; >?@\BCe3eH{ EnnoLs”"s"{ 6{ T{ HUNM Lt PROCESS FOR PRODUCI NG POLYCOLE&RM FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates to a process for 5
produci ng a pol yolefin by (co) polynerizing one or two or m\ s in
a vapor phase by using a fluidized-bed reactor. BACKGRQJND“WW | ON
[ 0002] Pol yol efins such as pol yet hyl ene, 10 pol ypropyl ene,  ....--- :

et hyl ene/ a-ol efin copol yners and propyl ene/ a-ol efin copol yners are used in
various uses. For exanp/RROCEHSSTFJRIFRODUGING HOIMOIEFINai n | ow density

pol yet hyl ene (LLDPE) are superior in various characteristics, for exanple,
these fil nms have excellent 15 heat sealing characteristics, high softness
and hi gh toughness, are superior in water resistance, humdity resistance
and chemical resistance and dl&Lhé&EpdiEi VAIVERITI QY e t herefore widely
utilized fromof old. [0003] These polyolefins are typically produced by a
20 liquid P29 Ipol yneditLafires eiet HOd SSiidiPrad SdALRS &P FolBARGSSAativh and

sl urryngol ynerjzation. Particularly many LLDPEs are produced by
copol ymer i AGTRFEHRE éhP W YNl B-BY ef FH) hBOL HPSE1 61 NFpPESCc 8 b CatPins i n

the presence of a Ziegler catalyst by uysing a liquid phase .25

b0l yhrer | 22l RTIHREL 10060 21 HoPRE MiART ey PRIBHcR 4 goiddiestianed s
pr oduced byr a vapor phase pol yneri zation nmethod, the polyner can be
obt ai ned i m i He Tormof a particle after pol ynmeri zati on and a step of

precipitating particles angA@Kéﬁgglé?fO§e@gga&hggN?%ﬁi cles fromthe
t

pol yneri zation sol ution becone needless an erefore the production

process candupsi mplifiRd.yoiRirSniss the g@ason whys5 studigs,HancRdE ng the
production of polyolefins, particularly, LLDPEsS by using a vapor phase

pol ymet p zatdarypmiiakiigve beefnhfadeegncbgetiieal | y tdpsegeatsyear sasnd 0005]
In the vapor phase pol ynerization nmethod, 10 pol ynerization is carried out
wi th fl ui dipgidpy 1sold Ahpdrdfiial esopohgmstsncamd asedt alrystaandua preghiced
pol yol ef i n by suppl yi ng pol ynmeri zi ng nononer gas fromthe |lower part of a
react or to Har mxandle di Zzethdefoanddt oft hersdhya it -achadlny nierw -z ot y
reaction and withdrawi ng the 15 produced pol yner continuously or

i nterm ttemdydtrromante reddddPE)[ 0008Fel n s&ehernigoapor Phase various

pol yneri zation nmethod, there is a lar ge probl em concerni ng the renoval of

pol yner i zat3'6i¥ ad@r Corffent f BhaPKFMPa Smet PG sTkHbhn ha0Si X Liend
eactof Sand e GRS Gk h AT GUT Fr e T eadU oM | GO ERs Al bnd 460l ed o
i quefy a art hofestshe saturat edraloirpha;tli cwh g};ocgersplosntarggeci rcuulia £ t he
saturated aliphatic 'hyd’ocarbbn 16 th&"25"Fedctor 1h a Vapor -1 {4 d i xed
ot oA T 0 MR 00 TeRt OO Vg ], e
and are therefore widely utilized from of old.
[0003] These polyolefins are typically produced by a
20 liquid phase polymerization method such as solution
polymerization and slurry polymerization. Particularly
many LLDPEs are produced by copolymerizing ethylene with
an a-olefin having 3 or more carbon atoms in the presence
of a Ziegler catalyst by using a liquid phase
25 polymerization method.
[0004] In the meantime, 1if such a polyolefin 1is

produced by a vapor phase polymerization method, the

polymer can be obtained in the form of a particle after

1 AR
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2 difficult to renove heat evenly fromthe fluidized bed and therefore

| ocal heating in the fluidized bed is easily caused, giving rise to the
probl em t hat phenonena such as sheeting and nelting tend to occur. Wen
such a 5 sheet or chunk polynmer is produced, the polynmer is deposited on a
gas distributing plate disposed on the |ower portion of the fluidized bed
and the deposited pol ynmer becones an obstacle to remain a normal fluidizing
state and gcloyndmgsttiwn hahésaofstdre ghspdestpibating bamliatles wimdh
occasionally hinders the normal operation of the reaction system
significantd ystpe008] Isepalretahgr epentioched apor phasepoymemrrizatdmn

nmet hod, ol efins are (co) polynerized in the presence of a solid catalyst,
for exanpl eolgiidipras cecrBesohiegdtlicsgni andt ypeetafargstthad Bupporti@arryi ng
type netal |l ocene type catal yst to produce a Eolyo[efin. Many of the

f or egoi ng FNIEThL &35t PehavdmPdwitiedi-di t yThidki 4§ i Ehali fFeePR t'W¥uppl y
t he catglyshﬂ%g a polynerizing unit occasiqnally. Al so, these catalysts 20
are easrly THitded waHAE ci € | eBAPAYSESOLS or O-xarp? /Ot ation
of the catal ﬁﬁ_aqq dhesi o Lg% t he ﬁftalyst.to t he wal | surfacele a
polyneriziﬁﬁ¥% R\ %ﬁding BSrtuni¥y f8FP8r matd on SFPETshedt ¥ chunk
polynmer. S ohl.em.is | Nhrove S ex b i .

sur f act ant L%J}ﬁegfls%tlel(rjg%atﬂaﬁr@l&% E‘g\t/\%vefg,ggphi égﬁét h%%gﬁ%gg{%%iggog]fnem of
reduced polydper{zajd ons activity. [0009] For exanple, a method of inproving
the 3 flurdity of a polynmer powder is described in the publication of
Japanese PatgydsApp! i catrd ontHel drfRan Noha 00Q:3kaddrs z d theorrethochbgi ng
characterized in that an aliphatic anmde is supplied such that it exists in
an 5 amountp@fyrsdi 200 4D pphs basedr 08dt heuwei ghtchof & el iyAeid zaddoid powder
in a powder fluidized circunstance where the content of water in the total
gas i s 2ppmaxrtieEsss i ncanpbsyieyi zatfi o steptaryat st epdof ast st eduddd
resulting polymer powder. In this publication, it is 10 disclosed that
static el eqalivitefiof by pohypeying préymarédiagdmohemelroggisnd wausete by t he
generation of the sheet or chunk polynmer as aforenentioned is suppressed by
usi ng an allifeit i eadhi @& d 002BFtPBWeRer foBN| phatliwl drefesbpai ato

catal yst 15 and drops the bul k density of the produced polyolefin by
nature. Theroiy tHe AsBOOYMET 3R §eCRMBGAC Lot RESe VAl Vi Gntles

decreases catal yst activity and drops the bul k densi of .a polyolefin

bar 11 olS. Gt o8O0t ¥hble RS CRSr v TemaPRaDTELLBOELE BT e
producti on gggégggciency of a polyolefin. Such a problemis known to be

sol ved by using a pol yoxyal kyl ene glycol (e.g., a polyal kyl ene oxi de bl ock)

as shown in publicat o a t i i ai s No.
2000-313716[(23.1%6% n Jap?ndesééh%leit ént' E%pyl .ﬁ%?ﬁn@?@e‘%&ﬁ%& 2%%9?%’7707.

25 Specificaldye itsisadiscipsedididten f RUYIBIIZAL O | Sr&REFI R Ot 1N
the presence of this conpound, the anmobunt of a chunk and sheet polyner to
be produceddlsydmidadi dro hbatsamecbeveht asnablihe scasetiodbd usisngkgodm gher

aliphatic 4

20 in which a liquefiable saturated aliphatic hydrocarbon is
supplied to a fluidized-bed reactor and the gas
discharged from the reactor 1s compressed and cooled to
liquefy a part of the saturated aliphatic hydrocarbon, to
circulate the saturated aliphatic hydrocarbon to the

25 reactor in a vapor-liquid mixed state, thereby removing
polymerization heat.

[0007] However, even if the conventional heat

removing method as aforementioned 1is adopted, it 1is



am de wi thout any drop in the bulk density of the particle and high

catal yst activity can be naintained. [001ll] However, the problemin the
case of using a polyoxyal kyl ene glycol singly is that when changing 5
reaction conditions significantly or when reaction conditions are

di sturbed, the fluidity of solid particles becones ununiformtenporarily.
Even if the anmpbunt of a pol yoxyal kyl ene glycol to be added is regul ated,
there is thefdfdsmlwhete trdemosfd ebéaof esugppnessrog tdhe géherdirced xdf a
chunk or sheet polyner can be obtained insufficiently. [0012] The inventors
of the present itheeetfiome haveadndbeebsingst ist uthes foukdlizedt Hed is

af orementioned problemand as a result, found that_a pol yolefin exhibiting
hi gh 15 categisjisty seavsedy ahdinggassepdia itdhe puabliey thaltk [deisingna can be
produced whil e suppressing the generation of a chunk or sheet polyner even
in the caséUilerd reiretHhd condi Meshd ngr & dicsthft RECHY- polPREr iS3CRg 3an

ol cct 08 {rORSE) o AHUBNaL LI an (BRI omHe SGFT R e
constituted | . of bon, . d _hyd t .and t t ed
o1 phat i ¢ HRSTArSbn P THo SRSLont L RVBREFDA vl thug CBmSEat e i has

b I f t : ticul el ; f [ t
phase pol yrieiat PO ELTL nB”pr akende Dt BBl arfd aPl Gl ear bon

(A) with ayogmrd& W& PN T Spaphdee (B 2BALLRe anopjaiiic swifactiay (C)

constitute y of carbon, oxygen and hydrogen atons to 5  coexist, the
anount of &GNk 98 Sheet BPbYSER O 81 Ps oducethd SgskgnifdtGamuting

restricted even in the case where a sudden variation in reaction conditions
is caused githtdie wieadt | Ocsysbea le Histierbedhandoahsd tdperation of
the reaction system significantly.
[0008] In the aforementioned vapor phase
polymerization method, olefins are (co) polymerized in
the presence of a solid catalyst, for example, such as a
15 solid titanium type catalyst and support carrying type
metallocene type catalyst to produce a polyolefin. Many
of the foregoing solid <catalysts have 1low fluidity,
making it difficult to supply the catalyst to a
polymerizing unit occasicnally. Also, these catalysts
20 are easily charged with electricity, leading to, for
example, coagulation of the catalyst and adhesion of the
catalyst to the wall surface of a polymerizing unit,
affording opportunity for formation of a sheet or chunk
polymer. Such a problem is improved to some extent by
25 carrying a surfactant on the solid catalyst. However,
this method has the problem of reduced polymerization
activity.

[0009] For example, a method of improving the



5 catalyst activity is maintained for a long period of tinme. OBJECT OF THE
| NVENTI ON [ 0013] The present invention is to solve the prior 10 art problem
as aforenentioned and has the object of providing a process for producing a
pol yol efin, the process enabling the production of a polyol efin having
excel lent particle qualities (bulk density) efficiently in the condition
that the anmount of generation of a sheet 15 polyner or a chunk pol yner

whi ch i s a fdalisdtof cdHggangpbdymest r ipgiwekrandi £xhdbstirngedupenb ddrd i nuous
productivity even in the case where a sudden variation in reaction

condi t i ons pgub ldaugedrandf t Hepreasti dintsyrst ehppbidi st om béd 1d20pSUMWARY OF
THE | NVENTI ON [ 00l 4] The present invention relates to a process for
produci ng 3+dI¥tih, the pradest beApOi sthriesrpergmam zEhgtomd or two
or nore a-olefins in a vapor, 25 phase in a fluidized-bed reactor, wherein;
[0015] The addmbaitirat pBAdET ¥5)) SHPRALGFat Bl iChRE i tF hyFdrGdar bbA i3 t he
fluidized bed reactor is 1 nol%or nore and at | east one conpound sel ected
from (B a™®untyliYhatd-c ardidie 4HPRT) B i Gt ¢ A £ AR c st id ut ed
only of carbon, oxy qp.and h%grogen atons is n%ge.to exiﬁgjé1tSeEgQ9ctor
[0016] In tHE-¥5¢ JHRPYAR tRe S UYATBd T8 UAPT BRS it oS Bon (A)
S supplieqi dhepinal e ol the [LuLl 280-fed £8GH0IGIN B5VaRaL: Idquid

t wo- phase state t ogéet her with e a-olefin and af Teast one conpoun

sel ected raid henaldl phat b A0 48; ) sRad 1die QoRikQly Coputiachan! ifd
constituted only of ¢ d%, 10 oxygen and hydrogen atomto renove at | east
a part of polyperizat benyheat Hywdbe, vapeni zati On e itika dilcayi disatiy at ed
al i phati c hydrocarbon. HOowever, the saturated aliphatic hydrocarbon is not
necessani | yiidwpided | shatvapeathicquicd domripliase ségt eat ogihgnie@actiy , but
may be 15 supplied in a vapor phase state to the reactor. [00l 7] Exanpl es
of the pol ytefantabt andedy thegpiogessudsmd pbgdudiengganpohyaobef iaf
according to the present invention include a copolynmer of ethylene and at

| east one a;heol ebhreliaviog 3chonX0) cpebynent o, 20fpoenghtinnede ciase of
making said aliphatic amde (B) exist, the aliphatic amde is nade to exi st
in an armourBuRFresssd B ol Do R b Pt sC BMiEs ght based on one part by
wei ght of the produced polyolefin_in said flujdi zedbed reactor. 0019]

As the aliptR3Q! ani de RBIEVEL f aftyPREFdCdi FEHARDI HALFEY ePr e%aetrﬂ5 by the
Follow g Tormya,§8) che RS @Sy FTEMIR bl GRTHH N 2§ ') 7
nature. Therefore, the use o©of a large amount of these
aliphatic amides decreases catalyst activity and drops
the bulk density of a polyolefin particle, giving rise to
the problem of a remarkable reduction in the production
20 efficiency of a polyolefin. Such a problem is known to
be solved by using a polyoxyalkylene glycol (e.g., a
polyalkylene oxide block) as shown in the publication of
Japanese Patent Application Laid-Open No. 2000-313716 and
in Japanese Patent Application Laid-Open No. 2000-327707.
25 Specifically, it 1is disclosed that if polymerization is
carried out in the presence of this compound, the amount
of a chunk and sheet polymer to be produced is limited to

the same level as in the case of using a higher aliphatic



wherein mis integer in a range from1l to 30. [0020] These fatty acid

di et hanol am des nmay be used alone or in conbinations of two or nore. [002]]
The nonionic surfactant (C) constituted only 5 of carbon, oxygen and
hydrogen atons is made to exist in an anmount of 0.1x10-6 to 200x10-6 parts
by wei ght based on one part by weight of the produced polyol efin.
Particularly, a polyoxyal kyl ene gl ycol represented by the follow ng formula
(1) is premerddl eri tHOWHO JnyCHARMRD )imm heCHAEHK G@dh9ithy ] of (tHaHZCH20
) ~~H(C 1 I ) wherein m n and p denote the nunbers of average repeat
units, whemsintimlies dand airgngetfalgmtl dak20itn ¢an ibe angiangeidedm 2 to 50
and pisin a range froml to 20. [OOZZL When the aliphatic amde (B) and

t he noni oni [O088 Isur f acti@meved) comst Prabégmonity bhecaasen, cbxygéndar
hydrogen atons are made to coexist, the amounts of these conponents (B) and
(O are O. m@%xaellgdm %]a)‘@%l bySWeo ¥t AAd GhakloWhero Z0BHITLEI part s
by vvelght respectively. % i's preferabl 1/20 to 1/3 (ratio 20 by

wei ght ) and Sfstte: P ef QPQB‘P Pfo t%li’?ls J(?%Ef%oyby Qtei gH Fo BRTGaﬁtlon

DESCRI PTI ON OF. THE DRAW N h 1 i
of one 25 &XAHHE B D oharTaatd on Pnp o caBe BRI Pt Bt Syt Tt on
f | ef t f d
ol vor o7 Hddbades 808 ﬁf’?'%ﬁf**prtsﬁé’%?%. 10395 Bﬁ"&%prﬁc‘&%%q SholRETHE N9 @
h t f t |
Sonehe | EPLRISIDIN M Oy QIO IS LEXAURLE Sk 2 hfhutRd, ﬁa%*ﬁ%%sfléﬁie.sﬁ a

process foreHy odygh ngha ol el ebieReaecyrdi Hgob Pt heng Eh%s%néfﬁ/@lrﬁﬂ on.
[0025] Fig. 3 is a schematic explanatory view of one exanple of

pol ynenpzatdon processinkn Wairch theepol ypeILy@ati oncgfi arpa- olcﬁ;tﬂamﬂ@d
carried out in two stages in a process for producing a polyolefin according
10 to the pirresefiidinterity.on. DETAI LED DESCRI PTI ONS OF THE | NVENTI ON [ 0026]
A process for producing a polyolefin according to the present invention
will be herQ0l er exfha nedvéentdbsdetfai thel tprstmmiitd tovbethohedhavet
there is the case where the term"polynerization" is used in terns of

meani ngs i MFde ngaARESBNEYUHéREPHIYy nEe t vt Fbﬁ @épr@mte@a@lq/mqkzmm on,

and also there is the case where the term"” is used in terns of
neani ngs i mtYi &% ﬂotrefellamuﬁoal%n*ﬁw yﬁePO%MPléFféé‘ &xeopoitymer D1g027] 1n
the process for. producin olefin according to the present jnvention,
when o orcat%ﬁ)lg? C e Jg‘”otlg ar®e s i PO H S Lﬁ[‘g‘}}]z]etdz betP#¥act or

i n which poAé/mertypsartl cles i ncI udi ng}]figr exa

pé produce suﬂy%e551ng the generation

of a chunk or sheet polymer even 1in the case where
reaction conditions are disturbed by polymerizing an a-
olefin in a wvapor phase under the presence of at least

20 one compound selected from (B) an aliphatic amide and (C)
a nonionic surfactant constituted only of carbon, oxygen

and hydrogen atoms and (A) a saturated aliphatic
hydrocarbon. The present invention was thus completed.

It has been also found that, particularly, in the case of

25 carrying out vapor phase polymerization in the presence
of the saturated aliphatic hydrocarbon (A) with allowing

the aliphatic amide (B) and the nonionic surfactant (C)

constituted only of carbon, oxygen and hydrogen atoms to



25 catalyst is kept in a fluidizing state to produce a polyolefin by a
vapor phase pol ynerization reaction, (A a saturated aliphatic hydrocarbon
and at | east one conpound selected from (B) an aliphatic anmide and (C) a 9
noni oni ¢ surfactant constituted only of carbon, oxygen and hydrogen atons
are supplied together wwth the aolefin, the concentration of the saturated
al i phatic hydrocarbon (A) in the reactor is made to be typically 1 5 nolo
or nore anadd¥:afsar,abtiel dnewfc NoFo aAaNdhOnkXx Y 6sheed0@®dlO e patbs hy

wei ght of the aliphatic amde (B) and/or 0.1x10-6 to 200x10-6 parts by

wei ght of thedwdnie ssifatfaoantly constriatetl @vien ofincatben,came/gen
and hydrogen atons per 1 part by weight of the produced 10 polyolefin in

t he react owhmre madeuddemxvatriabiear iy veactéoh pongmsriionst iien qrefest abl y
at a tenperature close to the dew point of the vapor phase in the reactor.

[ 0028] Her é&nd hetlpt esegrchivent $HataR| | 1Be ékﬁltﬁifgéé i ’ndet @lisan ttHhe
reference to Fig. 1. 15 [0029] A catalyst is supplied froma line 2 to a

f1 ui di zed- K& Featdt oACEIVELY di-$i i balsa tort aiffitng 2anlePef ike¥pofy it i zi ng
nonomer) , gfg a saturated aliphatic hydrocarbon put in a vapor-liquid m xed
state and at'M%ast one conpound sel ected from (B) an aliphatic ami de 20 and
(© a nonionic surfactant constituted only of carbon, oxygen and hydrogen
atons is blown through a distributing plate such as a perforated plate from

a supply port 3 disposed on ti reactor 1, the flowrate
of the gas is decel erated inéggggggﬁgrgﬁanﬁggﬁglﬁg 25 di sposed on the

(Pe T ehct or P om & 1 1n6 & H Sonsed an (RS upper Char tron of Ehd ramctor 1
to all oy t hertgap i IRASS alshr adgh e tiBskede ghdt hpaseachor diject of
providing a process for producing a polyolefin, the
process enabling the production of a polyolefin having
excellent particle qualities (bulk density) efficiently
in the condition that the amount of generation of a sheet
15 polymer or a chunk polymer which is a cause of clogging
is restricted and exhibiting superb continuous

productivity even in the case where a sudden variation in

reaction conditions is caused and the reaction system is

disturbed.
20
SUMMARY OF THE INVENTION
[0014] The present invention relates to a process for
producing a peclyolefin, the ©process comprising (co)

polymerizing one or two or more oa-olefins in a vapor
25 phase in a fluidized-bed reactor, wherein;

[0015] The concentration of (A) a saturated aliphatic

hydrocarbon in the fluidized bed reactor is 1 mol% or

more and at least one compound selected from (B) an



|, thereby fluidizing polyner particles containing the catalyst to forma
fluidized bed (reaction systen) 5. [0030] In the present invention, the
fluidizing gas introduced fromthe supply port 3 as aforenentioned may 5 be
passed through at such a flowrate as to be able to keep the fl uidized bed
5in a fluidizing state by the gas. Specifically, the anmount of the gas

i ntroduced fromthe support 3 is about 3Unf to 50Unf and preferably about
5Unf to 30Wifiphaftdrce ddifdd saridie (@) namipniibuidi zund acatae tofcdk® timtfddii di zed
bed 5. [0031] Also, it is possible to stir the fluidized bed 5

mechani cal lonlyf opfexaapben, by:yziemy wadi dugdsegem erascguchias madandhwor type
stirrer, screw type stirrer and ribbon type stirrer. Al so, the reactor 1
may be prowixded 1% wiheh reastrcaper. [0032] As aforenentioned, the a-olefin
is supplied to the fluidized bed 5 to carry out polynerization or

copol yner i Z&0I&. Specilfi ¢ Ex@npPEssentt hel ey i nEhade st Ertaks
having 2 to 20 carbon atons such as 20,ethy|ene,(fropylene,,l-butene

1- pent epe, 2-iRBedi€ RWEFAGRTROBentEnels1-SHRNEd 1tgeddife, 1BStABe e,
ldodecene, 1-tridecene, l-tetradecene, 1-pentadecene,., 1lhexadecen

T hept adecde | Fgetadscehed 1 TRERAHECchB ahd TS LS Aoty TiRss

a-olefins, it .is preferable to 25 ol yner| et hyl,ene w t a-qglefin
havi ng 4 t(?tf(fecaﬁbo&eeca OnE "éln%h al ES:@Q e%@?%ﬁgnm ?F%dan%éc-olle %rﬁl‘ hao\%eng 5to
8 carbon apQ%&; t yl ¥ebe G nerbzedew t WR4or: or e
a-olefins. 1 (NF%%3§?E Sg% es o e??ng, ot hier ﬁg?ynerggabﬁg nononers may be

copol ymeri zgq, ja6CQf did\gr £ Q-4 41 needy FEbngxappked Vol tye mnaBy s such
as styrene, vinyl chloride, vinyl acetate, vinylacrylafe,

met hyl net hagrygat eand URIdRIddnr gebhylenerembiyl £ heeagnd acpykenidril e,
conjugate di nes such as butadi ene and i soprene, nonconjugate pol yenes such
as 1, 4- hexastileaes r idi icdrop@ebadi Bhe ansl Srapanilzad-irar betnetike aciejyildenes
such as acetyl ene and net hyl acetyl ene and al dehydes such 10 as formal dehyde
may be copdatnerdtzael. a] 0084t i dbheneosactoesunedibyetrhe, pehenerd zatd toed may be
supplied fromoptional places. For exanple, these nononers are supplied in
a gaseous stlatmhatela hbydsacasbonr fipmnioie Beppsyapbty Fudmldwgh ansubpl y
line 10 in usual. 15 [0035] In the present invention, the saturated

al i phati ¢ HARVCAIBH I AFWPsPEassl igRtD Fhe tihRsi tRAOIOH hePrBalByr e
together with at, | east one conpound sel ected fromthe aliphatic am de (B)
and thg5norﬁ1{ﬁﬁ]cl%rlfrhcat a‘?ﬁp?lt)pc}&ﬁ%tﬂ?ﬁ%ot%nqv Je¥Ardon, oxygen and 20

hydr ogen at esides&§he - ol efi.n. 003@% Specific | es & t.he
sat ur at ed aﬁ%‘h ic hy f{(?glé)ﬁbeosn Pﬁcl% B 44 lL}’rogteedmal iog))égg}%(:e%hyg océa}lr ons
having 4 tq 20 £arban, At Qe AHCIL &S D~ DM AN, o4 o putane, - Ao pentane. .,
i-penp ane,cﬁlexcaene, hept a%{go octlan(g, norrane, }2%1}1 ecane,o%cg&cfgggane, ©
2, 2- di net hyl propane; n 2201 SRt hyLhukang, Lpsdimet hykbutaneene and at
2,2,3trimethyl butane, 2-nethylpentane, 3-nethylpentane, 2, 2di nethyl pentane,
3, 3-di met hylqeidt adis o&AldPin having 3 to 20 carbon atoms.
20 [0018] In the case of making said aliphatic amide (B)
exist, the aliphatic amide is made to exist in an amount
of 0.1x107® to 400x10°® parts by weight based on one part
by weight of the produced polyolefin in said fluidized-
bed reactor.
25 [0019] As the aliphatic amide (B), a fatty acid
diethanolamide represented by the following formula (I)

is preferable.

(CnHom+1CO) N (CH2CH0H) » (I)



di met hyl pent ane, 2, 4-di net hyl pent ane, 2-net hyl hexane, 3net hyl hexane,

4- met hyl hexane, 2, 3-di net hyl hexane, cycl opentane, cycl ohexane,

met hyl cycl opent ane and di et hyl cycl opent ane. Anong these hydrocarbons, 5
typi cally hydrocarbons having 4 to 10 carbon atons, specifically,

i - pentane, n-pentane, i-butane, n-butane and the |ike are preferably used.
These hydrocarbons may be used in conbinations of two or nore. [0037] In

t he presentwhanednt non,s tihg espiruriat ed rhhod ifikat ilc dyydocar bon (A) as

af orenenti oned may be supplied to the fluidized-bed reactor 1 in a

vapor - | i qui[@a203- phase Téteatee fattrenpeédpoliymdrinzdtandddreatapy beheised
vapori zation of the |iquid phase saturated aliphatic hydrocarbon. 15 [0038]
The concentalaticorpofin mwmuingtdtas af ghet iar Mareocarbon in the reactor 1
is desirably adjusted to typically 1 nolo or nore, preferably 1 to 25 nolo,
nore pref eré’cﬂzﬁ!]S to 25Neol NN EPRH pastitéacarly ptlef eP96§915u¥6d2(PW 0. The
adj ust nent of the concentration of the 20 saturated aliphatic hydrocarbon

in the Pluidh Ay r@5%88r 2no YRE Ogsdy & TRy et Bt es tLPh &% tSite dhount
api Ay chab ARl SF LD bO Gan o NN ZeBR BuBnPYT YEREAEm et
non; on ¢ sutact BAET(O) Beonstt Lt iy 6FCcarbbr s gt 4 ydibgen
BCtivity and e P e R Ry G ERy bEn OF Y EEE He s e T 2o

invention, @&f1ilRasly anarmroPound sed goted f4om the aliphatic amde (B) and
t he nonionic surfactant (C) constituted only of carbon, 5 oxygen and

hydrogeo atHeywsdrscsivopl- BHCo (@HpPoser (dHuhdozgd cireumptance in the
fluidized-bed reactor 1 together with the a-olefin and the saturated

al i phati c hydhredar bon o And A nedriwck afhes uppibhe g d heses eonponegdst may be
any of continuous and intermttent supply nmethod. 10 Al so, these conponents
may be suppiniigos,t ovioree jpowdelrs firuiali zedei foumst ance2 or mplis aln powder
fluidized circunstances. [0040] The aliphatic amde (B) is supplied to the
powder fl uitfingsd fiane dhrstcarice ki thmtin ta esdnas frpmnl 18 afbunt of
0.1x10-6 to 400x10-6 parts by weight, preferably 1x10-6 to 200x10-6 parts
by wei ght dP3fre pref@eipIihsablya ot a0oR18e 6 (Bar £8dbyNieiyit PEC one
part by_wei ght_of the produced polyolefin. If the proportion of the
Bli phatbe sHdAqc e dGppl FAASEXELGRY (HlhboVe FARGER, 200K ¥FEn| @nd
econom cal | é%gaq¥qga%%§ogs a%gd%h reég%gfg casge mhege le% @ﬁgggon
activity d 8bs,€ﬁ%ereas P f 2t he propof?ion 15 Tess T hali the above range,
there is t ]Mggr he i uje t f & 1ReFYIBI Rydey-s ( | gf.i n
particle g?%hgg I's etg??o?%¥2dlgkd¥f%e(%o Qﬁgr ggmder.ig{25B§%§§k%%é t he
val | surfacg ofnit he sp@l yer i zi per unict, byzsbaibe el gghrkci tyy [QRAYnAS the
aliphatic am de (B) used in the present invention, any material may be used
W t hout anyrelkdpectively. (C)/(B) is preferably 1/20 to 1/3 (ratio

20 by weight) and more preferably 1/10 to 1/5 (ratio by

weight).

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] Fig. 1 is a schematic explanatory view of one
25 example of a polymerization ©process 1in which the
polymerization of an a-olefin is carried out in one stage
in a process for producing a polyoclefin according to the

present invention.



limtation as far as it is used typically for antistatic agents and it is a
conventionally known aliphatic am de. Those which are |iquids at anbi ent
tenperature are preferable in view of handling ability. In the present 5

i nvention, aliphatic am des having 4 to 40, preferably 8 to 30 and nore
preferably 12 to 20 carbon atons are used. [0042] As preferable exanpl es of
such an aliphatic amde, fatty acid diethanol am des represented by the
following flgopdia (1) are.gi venis 1Q ( sordRmtic0 pxPlanSHBSHZGHdw2 df | )
[0043] In the above fornmula, mindicating the nunber of carbon atons of the
al kyl groumrmepeasestatbby (ETH2 e ynies-iidata arangeodeoen int ahl3@h prief er ably
6 to 20 and nore preferably 7 to 17. 15 [0044] Preferable and specific
exanpl es ofpalhendrbtzat iagl dodiat hanolahidessi nekudedhexandinc cas dstage

di et hanol am de, heptanoi c acid di et hanol am de, octanoic acid

di et hanol arirdez PoPaR®s c fagi drddetiagol anpekyodetinorecasidndi échdriw am de,
undecanoi ¢ acid 20 di et hanol am de, lauric acid di ethanol am de, tridecylic
aci d di 8t haHSseRde At ¢ aci d di et hanol ani de, pentadecylic acid

di et hanol am de almtic acid diethanol anm de, heptadecanoi ¢ aci
di et hanol ag[]icg)ézsaﬂﬁd st edri% atif dof ePRBRABRRAT dEXPARDA otrPfeéfée(‘f’orf%OLﬂfhes, 25

particularly lauric acid _di ethflnol am de.is preferable.. Exanpl.es of_.t he

al i phat i c a%ﬁadféolﬁ(es) Sther t A YRE T4 RET 4 di BERGTS anm tes BiFhde ity
id dinmeth | am.de,, fatt [ h . am t id

?rglnoet L\gﬁolp}%%@ge@aln%tl?% ?Oéfﬁf;?qagﬁgg%tgcl)g?g%gnmo g?nr%éel& yr%esledlarlli pthwaoti C

ari des may he,qised; al gne.0rdi ORI 9ALEQ0% 61 21 U3 00186, JH0AS]s 4 the

process for pr cing a polyolefin according to present invention,

noni onhg swd agta-Sddd GRAstdidt ed only of carbon, oxygen and hydrogen
atons may be used to achi eve stable and conti nuos production of a

pol yol efin even when reaction conditions are suddenly changed. Specific
exanpl es of the nonionic surfactant (C) constituted only of carbon, oxygen
and hydrogen atons 1OETKILEE [idGRGEICNG e THRIrENVENTEYN pol yoxyet hyl ene
ol eyl ether, polyoxyal kyl ene | auryl ether, pol yoxyethyl ene isodecyl ether,
pol yoxyet hyl@d@61al kyl & marocasa yoxy attod eriarclk o lathlea £ ip ol ana@Et g | ene
castor oil, polyoxyethylene hydrogenated castor oil, 15 pol yoxyethyl| ene
styrenat ed fpheflye R¥PReNt pdNyoRyEPRYIEAE Beedite e ipdiifery laied 1n

di stearate, pol yoxyal kyl ene glycol, sorbitan sesquioleate, sorbitan

nmonool éat e, 9%t bl ¢ an Irﬁ)nﬁg?’égﬁjatté’, Rer Biotgn! nomdt adigrs, 1S the case

&
| t hyl i t aurate, .20 pol yoxyet hyl bi t
Dot oar AT i ot onc SO EEH AERGET oats. | BOEgoryRL bR ERE 1%hol i n

al cohol ether, polyoxyvethyl enel apol i ne fat [ r.,. pol yethyl ene
al kyl am ne Hé‘?%rélrr}g%ollél tl ylngnenél?ycéo Al E‘)??“y)g{%h gl,e%ggzl‘%fétoﬁlyl %ﬁé g lys(}:/(%)l

nonol aur at e c n rate, Y I Y
%Oﬁ@%}%ﬁﬁiﬁ‘?’yc%f‘ﬁ ol; dpnestear ate, cpel yeldy! ghergl vopl

nonool eate, sorbitan nonol aurate and pol yethyl ene
gl ycol sorhidan @@pym@meism@@@ Nani ©ies SYET ackanhg smayndig, iugethéd one or

in conmbinations of two 16

20 only a homopolymer but also a copolymer.
[0027] In the process for producing a polyolefin
according to the present invention, when one or two or
more a-olefins are supplied to a fluidized-bed reactor in
which polymer particles including, for example, a

25 catalyst 1is kept in a fluidizing state to produce a
polyolefin by a vapor phase polymerization reaction, (A)

a saturated aliphatic hydrocarbon and at least one

compound selected from (B) an aliphatic amide and (C) a



or nore. [0046] In the present invention, a polyoxyal kyl ene glycol is
preferable as the nonionic surfactant (C) constituted only of carbon,
oxygen and hydrogen atons. 5 Although a pol yet hyl ene oxi de or pol ypropyl ene
oxi de may be used in the chem cal structure of the nonionic surfactant

wi thout any limtation, polyoxyal kyl ene glycols (another nane: polyethyl ene
oxi de/ pol ypr opyl ene oxi de copol yner) represented by the follow ng formul a
10 (11) areqiefrerabkarifacthatpresestitovedt iy HOf (c&HR2&hR0 9xyger] CHZCH
(CH3) O] "- ( CHzCH20 ) pH ( I ' I ) [0047] In the formula (I11), the sum
(m+ p) of ancantiyprwhiech aespectawel wupgdrieskentogleeheunberi tbf the reepeat
unit represented by [CH2CHzO] is in a range from2 to 40, 15 preferably 4
to 20 and redres ipy.ef drtebl ywohaantiBmit ithe rodt | e Patofrateske alejpmtimits i s
0.1 to 10 and preferably 0.5 to 5. On the other hand, n which represents

t he number WdJ%Q?@rrkéb\ea{Ahnm EBBr ésasted by [M@UCHE CHRPOTEviPs ded 1y rlange
from2 to 50, preferably 10 to 20 50 and nore preferably 20 to_50. [0048]

The nonPoni®Sureacthare eHRs I RERRIN v ofOcadrbdit ! ox3enlahdlydricyen

atons | to._exist in an amoupt of O 1x10-6 tqQ 200x10-6 part
meight!sp?gﬁgyﬂgﬁyxégﬁ§%op% WSliggxﬁg-ég%ax %pgﬁtﬁgiﬁﬂédfhd ngﬁgé?erably
25 O 1x10-6,t 0x10- 6 i ght . t b i ght_ of. th
producéd po'fblg%?n %% gﬁ%%ﬁ%gyamg% g%lee§n3ﬂgﬁﬁﬁé](M%eﬁﬁ#ghqé;%?ﬂ;%

noni oni ¢ O, ~and j ti i coex] t atio
[(cl)/(:a)]sigfj%%%%tg )n(gﬁi oﬁ%gggg#?ggtaalnct%%? S’Efe(g Fp%ﬁt’ P SEE ihé‘g“i |

preferably ll/2Q 4t 153 ofsat harby1 wei ght ) i Andemeecprsferahbly gddfidy 1/5
(ratio by weight). [0050] In the case of using both the aliphatic am de 5

(B) andot hgd10/y 1Y iGh Sixk f egéanrbacEbreenst itddedconbyiot €ar kemryoxygen and
hydr ogen at ons when producing the polyolefin, the both conpounds may be
added ei t hefcd)ndepentent tyt Don by reitxrapliyhert va t berpebaotiber clkdeweviss , t he
anount of each conpound to be added is 10 easily adjusted nore exactly in

t he case ofthtcheldwdeperident tEdditdmry pleasd yin s8paredactaedi ti on of each
conpound and therefore the independent addition is preferably adopted. As a
met hod of adf28lon, anyledte,addie ipresent henvenmion @idawbe il aHed
addition in the 15 formof a solution may be adopted corresponding to the

speci fi cat iigh Wt aiupplifFredififesitcand thed arbunt of these conpounds to be
added. . [ 005 en using the aliphatic amde (B)_.and the noniqni

surfac%ént @J&Z\QQmsti t%eaaBﬁﬁysgf ¢ar GYRP iﬁgox%% And hyar %Seﬁoatabm; in
such a statg t.hat these, conpounds are diluted with a solvent, the saturated
T bhat o Hy OB Chy SBPOOATaslt e BbOVE 2hati i cRdibris A, SBh  eeg

w thout anypiddiathoneA0ngathesa exapl oy satucated all et

hydr ocar bons havin carbons such as pentane, hexane,” heptane,

octane, degapgandyigdecane ape prefgiableqdq Dkean Yegaburahgd o
al i phatic hydrocarbon having 4 to 20 carbon atons and a double bond at its
term nal as 4BSCrbhed doalpunysdBed@ed from (B) an aliphatic amide
20 and (C) a nonionic surfactant constituted only of carbon,
oxygen and hydrogen atoms is blown through a distributing
plate such as a perforated plate from a supply port 3
disposed on the lower portion of a reactor 1, the flow
rate of the gas is decelerated in a decelerating zone la
25 disposed on the upper portion of the reactor 1 and the
gas 1s discharged to the outside of the reactor 1 from a

line 4 disposed on the upper portion of the reactor 1 to

allow the gas to pass through the inside of the reactor

10



used as the solvent for dilution. [0052] When the aliphatic am de (B) and
the nonionic surfactant (C) constituted only of carbon, oxygen and hydrogen
atons are diluted with the aliphatic 5 hydrocarbon, the concentration of

t hese conpounds is in a range fromtypically 0. 5 to 80 o by wei ght and
preferably 0.5 to 300 by wei ght though not particularly limted. Here, the
diluted state inplies such states that the aliphatic am de (B) and/or the
noni oni ¢ sur,f achaneb(C) f 10iddnshdt Weadmad ypattdaiken, coxygeniagd thedr ogen
atons and the aliphatic hydrocarbon are m xed with each other or dispersed
i n each ot kertalSpecitfd daldny ,a dllluistiatess hatt| Udiant iorsodysticom dr. a

di spersion, to state in nore detail, a solution, a suspension (suspended
sol ution) dP0B9]an enullsi o€ eptisENEed ENRiasn) Ere KApidedinpocss)

Exanpl es of the unsaturated aliphatic hydrocarbon (D) (abbreviated as

"a, - ol ef i n IEHRBIAGEY BEORhéhCasBiRRyY bROFR the?$ oREBRFRGRELPRERAaMBNS)
having 4 to 20 carbon atons _and a doubl e hond at its term nal y 20

i ncl ude®1- RS eMRSsad nEPEEHER AloctrrR, 21- ne2 BRd 28ddcen’s ﬂggﬁ’g these
conpounds, . 1-hexene d .1-.0cten re prefera .ysed. [0054 en the

ST bhatic 4t Thy st Refl cnl tsdt f ALVAMEERES oTAd | Fed iy o
carbon, 25 ge . ) n used. in t t ) i on of
the ali phatqoa)c%y'hy(r};rig%%lr%%%ggf’ut?%%?g?ﬁéggl ?ghgb fgc g%%d%%ar%bag{lce%asﬂnogé only
a function.as a50byent sbut alse.a wm@cteoorso%ﬁnfaaﬁaﬂg)%%tramy'a%&?é' ng 19
in the polyneriz on and therefore preferably has high purity fromthe

vi ewpoi nt  ofy pr ewenidulg, A& LEUGt ] ODsi Rheat@nistur@CEi¥idYzih kSitRreferable
that the purity of the hydrocar on used in a nornmal operation be 95% or
nore 51and dHe findrdicardaseLant ai ni ng conponents ot her than the hydrocarbon
in an anount of 200ppm or | ess be used. It is nore preferable that the
purity of tl03tyidrocar ldisaysed iirs pasariidle dperstimnthre A0 drzaerisednd t he
hydr ocar bon cont ai ni ng conponents ot her than the 10 hydrocarbon in an
anmount of I0Opprhenikeddybe iedexAlede,i tbys wdgia abkeibuscartrirmns a
foam ng operation and a deoxidation operation after preparing the solution,
fol | owed byWiipph§i Bg t fleckoruttivee tdtiheehol prEElzatYRM Sydtemr Ad, a
nmet hod is preferably adopted in which 15 the solution is supplied with
stirring i tPiCHMT luRB | SEbFESht er M BPenth§ £62kéEH tlh&asoIft iRKpPvided
concena ation.uniform [0055] As to the polynerization in the fluidized bed
5, the Eol YHeET At Ui BSiessure is in a range from 20 typically 0.098 to

o, \Fe, and GLEL 201y 419 10,3 .t Ui ROl T Lol onermat Aty e TR

is preferably @ tenperature close ase in

the reactorgl, @fﬁ&’fzeéc?r ahly astecrg)er@atﬁr}g | &5S tﬁ@l@rﬁéﬁ?ﬁé’%&‘?i g, + 20c,
still nore preferably a tenperature
copolymerization. Specific examples of the a~olefin
include a-olefins having 2 to 20 carbon atoms such as
20 ethylene, propylene, 1l-butene, l-pentene, 1l-hexene, 4-
methyl-1l-pentene, l-octene, l-decene, l1-undecene, 1-
dodecene, l-tridecene, 1l-tetradecene, l-pentadecene, 1-
hexadecene, l-heptadecene, l-octadecene, l-nonadecene and
l-eicosene. Among these a-olefins, it is preferable to
25 copolymerize ethylene with an a-olefin having 4 to 10
carbon atoms and also, ethylene with an a-olefin having 5

to 8 carbon atoms. Further, ethylene may be

copolymerized with two or more a-olefins.

11



25 less than the dew point + 10c and particularly preferably a tenperature
| ess than the dew point + 5c, though these conditions differ depending on
the type and copol ynerization ratio of the a,-olefin, the anount of the 20
saturated aliphatic hydrocarbon, the anbunt of the aliphatic am de and gas
flowrate. [0056] The above pol ynerization nmay be carried out in the
presence of nol ecul ar-wei ght regul ator such as 5 hydrogen according to the
need. The n0oS3il ar - weiBgiti desgud b it n svayobke s uppllived rfizailen noptdnosad

pl ace, for exanple, a line 10. Also, the polynerization my be carried out
in tw or nmore =t aggsoyfidetzed ancoeditgohocohdi hieenl.. 1FJr0GEAMOE

pol yol efin produced in the above manner is w thdrawn continuously or

i nterm ttemntinyl r dmpehe moowee rgor siieh ofist hetyremeli zedimed radvctwirdel,
through the line 6 and then, typically dried. The saturated aliphatic

hydr ocar borVigslaf or erf&itatehed i & iBhg581 ¥ARETS zabl énsdriyy ine U ot adchrsuned
by the polynerization. The saturated aliphatic hydrocarbon gasified in the
fiuidized B {EHATB[TF RSG5 iE% t h8FARA frdft t h@ TP T o her

i th unreacted polynerj,zati on noponers and typically circulated to the
reactor 1 GTEHEGS o PRCTSUSICRA 30 HRE BERhe PHqut (ORECHT at PR

al i phatic hydr.ocarbon and_the |ike are_di.ssol ved _and contai i.n. the
produced po Oync;lué*a}tne and t%%gy%\ﬁll%%dr avvnSPFgm t hegrseact o?l’lllf31 %e)geja?dejfneorlreé, t he

reduced co qﬂ%ﬁgﬁﬁgggﬁﬁggﬁ%ieg%&rO@L@iﬂggi@Qgggbggsenfgr(Qggg§f%nége i ne

10. 25 [005 rged fromt f["ui di Zed-bed reactor’ 1 as

aforenentiQﬂﬁﬂltgéoﬁgﬁtgﬁ%néiQﬁuﬂ;ﬁé&ﬁ§%&é@%§Yé&@ohﬁQ laN RheRls exghanger
11 and then circulated to the fluidized-bed Teactor 1. 21 [ 0059] When

circul abi ngy 4 hes i Sicdhe s B ddigo Tynd el Z&g- bed reactor 1 in this
manner, a part of the discharged gas nmay be purged from for exanple, a
line 8. ThelapsAldi schanMgebrfaramddrsureattor thd ypiloald i comitcai nsa b be
unreacted pol yneri zi ng nononers, hydrogen gas, inert gas and the |ike
besi des t heswgtlured edf adm phapt tohytir opdrben. [ 006Qr | rextdre Igr,esetttese

i nvention, when the discharged gas is circulated to the reactor in this
manner, it Non@wiedie swephbed dRchaggercls ghatel toultdredsasctiar ik 10

froma line 9 to the reactor 1 through the supply port 3 .
from the supply port 3 through a supply line 10 in usual.

15 [0035] In the present invention, the saturated
aliphatic hydrocarbon (A) 1is supplied to the inside of
the reactor 1 together with at least one compound
selected from the aliphatic amide (B) and the nonionic
surfactant (C) constituted only of carbon, oxygen and

20 hydrogen atoms besides the a-~olefin.

[0036] Specific examples of the saturated aliphatic
hydrocarbon include saturated aliphatic hydrocarbons
having 4 to 20 carbon atoms such as n-butane, i-butane,
n-pentane, 1-pentane, hexane, heptane, octane, nonane,

25 decane, dodecane, 2,2-dimethylpropane, 2,2-
dimethylbutane, 2,3-dimethylbutane, 2,2,3-
trimethylbutane, 2-methylpentane, 3-methylpentane, 2,2~

dimethylpentane, 3,3-dimethylpentane, 2,3-

12



as a fluidizing gas as shown in Fig. 1. The gas cooled in the heat
exchanger 11 nmay be either in a gaseous state or in a vapor-liquid m xed
state containing a condensed liquid. 15 [0061] Also, a nmethod may be
adopted in which, as shown in Fig. 2, the discharged gas is cool ed using,
for exanple, a heat exchanger 12 having a vapor-liquid separating function,
the saturated aliphatic hydrocarbon which is put in a vapor-liquid m xed
state is subjmedied Réhtianaapor, 4-idguet hyepanakine), LhResBpanakefegas3phase
is circulated to the fluidized-bed reactor 1 from for exanple, the line 9
and the |i quitthyphteserns, suppl bededhyebtkynto t he |Dvkerdiposthwrhataride
fluidized bed (reaction systen) 5 from for exanple, a line 13. It 25
shoul d to beyoloimehtdreg, i n RyXhatmsane syEibol scwslagwsene Fi gagnd show
the same parts as those in Fig. 1 [0062] In the present invention, the

mol ecul ar viEkRHthwicYReoReiARe ng pol yaednih najhbeer egut sl e agpb@angi ng
22 polyneri zation conditions such as polynerization tenperature or by
cont r ol Pi ngF¥MeCahbuntP i agaRgeh (T8l o et ght© r g Ranr )2§dhe used.
[ 0063] When, as, mentjoned above, the liquid saturat al i phat.i c

d 5
hydr ocar borP R+t ed Y PPOI3Mer i 28 RFN@PY ynEi Y iGve S OPEFIRE
| i zati t b d | fficient th heet i
el £ ng 'St e borSnereCRABEE BY ¥ 0BaF Sheati NG mrb GNP K died. 10
0064] Al t ; i i t ai i st i sti
of o sat b e dl HHERRRR AN (TR0 5 S ot o e scat tered with

difficul ty,gdﬁ?fﬁby operabi Lhty issdsmpioved, 40065 Nexhe i s £asg of

carrying out the 15 polynerization in two or nore stages, explanations wll

be furnpshet {oid - ashgArexappbg, aanul tist ageo¥apentPhAsg palayerpzati on
apparatus having two vapor phase fl uidized-bed reactors which are serially

connect ed wigpkiped ©b hehe 20uf00664-Pbe mehtistage ivaporvyhwmseliquid

pol ymeri zati on apparatus conprises a first fluidized-bed reactor 21 and a
second fl uidizeohded readtior t3l wekmokrear po$emealikytdonneboted vibyh Each

ot her as shown in, for exanple, Fig. 3. 25 [0067] Specifically, in the
first fluidigzed:bett y@actof 2dheitliguish desigmedathatated r ankiphani oret al
conmpound catal yst such as a netal |l ocene type carrying catalyst (solid
catal yst) iRv&ipprRenfroma supply line

15 [0038] The concentration of the saturated aliphatic
hydrocarbon in the reactor 1 is desirably adjusted to
typically 1 mol% or more, preferably 1 to 25 mol%, more
preferably 3 to 25 mol% and particularly preferably 5 to
20 mols. The adjustment of the concentration of the

20 saturated aliphatic hydrocarbon in the fluidized-bed
reactor 1 to the above range ensures that the amount of
the chunk or sheet polymer to be produced when the
reaction condition is rapidly changed or disturbed can be
minimized even if the amount of at least one compound

25 selected from the aliphatic amide (B) and the nonionic
surfactant (C) constituted only of carbon, oxygen and
hydrogen atoms is small and the polyolefin <can be

produced with high catalyst activity and also for a long

13



23 25 and al so, gas (fluidizing gas) containing the gaseous olefin

(pol yneri zati on nononers), the saturated aliphatic hydrocarbon(A) at |east
one conpound selected fromthe aliphatic am de (B) and the nonionic
surfactant (C) 5 constituted only of carbon, oxygen and hydrogen atomis
supplied fromthe bottomof the first fluidized-bed reactor 21 froma
supply line 22 through a bl ower 23. The supplied fluidizing gas is bl own
into a fluictiezed ilad t2A8e.r eacti on systen) through a distributing plate 27
made 10 of a perforated plate or the |ike disposed in the vicinity of the
bott om of tHOI4]rst fl Jindi ztde bedreeantor i2Weartd adi,schat gedetsdom tdree upper
part of the fluidizedbed reactor 21, and thus the fluidizing gas passes

t hrough t hedmiugl ofel hetetuifdiaedtbhed aldadtagri2lam¥de 1B)sobhd pgdraicl es
(the solid catalyst and the produced polyner% were kept in a fluidizing
state by tHergeifq owwifadieanfas pabsi AGNEREBUEAIt henilisi @& ofcarRen,
fluidizedbed reactor 21, whereby the fluidi zed bed 28 is forned. 068]
Then, the profifced P yrdYd B9 cl @5°BFe 28 wWSPRBrAGA c&ﬁtiﬁhod§v&gﬁﬁ

i nt itt |y, and subj.ected t l'i.d- ti [ | i d-
opar at or o W KNG b, CAr HHES Tiche, Wal D08 4SLANG 430aPES pr ORRTTSE opbhed
d shut d trol.., T I t] it Ln thi. :
i schar ged 155 T andpsR S | Fa 408y The S0H oR bl ERE Dy VP FE Ana | ed

e e

[ 0069] Al so, e unreacted gaseous ol efi atic

hydrocarbon{Ape ahnl,eadt Qe iGRIMAUNh Gl gebefli teamt heglivphatdoam de
(B) and the nonionic surfactant (C) constituted only of carbon, oxygen and

hydrogen atorgs andnihe | tkRpvhkabhsargapassed silppauely t Be féne digadided 5 28
are decelerated in their flowrates in a decelerating zone 29 di sposed on

t he upper pArdidifzdde fdirsturfdtsindiezedolred petaetdr 2dowder di sthardjededut of
the first fluidized-bed reactor 21 through a gas di scharge port disposed on
t he upper partcwisttdrecdsrst flui di zed-bed 10 reactor 21. [0070] The
unreact ed gaseous ol efins, saturated aliphatic hydrocarbon (A), at |east
one compoun®®¥lect ed fTtem ehérhREpRatdel e d&) (Bl S afdiHd asonienitdhe
surfactant (C) constituted only of carbon, oxygen and hydrogen atons 15 and
the |ike widter ef drsdhatged oM@ s rgfch that 1t "exisSts 1in an

15 amount of 0.1x107% to 400x107® parts by weight, preferably
1x107® to 200x107® parts by weight and more preferably
5x107% to 100x107° parts by weight per one part by weight
of the produced polyolefin. If the proportion of the
aliphatic amide to be supplied exceeds the above range,

20 this 1is economically disadvantageous and there 1is the
case where polymerization activity drops, whereas if the
proportion 1is less than the above range, there 1is the
case where the fluidity of the polymer powder (polyolefin
particle group) is deteriorated and the polymer powder is

25 stuck to the wall surface of the polymerizing unit by
static electricity.

[0041] As the aliphatic amide (B) used in the present

invention, any material may be used without any

14



flui di zed-bed reactor 21 are cooled in a heat exchanger (cooling unit) 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 20 in
the first fluidized-bed reactor 21 by a blower 23. In the heat exchanger
24, the circulating gas is typically cooled to a tenperature close to the
dew point of the gas. The dew point of the gas neans the tenperature at
which a |iquind te@ndensa erst ants igeney alddy tPpiBLLUAS £025 Ahantaie c
circulating gas which is cooled to a tenperature | ower than the dew point

i s suppliedgentishearfd ul€li zed abetbr2@ntrieacililon keatncahibeatendwed dey. t he

| at ent heat of vaporization of the liquid condensate to thereby inprove 25
heat - r enovahoeff | cihdndy iard hel fquwidis zedt bedmB8enkt skopedatoriee mateed t hat
when circulating the circulating gas to the fluidized-bed reactor 21, a
part of thereifiecalde ngn gasenap thehanalgerd f abimlahvopt i Bhakhpl #s@ssnts t he
circulating line 26. [0071] On the other hand, the polymer particles

wi t hdr awn fOgend iginecdrigat e awigest Ravipgst i 89 ze@rBégrrbast & 21

t hrough the saqlid-vapor separators 41 and 42 are fed to the second

f1 ui di zed- B&d 3P0 3PEadse PTG tite B £ FGFHPAT FE8F afife YSSthsport
line 35 is _tbr gr}%heq fromthe Jieuf%g? Iiene 3r%eand 1Eheuo her end .of tthl%
transport 1199845 i s cofinddte %e SEFPESFor Tt oY the Seddl

fl ui di zed- t 1. Th f_ 1. taini t l.efins,
the. ans or 2t T IR el T ATt Saaren R s TR o

sel ected fr. '?ﬂJWiﬁHiﬂgyﬂdﬂ% qqﬁd%rgBﬁn@lethe noni oni ¢ surfactant (QC

constituted only of" carbon, oxygen a hydrogen atons and fed fromthe

suppl y1 i ng 38, 1, Sch ay 5&6,diof) pressure-ri se neans sughyas a centrifuga
bl ower 51, 20 al so the pol ymer particles withdrawn fromthe first

fluidized- f@p43gact or 2h ithamadte bermnidAimednbnchbisaggaset quinansport
t he pol yner particles and then introduced into the second fl uidi zed-bed
react or 3lofAlcsbarevdtgaseous thefa syl potyuer rebngsanhedebs) ,(CLig .25
saturated aliphatic hydrocarbon (A) and at | east one conpound sel ected from
t he al i phatiisc iam @eré&Byearddorhel nomi 30 c pserkaetdnt q Qo cofstindutted-eonl y of
carbon, oxygen and hydrogen atons are supplied to the second 26
preferably 7 to 17.
15 [0044] Preferable and specific examples of the fatty
acid diethanolamides include hexanoic acid
diethanolamide, heptanoic acid diethanolamide, octanoic
acid diethanolamide, nonanoic acid diethanolamide,
decanoic acid diethanolamide, undecanoic acid
20 diethanolamide, lauric acid diethanolamide, tridecylic
acid diethanolamide, myristic acid diethanolamide,
pentadecylic acid diethanolamide, palmitic acid
diethanolamide, heptadecanoic acid diethanolamide and
stearic acid diethanolamide. Among these compounds,
25 particularly lauric acid diethanolamide 1is preferable.
Examples of the aliphatic amide (B) other than fatty acid

diethanolamides include fatty acid dimethanolamide, fatty

acid monomethanolamide, fatty acid monoethanolamide and

15



fluidized-bed reactor 31 fromthe supply line 32 through a bl ower 33 and
the transport line 35 and al so supplied as a fluidizing gas to the bottom
of the second fluidized-bed reactor 31. It should to be noted that 5

al t hough a new catalyst is not supplied to the second fl uidized-bed reactor
31 in general, a new solid catalyst nmay be supplied to a desired place of
the fluidized-bed reactor through, for exanple, a line 52 or the transport
| i ne 35 acdartdiyngadicd trhenoeecpaddl §100d2] Thkebkukdiphadg igasrsiujgs ireds from
the bottom of the second fluidized-bed reactor 31 is blown into a fluidized
bed 38 (redct iwwredyslicary drhriougtomb idiagtirarautahgyt aire Bremde of a
perforated plate or the |ike disposed in the vicinity of the bottom of the
second f | uil@0ASd- bed 1531y e&beor PB2CARE dfsEharieduEiodn tthe RPpErlgfdmt of
the fluidized-bed reactor 31, and thus passed through the fluidized-bed

react or 31@Cﬂﬂ§%ﬁﬁ9sFPeéﬁ@ﬁqum#§3§nEé§§in&h@wﬁagﬁoﬂﬁé AR Aedibed

b 20 Bhe IroMRIGE HOtSAergth GFfPatHPS: ng Yeato ¥ THERGRFT GHiftihe.
{1 Ul di sed BRY 35 COHa1S TRERTY ReS paRYber Har P 8o s et st i s econd
froma di schab gerry 85t E5 eGP 28BcEReR ML Ch sk RS LY

sat ur at ed i ic h hon (A | S e 1 Jnd rom
%Haqgfrﬁtd gi:(égfnfaﬂ?ﬁ ekAhnp1alk | §aSt rne,6AMpAYR gted

the aliphatic de ( e 27 noni oni ¢ surfactant (C) constituted
only of carf@on,xyen@a Sydy ogencateph, aBdyhbe lanke NIy ealassed
through the fluidized bed 38 are decelerated in their flowrates in a

decel erat i nhZaR: 3% 6l ppopethpredide Daupper pahler9f theweo@tthylene
fluidi zed-bed reactor 31 and di scharged out of the second fl uidized-bed
reactor 31 dllyadugh a eggdserdi schange yporta ldislposed on Tahecwipper patiterof the
second fluidized-bed reactor 31. [0075] The unreacted gaseous ol efins, the
sat ur at ed I® lataxptedthivclanar ocaedenyl A) etherl eapo lyvxyedinydeme sedldctled from
the aliphatic am de (B) and the nonionic surfactant (C) constituted only of
carbon, oxyféierand Rpdvegen livdeseandatkgll i ketlescharfeld P Resecond
fluidized-bed reactor_ 31 are cooled in a heat exchanger (cooling unit) 15
34 through @%cul 2t+ng PPhECRBSENBLARE t R¥ISRPFPGtEEs iGRSH9E subpty |ine

R e S S
34, the ci | at s typicall l.ed t t I t
he dew poi a1 he gaby SyRERLTRERY, FoiE ehd ot it B BT o°

tenperat ur e l.ouer than, g dew BQisahliE_%eé'EBm edotithe Tl dized hed 38,

reacti on heat” can be rempved by theé [atent heat of vaporization of the

| i qui d condengatieyt o t hergbysk@Brave, sorbitan monolaurate,
polyoxyethylenesorbitan monolaurate,

20 polyoxyethylenesorbitan monostearate,
polyoxyethylenesorbitan monooleate, polyoxyethylene

lanolin alcohol ether, polyoxyethylenelanoline fatty acid
ester, ©polyoxyethylene alkylamine ether, polyethylene
glycol alkyl ether, polyethylene glycol monolaurate,
25 polyethylene glycol monostearate, polyethylene glycol
monooleate, polyethylene glycol sorbitan monolaurate and
polyethylene glycol sorbitan monooleate. These nonionic

surfactants may be used alone or in combinations of two

16



25 heat-renoval efficiency in the fluidized bed 38. It should to be noted
that when circulating the circulating gas to the second fl ui di zed- bed
reactor 31, a part of the circulating gas nmay be purged from an optional
place of 28 the circulating line 36. [0076] In the first fluidized-bed
reactor 21, as nentioned above, the fluidizing gas is passed through the
fluidized bed 28 at such a flowrate that the fluidized 5 bed 28 can be
kept in a fdwinbzd.ng state. In the second fluidized-bed reactor 31, the
fluidizing gas is passed through the fluidized bed 38 at such a flowrate
that the flfGi&led bed I38 tha herdmptt i nnaehlitiiodi, zi ag mtlatexyd100/4Ene
Specifically, the flowrate of the gas 10 introduced fromthe bottom of
each react grlxdolougts t heresfigppibld | es Zheand@R drsi abamr Fgifantto 5@Unf and
preferably about 5Unf to 30Unf where Unf is the mninumfluidizing rate of
the fluidi Z&hHedutiad | enpyssehl €ardosyi roxygen | gingi zhadbedheciaiital |y,
for exanple, by 15 using_various stirrers such as an anchor type stirrer,
screw t ype HtGHIEIh addPPLBBSRYLGPE SB5iACerOT [ BRYBPL APY helgh CiREcattiie

expl anations were furnished as to a miltistage vapor phase pol ynerization
apparatus GinsiSiihg BF  WeSf | GPAFIEA] bed F CACEEFS, Hamdly { REDETHY st
fluidized bed reactar 21 and the second f.l ui.di.zedbed react aor ich are
serially cosﬁlnrefgz Cgtda QCo eavqc%%ocf ter, even al it a|tsjtoanqe vfpoglry Oprgié{ §f'\ilj"{r;epnaer at us

consi sting Qf ree Qr re fluidized- r - r in the
sanme manne rgg' ) 580 %é]n_o@e%g gH}ranJ [t ?Eg? g%%t }5/}2%%?8 pﬁ)a}%gﬁp%f‘oyl%@% egrge
apparat us asafor iRy aRed, QBerakehMador Hior end- of &f 1 Nigi dnd RIsferably

et hyl ene and at | east one a-olefin having 3'to 20 carbon atons which are

supplied tothe dmsigleirafe thecdd yiehizad bad,deacdor are polymerized in
the fluidized bed and in reactors in the subsequent stages including the

second st age- CIPCHYORL+ ZEHICEIN CHS ) O L (cHbcod) | pHt he (presence of the
copol ymer produced in the 5 previous stage. Al though no particul ar
limtation [@&4Hposed dm tthee tfgenwfa pol Ynerthe bemprlodidced iof eacnd
reactor, it is preferable to produce a high-nol ecul ar wei ght polyol efin,
for exanpl & whhelghoeskesiiaelyei wprrporylet Apeemainberatof edbe ommpaatact or
and a | ow ol ecul ar 10 wei ght polyol efin, for exanple, a | ow nol ecul ar
wei ght pol yBtHy| 69RC ¢ FEBE rbYeéEE;@ﬂ'@.o][ 0GBOIM Wi t AePegatfdolo 4t K@ rdlti o of

one o8 1510 MBS 8 Oyt o o be, supall <d_ Lo ey 1 zedibed rgactor
ratio (m/p) of these repeat units 1is 0.1 to 10 and
preferably 0.5 to 5. On the other hand, n which
represents the number of the repeat unit represented by
[CH,CH(CH3)O] is in a range from 2 to 50, preferably 10 to
20 50 and more preferably 20 to 50.
([0048] The nonionic surfactant constituted only of
carbon, oxygen and hydrogen atoms is made to exist in an
amount of 0.1x107° to 200x107® parts by weight, preferably
0.1x10"% to 100x107° parts by weight and more preferably
25 0.1x107® to 50x107® parts by weight per one part by weight
of the produced polyolefin to produce a polyolefin.
[0049] When making the nonionic surfactant (C) and

the aliphatic amide (B) to coexist, the ratio [(C)/(B)]
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15 polyolefin to be finally intended, when one a-olefin is supplied in one
nol, other a-olefins are supplied in an anmount of typically 0.0l5 to 0.15
nol and preferably 0.02 to 0.08 nol. For exanple, in the case of using

et hyl ene and an a-olefin having 3 to 20 carbon atons as two a 20 ol efi ns,
the ratio of ethylene to the a-olefin having 3 to 20 carbon atons is as
follows though it differs depending on the type (conposition) of

et hyl ene/ a-«dl ettihe copoliynmee toubeadtavat | yvd nteededliphathe casedof ias | i near
| ow- density pol yet hyl ene (LLDPE) conposition, the a 25 olefin having 3 to
20 carbon atmafeidablsuppliZd it anl ABounrabiot ypiycamieyadt015 argl 0.rkEreol and
preferably 0.02 to 0.08 nol to one nol of ethylene. [0081] Also, in the
present i nearftfiasblpollydifescard Bolratiite By keeitdit dbe copol yneri zed toget her
wi th the above ol efins _according to the need., For exanple, conjugate dines
such as but@f3e and ilSofene e foh- EdRFUgRPENdThES adddhaddc amide
1,4-heﬁgdiq@§, di yc%opentadiene and 5 5 vinyl-2-norbornene naﬁ be

copol ymeri Zed. F00831e ML breseRt LRRvBREI diF) t RN AbbVetedpbhyieriZzati on

is carried out in the}presegc% oé t Ieastagng sat.ur at ed qﬁughati%he
gg?L?;?;goﬁ; é*bref@igﬁpy LH th Z§F8ggﬂce foat Y%%%Léﬁﬁ% %%%Fso | The
af orenent i noel C!slgletq'ﬁ‘rr{e{t e(kjﬁg%i ;C)kg%tlfoki?c E%#%@%@ onm%g) i%se a%r?g%%ieyin%e?f;abl e

hydr ocar bon i copsu i N 0 ri ion it uppl i ed
y Qdﬁi%déxﬁieé;&"l%e gp ;E‘é)d rﬂlif&?%p lLyagr i zatdon goeg i todps,suppl

to the flui saturated alil phatic 15 hydrocarbon contained in

the gas di scharwed frem t BRohhyi dhzedshed reAdRInd Stoi redl ajggedo ithe

fluidi zed-bed reactor through a circulating line. [0084] This saturated
al i phatoc hydyigcar beay aeyede matreodusetttilny a gaseals St@dee Howevethe it s

rather 20 preferable to introduce the saturated aliphatic hydrocarbon in
such a condirtdegrertdeatt aagditibher eafmdlsy ,puteparatei qudi tsiat eof Theach
saturated aliphatic hydrocarbon introduced fromthe supply line is
pref er abl y qgumamentd i naad gasbeus fotrrat e tilre t hendi¢pedilert beddfitdwnt hels
preferably adopted. As a method of addition, any of
addition in the form of a raw liquid and addition in the
15 form of a solution may be adopted corresponding to the
specification of supply equipment and the amount of these
compounds to be added.
[0051] When using the aliphatic amide (B) and the
nonionic surfactant (C) constituted only of carbon,
20 oxygen and hydrogen atoms in such a state that these
compounds are diluted with a solvent, the saturated
aliphatic hydrocarbon (A) given as the above specific
examples may be used without any limitation. Among these
examples, saturated aliphatic hydrocarbons having 5 to 12
25 carbons such as pentane, hexane, heptane, octane, decane
and dodecane are preferable. Or, (D) an unsaturated

aliphatic hydrocarbon having 4 to 20 carbon atoms and a

double bond at its terminal as described later may be
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25 vi ewpoi nt of wuniform pol ynerization. However, at |east a part of the
saturated aliphatic hydrocarbon may be present in a mst state. These
conditions are properly set based on the bal ance between uniformty and
heat 31 removal . Although the saturated aliphatic hydrocarbon may be
introduced fromthe supply line in a mst state or the like, it is
preferably introduced into the supply line of the fluidized-bed reactor. 5
[0085] Al sasddhessate atadealt Frat idi Iwdroecarbon (A) is typically

i ntroduced into the fluidized-bed reactor through the supply line together
with the a-[@082iln and &@heheadste criel woipicunansaéd e¢Bedahdomhiehencaliiquhiat i ¢
am de (B) and the nonionic surfactant (C) constituted only of 10 carbon,
oxygen and swdleagemtat dfs asonenitoned aboMve. oflowesebont heoxypdem ataard!

al i phatic hydrocarbon may be supplied froman optional place of the

f1 ui di zed- bedinogget or ey dec suppliededi r et t o thige fladildinadd Dbed
from for exanple, the catalysts supply line. 15 [0086] In the fluidized
bed, the pélYERIGazRdon thehperniente whkn pof yrReF2i REMBRPUREEst Sodd & ol ef i n
wi th introduci ng t he saturat aliphatic hydrocarbon as aforenentianed is
typical ly G135 1%3‘@?5{‘ W%?%?ﬁg}’y%g & 1%%%’1@%9 tpfaggerpartﬂ % 110c¢

t hough no parti cul 20 limtation is inposed on_ the pol rizat..on
t enper at ur 25.' 5[ 0%@7% ebB’oI ‘Q/’%ﬁg{qgaﬁhoonu%r eélsogr ep?gtll%uga%(gﬁgel]fmrlotﬁd'
typically 8t . 8 p algl)f . .9 o] it differs
dependi ng grr?ortgeﬂe ?{/%e gg%dgggpoéf%%% 0 _tl%ee]sg_- %ﬁgﬁi nytlé)%t%g (L:j%g%#yrrtg{relf zed,
the concentpatjion iof 2a;bbe st unaked al {pbatics kydiocanbeact M the |
concentration-of at |east one conpound selected fromthe aliphatic anm de
(B) angpt h%d?%i%ﬂtcecﬁlﬁrf]%ﬁt@f‘f[c£@0§9n§ky?éheﬁn@nwd@og@fﬁr RebnsO@atgen and
hydr ogen atons, 32 the fluidized state of the fluidized bed and the Ilike.
[0088] The w@kovelpphyteei zaid@rdmypbrbeacar mietkdulith tdw-pr eskreee af a

nol ecul ar wei ght regul ator such as hydrogen according to the need. The

nol ecul ar whisgrfed egid atesclsuchthsrhydr o§ercridy ché 1yypplaldd fatamhemn
optional place of the fluidized-bed reactor, for exanple, the supply line.
[0089] I|n timelyddgent ai modmtiom o¢he anollbereasiowri giit oftatte éopdalgumer may
be adjusted by changing the 10 pol yneri zati on condition such as

pol yner i zatdd itlenper 804RELER, niy DESRRJUSARd (BYSEBRELSI ISCAY tHRE ) arfunt  of
hydr ogen (nol ecul ar, wei ght regul ator). to be used., [0090] In the present

i nvent 8n, AMENEHLIPbI ng-’rﬁé‘}lisz]afi]ied}& %f%ll{tﬁé’%\)-cﬁ%? iJﬁ‘L%]sl%‘lor enenti oned may be
15 carried g sing a W de.range of catalysts _known _as catalysts for

ol efin poly %’j;]ati on SEHPAS egcl)%r t%ﬁ% caflé}ls3?§f1§,a%5€i N iap%/lgf%/aptelc

chrom um oxi cat gl yst r t cene, cat.alyst s, n at sts,
particul arﬁl Qgrorrcgat% oc Hg t(}lgoeb%lcéa‘?laﬁe%s% ?é prOZfoerea@IWg g8¥n§§§§?9[ 00 é1/]
Speci fi cal 'tmetegsgetnggl agenent ype call hstnPr ek akhyigssd hatike present
i nventi on conpri ses, r exanple, (E) a netadll ocene conpound of a

transition getad sgleshedtbnamanlie d \odbBdoMhd gEOURS si t rivg AN ingdy ¢ 25

table, and (F) at |east one conpound selected from (F-1) an organic

al um ngm oxphElampundhekEn), an-begashe, al wvdteneonpewatieard fe3)1-a

conmpound which react with the netall ocene conpound (E) to forman ion pair.
decene. Among these compounds, l-hexene and l-octene are

preferably used.

[0054] When the aliphatic amide (B) and/or the

nonionic surfactant (C) constituted only of carbon,
25 oxygen and hydrogen atoms are used in the state of a

solution of the aliphatic hydrocarbon solution, the

aliphatic hydrocarbon has not only a function as a

solvent but also a function as a component participating
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33 [ 0092] The netal |l ocene conpound (E) of a transition netal selected
fromthe IV, V.and VI groups in the periodic table is specifically
represented by the. following fornula (i). 5 Mx (i) wherein Mrepresents a
transition netal selected fromZr, Ti, H, V, Nb, Ta and C, L represents a
| i gand coordinated with the transition netal wherein at |least one L is a

| i gand having a cycl opentadi enyl structure and 10 Ls other than the |igand
havi ng a cyel opieat adilgnplrishrichurend sthchydbegerpadymalkal hahagemiafom a
hydr ocar bon group having 1 to 12 carbon atons, an al koxy group, an aryl oxy
group, a tmpualikyl sftyh gheupvdewpo 50BRoFT oppetaheiegRa srad@it Bohydmocar bon
group which may have 15 a substituent such as a hal ogen group) and Xx

repr esent s cali@ latsémi acvay ey of tIe 1$ ansefeoabiet dhay 0093] pasithe dfi gand
having a cycl opent adi enyl structure, alkyl substituted cycl opentadi enyl
groups suchhgs hy ERIaepant atieshyin gt olprhmakt ﬁ?Pé?EF@Eeﬁ?a@ﬁén;ﬂr 2P I oup,
dlnethylcycl ent adi enyl grou trimet hyl cycl opent adi en group

t et r ame? hyl I%m%n?éﬂF%ﬁ9Fb©PoGﬁntﬁéﬁﬂgﬁeﬁﬁﬂﬁﬁﬂﬁ%ﬁ%n?é@?En&haﬁr6&&

et hyl cycl opent adi en rou nmet h enta rou

propyl cycl 9ﬁﬁ3§%ﬂ B, 2R Iﬁ% p§$ oB@nt dﬁ va gﬁp

but yl cycl opent adi enyl | bu Icyclo ent adi enyl qr.o an

hexyl cycl oplésntgafgnﬁ % l? nég‘%‘ %Pr{our?s aﬁcdy4 % Q]% 21 Qurpocar%on

t et r ahydr oi yl; grqup fl r olps i f1.ed se
groups naykggﬁgubéﬁlgutg &?%h 88%§?§58ﬁ a#gnlg??ldﬁﬁylégﬁg E%roupng t he
l'ike. AmONG, Q3G HARUPS . Rldeiln i51P st iddihReh S Opesttradi enwn4f OUphe are
particularly preferable. [0094] Specific exanples of the |igand other than
the |igands iy ehopant aghemyt sif uatowprar eras1éekl ays. dmenpl es of
t he hal ogen include fluorine, chlorine, brom ne and iodine. Exanples of the
10 hydr ocariagso ,gr dup ikaviegi datb De 12 ocaddomy abams 4 n€bufengl ke grtagps such
as a nethyl group, ethyl group, propyl group, isopropyl group and butyl
group, cyclaoal kyldew:olgst suchopsrat tyaol epenty b rgpaup nand hey od ahexiydn,gr oup,
aryl groups such as a phenyl group and tolyl group and aral kyl 15 groups
such as a WenZydweyp deyp angravasephyle goup:i®@xarpl édeofpalianct kapdi gy oup

i nclude a met hoxy group, ethoxy group and butox¥ gro Exanpl es of the
aryl oxy gr cFiaiel ud@1&pheh oy t§rcupl S ERERPPESOIY BER gPouiditl ude a

I n r h | fon 2 r n rifluor han
gufﬁoﬁgge aﬂﬁh%wtéif%ﬁnls Qgépffgdswltg %E?rrgng QuDé%n fnuouéf)onEt ane

intermittently to keep the solution concentration

uniform.
[0055] As to the polymerization in the fluidized bed
5, the polymerization pressure 1s in a range from

20 typically 0.098 to 9.8MPa and preferably 0.19 to 3.9MPa
and the polymerization temperature Tr 1is preferably a
temperature close to the dew point of the wvapor phase in
the reactor 1, more preferably a temperature less than
the dew point + 20°c, still more preferably a temperature

25 less than the dew point + 10°c and particularly preferably
a temperature less than the dew point + 5°c, though these
conditions differ depending on the type and

copolymerization ratio of the a-olefin, the amount of the

20



[0095] In the case where the conpound represented by the above fornula (i)
has two or nore groups having a cycl opentadi enyl structure, two groups
havi ng a cycl opent adi enyl structure anong these groups nay be 25 conbi ned
wi th each other through an al kyl ene group such as ethyl ene or propyl ene,
substituted al kyl ene group such as isopropylidene or diphenyl nethyl ene,
silylene group or substituted silylene group such as a dinethylsilylene 35
group, di phemdrsidad engl gphapioer mEdrplcpheayl, si InHeneagoanp. pE096Ihelhe
met al | ocene conpounds contai ning such a |igand having a cycl opent adi enyl
structure arlddhateipr eseinieehritbrga spelciw icaldy by the follow ng formul a
(ii), for exanple, when the valence of the transition netal is 4.

RZKR3l RgnRIMAg6]i i ) widreeiapoVe gprleventizatierf areegdienganrares] tawn iret al |
R2 10 represents a group (ligand) having a cycl opentadi enyl structure, R3,
R4 and RS rtepy esehesgroaps Ofavilgt «Cwha] vprsithidi ergPusatatt usgchr dGther

gr oups as af orenenti oned, k denotes an integer of 1 or nore and k + 1 + m+
n = 4. 35 [[BOYFAIOH @ﬁ@%ﬂé@@nttpnv@ﬁl aeedret al T%%eﬁ‘é)]&ﬂ%ﬂcﬁmd“selgh
represented b the fornulggéllél Whj c? at least two, for §xanpl and

R3, among BREIRFTRy FAY FP@adﬂ%)oﬁéﬁpﬁﬁla 5 @F%peﬁ?ﬁﬂlenyl
t t f bl Th h 20 t |

Structure aue, preer ably, ysedy Thesg g ouns, agio I arRS T eRe G bugrs

subst it ut edc allﬁyé nﬁl{gr C_’LHpaﬁvfd | ¥l epg. ar oun, ogger S&Pﬁéﬁ’ﬁﬁt Il?ﬁ' |y dé & oq{ oup.

[ 0098] Exanp fes™ o océne conmpoun as arorene one
speC|f|caIky nd¥4 &gl rconium 25 |nclude bls(cyclopentadlenyl)2|rconlun1
di chl ori de, (%ls(cyc opent adi enyl ) zi r coni um di br omi de,

bi s(cyebopergestenyl ) diTmt ld1zid16cminiBroduced in the above manner is
bi s(cycl opent adi enyl ) di phenyl zi rconi um 36

bi s(cycl opentadiedwil ) dohenzybaklgorvtiminbesheyekapent ati@nythai ricomnum
bi s( met hanesul fonat e), bi s(cycl opentadi enyl) zirconi um
bi s(p-tol ugnesuldronaf ejhe bf $Gtgttopebtddireaygtpzi Acahirvmgh the line 6
and then, typically dried. The saturated aliphatic
hydrocarbon as aforementioned is non-polymerizable and is
15 not consumed by the polymerization. The saturated
aliphatic hydrocarbon gasified in the fluidized bed
(reaction system) 5 is withdrawn from the line 4 together
with unreacted polymerization monomers and typically
circulated to the reactor 1 after cooled in usual. A
20 part of the liquid saturated aliphatic hydrocarbon and
the 1like are dissolved and contained 1in the produced
polyolefin and then withdrawn from the reactor 1.
Therefore, the reduced content may be supplied £from a
desired place, for example, the line 10.
25 [0058] The gas discharged from the fluidized-bed
reactor 1 as aforementioned through the 1line 4 1is

typically cooled in a heat exchanger 11 and then

circulated to the fluidized-bed reactor 1.
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5 bis(trifluoronethanesul fonate),

bi s(met hyl cycl opent adi enyl ) zi rconi undi chl ori de, bi s(di net hyl cycl opent adi enyl
) zi rconi undi chl ori de, bi s( et hyl cycl opent adi enyl ) zi r coni undi chl ori de, bi s(neth
yl et hyl cycl opent adi enyl ) zi r coni undi chl ori de, 10

bi s( propyl cycl opent adi enyl ) zi r coni undi chl ori de, bi s( net hyl propyl cycl opent adi
enyl ) zi rconi undi chl ori de, bi s(butyl cycl opent adi enyl ) zi r coni undi chl ori de, bi s(
met hyl but yl @e8Djpent adiviey ) zircahbudegchtlos i db, duls(tgddreghygl cyel agent adi en
yl) zirconi undi chl ori de, 15

bi s(t et r ameflhyldiyoddfjent adeenyb)yzit cani uili £ himaminee;,, bi s ( penttamethwtoycl open
t adi enyl ) zi r coni undi chl ori de, bi s(i ndenyl ) zi rconi um di chl ori de,

bi s(i ndenyldidctvordathtids omiylepe purged from, for example, a line 8.

bi s(4,5, 6, 7-tetrahydroi ndenyl ) zi rconi undi chl ori de, _ .

bi s(f1 uor er§h9 z92&ofii aAERERREr ifden et Pgrenebi (ita@eALy reuriaims

di chl ori de, ethylenebi;éindenyl)zirconiun1dibronide, _
ethylenémsﬂqﬁﬁﬁﬁﬁﬁqu YRy 2F +ROnMGRPMELS, hydrogen gas, inert gas

i sopropyliden cl.opent adi enyl -fl uorenyl )zi rcani um di chl ori de,
o by | HC e R TR O A AT SR s h S S e
di chl ori de, ; di yet hyl sil vyl bj I t adi 1) zi i di chl ori de,
G ot nyl o 1 STOAELTY ari SR esy S BV REE P M b o SR AL
di met hvl si | i ol.di st ] Cadi ; . : ide. .
et hyLS! o enedt s evch opeat adl R Zihcanium SLeiler! dg, .

di met hyl si lylenedi s{1 RdenHoA! rCoM Ay Sr di ¢hlQld d8 reylated as it is
di et hyl si | yl enebi s(2- met hyl 1 ndenyl ) zi r coni um di chl ori de,

di met hybsi | sit@inedi s{ ge Mot iyl ;tdies GyLd 4 nﬂeﬂﬂfé@@hC@HbU@u%FQ@l gfdxdse,:-s
di met hyl si |l yl ene(cycl opent adi enyl -fl uorenyl ) zirconi um di chl ori de,

di phenyl si 134 eaelila(dhdenyl zisr coni stmpd® dhclilier de. andhe gas cooled

met hyl phenyl si | yl enebi s(i ndenyl ) zi rconium di chloride. [0099] It should to
be noted that the theaabexehexgapl &3, mbhebdi esthstri tint ed Jaoranud state

cycl opentadi enyl ring include a 1,2-and 1, 3-substituted fornms and the tri
15 substit wedifomm vipar chcdwbénnadednydtatiengcdmeaudeny, 2, =amensed
1,2,4-substituted forms. Al so, ~he al kyl groups such as propyl and butyl

i ncl ude i soE¥&1%uch as n-, i-, sec-and tert-isoners. [0100] Al so,

conpoungf o] i jned by substituting 20 titanium hafniym, vanadi um ni obium
tantal & or[!O é#ihﬁlunf SArr cBNiMFhI ¢ BaY zi%% of HﬁFﬁétdﬂ}OH ﬁEHcodﬁ%unds
as rrentionef3 %g9ve ng% be ex%ﬂpl%%gngH£0%$l% In.th% gresent.inven%&gn, as
the metal | oCENE chpdufid CE) -5 (ot Tt af FDcne COSMESurtfd Navi iyt a 25
i gand CO”t&H}ﬁé‘%,at AeaﬁéaE"‘DegXHER Sgt adbenyl, Stfuctur s, P—Jlfoir £yably
used. These netal 'ocene conpounds ma e used in conbinations o Wo or
more. [ O 02.Ja e @ 920her abHIM B oxyr ¢PIPouNd 16 phat 1 1R P& 38bon
which is put in a vapor-ligquid mixed state is subjected
20 to vapor-liquid separation, the separated gas phase 1is
circulated to the fluidized-bed reactor 1 from, for
example, the 1line 9 and the 1liquid phase is supplied
directly to the 1lower portion of the fluidized bed
(reaction system) 5 from, for example, a line 13. It
25 should to be noted that in Fig.2, the same symbols as
those in Fig. 1 show the same parts as those in Fig. 1

[0062] In the present invention, the molecular weight

of the resulting polyolefin may be regulated by changing
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used in the present invention 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

di sclosed in the publication of Japanese Patent Application Laid-Cpen No. 5
2-276807. [0103] This al um noxane may contain a small anount of organic
nmetal conponents. Also, a material obtained by renoving solvents and
unreact ed organi ¢ al um num conpounds from a recovered al um noxane sol ution
by 10 di stiddlainexi Amyidie usednbytiefdsssoladdlyg itakn a @m0l yeeti zd OildH]

G ven as specific exanples of the organic al um num conpound used in the
producti on teinnatinexane abg t hoserdeitcngbethéat&moast t hef ortgatageal um num
conpound (F-2). These conpounds nmay be used in 15 conbinations of two or
mor e. Anongntchiesa leconpaurgdy; naguldadral um memusafl L ri cycl oal kyl al umi num ar e
parti cul arIP/ referable. [0105] Al so, the benzene-insol uble organic

al um num ox}’cﬁﬁ%ﬂpound Hhed i 95t Fensriesest ahvent i dotwichsSammted
conponent soluble in 60c benzene in an anount of 100 or |ess, preferably 5~
or | essPandipdatdd a¥ALREHAAD 2 OTHrrIBEEEds onRINERET RS #F AL
atom and is insoluble or sparingly _soluble_in benzene. [0106] The

Sol Ubi I 1ty TP o GR ¢ “aPGRTAGm ok§ 1 FEEABOARN | A°Ben G IRE f ound
in the follown nner .. Specifically, the organic al um num.oxy co und
correspondirneénq‘% Al oF 0o en%féﬁiﬁ%ti smgﬂrsl%nd%%ldi n%%oﬁ}l%?tﬁéze%gfand

t hen m xed _at f 6 ur EQ39 i{ring. The .su 10N i

subj ect ed tnc?)e]’ftﬁq[cqr a?):fon 1%% ng)o\g glcaasugstéf({l tﬂg’g v&c{lﬁdla ?%%ndgt aéi)ec under
heating anddhe.sq) idpard. separated on the filter is washed with 50m of
60c benzene four tinmes. Then, the 5 existential anount (x mml) of Al atons

exi sting incddathe fildises ichdreagirmda detyIjdiedite sqQlatiddtey (x0)
of the organic al um num oxy conpound. In the present invention, the organic
al um num oxyprenpounas i 6Ehremayorel dtsiedy | bfcarHd naktapatel tawipHatwre. 10
[0107] The organi c al um num conmpound (F-2) used in the present invention is
repr esent ethyrodaorbaexaaptie,id hehéokfowengdaortaded (wiikth. RIMAIC@L oy ,( 1. 1i
) wherein Rl represents a hydrocarbon group having 1 to 12 15 carbon atons,
X representwhexraiat cgmratidmtor s hyedrogesd at om and n denotes a nunber from
1 to 3. [0108] In the above formula (iii), RL represents a hydrocarbon
group havi nP%%lo 12 cal¥dn atbms, ther &r&epl ©f ancarkyingrodpt cydt®al kyl

group or aryl group 20 and specifically a nmethyl grou et hyl group,
n- pr opyP gr%ﬂﬁ’,m‘?%’tﬁ?rtdﬁ%ﬂ gFode i SbbTRyrE g?‘iﬁ%e,s'peﬁf"gﬂaé‘%&ﬁ?shwl group,

octyl  oroun oy openiul SoR: Syl shenl grove, pheyl group and oyl
K b S, TR A5l A AU e85, b B, A e
al kenyl al urg s SUEH AP L89RLLEEYLAUM B 40rially connected with
each other.
20 [0066] The multistage vapor phase polymerization
apparatus comprises a first fluidized-bed reactor 21 and
a second fluidized-bed reactor 31 which are serially
connected with each other as shown in, for example, Fig.
3.
25 [0067] Specifically, in the first fluidized-bed
reactor 21, it 1s so designed that a transition metal

compound catalyst such as a metallocene type carrying

catalyst (solid catalyst) is supplied from a supply line
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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 oride, diisopropylal um numchloride and diisobutylal um num chl ori de;

al kyl al um num sesqui hal i des such as net hyl al um num sesqui chl ori de, 5

et hyl al um num sesqui chl ori de and i sopropyl al umi num sesqui chl ori de;

al kyl al um num di hal i des such as net hyl al um num di chl ori de, ethyl al um num
di chl oride and isopropyl al um num di chl oride; and al kyl al um num hydri des
such as di etshydad uai sam hydr i (da wdnrd dines ol y| abuoa nbhd0 thydrgaissodH110]
Al so, as the organic al um num conpound (F-2), conpounds represented by the
foll owi ng fodrefiilra (o) ynmeyi Dt itse dnoRANAF¥B, |, the( svurbiedherleiphadRlid s t he
sane as above, Y represents an -OR2 group, an -0Si R33 group, an -QAl R4z
group, a - NR¥Zoraodpen @ )- SaR63lapvupooe acemduALR8A egrteub, fnoderdtes a
nunber of 1 to 2, Rz, R3, RO and Re respectively represent a methyl group,
an et hyl graduphadnd sepriclsyl dYoupndan tihsobuoyliad @r ey factandl oheXy|

group or a phenyl group, R5 represents a hydrogen atom a net hﬁl group, an
et hyl gPouFongt; Py Lyr 6dp, CAHIHeNyPXYFB0p 218 tRYFERHST sPEPM group or

the Iik d and R tivel t hyl . . hyl
oraup. 5o FORY Rty Ehebd Lot 1 Aney Tt o o
riisobu al umi nu s particul ar refera : ese, organic alu um
conpoundsy(rl'—%-af)rgorﬁgblt])e sed f‘n%@ﬁé}'ﬁaﬁ%ﬁsq@? F%O}%?hnﬁ‘?eghﬂfer [0112]
Exampl es _ofp e, cOmpOUNd, (£ 3), 1l ch. L eact 51 0,hh; hRe. TRt 06en8 Ganpound
(A) to forman pait nmay I hel ude’Lewi s aci S, ‘1oni c conmpounds an

car borane cgymp CLd | n h.publ Leati . Ja e R t
Appl i cati on La?%—gq% tejg&?miyé)%%l 5@%‘?u(il?5§28%%lftkg%?gf68 ik ﬁc%ozg]es,n%@zowos

and 3-2077Q4 and igetde-sReci fiiGatd o of W 5474448, didcHeExaml esmof the
Lew s acid include triphenylboron, tris(4-fluorophenyl)boron, tris(plO

t ol yl ) bor onzi dirr is{y0-d ®l yhe bied BPeomt bES EBeS fdiraet MllyikEmE-dIdkeactor
tris(pentafluorophenyl)boron, Myd 2, A1203 and Si Oz- A1203. [0l 14] Exanpl es
of the ionizl cenpodndchaeckhede firdiphehy| capkeninardtet o fkitdepentafd igrdphenyl )
borate, 15 tri-n-butyl ammoni untetraki s(pentafl uorophenyl) borate,

N, N- di net hydezhi |dasaimet raki s(qpeht afiwor ggtenyl Julsbrzineg argks passes
ferroceni unt etra(pent af | uorophenyl) borate. [0115] Exanples of the

car bor ane donpoiHd el boeldedeéatdraankl uidkzedhrdiceapefanesl- The

bi s- n-but yl ammoni um 20 (1- car bedodeca) borate, tri-n-butyl amoniunm(7,8

di car badndet) ol ¢S r il hsut §'Pé|)irﬁnnFﬁFrf‘{lYFch%ﬁ9dr tefe- P?f%ﬁ‘{)%ﬁﬁ\deca)
borate; [ 48], TSee, Sopoung  (7-)c Thy be et 1, Qb st Lgns Slotio of
Conponents<&f_%gé gas passing through the inside of the fluidized-
bed reactor 21, whereby the fluidized bed 28 is formed.
[0068] Then, the produced polymer particles are
20 withdrawn continuously or intermittently and subjected to
solid-vapor separation using solid-vapor separators 41
and 42. At this time, valves 43 and 44 are properly
opened and shut under control. The polymer particles
withdrawn in this manner are discharged in a transport
25 1line 35 by the action of the wvalve 45 and fed to the
second fluidized~bed reactor 31 through the transport
line 35.

[0069] Also, the unreacted gaseous olefin, saturated
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(F-2) and (F-3) as aforenmentioned is used as the cocatal yst conponent (F)
and these conponents may be used by optionally conbining these conpounds.

It is desirable 42 to use at |east the conmponent ( F-2 ) or ( F-3 ) anong
t hese conponents as the co-catal yst conmponent (F). [0117] In the present
invention, it is desirable to use a catalyst containing the aforenentioned
net al | ocene 5 catal yst conponent and co-catal yst conponent and it is also
typi cal | y prdfraafile Htoddsen catp) yst Ceapenenks dompaiowughie lisdtedont act
with a particle support conpound and used as a support carrying type

catal yst (doland tdet adysphatl® pO1d8] (A tdred stpponbnéonpoursdir faacgraaniul ar or
fine particle solid having a particle dianeter of 10 to 300m and preferably
20 to 200~t(@)i sasdditutied sukporf pasberabbyyhas andpéyidiriogesudftams ar ea
of typically 50 to 1000nR2/g and a pore volume of 0.3 to 2.5cn8/g. 15 [0119]
As such a sishofe péKBuINLEEY gaff cPARFEEs e ysief erablfyuddéged bed
Specifically, Si02, A1203, O, Zr02, Ti02, B203, CaO 2zZnO BaO Th02 and
the |ike orygm%&%r%%c%%e}f%% EBMySEAds, THUF BXERDI &0 & GRIY ST IEE A1203,

Si 02Ti Oz, Sl R2-VzQS, Si02-Cr 203, Si%é;TiOZ- 0 and the Lik areﬁﬁf %§ed.
Among t hesé EimpounhdsS - TRBEE hati'ng :%xz%ﬁ%%%w Ri%63 35 ¢ QFL "ot
cormponent s 4, 1rzteefde—rbaéb er'e%@@orangeahglgrCgsﬂc%mgaﬁgqﬁe'tcfjeou”@yofor%h%'z%g Str003,

B
car bonat es, ‘sultates, nitrates and oxXi s such as

Na20, K20 and L1 0 | R SRaT BouAt . OT20 AZ tHE SuRborL 7 3F gmie )
conpounds R RE eI e eXpERe, phe0) P! ¥HRN St PFoduGad: Ui A-ded! ef i ns
having 2 to 14 carbon atoms such as’ et hyl ene, propyl ene,
10 reactor 21.
[0070] The unreacted gaseous olefins, saturated
aliphatic hydrocarbon (A), at least one compound selected
from the aliphatic amide (B) and the nonionic surfactant
(C) constituted only of carbon, oxygen and hydrogen atoms
15 and the 1like which are discharged from the first
fluidized-bed reactor 21 are cooled in a heat exchanger
(cooling unit) 24 through a circulating line 26, joined
the supply gas in the supply 1line 22 and supplied
continuously again to the inside of the fluidized bed 28
20 1in the first fluidized-bed reactor 21 by a blower 23. 1In
the heat exchanger 24, the circulating gas 1s typically
cooled to a temperature close to the dew point of the
gas. The dew point of the gas means the temperature at
which a liquid condensate starts generating in the gas.
25 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 of the liquid condensate to thereby improve
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43 1- butene and 4-net hyl - 1- pentene as the maj or conponents or polymers or
copol yners produced using vinyl cycl ohexane and styrene as the nmjor
conponents may be used. [0121] It is desirable that the support be brought
5 into contact with the above each conponent at a tenperature of typically
-50 to 150c and preferably -20 to 120c for 1 mnute to 50 hours and
preferably 10 mnutes to 25 hours. [0122] In the solid catalyst prepared in
t he above Hammalovdlhe efgtialikacgneisonfioand 1(BE)diiz=dr ekdr abgy carrd ed in
an anount of 5x10-6 to 5x10-9 gram atom and preferably 10-5 to 2x10-4 gram
atom as a tgtandid iton bhet abtatdomhaer vhen ofitbelsuppgr thand itdeer leonpanent
(F) is preferably carried in an amount of 10-3 to 5x10-2 gram atom 15 and
preferably gsl0t® t ¢h2x101i2igiardabem ascaatakuni humat gt abortdre at om
per 1 g of the support. [0123] Further, in the present invention, although
the solid cutzduisttiag afas emdit ikeneelne§d bEraBed ¥ PP pbPyaer P2atPorPfas it
is, it my be used after it is 20 forned as a pre-polynerized catal yst by
pr e- pol YneritA g 19eladi8g i iferdfon. [0124] In the present invention, the

solid catal yst_ .or the pre-polynerized catalyst is preferably used. n an
amount of (ST 1y 1008 t 6P S eim KPR RF f GLNEE b5 PREEIGIE 0. 4
gram atom 1 . erns of transition tal/1 olynmeri zation_yal une). [ 0125]
In additio&léhiﬁﬁﬂﬁﬂl%ﬁ%mpoﬁpoégﬁc %5g%ayiggeugg (ﬂo%ottéﬁenqﬁﬁﬁ%;the
pre-polyne;éfg¥hf§g§uagg, ILteactor 21 through the solid-vapor

separators 41 and 42 are fed to the second fluidized-bed
10 reactor 31 through the transport line 35. The transport
line 35 is branched from the supply line 32 and the other
end of the transport line 35 1is connected to the upper
portion of the second fluidized-bed reactor 31. The
pressure of the gas containing the oclefins, the saturated
15 aliphatic hydrocarbon (A) and at least one compound
selected from the aliphatic amide (B) and the nonionic
surfactant (C) constituted only of carbon, oxygen and
hydrogen atoms and fed from the supply line 32 is raised
by a pressure-rise means such as a centrifugal blower 51,
20 also the polymer particles withdrawn from the first
fluidized-bed reactor 21 is made to be entrained in this
gas to transport the polymer particles and then
introduced into the second fluidized-bed reactor 31.
Also, new gaseous olefins (polymerizing monomers), the
25 saturated aliphatic hydrocarbon (A) and at least one
compound selected from the aliphatic amide (B) and the
nonionic surfactant (C) constituted only of carbon,

oxygen and hydrogen atoms are supplied to the second
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44 may be used, according to the need, in an anmount of 5 to 300,
preferably 10 to 200 and nore preferably 15 to 150 in terns of the atomc
rati o of alum numor boron (Al or B/transition nmetal) to the transition
metal in the 5 polynerization system [0126] In the present invention, a
pol yol efin can be obtained in the formof a granular particle by a vapor
phase pol ynerization as aforenentioned. It is desirable that the average
particl e difanBicarzeaf-dhi srgpgtidc| 8l berdd abheuts Bl ¢ 0l 30008vandh rarefter abl y
about 400 to 1500m [0127] In the present invention, it is particularly
desirabl e te0 produce3Bi pear Hhow deasspyrpollyechydenendawilag ssugerisietdy (ASTM
D150E) of 0.865 to 0.940 g/cnB and preferably 0.880 to 0.920 g/cnB. This

| i near | owadensi t yf1%igbt ey hypberse poef ertebl yoebhemi neft hehst r wrestapred  uni t
derived fromethylene in an anount of 87.0 to 97.6 nol % and preferably 90.0
Lo 96,8 molBkuat ade bst UEERFBPT Y- derl edbpRam ool &R nBohadi AdaF Lo 10
carbon atons in an anount of 13.0 to 2.4 nolo and preferably 10.0 to 3.2 20
nmol o .°[ 0E2hAUIhshdulP%t oCRE2ABEEd thafOfheS R {beef it? nBlye cHifcand t he

onit der veq Leam oLher, copol yEr) 1 g mRnomEy s sUeh =S ol yence and the

26, and par oyl enl Y Breleraly 0.t ROl oF | 255,18 Lie et (he

I NVENTI ON reactor through, for example, a line 52 or the transport

line 35 according to the need.

10 [0072] The fluidizing gas supplied from the bottom of
the second fluidized-bed reactor 31 1is blown into a
fluidized bed 38 (reaction system) through a distributing
plate 37 made of a perforated plate or the like disposed
in the vicinity of the bottom of the second fluidized-bed

15 reactor 31 and discharged from the upper part of the
fluidized-bed reactor 31, and thus passed through the
fluidized-bed reactor 31. The gas stream of the gas
passing through the fluidized-bed reactor 31 keeps the
solid particles (the aforementioned polymer particles and

20 the produced polymer) in a fluidizing state to thereby
form the fluidized bed 38. At this time, a
copolymerization reaction is run in the fluidized bed 38.
[0073] Then, the polymer particles obtained in the
second fluidized-bed reactor 31 are withdrawn

25 continuocusly or intermittently from a discharge line 50.
[0074] Also, the unreacted gaseous olefin, the
saturated aliphatic hydrocarbon (A), at least one

compound selected from the aliphatic amide (B) and the
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[0129] According to the present invention, a process for producing a

pol yol efin can be provided, the process ensuring that the prevention of

cl oggi ng caused by the 5 generation of sheet or chunk polyners and a high
efficiency of the production of a polyolefin due to good catalytic activity
can be acconplished at the same tine and al so having superb conti nuous
productivity. 10 EXAMPLE [0l 30] The present invention will be hereinafter
expl ai ned inormre detaid fdytavay ofcexasphesitubeah, ohoweverf, at£-bwt,
intended to be limting of the present invention. 15 Exanple 1 [013l]
(Preparati axywfera sodi dydabgkystatconpomedt thp013XMe 10hkgh okrel |passddEi 02)
whi ch had been dried at 250c for 10 hours was suspended in 154 1 of

t ol uene, whiholvugds then Tholdized Oed T8t hersusiperdieratsd uinorti0i mas
added dropwi se 50.5 1 of a toluene solution of nethylalum noxane (Al - 1.52
mol /1) overfloe Ketieswi ih Keepkrglenetiaaperatar & of dikposaspedsi dme
solution at 0 to 5¢c. In succession, the resulting solution was_kept at Oc
for 30 fi NHRRET tﬁéﬁttHéftéirkf*ﬁeré?ﬁ?@dvva%hﬂeﬁjs%‘?ﬁ%)ec%r@@@t&?er3l. RIbur s

and the sol uti gn was. kept at _95¢ for 4 hour .0133], Thereafter, the

sol ution fﬁﬁﬁﬁﬁﬁﬂit8%§0005n %Fﬁes _é%%a%%HEgﬁéghFQ veﬂe%Qtﬂﬁcgﬁkation.
The 46 SQC| |rdouc%'{ al ysgt cpcggsoc eant eobt ai e%il not hIFS Jman lgé W%s e\/\/aspherdC tw ce

wi th tol uene an han9r&ditperseds "7 o sP°eSFuiie b&PE ot amount

of 160L. [ ] 0 0l usne 150 .0 is(l,3-n5

but yl net hy%@éﬁho%gsnetdat)dlﬁien%lgl%lr coni%err%l (ijltécaﬁ?:ocg'lf d%'( Zr 25.7 mol /1) was added

dropw se 10 dgig; 100t ai Nagh SUSPROSE OB SGhUkLAR al1 8P over 30 JANasand the
resulting solution was further kept at” 80c for 2 hours. Thereafter, the

super nap anta Wash &N VEEH Ak #iheh I €8 dugt 10.uas washednip¥ e Wdirhexane to
obtain a solid catal yst conponent containing zirconiumin an anmount of 3.2
mg per 1 g ffonsitheaal PR3] c( Bimapel yimrizadi eneohoniense i ended st
conmponent) A 3501 reactor in which the atnosphere was 15 thoroughly repl aced
[ 0136] by niQ)r ogers twasu todvdir gedy wof hcZrbokg okytke albovéysbldgbre attadnyst
conmponent and then filled wth hexane to prepare a hexane suspension

sol uti on harichgtaet ot akevolisehafg@@51£rop0 FOE373eTdred syistwimvesddovled to
Oc and then ethylene was bl own into the hexane suspension sol ution of the
sol i d cat al3fCtcOhpdhentearogledt aofa ghjB/ RECh8RIS i (FRCES-NIDUHIHY thi s
time, the systemtenperature was kept_at 10 to 15c. 25 }L0138] After the
suppl ylof g%y?%ﬁ%u sasSgEdeE ¥t AIRf me o 2. WP IRAD of Ner SUEBEt V3T uni num

200 1.2 10 oL AMEIEGT S PR ShAeci0e B3t ek LA e, TRge o

the inside of the fluidized bed 38 in the second

fluidized-bed reactor 31 by a blower 33. In the heat
exchanger 34, the circulating gas 1is typically cooled to
20 a temperature close to the dew point of the gas. When
the circulating gas which 1s cooled to a temperature
lower than the dew point is supplied to the fluidized bed
38, 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 38. It
should to be noted that when circulating the circulating
gas to the second fluidized-bed reactor 31, a part of the

circulating gas may be purged from an optional place of
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was resunmed. Ethylene was supplied at a flowrate of 8 N8B/ hr for 15
m nutes and then flow rate was dropped to 2 NnB/hr to set the pressure in
the systemto 0.8 kg/cne-G During this operation, the tenperature of the
systemrose 5 to 35c. [0139] Thereafter, ethylene was supplied at a flow
rate of 4 NnB/hr for 3.5 hours with controlling the systemtenperature to
32 to 35c. During this operation, the systemwas kept under a pressure of
0.7 to 0.8 the/ ¥ic@latQ eXtind Is% .at nosphere in the systemwas repl aced by
nitrogen and the supernatant was renoved. Then, the residue was washed
twice wth [l0@%&ie. The Isupehnat Ahtsbobt il uediaédebed herqgaepot yriEr, zats on was
colorless and transparent. . 15 [0140] A prepolynerization catal yst
cont ai ni ngr@ng ioheal prbepd ,ynere peluildgzbfigt hessobi gpasskal ydircogipdirent was
obtained in the above manner. The intrinsic viscosity [?] of this
pr epol yner ifZatiidsrzecate§ sk 8cofponerit ¢pLdpol yiadrd WhathtWwes Measlirzed at
135c in_decaline was 2.1 dllg and 20 the content of 1-hexene units was 4.8~
[

by wei ght . PRse 4 epnt yRer keBEi R GatflUidi HAW a3 e’ shape t&%d eIk
d it f Q.4 g/cnB. [0141 h | i zati 0142] A
cgztsz nﬁoas el 'Zféjdc b&[?d F%gﬁ%?pgr@ghg\%% Pﬁl%ﬁ%éﬁg Il%\ri%‘s[ﬁ%eégﬁsoge@arry
t h I izatjon, [0143]_ Specificall th I i zati
catal yat oBTRCHER 1708 He BBV heltiior et GBERnBotery Sabg (ed at i rat o
of 7.8 0/ Loyl FRI] 26 eLhlyhene eantinuouslyi A% ind Ndde, presence of
dwL a d et xtur a mx Jf e

I sopent ane an anol am de m e ure o anol am des

"epresent eq gydhe chemieal dionula (QHEME0) NLORCEOH Rowhergi n m
was 7, 9, 11, 13, 15 and 17 to obtain a polyethylene (PE). 5 [0144] The

pol ymeq h zatiindir oMRE:- LAl £-68 AHe | Bot BEmf QJd owhpE GonditddOntasc8§aWrHd Tabl e
1: polynerization tenperature: 80c, polynerization pressure: 17 7MPa-G (gage

pressure), pgdlial pressuree ofargt hydeneis | .ddRa: spage tewepovgl ocidy: 0. 60
m's, diethanolam de m xture: 10x10-6 10 g/ g-pol yneri zed pol ynmer and

concent r at ipore fefrakslgpeabane 15U hegal30(OPvdase iUet Hes debel eriatinom zone
of the reactor: 20 nolo. During this polynerization, the average nol ecul ar
wei ght of theliTOR igas wase 38F 0thenvlludnd zelde whsi t Yt ofi st pe SFOR lgasanas
25.9 kg/ n8. Also, the 15 dew point of the TOP gas was 78.1c, the

t enper at ur St9r t kbeouflegdizgd oPetihem%F]ia%m‘é@Eh@rgagolfn THEhet &Xthanger
was 77,2c and the ratio of the condensed liquid at the outlet side of the
ci rcul &Pi ng'GdY waST 390 By eiTgiRES TRBCAbGfe TP Yud Mas ¥PRI Xt ure Bt

et hyl ene, 20 nitrogen, hy%o}geaqid 1£il£%xoennetyebned S|ts.lolpent ane and had an average

mol ecul ar isigHt TP R$ Y rer.

[0078] Although the above explanations were furnished
as to a multistage vapor phase polymerization apparatus
consisting of two fluidized-bed reactors, namely the

20 first fluidized bed reactor 21 and the second fluidized-
bed reactor 31 which are serially connected to each
other, even a multistage vapor phase apparatus consisting
of three or more fluidized-bed reactors can be structured
in the same manner.

25 [0079] Using a multistage vapor phase polymerization
apparatus as aforementioned, one or two or more a-olefins
and preferably ethylene and at least one a-olefin having

3 to 20 carbon atoms which are supplied to the inside of
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[ Ol 45] The pol yet hyl ene obtained in the above manner had a density (ASTM
D1505) of 0.918 kg/ nB and an MFR (ASTM D1238, 190c, l|oad: 2.16 kg) was 3.8
g/ 10 m nutes as shown 25 in Table 1. The bul k density of the particle was
calculated fromthe weight of the particle in 100m. Also, the

pol ymeri zati on anount (STY; Space Tine Yield) per unit volume was 100 kg/ h~
nB8 and the catal yst activity 49 was 5900 g- PE/ g-bare catalyst. No bl ock

(e. g, sheenheor/ andighysk)ppal yetdytese wascgenppaypdrikxanplgs 2t 6 and
Conparative Exanples 1 to 7 [0146] Pol yet hyl enes (PE) were obtained in the
same 5 manmfdrial den Bxadplaadl excepiadthats the efhay| eulespoliyner iszaigesn
condition was altered to that shown in Table 1. [0147] The qualities of the
resul ti ng polojetdiylenele ameddnel | skagar e csipodrymar iTailieonl. 140 daO48d As is
understood from Table 1, in Conparative Exanple 1 using neither isopentane
(sat ur at ed calti phat i Ehey drssa@nsen) ofiorthhe adivetliyaes] aprddugedt ukie (Hhetty
aci d di ethanolam de), the bulk density of the particle was dropped and a

bl ock p8l ymErvViiedisgefiérdted i MidhAaiHe 19 aRBLRLCURAF chl Hable@F1ORi fifS cul t
to carry out a stable operation. Also,_ in Conparative Exanple, 2 using

i sopent ane HRCSFS dPRt FAiFol B¥PHe M xPut ¥MeF hd DuPk BHITUHSF Dof 1Rh&EFET ticl e
ised, but th ti f bl ock | i | et

ol 1 mi nat od ERAUGH /20 Eonb? AT HHIS TG ohSedb = PHUEBmar AL1VE TELAGTE ™ usi ng

the dieth l.am.d 1 . but i . th Kk I

Si'gni 11 cantity cr RasLate B i oRREB Sherr WSo SeneraTaEn hna R

cat al yst actiy) ease v o) S j bot h
?ﬁé\yfté%fr%ﬁﬁﬂ% 48 qea?faﬂm.‘d(}% Col Laly ?h& EXanRl-enoh 811G

of isopental e di et hano de mxture (fatty acid
di et hapgl amefi?)nt tBe1pankirehe hagra iRyl kadensyie1dhel £at alaigiht

activity was dropped a little and no bl ock pol yner was generat ed.

polyethylene in other reactors.
[0080] With regard to the ratio of cone or two or more
o-olefins to be supplied to the fluidized-bed reactor,
though it differs depending on the type (composition) of

15 polyolefin to be finally intended, when one a-olefin is
supplied in one mol, other a-olefins are supplied in an
amount of typically 0.015 to 0.15 mol and preferably 0.02
to 0.08 mol. For example, in the case of using ethylene
and an oa-olefin having 3 to 20 carbon atoms as two a-

20 olefins, the ratio of ethylene tc the a-olefin having 3
to 20 carbon atoms is as follows though it differs
depending on the type (composition) of ethylene/a-olefin
copolymer to be finally intended: in the case of a linear
low-density polyethylene (LLDPE) composition, the a-

25 olefin having 3 to 20 carbon atoms is supplied in an
amount of typically 0.015 to 0.15 mol and preferably 0.02

to 0.08 mol to one mol of ethylene.

[0081] Also, in the present invention, polyenes and
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50 [ 0149] When the pol ynerization anmount (STY) per unit vol une was

i ncreased twi ce, a block polynmer was generated in Conparative Exanples 5
and 6 using only either one of isopentane and the diethanol ani de m xture.
Al so, as 5 shown in Conparative Exanple 6, the generation of a block

pol ymer was not elimnated, the bulk density of the particle was
significantly dropped and the activity was decreased greatly even if the
anount of tfe diekBanmancde FbEbUyRevBsSelinaIRAsatd i vethi Mese Q@bdwe 10

ot her hand, a reduction in catalyst activity was small and no bl ock pol yner
was gener atcedck iihpughctbedbubk tdenshéy mefed.he panrt | ekemps, | awerjddrage t hat
of Exanple 1. [0150] Moreover, when the STY was raised as shown in

Conpar at i velieraml euZh adl bokadasngenerdt edopmreac avge nk -armountgatwhi ch
made it inevitable to open the reactor to renove the bl ock. On the other
hand, i sopehiees waschdded iln dahexrsdmneat | dhcytlopapkadianeheag@ds s shown
in Exanple 3, the generation of a block was decreased outstandingly even

t hough ?he WUIW deisinBpined e dleat iRee|GPrR0 YMs4iagfen t he concentration of

i sopent ane rai sed as shown in Exanples 4, to 6, the bulk density of the
particle wa lsed and™a bIdtk wakrHBTet deciBESBHIODhen £HE andtiftVeof

[ t 20 | 0, .no bl ock . ted, Ex I 7 to_12 d
Conpar at | v& BOABIE §4'0151] *Pol ot HYTenés et dttar ABG AP barts manner

as in Exam%é§%€5éwg ?aﬁﬁggggdtgﬁhg%.%f%”ﬁ&é%éggrﬁgneggﬁl%ﬂ%ferably
pol ynmeri zation was altéred to those shown i
in the presence of at least one gaseous saturated
10 aliphatic hydrocarbon having 2 to 10 carbon atoms.
[0083] The aforementioned saturated aliphatic
hydrocarbon (A) is a non-polymerizable hydrocarbon and is
never consumed in the polymerization once it is supplied
to the fluidized  Dbed. The saturated aliphatic
15 hydrocarbon contained in the gas discharged from the

fluidized-bed reactor 1s circulated to the fluidized-bed

reactor through a circulating line.

[0084] This saturated aliphatic hydrocarbon may be
introduced in a gaseous state. However, it 1is rather
20 preferable to introduce the saturated aliphatic

hydrocarbon in such a condition that a part thereof is
put 1in a 1liquid state. The saturated aliphatic
hydrocarbon introduced from the supply line is preferably
present in a gaseous state in the fluidized bed from the
25 viewpoint of uniform polymerization. However, at least a
part of the saturated aliphatic hydrocarbon may be
present 1in a mist state. These conditions are properly

set based on the balance between uniformity and heat
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Table 2. In Exanples 9 to 12, the polynerization tenperature was fluctuated
within a range from77 to 83c in the neaning of a disturbance. [0l 52] The
qualities of the obtained polyethylenes 5 and the |ike are shown in Table
3. Exanple 7 [0153] Wen a nonionic surfactant constituted only of carbon,
oxygen and hydrogen atons was used in place of the diethanol am de m xture,
the bulk density of the 10 particle and the catal yst activity were higher

t han t hose riemolzeanpl e £l eshidto klheckspoliyaeedwasl garer Bt ethyairallibig a
stabl e operation. Exanple 8 [0l 54] Even if the concentration of isopentane
was 15 dr opped Heo inad fodumed ohcent tlat | onpplyi Sbpentane ofi sExanplte Ar t he
bul k density of the particle and the catal yst activity were higher than
those in BEtaepl €iBeandithoilsl oekeporgpky wvias ryehareat edntenabhé ngupsityabl e
operation. 20 Conparative Exanple 8 [0155] In the absence of isopentane,
only a nonildmiec ofurthgc tfdmi ddgestibagt egastior .of carbon, oxygen and hydrogen
at ons could not suppress t he generation of a_block oI ynmer and the
generat?on 8@ 82 1bl ock 6&P9weﬁgﬁﬁd%a@EF§§th?%iEﬁ?Fl?ohﬁéﬁPFﬁ6€°§ sifdbl e
operation. le 9 £015 In the case of usin QEL t hanol am de m xture

t oget her mﬂFh F BLABAE Bni TS IEctAnt b Epft d&% edSEF W Kk

d t f rt | . d t t ty, t
Bl & 7 PR v b A o GRer e Rk Hhat et “Eégﬁ%ﬁgog%%d&noo

bl ock | Li i i

i St ur banod Saet Syl EG R Ena "08TERRRAT SR %u?ﬁf%@%*é??y%ﬁae' (Barticle
and the catalyst pact 'n\b'nllén‘ﬁ%restﬁfﬁ@d{%%ecr tle presgnee @leLnlohithe Jyonionic

surfactant constituted only of carbon, 10 oxygen an hy rogen atons even if

a di stugbareepsrs appbbed, M tHeQal abitemsofad Bhaeki Nody MiboARs
observed. On the other hand, under the presence of only the diethanol am de

m Xt ur e as Howelviea ,castheof @(@m@edl alhghgener ahiyanroehrbohl oals ypolysrer was
observed in the
supplied from an optional place of the fluidized-bed
reactor and may be supplied directly to the fluidized bed
from, for example, the catalysts supply line.

15 [0086] In the fluidized bed, the polymerization
temperature when polymerizing at least one a-olefin with
introducing the saturated aliphatic hydrocarbon as
aforementioned is typically 20 to 130°%, preferably 50 to
120°c and more preferably 70 to 110°c though no particular

20 limitation is imposed on the polymerization temperature.
[0087] The polymerization pressure is in a range from
typically 0.098 to 9.8MPa and preferably 0.19 to 3.9MPa
though it differs depending on the type and proportion of
the a-~olefin to be copolymerized, the concentration of

25 the saturated aliphatic hydrocarbon (A), the
concentration of at least one compound selected from the

aliphatic amide (B) and the nonionic surfactant (C)

constituted only of carbon, oxygen and hydrogen atoms,
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15 sane manner as in Exanple 10 when a disturbance was applied. Exanple 12
[ 0158] When, under the presence of only the nonionic surfactant, the
concentration of isopentane was nade 20 | ower than that in Conparative
Exanpl e 9 and a di sturbance was applied, a block polyner was generated in a
| arger anmount than in the case of Conparative Exanple 9. 53 Table 1 Ex
1Conp. Conp. Conp. Ex 2Conp. Conp. Conp. Ex 3Ex 4Ex 5Ex 6Conp. Ex 1Ex 2Ex 3Ex 4EXx
S5Ex 6Ex 7Palhgneliuzaliizal state of the fluidized bed and the like.
t enper at ur ec80808080808080808080808080Pol yneri zati on
pressureMPd@D8B]. 71. 71THe. abowée. pPblyhe?izAtidh Thy7Bar tdaalr iprde 81l € n
of MPaGl.11.11.211.211.21.21.211.211.211.11.11.11. let hyl eneSpace tower
vel oci tynl $0.e600r666n660. 600. 60 BT BT 6001600. 608g6DALE600. BYToneentrati o
n of isopentanenol 0200200520001510200i n the TOP %as in thepol ynmerization
unitAveragémmﬂnggﬂnaraﬂépgﬁ@ng to the need. The molecular weight
of g/ nol 38. 029. 238. 029. 231. 438. 029. 229. 229. 631. 433. 638. 029. 2the TOP gas in
t hepol yPer iF2AULGT Ui S06Hsi BF o MHOIPOP ey Pe supplied from an
i nkg/ m 25.918.,525..918. 520. 325. 918,518. 518. 920. 322. 025. 91 8. 5t he
polgnerizaﬂp q%%% %ﬁ“ Eﬁetﬁiugggzaggged reactor, for example,
inc78.I32.1%%.I32.748.078.132.732.735.84859.878.132.7the pol yneri zati on

r EU5P he 1hS-

uni t Tenper a

out| et c77. Zgpef. 272. 670,825,005 365.301,368,669,975 867, sl de, of Lhe

circul ati ng gascool erRati o of "t hé condensedwt o1. iquid
at the outl iydeof Lreul ati,ng : -
gascooler163%13%%%01%%?%%%?%%51@%%155?@:@?%&%&?% by changing the

ani de' 1o polyiRiieaati-enpsl yreedani eabs sur§ashant *Zs10- GAAGARGA0AA0N/ g_ 54
pol ymeri zati onpol yner Bul k density of

t hekg/ cnB4 5424663684 0 46394868 323334 450 390p0t yoi ehgn tpar tanchglensi ty
of the polyol efi nkg/ cnB891891891 891891 89189189189189I 891 8918918Pol yol ef i n
MFRg/ 103. 828R y83.B@r83 3 831183 8 i t8F B 1@tiaRettentdeoused.
tinmeh3.43.43.43.41.71.71.71.71.41. 41. 41. 41. 4ASTY' 3~kg/ h-

Bl 0010010d109$230200203200250%50250256280(- PE/yze89005800610089003(3303200290
0230023502450260027502400bar ecat . Cat al yst '

activit yg_ pRIYMErIFEIGEIT 92t 147e7 651882 706 R85 RT2eIsoigt b 202 Y6 3isar ecat .
hAnDunL of generation of ag/h03050010401510105080bl ock pol ynmer Gener ati on of
cl 0ggi hyNorEBE SN0 RBRoNENOHENGne EX 16t NHRISNGHe SREASYSNSnek T Rbhe AEXi st

*1) Aliphati i : i gh tt id di h | i.d 1 Xt, , 1 Xt f
Compountle FEEAAYSICe e ShEE RO HO T EaT I Sy P CRBCEBERLeS el n m =
7, 9, 11, . d |z 1. St 00T fact ur. b i.cal
| ndustri es,JC ttaégls’?c ! ngr%q(}ﬁiry(?sssﬁﬁtéécset ar‘#tﬂggﬁgg{rﬁ; og{lﬁ%onyccaﬂ%%]ergrca

(Care0) b LRt oy SOt T SR o e Ser 7 O rfount
(kg/'h) per ganitti Nea1Bh. mStallocene type catalyst is preferably
20  used.
[0091] Specifically, the metallocene type catalyst
preferably used in the present invention comprises, for
example, (E) a metallocene compound of a transition metal
selected from the IV, V and VI groups in the periodic
25 table, and (F) at least one compound selected from (F-1)
an organic aluminum oxy compound, (F-2) an organic

aluminum compound and (F-3) a compound which react with

the metallocene compound (E) to form an ion pair.
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Table 2 Ex 7Ex 8Conp. Ex 9Ex 10Ex 11Ex 12Ex 8Pol yneri zation

t enper at ur ec80808080t 380380t 3803Pol yneri zati on
pressurelMpaGl. 71. 71. 71.71. 71. 71. 7Parti al pressure of ethyl eneMPaG
~1.11.11.11.11.11. 11. 1Space tower

vel oci tynl s0. 600. 600. 600. 600. 600. 600. 60Concentrati on of isopentane in

t henol 92010020202010TOP gas in the pol ynerization unitAveragenol ecul ar

wei ght of t[lo®9ROPg/ nol 38033 629 23 H38oMB8un33. (@Jasof nat her apaliynerm zat i on
unitDensity of the TOP gas in

t hekg/ nB25n@22118. 525e828d925r8@2. Opel yIter i Zat bond uwiilt Dewoyoes ntirof tthee TOP
gas in thec78.159.832. 778.178. 178. 159. 8pol yneri zati on unit Tenper ature of

t he outl et psirdeddfcc 75t @89 962507550761 0752 06Y. Otriee nsisegeat | nlgy gaghe-

cool erRatio of the condensed |iquid atwts4.3004.34.34.30the outlet side of
t he circul &oldgydsacdeiala 6ig -+ g- 0007 . 50150Di et hanol ami de

m xt ur epol yneri zati onpol yner10-6 g/ g- 3331. 5303Noni oni ¢

surf act nté%#ynerizationpolyﬁéﬁBuIk density of the

pol yol ef i nkq/ m 465421 401 461466454420parti.cl eDensity of the

bol yol of | nRGRTEEES 1B BB BTG #o 18P0 G1 e MaVRRy/SAfected from Zx,

m n3. 83. 83, 83. 83, 83, 8Ret ent i tinmehl.41.41.41.41.41. 41. 4STYkg/ h-

rTj 25025025&8%503%0237022\6), gfta andOQZr, I'F represents a ]llgancg'

g- PE/ g- bar e37 0 027 I t.a -

activityg- %03%3%%%%%%%%&%3%3%%&at “hAmDU natt o]’feagsécner ation of

a bl ockg/ hQRROG1QLOA0RGIIRI (HERAGA Uy Afopentadienyl structure and

cl oggi ngNoneNoneExi st NoneNoneNoneExi st *1) "Ali phati ¢ am de: higher fatty

aci d diet hapolaaede tHaf W 18 qind W=y i0fg GOMRURse ey i ted by the

formula (CH2m+1CO) N ( CHZCH20 2 wherein m=7, 9, 11, 13, 15 and 17

: Chem st at s25QQ My actiydRoddesn Sawyng Gherdleajer noitsd ries, Ltd. *2)

Noni oni ¢ surfactant: Adeka Pluronic L-71TM manufactured by Asahi Denka

Kogyo K. K, holtericealbdrorgmeie MEvViRHAG)e d-2 (GaHED) dfon(sGZH40)alikdty *3) STY:

Space Tine Yield, polynerization amount (kg/h) per unit area (nB8). 57

VWhat is cl @inmd,i n BryAqaybesssid,ord groduldiie ia yolgasivaf iax, a H&spr ocess

conprising (co)pol ynmerizing one or two or nore a-olefins in a vapor phase

in a fluidiZedrbddheggctforls vhéned Ay B G RBh CEURateir b MapA) eV S at ur at ed

alipha%%c g%dr carbon in the fluidized bed reactor is 1 nolo or nore and at
e

| east té@né:ctséjdﬁ’f Fomy B2 a9 St ipiR e A de ERF O

the atomic value of the transition metal.

[0093] As the 1ligand having a cyclopentadienyl
structure, alkyl substituted cyclopentadienyl groups such

as a cyclopentadienyl group, methylcyclopentadienyl

20  group, dimethylcyclopentadienyl group,
trimethylcyclopentadienyl group,
tetramethylcyclopentadienyl group,

pentamethylcyclopentadienyl group, ethylcyclopentadienyl
group, methylethylcyclopentadienyl group,
25 propylcyclopentadienyl group,
methylpropylcyclopentadienyl group, butylcyclopentadienyl
group, methylbutylcyclopentadienyl group and

hexylcyclopentadienyl group, indenyl groups and 4,5,6,7-
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noni oni ¢ surfactant constituted only of carbon, oxygen and hydrogen atons
is made to exist in the reactor. 10 2. A process for producing a polyol efin
according to Claim1l, wherein said saturated aliphatic hydrocarbon is
supplied to the inside of said fluidized-bed reactor in a vapor-liquid

t wo- phase state together with said a-olefin and at | east one conpound
selected fromthe aliphatic amde 15 (B) and the nonionic surfactant (C

consti t ut ed earanyefrcdarde@il Oxp@eibsand ndy difaget ealydm @ dug¥venadt east a
part of polynerization heat by the vaporization of the liquid saturated

al i phati c lexdmedarfiead. 3. Phesecemsodpy pragdubkengsabpol yotedi nwiadcoradi ng to
20 Caiml1l, wherein said polyolefin is a copolyner of ethylene and at | east
one a- ol ef i llvaeimgaBome 20r Al kyols iat olhs groupA proddss flokepr oddgiony a

pol yol efin according to Claim1, wherein in the case of naking said

al i phati c &Hege (BYOBRPst ,althiel asipRatitetam devesopsrieadber) st9oyPen 25
anount of O 1x10-6 to 400x10-6 parts by wei ght based on one part by wei ght
of the proddCe®IFAirdienly Bredar@ e di zed- bed reactor. 58 5. A process
for produci pol yol efin,according.to Caim1l, wherein said. aliphatic

oo db (B 10 ) SR R Bt aT e oF e s BT b HRE SOy
formula (I),. 2m+1C0 N ( CHZ H) l.) 5 wherein mis integer in
a range frolrﬁg(fnt%g_'?) .a%l.n%k pi?‘oceC sC%renbcraéj(ZiL&é]iyr]rg as%%llf/%flé?i n®&Ecordi ng to
Caimil, whereifdn th f i sai ioni. rfactant (. exi st

t he nonionic lglt?rwfgaict ant%)ﬁ%gﬁ)er%f%e {Egke%%set ih%l%%gmdg}ag’fdeo. fiif@-r(éaed

200x10- 6 p%,fhtl%ﬂ%xe")’e: 9Bt-oh@nRasedngn ongypart by wekght ot thee praguced

polyolefin in said fluidized-bed reactor. 7. A process for producing a
pol yol i n racaIHritb oggbapmrlava\évt%r ai n§aild neAeBhC sthactiatiyde is a

pol yoxyal kyl'ene gl ycol represente y the followng fornmula 15 (I1)

alkyl groups such as a methyl group, ethyl group, propyl
group, isopropyl group and butyl group, cycloalkyl groups
such as a cyclopentyl group and cyclohexyl group, aryl
groups such as a phenyl group and tolyl group and aralkyl

15 grecups such as a benzyl group and a neophyl group.
Examples of the alkoxy group include a methoxy group,
ethoxy group and butoxy group. Examples of the aryloxy
group include a phenoxy group. Examples of the SO3R group
include a p-toluene sulfonate group, methane sulfonate

20 group and trifluoromethane sulfonate group.
[0095] In the case where the compound represented by
the above formula (i) has two or more groups having a
cyclopentadienyl structure, two groups having a
cyclopentadienyl structure among these groups may be

25 combined with each other through an alkylene group such
as ethylene or propylene, substituted alkylene group such

as 1lsopropylidene or diphenylmethylene, silylene group or

substituted silylene group such as a dimethylsilylene
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HO ( CHzCH20 ) m [ CH2CH ( CH3 ) O] n- ( CHZCH20 ) pH( I I ) wherein m
n and p denote the nunbers of average repeat units, wherein mis in a range
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aforementioned, k denotes an integer of 1 or more and k +

L +m+n-=4.

15 [0097] In the present invention, metallocene
compounds represented by the formula (ii) in which at
least two, for example, R? and R3, among R2, R3, R?* and R®
are groups (ligands) having a cyclopentadienyl structure
are preferably used. These groups having a

20 cyclopentadienyl structure may be combined with each
other through an alkylene group, substituted alkylene
group, silylene group or substituted silylene group.

[0098] Examples of the metallocene compounds as
aforementioned, when, specifically, M is zlirconium,

25 include bis(cyclopentadienyl)zirconium dichloride,
bis(cyclopentadienyl)zirconium dibromide,
bis(cyclopentadienyl)dimethylzirconium,

bis(cyclopentadienyl)diphenylzirconium,
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5 Dbis{trifluoromethanesulfonate),

bis (methylcyclopentadienyl)zirconium dichloride,
bis(dimethylcyclopentadienyl)zirconium dichloride,
bis (ethylcyclopentadienyl)zirconium dichloride,
bis (methylethylcyclopentadienyl)zirconium dichloride,
10 bis(propylcyclopentadienyl)zirconium dichloride,
bis(methylpropylcyclopentadienyl)zirconium dichloride,
bis(butylcyclopentadienyl)zirconium dichloride,
bis(methylbutylcyclopentadienyl) zirconium dichloride,
bis(trimethylcyclopentadienyl)zirconium dichloride,
15 Dbis{tetramethylcyclopentadienyl)zirconium dichloride,
bis (pentamethylcyclopentadienyl) zirconium dichloride,
bis{indenyl)zirconium dichloride, bis (indenyl)zirconium
dibromide, bis(4,5,6,7-tetrahydroindenyl)zirconium
dichloride, bis(fluorenyl)zirconium dichloride,
20 ethylenebis (indenyl)zirconium dichloride,
ethylenebis (indenyl)zirconium dibromide,
ethylenebis (indenyl)dimethylzirconium,
isopropylidene (cyclopentadienyl-fluorenyl)zirconium
dichloride, isopropylidene (cyclopentadienyl-
25 methylcyclopentadienyl)zirconium dichloride, dimethyl
silylenebis (cyclopentadienyl)zirconium dichloride,

dimethylsilylenebis (methylcyclopentadienyl)zirconium

dichloride,
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4#10%55&-(p;nghy”51ﬁﬁﬂgpabua|§;Lm$gymyqugqpeq$adlenyl zirconium
dichloride, dimethylsilylenebis {(indenyl)zirconium

5 dichloride, dimethylsilylenebis(2-methylindenyl)zirconium
dichloride, dimethylsilylenebis (2-methyl, 4-
isopropylindenyl)zirconium dichloride,
dimethylsilylene (cyclopentadienyl-fluorenyl)zirconium
dichloride, diphenylsilylenebis (indenyl)zirconium

10 dichloride and methylphenylsilylenebis(indenyl)zirconium
dichloride.
[0099] It should to be noted that 1in the above
examples, the di-substituted form of a cyclopentadienyl
ring include a 1,2-and 1,3-substituted forms and the tri-
15 substituted form of a cyclopentadienyl ring include
1,2,3-and 1,2,4-substituted forms. Also, the alkyl

groups such as propyl and butyl include isomers such as

n-, i-, sec-and tert-isomers.
[0100] Also, compounds obtained by substituting
20 titanium, hafnium, vanadium, niobium, tantalum or

chromium for zirconium in the =zirconium metallocene

compounds as mentioned above may be exemplified.

[0101] In the present invention, as the metallocene

compound (E), zirconium metallocene compounds having a
25 ligand containing at least two cyclopentadienyl

structures are preferably wused. These metallocene

compounds may be used in combinations of two or more.

[0102] The organic aluminum oxy compound (F-1) to be
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used in the present invention may be conventionally known

benzene-soluble aluminoxane and also benzene-insoluble
organic aluminum oxy compounds as disclosed in the

publication of Japanese Patent Application Laid-Open No.

5 2-276807.
[0103] This aluminoxane may contain a small amount of
organic metal components. Also, a material obtained by
removing solvents and unreacted organic aluminum

compounds from a recovered aluminoxane solution by
10 distillation may be used by redissolving it in a solvent.

[0104] Given as specific examples of the organic

aluminum compound used in the production of aluminoxane

are those described later as the organic aluminum

compound (F-2). These compounds may be used in
15 combinations of two or more. Among these compounds,
trialkylaluminum and tricycloalkylaluminum are

particularly preferable.

[0105] Also, the benzene-insoluble organic aluminum

OXY cbmpound used in the present invention contains an Al
20 component soluble in 60°c benzene in an amount of 10% or

less, preferably 5% or less and particularly preferably

2% or less as converted into an Al atom and is inscluble

or sparingly soluble in benzene.

[0106] The solubility of such an organic aluminum oxy
25 compound in benzene is found in the following manner.

Specifically, the organic aluminum oxry compound

corresponding to Al of 100 mg atoms is suspended in 100ml

of benzene and then mixed at 60°% for 6 hours with
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stirring. The suspension is subjected to filtration
using a G-5 glass filter with a jacket at 60° under
heating and the solid part separated on the filter is
washed with 50ml of 60° benzene four times. Then, the
existential amount (x mmol) of Al atoms existing in all
the filtrates is measured to determine the solubility
(x%) of the organic aluminum oxy compound. In the
present invention, the organic aluminum oxy compounds (F-
1) may be used in combinations of two or more.

[0107] The organic aluminum compound (F-2) used in
the present invention is represented by, for example, the
following formula (iii).

R'MALX3-p (1ii)

wherein R' represents a hydrocarbon group having 1 to 12
carbon atoms, X represents a halogen atom or a hydrogen
atom and n denotes a number from 1 to 3.

[0108] In the above formula (iii), R!' represents a
hydrocarbon 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.

[0109] Specific examples of the organic aluminum

compound (F-2) like this may include trialkylaluminums

such as trimethylaluminum, triethylaluminum,
triisopropylaluminum and triisobutylaluminum;
alkenylaluminums such as isopulenylaluminum;
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dialkylaluminum halides such as dimethylaluminum
chloride, diethylaluminum chloride, diiscopropylaluminum
chloride and diisobutylaluminum chloride; alkylaluminum
sesquihalides such as methylaluminum sesquichloride,

5 ethylaluminum sesquichloride and isopropylaluminum
sesquichloride; alkylaluminum dihalides such as
methylaluminum dichloride, ethylaluminum dichloride and
isopropylaluminum dichloride; and alkylaluminum hydrides
such as diethylaluminum hydride and diisobutylaluminum

10 hydride.

[0110] Also, as the organic aluminum compound (F-2),
compounds represented by the following formula (iv) may
be used.

R'MALY 3., (iv)

15 wherein R' is the same as above, Y represents an -OR?
group, an -0SiR%; group, an -OAlR%, group, a -NR°, group, a
-SiR®; group or a -N (R")AL1RE, group, n denotes a number of
1l to 2, R2, R3, R? and R® respectively represent a methyl
group, an ethyl group, an isopropyl group, an isobutyl

20 group, a cyclohexyl group or a phenyl group, R’ represents
a hydrogen atom, a methyl group, an ethyl group, an
isopropyl group, a phenyl group, a trimethylsilyl group
or the like and R® and R’ respectively represent a methyl

group or an ethyl group.

25 [0111] Among these compounds, trialkylaluminum 1is
preferable and triisobutylaluminum is particularly
preferable. These organic aluminum compounds (F-2) may

be used in combinations of two or more.
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[0112] Examples of the compound (F-3) which reacts
with the metallocene compound (A) to form an ion pair may
include Lewis acids, ionic compounds and carborane
compounds described in each publication of Japanese
5 Patent Application Laid-Open Nos. 1-501950, 1-502036, 3-
179005, 3-179006, 3-207703 and 3-207704 and 1in the

specification of US-547718.

[0113] Examples of the Lewis acid include
triphenylboron, tris(4-fluorophenyl)boron, tris(p-
10 tolyl)boron, tris(o-tolyl)boron, tris(3,5-

dimethylphenyl)boron, tris(pentafluorophenyl)boron, MgCl,,

Al203 and SiOz"Ale3.

[0114] Examples of the ionic compound include
triphenylcarbeniumtetrakis (pentafluorophenyl) borate,
15 tri-n-butylammoniumtetrakis (pentafluorophenyl) borate,
N,N-dimethylaniliniumtetrakis (pentafluorophenyl) borate

and ferroceniumtetra (pentafluorophenyl) borate.

[0115] Examples of the carborane compound include
dodecaborane, l-carbaundecaborane, bis-n~butylammonium
20 (l-carbedodeca) borate, tri-n-butylammonium{(7, 8-
dicarbaundeca) borate and tri-n-

butylammonium(tridecahydride-7-carbaundeca) borate.

[0116] These compounds (F-3) may Dbe used in

combinations of two or more. In the present invention,
25 at least one compound selected from the components (F-1),

(F-2) and (F-3) as aforementioned is used as the co-

catalyst component (F) and these components may be used

by opticnally combining these compounds. It is desirable
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use a catalyst containing the aforementioned metallocene

5 catalyst component and co-catalyst component and it is
also typically preferable that these catalyst components
be brought into contact with a particle support compound
and used as a support carrying type catalyst (solid
catalyst).

10 [0118] As the support compound, a granular or fine
particle solid having a particle diameter of 10 to 300um
and preferably 20 to 200pum is used. This support
preferably has a specific surface area of typically 50 to
1000m*/g and a pore volume of 0.3 to 2.5cm*/g.

15 [0119] As such a support, porous inorganic oxides are
preferably used. Specifically, Si0C,, Al,03, MgO, ZrO0,,
TiO,, B,03, CaO, Zn0O, BaO, ThO, and the like or mixtures of
these compounds, for example, Si0;-Mg0O, Si10,-Al;03, Si0,-
Ti0,, Si03-Vy05, Si0,-Cr,;03, S10,-Ti0;-MgO and the like are

20 used. Among these compounds, those having SiO, and/or
Al,03 as their major components are preferable.

The above inorganic oxide may contain carbonates,
sulfates, nitrates and oxide components such as Na,COsj,
K,CO3;, CaCOjz, MgCOs;, Na;S04, Al,(S04)3, BaS0,, KNO;3, Mg(NO3),,

25 Al (NOs3)3, Nas0, K;O0 and Li,0 in a small amount.

[0120] As the support, organic compounds may be used.
For example, (co) polymers produced using a-olefins

having 2 to 14 carbon atoms such as ethylene, propylene,
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and styrene as the major components may be used.
[0121] It is desirable that the support be brought
5 into contact with the above each component at a
temperature of typically -50 to 150°¢ and preferably -20
to 120°% for 1 minute to 50 hours and preferably 10
minutes to 25 hours.
[0122] In the solid catalyst prepared in the above
10 manner, the metallocene compound (E) is preferably
carried in an amount of 5x10°® to 5x10™? gram atom and
preferably 107 to 2x10™* gram atom as a transition metal
atom per 1 g of the support and the component (F) 1is
preferably carried in an amount of 107 to 5x107? gram atom
15 and preferably 2x107° to 2x107? gram atom as an aluminum
atom or a boron atom per 1 g of the support.
[0123] Further, 1in the present invention, although
the solid catalyst as aforementioned may be used for
polymerization as it 1s, it may be used after it 1is
20 formed as a pre-polymerized catalyst by pre-polymerizing
the olefin thereon.
[0124] In the present invention, the solid catalyst
or the pre-polymerized catalyst 1s preferably used in an
amount of typically 10™® to 107 gram atom/l and further
25 1077 to 107 gram atom/l in terms of transition metal/l
(polymerization volume).

[0125] In addition, although the component (F) may be

used or not when using the pre-polymerized catalyst, it

44



US<10% U&' ()-!}3-#10%JU& ()- 3] kNk% I | FneY7| Z80!'! . @10% U U& () -
. @10%A& () -! x3-#10%JU&' () - S& 3- #10%JU&' () - S&3- #10%
N&' () -S& }3-#10%JU&" () - S&Fnmmmmmmmop{ Y70! I t 3@10%JU& ()-s3'y
3@10%JU& () -s3!p3@10% U U& ()-s3 10 U 10 U 10 Uf =10%
U& ()-!. @10%JU& ()-pfgrrssssswxvB70! 10 U 10 U 10 US< 10%
U&' ()-!x3@*10%JU& () -s3! 3@10%JU& () -s3! 3@10%
may be 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 transition metal in the
5 polymerization system.
[0126] In the present invention, a polyolefin can be
obtained in the form of a granular particle by a vapor
phase polymerization as aforementioned. It is desirable
that the average particle diameter of this particle be
10 about 250 to 3000pum and preferably about 400 to 1500pm.
[0127] In the present invention, it is particularly
desirable to produce linear low-density polyethylene
having a density (ASTM D150E) of 0.865 to 0.940 g/cm® and
preferably 0.880 to 0.920 g/cm®. This linear low-density
15 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 10.0 to 3.2
20 mol%.
[0128] It should to be noted that the polyolefin may
contain 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
25 and particularly preferably 3% by weight or less to the

extent that the object of the present invention is not

impaired.
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5 generation of sheet or chunk polymers and a high
efficiency of the production of a polyolefin due to good
catalytic activity can be accomplished at the same time

and also having superb continuous productivity.

10 EXAMPLE
[0130] The present invention will be hereinafter
explained 1in more detail by way of examples, which,

however, are not intended to be limiting of the present

invention.

15 Example 1
[0131] (Preparation of a solid catalyst component)
[0132] 10 kg of silica (8i0;) which had been dried at

250°c for 10 hours was suspended in 154 1 of toluene,
which was then cooled to 0°%. To the suspension solution
20 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 O
to 5°. 1In succession, the resulting solution was kept at
0°¢c for 30 minutes, then the temperature was raised to

25 95°% over 1.5 hours and the solution was kept at 95°% for

4 hours.
[0133] Thereafter, the solution was dropped to 60°
and the supernatant was removed by decantation. The
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of toluene to be a total amount of 160L.

([0134] 22.0L of a toluene solution of bis(1l,3-n-
5 butylmethylcyclopentadienyl)zirconium dichloride (Zr =
25.7 mmol/1) was added dropwise to the obtained
suspension solution at 80°% over 30 minutes and the
resulting solution was further kept at 80°% for 2 hours.
Thereafter, the supernatant was removed and the residue

10 was washed twice with hexane to obtain a solid catalyst
component containing zirconium in an amount of 3.2 mg per
1 g of silica.

[0135] (Prepolymerization of the solid <catalyst
component)A 3501 reactor in which the atmosphere was

15 thoroughly replaced
[0136] by nitrogen was charged with 7.0 kg of the
above solid catalyst component and then filled with
hexane to prepare a hexane suspension solution having a
total volume of 285L.

20 [0137] The system was cooled to 0° 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°

25 [0138] After the supply of ethylene was suspended for
a time, 2.4 mol of triisobutylaluminum and 1.2 kg of 1-
hexene were supplied to the system, which was then made

to be a closed system and then, the supply of ethylene
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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/cm?—G.
During this operation, the temperature of the system rose
5 to 35°.
[0139] Thereafter, ethylene was supplied at a flow
rate of 4 Nm®/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/cm’-G.

10 Next, the atmosphere in the system was 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.

15 [0140] A prepolymerization catalyst containing 3 g of
a prepolymer per 1 g of the solid catalyst component was
obtained in the above manner. The intrinsic viscosity [?]
of this prepolymerization catalyst component (prepolymer)
which was measured at 135°c in decaline was 2.1 dl/g and

20 the content of 1l-hexene units was 4.8% by weight. The
prepolymerization catalyst had a good shape and a bulk
density of 0.4 g/cm’.

[0141] (vapor phase polymerization)
[0142] A continuous fluidized-bed reactor as shown in

25 Fig. 1 was used to carry out vapor phase polymerization.
[0143] Specifically, the prepolymerization catalyst
obtained in the above manner was continuocusly supplied at

a rate of 67.8 g/hr to polymerize ethylene continuously

48



U u&()-

10% U& ()-&) *+, E]; 011!~ 3-#10%JU& ()-s3! k3- #109%UxU&' () -s3

t3-#10%&' ()-s3 10 U 10 U 10 US<10% U& ()-9 10% U& ()-rwue+ 10 U@10%
U& ()-!x3- #1098JU& () - s3! ~3- #109AJU& () - s3! 3- #109AJU& () - s3! x3- #1094JU& () -s3!3
- #10% U U& ()-s39a?; 10
U F, #109h& () - s3! F, #109%h& () - s3! F, #109Mh& () - s3! F, #109Mh& () - s3! F, #10%h&
'()-s3 10 U

10

15

20

25

in the presence of isopentane and a diethanolamide
mixture (a mixture of diethanclamides represented by the
chemical formula (CyHopi1CO)N{CH.CH,0OH), wherein m was 7, 9,
11, 13, 15 and 17 to obtain a polyethylene (PE).

[0144] The polymerization was carried out 1in the
following condition as shown in Table 1: polymerization
temperature: 80°, polymerization pressure: 1l.7MPa-G (gage
pressure), partial pressure of ethylene: 1.1MPa, space
tower velocity: 0.60 m/s, diethanolamide mixture: 10x107°
g/g-polymerized polymer and concentration of isopentane
in the gas (TOP gas) 1in the deceleration zone 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/m’. Also, the
dew point of the TOP gas was 78.1°%, the temperature of
the outlet side of the <circulating gas 1in the heat
exchanger was 77.2°% and the ratio of the condensed liquid
at the outlet side of the circulating gas was 3% by
weight. The above TOP gas was a mixture of ethylene,
nitrogen, hydrogen, 1-hexene and isopentane and had an
average molecular weight of 38 g/mol.

[0145] The polyethylene obtained in the above manner
had a density (ASTM D1505) of 0.918 kg/m® and an MFR (ASTM
D1238, 190°, load: 2.16 kg) was 3.8 g/10 minutes as shown
in Table 1. The bulk density of the particle was
calculated from the weight of the particle in 100ml.
Also, the polymerization amount (STY; Space Time Yield)

per unit volume was 100 kg/h' m® and the catalyst activity
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Examples to 6 and Comparative Examples 1 to 7

[0146] Polyethylenes (PE) were obtained in the same
5 manner as 1in Example 1 except that the ethylene

polymerization condition was altered to that shown in

Table 1.

[0147] The qualities of the resulting polyethylenes

and the like are shown in Table 1.

10 [0148] As 1s understood from Table 1, in Comparative
Example 1 using neither isopentane (saturated aliphatic
hydrocarbon) nor the diethanclamide mixture (fatty acid
diethanolamide), the bulk density of the particle was
dropped and a block polymer was generated in a large

15 amount, which made it difficult to carry out a stable
operation. Also, in Comparative Example 2 using
isopentane but no diethanclamide mixture, the bulk
density of the particle was raised, but the generation of
a block polymer was 1incompletely eliminated though

20 considerably decreased. In Comparative Example 3 using
the diethanolamide mixture but no isopentane, the bulk
density was significantly decreased, but no block polymer
was generated and the catalyst activity was decreased.
On the contrary, in Example 1 using both of isopentane

25 and the diethanolamide mixture (fatty acid
diethanolamide), the particle had a high bulk density,
the catalyst activity was dropped a little and no block

polymer was generated.
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remove the block. On the other hand, i1isopentane was
added in a concentration of 1 mol% in the gas as shown in
Example 3, the generation of a Dblock was decreased
outstandingly even though the bulk density was relatively
20 low. When the concentration of isopentane was raised as
shown in Examples 4 to 6, the Dbulk density of the
particle was raised and a block was more decreased. When
the amount of isopentane was 20 mol%, no block was
generated.
25 Examples 7 to 12 and Comparative Example 8
[0151] Polyethylenes were obtained in the same manner
as 1in Examples 5 and 6 except that the conditions of

ethylene polymerization was altered to those shown in
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disturbance was applled a block polymer was generated in

a larger amount than in the case of Comparative Example
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Claim 1, wherein said saturated aliphatic hydrocarbon 1is
supplied to the inside of said fluidized-bed reactor in a
vapor—-liquid two-phase state together with said a~olefin
and at least one compound selected from the aliphatic amide

15 (B) and the nonionic surfactant (C) constituted only of
carbon, oxygen and hydrogen atom to remove at least a part
of polymerization heat by the vaporization of the liquid
saturated aliphatic hydrocarbon.

3. A process for producing a polyolefin according to

20 Claim 1, wherein said polyolefin is a copolymer of ethylene
and at least one a-olefin having 3 to 20 carbon atoms.

4. A process for producing a polyolefin according to
Claim 1, wherein in the case of making said aliphatic amide
(B) exist, the aliphatic amide is made to exist in an

25 amount of 0.1x107° to 400x107® parts by weight based on one

part by weight of the produced polyoclefin in said

fluidized-bed reactor.
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5. A process for producing a polyolefin according to
Claim 1, wherein said aliphatic amide (B) is a fatty acid
diethanolamide represented by the following formula (I):
(CuHom+1CO) N (CH,CHL0H) » (I)
wherein m is integer in a range from 1 to 30.

6. A process for producing a polyolefin according to
Claim 1, wherein in the case of making said nonionic
surfactant (C) exist, the nonionic surfactant is made to
exist in an amount of 0.1x107® to 200x10°® parts by weight
based on one part by weight of the produced polyolefin in
said fluidized-bed reactor.

7. A process for producing a polyolefin according to
Claim 1, wherein said nonionic surfactant (C) is a
polyoxyalkylene glycol represented by the following formula
(II):
HO- (CH2CH20) n— [CH2CH (CH3) O] n— (CH2CH20) pH (I1)
wherein m, n and p denote the numbers of average repeat
units, wherein m is in a range from 1 to 20, n is in a

range from 2 to 50 and p is in a range from 1 to 20.
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