyclopentadienyl structure

or other groups as aforementioned, k denotes an integer of 1

or more and k + 1 + m + n = 4.

[0120] In the present invention, metallocene compounds

represented by RZkR31R4mR5nM in which at least two, for example,
25 R? and R3, among R2, R3, R* and R’ are groups (ligands) having

a cyclopentadienyl structure are preferably used. These groups

having a cyclopentadienyl structure may be combined with each

32



25 Then, the residue was washed twi ce with hexane. The supernatant obtai ned
after the prepolynerization was col orless and transparent. 43 [0167] A
prepol yneri zation catalyst containing 3 g of a prepolynmer per 1 g of the
solid catal yst conponent was obtained in the above manner. The intrinsic
viscosity [t] of this prepolynerization catalyst conmponent (prepolyner)
which was 5 neasured at |35c in decaline was 2.1 dl1/g and the content of

1- hexene units was 4.80 by weight. The prepol ynerization catal yst had a
good shape and a bulk density of 0.4 g/cnB. [0168] (vapor phase

pol ymeri Zadh on) e H 8 A Gandyiirweugrblyl, dszgdrhedtegagiRy18aeS§ewlpi n- Fi g.
10 1 was used to carry out vapor phase polynerization. Specifically, the
prepol ynesi zatdod gab@byst slbat Ned-éd ébleylaéme%f@ﬁw.er was continuously
supplied at a rate of 67.8 g/hr to polynerize ethylene continuously in the
presence pil2xppenkEanspiesobtfatheampobyébbgheneoiPbind$5as0170] The

pol yneri zation was carried out in the followng condition as shown in
Tabl e 1. apbdyeresnzadned, tenges atpeet £ B0l 1 polYnes | zatcomnipmessncdudéd. 7
MPa- G (gage pressure), partial pressure of ethylene: 1.1 MPa, space tower
vel ocht y:b{s 60yed spemdadberceht 7 ar¢oni gh dsopkpribe, in the gas (TOP gas) in
the 20 deceleration region of the reactor; 20 nol% During this

pol yner i Zats 67y Clerenvad beey hot Eeedat unel gpromide¢he TOP gas was 38.0 g/ nol
and the density of the TOP gas was 25. 9 kg/ 8. Al so, the dew point of the
TOP gas WS fBYQtoPeeaEs Himeryl tecout ¥t side of the circul ating

in the, heat h 5 .75. 0 dth ti f th d d
P aui 0 atothEEbT PRt CTGLobY | e LT LG S TRY WBe wes 3. 3% by woi ght . The
b TOR [ ] . D , hyd , 1-h d 44
copent o SEP BIYLETD PR APG BRSO ol (0171 The

pol yexhyl I L B ARRS i TM D1505) of O.
918 ES/ m%&%%n%di%%@sﬁnﬁ%ﬁ%%@%oc, {%g‘ﬁ& lga’?% 193,\}\%8 57’8 g/ 10 mi nut es

as shown y s (&ft Bofen?h &Pen Pl | HEr SO VRS 1 2 abl 001 daResh1 fodYe) Space Tine
Yield) was 200 kg/h nB8 and the catal yst activity was 3500 g- PE/ g-bare

cat al yst .pd$1¢d gend g hyad hen Pl pekr poh yeibys enei foso penet ndedsukExanpte 2,
Conparative Exanple 1 and Conparative Exanple 2 [0172] Pol yet hyl enes (PE)
wer e obt aji neot s (me tiey sayel opemeadlénys) zihr Gamimgh edickekcepdef hat t he

et hyl ene pol ynerization condition was altered to that shown in Table 1.
[0173] THeisOohidhetlonl eyl preyredionyl bniresuiens dicEkanpies 1 and 2 and
Conparative Exanples 1 and 2 are shown in Table 1. [ 0174] As to the
concént r RIDLBRY T ¥ELoRN E 3@ ¢pEt F 2hRT PRI ¥R oAichloride,

bis (methylethylcyclopentadienyl)zirconium dichloride,
bis(propylcyclopentadienyl)zirconium dichloride,
bis(methylpropylcyclopentadienyl)zirconium dichloride,
bis(butylcyclopentadienyl)zirconium dichloride,

20 bis (methylbutylcyclopentadienyl)zirconium dichloride,
bis(trimethylcyclopentadienyl)zirconium dichloride,
bis(indenyl)zirconium dichloride, bis{(indenyl)zirconium
dibromide, bis(4,5,6,7-tetrahydroindenyl)zirconium
dichloride, bis(fluorenyl)zirconium dichloride,

25 ethylenebis (indenyl)zirconium dichloride,
ethylenebis(indenyl) zirconium dibromide,

ethylenebis(indenyl)dimethylzirconium,
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15 of the gas distributing plate, a sanpling nozzle was installed at the

| ower portion of the distributing plate to collect a gas sanple. The ratio
of aliquidin a saturated state under pressure and tenperature conditions
at the Lower portion of the distributing plate was cal cul ated as the
concentration of msts 20 fromthe conposition of the gas (*1)
Specifically, in the case where the distribution of m st concentration in a
radial direction arises, the concentration of isopentane and 1-hexene is

hi gher in the gas collected at the peripheral portion than in the gas
CO"eCtEdiéépkggy§§8éﬁéé§9&1bBQntééien?ﬁbkﬁuér€%9ﬂpk?régﬁﬂﬁﬁrat'VEX&”D'e
2Conpar ati vea anpl e 1Exanpl e 2Pol yneri zati on tenperature 0c8080808

OPol yreri gathoprphessure MaGl. 71. 71. 71. 7Gas space tower velocity

m s0. 60. 60. 60. 6Conposition of the TOP gas in the Ethylene nol %61. 161. 161.
161. 1pol ysepiapliodensityditosatediehyd-néthlbdcbbipdnoganeanl ) zirc

ppnB3. 633. 633. 633. 6Ni trogen nol d17.117.117. 117. 11 sopent ane

nol $202026208medagklovlideyl dimaehght of the TOP g/nol 38 . 038 . 038 . 038 .
Ogas in the polynerization unitDensity of the gas in the

kg/ M 25. 9251 926nebss9pptyapentadienylniti beanpoimnttiohlohédgas in the oc7 8 .
17 8 . 17 8 . 17 .8 . 1polynerization unitGas tenperature at the outlet side
oc75. 075. 0/Bebplspbylenebir( Bty i AycCyapenrafhenteaeéXxERBAYEr Rati o of the
condensed |iquid at the wt 03 . 33 . 33 . 33 . 3outlet side of the
circul ati A§cGaSFhdene heat exchangerStructure of the gas introduci ngCone

i ot ??%;?%ﬂﬁ%%fgg-5héﬁ%’é‘%{vﬁ’%ﬂf?é:gevlsgﬁ&i%%Eﬁp?ﬁ%ﬁafgawale B5RCPPHE ovi ngn
mrpa1625088 PhREuE SRS AP | SRR P e
(i amter ot he T hrbe R 18 bTOmer | Bt ar Aot FORFR 3ol dretar d7i7at the

i nner nungend¥RQLERNGTaheBi ki onikehytonCceRbhabhoNiakiehhe) URSEEEAMM 02 .
23 . 31 . 33 . 3portion of the gas distributingplate (Center portion)

(C2)M st gosrestiakion at the upstreamw o4 . 53 . 35 . 23 . 3portion of
the gas distributingplate (peripheral portion) (Cl)Average gas flow rate at
t he gas nlisDe®RO1600yDdE0e92dcibpebubdngnplatéupecenyd) pdrtbanm( VZ)

*i Average gas flowrate at the gas Iris0.420.600.420.42distributing plate
(peri pherdipbtorddy end)dipbensisylidenebisdindesgigporgenhiyimene MFR g/ 10
mn.3, $3. 93. 53. 8Retention tine Hsl, 71.71. 71. 7STY

kg/ h1#820892002002686¢€at al yst activity g- PE/ g- Bar e3500360034003500Cat Anpunt

of a bloc mer _produced g/ n04000, * A .cal cul ated value found fromthe

formul a (E9B$%¥theIfoP%§Wﬁﬁg%@oH8ngoﬁ£%5oépfF@%eﬁ%ogﬁvﬁﬁgg§&ﬁg'(éﬁf = 2.4,
f.t distributi | at d)..=9.4 kPa, .| th.of,th

P ey e oSuBhELER LA ! BLOUMLE% Pl 2t i SR B i Y

di ameter of ,Lhe foyes_zlg eaéiaéegrehubﬁg PapetﬁeothﬁguE%ti%Btiowhat s
1. A u e

claimed is® 1 process for pro ing an olefinic polyner, the process
conpri si ngrygiheg 8cfhukd ZSﬂe?%Qd&@ﬁgio&iﬂ@0!h€§Qd@ﬂEUZ?BQQ%dd'Str'bUt'ng

pl ate having a | arge nun%er of gas through-holes 5 on the |ower portion of
a cybkignder, 3peta@Pstat hoWbNOpB88ucts. Also, the alkyl groups such as
propyl and butyl include isomers such as n~, i-, sec- and
tert-isomers.
[0123] Also, compounds obtained by substituting titanium,
hafnium, vanadium, niobium, tantalum or chromium for zirconium
25 in the zirconium metallocene compounds as mentioned above may

be exemplified.

[0124] In the present invention, as the metallocene compound
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containing at |east polynerizable nononers to pass through the reactor: by
bl owi ng the gas supplied to a gas introducing zone di sposed bel ow t he gas
distributing plate in the inside of the fluidized-bed reactor, through the
gas distributing plate and 10 by discharging the gas fromthe upper portion
of the reactor and putting solid particles in a fluidized state by this gas
flow, to (co)polynerize one or two or nore olefins in a vapor phase,
wherein; a saturated aliphatic hydrocarbon is introduced into said 15
fluidized-bed in a |liquid phase state and a vapor phase state; and the
MONONEr s (@)g £ LHFoRpOhy MytaZddddnhestchpaunantiaviiony & Natyantedont hei h s de
radi us of the cylinder section of the fluidized-bed reactor is defined as a
di st ance aaf 1géasthew@(yel apennsdi gn betavesrctiie ceneepredtrehl {Gidedf t he
saturated aliphatic hydrocarbon put in a liquid state in the peripheral
portion dheaseemeykilhdeensectnpauntsalkkeimali be wed dnceocnbifa?ivoslod from
the center of the cylinder section as a start point and the concentration
(C2 ) of twie atmarst-ed al i phatic hydrocarbon 25 put in a liquid state in
the center portion of the cylinder_section at a relative distance |ess than

0.7 f?omHQ%gﬁkwneF($U1¥i@FéaFﬁ§ £ OPPARIRGOBYuSPTBAYNEL>CZ at a pl ace cl ose
to the upstream 48 section of said gas.distributin | ate. 2. A process
for produdYABlan of2f i RPC! poPERARLGCAORAIAY™Y 5%& SPRPLIPANERE: Ret he

nononers are (ca)pal.ymerized i.n such a ¢ i ti t hat when_t he jnside

radi us ofcci“nvee(nc d|Dnr‘|—:‘dlel'ry ST DA F B¢ hseofwrbgil%iegg‘ﬂyjb%%x?%%c?%? ?jss%lefi ned as
a di stan _dt r i i t e f ity
(M) of BT Hram 1R (RO, JTREEn, Oy BB R SRR ot a
rel ative ] shaNGRiDfs Qehi diP Je - Fpig ofe t heeegd@rf, of the cylinder section as
a start point and the average gas flow velocity (V2) 10 of the gas flowin
the cent ero1oryt i onTR{ s BhRINEYJHREIRY M8 9Hdrta iat a &=l 18bh¥en tlicH 8P§Ent €ss than
0.7 fromthe center fulfills the follow ng equation: VI >V2 at a place cl ose
to the upsitarEgdrientof $distd,gas nditiriiddutobtg iplel dy Temdvdmecess for
produci ng an ol efinic polymer according 15 to Caiml1 or Claim2, wherein
sai d f| uisthlzechtre chrrdeantmradizesd ao ngamse f alurchawyi agmpdiendls recémo:n of a part
or all of the streamof the gas supplied to said gas introducing zone and a
sat ur at ereavsRad @ lwdineeansorolstdent Ry st hl takl gagnasupsl Legdtbysai d

gas introducing zone in a vapor-]Jiquid mxed state. 20 4. A process for
produci ngesh FXFYIME Ifol et REGREng to Caim1l or Aaim2, wherein said

f1 uidj - h f i Vi t in_the_ di ti f
the LPr cii@nce BF VR, a5 CyPERID! CoBEEPBNCE oo b NG Gae-S0Bbr BH To S8 d gas

IntrOdUCICrgnpzo%r}led uasnedd in the production of aluminoxane are those

described later as the organic aluminum compound (B-2). These

compounds may be used in combinations of two or more. Among

these compounds, trialkylaluminum and tricycloalkylaluminum
20 are particularly preferable.

[0129] Also, the benzene-insoluble organic aluminum oxy

compound contains an Al component soluble in 60°c benzene in

an amount of 10% or less, preferably 5% or less and particularly

preferably 2% or less as convertedintoanAl atomandis insoluble
25 or sparingly soluble in benzene.

[0130] The solubility of such anorganicaluminumoxy compound

in benzene is found in the following manner. Specifically, the
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25 a saturated aliphatic hydrocarbon is contained in the gas supplied to
said gas introducing zone in a vapor-liquid m xed state. 49 5. A process
for producing an ol efinic polyner according to Claim1 or Claim2, wherein
a saturated aliphatic hydrocarbon put in a liquid state is supplied froma
supply '‘port disposed on the peripheral portion of the gas distributing
plate at a 5 relative distance of 0.7 to 1.0 fromthe center of the gas
distributing plate. 6. A process for producing an ol efinic pol yner
according to any one of Claiml1l to Caimb5, the process conprising

(co) pol yrerdzih 1g adtimki 8@t 8N8oRp &L 8E Idd r@lseeined iy esmetd h eoenglatand
a-olefins having 3 to 20 carbon atons. 50
. A3(Yy. A3(8s ARfdpAtdeHn 11 U-(nfl. AXO A derA3 (E@ndA theM%hiMedAdr 60°c for
9. Aa . AL. Au&. Aa&. Aa. A3; 9. A a9. A3; & AHI. A a. ASNL. A a9. A N. AaL. A3NL. A3;9. A
us_. A r.dhafrAwith A3 rA e ANbeASefpaiai AB] 9 sAB;jecAeN& Afll At a&t Aon
.Aa&A. A . A a& A aL. A u9#$(?u
0@\ & t WMy cb ZiA T ad 1o £ of il ea | wiid]c & daadkate altc £]08a] vaflen] baktahga] ca] ca
] ca] ca] ca] ca] ca] ca] ca] cal] caU] cal] caU] cal] ca] c<a! % " eDwt
5 and the solid part separated on the filter is washed with 50
nl of 60°% benzene four times. Then, the existential amount
(x mmol) of Al atoms existing in the all filtrates is measured
to determine the solubility (x%) of the organic aluminum oxy
compound. In the present invention, the organic aluminum oxy
10 compounds (B-1) may be used in combinations of two or more.
[0131] ((B-2) Organic aluminum compound)
[0132] The organic aluminum compound (B-2) used in the present
invention is represented by, for example, the following formula
(iii).
15 R'ALX3 g (iii)
wherein Rl.represents a hydrocarbon group having 1 to 12 carbon
atoms, X represents ahalogenatomor a hydrogen atomandn denotes
a number from 1 to 3.
[0133] Intheaboveformula(iii),erepresentsahydrocarbon
20 group having 1 to 12 carbon atoms, for example, an alkyl group,
cycloalkyl group or aryl group and specifically a methyl group,
ethyl group, n-propyl group, isopropyl group, isobutyl group,
pentyl group, hexyl group, octyl group, cyclopentyl group,
cyclohexyl group, phenyl group and tolyl group.
25 [0134] Specific examples of the organic aluminum compound

(B-2) like this may include trialkylaluminums such as

trimethylaluminum, triethylaluminum, triisopropylaluminumand
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| wrhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ¢a] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! | >?! OmwV
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] ca] ca] ca] ca] ca] calcalca]ca]ca]cajca! }~D I

It gtt#A#QERAUE| wr mhe”Y] ca] ca] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! U#V#H #g##S@NSO
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v OMXxy 2§ ¢dd msgicd Ml 4 6 eaksabeakies] aahcaall el £aleal gaksalaalaakaaheal cal ¢
a] ca] ca] ca] ca] cd] ca] ca] caU] ca] ca] ca] ca] calcalcal *|,|/]| 2] 5] <|9}A }}~~2b

RQ-yt 0j e ZJ ciaddrod] £alwid ] 0a] ciad< ol vd] €8 sabee ]palcraiﬁ@dwcn gajgalcaJ ca] ca
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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])éZ]n |Cg] EL}]Z‘L%%?I] id C% 521160%3% gg] %ﬁ]o%%],cif] calcal ca Csa]a%a]_cglzca]ca])ca] ca] ca
1 s4: 7
a]sca]%:l]ncaa']' 'g%iﬁb ol Pdajlagg-]l@g% %‘2} %9% gé‘]r Ca]—?\ﬁlsc"ﬂ calcal cal ca]rca]gca] calc

Kud™ Dx= 2450
cal cal oal Cay el Lo CATCal cal G Gl Cal Lo Cal ol citp (o8 £ G alalakey) cal el
@\ /| w myf] X glfat £ap @@M@@i leGlntakGad g]fg%k%aiﬁ@tqﬁhca%gglca] calc

a] ca] ca] ca] ca] ca] ca] cal ca] ca? cajJ ca] ca] ca! Rn=7EF

}wr mhe Y]] licdadoal cpdaal cal] cabealsal ealskal,cal ‘éghqah@a}yqa]gc@h@ab@a] cajca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajca]jcal Hg{]A N Ei y=TI A

X"} xsmheaYptieingd] gapoa), cBiJ]rtm:]m]ecﬁ]sca] baticapea] zadcalx apthlydapealipa] cal] cal
ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! { <BI CHx; Al a

G' " #3D%J) 988/ YRI&{ ancyd b)) )@rc]lsa]ma]ma] cca:]ca@cailca]lea]/ta];ca]lpa] aa] ca] caj] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] c*a) ca] ca]calcalcal-&& @n' q' <BlI CHx; Ai a
G' " #$ DY YRR IRRY S/l Yyb] 3G @ IR ] £ alf 2] bhFe ajed] Ba] g cPa] EA R e a] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa]ca]cnalc ]ca]ca] cal] ca( ?ui K- 109%&' () -

109%& () - g&gmm,%qr)t ﬁm@l’w group Or an e group.

* 109 0% 10%& - 304\ bC- 10081 #3109 (),- 1 100& VR | 109&:
() Ins;gt)lo%:?&égj( %“EO%@ %163/“&3((1)9/‘ (a) (gﬁé@ e(f)”‘%emw&(

- F9% 109& Fo4 1 %)& bcdeDw Oy#109 & 19 0%&' 10 10
10f 510%511'8 %%J,Jﬁ)ca ?gf%]lirb%&grz)el rtlcy,uilar@ g}e%ergg}. . %Res?e

25 organic aluminum compounds (B-2) may be used in combinations

of two or more.

[0137] ( (B-3) Compounds which react with the metallocene
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{\: _@3Y%R$10%&' ()-SF$10%& ()- @ F$10%Y& ()- @ :
F$10%h& () - @ F$1090& ()-g! F$10%JU& () - g I{Y:Lg#lO%&f()-g!Lg#lO%&f()-g'lO
10 10S=s10%&' ()-!xF. $10%U& ()-M F. $10%"& ()-M " <{Y: ! F) $10%JU& ()-9

109%&' ()-F$10% & ()-T! F$10%=& ()- TF#10%&' () - S! F#10%F& ()-S !} ~"SH=! 10 10

10="10%&' ()-! FF4$10%JU& () -! FF4$10%&' ()-y2

109 ()-F)$10% () -! Oz 9SH=! F&S109N&' () -ss! 109 () -! F&$10%CC&' () - f ! F&$10

W& ()-f&Y#109%&' () -f! &#10%&' () -fWF

FIO9SH=! Y. ' $10%Z2Z& () -& Y. " $109%&' () -& Y. ' $10%U& () - &F3UR$109& () - - ! F3%&$10%

UU&' () - - RESAP8ENE) (B (D! fOUR 4h- LdAYB&LE) - T#10%&K ()-S!  f#109%& ()-S 10 10

10Y="109& ()-s"<~_@!FH $10%&' ()-Q FH $10UKKE& ()-Q %! 109& () - FS$10%& () -

I FS$10%°PERD138] FSEk¥R1ER- of Dlre Gdmdounid ¢B=B) h 1O dgctdith the
metallocene compound (A) to form an ion pair may include Lewis
acids, ionic compounds and carborane compounds described in each

5 publicationof JP-ANos. 1-501950, 1-502036, 3-179005, 3-179006,
3-207703 and 3-207704 and in the specification of US-5321106.
(0139] Examples of the Lewis acid include triphenylboron,
tris(4-fluorophenyl)boron, tris(p-tolyl)boron,
tris(o-tolyl)boron, tris(3,5-dimethylphenyl)boron,

10 tris(pentafluorophenyl)boron, MgCl,, Al,03 and SiO,-Al,03.
[0140] Examples of the ionic compound include
triphenylcarbeniumtetrakis (pentafluorophenyl) borate,
tri-n-butylammoniumtetrakis(pentafiuorophenyl) borate,
N,N-dimethylaniliniumtetrakis (pentafluorophenyl) borate and

15 ferroceniumtetra (pentafluorophenyl) borate.

[0141] Examples of the carborane compound include
dodecaborane, l-carbaundecaborane, bis-n-butylammonium
(l-carbedodeca) borate,
tri-n-butylammonium(7,8-dicarbaundeca) borate and

20 tri-n-butylammonium(tridecahydride-7-carbaundeca) borate.
[0142] These compounds may be used in combinations of two
ormore. Inthepresentinvention, atleastone compoundselected
from the components (B-1), (B-2) and (B-3) as aforementioned
is used as the co-catalyst component (B} and these components

25 may be used by optionally combining these compounds. It is

desirable to use at least the component (B-1) or (B-2) among

these components as the co-catalyst component (B).
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" solid having a particle diameter of 10 to 300 um and preferably

10 20 to 200um is used. This support preferably has a specific
surface area of typically 50 to 1000 m2/g and a pore volume of
0.3 to 2.5 cm3/g.

[(0146] As such a support, porous inorganic oxides are
preferably used. Specifically, Si0O,;, Al,03, MgO, Zr0O,, TiO,,

15 B,03, CalO, Zn0O, Ba0O, ThO; and the like or mixtures of these
compounds, for example, Si0,~-Mg0, Si0;~R1,03, S510,-TiO,,
Si0,-V30s5, S1i0,-Cry03, Si0,-Ti0,-MgO and the 1ike are used. Among
these compounds, those having SiO; and/or Al,03 as their major
components are preferable.

20 [0147)] The above inorganic oxide may contain carbonates,
sulfates, nitrates and oxide components such as Na,CO3, K,COj,
CaCO3, MgCO3, NayS0O4, Al,(S0O4)3, BaSO4, KNO3, Mg(NO3),, Al (NO3) 3,
Na,0, K0 and Li,0O in a small amount.

[0148] As the support, organic compounds may be used. For

25 example, (co)polymers produced using a-olefins having 2 to 14
carbon atoms such as ethylene, propylene, l-butene and

4-methyl-l-pentene as the major components or polymers or
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5 'to 150°% and preferably -20 to 120° for 1 minute to 50 hours
and preferably 10 minutes to 25 hours.
[0150] In the solid catalyst prepared in the above manner,
the metallocene compound (A) is preferably carried in an amount
of 5x107¢ to 5x107! gram atom and preferably 107° to 2x10”* gram
10 atom as a transition metal atom per 1 g of the support and the
component (B) is preferably carried in an amount of 107 to 5x1072
gram atom and preferably 2x1073 to 2x1072 gram atom as an aluminum
atom or a boron atom per 1 g of the support.
Further, in the present invention, although the solid catalyst
15 [0151] as aforementioned may be used for polymerization as
itis, it maybeusedin the formof a pre-polymerization catalyst
formed by pre-polymerizing the olefin thereon.
[0152] (Polymerization)
[0153] In the present invention, the solid catalyst or the
20 pre-polymerization catalyst is preferably used in an amount of
typically 107% to 107% gram atom/1 and further 107 to 107* gram
atom/1 in terms of transition metal/l (polymerization volume).
[0154) In addition, although the component (B) may be used
or not Qhen using the pre-polymerization catalyst, it may be
25 used, according to the need, in an amount of 5 to 300, preferably

10 to 200 and more preferably 15 to 150 in terms of the atomic

ratio of aluminum or boron (Al or B/transition metal) to the
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OSH10%M& (9185] In the present invention, an olefinic polymer can be
obtained in the form of a granular particle by the vapor phase
polymerization as aforementioned. It 1is desirable that the
5 average particle diameter of this particle be about 250 to 3000

um and preferably about 400 to 1500 um.
[0156] In the present invention, it isparticularlydesirable
to produce a straight-chain low-density polyethylene having a
density(ASTM[ﬂSOE)of0.865to0.925g/cm3andpreferably0.880
10 to 0.920 g/cm3. This straight-chain low-density polyethylene
preferably contains the structural unit derived from ethylene
in an amount of 87.0 to 97.6 mol% and preferably 90.0 to 96.8
mol% and the structural unit derived from a-olefins having 4
to 10 carbon atoms in an amount of 13.0 to 2.4 mol% and preferably

15 10.0 to 3.2 mol%.

[0157] It shouldbenotedthat theolefinicpolymermaycontain
the unit derived from other copolymerizing monomers such as
polyenes and the like in an amount of 10% by weight or less,
preferably 5% by weight or less and particularly preferably 3%
20 by weight or less to the extent that the object of the present

invention is not impaired.

EFFECT OF THE INVENTION
(0158] According to the present invention, the vapor phase
25 polymerization of olefins using a fluidized-bed reactor can be
carried out with high heat removal efficiency and polymer

sheeting ormelting is scarcely caused by heat localization when
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[0159] The present invention will be hereinafter explained
5 inmoredetail bywayof examples, which, however, arenot intended

to be limiting of the present invention.

Example 1

[0160] (Preparation of a solid catalyst component)

[0161] 10 kg of silica (SiO;) which had been dried at 256°c
10 for 10 hours was suspended in 154 1 of toluene, which was then

cooled to 0°c. To the suspension solution was added dropwise

50.5 1 of a toluene solution of methylaluminoxane (Al = 1.52

mol/l) over one hour with keeping the temperature of the

suspension solution at 0 to 5°c. In succession, the resulting
15 solution was kept at 0° for 30 minutes, then raised to 95°

over 1.5 hours and kept at 95° for 4 hours.

[0162] Thereafter, the solution was dropped to 60°c and the

supernatant was removed by decantation. The solid catalyst

component obtained in this manner was washed twice with toluene
20 and then redispersed in 100 1 of toluene to be a total amount

of 160 1.

22.0 1 of a toluene solution of

bis(1l,3-n-butylmethylcyclopentadienyl)zirconium dichloride

(Zr =25.7 mmol/l) was added dropwise to the obtained suspension
25 solution at 80°c over 30 minutes and the resulting solution was

further kept at 80°% for 2 hours. Thereafter, the supernatant

was removed and the residue was washed twice with hexane to obtain
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15

20

25

of 3.2 mg per 1 g of silica.

[0163] (Prepolymerization of the solid catalyst component)
[0164] A 350 1 reactor in which the atmosphere was thoroughly
replaced by nitrogen was charged with 7.0 kg of the above solid
catalyst component andthenfilledwithhexane toprepare a hexane
suspension solution having a total volume of 285 1. The system
was cooled to 0°c and then ethylene was blown into the hexane
suspension solution of the solid catalyst component at a rate
of 8 Nm’/hr for 5 minutes. During this time, the system
temperature was kept at 10 to 15°.

[0165] After the supply of ethylene was suspended for a time,
2.4 mol of triisobutylaluminum and 1.2 kg of l-hexene were
supplied to the system, which was then made to be a closed system
and then, the supply of ethylene was resumed. Ethylene was

supplied at a flow rate of 8 Nm>/hr for 15 minutes and then flow
rate was dropped to 2 Nm’/hr to set the pressure in the system
to 0.8 kg/cmz—G. During this operation, the temperature of the
system was raised to 35°.

[0166] Thereafter, ethylene was supplied at a flow rate of
4 Nm3/hr for 3.5 hours with controlling the system temperature
to 32 to 35°%. During this operation, the system was kept under
a pressure of 0.7 to 0.8 kg/cmZ—G. Next, the atmosphere in the
systemwas replaced by nitrogen and the supernatant was removed.
Then, the residue was washed twice with hexane. The supernatant
obtained after the prepolymerization was colorless and

transparent.
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10 10 10=[0167] A prepolymerization catalyst containing 3 g of a

109&' ()-!3YY$10%&' ()-s! 3YUB109B3&' ()-s?@z[ 9{Y:!!F. $10%JU& () - 3F%10%&' ()-S
| 3FY$10% & K01 8 08’ {)o SEFOFHRRE FaBhE#$0%RO()oTdU 58 E| obthli het#10% ( &
()-sM 10% & ()-sM 109%& ()- 10 10 10= ' . .

109&' () - | BF. Sy ¢ \nagiEer = IMeMirdgpigsic saMcegty (Dng of this

S 10% & ()-sM 10% & () - S10% &I%i- 10% & () - Vx+i 2?2~ _=I'110M 10% & () -!

, 10% (& (HLePougR 13Lign 108k (Tt LCARRRETY - (RTEPADIRR VY &' RIch) FaE: /| 10(

12;%32;{(%&91#3%%%%(3(&?925h§6é/@1%10/%1§‘@(2%8 2.1.dl /g and the content of

l-hexene units was 4.8% by weight. The prepolymerization
catalyst had a good shape and a bulk density of 0.4 g/cm3.
[0168] (vapor phase polymerization)
[0169] A continuous fluidized-bed reactor as shown in -Fig.
10 1 was used to carry out vapor phase polymerization.
Specifically, the prepolymerization catalyst obtained in the
above manner was continuously supplied at a rate of 67.8 g/hr
topolymerizeethylenecontinuouslyinthepresenceof isopentane
to obtain a polyethylene (PE).
15 [0170] The polymerization was carried out in the following
" condition as shown in Table 1: polymerization temperature: 80°c,
polymerization pressure: 1.7 MPa-G (gage pressure), partial
pressure of ethylene: 1.1 MPa, space tower velocity: 0.60 m/s
and concentration of isopentane in the gas (TOP gas) in the
20 deceleration region of the reactor: 20 mol%. During this
polymerization, the average molecular weight of the TOP gas was
38.0 g/mol and the density of the TOP gas was 25.9 kg/m3. Also,
the dew point of the TOP gas was 78.1°, the temperature of the
outlet side of the circulating gas in the heat exchanger was
25 75.0°% and the ratio of the condensed liquid at the outlet side
of the circulating gas was 3.3% by weight. The above TOP gas

is a mixture of ethylene, nitrogen, hydrogen, 1l-hexene and
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10(=10% & ()- :t!10% & ()-;!']zY7~_= 10! &P10% (& ()- O &$10%& ()-!
$10%(h(& ()-3 ! $10%(q(& ()-3 ! $10%(q(& ()-3 $10% & ()-9] sazodY7
10! " @10% (& ()-y 10( 10( 10(= 10% & ()-! &$10%(q( & ()-! &$10% (& ()-!
&10% (Vv(& ()-az[9dY7 10!'! 1% 10% (I (& ()-T3 #10%0& ()-S! ~3
#1098 ("M(& ()-S310% & () -S! ~310%8~"~& ()-S'# @10% (& ()-y4789: z}rg\:
100 LTHEX nNtanhd dnd has an average molecular weight of 38 g/mol.
[0171] The polyethylene obtained in the above manner had a
density(ASTMD1505)of0.918kg/m3amdanMFR(ASTMD1238,19O°c,
load: 2.16 kg) was 3.8 g/10 minutes as shown in Table 1. Also,

5 thepolymerizationamount(STY;SpaceTimeYield)was200kg/h-m3
and the catalyst activity was 3500 g-PE/g-bare catalyst.
Incidentally, no block polyethylene was generated.

Example 2, Comparative Example 1 and Comparative Example 2
[0172] Polyethylenes (PE) were obtained in the same manner
10 as inExample 1 except that the ethylene polymerizationcondition
was altered to that shown in Table 1.
[0173] The condition and polymerization results of Examples
1 and 2 and Comparative Examples 1 and 2 are shown in Table 1.
f0174] Astotheconcentrationofmistsat theupstreamportion
15 of the gas distributing plate, a sampling nozzle was installed
at the lower portion of the distributing plate to collect a gas
sample. Theratioofaliquidina saturated stateunderpressure
and temperature conditions at the lower portion of the
distributing plate was calculated as the concentration of mists
20 from the composition of the gas (*1). Specifically, in the case
where the distribution of mist concentration in a radial
direction arises, the concentration of isopentane and 1-hexene

is higher in the gas collected at the peripheral portion than

in the gas collected at the center portion.
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comprising using a fluidized-bed reactor provided with a gas
distributing plate having a large number of gas through-holes

5 on the lower portion of a cylinder section, allowing gas
containing at least polymerizable monomers to pass through the
reactor by blowing the gas supplied to a gas introducing zone
disposed below the gas distributing plate in the inside of the
fluidized-bed reactor, through the gas distributing plate and

10 by discharging the gas from the upper portion of the reactor
and putting solid particles in a fluidized state by this gas
flow, to (co)polymerize one or two or more olefins in a vapor
phase, wherein;
a saturated aliphatic hydrocarbon is introduced into said
15 fluidized~bed in a liquid phase state and a vapor phase state;
and
the monomers are (co)polymerized in such a condition that
when the inside radius of the cylinder section of the
fluidized-bed reactor is defined as a distance of 1, the
20 relationship between the concentration (C;) of the saturated
aliphatic hydrocarbon put in a liquid state in the peripheral
portion of the cylinder section at a relative distance of 0.7
to 1.0 from the center of the cylinder section as a start point
andthe concentration (C,) of the saturatedaliphatichydrocarbon
25 putinaliquidstate inthecenterportionof thecylinder section

at a relative distance less than 0.7 from the center fulfills

the following equation: C;>C; at a place close to the upstream
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distributing plate.

6. A process for producing an olefinic polymer according
to any one of Claim 1 to Claim 5, the process comprising
(co)polymerizing at least one a-olefin selected from ethylene

10 and a-olefins having 3 to 20 carbon atoms.
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