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[ 0001] The present invention relates to an olefinic polyner and a proc

for producing the sanme, and nore specifically, to an ol ef i u

havi ng | ow cont onponents that m ght generate odor smmmum lmmml
%‘\\@\M \\\\Ehange taste and to a process for produci,ggal0 such

conmponent sm\\ \A‘
an ol efi ni I'n an efficient manner. BACKGROUND OF THE | NVENTI ON
[ 0002] QA efi ni ot ymers such as pol yet hyl enes, pol ypropyl ene,

et hyl ene/ a- ol ef.i ol a 1 ~ i are :
wi dely used fgﬁ'l#& uﬁ%%%ﬂ?gﬁ%%g ?ral’g ?ﬁgbﬁiﬁéﬁg %{F‘:ct eristics
required for these olefinic polyners differ depending on the use thereof.
For exanple, the olefinic polymer for food use is required not to danage
the taste of foods 20 because a delicate snell and taste are regarded as
inportant. [0003] In the neantinme, when, in the production of an olefinic
pol ymer, ol efins are pol ynerizedpbyraryaponyvelasey pol yneri zati on nmethod in
the presence of a solid state 25 catal yst, the polynmer can be obtained in
the fosm gfoodigart iTHe Frksarcth asversdiem ofrqleeeisi trat | rE a qlelfinErc and a
step of separating solvents after polynerization becone 1 needl ess.

Ther ef or e pdiiin®ed sakdown peoohesablfoit opgodpkihy ttiee psadiect | and pmaoess and
to reduce the production cost. However, the ol efinic polynmer produced by a
vapor phaseaudlfyimerlilzaat iton aret hbelf Sohet pokgnexudeyiag odor camdrns miocessed
with heat and this may affect flavors and the |ike especially when the

ol efini c pompeents eiyphdycdiglor fabire wherEsa defi caf e CHRKIINSAEF t ast e
are regarded as inportant. Therefore, the use of these polyners are

occasi onalihpl | Wi eBE iGhaih Gasse g 0@94]3A§ré’cﬁl§tshogoﬁf HOAAS Y t he

i nfluence of .the odor_.of the olefinic pol r .,obtai ned by a vapor phase

pol yrrﬂ)]i z &4 Dh et HHE 0 déhcaB‘ fr%telﬁeled}tefniamnce ol yner on taste
when it is used for food uses, for exanple, a nethod is described in the
publication of 15 Japanese Patent Application Laid-Open No. 10-45824 for
decreasi ng the odor erranat%%%gd I\f&%Eolé[qjé Nh&R@ pgrer during nol di ng by

contacting the olefinic polyner obtained using a netall ocene catal yst with
st eam and [tdpydi ke toglesamese Eggyﬁgggope%@gl enyd | igganddyy it ol yner.
20 [0005] Al'though the odor of the ol efinic polymer can be considerably
decr easedfgmigxld}e;gggté}@, l'i ke ddHBlerid/drasi dxaien desidgbityendny t her dgrerease
odors in food use and the like in recent years. [0006] In this situation,
t he i ngentgicpferddinqiestim 25pobhyeatsoarkave dalde ssedi €srantirious
consequently reached to the conpletion of the present invention with a
finding thatldipgn mradducialg a aglcef itfiec polkever by'he vapgwragiase rics

pol ynmeri zation nethod, the odor is greatly reduced by carrying out the

pol ymer i zatd®H rashcEpdn tihe steheo pe Ebehe e Pt Yareg st il aﬁ?ﬁﬁagﬂég on
hydrocarbon in a fluidized bed reactor and then contacting the obtained
pol ymer withe 5ugBediedifPl-he [Fio¥e. SXHIEET OENPHE 4NVENTT ORCLBB6F] for

Accordingly, |t is an object, of. the invention to provide ,an olLefini
pol yner ﬁd%/ﬁ% PRE redu @(ﬁlu&&ﬁtden?oioncéjf dahpghent!s t 2SR gﬂ% etlr%%g%e

Od0r528nd}§gcéﬁggpoqgnt§elicate smell and taste are regarded as

important.

[0003] In the meantime, when, in the production of an

olefinic polymer, olefins are polymerized by a vapor phase

polymerization method in the presence of a sclid state
25 catalyst, the polymer can be obtained in the form of a

particle and such as a step of precipitating a polymer and

a step of separating solvents after polymerization become



that m ght change tastes and also to provide a process for producing the

ol efinic polynmer. SUVMARY OF THE | NVENTI ON 15 [0008] An olefinic
(co) pol ymer according to the present invention is a olefinic (co)polyner
obt ai ned by polynerizing at | east one selected fromethyl ene and aol efins
having 3 to 20 carbon atons in the presence of a netall ocene type catalyst,
wherein the n-decane-soluble 20 content is 100 by weight or |ess and the
content of a ligand having a cyclopentadienyl structure is 5 ppb by weight

or Tess. LOQQIL The obelidy L. hOIIRL 15 PLEfer abl kea goROLYIRT; 0f Gyl ene

and at | east one "a-o i'n sel dct roma ol éfins having 3 to ar bon

atons. [O ] yer i typqf 0.930
g/ cnB or %ﬁisﬁ¥&ahigfgh(%€§$€%§ QHthgbfﬁ%ﬁ%ﬁiaE% yﬁggd?gggggferégly t he
one obt ai pRG R {,COYRO! WIRIFIZIiRY SHEyREr t W RIuJRN epp! &f i Pspsel etfad from
ethyl ene and a-olefins having 3 to 2% carbon atons in a vapor phase using
flui di zedphadre rieaction [ROHIR]d FUsbhetimes, theidelsefidh ¢ pabynefHen
preferably the one obtained by (co)polynerizing one or two or nore ol efins
sel ect 8d foromeatskyd enetlanteatol &id nshhavingy 3af6e20 ddrdyarr=at ang wiheh
allowi ng a saturated aliphatic 10 hydrocarbon having 2 to 10 carbon atons
to exist Witke eesmcientatvioenofh2 tode30 ol %ayree o | U dempdoled rfeact or,
then bringing the resulting (co)polymer into contact with a |igand-renover
and then Hesd nfe H@l%@)@oﬂyﬁ@ﬁaﬁﬁu chedds anebnt d3orightei megacdetacts with

the |igand-renover. &0013% process for producing an ol efinic polymer
accordlnglﬂﬁoﬁﬁ@nﬁresen hpge ﬁF?on FBea BFRce’RS IFHTOARIINGRHT 0l26TS ni ¢
pol ymer by (%g rlzln e or t or nore olefins selected from

et hyl ene &%¢ §nt§ ¢&%on atoms in the presence of a 20

EFE;L%@CGE??&W?%? aé 141'36% Dot 2ot e bR 0Y ot et R rerFo s
goﬁclegfr\gtforlrao4>9w1{i% 38%%}%%%@5“8%3 %F%@é@”’%ﬁ‘)r@eé‘??ﬁ&s hﬁf”%om 5] a
ligand remving SLER i o'?lv%¥tH8da aHPPLAt bIidAOldg-d he e eéHét'cﬁQaf(l‘%ﬁ)oOO' ymer

into contact wth a 4 | T gand-renover and a step of heating th

(co) pol ymyo 1Whiegh Bas bgstebromght it qsconkaet wobkh thes! lm r efgver.
[0016] In the present invention, the above saturated aliphatic hydrocarbon
i s prefera¥ampdunpl cedmeehadb i bui dézedibed roactitdie i pudiel seapian | icgui d

t wo- phase coexisting state. [0017] The process for producing an olefinic
pol ynkd caiapameduce Paneoltef Apptipekymer havdnAgpéhe Mo decladheEd bl €accont ent
of 10% by weight or less and the content 10 of 5 ppb by weight or less for
a |ligand lvednegsdangyckbpentdell ergpiarstiractt frem BRhEF OESCRI AT @K 1GFMERHE

DRAW NGS . o
during molding by contacting the olefinic polymer obtained

using a metallocene catalyst with steam and the like to
decompose the cyclopentadienyl ligand in the polymer.

20 [0005] Although the odor of the olefinic polymer can
be considerably decreased by the method like this, it has
been desired to further decrease odors in food use and the
like in recent years.

[0006] In this situation, the inventors of the present

25 1invention have made studies and, consequently reached to
the completion of the present invention with a finding

that wupon producing a olefinic polymer by a vapor phase



[0018] Fig. 1 is an explanatory view showi ng the case 15 of carrying out a
pol yneri zation step in single stage. [0019] Fig. 2 is an explanatory view
showi ng the case of carrying out a polynerization step in two stages.
[0020] Fig. 3 is an explanatory view representing one exanple of a |ligand
renoving step. 20 [0021] Fig. 4 is an explanatory view representing anot her
exanpl e of a ligand renoving step. DETAI LD DESCRI PTI ON OF THE | NVENTI ON

[ 0022] An ol efinic polynmer according to the present 25 invention and a

process f oTo /el e gol.efinic lymar. . wi Ll be h inafter expl.ained in
detail . [8%5%{ It%% OJ%E E%tﬁg#gd Fﬁ%t ?ﬁgFe %% tﬁ%é%ég% wﬂ%g%F%ﬁ Q%e term
" pol yneri zafd QA nd Soeed H ﬁ@i%ef’[z%f@bn%a'cqgl | NGy ngheo%ﬁ/e nce
honopol yneri zati on but al so copol yneri zation, and al so there s The tase

where the dfer i "RAIWRIed | 81UpBREAthB B/ rii 9Al Yy arh@ImEpPobymMl.p but
al so a copolyner. [Aefinic polyner] [0024] The ol efinic polyner according

to the presemitdmvenid oRhes actaexpelFer thé oMt HInéMO W51 yMEE Ql&fH ns
selected fromethylene and a-ol efins having 3 to 20 carbon 10 atons. [0025]
Her e, Specitfdam eyrahmles ldafkd.he a-ol efins having 3 to 20 carbon atons

i ncl ude propyl ene, 1-butene, 1 pentene, 1-hexene, 4-nethyl-1-pentene,
1-octene, 1-decene, 1l-dodecene, 1l-tetradecene, 1-hexadecene, 1-octadecene
and 15 1-eicosene. Anpong these conpounds, a-olefins having 3 to 10 and
particularly 5 to 8 carbon &FohETad pitef dMBBINT I@@ed. [ 0026] The olefin

sel ected fgﬁg}gthylene and these a olefins having 3 to 20 carbon atonms nay
be used all@POTr 20 i AccomsitRgtlivon B o 28r FRleCtofofhéhe [007ERt 19N t he
present invention, the olﬁfinic po referagly a copol yner of

, | ynmer is
et hyl ene ard 2ECYENst *Bn8L&618 N &Xﬁﬁ%ﬁp$&%ﬁﬁa§ PeftRYCRAVIGRE = 20

CarbOantQH§ components that might emanate odors and of components
that might change tastes and also to provide a process for

producing the olefinic polymer.

SUMMARY OF THE INVENTION
15 [0008] An olefinic (co)polymer according to the
present invention is a olefinic (co)polymer obtained by
polymerizing at least one selected from ethylene and a-
olefins having 3 to 20 carbon atoms in the presence of a
metallocene type catalyst, wherein the n-decane-soluble
20 content 1is 10% by weight or less and the content of a
ligand having a cyclopentadienyl structure is 5 ppb by
weight or less.
[0009] The olefinic polymer is preferably a copolymer
of ethylene and at least one a-olefin selected from a-
25 olefins having 3 to 20 carbon atoms.
[0010] Also, the olefinic polymer preferably has a

density of 0.930 g/cm® or less.



and nore preferably a copolyner of ethylene and at |east 25 one a-olefin
selected froma-olefins having 3 to 10 carbon atons. [0028] Wen the

ol efinic polymer according to the 6 present invention is a copol yner of
et hyl ene and at | east two or nore nononers selected froma-olefins having 3
to 20 carbon atons, no particular limtation is inposed on the proportion
of the content of each structural unit. 5 However, for exanple, when the
copolymer is a copolyner of ethylene and an a-ol efin, the copol yner
preferably tains 8Q,t0.99.6 nolo .a nore preferably 93.8 tao 98 nol o of
a structur (ﬁﬁ{}lﬂit deri(g‘\?éfgchferrdmt@tenﬁl@&g,ma?né’ ¥ abl PIE L0 Wit o and
nore prefer AVA tione6d 2 blO CIOO/)o ogl a structur acln uni(;t derived fraomthe

a-ol efin. ﬁ ZSﬂ ASo, it he préaser?f inventd o, % heé ol ef'f R c%oﬂ?x%% may
contain a st r i1 derive I es, ing . he,n

t oget her vaslt({lﬂtq#é %%%@%ﬁ?aﬁfﬁm Sesgﬁ e%@%dxﬁgo?ﬁ gﬁ%ﬁlg{n% %%glggol?’eﬁeogs 15
having 3 tx 2Q63JON aglaEs. iﬁoraexagqtpbﬁ, ShesO! ld Mg POl Bl dBp&pnt ai n
structural units derived from conjugate dinmes such as” butadi ene and

i soprepe arghddcam non-conj ugat e di mes such as 1, 4- hexadi ene,

di cycl opent adi ene and 5-vi nyl - 2- nor bornene. 20 [0030] The n-decane-sol uble
content of[@d1R]ol ef i niFw rdlepmerregc cdredidig im it e qinesanti d nentd dbliy 10%
by weight or less, preferably 50 by weight or I ess and nore preferably 3%
by wei ght tdre | ess. ocbeinaderbyi rfico) gl lyine mizdexwaners oloub| tewve ontremorres
preferably OGo by weight, but 25 substantially Olo by weight which is a
measur abl eldffins $oDStteSi Arem et edriai engoloyrrere fMiinss ehavhndedarnesol ubl e

content falls within the above range_has the 7 reduced content of
| ow ol ecdlar GBIRAR RFPBRentstBuchlagwdnBgorer $atvesd-estoralermdimlties from

t he o] efinic, pol r durin | di n nd al so, the olefinic, polyner scarcel

damagL aqﬂ’aﬁp g%b?vhﬁ%”gasq%gmeﬁqrtbqps hPrdyed i??usgff o%&tﬁse@s. Y
0032] The_ n-decane-.sol uble.content is neasured.in the follow ng nmanner.

[Speci %i calqoyn,ceéﬁcroaﬁtelﬂr} t?%rzf f?xsE’r&e(ﬁ[t?ﬁpf’pejcf1 Wit %lglgtlizﬁfii %&dd&ﬁag%t?%

charged w 3 o] I l.e, 2 f : .

2, 6- gi -t ert: - nut%g}]f%Elg%@h%%%ﬁéﬁ%ﬁlﬂﬁ%gndp%@g?o%y%?r n}HEEaﬁgné:ﬁ tt h"qeltnlcl1 xture

i s di ssol ved) afaA45CehByan oarlld b%@nbyh@g@ﬁgg-uéft%ospslgfaumhﬁ%{m' eis

di ssolved, the"m xture is cooled to anbient tenperature over about hour s

and in sugesH<dh keRigHt ihB et hatdh fiafe 8 hUH S rJhS oF ecipitated
pol ymer (n-decanel5 insoluble part) is separated froma n-decane sol ution

cont albi ng 1B ]ssol ved ppkygeessbyrdi | toraiduaingsi 8g acGedif e GR)yrgH@SS
filter. The solution obtained in this manner is heated under the condition
of 10 mrHgamddisQC ttwo driyhd heppesgmer dhssontved i dst ha nydecsss salfution
till 20 the weight of the pol ynmer becones constant and the wei ght
producing an olefinic polymer by (co)polymerizing one or
two or more olefins selected from ethylene and a-olefins
having 3 to 20 carbon atoms 1in the presence of a
20 metallocene type catalyst in a gas phase using a
fluidized-bed reactor, the process comprising:
[0014] a polymerization step of (co)polymerizing
olefins with allowing a saturated aliphatic hydrocarbon to
exist with a concentration of 2 to 30 mol% in the
25 fluidized-bed reactor; and

[0015] a ligand removing step involving a step of

bringing the resulting (co)polymer into contact with a



is defined as the n-decane-sol uble content. [0033] Also, in the olefinic
pol ymer according to the present invention, the content of a |igand having
a cycl opentadi enyl structure is 5 ppb by weight or less, 25 preferably 2
ppb by weight or less and nore preferably 1 ppb by weight or less . The
lower limt of the content of the |igand having a cycl opentadi enyl
structure is 8 preferably 0 ppb by weight, but substantially 1 ppb by
wei ght which is a nmeasurable limt. [0034] v%en the content of the |igand

emanates FEGA" ﬁ%teﬁw%'éﬁee. EREThG yHIeTE o HEP T8 hGoang CLPea v ke Beti ni ¢
POl yTer SRACELLammaen.a deld cate Sel): and Laste hen i s erpl oyed in

f ood uses. ont é and haV|n C clopentadlenyl

structure b%l%'?asuredlh“ dHee heLlowe “Qn%%nﬁf&'aﬁef th%oegl!aé{zéa' 'a%urtag%d' i gand
havi ng a cyclopentadlenyl structure is extracteéed using toluene an

identifiediapdameasurgdqgyant-hbati valy ?&e&%%a%hgonﬂ %?@Panaﬁﬁa. a
spectroneter using a calibration curve nethod. 15 [003 The ol efinic

pol ynes aggenrdingd-peldhe pegsest | nvent kBB hagaddie- chaiagt erhgtipbsisthat the
nunber average nol ecul ar wei ght (M) neasured by gel perneation

chr omat ogrephy st@AG) staltles in a range from typically, 1,250 to 8,500, the
Mv Mh falls in a range fromtypically 20 1.8 to 3.5 and preferably 1.9 to
2.3, the do8dily neaslhed dypcestensety pgradiceny rast hodefsnigpipodlvingr0. 930
g/cnB or less and preferably in a range from0.880 to 0.930 g/cnB. [0037]
The ol ef i ge® pekpREiCeac@dr dicdg fila itche Porlesem havdmd ofhgs afdeemeeti oned

i's obtained by 25 (co)polynerizing one or two or nore olefins selected from
et hyl ene §ﬁ’&u 16 FIHLHavPhg 18 %t seowelaglb%noat&@ss% mR vEpsr coR&s&tusi ng,
for e fl ui d| ed- bed reactor [0038] To.state re concretely,

t he o flﬁlc goIF § OHF&S d (&ﬁfﬁo yieri & nd?t Sﬁ@don%FWB

ol efins sele %e% fron1et 1e %?d a-ol efins having 3 to 20 carbon atonB
with all oW TR E4AT ST 5I| “€hydrocarbon to 5 exist in a

fluidi zed-bed reactor, then bringing the obtained (co)polynmer into contact
with a ligand renover and then heating the (co)polyner which is made to be

in contact with the |i gaRs eV PIIRWEEs THODRAANEE Ng the ol efinic
pol ymer] 10 [0039] The process for producing the olefinic polynmer according

to the preeeig]i nvent ireg.canpry sas: ek P04 t dr POl VERr kEALEAY $hep dfse
(co)polyner|2|ng olefins in the presence of a saturated aliphatic
15 of carrying out a polymerization step in single stage.
[0019] Fig. 2 is an explanatory view showing the case
of carrying out a polymerization step in two stages.
[0020] Fig. 3 1is an explanatory view representing one
example of a ligand removing step.

20 [0021] Fig. 4 1is an explanatory view representing

another example of a ligand removing step.

DETAILD DESCRIPTION OF THE INVENTION
[0022] An olefinic polymer according to the present
25 invention and a process for producing the olefinic polymer
will be hereinafter explained in detail.

[0023] It should be noted that there is the case where



hydrocarbon in a fluidized-bed reactor; and 15 [0041] a |igand renoving
step of bringing the obtained (co)polyner into contact with the

| i gand-renover and then heating the (co)pol yner which has been nade to be
in contact wwth the |igand-renover. The process will now be described by
way of enbodi ment in conjunction with the 20 acconpanyi ng draw ngs. [0042]
(Pol ynmerization step) [0043] In the polynerization step, at the

fluidi zedbed where a solid particle containing a catalyst is maintained in

a fluidiz st by, ns. of gas, stream 25 f.l owin ont ai ni_ng .

pol ymer i z%%'lee ?réo%%rrerp%%eurg Zatacr%)r} nsi ea%?e he ¥ }A%legf@ed‘g%ealeﬁglalc gc?r, t he
pol yneri zatjgn,.reacti is c ied i diiei as ate

al i phati cqwfgyol(@?bonggﬁ a g(géi i qui g OejL qﬁ%%te t%gnet he?g&v{\-irt h '%}%Jes(%
pol yner i zabl,e IRRRANBI M t Bgqbofitam ehethe fluigjzedzbed faacs orpdgpon
produci ng an olefinic polymer by polynerizing at | east one olefin selected
from et hylene 5 pid 0l ef$ ngsdaVviAg t3rke ¥ GasH08n &Y OBB homlonidrzabl e
nononer) in a vapor phase under the presence of the catalyst. [0044] Here,

t he pofynmenitzatlisen asteepodiyinlerhe expl ained in detail with reference to Fig.
1. Incidentally, the 10 Fig. 1 shows only the polynerization step and the

| i gand r enoMiefg rstcepalynmeriltted. [0045] In the pol ynerization step, the
catalyst is supplied froma line 15 in a fluidized-bed reactor 11, and al so
t he pol yndi0i024d] e nondher o lafd rsia upal vbe tl peleatridd ngs Yy debeapy@sestppl i ed
froma supply line 12 are passed through the reactor by blow ng the m xture
into the finyicditZed bedl a8 (FPoRra Y&GEpIAL pore 9rtHW6hgm¥am§F€f&gﬁﬁdnﬁlate 17
such as a perforated plate disposed on the under part of the reactor and by
di schar gi f§ &5 Sgas N SO 2nh ¢7eec 8878 BpB3RE ontPnéOusiePYor ti on
of tnﬁ re%ﬁyor to keep the solid particles (the solid catal yst and produced
poly 9) i qgsrluidizing state by this gas stream (fluidizing gas), whereby

the flul digegaied (regtioonsausten. L8-ipkar oady; g5 J0946) nlhg Ralyrer

particle p ed by the pol'ynmerization t Teast one i'n selected

from et hylene jandqol gf L Bsnhayi fgs 3 fo-RLar AL 11 g bk, fluidized

bed 18 in this manner 1S wthdrawn continuously or intermttentl’y fromthe

reactor thyouahea di-sthadige | i ngedQyand-thenesepphiedttact ha ldgand,
deconposing step as will be described later. 5 [0047] On the other hand,

the gas dilschalegethd,r omtoers@aceéns, 11 -hneughdnke | 1n6clbdeoshal rsid he
unreact ed pol yneri zabl e nononer and saturated aliphatic hydrocarbon and the
| i ke abd ils-diypiseald.y chmond atkbdsas cempioutudsat igplgasino hheingadt aro 11

t hrough the supply port 9 after 10 cooling. [0048] The fluidizing gas

consi st i ng Oof anéle peolbirmrliazaiy eSndromBr cadodihe agionsul at¢ ngpugfeaply

i ntroduced fromthe supply port 9 to the reactor 11 as aforenenti oned and
passed thirG®gh the fluidized-bed 18 at 15 such a flow rate that the

Speci f1 cal (28 e 11 oRBPAED SF ™ e (R Soht OUICRHY FORT{ RBOSUBBRY @7t 9 i s
sbout 3 Ut 4050 AT A0, Piel @l yibout Sl te S0 Uiy uoghe UF 1o
20 in combination of two or more of them.
[0027] In the present invention, the olefinic polymer
is preferably a copolymer of ethylene and at least one a-
olefin selected from a-olefins having 3 to 20 carbon atoms
and more preferably a copolymer of ethylene and at least
25 one a-olefin selected from a-olefins having 3 to 10 carbon
atoms.

[(0028] When the olefinic polymer according to the



20 is possible to stir the fluidized bed 18 nechanically, for exanple,
using various stirrers such as an anchor type stirrer, screw type stirrer
and ribbon type stirrer. [0049] The polynerization step nay be divided into
two or nore stages differing in reaction condition fromeach 25 other to
carry out the polynerization. Next, the polynerization step in the case of
carrying out the polynerization in two or nore stages will be explained in
12 detail with reference to Fig. 2, where the ligand renoving step is

al so om té?gslerqttq g ofr 1[30050Lo'81§ﬂsrc%%e chhy%%rr{eg“é‘rgd ouf the.t

pol ymeri zatron irn two Of nore s?ageg, or exanﬁie, it he case of °5
carrying oyb ie RoLyMRphERLEAN de% LAldd SOl o1 8IHLE halAge, vapep phase
pol yneri zati on apparat us havi ng two vapor phase ui di zed-bed Teactors

whi ch aresgerdgldon copBRst etho t BErPOEYMRE! Ziatn 1M, d Sorconduci goh asq f ahl ows.
[005I] In the nmultistage vapor phase polynerization 10 apparatus, a first
fluidizedtphed gesgdoOfidd Io¥ conpecd it &af i alfl Yedona sraapitdhAdui dhzed- bed
reactor 21 as shown in, for exanple, Fig. 2. [0052] Specifically, it is so
desi gred HbatveRe Cataleysimpls,SwiRin ethd rasp@al guppl ys | aneopblgmdrabso, gas
15 (fluidizing gas) containing a gaseous ol efin (polynerizabl e nononers)
and t he sathyated aldarmghat bo hydraolcafion | $hsupptopsdl ymeam t peelfetbodyof t he
first fluidized-bed reactor 11 froma supply line 12 through a bl ower 13.
The suppl cedtéliobsdi8ledtbedgds nsl bl end imune apROLfe¢rabdy zEd--Bedtd 8 3Bhr ough
a diffusing Elate 17 made of a ferfoyated plate or the |ike disposed in the
vicinity 8PlEheChotd omslofuetHerdd r sin¥l yidfrdsebed no8acedhylengnd dnslchar ged

fromthe upper part of the fluidized-bed reactor 11, and thus the
quidizin@r@5§r65%¥e§3f%rBGgHN%h@oé5iQEﬁd@OGPtﬁﬁﬁﬁq{ﬁQﬁ&ea-Héﬂ Pedct or
The solid rticles (the solid catalyst and_the oduce olymer) is kept
in a]ﬁ}uiﬁgifna s?a?gr8§tPﬁ8195§l%lgéréﬁeghgrﬁgs% Ss& R e%én' t hrough t he

i nsi de of | ui di zgd- hed .rea r re luidi ze is

f or med. [6B§§fﬁThen, $gggbrdﬁhcghgp yﬁ%%ﬂga? %8 EEPE’MA %rg%%%qn&%

conti nuouslby. Qe NLergm tiently, and subjected o ol i dz¥apQL ySepapati on
usi ng soIPg-gaégr g%’aré%ors éi a%d %gF At%tﬁ%s 5%%%, va%veségs gn% 34 are
properly gpepedeand sdpdndmwler controhe ThRRP! YEBHePAELI Cligi W t hdhawn in
this manner is discharged in a transport |ine 25 by the action of the valve
35 and fedtikactheasecomnd tfd uidhizegdeds déh r eaehprerdd t Ahaugb-bhe finhansport
line 25. [0054] Al so, the unreacted gaseous olefin, saturated aliphatic
hydr dcar baavand thetdi RO wadbohadeopassedrFvhr exgimptlles fthe doiedibed 18 are
decelerated inits flowrate in a decelerating region 19 di sposed on the
upper 15 patymef thmayir storfialirdi zedrbeturedct ounits andiadiisedvhr gédoout of
the first fluidized-bed reactor 11 through a gas discharge port disposed on
t he upper cpaptgstet e anasst SEER| @iszé?jJ%%l‘?fé%lcPBFi LEOHW0BS] aThe fdRfeact ed
gaseous ol efin, saturated 20 aliphatic hydrocarbon and_the_ |ike discharged
fromthe PPPSECPDHPEESed- bed1FBEEt or 18USFe cooP&d in a’RERE*ELARARger

i it) .14 thraough a circulating.line, 16 ted in th |
[ ne 12 aHa e bABPPBA oA FnaBtsy "aBHIN L OOTkE TRGRe of the fl ui di 26d bed

18 im 4 he [?B'Qbﬁt 25 tl g izr?—dd@c,egné—?&%[t%lellﬁt%nt&l Og?{ OQt?’e b el sheat

exchanger he circulating gas is typical cool e a tenperature
close to ,pg dew PQLRLr@inkhecgasendNE Ae¥nt invention is 10% by

weight or less, preferably 5% by weight or less and more
preferably 3% by weight or less. The lower limit of the
n-decane-soluble content is preferably 0% by weight, but
25 substantially 0.1% by weight which is a measurable limit.
[0031] Since the olefinic polymer whose a n-decane-

soluble content falls within the above range has the



14 point of the gas nmeans the tenperature at which a |liquid condensate
starts. Wien the circulating gas is cooled to a tenperature | ower than the
dew point and supplied to the fluidized bed 18, reaction heat can be
removed by the 5 latent heat of vaporization of the liquid condensate to

t hereby i nprove heat-renoval efficiency in the fluidized bed 18. It should
be noted that when circulating the circulating gas in the fluidized-bed
reactor 11, a part of the circulating gas nay be purged from an optional

pl ace 10 of circul ati i ne 16. 56]. On 1 he her hand,_ the pol ynmer
Part1 ol es NCLRGHaRE e Sl SR e S e e neSrPPhe PR Lt R afoc
reactor 11t th | p at 3 n f e
second fléﬁgggggggéd ?%%%tégk)l ?ﬁ?%ﬁgﬁ51§9§ﬁ% %P%n%&%ﬁfﬁfge?g§$8$%2
transport ghir-R8g25mbSaPranchied fnem,t henauppl ¥elhne 3% @Ak A heQthern end of
the transport I'ine 25 1S connected to the upper side of the second

flui di zeddhedgegact fe Zlcatlhr onghl t Bedt taR$ROKNdN NE: 255 bh\pl@ﬁ@@sqrne of
the gas containing the olefins and the 20 saturated aliphatic hydrocarbon
fed from tthedsupplky |ine 22 is raised by a pressure-rise neans such as a
centrifugal blower 41, also the polyner particles withdrawn fromthe first
flui di zed{P0821eact or Theé hsdeadeeteobebént cantedti nst hiessgasd dnt rtdwesport
t he pol yner 25 particles and then introduced into the second fl uidi zedbed
react or 2folAbwdnga mawmngaseous twetihi¢pblyneriarabbeentasiver) dddsk
saturated aliphatic hydrocarbon are supplied 15 to the second

fl ui di zedeBEdPPedctoitipia f PEAFERBISESHILFS i e oRaraeduyhtd bl ohePf22 by the
transport line 25 and at the sane tine, t al so supplied as a fluidizing

he
gas to t hBCBEPEEm AR seom¥ i ai'fe‘&l-lﬁi&rlte‘é’élfcdrl‘frmeltthyép@ﬁé‘@]d be
not e hat al t h.a new catalyst is n supplied tq the, second
ot diGeaspla TASRYT Ok PrlkBbra +ia Rhe BRI e: 3 of AR5 TR s @5 i ed
to a desiredopl ace_of the fluidi - he eac h r._e l.e, the
transportlﬁgng gﬁ ggcgﬁgiﬁﬁtﬁbqbﬁggﬁgﬁﬁ? 10 %gggg]£$§29PH&%§FZ§%5E6§%
supplied fr,om: o] ; o} { diyzed- : C i own
in?g a flﬁfdggg %ﬁé E%8q¥ﬁ%é%gﬁn§§%i?%ué#ﬁ%gglg?eggglﬁgge%%%méﬂfg$¥%%ated
plate or tRer ik d Wasad-d mdde; Ni 6LiBEEYsPbnt hRebot tigm0f23cke serGand
fluidized-bed reactor 21 and 15 di scharged fromthe upper part of the

fluidizedpbed react @ Rbdurand thue ppssedptibredgh pdeymdri dinzedde@d - eact or
21. The gas stream of the gas passing through the fluidized-bed reactor 21

keepsli he iscbildbjart paelres (Lhe ad¢paeaeadi ofwesh pad ynerdguard clsed varidnt he
produced polymer) 20 in a fluidizing state to thereby formthe fl uidized
bed 28. Aronitiadntinge,a adéepolyeadr ipcdtvimer rlenctfiidfn riag ionn usindheaf IGrddi zed
bed 28. [0058] Then, the polyner particle obtained in the second
flui di zed-(B&d Fratt oHlamIs | $IALEHdr awt ONBcRYSEORy 28taineat ekt fihdift | y
froma discharge |ine 40 and supplied to the ligand renmoving step as wll
be descri B88 At &rS G0 Al %E the &ﬂQ%kH¥H1g%geBBSmHﬁQH%ﬂési§@¥bted 16

o phat o, DYohgeabon sl 1% Loy b ch e Basaed,Lhveual e di dized
) sponpd S0 T P bR RSO St s eOLr 2
di SCPg; ggli!goatefqinglaog%d @R HNQUARRL A1 deigeond fluidized- bed
e [0033] Also, in the olefinic polymer according to the
present invention, the content of a 1ligand having a
cyclopentadienyl structure is 5 ppb by weight or less,
25 preferably 2 ppb by weight or less and more preferably 1
ppk by weight or less. The lower limit of the content of

the ligand having a cyclopentadienyl structure is



[ 0060] The unreacted gaseous ol efins, saturated aliphatic hydrocarbon and
the like discharged fromthe 10 second fl uidi zed-bed reactor 21 are cool ed
in a heat exchanger (cooling unit) 24 through a circulating |line 26,
connected in the supply line 22 and supplied continuously again to the
inside of the fluidized bed 28 in the second fluidized-bed reactor 21 by a
bl ower 23. In the heat 15 exchanger 24, the circulating gas is typically
cooled to a tenperature close to the dew point of the gas. Wen the

circul ati [ (o]s]) t0,.8 term tu | o - dew pojn nd
suppl i ed E%E%%ga%ﬁ'id?zggﬁbeaﬁzégg%gg%ti%ﬁtheggg%ééﬁﬁkérf 3Ed8§é %ﬂg

| at ent heat, ; v ri i Qn Of lLi;quisd condensate to thereby inprove
heat-reno?gﬁﬁﬁ??@?éﬁiékﬂ%'E%S%%%$§%Eéﬂﬂgég 28. It should be noted that
when circyloatagng the gheaul atidhg Gascdx ther fl uhdi zedgbed reagtioy 2L a
part of the circulating gas may be purged from an optional place of the
circul ati rRgcd2gente Ben 10t udduddiei 4 i wsthihutdezagobed ragaet onekl as

af orenenti oned, the fluidizing gas is passed through the 17 fl ui di zed- bed
18 at 3uchdarfd ommanteethatrdnhethbuidlefthbedphl yaar béukepy imvlaling
fluidizing state. In the second fluidized-bed reactor 21, the fluidizing
gas i s passed allmqugthd heldfinid zed: pedr 28catcslighdambhew matde ltilgattet he 5
fluidized bed 28 can be kept in a fluidizing state.(LOOGZ] Speci fically,
the flow sawd lofnchdagds iwarodicdd fammhayvss ot tfomadfusasch react or t hrough
the supply lines 12 and 22 is about 3 Unf to 50 Unf and preferably about 5
Unf to 30 [99BSlwhere ORE i s AWt md 10 ¥1ei di 2iH§ Fat e N6V 1DFe f 12ui di zed

bed. It is ssible to stir the fluidized bed 18 chani cal ly, for exanple,
usi ng vari tﬁiQBﬁqﬁﬁﬁ%?n§Gch55§uﬁﬁu5ﬁchb§ ﬂ%ﬁi?%ﬂQ4T$éP, e e AW IRG rrer

d rjbbon t ti . «[.0063] h h b I tiol
P ni bRod "ESRE o 5 mui BPECARECOADEr  phabhepol yWLFTSAL | or BOSF At e
i sti f fluidized: t , ' | di - bed
enctor 1EYAmERs eSS Ot DEAS, 267 o i A het P R

connect ed ;183G Lf her gpgven geoulLLgt ageq,ygipg%tg@%gl?ppar@}; us cepsi sting

of 20 three or nore fluidized-bed reactors ' can be structured 1n the sane

manner. [ Q@64hatddheH |k sk zegdebedolhepbri MisAdd Ud dbalngratabe asirve
af orenenti oned in the present I nvention, the polynerization nononers

suppl i ed wetihel.reactor, 25 specifically, at least one olefin selected from
et hyl ene and a-olefins having 3 to 20 carbon atons is pol ynerized.

15 [0036] The olefinic polymer according to the present
invention has the characteristics that the number average
molecular weight (Mn) measured by gel permeation
chromatography (GPC) falls in a range from, typically,

1,250 to 8,500, the Mw/Mn falls in a range from typically

20 1.8 to 3.5 and preferably 1.9 to 2.3, the density measured

by a density gradient method is typically 0.930 g/cm® or

less and preferably in a range from 0.880 to 0.930 g/cm’.

[0037] The olefinic polymer according to the present
invention as aforementioned is obtained by
25 (co)polymerizing one or two or more olefins selected from

ethylene and a-olefins having 3 to 20 carbon atoms in a

vapor phase using, for example, a fluidized-bed reactor.



[0065] In the present invention, polyenes and the |ike 18 may be
optionally copolynerized together wiwth the above ol efins. For exanpl e,

conj ugat e di nes such as butadi ene and i soprene or non-conjugate di mes such
as 1, 4hexadi ene, dicycl opentadi ene and 5-vinyl - 2-nor bornene may 5 be

copol yneri zed. [0066] In the polynerization step, no particular limtation
is inposed on the anount of each nononer to be supplied in the case of
copol yrmerizing two or nore nononers selected from ethyl ene and a-ol efins
having 3 t 20 car ban : we ' e e . I rjzing, for
oxarple, JORRIne it Roan ate Y R 1Y bR ar et RS T g
a-olefin s supplined: Idy AN A1 JUR Gld Yof: BhS be Dot Fakeand
preferabli 0.02 fﬁ‘o.o nQF@ agén dh 6&% nﬁ%eoof ethy?eng. 15 FO&G%] In

the presenf icRyeR ifdn (digaidd ARl @liphains m(@{@gaﬁbee bB @arbon

vapor-liquid mxed state is introduced together with the pol ynerizabl e
nmononer f penisheyberd t amieliihhe 4 eagtarat edcendytatiiie RPOVEcLLB6HT @R,
Speci fi c exanpl es of such a saturated aliphatic 20 hydrocarbon incl ude

sat ur a3 ed exliisghatiirc hydr ooat didnsd-Heed Nngr@at o) cahban BkaAgisych tas

et hane, propane, nbutane, i-butane, n-pentane, i-pentane, hexane, heptane,
oct ane, nob&aénedecéaoe) pl] Z2ndr netmhnd pcophaet 2yiddi net hyldandneemover

2, 3-di et hyl but ane, 2, 2, 3-trinethyl butane, 25 2-net hyl pent ane,

3- net hyl pemdarieher?, hedtapohyihsent apepoByBedi wibtilyl peht aade to be in

2, 3-di net hyl pent ane, 2, 4di net hyl pent ane, 2-net hyl hexane, 3-nethyl hexane, 4
19  net hfPRéRgte Withs thierdigpndexerevedycl opent ane, cycl ohexane,

met hyl cycl opent ane and di net hyl cycl opent ane. Anong t hese, those having 3 to
8 carbon dEfEMEesSe IpTePeOMCE R T PRefgs Fﬁ@é%Frﬂn the present

. Lon. be ad i ch. usi e q

a1 pned i ¢ (99aCar bondPEat HBRSE g SuR UV ST D af TBhALre Ryar SIoBH | o

mtroduce%clc ﬁ?i%%p%%‘@h uhg @%§%di%5%5%fJN‘%ﬁi§%y nerizing vessel and the
ed-al”ip y ce

ot her saturat hati C rocarbonisintro I'n a gaseous state into

the pol ymeiiogiglg vessgl . Jon JhiS; £a8kn as skhg Saéf”at(%%)i‘»'oilgr(li:}t@gjri‘"zing

hydr ocarbon to be introduced In a gaseous state Into the're et’hane,

propane, RakutiaRe, inbutane, pHpestARE. hyenhanesa fexane or shhenkitke is
preferable and these may be used in conbination. [0069] Here, the gaseous
sat ur at ed hgldirphatriberhydr ec anhanlirkandddhate asuthst;artidl |y all the saturated

al i phatic hydrocarbon exists as a gas phase, specifically 990 or nore of
100% b t HOOMAtlal sat ar atlédjaald phatremdwidipcastbem exfst brasgangasedgs
phase, nanely, neans that the vapor fraction is 0.99 or nore. The ratio of
t he exi st etaiofed hecgasoytese tahobeooliegitnedt fir obire hé Igaporrieqeive r
equi | i brium constant Ki based on the nethod of Soave-Redlich-Kwong reported
i n Chem ERgdsdiherp neplioydl 947 . (FRI0TD] YIRer t el st e at Bacal MRt te be
hydrocarbon to be introdgced in a vqgor-li uid m xed state in{o_the
reactor. 2@ contact with the ligand-remover. The process will now
be described by way of embodiment in conjunction with the
20 accompanying drawings.
[0042] (Polymerization step)
[(0043] In the polymerization step, at the fluidized-
bed where a solid particle containing a catalyst is
maintained in a fluidized state by means of a gas stream
25 flowing containing a polymerizable monomer through the

inside of the fluidized bed reactor, the polymerization

reaction is carried out by introducing a saturated

10



t hose which have a higher boiling point than the saturated aliphatic

hydr ocarbon to be introduced in a gaseous state into the reactor and are
easily condensed when cooled in a heat exchanger or the |ike are sel ected.
As the saturated 5 aliphatic hydrocarbon, for exanple, i-pentane,

n- pent ane, hexane or heptane is preferable and these hydrocarbons nmay be
used in conbination. [0071] In the present invention, when using the
saturated aliphatic hydrocarbon to be introduced in a 10 vapor-liquid m xed

tate i 1P| i i.th_t t ted i phatic.h b t

hiT oduced TR A gRoBHE CEPAEET aSbati STt G orbIRAt | SRC6F LPHERESEnd

|- pentane,otna E}?@b'ﬁlﬂf Y Y a té‘%%n%ﬁ%r“%%@ﬁ | SpOr el & yo‘fse‘ERe[ 0072]
In the conposition (t I's, substantially e 15 conposition of the gas of

the fluidirzgdabedqreant i syst efbofli sehatgedhd ram the £ 836t Opo1Lher

concentration of the saturated aliphatic hydrocarbon in the gas is

typi cal | ypgbeutl yRet-@ 238 gmalto 1and tpreferaid yi mbost e St £ 20oR0LONhargh it
di ffers dependi ng on the nunber of carbon 20 atons in the saturated

al i phat i cahydrecakefans palwingy i Zatbonot enpeicat Wiomd he pboymeateapliet he
fluidizing gas and the like. [0073] Also, when using the saturated

al i phati cmhydmecar bon t® beapot r qhucsd iundewapdre | ipqeisénmexed fst ahe 25 in
conbination with the saturated aliphatic hydrocarbon to be introduced in a
gaseous statelypt.is preferable that the concentration (saturated aliphatic
hydr ocarbon to be 21 i ntroduced_in a_gaseous state)/gsaturated'aliphatic
hydr ocar b6RO#81be i nt FdBacebhenPal vapsi ZpE§andshPRed 14t abe) ekrlehaed

di scharged gas be 60 to 1000 by weight. [0074] Although the saturated

al i phat i ctRyd#9cGrboli1F8 sreRTR edt oj? herl -wi t KA Pt z&bre

into t t th ly, | th h th t of
'he oLt o8t fneFetir BPYn RSO KON Greenit | SRER, Host by 888 bons
may be ingéﬁggggg EEQE‘EFeoﬁ§ eg[ace or separately fromdifferent places.
€ pofFynertza

10 [0075] " Tt _ ion of "ethyl ene and at | east one a-olefin selected
from a-ol ¢ppgsihavi ngr3 tH©L0CaRRRR1zation step, the catalyst is

supplied from a line 15 in a fluidized-bed reactor 11, and
also the polymerizable monomers and saturated aliphatic

15 hydrocarbon supplied from a supply line 12 are passed
through the reactor by blowing the mixture into the
fluidized bed 18 from a supply port 9 through a diffusing
plate 17 such as a perforated plate disposed on the under
part of the reactor and by discharging the gas stream from

20 a line 16 disposed on the upper portion of the reactor to
keep the solid particles (the solid catalyst and produced
polymer) in a fluidizing state by this gas stream
(fluidizing gas), whereby the fluidized bed (reaction
system) 18 is formed.

25 [0046] The polymer particle produced by the
polymerization of at 1least one olefin selected from

ethylene and olefins having 3 to 20 carbon atoms in the

11



atons whi ch polynerization is carried out in the presence of the saturated
al i phatic hydrocarbon on the fluidizedbed is desirably carried out under
the condition of a 15 polynerization pressure of typically 0.1 to 10 MPa
and preferably 0.2 to 4 MPa at a polynerization tenperature of typically 20
to 130C, preferably 50 to 120C and nore preferably 70 to 110C t hough these
conditions differ depending on the type and proportion of olefin to be 20
pol ynmeri zed, the proportion of the saturated aliphatic hydrocarbon and the

Lt it i L2 e O, T R
Suppl o0 Promt A GERT T84 bl dcel “TO0 T TREASAPhr ol G4 AP ot P2 TYGGEar bor

as ator emenblongsl LRqacRen RAlIIRIdF aph e LRIV OCADe N thRBoe2ng Ik ds once

. I :
supplied to the reactor, It 1s not consunmed by e polynerizatron reaction,

but is typiscalkhy wet bdzawn ptpomatche di scharge |ine together with the
unreacted pol yneri zabl e nononmers and circulated as the fluidizing 5 gas to

the renct go0o4f7Q078] Spacithiecalther tHHrd diSehaggeddgasharye80-ann thike
saturated aliphatic hydrocarbons in a total anount of 0.8 to 80 nol o,
however, trkiagtaroubl dilifeigh dependiligeonlthecanders oftloar honreaticar®l i n t he
saturated aliphatic 10 hydrocarbon. [0079] The gas di scharged fromthe
react or i poflypiecalzlay lientmadeeed antlo satheatt ek chhngkeat and hyoaloed ridver ei n t o
remove pol ynerization heat and then circulated as the circulating gas to

t he react endf rtdva thickesuppdly 185 tymrdticalilye slataklaterd ag$ phatdlie dnldtdedr bon
cooled in the heat exchanger at this tinme is circulated in a vaporliquid

m xed st afé@st ot® hdéheakBRr6ROEystemthviraaht hehali setitlge §asti s ciadd@rat ed to
the reactor iin this manner, a part of the discharge gas nmay be purged. 20

[ 008010 | n°PR& 1PFesent invention, the nol ecul ar weight of the resulting

| ef i ni I dj d..by. changi h l ' [ di
uch s pOOTHER! 2ot ) of Pomperdtaeioe mayBe. adf CATEN: by conProl | TG L he
f I 25 i ght. d.
[0081] s PASrEREariasta. hEReRExsconBl ar Vs, SF A TR ), aPistar o and

the saturabed iRt f £oeS cnVHEGGR) DRBAN & \BPOLRL T QUld g Xeg st e are
introduced into the reactor to polynerize ethylene and at | east one

a-olefin %@b@@h@%tﬁb@@&%éﬂdﬁ§Q§58@VkﬂgoﬁghoﬁﬁéCEH&EHH@@§mEedSQBt@¥
| ow- nol ecul ar wei ght conponents in the 5 produced polyners are renoved by
t hesel 5at yahed afliquhatate hydsocanboisuidherebbarl pod yoen bavikegtt e
greatly reduced content of n-decane-sol uble conponents can be obtai ned.
Al so, theapofywedizahgorstieaeast bf tire f basdi zedpked feanllg,r enwed low t he
| atent heat of the saturated aliphatic ,
rate of the gas introduced from the supply port 9 is about
3 Upsr to 50 Upe and preferably about 5 Uy to 30 Uye, where
Ups is the minimum fluidizing rate of the fluidized bed. It
20 1is possible to stir the fluidized bed 18 mechanically, for
example, using various stirrers such as an anchor type
stirrer, screw type stirrer and ribbon type stirrer.
[0049] The polymerization step may be divided into two
or more stages differing in reaction condition from each
25 other to <carry out the polymerization. Next, the

polymerization step 1in the case of carrying out the

polymerization in two or more stages will be explained in

12



10 hydrocarbon introduced in a vapor-liquid m xed state. [0082] In the
present invention, the olefinic polynmer fulfilling the properties as

nmenti oned above is obtained in the case of using a netallocene type

catal yst though the polynerization as aforenentioned may be carried out 15
using a wi de range of catalysts known as catal ysts for ethylene

pol yneri zati on such as Ziegler type catalysts, Philip type chrom um oxi de
catal ysts and netal |l ocene type catal ysts. Specific exanples of the

|1 I f . d i h ' [ 20
et ude:  TBOBIE (A metHHRERe Conpinde: of T SnkIE| ShORBEal & S 88t od
f th - [ i odi l.e; d [0084 B) (B-1 [
al Ui num SXoPeuRpBids UEODRE) B 5T BGhnce. al um num conpounds:  and 25

[0086] (B18bsay IeastIﬁn%hgor&%lén%iseéaeﬁ%&reuntceﬂgowigm\é@iﬁiat&%%ct wi th
t he metal 'ocené conmpound (A) to forman ion pair. 24 [0087] ((A)

Met al | oceng cegpousd) hOBS8]sddge et atdOcanamgerpoung, (Ahef dalsansils on
netals selected fromthe VB group in the periodic table are specifically

represent edrlyinhe bakl ovheg bengweaiGariocdh Mix (ichrwhedei duM represents a
transition netal selected from22Zr, Ti, H, V, Nb, Ta and C, L represents a
| i gand coondichatieng Watport hehdgeanss I yodr ed al omheppanatits| rastngnewb is a

| i gand havi ng a cycl opent adi enyl structure and 10 L other than the |igand
havi ng a vppbopephadeengllustdiuetabed s raalydresgewhdtcom aaehalsegemldtyom a
hydr ocarbon group having 1 to 12 carbon atons, an al koxy group, an aryl oxy
group, a tehaekyesil fhegpedprerigasdlR grodenCnsacs! Rﬁ:iéiLQﬂECB

hydr ocar baon _group which nay have 15 a substituent such as a hal ogen) and x
representéopgé]atonicIVaIEkﬁcﬂ“W;ﬁéSFPéﬁ%iY?BﬂrTmRQﬂse*[@@§5P6A§29%éopigand

havi ng. a cycl opent adi enyl, structure, a | substtut cycl opent adi en
e & SF R ND | S bl a2 D PR CheF ordnt Ll GRpRegisdn” 20
di mret hyl cycl o t adi enyl _aroup, -1.ri net hyl.cyel opent adi |l grou .

Lo ot PERESBIIATC P e L IR PREOL B 20y Be ORBER s s

ethylcyclgggn%gghgqgl gﬁgupg met hyl et hyl cycl opent adi enyl group,
propyl cycl opentadrenyl group, nmethyl propyl cycl opent adi enyl 25 group,

butyl cycl gpesadi enyl sgeeups cARYLDY! butyl cxcl opent adiegyby9r @HRtaNgd ne
hexyl cycl opent adi enyl group, an indenyl group and 4,576,7 25

t et rahydr eadeRyk droupuppdiadf tuwenenyl seseup mayebea sexanpl hiked. ghhese
groups nmay be substituted with a halogen atom trial kylsilyl group or the
like.15 (fluidizing gas) containing a gaseous olefin
(polymerizable monomers) and the saturated aliphatic
hydrocarbon is supplied from the bottom of the first
fluidized-bed reactor 11 from a supply line 12 through a
blower 13. The supplied fluidized-bed gas is blown into a
20 fluidized-bed 18 through a diffusing plate 17 made of a
perforated plate or the like disposed in the vicinity of
the bottom of the first fluidized-bed reactor 11 and
discharged from the upper part of the fluidized-bed
reactor 11, and thus the fluidizing gas passes through the
25 inside of the fluidized-bed reactor. The solid particles

(the solid catalyst and the produced polymer) is kept in a

fluidizing state by the gas flow of the gas passing

13



[ 0090] Anmong these groups, alkyl substituted 5 cycl opentadi enyl group is
particularly preferable. [0091] Specific exanples of the |igand other than
the ligand having a cycl opentadi enyl structure are as follows. Exanples of
t he hal ogen include fluorine, chlorine, brom ne and iodine. Exanples of the
hydr ocarbon group 10 having 1 to 12 carbon atons include al kyl groups such
as net hyl group, ethyl group, propyl group, isopropyl group and butyl

group, cycloal kyl groups such as cycl opentyl group and cycl ohexyl group,

I henyl . d_tol | kyl h
o oD B Rl S TP oL YA LR TR 2 o, Such o
nmet hoxy g&gggeb§tQ%éyfgéggazggdb%%tqéyi%rgégme%xanples of the aryl oxy group

y“group. anpleés of the SO

i ncl ude phenox group include p-tol uene

sul fonat e , meth sul f te d trif o] 0 sul.fonate
(5%@9@ aRERSU!l TORAL € GE OMP- &4 pfdlﬁ}éﬂr{%goc?a%Q%l% Ylg

group. [0092] Wen the conpound represented by t general formula

has two Oy i FBHS aghoWshtiauidits B, CY6l opertaditeRYl 19t rid UL gk LMPQr @Ups of
t hose groups having a cycl opent'adi enyl structure fmay be bonded with 25 each

ot her g hr gugh dar aplky |see @rtauR sueh@ss&l hylenso or sPpepyt 688, 38 and
substituted al kyl ene group such as isopropylidene or diphenyl nethyl ene, a
silyl ene grouptorthidG tisndhstudluted 33 | yh@ngd gaoapprupbrag dperehlylsid yl ene
group, di phenylsilylene group or methyl phenylsilylene group. [0093] The

nmet al | ocesbutompodeds o itrailni ng Bue h pe lyingandphavingea veytidpent adineny
structure are represented 5 nore specifically by the following formula (ii)
when the Ghiéndeargien hést ddpsihaingedreial ai ssréfmwpaxanpiee £5 RRRRSIRANRSNM
( .11 ) wherein Mrepresents the foregoing transition netal, R2 represents
a group (PBF§ard) Hakhey V@ ldikc| dpetitddiehyFo 10hst eaepife f IR diRgdaREdRS

represent groups Vi a cycl opent adi enyl _structure or other groups as
af or ement *6AE ,orkB eﬁg‘g&lg&n%b"ﬁt &genseer &rlnﬁb&g'and k +1+m+n = 4.
[0094] In resent i nventi.on, netal]ocene conpounds_15 represented by
RoRaLRan BB vl cRAE | €40 P A bR R e Fa St Ra SR e Ay SR, I3,
RO and RS.348ndroups 1(igande) hayiig 3,8ychopent adiienyl nSLEUCLULE A e
preferabl y uSed. These groups having a cycl opentadi ényl structtre may be

bonded wi R gagh ather £ihiayghqaned0 & kylenggeoupa bS] t 4t ed f?lol@yl ene
group, silylené group or substituted silylene group. [0095] Exanples of the

net al | ocergtreonpuURdsSiase 8é P& £IRGt ixanethn When,disiieeddd cahl YshdWl upper
zirconium include bis(cycl opentadienyl)zirconiumdichloride, 25

bi s(cyx| opentadiferytg zft esni iudidhzed-ded reactor 11 and discharged
bi s(cycl opent adi enyl ) di met hyl zi r coni um
bi s(cycl opent adfi ehyik) diijptenyfziiddonedabed7 reactor 11 through a gas
discharge port disposed on the upper part of the first
fluidized-bed reactor 11.
[0055] The unreacted gaseous olefin, saturated
20 aliphatic hydrocarbon and the 1like discharged from the
first fluidized-bed reactor 11 are cooled in a heat
exchanger (cooling unit) 14 through a circulating line 16,
connected in the supply line 12 and supplied continuously
again to the inside of the fluidized bed 18 in the first
25 fluidized-bed reactor 11 by a blower 13. In the heat

exchanger 14, the circulating gas is typically cooled to a

temperature close to the dew point of the gas. The dew
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bi s(cycl opent adi enyl ) di benzyl zi rconi um bi s(cycl opent adi enyl ) zi rconi um
bi s(met hanesul fonate), bis(cycl opentadi enyl)zirconi um

bi s(p-tol uenesul fonate), bis(cyclopentadienyl)zirconiumb5

bi s(trifluoromethanesul fonate), bis(nmethylcyclopentadienyl)zirconium
bi s(di nmet hyl cycl opent adi enyl ) zi r coni um 10 15

bi s(et hyl cycl opent adi enyl ) zi rconi um

bi s( et hyl et hyl cycl opent adi enyl ) zi rconi um

bi s(propyl cy.cl.opept adi.enyl) zi r coni . o
bi s( et hylppc%/lgflpt&%@c?gﬁenq’ytaaszji%%%ﬁ PR ofeperature at which a liquid

bi s(but yl cygl Qpant i§%@%%§ircﬁggﬂmthe circulating gas is cooled to

bi s( met hyl but yl cycl opent adi enyl) zi r coni um

bi s(tri methw Gyed opantadi ) 2 £ € Ofy i, C ide,, qdi ride,. di ori de,
di chl oride, dichiori dee?dld%% AT ﬂé?cwﬁiggr?l&g?hd??ﬁ Sﬁ%é’g,legfctﬁdotﬂgde,

bi s(i ndenyd hwzidice upedi ch orirdesctlics{ | RdaRy! ¢zh r gani vendiRronbde the

bi s(4,5, 6, 7-t et rahydroi ndenyl ) zi rconi um di chl ori de, bis(fluorenyl)zirconium
di chl obi de,atedrity| raebi s(fi ndepyk)zatconi wa dtebl drifleid condensate to

et hyl enebi s(i ndenyl ) zi rconi um di brom de, 20

et hyl enebitd(@madany indroeehyleatr-ommiavgl efficiency in the fluidized

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

i sopropyl ifghel8ycl opént sladehy| st hpbtgdl dgertt adgheny| § zi cebat imy ditdd ori de,
di met hyl si |yl enebis(cycl opent adi enyl)zirconiumdichloride, 25

di et hyl sidyAHeiiddretay | &y ctopeht adid ergtyeedcsapratrdi ¢l o gert of

di net hyl si |l yl enebi s(dj pet hyl cycl opent adi enyl ) zi rconi um 28  di chl ori de,

di et hyl sitl% e%bﬁ?%%?%ﬂ%%yg?fi M@dhi kfn BREARPEr ifd@m an optional place

di met hyl si |yl .enebi.s(2-nmet.hyl i.ndenyl ) zi r coni um di chl ori de,

di net ggl sid5y1% eeﬁlsr%é{%ﬂé -lzﬁnseoérgdpyl i ndenyl ) zi rconi um di chl ori de, 5
di et hyl si{ e(cycl gpen ie -flu | ) zL coni di chl aor.i de,

di phenyl si[%qs?r]nebi s(ig’ eny %zi %éo}h%mqéi%% or%é% a émymer particles

met hyl phenylsid i enedis( i@%ﬁ%&f%oﬁw %ggg%@ef -g%@%doj;di;;a%-' d be

noted that 1 n the above ex e di- stitutéd form

cycl opent adicenybasidg inclugdes gh 2th@-n@olii%l‘—9ia§)%93té.éﬁg%c§% @12%3\& he

trisubstitution formof a cyclopentadi enyl ring includes 1,2, 3-
1,2, 4-tri YPbsdnd ufé@ntborm®. AEmd ten B kydd A QYPSe§EEHras 1preduand

butyl include isonmers such as n 15, i-, sec- and tert-isoners.

15 the transport line 25. The transport line 25 is branched
from the supply line 22 and the other end of the transport
line 25 1is connected to the upper side of the second
fluidized-bed reactor 21. Through the transport 1line 25,
the pressure of the gas containing the olefins and the

20 saturated aliphatic hydrocarbon fed from the supply line
22 1s raised by a pressure-rise means such as a
centrifugal Dblower 41, also the polymer ©particles
withdrawn from the first fluidized-bed reactor 11 is made
to be entrained in this gas to transport the polymer

25 particles and then introduced into the second fluidized-

bed reactor 21. Also, a new gaseous olefin (polymerizable

monomer) and saturated aliphatic hydrocarbon are supplied

15



[ 0097] Conpounds obtai ned by substituting zirconiumw th titanium hafnium
vanadi um ni obium tantalumor chromumin the netall ocene conpounds as
menti oned above may be exenplified. 20 [0098] In the present invention, as
the netal | ocene conpound (A), zirconium netall ocene conpounds having a

| igand containing at |east two cycl opentadi enyl structures are preferably
used. [0099] These netall ocene conpounds (A) may be used 25 alone or in
conbi nation of two or nore. [0100] ((B-1) Organic aluninun1oxy conpound)
[0101] Th Loym.o a cqnve tionally

d
known ben%gne solﬁ%%: ; u%#un]éﬁsdaﬁédalsooun %2?éhe%Fﬂ%ofﬂg?e HP g#lc
I di I f t ent
Aopl 1 oat] SRAESE R A5 SHERET B [T oy i LR e s 55%?2. " a
smal | anoyRt 1Qfe 0L gADI ¢ Bt ale eQTRONENt $upAl $84 AR & Uﬂ@?éﬁ??n@%%‘sned by

deconposi ng sol vents or unfeactéd organi c alunlnun1conpounds roma

recover edtal WHNBANOWObEt tRE BYcBhat ifllhaldioR dmederds@thby21 e- dirgsol ving
it in a solvent. 10 [0103] Gven as specific exanples of the organic

al um rum geaspodndbesedot 8dt hehpt odart honglef A&l urdwnoxaitea larsx t Hesendescri bed
| ater as the organi c al um num conpound (B-2). These conpounds nmay be used

i n conbi natppiiet t i ortmer eseftohdemf1ls ik oeAmoneddiese cdhpoumds, a
trial kylalum numand tricycloal kyl alum num are particularly preferable.
[0105] Al gepethé,benzene-saisicl ui te lorgamiay abensnppl 8§ tonpoded igeat ai ns
an al um num conponent sol uble in benzene at 60C in an anobunt of 10% or

| ess, prePépsgdl yoBothe drluiskizeathdgshr reeatar! hgcerdrabf 9r 26%empiless as an
Al atomand is insol uble or hardly sol uble in benzene. [0106] The
solublI|t§h6ft§6€ﬁp§ﬁto#d§ﬁl@5aP€ﬁPﬁ9ﬁP€X§°c6ﬁﬁo@ﬁ§q n benzene is

cCompalid oPOR3D 25 mblCof 1A e s ARt Ti Hb H bt - BensehEotnd k hen
m xed at 6QC f% angpu ng g_étbrrln aEQ%rsu een§|068&%w%ubj %ted to

filtration u5|ng a acke Fass filter under- eatlng and

the sol i dpan 1%%8”@%&0'2@” A1 h!tgr dll%f?fél%l}ll %Méf?b 597y Qf bgazene at

60C four tines hen, the eX|st| anount Al atons present in

the entireekirfbthakes plsaﬂaeaéyr%@he( XOke Sdi 9pOSEaThe ocrrgeanwc@hyeynwﬁ oXy
conpound (B-1) may be used alone or in conbination of two or nore. [0l 08]

((B-2) O gapi cbatysNUSE CaIROUBE):oh@1089) uThezeHgBBHC Bé ikt ditlM X0 Mp@wWNnd
(B-2) is represented by, for exanple, the following fornmula (iii). 10

R nAl X3 _nd@sichairgied) Jhremei rciiche dppaml apdtti ) pf Rlthepr €deniidd zedypddocar bon
group having 1 to 12 carbon atonms, X represents a hal ogen atom or hydrogen
atom and medemotres2a, nuahdr thesn passs] [WUi@jgh n thee dBovdifzedmbeal (iii),
R1 represents a 15 hydrocarbon group having 1 to 12 carbon atons, for

exanpl e, éﬁaéﬁﬁflZ&rouﬂﬂﬁtybi%aﬁmy¢a@r@ﬁptb? §P§Ip@ﬁéﬂﬁ@aﬁér§H§@|¢m@alIy

met hyl group, ethyl group, n-prop roup, .isopropyl. group, Jsobutyl group,
pent yl gré&ﬁldﬁéﬁﬁlb@ﬁoubea%E?§l:%HogﬁepéyéﬂﬁbeﬁpsPdgrQﬁﬁﬁl $ oH

aforementioned polymer particles and the produced polymer)
20 1in a fluidizing state to thereby form the fluidized bed

28. At this time, a copolymerization reaction is run in

the fluidized bed 28.

[0058] Then, the polymer particle obtained in the

second fluidized-bed reactor 21 is withdrawn continuously
25 or intermittently from a discharge line 40 and supplied to

the ligand removing step as will be described later.

[0059] Also, the unreacted gaseous olefin, saturated
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20 group, phenyl group and tolyl group. [0111] Specific exanples of the
organi ¢ al um num conpound (B-2) like this may include trial kyl al um nuns
such as trimethylal um num triethylalum num triisopropylal um num and
triisobutylalum num 25 al kenyl al um nuns such as isoprnyl al um num

di al kyl al um num hal i des such as di net hyl al um num chl ori de, diethyl al um num
chl oride, diisopropylal um numchloride and 31 di i sobut yl al um num
chloride; alkyl al um num sesqui hal i des such as nethyl al um num

sesqui chl hy sesquischlari d d .
isopropylgﬁaﬁﬁﬁﬁgéeshg ﬁ?%?g] QBE kﬁun1§6%§d|HQEF8esh888h gassed

nmet hyl al u i r h I n d n S o] | um num
dlchlorldghgggggaﬁﬂ§f %ﬁ%?éﬁh g%?dgg?sﬁg% Hgg%?%?%gegl&ﬁ%ng€§hggkﬁde and
dii SObUtYkéi:lémlwmahY@éééiFeri@M&] r@gS_LQm agot he Ygan codl qm@uggg,@qpound
(B-2), conpounds as shown by the foll'owing formul'a (iv) may be 10 used.

R nAl Y3_" phrtVh rwheleige ddir fﬁ)lrtmdlaze(d—\ﬁecfﬂré§cﬁd§lﬁ Samenas dabevarqg¥d
represents an - ORZ group, an - OSi R33 group, an - OALR42 group, a - NR52
group,5 a obtR&F gtlaeipseroad- N1luikdiedAH3t geatpor 131n tderoigs a gusber of
1to 2, R, R3 R9 and Re respectively represent nethyl group, ethyl group,
i sopropyl dgsctproesamnty| dijspapedcyi ohkesylupgrouppart plénythegr seponB5
represents a hydrogen atom nethyl group, ethyl group, isopropyl group,
phenyl gr&dpidieedebhyl sehgktogr@dp or the 20 Iike and R6 and R
respectlveI§ represent nethyl group _ or ethyl grou 0113] Anmong these
conpounds, 09604 a| kyI ?ﬂlﬁm n%*?‘?%c?ﬁ*%f erEHi ¥ %hd t0r31eif£5161§ut yl SREHERERT s

t | f 0114] Th | d B-2
oy be used BRaRE or Y BEREY AL e%ﬁ?”k@ﬁse”‘@%‘{m “ BT Bsnpounds
whi t t.h 2 | d
fo116° ea%ﬁﬁ%“&é of LEHAT e8P (BR300 T rBact S0 19F 1 S mét afFokent
compound ( hgggeermc%% o0 Rl 4'%5«3&1 W36} d )00 fcoppounds

and carborane oun escCri I n eac Ilca I'on of “Japanese 'Pat ent

App'lcat'eenh@bg '\9§e &u?@ﬂ?@mé Qﬁ@d %%59?%5 c3nkl %Ql%,sl?; 207703

and 3-207704 and in t e speci tion of US-547/1 117] anples of the

Lewi s aci dghnal wde M tidpheaybporrs, flikisi4=Hl waopmnyxh)leﬁéogecond
trls(ptolyl)boron tris(o-tolyl)boron, tris(3,5dinethylphenyl)boron,

tris(pent afilludiepbepgl) bosoar oM @12, bA1203baBded 023 A1203n [HHd 8hebxanpl es
of the ionic conpound include 15 triphenyl carbeni um

t et r aléd s( peshahbeor @gheryle) doratletitrrg -gqedut y| appboallhy cooled to a

t etraki s(pent afl uorophenyl) borate,

N, N—dineth?maﬁratnranﬂéﬁﬁﬁki@qpéh@aﬁbwonbphéhy¢§ bbeatogsand When the
ferroceni untetra(pentafl uorophenyl) borate. [0119] Exanples of the

car bor anecégfpéandBPndafdel 20° %aE@r&néemPQQQQﬁﬁﬁm%%%%%réhén the

bi s-n- butylannnnlun1 lcar bed deca) borate, _tri

but vyl
(7. 8di car BEUndLA): bOrat SURRA A e el Erishidan Bed 08" $Thction

(tridecahydride - Gar bayndeca)  bot ate

latent heat of vaporization of
20 the 1liquid condensate to thereby improve heat-removal
efficiency in the fluidized bed 28. It should be noted
that when <circulating the <circulating gas to the
fluidized-bed reactor 21, a part of the circulating gas
may be purged from an optional place of the circulating
25 1line 26.
[0061] In the first fluidized-bed reacter 11, as

aforementioned, the fluidizing gas 1is passed through the
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[0120] These conmpounds may be used al one or in 25 conbination of two or
nore. [0121] In the present invention, at |east one conpound selected from
t he conponents (B-1), (B-2) and (B-3) as 33 af orenenti oned is used as the
co-cat al yst conponent (B) and these conponents nay be also used in

conbi nati on adequately. It is desirable to use at |east the conponent (B-1)
or (B-2) anong these conponents as the co-catalyst 5 conponent ( B)

[0122] In the present invention, it is desirable to use a catal yst

cont ai ni ”9}&9&%8&8?‘3“1‘ ned ’E%lt | 'QP%&%WC%%@(S%%%"p&{e'e”%tlﬁﬁgizeg
co-cat al ySt "component and typically, it is preferred to use i's"catal yst

as a 10 sypporteds a9 SyaReT b ypec ealal ysiy (soLid catal vst) gads,hy

contacting these catalys nponents w t upport conpound in particle
form [0123] ;A% EReLaHPPRELCEOAPAUNd, +&eIT aNYk 8F 2 @hgPagdd culat Ba8Qbiyd
having a particle dianeter of 10 to 15 300m and pre?erably 20 to 200mis
used. Thishsdppar kher efieriablledased spestf baciulf atwarea ©f thypi eakly 50
to 1000 n2/g and a pore volune of 0.3 to 2.5 cnB/g. [0124] As such a
suppori, pounodszedobgankeé exhdes aeetpthef ar &by dizedg Speckf.ically, Si02,
A1203, MO, Zr02, 20 Ti 02, B203, CaO, ZnQ, BaQ, Th02 and the |ike or

m xtures 0POBRése conPpend§ichbtyexarjlee, SLOR- MpGtLeSi 02£A1208 Spe2Ti 02,
Si 02- V205, Si 02-Cr203, Si02-Ti02-Mg0 and the |i ke are used. Anong these
conpounds inthodechavi s Fheandpbronl 208 g@chherea@bpor tdumpsientdear e
preferable. 25 [0l 25] The above inorgani c oxide may contain carbonates,
sul f at es, SHPPAHt e518%8 o4 decbnpenehfs %@%%ta§3hﬁ%€D§P K2803VniCadnd,
MgCO3, Na2S09, Al2 (SOQ .3, BaS04, KNO3, 34 (NO3), 2, Al (NO3) 3, Na20,
K20 and LP38IpRaR1¥m@ROUmounte [(PL28Y Bt 1t h“éh%?)pgmft,l%rtg@%i 1eoftgBunds

R e T

4- et hyl - 1z t ' , I I
o neuen SERR PR IS IR SARGRSRLFL 00 PO FRESoRLrBOR0 MBS, e

exene and styrene as the ngj or mpobn

used. [01gZ};bhsl Ss@AESEEAD! & ddpt abhe, contael,Of LB suppard, and thg above
each conponent is carried out at a 10 tenperature of typically -50 to 150C

and prefewgéystZQrteg 320Crfiehoh Wipdt @ttie 2@ hours and preferably 10
mnutes to 25 hours. [0128] In the solid catal yst prepared in the above
manner, theowsfal | ocepethonphutie( Aodwe psedrdmdt Vordd sepporuedikhedn
anmount of 5x10-6 to 5x10-4 gram atom and preferably 10-5 to 2x10-4 gram
atomis aabransi bi anuhet atager vhpprof phhesesupponrie windh it iven cappamentis(B) is
preferably supported in an anmount of 10-3 to 5x10-2 gram atom and

pr ef er abl goRg18t3ngo oZx O i isdayntzsd areat uod Humanehy oth20 farlsér on
atomper 1 g of the support. [0129] Further, in the present invention,

al t hough £hB184rrd-Batal ySECASTaf dlemBRE ohdE magChEdusédufgized-bed

pol ymeri zation as jt is, it may be used in the formof a pre-polynerized
ot a1yt FORABA DY br STHAIy nBF b2 i 307 1HEL 25 OPBECE Seher Borf 2 101 S61SFN ¢ he

present | avention e selhd cRlabYSuld N LS ROl TR RS SatR! 3t 1o

20 three or more fluidized-bed reactors can be structured in

the same manner.

[0064] In the fluidized bed kept in a fluidizing state
as aforementioned in the present invention, the
polymerization monomers supplied to the reactor,

25 specifically, at least one olefin selected from ethylene
and a-olefins having 3 to 20 carbon atoms is polymerized.

[0065] In the present invention, polyenes and the like
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35 anount of typically 10-8 to 10-3 gramatomlitter and further 10-' to
10-4 gramatom 1l in terns of transition netal/litter (polynerization
volune). [013l] In addition, although the conponent (B) nay be 5 used or
not when using the pre-polynerized catalyst, it nay be used, according to
the need, in an anount of 5 to 300, preferably 10 to 200 and nore
preferably 15 to |50 in ternms of the atomic ratio of alum num or boron
(Al/transition nmetal or B/transition nmetal) to the 10 transition nmetal in

th I 0 t D th f
ol yrer oL Bt ned 1 i re Sbshe Copntanerd2s oS G AR Phe i diEns and
nmore pref eyiadd P, 8805103834 9/ %jl,{goalb%g]dmgstggcﬂl sl M R er 1S

an ethylene/a 15 ol efin copolynmer, the copolyner pre erably contains the
struct uralantni t idepiryed f1am efbyleagjhdaed amRunksof 8710 tg597.66 4wl o and
preferably 90.0 to 96.8 nole and the structural unit derived from'a-ol efins
havi ng 3 trexddicardiondat9abopenaadagpentaref b3vOny0-2-dopBbenand 2Ry
preferably 10.0 to 3.2 nolo. [0134] It should be noted that the oIeflnlc
pol yneb mépe comcliymearhiezashi t derived from pol yenes and the like in an
anount of | o0 by wei ght or less, preferably 5% by weight or |ess and

parti cul arlQP&flef er abllp 31y vied byme bt 226l drssstEp135ho( Limparid audreavi ng
step) [0136] The polyner particle ((co)polyner) wthdrawn 36 fromthe

di schar ge 4imHe< {irm M@)lm9°$%@ pol yher iaFuren &t eprels menphenedoaliove is

fed to the |i and renovi step where the ligand in the polynmer particle is
renoved. | Sfhe 1 gd re %?ngogteﬁoEBHMW?§é§lP$) &Vet ePs (Medtal yst
deconposi ng ste eco a st r ng t he (co)polyner

obt ai ned W%”ngﬂ%de% %t?&ﬁyg dﬁf M5 fRVANG” 3 To

| t d | din th |

and (3] & f .ISS%Q&E%’?% %%EW.%ng Yer oy "BHEHeBTT ng L her e g
| t t d-

(co) po yn%fofmb%ﬁﬁg@ Iga&%‘nY”ﬁgﬁerate ¢ | grcont ﬁféf‘% 0 ?}g{ | gangd r ey

and elimnatin during ovenentd oned Rat yst

deconposi RGHeP Ltemst ha Heoypgh yrer. {0 %ﬁbpi&baanﬂlr%ovgfﬁéu&é [(F139]

G ven as exanpl es of t he l'i gand-renover used in the catalyst deconposing
step are \wpe_rc,alqwg@mwl €ehal.9.5 ahkyd earqoprdes ramd e oxi des. oSpeci fic

exanpl es of the ligand-renover include al cohols having 10 or |ess carbon
atons suclmcds mesedalocoholes mod.eg.of retlydrole. et hanol
15 [0067] In the present invention, the saturated
aliphatic hydrocarbon in a vapor-liquid mixed state 1is
introduced together with the polymerizable monomer from
the bottom of the reactor to conduct the above reaction.
Specific examples of such a saturated aliphatic
20 hydrocarbon include saturated aliphatic hydrocarbons
having 2 to 10 carbon atoms such as ethane, propane, n-
butane, i-butane, n-pentane, i-pentane, hexane, heptane,
octane, nonane, decane, 2,2-dimethylpropane, 2,2~

dimethylbutane, 2,3-dimethylbutane, 2,2,3-trimethylbutane,

25 2-methylpentane, 3-methylpentane, 2,2-dimethylpentane,
3,3-dimethylpentane, 2,3-dimethylpentane, 2,4-
dimethylpentane, 2-methylhexane, 3-methylhexane, 4-
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20 propanol, isopropanol, butanol, pentanol, hexanol, heptanol, octanol,
cycl opent anol and cycl ohexanol and dial cohols, e.g., ethylene glycol;

al kyl ene oxi des such as et hyl ene oxi de, propyl ene oxide, trinethylene

oxi de, tetrahydrofuran and tetrahydropyran; and peroxi des such as 25

propyl ene peroxi de and butene peroxide. [0140] Anong these conpounds, water
and al cohols having 5 or less carbon atons are preferable and water is 37
particularly preferable. [014l] As a method of bringing the (co)polyner

into contact wi.th the |igand-renover, there is a nethod in_which the

(60) pol Y P IBESaGRY |t o cOMCAtETHITH LASH405 ot r eamCloTCRREAGChe

| i gand-re r this , t ( I i |l dto
pass throu %%§h$g§§§V W@%%ﬁ?%éyééﬁﬁgﬁﬁﬁ%%sQﬁ%n%@%%&ﬁéqﬁmgqaﬁéﬁf?gknover
into the | . ] venage particl g di gme t wder,..of 10

t he (co)p%ﬁ%ﬁgr &%gﬁé%heﬁ?gg%bolynefﬂﬁs %roﬁ%htgin%gEggﬁtaggo&gth%fﬁé

| i gand- r epR\glelz$1ien @ range fromtypically 50 to S, 000-m preferably 80 to
3,000~-m and nore preferably 100 to 2, 0O0O-m Exanples of the gas for
diluti®n qglooelse | i gandnr eppyerpddsdme! e dnrdidh, gagesp 668 as i r @@gen gas
and argon gas. In the |ligand-renover-containing gas, a vapor of the

| i gand-r egmvertelds iypiwtaldly cehhagi nedo The poepordatomrdfed hallipdand-o enover
in the ligand-renover-containing gas is in a range fromtypically Olo by
wei ght t o h4@olop nveinght ,at20l g ef eoadl yabubatby weighhttic 2Quirwrambioght and
particularly preferably 1o by weight to 100 by weight. [0143] The space
tower vel d@i t yprdfraduedd gand- renovapednt biwldg gaseds shader argéof r am
typically 0.01 to 20 cnisec, preferably 0.1 to 10 cm sec and particularly
25 pref er BAYTGIE 2595 FREsed. PRE spdCe CHRET velRGdITRFeds cdliidiadti€d based

on the tenperature and, pressure of the |igand-renover-containing s at the
gas eﬁ@t Py ose L, ﬁnSSlg appar At e bsed ngBFPHBanS?ﬂ%e(dﬁyﬁbl3%%% into

contact with the.li.gand-renover ang the sectional area of the_ ap r%{us.
[0144] ThELESEiZLiPe TE8aSthen bFPngribs t HE 2 ciPol'yier LS 50t act
ith the Lj - I ' ' I t the Lizati

W he WO eI o L OBl | it Lhap e prystalLLgd e

of the (cqhROlHEr raidsospeeihhaal, | Yorddhe r 2098, {508 190,L0,300C jand
preferably 100 to 280C when the crystallinity of 10 the (co)polynmer is 400

or nore. WeehahkRe ciysdaddnd) t MeQbnkhed conpohymer is besget-hBNe4QRd t he
tenperature is equal to or nore than the tenperature of the nelting point

of thes (caheeleymry Menuselb@n aathdiess itdman the deconposition tenperature
of the (co)polynmer and specifically in a range 15 from 85 to 300C and
pr ef er abl 09&X]o 280CHere, the gaseous saturated aliphatic
hydrocarbon means that substantially all the saturated
aliphatic hydrocarbon exists as a gas phase, specifically
99% or more of 100% of the total saturated aliphatic
20 hydrocarbon exists as a gaseous phase, namely, means that
the wvapor fraction is 0.99 or more. The ratio of the
existence of the gas phase can be obtained from the vapor-
liquid equilibrium constant K; based on the method of
Soave-Redlich-Kwong reported in
25 Chem.Eng.Sci.,27,1197(1972).
[0070] As the saturated aliphatic hydrocarbon to be

introduced in a vapor-liquid mixed state into the reactor,
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[0145] It should be noted that the degree (X~) of crystallization of the
(co)polyner is nmeasured by the foll ow ng nethod. Specifically, the
(co)polynmer is preheated at 190C for 7 m nutes and then pressed at 9.8 MPa
20 for 2 mnutes. Thereafter, the (co)polyner is cooled under the condition
of 20C and 9.8 MPa to produce a 5-mmthick pressed sheet. About 5 ng of a
test piece (sanple) cut fromthe above pressed sheet is placed in an

al um num pan. Using DSC-11 (manufactured by Perkin Elmer Inc.), 25

measurenent is nmade fromroom,t eratyre to 150C with i,ncreasing the
enper at ur2°% YoEshi AYS ObbAPH-an PeiddrRePRC car S o ShabtRerm c

f ' ted i f | ori ti
st g thet BRIt her n b35S o EbERo kLY i AT ok Rae ool b ety
measured.. T, in C therm I ..l le. i
conigcte ?{51 eép%?%%tgg aﬁ?chgghggggép gQE%§%¥§¥fgﬂ“%ga ‘§?§£§§é2$ed
compl et ely. 10 gRkEaAgbase:! LRe. 1The vakUediberedy 260) bt al ped: byedi vi di ng
the calorie of nelting (A (J/g)) fromthe nmeasurenment by the calorie of

nel ting (260454900 @k d2oct8e80Rg! yrRihytearp ey Stidlpdnt a0l esseen8sné he
crystallinity. 10 [0146] The pressure when bringing the (co)polyner into
contact wédarhdeori papdanenv¥eprieseirabder amge tdfedey thwdtdya kb D Imép 0. 6
MPa, preferably 0.001 to 0.35 MPa and particularly preferably 0.01 to 0.25
MPa. The omtsed inneoribeEtentémn tine) is typically 1 minute to 3 hours, 15
preferably 2 mnutes to 2 hours and particularly preferably 5 mnutes to 1
hour . [01%Q?7ﬁhe cat aliysttlean beegdeebnpos®@ntieny hatwhee |ysjard heleéng a

hi gh-boi ling point can be converted into | ow boiling point conmpounds by

bri ngi ng ¥ {TeIPol3erhaol G nthy eEgdomvi 9 t RE | F@gﬁadpéﬁéveinasa

af orenenti oned. Al so, the ligand is occasionally nmade odorless by only the
deco&ﬁosiY?QﬁFfﬁﬂﬁﬁﬂﬁiﬂ@lﬁﬁdt%EaFﬁpénoFCWi 19npdiR Neb® |, Seher ey pol ymer
whi ch has feeﬁ bro hé into con ac% Wi.t h %?F | i gand-renover is heated to
renove 25 the %%Jc%#%% BACPFRARA P PEhe PEEEFIFEY et 2 AP SC AT h3e bt/
elimnati e_]jgand b ' he fc | yme i.C een_made to be
in contac §?§%¥Fi%g'|?ba§89§g§%329§ 456 %%ﬁépé ié?&?5rq§§§%%%%,%fhég

fol | 0wl NG 5B N0dS: of Ob#9L: Able AT HOfeh0 Y 5he bbEcK £0) RLYMET 15 heat ed

using a dryer such as a rotary drier, belt drier, rrer, spray drier

or puddl e[ggi2r underr sh&eapmpbsifeph Jt@as. ilO15Qlbd2AnA dELhoghén which
the (co)polyner is heated and nelted using a single-screw or tw n-screw

extrader.cqfidSsitiont hef casige of gaslopd f nochdie pethotzé@)bed herbgatiorl t ed
(co)polyner is pelletized and may be further 10 subjected to any of the
fol | owi ngsgsieps) (2idrhboged- Iron OLSL] ré2eidrA shep windwritngitnigort hef pel | et
o the saturated aliphatic hydrocarbon in the gas is
typically about 2 to 30 mol% and preferably about 5 to 20
mol% though it differs depending on the number of carbon
20 atoms in the saturated aliphatic hydrocarbon,
polymerization temperature, the flow rate of the
fluidizing gas and the like.
[0073] Also, when using the saturated aliphatic
hydrocarbon to be introduced in a vapor-liquid mixed state
25 1in combination with the saturated aliphatic hydrocarbon to

be introduced in a gaseous state, it 1is preferable that

the concentration (saturated aliphatic hydrocarbon to be
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contact with hot water. [0l53] (2-2) A step of bringing the pellet into
contact with steam 15 [0154] (2-3) A step of heating the pellet under a
pressure of 0.001 to 0.098 MPa. [0155] The heating tenperature of the
(co) pol ynmer when carrying out the above nethod (1) is typically nore than
the crystallization tenperature of the (co)polynmer and 20 | ess than the
deconposition tenperature of the (co)polyner or nore than the
crystallization tenperature of the (co)polyner and | ower than the nelting
and, specificall o _300C

i f h | , L f 100
Do b ot e e ST ER L LB A SRt 1 v et A e o e 1 od L BBRRbT G ot i s

400 Wh | Lpity. of th IS h
400, "t ho ERERTATIPE | 01 e et TR porat A o wPOLORLITER, B 8815 e

nmore and Lesse{han §H§ QE%&@P%&&L@Q&S&TPGG%HV €06% Bgewé%%{??' ymer or is
0] pol yner

the nelting point the (co) - 15C or nore and |l ess than the

nel ting ppooy4apf the Aroidedynere sehistspesiipgatiy hpdacsangensifrom 85
to 300C and preferably 90 to 280C. [0157] The pressure 1s in a range of

typi cal | yiR:088dcé@ Gdydaar pweter abhy GA0And:0l Ahi3h Mianan@ rpaihteul arly
preferably 0.01 to 0.25 MPa. The heating tinme (retention time) is typically
1 m nute tioe3rbautsr prmefreraidy s2ppdymhitesthoodghothe antgiar tbeutarly
preferably 5 mnutes to 1 hour. [0158] Exanples of the inert gas include

ni t rogen ghstheelbdammaasoantdhar gmagas: Theugaslf |asv aveenant henddj er i s
in arange fromtypically 0.01 to 20 cm sec, preferably 15 0.1 to 10 cnif sec
and partiEeae| pypgrerarkong ousy t bes i@rﬁrsv@bl.ce[cblsg@m\/\ﬁéﬁ GRS/ hyaoeat the
above nethod (2), the heating,tenperature of the (co)polynmer is the sanme as
in the nethotepaiayely| hreRedpfEQEARTI RVBAEFON, in the case of 20 heating
the (

(e GEP)PROUUEL oL 2 feInstaite roce Lhap Lhe qELL ng oLt ot the,
(D the 11 g20d, oLy MBSt S0l Lyl 5y pEELST AR 0 el VgD appbina,
St rees Lkl (GEARE MIR A P08 300 B,8°0H AL Brefind
of the saturated aliphatic hydrocarbon on the fluidized-
bed 1s desirably carried out under the condition of a
15 polymerization pressure of typically 0.1 to 10 MPa and
preferably 0.2 to 4 MPa at a polymerization temperature of
typically 20 to 130°C, preferably 50 to 120°C and more
preferably 70 to 110°C though these conditions differ
depending on the type and proportion of olefin to be
20 polymerized, the proportion of the saturated aliphatic
hydrocarbon and the fluid condition of the fluidized bed.
[0076] The above copolymerization may be carried out
in the presence of a molecular weight regulator such as
hydrogen molecule according to the need and the regulator
25 may be supplied from a desired place.

[0077] The saturated aliphatic hydrocarbon as

aforementioned is a non-polymerizable hydrocarbon. When

22



[0160] In the case of adopting the above nmethod (2) in the present
invention, the heat-nelted (co)polyner is pelletized and may be subjected
to any of the following steps (2-1) to (2-3). 5 [016l] As an apparatus

whi ch may be used when carrying out a step (2-1), there are a
counter-current extracting tower, tank provided with a stirrer and

mul tistage horizontal extracting vessel. As an apparatus which nay be used
when carrying out steps (2-2) and (2-3), there are 10 a silo and hopper.
[0162] When carrying the.abaove st (2-1 t he, t enperature of the hot water
Lo in a ringes PEHE S8 PEL80C el 7Y 1 bF 188G AT Y y

pref erably 45 t ' co flme s in_a m_ 1. t,0, 900 15
ninutes,1%?%f§?§ﬁ%%ggzﬁgq§ %%%g ééhénJhgér?FcufggggaéggfS%QHF§8T%bto 360
mnutes. $0H31 A0 HEEhEPLZ" ZhneS! Hol@ERL ! 0,0, Al LBl 4igand
removi ng step, steamcontaining gas is brought into contact with the

(co) pol yrgs1 yriesaid 186e Ono2@nidie shgameot @ idw gas tRel udriidesingas and
air which are the sanme as above. [0l 64] The heating tenperature of the

(co) pel yreds when: iy | g dgot he (co) pol yner into contact with the
steantontaining gas is typically nore than the crystallization 25

tenperat ur@ 78] t he (cpepal iinerlland tkss tdiawhare et coaposiatyl aronteanjrer at ur e
of the (co)polynmer or nore than the crystallization tenperature of the

(co) pol ynere asgtdBatetonedphhanct hydreldangprpoi i af tbhel( esgpultynef, and,
specifically, in arange from|00 to 300C and preferably 100 to 280C when
the cryst@i8iwet §Oomoatlite (feypesimmethis 4004pF fdifders [dEEE31diWeeren he
crystallinity of the (co)polymer is less than 400, the tenperature is the
nel ti ng pditt "embete Péo) parhrer atABT g ndhe afdtPERESEhaml ipRALIC
deconposition tenperature of the (co)polynmer or is the nelting point of the
(co) p8I ym¥ILoGF® P - more and | ess than the nelting 10 point of the
(co)poly dis ecifically,in.a range from 85 .to 300C and preferably
90 16 28000 T866] T br cd8ir & TR A Ang Bl 1yl Cal F§ 600001 10 0.6

MPa, preft&?ﬁ?&é’%f’%go%}éz{’%&c?éd M8, ”dapahEE‘E“'é‘&&%a%@ie?é‘ﬂ%y DoHed0 0-25

MPa. The opor e steam 15 in the steamcontfaining gas is 1n a

range fr%Eéﬁ’é’ir?a%yr@nﬂo%bz’iad’ﬁ}r@ﬁiéé)cﬂgp R¥a¥ebght .« e ef Abl ¥a fe o by
weight to 20 o by weight and particularly preferably 1 o by weight to 100
by wei ghtas [ @he7] cTheuspagagt oyes el ochky fadt®r stream 20heond @bl #g gas
isin arange fromtypically 0.0l to 20 cm sec, preferably 0.1 to 10 cnisec
and partimpantar |y mref esabt ¥yt 6d 5 alla phatiks eopdridien it acbol ede iy etledt i on
time) is typically 0.5 to 30 hours, preferably 1 to 24 hours and

parti cul ardat preefadraailer 2ato 20idhourime is circulated in a vapor-

liquid mixed state to the reaction system. When the
discharge gas 1s circulated to the reactor in this manner,
a part of the discharge gas may be purged.

20 (00801 In the present invention, the molecular weight
of the resulting olefinic polymer may be adjusted by
changing the polymerization condition such as
polymerization temperature or may be adjusted by
controlling the amount of hydrogen molecule (molecular

25 weight regulator) to be used.

[0081] As aforementioned, the gaseous saturated

aliphatic hydrocarbon and the saturated aliphatic
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25 [ 01 68] When carrying out the above step (2-3), the pressure is in a
range from0.001 to 0.100 MPa, preferably 0.007 to 0.098 MPa and
particularly preferably 0.01 to 44 0.07 MPa. The tenperature is 35 to
200C, preferably 40 to 180C and particularly preferably 45 to 150C. Al so,
the heating time is 0.5 to 30 hours, preferably 1 to 24 hours and
particularly preferably 2 to 20 hours. 5 [0169] It is desirable that the
average particle diameter of the (co)polyner pellet when carrying out the
above steps 2- to ( 2-3 be.in a range fromtypical Jy 1 to 30 nm

o of or abl Y 9% D and rrhopr bt 8n SRl 5ot SR 1AL 958 (0Nt are
nore speci f,ica , .the step of renmoving the.ligand of ,the (.co)polynmer may
be. car ittt UG RGACFOF SanBh SYRSE LPep RsvaRBin 11 1. SR HAE 4
Flg. 3 shovs & explanal ety Mgy reprasenting, opengxample of the ldgand
removi ng step and Fi'g. sShows™ an expl'anat ory view representing anot her
exanpl e oftdhe | igand emyiLngrstePulbh aysibAL ePEREEALAASDY: AL dik t he
figure, the catal yst deconposing step Is carfied out and I n an extruder
represent@ehbdyc &R, pdl phéd s I £PE esRLOEabY D4 Hand ashiitdenesaed: by 57
inthe figure, the ligand 20 elimnating step is carried out. [0171] An
exanpl e iHyddEdrveier (isé eay &Spusefleas hbhenki gard-gwmnier védlcde

herei nafter explained. In the step shown in Fig. 3, the powder of the

(co) pol ymssntentsupydl | eeldeocatensolisbyef rampopovider canmppby poipea filed o t he 25
silo 51. Inthe silo 51, inert gas containing steamis supplied to the silo
51 from Alas, stppl popyperé2atiispodedtornft hieh¢ ofibnigaredt bedeafan Byet hi s
measure, the powder of 45 the (co)polyner is brought into contact with

t he stearfsiiVethe at &hpst Lebathi Rt n Athetheo) patyreieds akwmposed. The
steamcontaining inert gas supplied to the silo is discharged froma gas
di schEr gi PR TN t P EHRAMAS e & WPRel 591 511 %¢9 1523 The powder of

the (co)p which is in contact with the steamis discharged to the
out st de. orOURT 51" S ot BERSARE: TV EEhAPEe. e B b S HenL CUBI 1 ed to
an extruder ., srhe )pol yner, which is heat-nelted 10 i.n the extruder 52
is coole %%/P%Z\}a erd a%ggpﬁﬁoéeirztel S B‘f‘/st rrﬂeéflecr%é)élseur e%ab%v%arlts o?%tf%len?clygand

| i ber at ed: .duri.ng | yst Si t ntai.ned .ih_the.( mer is
removed. ercg taclca?lsteeg go)%g%&ggg I|%)nieélg-'laZLtlGé)italéacf%upp Iiglgdctagéaelly%gr Cg\naﬁé%vat er to
a dehydr ajox %%ﬂym’eqqglataow ngs 6% rkamEhe ideldr ahod deorpehyarr petlet is
supplied to the Silo 54 through a pellet supply pipe 67. The water

sepanat edudbiyndg he dehydr ata@ige53of s JRUSI8G @S RAGWhNGatat atl hseLght ér
circulating line 66. In the figure, 55 represents a water storage tank and
56 represetrttylenpump.l y2i@kZ3lon nstibk sid 0 Z54glstreattypent@ e hgstymert gas
is supplied to the silo 54 froma gas supply pipe 68 disposed on the | ower
part ther®ofliBytyhes clwasiue, dticld colpalyses pebdl etetiad lyraughttype o
contact with the steam so that ligand generated fromthe deconposed

cat al yst @&-&bnits ned iSPaid iccopperpdes | ff ukhRermeeablegenghetypre
steamcontaining inert gas supplied to the silo 54 is discharged to the
out si de of2tHeY$SEF o Qﬁegﬁéﬁpéygasu%d dischidiye PrFECRE. THEVSRLIPBI ymer
pel | %E»Q from Wh(%ﬁC'h t he deconposed catal yst |igand has been renoved is

di schlr getP$T'6H 2 pell et di scharge pipe 69.

[0083] () metallocene compounds of transition metals

selected from the IVB group in the periodic table; and

[0084) (B) (B-1) organic aluminum oxy compounds;
[0085] (B~2) organic aluminum compounds; and
25 [(0086] (B-3) at 1least one compound selected from

compounds which react with the metallocene compound (A) to

form an ion pair.
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[0174] In the step shown in Fig. 4, the (co)polyner 5 powder is in contact
wth the steamcontaining inert gas in the silo 51 where the catal yst
contained in the (co)polyner is deconposed to netal and |igand. The
(co) pol yner powder which has been in contact with the steamis discharged
to the outside of the silo 51 fromthe 10 powder discharge pipe 63 and then
supplied to the drier 57. It should be noted that the drier 57 is a belt
drier, but is not limted to this type. [0175] In the drier 57, heated

i nert gas( uppl i ed fr.o S. suppl i pe 71 and the (co)pol ymer powder
is 15 heaL[deoza@nd al so( (&)o{yge%taq‘ialrﬁcc?rgegrﬁ/oé@}&lvﬁq)h the inert gas. The |igand

| i berated he cat st j.tio | hed 4\n t ( | IS

t her eby r[e&nbo%vée]d. The%:wr%ertngg%g%%ﬁﬁ e}%qrg{b:‘“ﬁledqdr(lﬂse)r S(Qtei stg%lrg%h%#%{ed from
a gas di seharge pLpe-¥2a 2Qck0LAQ] T8 (ﬁ%go!m£h80%%ofd&@ﬂ% the
deconposed catal yst has been renoved i1s supplied to a crasher 58 through a
line 73. M theorasher tfl;?ﬁé@e)rpt%d/r@i t1fe Cf SO B dr s hem &I sehar ged
froma di scharge pipe 74¥ 25 [0177] In the ligand renoving step, the ligand
havi ng a cycl opant adi enyl structurie left in the (co)polyner is deconposed
and renmoved fromthe (co)polymer obtained in 47 t he pol ynerization step.
Ther ef or esherguial Y0l etpnesedteed itrdne emanatéoal okeddotsddufirang 2w/ di ng
can be obtained. EFFECT OF THE I NVENTION 5 [0178] The ol efinic pol yner of

t he presdht, i nWenti ¥n i 8breddeed dand t hér conl.entrepfrelsewtsol ecul argawd ght
conmponents such as oligoners and a |igand having a cycl opent adi enyl

st r uct ur eagtiEimatrianc ompshentze gdrenstitigrodoe sa Andvharaigi ngtt akeast The
olefinic polynmer is 10 therefore reduced_in the content of conponents

gener at i iPodor $Safd 1Ry MPTERT e G EACESBE2PASRYdd U tanE t3rf ef ore

scarcely damages the fragrance qf foods. [0179] The process of fhe present

et o FoPCBRBAUGHY: ancBF et trhiE TR0l YT ian Br odie G et el 15

pol yrer n;quqglin t he cont ept of Iom#nolecular\Mﬁéﬁgqgonponents such as
struc

ol i goner s @n alf?gaﬁa hé%ingygrgggpopéHFgﬁienﬁl tite WICEH are

_ _ ! ¥
o ofuc bitDy P B D A e R R h OGP o R T Y
her el naf tero\gxp! ahned JiRPrerdgbal b B 1y Afs XAMDL ESup WCH, _BOYeVer

are not intended to bé limting of the presént 25 invention. Exanple 1

[0181] (Ryepas atiparef Raigold b caf ahystocoPPORERtbupBwnitd kthwfnsidica
(Si 02) which had been dried at 250C for 10 hrs was suspended in |54 1 of

t ol uepe, avhischswas uehen saohedkd 0a0ChaTogéhe sdispensi sapwaseaddedoitk opwi se
50.5 1 of a toluene solution of nethylal um noxane (Al - 1.52 5 nol/1) over
one hour atidnhi & eeplury ¢hethenperras it eornfmetwel suspension at 0 to 5C In
succession, the resulting solution was kept at OC for 30 m nutes, then

rai sed tol @ bver 155 hoths anti%apd ath®5OF or 24 HAFOP§MIBPIenyl
Thereafter, the tenperature was dropped to 60C 10 and the supernatant was
removed bBYEicERiS | BRXYThS WA b id wWeichl ¥t eRAPbARRENBbt 8PS nSEHE s

T e e LS St b A, A D R AP0 o
biS(}OB_raimethylcyclopentadienyl group, trimethylcyclopentadienyl
group, tetramethylcyclopentadienyl group,
pentamethylcyclopentadienyl group, ethylcyclopentadienyl
group, methylethylcyclopentadienyl group,
propylcyclopentadienyl group, methylpropylcyclepentadienyl
25 group, butylcyclopentadienyl group,
methylbutylcyclopentadienyl group and

hexylcyclopentadienyl group, an indenyl group and 4,5,6,7-
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15 butyl met hyl cycl opent adi enyl ) zi rconi um di chloride (Zr 25.7 mol /1) was
added to the obtai ned suspension at 80C over 30 mnutes and the resulting
solution was further kept at 80C for 2 hours. Thereafter, the supernatant
was renmoved and the residue was washed twice with hexane to 20 obtain a
solid catal yst conponent containing zirconiumin an amount of 3.2 ng per 1
g of silica. [0183] (Pre-polynerization of the solid catal yst conponent)
[0184] A 350 1 reactor in which the atnosphere was 25 thoroughly repl aced

by nit h dwth 7.0k th b lid catalyst t
and t hen A TI Y i ET TieRbhe TR ogtt & neatt Silperbi Gt hiiho B tot al
49 285 1. Th t d 0 th th

bl omam;gt}zﬁrﬁiehﬁ%xeadln'e su?&?ﬁ% gﬁ‘r‘é’ﬁﬁtsﬁgﬂé i %gca%$§g%£%g%%gn%% ﬁgfa \gafat e

of 8 Nn8//dy; 4 S {Bhutes; o DUk Loy $hi s did t system tenperature was
kept at 10 tong'ISrl 15C. O%Sﬁ%ter ){]hegsrsu pl yro eet%y}%e'ne was suspended for

atime, Z2gogl Of trag ut ytabyal nunganghsl. 2 kgief,1lhexanes were-suppl i ed
to the sy[stegntlpl whi ch vvaozﬁ“{ohen made ton%)e a cl osed sgstem and then, the
suppl g ofcpildanadesmyll gasureds FEiyl e ves seppdigh el a flow rate of
8 NnB/hr for 15 mnutes and then flow rate was dropped to 2 NnB/hr to set
the pressig®iin t he SystceiMmito dkBuKiFcn@f theDligagdt bhitheapertat othe t he
tenperature of the systemwas raised to 35C. 15 [0l 86] Thereafter, ethylene
was supplliierhral a¥iwmw aatgcobprdniaBibnylost3ubthger ssne tds comtkwisi ng t he
systemtenperature to 32 to 35C. During this operation, the pressure in the
syst em wassdepteundef 0thet o I dgy cnrcBrdilexif ] uold ngb nosphereingy t he
system was repl aced by 20 nitrogen and the supernatant was renoved. Then,
the resi WS washedi e ee- wi t RXRBRARE. The [ipehHaArafRrBBRai IR t er

t he shing of the prepolynerized catal,yst s col orless and transparent.
[018 Aktﬂ'g"éﬁlﬂ yrreFPzé% CRHPYLt 2EBREAIAMTGE £bfvh ngﬁPépﬁl‘ﬁfﬁ’er Per 1 g
of the sql itqjs@at al XSt cor&o ent _was obtained in the above nmanner. The

i ntrinsi ¢"Vi'scosPtyF?] of hi €T PprRpoFyiErized CEr al ySEPESREonetit P
(prepoly whj S t | N al | pe g and

t he cont e@’!é@ o?)%f-yﬁexgggu hi té;;@\gééégﬁég b@r%\%ééghtsg% heépg)re %/%e}?%id

catal yst fiad,a gead spapsnapda o deasity 9fofpd B 23 [[9488}1 (vapor
phase polynerization)” [0189]" A conti'nuous™fl uidi Zzed-bed reactor as shown in
Fig. 1 wa%&dtgedah@ QI OfkoMBPeMPhase1 ReL Y pidugat | ®hch [ @E90enzy1
Specifically, the prepolynerized catal yst obtained in the above nanner was

cont iLBuoustayusURpLi ete@thyD @rioaie of Exbnglws t ofpaharerilzexgt hyt@ne wth
1- hexene continuously in the presence of isopentane to obtain a |inear

| ow densiirnelpode ettpdreney (IgrbRE),. E@bhkly Theoppocesd wWastcayrigcowgut in the
follow ng condition: polynerization tenperature: 70C, polynerization 15

pr essur e:EXamp - @f gdgee prassiory) , v al iprlasder eolgne@thyl @peupd. 1 MPa,
space tower velocity: 0.80 nis and concentration of isopentane in the gas
(TOP gas)EFamRiRs dédel EP&t | BAE eGitoFof 1RRéUFAEacPoFO18eRBI SUERFES t hi s

pol yneri zati on, the_ _average ecul ar wei ght of the TOP.20 gas s 31.4

0/ ol and AHP 4enSREPAGE {he  TEPIGES waE I 7 RS, LR SHOTHE WP Dol nt of
t he }'ED asl],y\@nsaéeo. 1%uthe tenperature of the outlet side of the

circulati n%; gas in The'theat exchanger was 62.3C and the ratio of the

d drddegpi d at t het si t he _qi ' b
con 9”59[56169%’]' a mferpug%%g %'oﬂ@o%d ?e?!erégghgtéﬁgﬁgggstﬁé VRS0 by

wei ght . The above T as 1S a mxtu nitrogen,
hydrogen,gdadexene rapguisopeidéneryo  or more groups having a

cyclopentadienyl structure, two groups of those groups
having a cyclopentadienyl structure may be bonded with
25 each other through an alkylene group such as ethylene or
propylene, a substituted alkylene group such as

isopropylidene or diphenylmethylene, a silylene group or
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51 [0193] The LLDPE obtained in the above manner had a density (ASTM
D1505) of 903 kg/ nmB8 and an MFR (ASTM D1238) was 3.8 g/ 10 m nutes. [0194]
(Cat al yst deconposing step) 5 [0195] A powder of the above LLDPE was
allowed to pass through a silo, into which steam containing nitrogen gas
was introduced and the pressure and the tenperature were set to 0.5 kPa-G
and 80C respectively, for aretention tinme of 5 mnutes. 10 At this tineg,
the ratio (water/PE) by weight of the water to the pol yet hyl ene powder (PE)

0. 001 th ti N- nB) / PE . 1t it to th
?’%ig% h¥lhséfpg%gg'i/§e§r£ (éﬁ%ﬁfﬁ%&t o564 Fubars %flazeﬁt b 't%%}pxﬂﬁae” eﬂgésrs%gog% 1s
owder treated in ve ec osing step was
pel | eti zeaglplgﬁengrlfl %latvs\ﬂe%n% foerat ur emegﬁ%%n%cfsnlgﬂ%f?% nqrg%?%w e>g<’t r udgr .

Ther eaf t efgoddie abovw{%g@gm&%@en@r eabe ohﬂdtshecapﬁ%fniic.ﬁ%gl ¥ach a

deconposi ng step was a to pass through a 20 si

st eam CO@inaﬂid‘%z?«an?% E@%lBBEBQQH%H and the tpresswe afthdddhted
tenperature were set to 0.5 kPa-G and 850 respectively, for a retention

tine of GndyurspetPEN81AY W Stihd NBo1tBRiAGt ik AMater (PE) byeweittd of the
steam (water) to the polyethylene pellet (PE) was 0.09 25 and the ratio
(air (N-nBYcd ke )trod ddeensdti dio rhdtea pol yet iyt enearpel d et4 (PE) was 0. 14.
[01 99] (Eval uation) 52 [ 0200] The LLDPE treated in the above manner was
eval uated as t ®*kaRfgsiMual amount of (tihe |igand, ndecane-sol ubl e content
and odors. The results are shown in Table 1.5 [020l] Theodor of the LLDPE
treated iwhanteimbbwemresenvmseval leteabing teaiolt ow ngetal, R

manner . [ 0202] OO None of the three panelists felt any odor.[0203] G One

panel i st ZARIRFYHES thrEeFanet 13 f dhasore ddoYe! iz en¥eel a strong

odor. 10 [0204] O Two oy three panelists anpng the threepanelists feltsome
odor &0 bLﬁtWde“fe'f delr & seRenB OW?TWBJES]S%WH’S A2t HE three panel i sts

felt a strongodor,. anples_2 to 4 and arative Exanples 1 to 6 15
[0206] LL %Q%}%a%%me%“%c?%es C%e?r%%p? M Exanmpl e 1 except t hat
t he conce t] of _1s0 [ in. t T LN e

pol yneri zﬁ%&v%%gejlg,n%i{eHg\%erarg(g%g%%c{l}fgerd%r\ei g t1 0 rgﬁtzrél'dgg(ga}é Tn t he
pol ymeri zi ng yessgel. fhe density of the gas in the

[0094] In the present invention, metallocene compounds
15 represented by R%RHRYLR°.M in which at least two, for
example, R®* and R®, among R?, R?® R* and R’ are groups
(ligands) having a cyclopentadienyl structure are
preferably used. These groups having a cyclopentadienyl
structure may be bonded with each other through an
20 alkylene group, substituted alkylene group, silylene group
or substituted silylene group.
[0095] Examples of the metallocene compounds as
aforementioned, when, specifically, M is zirconium,
include bis(cyclopentadienyl)zirconium dichloride,
25 bis (cyclopentadienyl) zirconium dibromide,
bis(cyclopentadienyl)dimethylzirconium,

bis(cyclopentadienyl)diphenylzirconium,
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20 polynerizing vessel, the gas tenperature at the outlet side of the
circulating gas in the heat exchanger and the |ike were changed to the
conditions shown in Table 1 in Exanple 1. [0207] The residual anount,

n- decane-sol ubl e content 25 and odors of the resulting LLDPE were eval uated
in the sane manner as in Exanple 1. The results are shown in Table 1.
Incidentally, in the Table |, first line, 53 abbreviation 'EX and ' CE
means exanpl e and Conparative Exanple respectively 54 Table 1

i TNi TCE- 1CE- 2CE- 3eFr 4CE- 5EX- EX-3E70 4 | Polynerization
tenperat&? Xf%&?%&F%Qf%QV%H¥ %&P%ﬁﬁ%l erization ressure

Lglggﬁ%oE%ﬁgéﬁzéﬁﬁéﬁﬂéﬁzéﬁ%%ﬁzéfgnpos iinag$ E%ﬁEEUlf#R?te
e L M B o, e

mol %d. 91.,§] gé, PHYA oga (el ppn833333333333
'34034034032 263 6N|trogen nDIW&Z 342.342.342. 336. 736. 736. 728. 528. 528. 5] so

entane ; pad HOO0ORESASISeAVEs sl cul ar wei ght of the TOP gas in the;
g~~4129. 229. 229. 229. 231. 431. 431. 435. 835. 835. 8of erization vessel Density of
t he gas imid (e tdof yages i g@dntoad Masse)l zi rconium dichloride,
kg~~1919191920. 720. 720. 724. 324. 324. 3Dew poi nt of the gas in the

pol yner i Zats oo medddy U IS ri2d 1eky 1401 dken 18R 626 2ves s el Gash kanpde at ur e at
the outlet side of the6l.561.561.561.562.362. 3: 62. 363. 563. 563. 5circul atin

as in theirEathxkdanepentsglienyl) 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 bis(indenyl)zirconium dichloride, bis(indenyl)zirconium
dibromide, bis(4,5,6,7-tetrahydroindenyl) zirconium
dichloride, bis{(fluorenyl)zirconium dichloride,
ethylenebis (indenyl)zirconium dichloride,
ethylenebis (indenyl)zirconium dibromide,

20 ethylenebis{indenyl)dimethylzirconium,
isopropylidene (cyclopentadienyl-fluorenyl) zirconium
dichloride, isopropylidene (cyclopentadienyl-
methylcyclopentadienyl) zirconium dichloride, dimethyl
silylenebis (cyclopentadienyl) zirconium dichloride,
25 dimethylsilylenebis(methylcyclopentadienyl)zirconium
dichloride,

dimethylsilylenebis (dimethylcyclopentadienyl)zirconium

28



Rati o of the condensed liquid at the outlet side; of the circulating gas in
the heat exchanger t# ~ 0 0 0 00 O O O O OSupply amunt of the

prepol yneri zed catal yst ; g/ h58585858545454494949Pol erized anount k

/ h100100100100100100100100100100P0l yet hyl ene Density kg/nm8 MFR g/ 10 m n
Retention tinme hrs STY k /hnl3 903 3.7 3 100 904 3.9 3 100

dichloride, dimethylsilylenebis (indenyl) zirconium
dichloride, dimethylsilylenebis (2-methylindenyl)zirconium
dichloride, dimethylsilylenebis (2-methyl-4-
isopropylindenyl) zirconium dichloride,

5 dimethylsilylene(cyclopentadienyl-fluorenyl)zirconium
dichloride, diphenylsilylenebis (indenyl) zirconium
dichloride and methylphenylsilylenebis(indenyl)zirconium
dichloride.

[0096] It should be noted that in the above examples,

10 the di-substituted form of a <cyclopentadienyl ring
includes 1,2~ and 1,3-disubstituted forms and the tri-
substitution form of a cyclopentadienyl ring includes
1,2,3- and 1,2,4-trisubstitution forms. Also, the alkyl
groups such as propyl and butyl include isomers such as n-

15 , 1-, sec- and tert-isomers.

[0097] Compounds obtained by substituting zirconium
with titanium, hafnium, vanadium, niobium, tantalum or
chromium in the metallocene compcunds as mentioned above
may be exemplified.

20 [0098] In the present invention, as the metallocene
compound (A), zirconium metallocene compounds having a
ligand containing at least two cyclopentadienyl structures
are preferably used.

[0099] These metallocene compounds (A) may be used

25 alone or in combination of two or more.

[0100] {(B~-1) Organic aluminum oxy compound)

[0101] The (B-1l) organic aluminum oxy compound may be
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903 3.6 3 100 903 3.8 3 100 902 3.8 3 100 903 3.8 3 100 904 3.5 3 '100 901
3.9 3 100 903

a conventionally known benzene-soluble aluminoxane and
also a benzene-inscluble organic aluminum oxy compound as
disclosed in the publication of Japanese Patent
Application Laid-Open No. 2-276807.

5 [0102] This aluminoxane may contain a small amount of
organic metal components. Also, an aluminoxane obtained
by decomposing solvents or unreacted organic aluminum
compounds from a recovered aluminoxane solution by
distillation may be used by re-dissolving it in a solvent.

10 [0103] Given as specific examples of the organic
aluminum compound used in the production of aluminoxane
are those described later as the organic aluminum compound
(B-2). These compounds may be used in combination of two
or more of them.

15 [0104] Among fthese compounds, a trialkylaluminum and
tricycloalkylaluminum are particularly preferable.

[0105] Also, the benzene-insoluble organic aluminum
oxy compound contains an aluminum component soluble in
benzene at 60°C in an amount of 10% or less, preferably 5%

20 or less and particularly preferably 2% or less as an Al
atom and is insoluble or hardly soluble in benzene.

[0106] The solubility of such an organic aluminum oxy
compound in benzene is determined in the following manner.
Specifically, the organic aluminum oxy compound of 100

25 mmol of Al is suspended in 100 ml of benzene and then

mixed at 60°C for 6 hours with stirring. The suspension is

subjected to filtration using a jacketed G-5 glass filter
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3.5 3 100 902 3.4 3 100Catal yst acti vi
*16900690069006900740074007400820082008200Powder steam ng ti me

m n0555055055Pel | et steam n tine ~ hrs06123006120612Concentrati on of the

| i gand ppb101<12101<191<1n- Decane-sol ubl e cont ent

wt, 612.211.811. 111. 68. 48.17.52. 32. 21. 9Cdor - XXpOXQ0X~o0~0 * 1) g-PE/ g-Bare
Cat. 56 What is clainmed is: 1. An olefinic (co)pol ynmer obtained by

pol ynmeri zing at | east one selected fromethylene and a-olefins having 3 to

20 b [ h f ] I i h

- docane ol Uhre Wt entoor ERo2pOI HET T2 2056 BY- VeLBHE 0Pt % Bt the

content iy 3. JJ gand, hayl gg, . £yshopentadienyle of TUCtINR 15,5 AR LY. vel oht
AN o ol yner ing to Cai

or |ess. efinic p accor m 1, wherein e olefinic

pol yner ir§, &, conol yérﬂszgingﬁ E)ﬁbﬁﬂ% gid n@&olkﬁaé gne @opkeld R stqleched from

a-ol efins having 3 to C on atons. 3. ol efinic polynmer according to

Caiml an?.ehereid tde ol y-lrgarmg'@sanaedje?@gy_ of 0.930 g/cnB or less. 4.
An ol efinic polymer according to any one o ainms 1 to 3, wherein the

pol yner iigitiai ned Imhe( codem red 1 whNgulnex¢r cbioahdnee 19! efdynpesel ect ed
fromethylene and a-olefins having 3 to 20 carbon atons in a vapor phase
usi ng a fusddiadedhded rieaciabirtat n adefiws copalgwreer according to any one
of Clainms 1 to 4, wherein the polyner is obtained by (co)polynerizing one
or two or(G¥& ol ef i Ns(Bsél)eirarhrfircom lathiyivan e canppuandl ef i ns having 3 to 20
carbon atons with allow ng a saturated aliphatic hydrocarbon having 2 to 10
carbon at/@¥%lo exi stThen aocEeR®ast r aploRisEm2 t OBROWDBRO | B2 ¥ | uilh zed- bed
reactor, next bringing the resulting (co)polymer into contact with a
| i gand- r eRASSHES fafy 5P R IRy st FTD) PO RFerommith hiakl been
brouglﬁt into contact with the |igand-renover. 6. A process for producing an
ol efirhni ¢ pol ymﬁnzb {eo) pol yneri zi ng one or two1dr nore ol efins sel ected
from et hyl.ene .and _ a- ol gfi ns.havin g ta,.20_carbon _atons i.n resence of
Bat ghl p

2 ot ol | SUBHE Ty p T 6at APYRELPn & GhL" pRbseT HEFRGCACPI uf di' DAL AT et or
L PSSR RS, ScPA RN B b0t LSBT g aler TS
of 2 to %QJHP'&'H&&@MEJ'&H% Za?r?h t:l'?cbenotes a number from 1 to 3.
[0110] In the above formula (iii), R' represents a
15 hydrocarbon group having 1 to 12 carbon atoms, for
example, an alkyl group, cycloalkyl group or aryl group
and specifically methyl group, ethyl group, n-propyl
group, isopropyl group, isobutyl group, pentyl group,
hexyl group, octyl group, cyclopentyl group, cyclohexyl
20 group, phenyl group and tolyl group.
[0111] Specific examples of the organic aluminum
compound (B-2) 1like this may include trialkylaluminums
such as Lrimethylaluminum, triethylaluminum,
triisopropylaluminum and triisobutylaluminum;
25 alkenylaluminums such as isoprnylaluminum; dialkylaluminum

halides such as dimethylaluminum chloride, diethylaluminum

chloride, diisopropylaluminum chloride and
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reactor; and a ligand renoving step of bringing the resulting (co)polyner
into contact with a ligand-renover and then heating said (co)polynmer which
has been brought into contact with the Iigand- renmover. 7. A process for
produci ng an ol efinic polymer, wherein the olefinic polymer with | oo by
wei ght or |l ess of the n-decane soluble content and with 5 ppb by wei ght or
| ess of a ligand having a cycl opentadi enyl structure is produced by t he
process according to Claim6 for producing an ol efinic polynmner.

. Al E. ANY.

yY. AYNE. AFUY> ‘%ﬁ—%y%lf ﬁﬁﬂ‘ AIYA‘IIIJ%EA%#Y % g ‘%@fﬁ%@%‘é‘@%ﬁ@ Yu eA%z A
£ ASE A3% %&AAF { FiefAg151 mln'c:rm[ LB 01 bn Po 3083 AR AT A e AFE- A

E. A3yY. A
} xsni d Z]&@é&@]&@i&@i&@] ca] calga] cal C@dg@@dﬁﬁﬂ&ﬁlxﬁﬁl&@é&@&&?&&?&ﬂ?&&?] ca] ca]
cal ca]ca]ca] ca]ca]ca]ca]ca]calc<a! (!/!la
(D(%) &+<:a+m1allﬁrzlraﬂzsaﬂﬁamé@h@u@magsﬂechﬁnalwnpﬁmm sadiatd cad cal cal
a] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]
ca! B=B=>>8A77AABRIHANRNETdHYYride and isopropylaluminum dichloride;
" “a2bbc: cqcccddezupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cajroh] enkghd tah tafwabldal dak] eaktaldsc af icedoal e ven@ iy Ki kekidkk * pOpppq
grrrr*srttuuvv)wwwlxkxx}xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] cajt alcedcalcyl chinajwa]kwedcadea] ca] ca] ca] ca] ca] ca! xzb{{{12hl ~hnM
v_}xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca a] ca) cal ca
] ca] ca] cal¢El2h] ca] ca%i'c%(] cafealtbg] 9B igE AR kPR SRR s wioHPZElc al Bad ka] ca] ca)
ca] ca] ca] ca] ca] ca] ca] ca].ca] ca]jca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]
Ca]ca]ca]@qmgpunds as shown the following formula (iv ay

V\CL cj, V% mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ] caftdira] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! i oGN dj ! WR| wr mhc~Y] ] ca] ca] ca]
ca] ca] ca] ca] ca] %L g]ﬁ;:\a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca
] ca] ca] ca] ca] cal a

L o b e T e

$SPSSSASgRYIEL Bl era- By Lhga) calcal eadsqal caf £algavlLal ca)\zg]lq;\agca\/] cal
caV] ca] ca] ca] ca] ca] ca] ca] ca] ca cal caU] caj] ca] ca] ca] ca] ca'] cal ca! 00@L 1244t
PHEA~HH G roup, a -NR, group, a -SiR®% group or a -N(R")A1R%®, group,
$IPISHASgS%<( B( +++- E- 0} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca]
caV] ¢a] cal cid e ca] £ ajwaben] s8] tatcar) crl,cal’saRéadnal rRA] cedmedFized 1y

' @10% ()-!1 @10% & ()-1 @10%& ()-& yl @10% & ()-& | @10% | & ()-&3$10%
& ()-96QueB7eddnt10 methyl group, ethyl group, isopropyl group,

10f <s109%&' ()-!'}1 @10% /& ()-!1 @10%*& ()-!j| @10988& ()-!l @10% *& ()- ~d
WUSMB7! #1088PY iyl ~gmouRs ()CcuCHanegy L) -ar9wR 0% () Phenyi 00@roypl! t B0 O)-

1d f h
g represents a hydrogen atom, methyl group, ethyl group,

isopropyl group, phenyl group, trimethylsilyl group or the
20 like and R® and R’ respectively represent methyl group or

ethyl group.

[0113] Among these compounds, a trialkylaluminum is
preferable and triisobutylaluminum is particularly
preferable.

25 [0114] These organic aluminum compounds (B-2) may be

used alone or in combination of two or more.

[0115] { (B-3) Compounds which react with the
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i ay' {Y7!11#109%& ()-3 ! #109%& ()-3 !l #10%<& ()-3 !-#10% ()- @10 10
10S<s10%& ()- . WU6+7 10f <s109%& ()-!11#109%88& ()- !11#10%& ()- !I!#10%& ()-

LI 1#10% ()- !'sl ! #10%& ()- eC7 10f<! #10%& ()-*! #109& ()-*! #109%& ()-*
#109%6H#& ()-*: 1 10% ()- 10 10j *qzodY70!yl #10% & ()- 10 10 10f< 10%& ()-!
#109&' ()-*! #10%& ()-*'n

#109%& () -*q[ WU3dY70! | 3#109%& ()-! | 3#10%& ()-! 1 3#10%gHgH& ()-!}1 #10%& ()-!1#1
09%& ()-1 |#109%& ()-a$[]”_ wxXMB70! 10 10

10S<s 109&’ ( || 1#109PP& 10%&' - @1 1#10%9& () - @ x| 3#10%&: ()- " 6Na
SENBTO! T U LTS SO () ek A bl et

[0116] Examples of the compound (B-3) which reacts
with the metallocene compound (A) to form an ion pair may
include Lewis acids, ionic compounds and <carborane
5 compounds described in each publication of Japanese Patent
PApplication Laid-Open Nos. 1-501950, 1-502036, 3-179005,
3-179006, 3-207703 and 3-207704 and in the specification

of US-547718.

(0117] Examples of the Lewis acid include
10 triphenylboron, tris(4-fluorophenyl)boron, tris(p-
tolyl)boron, tris{o-tolyl)boron, tris(3,5-

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

A1203 and SiOz"Ale3 .

[0118] Examples of the ionic compound include
15 triphenylcarbenium tetrakis (pentafluorophenyl) borate,
tri-n-butylammonium tetrakis (pentafluorophenyl) borate,
N, N-dimethylaniliniumtetrakis (pentafluorophenyl) borate

and ferroceniumtetra (pentafluorophenyl) borate.

(0119] Examples of the carborane compound include
20 dodecaborane, l-carbaundecaborane, bis-n-butylammonium (1-

carbedodeca) borate, tri-n-butylammonium (7,8-

dicarbaundeca) borate and tri-n-butylammonium

(tridecahydride~7-carbaundeca) borate.

(0120] These compounds may be used alone or 1in
25 combination of two or more.

[0121)] In the present invention, at least one compound

selected from the components (B-1), (B-2) and (B-3) as
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& 109 ()-!109%& ()- hnaBMB70! 10 Y( 10%& ()-y&LO%& ()-!xI"#10%
& ()-& 109 ()-9'10%& ()-1110%& ()- = (!/!aBMB70!
101 7" 109&' () -! 1 3#109%& () -/ & 109%&' ()- -
109%& ()-1,109%& ()-9*& 109%&' ()-/'alcldle!l fIH\##~\=0! 10Y#10% & ()-1'k
Y#10%&' ()-1!t Y#10%&' ()-1 10 10 10S< 109 ()- &9 109%& ()-#a$\ % & ' ' ' ' wXMB70!
10 10 10@xs10%&' ()-!sY#10%=& ()- 1! ~Y#10988&' ()-1!yY#10%
& ()-11tY#109%& ()-1'( (D((% ) aBwvB70!
“110%&' () - oR' ()-L! w*& ()-L! 109 () -
%259&}?ﬁ? Y#%ﬁfgg( kégﬁéﬁ%@%f@%ﬁ7 Rgoé%Jégtalyst component (B)

10Yy5#10%&; () <~ | 10%& () -~ 1 10%& ()- Y, #10%&" ()1 pl ! #10%& ()os . .

Iyl #1006 ) thle,s,]é, , ,cf’é‘?p-oﬂel\%gm mbY; #?8%1/@%§L?§ 2‘1??%10&&2%‘%%@1‘???1%/& ()-1
10 10 10S< 10% () Y7: +109& £) oA :
10y<‘10%%%%5%%%é%%ﬁﬁ*%?(%§i$%%%ﬁaé9é[gL ug@Ug% least the component

& ()- L1 #E0A& ()7 1!(IeEDQ%8 fgndl! kﬁé@g&'d&ﬁp%’h%r%\szE§§4%ﬁ%4tt%—catall36st

10y<l #10%&' ()-!1#10% | L| & () - | #109%& ()-!#109%& ()-'!'#109& ()-"'
10r 445. SW@ (B) . . , . , . :
10yl,, 109%& ()-$:!109& ()-tl!'#109%& ()-!I!#10%& ()- :!109& ()- :!10%k ()-a6~6
T7T77777] ] RGAR] In the present invention, it 1is desirable to
use a catalyst containing the aforementioned metallocene
catalyst component and co-catalyst component and
typically, it 1is preferred to use this catalyst as a
10 supported-on-a-support type catalyst (solid catalyst) made
by contacting these catalyst components with a support
compound in particle form.
[0123] As the support compound, a granular or
particulate solid having a particle diameter of 10 to
15 300pm and preferably 20 to 200pm is used. This support
preferably has a specific surface area of typically 50 to
1000 m?*/g and a pore volume of 0.3 to 2.5 cm®/g.
[0124] As such a support, porous inorganic oxides are
preferably used. Specifically, Si0;, Al,0;3, MgO, ZrOg,
20 TiO,, B,03, CaO, Zn0O, BaO, ThO, and the like or mixtures of
these compounds, for example, Si0,~-Mg0O, Si0,-Al;0;3, Si0,-
Ti0O,, 8Si0,-Vy05, Si0;-Cr,03, Si0,-Ti0,-Mg0O and the like are
used. Among these compounds, those having $Si0O, and/or
Al,03 as their major components are preferable.
25 [0125] The above inorganic oxide may contain

carbonates, sulfates, nitrates and oxide components such

as Na2C03, K2C03, CaCO3, MgCO3, Na2504, A12(504)3, BaSO4, KNOa,
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5 l1-butene and 4-methyl-l-pentene as the major components or

polymers or copolymers produced using vinylcyclohexene and

styrene as the major component may be used.

[0127] It is desirable that the contact of the support

and the above each component is carried out at a

10 temperature of typically -50 to 150°C and preferably -20 to

120°C for 1 minute to 50 hours and preferably 10 minutes to

25 hours.
[0128] In the solid catalyst prepared in the above
manner, the metallocene compound (A) is preferably

15 supported in an amount of 5x107® to 5x107* gram atom and
preferably 107° to 2x107* gram atom as a transition metal
per 1 g of the support and the component (B) is preferably
supported in an amount of 107 to 5x107? gram atom and
preferably 2x10™ to 2x107? gram atom as an aluminum atom or

20 a boron atom per 1 g of the support.

[0129] Further, in the present invention, although the
solid catalyst as aforementioned may be used for
polymerization as it is, it may be used in the form of a
pre-polymerized catalyst formed by pre-polymerizing the

25 olefin thereon.

[0130] In the present invention, the solid catalyst or

the pre-polymerized catalyst 1is preferably used in an
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[0131] In addition, although the component (B) may be
5 used or not when using the pre-polymerized catalyst, it
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/transition metal or B/transition metal) to the
10 transition metal in the polymerization system.
[0132] The density (ASTM DI150E) of the olefinic
polymer obtained in the above manner is preferably 0.865
to 0.930 g/cm’® and more preferably 0.880 to 0.930 g/cm’.
[0133] When the olefinic polymer is an ethylene/a-
15 olefin copolymer, the copolymer 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 3 to 10
carbon atoms 1in an amount of 13.0 to 2.4 mol% and
20 preferably 10.0 to 3.2 mol%.
[0134] It should be noted that the olefinic polymer
may contain the unit derived from polyenes and the like in
an amount of 10% by weight or less, preferably 5% by

weight or less and particularly preferably 3% by weight or

25 less.
[0135] (Ligand removing step)
(0136] The polymer particle ((co)polymer) withdrawn
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where the ligand in the polymer particle is removed.

[0137] The ligand removing step comprises (1) a step
5 (catalyst decomposing step) of decomposing a catalyst by
bringing the (co)polymer obtained in the above

polymerization step into contact with a ligand-remover to
decompose catalyst to metal and ligand in the (co)polymer
and (2) a step (ligand eliminating step) of heating the

10 above (co)polymer which has been made to be 1in contact
with the ligand-remover and eliminating the ligand
liberated during the above-mentioned catalyst decomposing
step from the (co)polymer.

[0138] (Ligand-remover)

15 [0139] Given as examples of the ligand-remover used in
the catalyst decomposing step are water, oxygen, alcohols,
alkylene oxides and peroxides. Specific examples of the
ligand-remover include alcohols having 10 or less carbon
atoms such as mono-alcohols, e.g., methanol, ethanol,

20 propanol, isopropanol, butanol, pentanol, hexanol,
heptanol, octanol, c¢yclopentanol and cyclohexanol and
dialcohels, e.g., ethylene glycol; alkylene oxides such as
ethylene oxide, propylene oxide, trimethylene oxide,
tetrahydrofuran and tetrahydropyran; and peroxides such as

25 propylene peroxide and butene peroxide.

[0140] Among these compounds, water and alcohols

having 5 or less carbon atoms are preferable and water 1is
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[0141)] As a method of bringing the (co)polymer into
contact with the ligand-remover, there is a method in
which the (co)polymer 1s brought into contact with a gas
5 stream containing the ligand-remover. In this case, a
powder of the (co)polymer is allowed to pass through a
vessel while introducing gas containing the ligand-remover
into the vessel.
[0142] The average particle diameter of the powder of
10 the (co)polymer when the (co)polymer 1s brought into
contact with the ligand-remover is in a range from
typically 50 to 5,000um, preferably 80 to 3,000um and more
preferably 100 to 2,000um.
Examples of the gas for dilution of the ligand-remover
15 include inert gases such as nitrogen gas and argon gas.
In the ligand-remover-containing gas, a vapor of the
ligand-remover 1is typically contained. The proportion of
the ligand-remover in the ligand-remover-containing gas is
in a range from typically 0.1% by weight to 40% by weight,
20 preferably 0.5% by weight to 20% Dby weight and
particularly preferably 1% by weight to 10% by weight.
[0143] The space tower velocity of the ligand-remover-—
containing gas is in a range from typically 0.01 to 20
cm/sec, preferably 0.1 to 10 cm/sec and particularly
25 preferably 0.5 to 5 cm/sec. The space tower velocity 1is
calculated based on the temperature and pressure of the

ligand-remover-containing gas at the gas exit port of an
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apparatus used when bringing the (co)polymer into contact

with the ligand-remover and the sectional area of the

apparatus.
[0144] The temperature used when bringing the
5 (co)polymer 1into contact with the ligand-remover 1is

typically more than the crystallization temperature of the
(co)polymer and less than the decomposition temperature of
the (co)polymer and, specifically, in a range from 100 to
300°C and preferably 100 to 280° when the crystallinity of
10 the (co)polymer is 40% or more. When the crystallinity of
the (co)polymer is less than 40%, the temperature is equal
to or more than the temperature of the melting point of
the (co)polymer minus 15°C, and less than the decomposition
temperature of the (co)polymer and specifically in a range
15 from 85 to 300°C and preferably 90 to 280°C.
(0145] It should be noted that the degree (X.) of
crystallization of +the (co)polymer 1is measured by the
following method. Specifically, the (co)polymer 1is pre-
heated at 190°C for 7 minutes and then pressed at 9.8 MPa
20 for 2 minutes. Thereafter, the (co)polymer is cooled
under the condition of 20°C and 9.8 MPa to produce a 5-mm-
thick pressed sheet. About 5 mg of a test piece (sample)
cut from the above pressed sheet is placed in an aluminum
pan. Using DSC~II (manufactured by Perkin Elmer Inc.),
25 measurement 1s made from room temperature to 150°C with
increasing the temperature by 10°C/min to obtain an

endothermic curve. The endothermic curve of the sample is
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converted into a curve of calorie of melting using the
endothermic curve area of indium which has been separately
measured. The point at 35°C on the endothermic curve of
the sample 1is connected to the point at which the heat
S5 absorption peak disappeared completely to make a base
line. The value (X = A/260) obtained by dividing the
calorie of melting (A (J/g)) from the measurement by the
calorie of melting (260(J/g)) of a 100% polyethylene
crystal is expressed as the crystallinity.
10 [0146] The pressure when bringing the (co)polymer into
contact with the ligand-remover is in a range of typically
0.0001 to 0.6 MPa, preferably 0.001 to 0.35 MPa and
particularly preferably 0.01 to 0.25 MPa. The contact
time (retention time) 1is typically 1 minute to 3 hours,
15 preferably 2 minutes to 2 hours and particularly
preferably 5 minutes to 1 hour.
[0147] The catalyst can be decomposed, so that the
ligand having a high-boiling point can be converted into
low-boiling point compounds by bringing the (co)polymer
20 into contact with the ligand-remover as aforementioned.
Also, the ligand is occasionally made odorless by only the
decomposition depending on the type of ligand.
[0148] Next, the (co)polymer which has been brought
into contact with the ligand-remover is heated to remove
25 the decomposed ligand in the (co)polymer. As a method of

eliminating the 1ligand by heating the (co)polymer which

has been made to be in contact with the ligand-remover,
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drier, spray drier or puddle drier under a stream of 1nert
gas.

[0150] (2) A method in which the (co)poclymer is heated
and melted using a single-screw or twin-screw extruder.
[0151] In the case of adopting the method (2), the
heat-melted (co)polymer is pelletized and may be further
subjected to any of the following steps (2-1) to (2-3).
[0152] (2-1) A step of bringing the pellet into
contact with hot water.

[0153] (2-2) A step of bringing the pellet into
contact with steam.

[0154] (2-3) A step of heating the pellet wunder a
pressure of 0.001 to 0.098 MPa.

[0155] The heating temperature of the (co)polymer when
carrying out the above method (1) 1is typically more than
the crystallization temperature of the (co)polymer and
less than the decomposition temperature of the (co)polymer
or more than the crystallization temperature of the
(co)polymer and lower than the melting point of the
(co)polymer, and, specifically, in a range from 100 to
300°C and preferably 100 to 280°C when the crystallinity of
the {(co)polymer is 40% or more.

[0156] When the crystallinity of the (co)polymer 1is

less than 40%, the temperature is the melting point of the
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5 from 85 to 300°C and preferably 90 to 280°C.
[0157] The pressure is in a range of typically 0.0001
to 0.6 MPa, preferably 0.001 to 0.35 MPa and particularly
preferably 0.01 to 0.25 MPa. The heating time (retention
time) is typically 1 minute to 3 hours, preferably 2
10 minutes to 2 hours and particularly preferably 5 minutes
to 1 hour.
[0158) Examples of the inert gas include nitrogen gas,
helium gas and argon gas. The gas flow rate in the drier
is in a range from typically 0.01 to 20 cm/sec, preferably
15 0.1 to 10 cm/sec and particularly preferably 0.5 to 5
cm/sec.
[0159] When carrying out the above method (2), the
heating temperature of the (co)polymer is the same as in
the method (1). In the present invention, in the case of
20 heating the (co)polymer at a temperature more than the
melting point of the (co)polymer and 1less than the
decomposition temperature of the (co)polymer in the ligand
eliminating step, it is preferable to heat with applying
shear stress to the (co)polymer. Examples of a method for
25 applying shear stress to the (co)polymer include methods
using a paddle drier or a single-screw or twin-screw

extruder.
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10 horizontal extracting vessel. As an apparatus which may
be used when carrying out steps (2-2) and (2-3), there are
10 a silo and hopper.
[0162] When carrying the above step (2-1), the
temperature of the hot water is in a range from 35 to
200°C, preferably 40 to 180°C and particularly preferably
45 to 150°C. The contact time is in a range from 1 to 900
15 minutes, preferably 5 to 600 minutes and particularly
preferably 10 to 360 minutes.
[0163] In the step (2-2), similarly to the
aforementioned ligand removing step, steam-containing gas
is brought into contact with the (co)polymer. Examples of
20 the steam-containing gas include inert gas and air which
are the same as above.
[0164] The heating temperature of the (co)polymer when
bringing the (co)polymer into contact with the steam-
containing gas 1s typically more than the crystallization
25 temperature of the (co)polymer and less than the

decomposition temperature of the (co)polymer or more than

the crystallization temperature of the (co)polymer and
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100 tec 280°C when the crystallinity of the (co)polymer is
40% or more.

5 [0165] When the crystallinity of the (co)polymer is
less than 40%, the temperature is the melting point of the
(coypolymer - 15°C or more and less than the decomposition
temperature of the (co)polymer or is the melting point of
the (co)polymer - 15°C or more and less than the melting

10 point of the (co)polymer, and is specifically in a range
from 85 to 300°C and preferably 90 to 280°C.
[0166] The pressure is in a range of typically 0.0001
to 0.6 MPa, preferably 0.001 to 0.35 MPa and particularly
preferably 0.01 to 0.25 MPa. The proportion of the steam

15 1in the steam-containing gas is in a range from typically
0.1% by weight to 40% by weight, preferably 0.5% by weight
to 20% by weight and particularly preferably 1% by weight
to 10% by weight.
[0167] The space tower velocity of the steam-

20 containing gas 1is 1in a range from typically 0.01 to 20
cm/sec, preferably 0.1 to 10 cm/sec and particularly
preferably 0.5 to 5 cm/sec. The contact time (retention
time) is typically 0.5 to 30 hours, preferably 1 to 24
hours and particularly preferably 2 to 20 hours.

25 [(0168] When carrying out the above step (2-3), the
pressure is in a range from 0.001 to 0.100 MPa, preferably

0.007 to 0.098 MPa and particularly preferably 0.01 to
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5 [0169] It 1is desirable that the average particle
diameter of the (co)polymer pellet when carrying out the

above steps (2-1) to (2-3) be in a range from typically 1

to 30 mm, preferably 3 to 20 mm and more preferably 5 to

15 mm.

10 [0170] To state more specifically, the step of
removing the ligand of the (co)polymer may be carried out

using, for example, a step as shown in Fig. 3 or Fig. 4.

Fig. 3 shows an explanatory view representing one example

of the 1ligand removing step and Fig. 4 shows an

15 explanatory view representing another example of the
ligand removing step. In a silo represented by 51 in the
figure, the catalyst decomposing step is carried out and

in an extruder represented by 52, a silo represented by 54

and a drier represented by 57 in the figure, the ligand

20 eliminating step is carried out.
[0171] An example in which water (steam) is used as
the ligand-remover will be hereinafter explained. In the
step shown in Fig. 3, the powder of the (co)polymer is
supplied continuously from a powder supply pipe 61 to the
25 silo 51, In the silo 51, inert gas containing steam is
supplied to the silo 51 from a gas supply pipe 62 disposed

on the lower part thereof. By this measure, the powder of
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the (co)polymer is brought into contact with the steam and
the catalyst contained in the (co)polymer is decomposed.
The steam-containing inert gas supplied to the silo 1is
discharged from a gas discharging pipe 64 to the outside
5 of the silo 51.
[0172] The powder of the (co)polymer which is in
contact with the steam is discharged to the outside of the
silo 51 from a powder discharge pipe 63 and then supplied
to an extruder 52. The (co)polymer which is heat-melted

10 in the extruder 52 is cooled by water and pelletized. By
this measure, a part of the ligand 1liberated during
catalyst decomposing step contained in the (co)polymer 1is
removed. The obtained (co)polymer pellet 1is supplied
together with water to a dehydrator 53 through a line 65.

15 The dehydrated (co)polymer pellet is supplied to the silo
54 through a pellet supply pipe 67. The water separated
by the dehydrator 53 1is reused as cooling water through a
circulating line 66. In the figure, 55 represents a water
storage tank and 56 represents a pump.

20 [0173] In the silo 54, steam-containing inert gas is
supplied to the silo 54 from a gas supply pipe 68 disposed
on the lower part thereof. By this measure, the
(co)polymer pellet is brought into contact with the steam,
so that ligand generated from the decomposed catalyst

25 contained in the (co)polymer is further removed. The
steam~containing inert gas supplied to the silo 54 is

discharged to the outside of the silo 54 from a gas

46



5104 & ()-1 5104 & ()-1 5104 & ()-1 5104 & ()-1 5104 & ()-1 510% & ()- |
5109 & ()-$! $" $9$6&$) $gl LOi | 51094 & ()-1 5104 & | 510% & ()-1 510% & ()-|
5104 & ()-1 5108 & ()-1 5109 & ()-) $* $SCEHSLSP$St T4l LOi | 5109 & () - |
5104 & ()-1 510% & ()-51 510% & ()-SAJ u" %, ; / a25P$TSX$\ $ $d$h$_20i |
5104 & ()-1 5104 & ()-1 5104 & ()-1 5104 & ()-1 510% & ()-|

510% & () - h$l $p$q$$$kOB20i | 5109 & () - |

discharge pipe 70. The (co)polymer pellet from which the
decomposed catalyst ligand has been removed 1is discharged
from a pellet discharge pipe 69.
[0174] In the step shown in Fig. 4, the (co)polymer
5 powder is in contact with the steam-containing inert gas
in the silo 51 where the catalyst contained in the
(co)polymer 1is decomposed to metal and ligand. The
(co)polymer powder which has been in contact with the
steam 1is discharged to the outside of the silo 51 from the

10 powder discharge pipe 63 and then supplied to the drier
57. It should be noted that the drier 57 is a belt drier,
but is not limited to this type.

[0175] In the drier 57, heated inert gas is supplied
from a gas supply pipe 71 and the (co)polymer powder 1is

15 heated and also brought into contact with the inert gas.
The 1ligand 1liberated by the catalyst decomposition
contained in the (co)polymer 1is thereby removed. The
inert gas supplied to the drier 57 is discharged from a
gas discharge pipe 72.

20 [0176] The (co)polymer powder from which the
decomposed catalyst has been removed is supplied to a
crasher 58 through a line 73. In the <crasher, the
(co)polymer is crashed and then discharged from a
discharge pipe 74.

25 [0177] In the ligand removing step, the ligand having
a cyclopentadienyl structure left in the (co)polymer is

decomposed and removed from the (co)polymer obtained 1in
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the polymerization step. Therefore, a polyoclefin reduced

in the emanation of odors during molding can be obtained.

EFFECT OF THE INVENTION

5 [0178] The olefinic polymer of the present invention
is reduced in the content of low-molecular weight
components such as oligomers and a 1ligand having a
cyclopentadienyl structure which are components generating
odors and changing tastes. The olefinic polymer is

10 therefore reduced in the content of components generating
odors and changing tastes when used in food uses and
therefore scarcely damages the fragrance of foods.

[0179] The process of the present invention for
producing an olefinic polymer can produce an olefinic

15 polymer reduced in the content of low-molecular weight
components such as oligomers and a 1ligand having a
cyclopentadienyl structure which are components generating
odors and changing tastes at low «costs in a well
producible manner.

20

EXAMPLES
[0180] The present invention will be hereinafter
explained in more detail by way of examples, which,
however, are not intended to be limiting of the present

25 invention.

Example 1

[0181] (Preparation of a solid catalyst component)
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10 kg of silica (Si0O;) which had been dried at 250°C for 10
hrs was suspended in 154 1 of toluene, which was then
cooled to 0°C. To the suspension was added dropwise 50.5 1
of a toluene solution of methylaluminoxane (A1 = 1.52
5 mol/l) over one hour with keeping the temperature of the
suspension at 0 to 5°C. In succession, the resulting
solution was kept at 0°C for 30 minutes, then raised to
95°C over 1.5 hours and kept at 95°C for 4 hours.
(0182] Thereafter, the temperature was dropped to 60°C
10 and the supernatant was removed by decantation. The solid
catalyst component obtained i1in this manner was washed
twice with toluene and then re-dispersed in 100 1 of
toluene to be a total amount of 160 1. 22.0 1 of a
toluene solution of bis(1,3-n-
15 Dbutylmethylcyclopentadienyl)zirconium dichloride (zr =
25.7 mmol/l) was added to the obtained suspension at 80°C
over 30 minutes and the resulting solution was further
kept at 80°C for 2 hours. Thereafter, the supernatant was
removed and the residue was washed twice with hexane to

20 obtain a solid catalyst component containing zirconium in

an amount of 3.2 mg per 1 g of silica.

[0183] (Pre-polymerization of the solid catalyst
component)
[0184] A 350 1 reactor in which the atmosphere was

25 thoroughly replaced by nitrogen was charged with 7.0 kg of
the above solid catalyst component and then filled with

hexane to prepare a hexane suspension having a total
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amount of 285 1. The system was cooled to 0°C and then
ethylene was blown into the hexane suspension 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
5 15°C.
[oigs] 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 was
10 resumed. Ethylene was supplied at a flow rate of 8 Nm3/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 was raised
to 35°C.
15 [0186] 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°C. During this operation, the

pressure in the system was kept under 0.7 to 0.8 kg/cm® G.

Next, the atmosphere in the system was replaced by
20 nitrogen and the supernatant was removed. Then, the
residue was washed twice with hexane. The supernatant

obtained after the washing of the prepolymerized catalyst

was colorless and transparent.

(0187] A prepolymerized catalyst containing 3 g of a
25 prepolymer per 1 g of the solid catalyst component was

obtained in the above manner. The intrinsic viscosity [?]

of this prepolymerized catalyst component (prepolymer)
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which was measured at 135°C in decaline was 2.1 dl/g and
the content of l-hexene units was 4.8% by weight. The
prepolymerized catalyst had a good shape and a bulk
density of 0.4 g/cm’.
5 [0188] (vapor phase polymerization)
[0189] A continuous fluidized-bed reactor as shown in
Fig. 1 was used to carry out vapor phase polymerization.
[0190] Specifically, the prepolymerized catalyst
obtained in the above manner was continuously supplied at
10 a rate of 54 g/hr to polymerize ethylene with 1l-hexene
continuously in the presence of isopentane to obtain a
linear low-density polyethylene (LLDPE).
[0191] The process was carried out in the following
condition: polymerization temperature: 70°C, polymerization
15 pressure: 1.7 MPa-G (gage pressure), partial pressure of
ethylene: 1.1 MPa, space tower velocity: 0.80 m/s and
concentration of isopentane in the gas (TOP gas) in the
deceleration region of the reactor: 5 mol%. During this
polymerization, the average molecular weight of the TOP
20 gas was 31.4 g/mol and the density of the TOP gas was 20.7
kg/m®. Also, the dew point of the TOP gas was 40.1°C, the
temperature of the outlet side of the circulating gas in
the heat exchanger was 62.3°C and the ratio of the
condensed liquid at the outlet side of the circulating gas
25 was 0% by weight.
[0192] The above TOP gas 1s a mixture of ethylene,

nitrogen, hydrogen, l-hexene and isopentane.
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[0193] The LLDPE obtained in the above manner had a
density (ASTM D1505) of 903 kg/m® and an MFR (ASTM D1238)
was 3.8 g/10 minutes,

[0194] (Catalyst decomposing step)

5 [0195] A powder of the above LLDPE was allowed to pass
through a silo, into which steam-containing nitrogen gas
was introduced and the pressure and the temperature were
set to 0.5 kPa-G and 80°C respectively, for a retention
time of 5 minutes.

10 At this time, the ratio (water/PE) by weight of the
water to the polyethylene powder (PE) was 0.001 and the
ratio (N; (N-m’)/PE (kg)) of the nitrogen gas to the
polyethylene powder (PE) was 0.004.

[0196] (Ligand eliminating step)

15 [0197] The LLDPE powder treated in the above catalyst
decomposing step was pelletized at an outlet temperature
of 205°C using a twin-screw extruder. Thereafter, the
above LLDPE powder treated in the above
catalyst decomposing step was allowed to pass through a

20 silo, into which steam-containing air gas was introduced
and the pressure and the temperature were set to 0.5 kPa-~G
and 80°C respectively, for a retention time of 6 hours.
[0198] At this time, the ratio (water/PE) by weight of
the steam (water) to the polyethylene pellet (PE) was 0.09

25 and the ratio (air (N-m®)/PE (kg)) of the air to the
polyethylene pellet (PE) was 0.14.

[0199] (Evaluation)
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[0200] The LLDPE treated in the above manner was

evaluated as to the residual amount of the 1ligand, n-

decane-soluble content and odors. The results are shown
in Table 1.
5 [0201] The odor of the LLDPE treated in the above

manner was evaluated in the following manner.

[0202] ©®: None of the three panelists felt any odor.
[0203] O: One panelist among the three panelists felt
some odors, but didn’t feel a strong odor.

10 [0204] A: Two or three panelists among the three
panelists felt some odors, but didn’t feel a strong odor.
[0205] x: All of the three panelists felt a strong
odor.

Examples 2 to 4 and Comparative Examples 1 to 6

15 [0206] LLDPEs were obtained in the same manner as in
Example 1 except that the concentration of isopentane
contained in the TOP gas in the polymerizing vessel, the
average molecular weight of the TOP gas in the
polymerizing vessel, the density of the gas in the

20 polymerizing vessel, the gas temperature at the outlet
side of the circulating gas in the heat exchanger and the
like were changed to the conditions shown in Table 1 in
Example 1.

[0207] The residual amount, n-decane-soluble content

25 and odors of the resulting LLDPE were evaluated in the
same manner as 1in Example 1. The results are shown in

Table 1. Incidentally, in the Table 1,first line,
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5. An olefinic polymer according to any one of
Claims 1 to 4, wherein the ©polymer 1s obtained by
(co)polymerizing one or two or more olefins selected from
ethylene and a-olefins having 3 to 20 carbon atoms with
allowing a saturated aliphatic hydrocarbon having 2 to 10
carbon atoms to exist in a concentration of 2 to 30 mol% in
a fluidized-bed reactor, next Dbringing the resulting

(co)polymer into contact with a ligand-remover and then
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(co)polymer into contact with a ligand-remover and then
heating said (co)polymer which has been brought into
contact with the ligand- remover.

7. A process for producing an olefinic polymer,
wherein the olefinic polymer with 10% by weight or less of
the n-~decane soluble content and with 5 ppb by weight or
less of a ligand having a cyclopentadienyl structure 1is
produced by the process according to Claim 6 for producing

an olefinic polymer.
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