Titl e: PROCESSES FOR PRODUCI NG POLYOLEFI N COVMPOSI TI ON  Abstract: A process
for producing a polyolefin conmposition having a narrow comdddiay 2094l
distribution and a narrow nol ec- ul ar-wei ght distribution. It conprises
copolynerizing at least two olefins in at |east two vapor-phase fluid

| zed-bed reactors in the presence of a transition netal conpound catal yst,
characterized in that a saturated aliphatic hydrocarbon is caused to be
present in each reactor in a concentration of 0.1 to 30 nol % and that the
ratio of the concentration thereof (Cferr]) in the first-stage reactor to
the concentration thereof (Cferr]) in the second-stage reactor,
(CJerr]/err]), is 0.13 or higher. Also provided is a process for
produci ng a poly- olefin conposition through nmulti-stage polynerization in
whi ch sheeting in the reactors can be prevented to enable the polyolefin

DESCRIPTION
METHOD OF PRODUCING POLYOLEFIN COMPOSITION

Technicél Field_“
The p‘reseri;:':- invention relates to a method of p:roduc;ing
apolyolefin composition using at least two gas phase fluidized
-‘ 'bed reactors in co-existence with a saturated aliphatic
hy'dro_carbon, and a met‘h_o;i of producing a polfolefi.n-compos ition
wherein a saturated aliphatic hy&rocarbon is allowed to éxié’t. :
-when transporting a polymér particle from a reactor in the

previous stage to a reactor in the subsequent stage.

Background Art
Polyolefins, ,forr example, linear low density

polyethylenes which are a copolymer of ethylene with an o-olefin
(hereinafter, re-ferre_d toas “LLDPE” in some cases) have various
properties suc_h as excellent heat seal properties; flexibility
and_ toughnes:s, excellent water-resistance, | |
moisture-resistance ‘ana chemical-resistance, lower cost, and
the like, and are widely used conventionally as materials for
fnolding films and as industrial materials, and the like.

LLDPE is usually producedby copolymerizing ethylene with



conposition to be stably obtained with satisfactory productivi%y. Thi s
process is characterized in that a saturated aliphatic hydpaé%ﬁ-zqgﬂn IS
caused to be present in a concentration of 0.1 to 30 nmol % in a transport

I i ne through which polyner particles discharged from a preceding
fluidized-bed reactor are sent to the subsequent fl uidized-bed reactor.

31 May 2004 DESCRI PTI ON METHOD OF PRODUCI NG POLYOLEFI N COVPCOSI TI ON
Technical Field The present invention relates to a nethod of producing a
pol yol ef in conposition using at | east two gas phase fluidized .bbd
reactors in co--existence wwth a saturated aliphatic hydrocarbon, and a
nmet hod of producing a pol yolefin conposition wherein a saturated aliphatic
hydrocarbon is allowed to exist when transporting a polyner particle from
a reactor in the previous stage to a reactor in the subsequent stage
Backgr ourndn MtobPefyol 28 i haw poesexagple, theé nenesénee defisat yranpbtyenhyl enes
whi ch are a copolyner of ethylene with an a-olefin (hereinafter, referred
to as "LLUDPERLCordome eakal v hhveiaiars auslept opeatisdy ssughddheektke) ent

heat seal properties flexibilit and t oughness, excellent ) .
wat er - r es‘-i“g‘f1 é’r?c&?le PO BPRF ez ks %t%}é’dfasr&%lﬁéwPEéPer%lm%ﬁtéétlonomr

cost, and _the li used conventionally as materials for

ke, and are.w del :
mol di ng 19 MCERG 58,35 BBEEE%P&P BT BT T el StHE Y R YREEPPEL $Qnus ual |y
produced g’ﬁ'd %Pé"ﬁi%r,' é'n@igg%h}}éhgg% f’)\noiybme%}zg/%Xo%Orggthods are used.

Production of polyolefins such as LLDPE and the like by a gas
phase polymerizationmethod is industrial.ly advantageous since
a polymer is obtained in the form of a particle and consequently
the production process can be simplified as compared toa liquid
polymerization method requiring the steps of precipitating and
separating a particle from a polymerization solution, and the
like.

Further, LLDPEs having a narrow molecular weight
distribution are desired since they can provide films having
excellent molding properties and the like.

Thepresent inventorshave studied, under such conditions R
a method of producing polyolefins such as LLDPE and the like
accdrding toagas phase polyme‘rization method, andresultantly,
have found that LLDPE having a narrow moiecular weight -
distribution is obtained at high yield if copolymerization such
as ethylene with an a-olefin using at least two gas phase
fluidized bed reactors is so conducted that the concentration

of asaturatedaliphatichydrocarboninareactorisina specific



an a-olefin at low pressure in the presence of a transition netal conpound
catal yst such as a Ziegler catalyst and the |like, and as dvay 2004

pol ymeri zati on nmethod, |iquid phase polynerization nmethods such as
solution polynerization, slurry polynerization and the |like, and gas phase
pol yneri zati on nethods are used. Production of polyolef ins such as LLDPE
and the |like by a gas phase polynerization nethod is industrially

advant ageous since a polynmer is obtained in the formof a particle and
consequently  the production process can be sinplified as conpared to a
liquid polynerization nethod requiring the steps of precipitating and
separating a particle froma polynerization solution, and the 1|iKke.
Further, LLDPEs having a narrow nol ecul ar wei ght distribution are desired
since they can provide filns having excellent nolding properties and the
li ke. Th’ég'bg%%ﬁ thavériter stHdve congenédatindein suchacoadids ensirsta net hod

of producing pol yql efins such as LLDPE and the |ike according to a gas
phase poﬁt??g‘?irz%tq SRR F e Sl RaRERGEorhafea f ermend Ieitage DRE havi ng

a narro ecular_weight distribution is obtained at high yield if
copolyng%?§%t§%%8§ﬂ% I(‘J%\.Ié‘-lj%thylene with an a-olefin using at |east two gas
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saturated aliphatic Rydrocarboi‘in a _ { _ :
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atleasttwogasphasefluidizedbedreactorsasdescribedabove,
a polymer particle sometimes clogs a transport line for
transporting a polymer particle extracted from a reactor in
the previous stage to a reactor in the subsequent stage, which
obstiucts the line.

As the means for solving such a problem, a method is used
inwhichanantistaticagentisaddedtoatransportline,however,
catalytic activity in the subsequent stage may decrease, fn”
this method.

The present inventors have investigated, under such a
condition,amethodofpfeventingobstructionofalineoccurring
inproducingapolyolefincompositimubyanmlti-stagegasphase
pplymerizaficnlnethod, and.resultantly'foundﬂthaf obstruction
bf a line can be prevented if a specific amoﬁnt of saturated
aliphatic hydrocarbon is allowed to exist in an extraction line

and transport line, leading to completion of the present

invention.



Further, when a polyolefin conposition is produced using a nulti-stage gas
phase pol yneri zati on apparatus conposed of at l|least two g Q04
fluidized bed reactors as descri bed above, a polyner particle sonetines
clogs a transport line for transporting a polyner particle extracted froma
reactor in the previous stage to a reactor in the subsequent stage, which
obstructs the line. As the nmeans for solving such a problem a nethod is
used in which an antistatic agent is added to a transport |ine, however,
catalytic activity in the subsequent stage nay decrease, in this nethod.
The present inventors have investigated, under such a condition, a nethod
of preventing obstruction of a line occurring in producing a polyolefin
conposition by a multi-stage gas phase polynerization nethod, and
resultantly found that obstruction of a line can be prevented if a specific
amount obisafiusatredofallhpkationhydrocarbon is allowed to exist in an
extraction line and transport line, leading to conpletion of the present
invention. 3 Jlhémet2@@Uobi scbdsairgad dolweritdfam Ehepwetikadnob fpepduci ng a
pol yolefin conposition of the present invention is a nethod of producing a
pol yol ef PRESEBRp&BVENEAOBOAPTr BsMadhodpolfy perdriciggats pedsto liesd ol ef i ns
selected fromethylene and a--olefins having 3 to 20 carbon atons using at
| east twWo*YBSSphASE FPUPHLZEBILEAPPENEELEAE1NE Blte lepsdsdmoe ocdfefarts ansiti on

et al Coggfgggegagr%rr}lgéhyﬂggé ?ainrél a—~olefins having 3 to 20 carbon atoms
using at least two gas phase fluidized bed reactors in the
presence of a transition metal compound catalyst, wherein
copolymerization of the reactor in a second or later stage is
conducted in the presence of a copolymer produced in the previous
stage, and is éharacterized by that a saturated aliphatic
hydrocarbon exists in each reactor in a concentration from 0.1

- to 30mol%, andthe ratio of the concentration (C,) of a saturated

alj.phatic hydrocarbon in a reactor of a second stage to t};e l.
concentration (C;) of a saturated aliphatic hydrocarbon in a
reactor of a first stage (Cy/C:) is 0.13 or more.

The method of producing a polyolefin composition of the
present invention comprises an embodiment in which a saturated
aliphatic.hydrocarbon having 2 to 10 carbon atoms is introduced
to a fluidized bed of each reactor so that the concentration
thereof in a reactor is in the range from 0.1 to 20 mol% and
the ratio of a concentration (C;) of the saturated aliphatic

hydrocarbon in a reactor of a second stage to a concentration

(C1} of the saturated aliphatic hydrocarbon in a reactor of



copol yneri zation of the reactor in a second or |ater stage iigwﬁ?%QUCtEd in
the presence of a copol yner produced in the previous stag@j 9
characterized by that a saturated aliphatic hydrocarbon exists in each
reactor in a concentration fromO. 1 to 30 nol% and the ratio of the
concentration (C2) of a saturated aliphatic hydrocarbon in a reactor of a
second stage to the concentration (Cl) of a saturated aliphatic
hydrocarbon in a reactor of a first stage (C2/Cl) is 0.13 or nore. The

met hod of producing a pol yolefin conposition of the present invention
conprises an enbodi nent in which a saturated aliphatic hydrocarbon having
2 to 10 carbon atons is introduced to a fluidized bed of each reactor so
that the concentration thereof in a reactor is in the range fromO0.1 to 20
mol % and the ratio of a concentration (C2) of the saturated aliphatic

hydr ocar Béd tist st agadCefCofialsédonmnetagente thydemseand anicorp 14 €1y of the
saturated aliphatic hydrocarbon in a reactor of 4 31 May 2004 a first stage
(C2/ Cl) Pavongid t Zforarband iethy laafe care lamexicesf in thanmesénte 20
carbon atons are iogol merized in the presence of a netallocene-based
supportiﬂg BT hF Y SPCCRE PR DU CHPR Kt ABS Ca t LY Hen SPRE G SR BNy Rerr
conpositigﬂ. @cco dingltotéhﬁ resent invention, it is preferable to
produce a po?y%?ﬁ&VeR gF-8Y ?gﬁeFOWBPE%EFSP‘meight having a melt index in

th f t i o] it in th f 0. 860
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mn. and a densit
melt index in the range from 0.0l to 50 g/10 min. and a density

in the range from 0.860 to 0.950 g/cm® in one reactor, and to
produce a polyethylene of a lower molecular weight having a
melt index in the range from 0.5 to 3000 g/10 min. and a density
in the range from 0.900 to 0.975 g/cm® in another reactor, to
- give a composition in which the weight ratio of the polyethylene
of a higher melecular weight to the polyethylene of a J_ower
molecular weight is in the range from 30:70 to 80:20, and it
is also preferable to produce a polyethylene of a .higher
ﬁolecular weight having a melt index in the range from 0.01
to 50 g/10 min. and a density in the range from 0.860 to 0.950
g/cm3 ina reactor of afirst stage, and to produce a polyethylene
of a lower molecular weight having a melt index in the range
from 0.5 to 3000 g/10 min. and a density in the range from 0.900
t00.975g/cm’ina reactor of a second stage, togiveacomposition
in which the weight ratio of the polyethylene of a higher

nmolecular weight tothe pclyethylene of a lowermolecular weight



in the range fromO0.900 to 0.975 g/cnB in another reactor, ive a
conposition in which the weight ratio of the polyethyl ene 3ﬁ=§¥ q5her

nol ecul ar weight to the polyethylene of a | ower nolecular weight is in the
range from30:70 to 80:20, and it is also preferable to produce a

pol yet hyl ene of a higher nolecular weight having a nelt index in the range
from0.01 to 50 g/10 mn. and a density in the range from0.860 to 0.950
g/cnB in a reactor of a first stage, and to produce a pol yethylene of a

| ower nol ecul ar weight having a nelt index in the range fromO0.5 to 3000
g/10 mn. and a density in the range from0.900 to 0. 975 g/cnB in a
reactor of a second stage, to give a conposition in which the weight ratio
of the polyethylene of a higher nolecular weight to the pol yethyl ene of a
| ower nol ecul ar weight 5 31 May 2004 is in the range from 30: 70 to 80: 20.
In the present invention, it is preferable to conduct copolynerization at
a tenperisuie thethenganfeohrdin Thetde®0: point of a nixed gas containing a
pol ymeri zati on nononmer and the above-nentioned saturated aliphatic
hydrocarbon phésdhe presgntl dingenedobed iof ia peedeaabdl ad idsidagiage to a
tenperature _5C hjgher than the dew point, and it is preferable that the
rati o ofCRPeLYRRRFaEiom a2 dftempeutaiiate d mltinshatingehyidoac atoriew N a
reactor of.  a second stage to a concentration ClL of a saturated aliphatic

hydr ocar®H Pha & E‘éc’;‘i?gr 9BF PREFERIRG a’fgé)qlafﬂe@:@)zatswn monioaerargel f rom
it is preferable to conduct

0.13 to ,20. Further th esent en
copolyneﬁ?zéilon qq%&(ﬁﬁfﬁ%ﬁ%ﬁﬁ} dﬁ%@éﬁFrQ¥ﬁ6ﬁcarb0n present

in a fluidized bed of a reactor of a first stage to a temperature
5°C higher than the dew point, and it is preferable that the
ratioofkaconcentraﬁionczofeasaturatedaliphatichydrocarbon
inareactorofasecondstagetoaixnmentrationclofasaturated
aliphatic hydrccarbon in a reactor of a first stage (C2/Ci) is
in the range from 0.13'to 20.

Further, in the present invention, it is preferable to
conduct copolymerization while cdntrolling‘the concentratignﬂ
ofasaturatedaliphatichydrocarboninandxedgasinonereactor
to be higher than the concentrations of saturéted aliphatic
hydrocarbons in mixed gases in reactors of the previous stage.

Themethodofproducingapolyolefincompositionaccording
to another embodiment of the present invention is a method of
producing a polyolefin composition comprising polymerizing or
copolymerizing at least one olefin selected from ethylene and
a—olefins having 3 to 20 carbon atoms using at least two gas
phase fluidized bed reactors, wherein a saturated aliphatic

hydrocarbon is allowed to exist in a transport line for



of a saturated aliphatic hydrocarbon in a m xed gas in one reactor to be
hi gher than the concentrations of saturated aliphatic hydPdManzivd in

m xed gases in reactors of the previous stage. The nethod of producing a
pol yol efin conposition according to another enbodi nent of the present
invention is a nmethod of producing a polyolefin conposition conprising
pol ynmeri zing or copolynerizing at |east one olefin selected from et hyl ene
and a-olefins having 3 to 20 carbon atons using at |east two gas phase
fluidized bed reactors, wherein a saturated aliphatic hydrocarbon is
allowed to exist in a transport line for 6 31 May 2004 transporting a

pol ynmer particle extracted froma fluidized bed reactor in the previous
stage to a fluidized bed reactor in the subsequent stage, and the
concentration of a saturated aliphatic hydrocarbon in the transport |ine
is in theramgeerfinmalpdl yive 8@antlicld axthaecpedsrdm anfeni ddpedibed S
preferable that all or a part of the above-nentioned saturated aliphatic
hydr ocar BEIPCRQr figd &he PHqviials éd assd ticegctfdni ddrrgd iterdb diseedt dntin a
transport, line together with a polymer particle. Brief Description of the

Drawi ng Filf SHseqietheted e Aty BRvitREOer axheml ef ot aagusakephase
polyneriéiti n aeg rafus. Best Mdde for Carrying Qut the Invention The
met hod of alplrpgbﬁfcji 3“3’ B5i8/01 6t i AR e AF o Hhife fRresent
invention: i | I0 ble Lscpeﬁj fnjlo@a ly illustrated bel ow.
In the present invention, it is preferable that all or
a part of the above-mentioned saturated aliphatic hydrocarbon
isfedtoafluidizedbedreactor,andintroducedintoatransport

line together with a polymer particle.

Brief Description of the Drawing
Fig. 1 is a schematic view showing one example of a gas

s

phase polymerization apparatus.

Best Mode for Carrying Out the Invention
Themethodofproducingapolyolefincompositionaccording‘
tothepresent inventionwillbespecificallyillustratedbelow.
In a method of producing a polyolefin composition
according to one embodiment of the present invention, when a
polyolefin composition is produced by copolymerizing at least
two olefins selected from the group consisting of ethylene and
a-olefins having 3 to 20 carbon atoms (hereinafter, these are

together called “olefin”, in some cases) using at least two



In a nmethod of producing a polyolefin conposition according to one

enbodi nent of the present invention, when a polyolefin co Mavtd081 i s
produced by copol ynerizing at least tw olefins selected fromthe group
consi sting of ethylene and a-olefins having 3 to 20 carbon atons
(hereinafter, these are together called "olefin", in sone cases) using at

| east two 7 31 May 2004 gas phase fluidized bed reactors in the presence of
a transition netal conpound catalyst and in the presence of a copol yner
produced in the previous stage, in a reactor of a second or |ater stage, a
saturated aliphatic hydrocarbon is allowed to exist in each reactor.

First, one exanple of the gas phase pol ynerization apparatus used in the
present invention will be illustrated referring to a nmulti-stage gas phase
pol ymeri zation apparatus having two gas phase fluidized bed reactors
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feedi ng ne 15 into a rst fluidiz
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bl ower 18zistt OntbBgchotéasrpart of the first fluidized bed reactor 11.
First, one example of the gas phase polymerization
apparatus used in the present invention will be illustrated
referring to a multi~stage gas phase polymerization apparatus
having twogas phase fluidized bed reactors connected in series ’
as an example. ‘
Inamulti-stage gas phase polymerization apparatus shown
in Fig. 1 for example, a first _fluidized bed reactor 11 and
a second fluidized bed reactor 2i are connected in seriesi
Namely, a transition metal compound catalyst (solid
catalyst) such as a metallocene-—based'supporting catalyst and
the like is fed through a feeding line 15 into a first fluidized
bed reactor 11, and a gas (fluidized gas) containing a gaseous
olefin (polymerization monomer) and a saturated aliphatic
hydrocarbon i-s fed through a feeding line 12 via a blower 13
into the bottom part of the first fluidized bed reactor 11.
This fluidized gas fed is blown into a fluidized bed 18 through

a dispersing plate 17 made of a porous plate and the like placed

near the bottom part of the first fluidized bed reactor 11,



This fluidized gas fed is blown into a fluidized bed 18 throu

di spersing plate 17 nmade of a porous plate and the |ike pléééngﬁgér t he
bottom part of the first fluidized bed reactor 11, 8 31 May 2004 and

di scharged fromthe upper part of the first fluidized bed reactor 11,
passi ng through the inside of the fluidized bed reactor 11. By this flow
of a gas passing through the inside of the fluidized bed reactor 11, solid
particles (solid catalyst and produced polyner) are kept under a fluidized
condition, to forma fluidized bed 18. The proeduced pol yner particle is
continuously or intermttently extracted, and separated into a solid and a
gas in solid-gas separating vessels 31 and 32. In this procedure, valves
33 and 34 are appropriately controlled to open and close. Thus, extracted
pol ymer particles are discharged into a transport line 25 by the notion of

val ve 35, ag&_gaﬁs t hr ough % transport line 25 and are transported to a
second fPOfd7zed aﬁ%ﬁdr%‘%ﬁ‘E& G’QTpp% Rirle&dt EBSot bF st rf i dived d1ad of a gas
and a satura hatic h droc n and t .have passed
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al i phat i gnhygreaacbanpanghtfe dikecdhatuipme oeanidiisergedi tion,
to form a fluidized bed 18.

The produced polymer particle is continuocusly or
intermittently extracted, and separated into a solid and a gas
in solid-gas separating vessels 31 and 32. In this procedure,
valves 33 and 34 are appropriately controlled to open and close.
Thus, extracted polymer particles are discharged into a
transport line 25 by the motion of valve 35, and pass through
a transport line 25 and are transported to a second fluidiééa
bed reactor 21.

An unreacted olefin in the form of a gas and a saturated
aliphatic hydrocarbon and the like that have passed through
thefluidizedbedl8arereducedinflowspeedinaspeedreduction
region 19 provided in the upper portion of the first fluidized
bed reactor 11, and are discharged'out of the first fluidized
bed.reactor 11 through a gas outlet provided on the upper part
of the first fluidized bed reactor 11.

The unreacted olefin in the form of a gas and the saturated

aiiphatic hydrocarbon and the like that have been discharged



9 31 May 2004 fromthe first fluidized bed reactor 11 are cool ed by a heat
exchanger (cooling apparatus) 14 while passing through ci B¢M3308R |ine
16, then nerge with the feeding line 12, and are continuously fed again
into the fluidized bed 18 in the first fluidized bed reactor 11 by the
bl ower 13. In the heat exchanger 14, a circulation gas is usually cool ed
to tenperatures near the dew point of the gas. The dew point is the
tenperature at which a liquid condensate starts to be produced in gas. |f
a circulation gas is cooled to a tenperature of not nore than the dew
point and fed into the fluidized bed 18, the reaction heat can be renoved
by vaporization |atent heat of -the liquid condensate, and the efficiency
of heat renoval in the fluidized bed 18 can be inproved. In circulating a
circulation gas into the first fluidized bed reactor 11, a part of the
rom any position of the circulation |ine
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first fluidized bed reactor 11 by the blower 13. In the heat
exchanger 14, acirculationgasisusuallycooledtotemperatures
near the dew point of the gas. The dew point is the temperature
at which a liquid condensate starts to be produced in gas. If
a circulation gas is cooled to a temperature of not more than
the dew point{and fed into the fluidized bed 18, the reaction
heat can be removed by vaporization latent heat of the liquid
| condensate, and the efficiency of heat removal in the fluidized
bed 18 can be improved. In circulating a circulation gas in1;o
the first fluidized bed reactor 11, a part of the circulation
gas may be purged from any position of the circulation line
16.
On the other hand, polymer particles extracted via the
'solid-gas separation vessels 31 and 32 through the extraction
line 30 from the first fluidized bed reactor 11 are transpor;ted
into a second fluidized bed reactor 21 via a transport line
25. The transport line 25 is separated from a feeding line

22, and other end thereof is connected to the upper part of

a the second fluidized bed reactor 21, and the pressure of a

10



transported fromthe feeding line 22 is increased by a pressure increasing
means such as a centrifugal blower 41 and the like, and attht¥@y <Me tine,
pol ymer particles extracted fromthe first fluidized bed reactor 11 are
transported together with this gas, to be introduced into the second
fluidized bed reactor 21. Further, a fresh gaseous olef in (polynerization
nononer) and a saturated aliphatic hydrocarbon are fed froma feeding

line 22 via a blower 23 through the transport line 25 into the second
fluidized bed reactor 21, and at the sane tine, are fed as a fluidized gas
into the bottompart of the second fluidized bed reactor 21. Though no
fresh solid catalyst is usually fed r into the second fluidized bed reactor
21, a fresh solid catalyst may also be fed via any position of the
fluidized bed reactor, for exanple, via the transport line 25, if
necessary. This fLuLdizedPgas fed fromthe bottom part of the second
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process, a copolynerization reaction is conducted in the fluidized bed

gas, to be introduced into the second fluidized bed reactor
21. Further, a fresh gaseous olefin (polymerization monomer)
and a saturated aliphatic hydro'carbon are fed from a feéding
line 22 via a blower 23 through the transport line 25 into the
second fluidized bed reactor 21, and at the same time, are fed
as a fluidized gas into the bottom part of the second fluidized
bed reactor 21. Though no fresh solid catalyst is usually fed
into the second fluidized bed reactor 21, a fresh solid catalyst |
may also be fed via any position of the fluidized bed reactor,
for example, via the transport line 25, if necessary.

This fluidized gas fed from the bottom part of the second
fluidizedbed reactor 21 isblown into a fluidized bed 28 through
a dispersing plate 27 made of a porous plate and the like placed
near the bottom part of the second fluidized bed reactor 21, :
and discharged from the upper part of the fluidized bed reactor
21, passing through the inside of the fluidized bed reactor

21. By this flow of a gas passing through the inside of the

fiuidized bed reactor 21, solid particles (the above-menticned

11



28. The polyner particles obtained in the second quidized31R%%jb§gctor 21
are continuously or intermttently extracted through a line . AN
unreacted olefin in the formof a gas and a saturated aliphatic

hydr ocarbon and the |i ke that have passed through the fluidized bed 28 are
reduced in flow speed in a speed reduction region 29 provided in the upper
portion of the second fluidized bed reactor 21, and are di scharged out of
the second fluidized bed reactor 21 through a gas outlet provided on the
upper part of the second fluidized bed reactor 21. The unreacted olefin in
the formof a gas and the saturated aliphatic hydrocarbon and the |ike

t hat have been discharged fromthe second fluidized bed reactor 21 are
cool ed by a heat exchanger (cooling apparatus) 24 while passing through a
circulation line 26, .then nmerge with the feeding Iine 22, and are fed
continuously again into the fluidized bed 28 in the second fluidized bed
react or Zalygex heabt onkss 28nd prodiech@apol emehpngee Rdptauabeeukati on gas
is usually cooled to tenperatures near the dew point of the gas. If a
circmzﬂfﬁ#ﬂ%ﬁ%ﬁ¢§0666Fé@ﬂi2Qﬁpmm§fi@@dﬂa&dbe@ﬁﬁeraImtbie@nmﬂegﬂue t han
the dew point _and fed into the flujdized bed 28, the reaction heat can be
r enoved DEFORPANFSTAZAIRT GERAELABALS gondve fgdjdndt benflensditzed dwdl t he
efficie of heat renoval in the fluidized bed 28 can be inproved. |In
circulating a circulation gas into the second fluidized bed reactor 21

some of the ciphgulal R0 938 PP OE AWIELITOMANY cocond fluidized
béd reactor 21 are continuously or intermittently extracted
through a line 40.

An unreacted dlefin in the form of a gas and a saturated
aliphatic hydrocarbon and the like that have passed through
thefluidizedbed28areréducedinflowspeedjjuaspeedreduction

_ region 29 provided in the upper portion of the second fluidized
bed reactor 21, and are discharged out of the second fluidized
bed reactor 21 through a gas ocutlet provided on the upper par;
of the second fluidized bed reactor 21.

The unreacted olefin in the form of a gas and the saturated
aliphatic hydrocarbon and the like that have been discharged
from the second fluidized bed reactor 21 are cooled by a heat
exchanger (cooling.apparatus) 24 while passing through a
circulation line 26, then merge with the feeding:line 22, and
are fed continuously again into the fluidized bed 28 in the
second fluidized bed reactor 21 by the blower 23. In the heat
exchanger24,acirculationgasisusuallycooledtotemperatures

near the dew point of the gas. If a circulation gas is cooled

12



position of the circulation line 26. As described. above, in the first
fluidized bed reactor 11, a fluidized gas flows at such a3fMa%408te that
the fluidized bed 18 can be kept in a flowing state, and in the second
fluidized bed reactor 21, a fluidized gas flows at such a flow rate that
the fluidized bed 28 can be kept in a flowng state. Specifically,
regardi ng the anobunt of a fluidized gas introduced via the bottom part of
a reactor fromfeeding lines 12 and 22, when the m ni num fl ui di zi ng speed
of the fluidized bed is represented by Unf, a flow rate of from approx. 3
U to 50 Unf, preferably fromapprox. 5 Unf to 30 Unf is desirable. The
fluidized bed can also be stirred nechanically, and for exanple, stirring
can be effected using stirring machi nes of various types such as an anchor
type stirring machine, screw type stirring machine, ribbon type stirring
machi ne ahd & Heempékatuihoufyma: merel tébagehgadephasenpok yaeféd ath©h
apparatus 13 31 May 2004 inwhich two fluidizedbed reactors, that is, the
first fluFdpzéduidederehedor8i1thadrehstsesondat| urdi bedrbadvedadtor 21 are
connected in series has been illustrated above, even a nulti-stage gas
phase pol VABPF238FoAnNapparat usehbvPhgthfir beaubd menrdenkatdi zeddbéder eact or s
can be conﬁtituted | i kewi se. In_the present invention, the nmulti-stage gas

phase pol Fhet F2EEFHAE E%T%V%%lBé@&ﬁ%ﬁ%ﬁ%ﬁ%@€9ﬁ§&Eﬁ@?eéﬂmﬁﬁﬂﬂdttmo
ot S T8 A PR 0T 2 LR POt 23 U
reactor 21, some of the circulatiqn gas may be purged from any.
position of the circulation line 26.
As described above, in the first fluidized bed reactor
11, a fluidized gas flows at such a flow rate that the fluidized
bed 18 can be kept ina flowing state, and in the second fluidized
bed reactor 21, a fluidized gas flows at such a flow rate that
the fluidized bed 28 can be kept in a flowing state.
Specifically, regarding the amount of a fluidized géé'
introduced via the bottom part of a reactor from.feeaing lines
12 and 22, when the minimum fluidizing speed of the fluidized
bed is represented by Uy, a flow rate of from approx. 3 Ugs
to 50 Umﬁ.preferabiy from approx. 5 Uys to 30 Uye is desirable.
The fluidi?ed bed can also be stirred mechanically, and for
example; stirring can be effected using stirring méchines of
various types such as an anchor type stirring machine, screw
type stirring machine, ribbon type stirring machine and the

like.

Though a multi-stage gas phase polymerization apparatus
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a fluidized bed reactor are copolynerized in the fIU|d|zed bed and

copol yneri zation is conducted in the presence of a copoly “Mﬁﬁgﬁﬁced in
the previous stage, in a reactor of a second or |ater stage. In the
present invention, the polyner produced in each. reactor is not
particularly restricted, and it is preferable, as described below to
produce a pol yethyl ene of a higher nolecular weight in at |east one
reactor, and to produce a polyethylene of a | ower nol ecular weight in
anot her reactor, as described bel ow Specific exanples of the a-olefin
having 3 to 20 carbon atons. include propyl ene, 1-butene, 1-pentene,

1- hexene, 4-nethyl-I|-pentene, 1-octene, 1l-decene, 1-dodecene,
1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene and the 14 31 My
2004 like. O them a-olefins having 3 to 10 carbon atons, particularly
having 5 to 8 carbon atons are preferably used. These a-olefins having 3
to 20 ca%B&ﬁl&hﬁﬁpééﬁléézﬁééﬁ emetons, Lhatdmbi tlat ifoms tafluvebi oed nor e.
Regardlqg he ratio of at ast two olefins fed to a fluidized bed

react or.5® nB?ﬁ%FOBI%ilﬂnﬁsth§u§ﬁF9“¢e§lPhdaﬁe§nbaﬁtreéﬁtOrOZQ fae0. 15 nol ,
preferabl ﬂ18 to on _one ol efin, though this varies
dependld% ﬂe? B cbﬂpﬁgff?ﬁnhaﬁfb?ﬁﬁ bﬁ%yﬁFE?Fﬁdt6bB§eobF§?ﬁeé finally. For

‘exanpl e, oIefJn having 3 to 20 carbon atons are

d
used as" {L?E‘%g ?Q?vga}? an symer%ngaartd’l al%?é“?aatt‘isb TGV idthyteiRe and an'
(x-ol ef i - RAYE D% R1 4 & A4 Gr?écp%a?é@cmss dhe fo'n”st'ﬁ:tft%% likewise.

In the present invention, the multi-stage gas phase
polymerization apparatus as described above is used, at least
two olefins selected from the group consisting of ethylene and
o~olefins having 3 to 20 carbon atoms that have been fed into
a fluidized bed reactor are copolymerized in the fluidized bed,
andcopolymerizationisconductedinthepresenceofaacopolymer
produced in the previous stage, in a reactor of a second or
later stage. | :

In the present invention, the polymer produced in each
reactor is not particularly restricted, and it is preferable,
as described below, to produce a polyethylene of é higher
molecular weight in at least one reactor, and to produce a
pelyethylene of a lower molecular weight in another reactor,
as described below. :

Specific examples of the a-olefin having 3 to 20 carbon
atoms. include propylene, l-butene, l-pentene, l-hexene,
4-methyl-l-pentene, 1l-octene, 1-decene, 1-dodecene,

l-tetradecene, l-hexadecene, l-octadecene, l-eicosene and the

14



usually in an amount of 0.015 to 0.15 nol, preferably fron10 02 2 0. 08
nol based on 1 nol of ethylene, though it varies dependlng HWW%QQ | i near

| ow density pol yethyl ene conposition that is to be finally obtained. In

t he present invention, polyenes and the |like may be copolynerized, if
necessary, together with at least two olefins, and for exanple, conjugated
di enes such as butadi ene, isoprene and the |ike; and non-conjugated di enes
such as 1, 4-hexadiene, dicyclopentadiene, 5-vinyl-2-norbornene and the

| i ke can be .copolynerized. In the present invention, the above-nentioned
15 31 May 2004 copol ynerization is conducted in coexistence wth a
saturated aliphatic hydrocarbon, preferably a gaseous saturated aliphatic
hydr ocarbon having 2 to 10 carbon atons. Specific exanples of the saturated
al i phati c hydrocarbon having 2 to 10 carbon atons i ncl ude et hane, propane,
n- but an entang tane octane,

nonane, %ﬂgiangg%a géﬁl @F%FSBaH Vlﬁgz BEEQ
2, 3- d' r}wl%l%r};yz%&%’l% tgl Ergni?ydaq}go n%’té) ng%gyl RE& te%ggly used.

3- et hylF'pent ane hylpe ane ane

2, 3-di n%*@eeoaﬂb%%m% Az g AEtHPert a0enoR- é@&@y'éw%e sea” JBLAY! hexane,
i &

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

met hyl cyal gGpreansnatdidit e ey epeniare and the |like. These saturated
ali phatic hydrocarbons can be used alone or in conbinations of two or
nor e. Regarding the ratio of at least two olefins fed to a
fluidizedbed reactor, anotherolefinisusually fed in an amount
of 0.015 to 0.15 mol, preferably from 0.02 to 0.08 mol based
on one olefin, though this varies depending on the composition
of the polyolefin to be obtained finally. For example, when
ethylene and an a-olefin having 3 to 20 carbon atoms are used
as the at least two olefins, regarding the ratio of ethylene
" and an a-olefin having 3 to 20 carbon atoms, the olefin is fed _
usually in an amount of 0.015 to 0 .15 mol, preferably from 0. O-'2 '
to0-0Bmolbasedon1molofethylene,thoughitvariesdepending
on the linear low density polyethylene composition that is to
be finally obtained.

In tﬁe present invention,'polyenes and the like may be
qopolymerized,ifnecessary,togetherwithatleasttwoolefins,
rand for example, conjugated dienes such as: butadiene, isoprene
and the like; and non~-conjugated dienes such as 1, 4-hexadiene,

~dicyclopentadiene, 5-vinyl-2-norbornene and the like can be
copolymerized.-

In the present invention, the above-mentioned
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The saturated aliphatic hydrocarbon as descri bed above is g

non- pol yneri zabl e hydrocarbon, and once fed into a f1 ui di z& IMQ%ﬁgoﬁeactor,
it is not consumed in polynerization, and a saturated aliphatic

hydr ocarbon contained in a gas discharged fromthe fluidized bed reactor
is circulated through a circulation line into the fluidized bed reactor.
This saturated aliphatic hydrocarbon may be introduced in gaseous form
into a fluidized bed, or may be introduced in 16 31 May 2004 the condition
wherein at |least a part of which is in the form of aliquid into a
fluidized bed. A saturated aliphatic hydrocarbon introduced froma feeding
line preferably exists in gaseous formin a fluidized bed fromthe

st andpoi nt of uniform polynerization, and at |east a part of which may
exist inthe formof mst. These conditions are appropriately set

dependiqg 08 bal ance, bet ween uniformty and heat renoval. A saturated

al i phat i CCRY4YBEEF Pkl PRy HECRABFEBHCEY Cof ximé enseny bEh i setuedach f eedi ng
line, and,it, is.also Prefﬁ$able thft %? aturated aliphatic hydrocarbon is
introduc%hlP%aéége ArPGF Mt PECF R FiFRSHPUR FRUPERERA bed reactor
Furt her, : l.i phatic, hydrocarbon is usually introduced
into a f?%l |%€hgb§gé$%§%f%?ﬁttﬁ$‘6h%% 2 %e%?n‘bar he?t Y8Rt her with an

olefin as des;&%&g&-%q%gﬁpiésg@qj?%§gtuggtF§%£$%9%g§QBe§ %é&g&¥§position

of the fluidi reactor, and r-exanp ¢tly into

a f1ui digeei hed tbhEugbant Seshd dd1Rgief 9Fh2n&atAlyslie THELGRAGENt rati on

of a saturated aliphatic hydrocarbon !
i-butane, n-pentane, i-pentane, hexane, heptane, octane,
nonane, decane, 2,2-dimethylpropane, 2,2-dimethylbutane,
2,3-dimethylbutane;.2,2,3—trimethylbutane, 2-methylpentane,
3-methylpentane, 2,2-dimethylpentane, 3, 3-dimethylpentane,
2,3-dimethylpentane, 2,4-dimethylpentane, 2—-methylhexane,
3-methylhexane, 4-methylhexane, 2, 3~dimethylhexane,
cyclopentane, cyclohexane, methylcyclopentane,
dimethylcyclopentane and the 1ike. These saturated aliphatiﬂc |
hydrocarbons can be used alone or in combinations of two or
moxre.

The saturated aliphatic hydrocarbon as described above

isanon—polymer%zablehydrocarbon,andoncefedintoafluidized
bed reactor, it is not consumed in pclymerization, and a
saturated aliphatic hydrocaibon.contained.in.a(gas discharged
from the fluidized bed reactor is circulated through a
circulation line into the fluidized bed reactor.

This saturated aliphatic hydrocarbon may be introduced

in gaseous form into a fluidized bed, or may be introcuced in
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in amxed gas in a fluidized bed is so controlled that it i |1y from
0.1 to 30 nol% preferably fromO.1 to 20 nol% nore prefé?iﬁwai%?on1l.0
to 20 nol % further preferably 5.0 to 10 nol%in a fluidized bed of a
first stage. Wien an olefin is polynerized while controlling the
concentration of a 17 31 May 2004 saturated aliphatic hydrocarbon in a

m xed gas in a fluidized bed within the above-nenti oned range, generation
of alunp in the polynerization vessel is suppressed. In the m xed gas, a
pol ynmeri zati on nononer, a saturated aliphatic hydrocarbon, an inert gas
such as nitrogen and the 1|ike, hydrogen as a nol ecul ar weight controlling
agent, and the like are contained. Further, the ratio of the concentration
(C2) of a saturated aliphatic hydrocarbon in a reactor of a second stage
to the concentration (Cl) of a saturated aliphatic hydrocarbon in a

react or gfe gamidigiion ajerecn/ @ )léasstusuphlry 6f18hdehnis en tpeeferabl y from
0.13 to 20, nore preferably fromO0.15 to 20, further preferably fromO. 17
to 20, pArtd ktBHY et er doluidifzesmied t 8 $0turesedpedfiphaltli- from 0.5 to
2. Wen C2/Cl is in the above-nentioned range, a polyolefin conposition
havi ng & ¥HIGY gdrergsedi srpPrpitiiingddniec prgfeyakayr ewisbkecul ar

Conposi oA BPSEP BT Gha AT oH A6st S e EREGALR AFoREPaNDE G APRLBaERON | o
R ST OF R T NI R SR N T LR S AL
formofmist. Theseconditionsareappropriatelysetdepending
on balance between uniformity and heat removal. A saturated
aliphatic hydrocarbon may be introduced in the form of mist
from a feeding line, and it is also preferable that a saturated
'aliphatic hydrocarbon is introduced in gaseous form into a

feeding line of a fluidized bed reactor.

Further, though a saturated aliphatic hydrocarbon is
usuallyintroducedintoafluidizedbedreactorthroughafeedigé'
line together with an olefin as described above, it can also
be fed from an arbi,tfary position of the fluidized bed reactor,
and for example, it may be fed directly into a fluidized bed
through a feeding line for a catalyst.

The concentration of a saturated aliphatic hydrocarbon
in a mixed gas in a fluidized:bedris so controlled ﬁhat it is
usually from 0.1 to 30 mol%, preferably from 0.1 to 20 mol%,
more preferably from 1.0 to 20 mol%, further preferably 5.0

to 10 mol% in a fluidized bed of a first stage. When an olefin

is polymerized while controlling the concentration of s
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wi th high productivity. As the nethod of controlling C2/CL within the 18 31
May 2004 above-nentioned range, there is a nethod in whi ch 3t MaYAaW08nt  of a
saturated aliphatic hydrocarbon fed into a reactor of a first stage is
appropriately regulated, a nethod in which conditions (tenperature,
pressure, tinme and the like) of a purging operation in a solid-gas
separation vessel provided between a reactor of a first stage and a
reactor of a second stage are appropriately set, a method in which the
anount of a saturated aliphatic hydrocarbon fed into a reactor of a second
stage is appropriately regulated, and the like. Al so, by appropriately
regul ating the anmount of conponents that are fed, other than a saturated
al i phatic hydrocarbon, the concentration of the saturated aliphatic

hydr ocarbon can be indirectly controlled, and resultantly, C2/Cl can be
controlled. Further, by controlling not the anobunt fed, but the anount of
consunptsamzaed kd ipbadic bidressvibnoin enoh xechpenet 4 flutilid zeghict i on
system C2/Cl can be controlled. The controlling nethods as described above
may be &l vidihdietbe ¥peerrhaiPwRd GINdsw JsnSratd onop Lt didawmmdm rol | i ng

met hods, the appropriate regulatjon of the ambunt of a saturated aliphatic
hydr ocarBth H%?sz%tjr%c DI B STURELSI%ge is particularly

preferable fromthe standpoint _of the degree of freedomin settin
condi ti ons, s?ﬂcéhﬁiﬂ%ff’ gﬁsbeac%%i¥%$F%%aE§°n monomer, a saturated

aliphatic hydrocarbon, an inert gas such as nitrogen and the
like, hydrogen as a molecular weight controlling agent, and
the like are contained.

Further,therétiooftheconcentration(Cﬁ of a saturated
aliphatic hydrocarbon in a reactor of a second stage to the
concentration (C;).of a saturated aliphatic hydrocarbecn in a
reactor of a first stage (C2/C;) is usually 0.13 or more,
preferably from 0.13 to 20, more préferably from 0.15 to 20,
further preferably from 0.17 to 20, particularly preferabi&n
from 0.2 to 10, most preferably from 0.5 to 2.

When C»/C; is in the above-mentioned range, a polyolefin
composition having a narrow composition disﬁribution,
particularlynarrowmolecular weight distribution, for example,
an LLDPE composition having a narrow composition distribution{
and a narrow moiecular weight distribution is obtained.
Further, sheeting inzareacfor'is prevented, and a polyolefin
composition such as an LLDPE and the like can be produced stably
with high productivity.

As the method of controlling Cp/C; within the
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31 May 2004 independently fromthe value of CL. In the pre§$R%gE¥ﬁ§ntion,
it is preferable to conduct copolynerization while controPlI

concentration of a saturated aliphatic hydrocarbon in a m xed gas in one
reactor to be higher than the concentrations of saturated aliphatic

hydr ocarbons in m xed gases in reactors of the previous stage.

Specifically, a saturated aliphatic hydrocarbon is introduced into a
fluidized bed reactor in such an anount that the concentration of a
saturated aliphatic hydrocarbon in a mxed gas present in a fluidized bed
is higher than the concentration in the previous stage, for exanple, in
such an anount that is higher than the concentration in the previous stage
by 0.2 to 20 nole, preferably by 1 to 5 nol% in a reactor of a second or
| at er stage. The concentration of a saturated aliphatic hydrocarbon in a
m xed gasabevewnentiapnedasapiiaseti¢ns diszedmbétodeantwhnschatlee useshdor
exanpl e, controlled so that the hydrocarbon is contained in a mXxed gas in
a fluidi 288 detrloirated raskinhalge hveresaaieuntetr onto. 8 reagtonmbfha
preferabl¥ from1l:5 tg9 60 nol% and the hydrocarbon is contained in a

m xed gastihSh SEREFJTESeaPBEAPELaESs¥cBRAVLRERE, i A BATARBUAR WPamh0.8 to 80
nol % prefer 60 nol 4 . three or nore_gas phase

f1 ui di zed® %%%b#ggﬁ%ggkéﬁPgr%ggﬁe’tﬂﬁeﬁﬁﬂfﬁnt ¢ oARdofh ?OléfeWh9f2904
oLt el pIsL e ICLARSLROL A ) 0 RSE L MAALSEL P 2
between a reactor of a first stage and a reactor of a second
stage are appropriately set, a method in which the amount of
a saturated aliphatic hydrocarbon fed into a reactor of a second
stage is qppropriately regulated, and the like.

Also, byappropriately regulatingthe amount of components
that are fed, other than a saturated aliphatic hydrocarbon,
the concentration of the saturated aliphatic hydrocarbon can
be indirectly controlled, and resultantly, C3/C; can be
controlled.

Further, by controlling not the amount fed, but the amount
of consumption and the amount of removal of each component in
the reaction system, C,/C; can be controlled.

The controlllng methods as descri bed above may be used
alone or in combinations of two or more. Of these controlling
methods, the appropriate regulation of the amount of a saturated
aliphatic hydrocarbon fed into a reactor of a second stage is

particularly preferable from the standpoint of the degree of

freedom in setting conditions, since C,;/C, can be controllied
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same as the concentrations of saturated aliphatic hydrocarbons in m xed
gases in fluidized beds of a first stage and a second staé&Maé{r?QO‘ﬂhe
concentrations of saturated aliphatic hydrocarbons in m xed gases in
fluidized beds of a second stage to a stage directly before the final
stage are between the concentration in a first stage and the concentration
inthe final stage. A suitable range of the concentration of a saturated
al i phati c hydrocarbon contained in the above-nentioned m xed gas usually
di ffers depending on the nunber of carbon atons, and particularly in a
reactor of a first stage, it is desirable that the anount of a saturated
al i phatic hydrocarbon having 2 carbon atons (ethane) is usually from1l0 to
20 not. % preferably from 15 to 20 nol % the anount of a saturated
al i phatic hydrocarbon having 3 carbon atons (propane) is usually from 5
to 20 nol % preferably from8 to 20 nol % the anbunt of a saturated
al i phat i*® SREooh 1R dd e P hatons (n-butane, i-butane) is
usually from3 to 20 nol% preferably from5 to 15 nol % the anmount of a
saturated ali gﬁagPS RyAroe&r bBﬁeHE%Pﬁg 15 t5r BoRIgEERES( hopernanest
i - penta i sual Ly, fr 2 1o 2 1% preferably from3. 5 to 20 nol o
, the a@&rﬁl%fézsaa ll?rna'(t%"erﬂd1 %"fQﬁ% s p‘?]%ﬁ‘f%‘%b%‘ér%na having 6 -
car bon - . 2- 3-1 yl pent ane, cycl ghexane) is
A LB G5 e8] BRADILPERLEG uTRULRE E s SESer

usual |y from 1% prefera Tamount of

a sat ur diLdeahiigall ¢nBndeAcacBARHRYhRY-AsCBEPQRATITRy D1 PRRLRNE,

O
2- met hyl hexane, “3- net hyl hexane, 4-net hyl hexane,
' hydrocarbons in mixed gases in reactors of the previous stage.

Specifically, a saturated aliphatic hydrocarbon is introduced
into a fluidized bed reactor in such an amount that the
concentration of a saturated aliphatic hydrocarbon in a mixed
gas present in a fluidized bed is higher than the concentration
in the previous stage, for example, in such an amount that is
'higher than the concentration in the previous stage by 0.2 to
20 mols, preferably by 1 to 5 mol%, in a reactor of a secoﬂd
or later stage.

The concentration of a saturated aliphatic hydrocarbon
in a mixed gas is, when two gas phase fluidized bed reactors
are used for example, controlled so that the hydrocarbon is
contained in a mixed gas in a fluidized bed of a first stage
in aﬂ amount from 0.8 to 80 mol%, preferably from 1-5 to 60
mol%, and the hydrocarbon is contained in a mixed gas in a
fluidized bed of a second staée in an amount from 0.8 to 80
mol%, preferably from 1.5 to 60 mol%. When three or more gas

phase fluidized bed reactors are used, the concentrations of
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met hyl cycl ohexane) is usually from1.0 to 15 nol % preferabl from2 to 10
nol % and the anpbunt of a saturated aliphatic hydrocarbon3ﬁ ﬁ@oé to 10
carbon atons is usually from0.8 to 10 nol% preferably from1.5 to 7
nmol % The range of the suitable concentration of the above nentioned
saturated aliphatic hydrocarbons is a suitable concentration range when
each saturated aliphatic hydrocarbon r is used al one, and when two or nore
saturated aliphatic hydrocarbons are used in conbination, the suitable
concentration range of each saturated aliphatic hydrocarbon nmanifests a
val ue according to the mxing ratio (nolar ratio) In a fluidized bed, the
pol yneri zation tenperature in copolynerization of at |east two ol efins
conducted by introducing a saturated aliphatic hydrocarbon as descri bed
above is not particularly restricted, and in the case, for exanple, of
copol yneri zation of ethylene with an a-olefin having 3 to 10 carbon atons,
t he pol yrEtyeatem atlelr&k\@rtdﬁjhafdnr§ca§@8rllsylnfrﬂb>ﬁ¢@cgét8@Sla@cflméﬂélesﬂm y from

50 to 12QC, nore preferably 2 2004 from70 to 110C.. In the present
i nventi orPe% %ﬁr@r’?’z%*‘t‘i 9 aBiﬂe‘?fé‘? éawlcaﬁaaet%e étesé’etcéﬁﬁé*r &b @ near
the d t _of d t t

oo ol e BRGSO P R

li k h he |ik
present i 1 Aieht aRs Y IR AEsabela ot X FipRs 9ERhe A 2 bHERNAL®

pref er ably, conducted gl & &IPS B [PBaturated aliphatic

hydrocarbons in mixed gases in fluidized beds of a second stage
to a stage directly before the final stage arerbetween the
concentration in a first stage and the concentration in the
final stage.

A suitable range of the concentration of a saturated
aliphatic hydrocarbon contained in the above-mentioned mixed
gas usually differs depending on the number of carbon atoms,
and particularly in a reactor of a first stage, i.t is desirabie |
that the amount of a saturated aliphatic hydrocarbon having
anrbonatoms(ethane)isusuallyfromlOtvaOmol%;preferably
from 15 to 20 mol%, the amount of a saturated aliphatic
hydrocarbon having 3 carbon atoms (propane) is usually from
5 to 20 mol$%, preferapiy from 8 to 20 mol%, the amount of a
saturétedaliphatichydrocarbonhaving4cmrbonatoms(n—butane,

i-butane) is usually from 3 to 20 mol%, preferably from 5 to
15 mol%, the amount of a saturated aliphatic hydrocarbon having
5 carbon atoms (n-pentane, i-pentane) is usually from 2 to 20

mol%, preferably from 3.5 to 20 mol%, the amount of a saturated

21



the dew point of the m xed gas to a tenperature 5C higher than the dew
poi nt. However, polynerization can also be conducted at a3ﬂéﬁﬁémﬁﬂure
above a tenperature 5C. higher than the dew point, or a tenperature |ower
than the dew point. Further, the polymnerization pressure differs depending
on the kinds and ratio of olef ins to be copolynerized, the ratio of a
saturated aliphatic hydrocarbon, fluidized condition of a fluidized bed,
and the like, and usually in the range from 0.098 to 9.8 MPa, preferably
fromO0.19 to 3.9 MPa. The above-nenti oned copol ynerization can al so be
conducted in the presence of a nolecular weight controlling agent such as
hydrogen and the like, if necessary, and the nolecular weight controlling
agent such as hydrogen and the |ike can be fed froman any position of a
fluidized bed reactor, for exanple, froma feeding line. In the present
invention, the nolecular weight of a 23 31 May 2004 copol yner can be

cont r ol | 2L B2 @Y dee e po | Nareina & i wrrbaordiansongswetares, t he

pol ynmerization tenperature and the like, or can be controlled by

regul at i gt HeY RN 3t bybpentane eEHFAPhaBRERY 1oyl 1y Agomgent )

used. It i referable that the polyolefin produced in each reactor in the
present ]rhié% ﬁgnr,no or %&%ﬁﬂ%’lgdﬁ%@l yPehe 1h&wls midthe pRgBRY( Aasured at
b3 AR ot LR 1RG0 ) (AT
1508) fromndp@hfe ! - etRY 1958k, PEERELARL KL AT, 02 BR0: {91 Qe 9309/ OB

r

methylcyclohexane) is usually from 1.0 to 15 mol%, preferably
from 2 te 10 mol%,.and the amount of a saturated aliphaticA
hydrocarbon having 8 to 10 carbon atoms is usually from 0.8
to 10 mol%, preferably from 1.5 to 7 mol$%. |
The range of the suitable concentration of the above
mentioned saturated aliphatic hydrocarbons is a suitable
concentration range when each saturated aliphatic hydrocarbon
is used alone, and when two or more saturated aliphatic o
hydrocarbons are used'in combination, the suitable
‘concentration range of each saturated aliphatic hydrocarbon
. manifests a value according to the mixing ratio (molar ratio).
In a fluidized bed, the polymerization temperature iﬁ
copolymerization of at least two olefins conducted by
introducing a saturated aliphatic hydrocarbon as described
above is not particularly restricted, and in the case, for
example,ofcopolymerizationofetﬁylenewithana—olefinhaving

3toZH)carbonatoms,thepolymerizationtemperatunaisusually

from 20 to 130°C, preferably from 50 to 120°C, more preferably
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Pol yet hyl enes produced in the above-nentioned reactors nmay be the sane or
different nutually. In the present invention, the ratio of 3AMa3p8fefin
produced in each reactor, for exanple, polyethylene is not particularly
restricted, and is preferably at |east 1% by weight or nore based on a
finally obtained polyolefin conposition, for exanple, a linear |ow density
pol yet hyl ene conposition. In the present invention, it is preferable that
at least two gas phase fluidized bed reactors are used, a pol yethyl ene of
a higher nol ecular weight is produced in one reactor and a polyethyl ene of
a lower nol ecular weight is produced in another reactor, and it is nore
preferable that a polyethylene of a higher nolecular weight having a nelt
index from0.01 to 50 24 31 May 2004 g/ 10 min., preferably from0.2 to 12
g/10 mn. and a density of at least 0.860 g/cnB, preferably fromO0.860 to
0. 950 g/fory 70nipr  19Féf erabltyef poasOn B8 tan i @50 pgplgn@ riiz apriedudced i n one
reactor and a pol yethylene of a | ower nol ecul ar wei ght having a nelt index
from 0. Pref BEI0 wrrodwoted pitefetghpgritomelnesr 1beodgrlponin. afid a
density of at |east 0. 900 g/cnB, preferably fromO. 900 to 0. 975 g/cnB,
mor e préT@%éﬁﬁygﬁﬁoﬁ?ﬁﬁa€ﬂipgt%)H? YorRs 1 Zgtdied [enereducadsahusaabeter
reactor. _I.n_t a, reactor of a second or |ater stage,

i.S procedur

copolynﬁpﬁiﬁFﬁﬁﬁ: YATOGRE epedapnl?%ﬁtﬁ$%§éﬂﬁgléﬁ RiEgparpnerdpEBaUced i n
br of o1 - 466" FRAECERS §Rs 2pHACE FHaF a5 ba"beion At b} S9ar 8o eghd

the llke, present in a fluidized béd, and particularly, the

polymerization is preferably conducted at a temperature from

the dew point of the _mix'ed gas to a temperature 5°C higher than

the dew point. However, polymerization can also be conducted

at a temperature above a temperature 5°C higher than the dew

point, or a temperature lower than the dew point.

Further, the polymerization pressure differs depending
on the kinds and ratio of olefins to be copolymerized, the ratilo”
of a saturated aliphatic hydrocarben, fluidized condition of
a fluidized bed, and the like, and usually in the range from
0.058 to 9.8 MPa, preferably from 0.19 to 3.9 MPa.

The above-mentioned copolymerizatioﬁ can also be
conducted in the presence of a molecular weight controlling
agent such as hydrogen and the like, if necessary, and the
molecular weight controlling agent such as hydrogen and the
like can be fed from an any position of a fluidized bed reactor,

for example, from a feeding line.

In the present invention, the molecular weight of a
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pol yet hyl ene of a higher nol ecular weight is produced in a first stage and
a pol yethyl ene of a lower mol ecul ar weight is produced in33Mw4 stage
and it is nore preferable that a pol yethylene of a higher nolecul ar weight
having a nelt index from0.01 to 50 g/10 min., preferably from0.2 to 12
g/10 mn. and a density of at least 0.860 g/cnB, preferably from0.860 to
0.950 g/cnB8, nore preferably from0.890 to 0. 950 g/cnB is produced in a
reactor of a first stage and a pol yethyl ene of a | ower nol ecul ar wei ght
having a nmelt index from0.5 to 3000 g/10 mn. , preferably from 1 to 1000
g/10 rain. and a density of at least 0.900 g/cn8, 25 31 May 2004 preferably
from0. 900 to 0. 975 g/cnB, nore preferably from0. 910 to 0.975 g/cnB is
produced in a reactor of a second stage. In this procedure, in a reactor
of a second or later stage, copolynerization is conducted in the presence

of a copatopErymenr ahiicask idortdeo Pray iy gt g Rurd P%’;{.% ﬁigtigﬁ present
& 0

invention, it is preferable that two gas phase flu reactors are

used, a qmiqaslﬂqueaechfasatﬂne pharmerlieatlian M;ﬂ@iat§r@%&@@?@l e first
stage and a pol yethyl ene of a | ower nolecular weight is produce & i'n a

second stdgearame tdverterdisieal oy arerieddimenthd mmwvdicth om rg,aﬁ]y@%@afl ene of a
hi gher nol ecul ar. wei ght having a flow index fromO0.01 to O mn. ,

pr ef er abl YHESHIR D wed gt gorG-w Il ingamdentdensidd). of at Ieast 0. 860 g/cnB,
preferably from0,860 to 0.950 g/cnB, nore preferably from0.890 to 0.950
g/cnB is prodﬁEeﬂs ﬂr%f?E%E%%rtB@tat$$rB©1$®hg§langradpoé§e1hybanh of a

| ower nol_ecul ar wel t haV|ng a.nelt index fromO0.5 to 3000
’ réactor e present invention, for example, polyethylene

has a melt index (measured at 190°C under a load of 2.16 kg
accordingtoASTMD1238)from0.01t03000g/10min.,preferably
from 0.2 to 100 g/10 min., and;a density (ASTM D 150E) from
0.860 to 0.980 g/cm’, preferably from 0.890 to 0.950 g/cm.
Polyethylenes produced in the above—mentioned'reactorsznay'be
the same or different mutually.

In the present invention, the ratio of a'polyolefin}
produced in each reactor, for example, polyethylene, is not
particularlyrestricted,andispreferablyatleastl%byweight
or more based on a finally obtained polyolefin composition,
for example, a linear low densitf polyethylene composition

In the present 1nvent10n, it is preferable that at least
two gas phase fluidized bed reactors are used, a polyethylene
of a higher molecular weight is produced in one reactor and
apolyethyleneofalowernmlecularweightisproducedinanother
reactor, and it is more preferable thét & polyethylene of a

higher molecular weight having a melt index from 0.01 to 50
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9/10 mn., preferably froml to 1000 g/10 mn. and a densit of at | east
0.900 g/cnB, preferably fromO0.900 to 0.975 g/cnB, nore pﬁ ﬁ@Wé@p§ fromO.
910 to 0. 975 g/cnB is produced in a reactor of a second stage. The
above-nmenti oned pol yet hyl ene of a higher nolecular weight has a nol ecul ar
wei ght of usually from approx. 135000 to approx. 445000 and a nelt flow
ratio of usually from approx. 26 31 May 2004 12 to approx. 70, preferably
fromapprox. 14 to approx. 45. The above-nentioned pol yet hyl ene of a | ower
nol ecul ar wei ght has a nol ecul ar weight of usually from approx. 15800 to
approx. 35000 and a nelt flow ratio of from approx. 12 to approx. 70,
preferably fromapprox. 14 to approx. 45. The nelt index is nmeasured at
190C under a load of 2.16 kg according to ASTM D 1238, condition E, and
reported in terms of g/10 min. The flow index is neasured at 190C under a

| oad f -fold of t | oad d i It ind .di t
Ag?'!\/l D 133K H%_c;h-d?ﬁrf@%eeﬁ R FERoPe %dg‘? T4 G Sy :f%ﬁn. %%%ﬁi'gﬂg! E flow
ratio is_a _ratiaq 8X ngex. a,line 0 ns

pol yer Py?%?et_ 1ss5g i & 4/ fgﬁn%%ﬁ% ; e 92?%& SRorod Hgher )
mol ecu i éyg% e ; r , e wei
ratio o?ﬁoﬁﬁ%ﬁ yet 5 I efir%gh%fg'aghi Sﬁe?’g ?’\é\%};?ﬁm 18 BRauRl Pl il ;

. . no ular weight to the polyethyl ene
of a | owelsdbLGHAE Yol ghthy Sertis WAl hY1ShOMmNilr10r 8140t nRkaker ably

from40:60 to 60:40. 1t 1s preferable that the' linear |ow density

pol yet hyd eR9 t GOARRSELLAN M 30LI0t gy Ddexih | OPLe O2rdol B. B 10t n. ,
1000 g/10min. and a density of at least 0.900 g/cm’, preferably
from 0.900 to 0.975 g/cm3, more preferably from 0.910.to 0.975
g/cm® is produced in another reactor. In this procedure, in
:;-1 reactor of a second or later stage, copolymerization is
conductedinthepresenceofagDpolymerprodugedinthepfevious
stage.

Particularly, in the present inventio.n, it is preferable

that two gas pﬁase fluidized bed reactors are used, a J
polyethylene of a higher molecular weight is produced in a first
stage and a polyethylene of a lower molecular weight is produced
in a second stage and it is more preferable that a polyethylene
of a higher molecular weight having a melt index from 0.01 to
50 g/10 min., preferably from 0.2 to 12 g/10 min. and a density
of at least 0.860 g/cm3, preferably from 0.860 to 0.5950 g/cm3,
more preferably from0.890 to 0.950g/cm’® is produced in a reactor
of a first stage and a polyethylene of a lower molecular wéight

having a melt index from 0.5 to 3000 g/10 min., preferably from

1 to 1600 g/10 min. and a density of at least 0.900 g/cm®,
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preferably from0.04 to 2.0 g/10 mn. and a density fromO0.910 to 0. 960
g/ cnB, preferably from0.920 to 0.950 g/cnB. Further, the3MiMayad00tow
density pol yet hyl ene conposition has a nolecular weight in the range
usual ly from approx. 90000 to approx. 450000, 27 31 May 2004 and a nelt
flowratio in the range usually fromapprox. 30 to approx. 150, preferably
fromapprox. 35 to approx. 145. This linear | ow density pol yethyl ene
conposition contains, for exanple, repeating units derived from et hyl ene
in an amount of from87.0 to 98. 0 nol% preferably from90.0 to 97.0
mol % and repeating units derived froman olef in having 3 to 10 carbon
atons in an anount of from13.0 to 2. 0 nol% preferably from 10.0 to 3.0
nmol % Further, the linear | ow density pol yethyl ene conposition nay contain
repeating units derived fromthe polyenes as described above and the |ike
in an amuefesfbl% by Ovedlght o @r. 9 75es4cmpr &b ee aldar %y, vebgahs. Prg | ess,
particularly preferably 3% by weight or Iess with the proviso that it is
not har iR -9d 5t iécobjiscprotiuckd pnesemadtaventi ansetondrocige Ny IsUch a
| i near | ow density-polyethylene conposition, in a fluidized bed reactor
for prodbdisnPZPcsHinet il engicyef avtecoutdronelgher shagkefin is fed
in an amount usually froam0.01 to 0.4 nol, preferably from0.02 to 0.35
nmot per PRIGIYTSH ‘&ali¥he s SRR TECS i Bhe srdeeneeant ¢ coberl yreoduci ng a
pol yet hyl ene of ., l.ower, nol ecul ar weight, an olefin is fed in an anount
usual | y)ﬁj Péjre%c(?dod%lm&&eo.%r%?usprsetf Sbly from0.01 to 0.42 nol per 1 nol
of ethyl ene. Furthermore, in the present invention, it is preferable

that two gas phase fluidized bed reactors are used, a

polyethylene of a higher molecular weight is produced in a first

stage and a polyethylene of a lower molecular weight is produced

in a second stage, and there is also an embodiment in which

a polyethylene of a higher molecula;:. welght having a flow index

-from 0.01 to 50 g/10 min., preferably from 0.2 to 12 g/10 min.

and a density of at least 0.860 g/cm’, preferably from 0.860 :

to 0.950 g/cm3, more preferably from 0.890 to 0.950 g/cm® is

produced in a reactor of a first stage and a polyethylene of

a lower molecular weight having a melt index from 0.5 to 3000

g/10 min., preferably from 1 to 1000 g/10 min. and a density

of at least 0.900 g/cm®, preferably from 0.900 to 0.975 g/cm?®,

more preferably from0.910to0.975g/cm’ is produced in a reactor

of a second stage.

The above-mentioned polyethylene of a higher molecular
weight has a melecular weight of usually from approx. 135000

to approx. 445000 and a melt flow ratio of usually from approx.
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Into a fluidized bed reactor, hydrogen can be fed if 28 31 Nh 2004
necessary, and in this case, in a fluidized bed reactor foP Yoeé ing a
pol yet hyl ene of hi gher nol ecul ar wei ght, hydrogen is fed in an anount
usually fromO0.001 to 0.3 nmol, preferably from0.017 to 0.18 nol per 1 nol
of ethylene, and in a fluidized bed reactor for producing a polyethyl ene
of | ower nolecular weight, hydrogen is-fed in an anmount usually from0.01
to 3 nol, preferably fromO0.5 to 2.2 nol per 1 nol of ethylene. The

pol ynerization tenperature is as described above, and the polynerization
pressure differs depending on the kinds and ratio of olefins to be

copol ynerized, the ratio of a saturated aliphatic hydrocarbon, the
fluidized condition of a fluidized bed, and the Iike, and specifically,
the pol ynerization pressure in a reactor of a first stage is usually from
0.098 to 9 8 MPa, preferably fromO0,19 to 3.9 MPa, and the pol ynerization
pressure 1¥nt@ FRREPHr bF é’%%%%lfﬁf’]slfa@?“i‘ SR VL 4 e + ¢ 0. 8 MPa,

Compos i Jhe o7V &ﬁ%iﬂ%wp%eea%the dETert JoBEY B GRS ¢ on
can be obigingd, L0 tbe rmolea, Aran) oC particle Bye. 9as hg.ge

p0| yrrer| Zatl on as escr| ove. eslr

article t t i Sef
Br ef er abl gﬁ?‘@grﬁ%%{ (I)nt;(:'ri 888& j:glgg% I flrﬁgmt %BF)ﬁ%&ne%% d oa?p pr odum rfg a
pol yol ef i 9 £PEPISI i PRoRa8prdRY Z@Oﬂo approx. 45.

The melt index is measured at 190°C under a load of 2.16
kg according to ASTM D 1238, condition E, and'reported in terms
of g/10 min. The flow index is measured at 190°C under a load
of 10-fold of the load used for measuring melt index acco'rding
to ASTM D 1238, condition F, and reported in terms of g/10 min.
The melt flow ratio is a ratio of flow index to melt index.

When a lineér low density polyethylene composition is
composed of a polyethylene of a higher molecular weight an'd‘-
a polyethylene of lower molecular weight, the weight ratio of
thepolyethyleneof ahighermolecularweight tothepolyethylene
of a lower molecular weight is usually from 30:70 to 80:290,
preferably from 40:60 to 60:40.

It is preferable that the'linear low density polyethylene
composition has a melt index from 0.02 to 3.5 g/10 min.,
preferably from 0.04 to 2.0 g/10 min. and a density from 0.910
to 0.960 g/cm®, preferably from 0.920 to 0.950 g/cm®. Further,
the linear low density polyethylene composition has amolecular

weight in the rangeusually fromapprox. 90000 to approx. 450000,
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according to anot her enbodi nent of the present invention w|l

illustrated. According to the present invention, in nulti-éﬂéﬁﬁgggé phase
pol ynmeri zation of an olefin wherein at |east two gas phase fluidized bed
reactors are used, and at | east one olefin selected fromethylene and
a-olefins having 3 to 20 carbon atons is polynerized or copolynerized to
produce a polyolefin conposition, a. saturated aliphatic hydrocarbon is
allowed to exist in a transport line for transporting a polyner particle
(al so including powdery one) extracted froma fluidized bed reactor of the
previous stage to a fluidized bed reactor of the subsequent stage. In the
present invention, a multi-stage gas phase polynerization apparatus shown
in Fig. 1 as described above is used, for exanple, and a polyolefin
conposition is produced in the sane manner as described above. In. the

present Lpvent] r.at i | C I- n s _introgduced into a
Flui di zed Ched 98 & /‘“g?%‘gl | gﬁd‘?ijé‘lég"t%}é}ue 23 SIS ER B &P Ol "R ef o abi e
that theapppekymesbzabi-feraBeyi PlohSaERRANCT 89 8L aobeper dyyre above the
dew point of a mxed gas containing a polynerization® “nononer, "an i nert gas
such as nitrogens anded R olidehs s ODPS: h fBerfe BBIBEYS 85 WRIgH A GANt rol i ng

agent, a saturated aliphatic hydrocarbon introduced if necessary,” and the
| i ke, prEserixdamply) BdpdhyiR§aitdrwedél uidi zednbeeh}Beand f hyidicags bed 28,
fromthe standpoint of uniform polynerization. However, polynerization can
al so beo€oferetteld Gattot 8Aperme L e e mairley ttham Dheodew PO MiimolH,

and repeating units derived from an olefin having 3 to 10 carbon

atoms in an amount of from 13.0 to 2.0 mol$%, preferably from

10.0 to 3.0 mol%.

Further, the linear low density polyethylene composition
may contain repeating units derived from the polyenes as
described above and the like in an amount of 10% by weight or
less, preferably 5% b_y weight or less, particularly preferably
3% by weight or less With the proviso that it is not harmfGlJ
to the object of the present invention.

In producing such a linear low density.pblyethylene
composition, in a fluidized bed reactor for producing a -
polyethylené qf higher molecular weight, an olefin is fed in
an amount usuwally from 0.01 to 0.4 mol, preferably from 0.02
to0 0.35 ﬁol per 1 mol of eth-ylene, and in a fluidized bed reactor
forproducingapolyethyleneof lowermolecularweight, anolefin
is fed in an amount usually from 0.005 to 0.6 mol, preferably

from 0.01 to 0.42 mol per 1 mol of ethylene.

Into a fluidized bed reactor, hydfogen can be fed if
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any case, it is preferable that a circulation gas is cooled to a

t enperature near the dew point of the circul ation gas usuaPlWMayi2Q04 heat
exchanger 14. In the present invention, in producing a polyolefin
conposition by polynerizing or copolynerizing an olefin using the

mul ti-stage gas phase pol yneri zati on apparatus as descri bed above, a
saturated aliphatic hydrocarbon, preferably a saturated aliphatic

hydr ocarbon having 2 to 10 carbon atons is allowed to exist in a transport
line for transporting a polyner particle extracted froma fluidized bed
reactor of the previous stage to a fluidized bed reactor of the subsequent
stage. This saturated aliphatic hydrocarbon is preferably in the form of

a gas. This saturated aliphatic hydrocarbon may be a saturated aliphatic
hydr ocar bon introduced into a fluidized bed reactor and introduced into a

| i her w . I . icl b f hi
DT oduc R F AT SRRt A gt Y RE o Ro Ui S aetoP R FESeLor. Thhre
oduced Tt e e o |
Fo 1 oroubird oL hEPEN e T BIREs BRbTE LR R PR R 1
| nt r oduced, FLLY ihNgnf érHcB&hF%LmCiﬂ%r%ﬁb’o 881 e redyiged | Bkefta_%b@.ta,?nspor t

line 25 together wth a polymer particle extracted froman extraction |ine
30, or meyrHR 0. educad hBl dihe dsrBIPSEkyléne, dpavia 4 heubbowen 23 from

the feeding line 2'2. The saturated aliphatic hydrocarbon may al so be
i nt roduceslkedeteteron fentgriddigandlaowen yéthgndnkherbliower molecular
weight, hydrogen is fed in an amount usually from 0.01 to 3
mol, preferably from 0.5 to 2.2 mol per 1 mol of ethylene.
The polymerization temperature is as described above,
and the polymerization pressure differs depending on the kinds
andratioofolefins tobe copolymerized, the ratioof a saturated
aliphatic hydrocarbon, the fiuidized.condition of a fluidized
bed, and the like, and specifically, thepolymerizationpressure
in a reactor of a first stage is usually from 0.098 to 2.8 MPa’,"
preferably from0.19 to 3.9 MPa, and the polymerization pressure
in a reactor of a second stage is usually from 0.098 to 8.8
MPa, preferably from 0.18 to 3.9 MPa.
In the present invention, a polyolefin composition, for
example, a_liﬁear low density polyethylene composition caﬁ be
" obtained in the form of a granular particle by the gas phase
polymerization as described above. It is desirable that the
average particle diameter of this ?article is from approx. 250

to 3000 pm, preferably from approx. 400 to 1500 pm.

Next, the method of producing a polyolefin composition
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23, or maybe introduced between apart at which a pol yner p%rticle IS
di scharged into the transport line 25 and the centrifugal INRYeAY04 1
Further, the saturated aliphatic hydrocarbon can be introduced into the
transport line 25 by feeding gases separated in the solid-gas separation
vessels 31 and 32 to the transport line 25. As the saturated aliphatic
hydr ocarbon having 2 to 10 carbon atons, the sane conpounds as descri bed
above are listed. These saturated aliphatic hydrocarbons can be used al one
or in conbinations of two or nore. It is desirable that the concentration
of a saturated aliphatic hydrocarbon in a transport line is usually from
0.1 to 30 nol% preferably fromO0.1 to 20 nol% nore preferably from1l to-
10 mol % . Ina transport line, a polynerization nononer, a saturated

al i phatic_ hydrocarbon inert gas such as nitrogen and the like,
hydr ogena%%al é%‘? é:é)uF‘QP%&Eirg‘Fﬁ‘b%‘gﬁf“?%? 19 §hggRRESSNANN TeRt PRV ik

contain and opcentration of a saturated 32 31 May 2004 aliphatic
hydroca?%%n I'S %gﬁ%% %Ied based on the m xed gas conposed of them Wen

t he concentr ati f; t t i I hydrocarban .in a transport |ine
isin the abo%gggggépi@"bgg ?g%&gge%ﬂl%oé};‘}%élpa% ich énulq%ﬁ_r?et‘ﬁ%rgfp%rt line
mani { eStmAOBbh ofby i ELOWBRIAA Li 0103 f LIS 451 808 GRRt fuctadi dn the
present ‘i nvention, the nulti-stage gas phase pol yrerrzati on° apparatus as
descri befl wilived Bed $eG.ctaNE 41k uBeHEAGA t 0La3 18P0 8f 1 ALY 3l pge, at

| east one ol efin selected
from ethylene and a_—olefins having 3 to 20 carbon atoms is
polymerized or copolymerized to produce a polyolefin
composition, a saturated aliphatic hydrocarbon is allowed to.
exist in a transport line for transporting a polymer particle
(also including powdery one) extracted from a fluidized bed
reactor of the previous stage to a fluidized bed reactor of
the subsequent stage.

In the present invention, a multi~stége gas phase
polymerization apparatus shown in Fig. 1 as described above
is used, for example, and a polyoclefin composition is produced
inthe samemanner as described above. Inthe present invention,
asaturatedaliphatichydrocarbonis introducedintoa fluidized
bed 18 and/or a fluidizedbed 28, if necessary. Itispreferable

" that the copolymefization reactionisconductedata temperatﬁre
above the dew point of a mixed gas containing a polymerization
monomer, an inert gas such as nitrogen and the like, hydrogen
as amolecular weight controlling agent, a saturated aliphatic

hydrocarbon introduced if necessary, and the like, present in
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fromethylene and a-olefins having 3 to 20 carbon atons is _polynerized or
copol ynerized in the presence of a polynmer produced in t he'ManiWBds st age
In this procedure, it As preferable that different polyners are
respectively produced in reactors. As the a-olefins having 3 to 20 carbon
atons, the sane conpounds as descri bed above are specifically listed. In
the present invention, though the polyner produced in each reactor is not
particularly restricted, it is preferable that ethylene and an a-olefin
having 3 to 10 carbon atons are copolynerized to produce a pol yethylene in
at | east one reactor, and ethylene and an a-olefin having 3 to 10 carbon
atons are copolynerized to produce a pol yet hyl ene havi ng nol ecul ar wei ght
or conposition different fromthose of the above-nentioned 33 31 May 2004

pol yethyl epe Ln another reactor, and particularly, is it preferable that
t he above-tglgnf]r‘bﬁ‘éﬂz ‘gl}%?& ﬁ§|aé}%f&fm ieghbed 491 dadmithges gavdpeiptoduced

in at Iea%% one_reactar, and the abgve-nentioned polyethylene of a | ower

mol ecul ar Relghf oFL P %%ﬁﬁ%ﬁ?ﬁ%PQnu) i VidacPs ¥m961é?$é°@:PPHeQ}SPOM/
densi ty ggl yeyLegs FOTGRIL TGN, FuLLOer. Ln the Aresent toventign. the

pol yenes as "descri abov he ['Tke

necessar y oyl pagbher: Ly ALl 251 e onga ki nd of ol o110, Wen: a copplyrer s

produced in"a fluidized bed reactor, the ratio of nbno oners

fed into EB%ﬁ%ﬂ@é&éﬁﬁ&@ﬁgar%ﬁgaéﬁp&§n€%¥ﬂ%ﬁ&if&h@ékioﬁ%§§&§ﬁgﬂly

in a heat exchaqger‘14.

In the present invention, in producing a polyolefin
composition by polymerizing or copolymerizing an olefin using
themulti-stage gasphase polymerization apparatus asdescribed
above, a saturated aliphatic hydrocarbon, preferably a
saturated aliphatic hydrocarbon having 2 to 10 carbon atoims
isallowedtoexistinatransportlinefortransportingapolymer
particle extracted froma fluidized bed reactor of the previoﬁs
stage to a fluidized bed reactor of the subsequent stage. This
saturated aliphatic hydrocarbon is preferably in the form of
a gas.

This saturated aliphatic hydrocarbon may be a saturated
aliphatic hydrocarbon introduced into a fluidized bed reactor
énd introduced inté a transport line together with a polyméf
particle, or may be one freshly introduced into a transport
line from the outside of a reactor.

More specifically, in a multi-stage gas phase

polymerizationapparatusshowninFig. 1 forexample, asaturated
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In the present invention, polynerization of an olefin in each reactor is
conducted in coexistence with, if necessary, a saturated ali 0

hydr ocarbon, preferably a gaseous saturated aliphatic hydrocarbon having 2
to 10 carbon atons. As the saturated aliphatic hydrocarbon, the sane
conpounds as described above are specifically |isted. These saturated

al i phatic hydrocarbons can be used alone or in conbinations of two or

nore. . This saturated aliphatic hydrocarbon may be introduced in the form
of a gas into a fluidized bed, or may be introduced in the condition
wherein at |least a part of whichis in the 34 31 May 2004 formof |iquid
into a fluidized bed. Further, though a saturated aliphatic hydrocarbon is
usual ly introduced into a fluidized bed reactor through a feeding 1|ine

t oget her mﬁéﬁian olefin, it can also be fed froman arbitrary position of
the fl uPdiPERH&dbyeaeEsrLornd fenduseaingo the fdyidiedddedirently into a
quidiz%p Pg? throqgh % nggdin% line of a_catalyst. The concentration of a
sat ur at 8§ A T PRALTE APEPIET BEANSPE IS oL BamePdiegat havar ithe hodymear bon i s
cont ai-n J nt.. fr 0.5 to 80 nole, preferably from1l to 60 nol %
inani E’géjtq‘é%s% %n%gc.a e %{ongh aﬁ'e(f."%ﬁaﬁﬁjt%l]e”feanﬁ% G e dhcentrati on
of a sat | i, tic.h contgined in t above-nenti oned

m xed gas usual fers depending on and it

is dESitﬁ@'ﬁeéﬁﬁﬁgﬁﬂ%m?QQQenfﬁélééghfgt@H%fﬁﬁgﬁgfﬁ% hydrocarbon may

alsobeintroducedbetweenacentrifugalblower41andtheblower
23,ormaybeintroducedbetweenapartatwhichapolymerparticle
is discharged into the transpor; line 25 and the centrifugal
blower 41. Further, the saturated aliphatic hydrocarbon can
be introduced into the transport line 25 by feeding gases
separated in the solid-gas separation vessels 31 and 32 to the
transport line 25.

As the saturated aliphatic hydrocarbon having 2 té ib
carbonatoms,thesamecompoundseusdescribedabovearelisted.
These saturated aliphatic hydrocarbons can be used alone or
in combinations of two or more.

It is desirable that the concentration of a saturated
aliphatic hydrocarbon in a transport line is usually from 0.1
to 30 mbl%, preferably from 0.1 to 20 mol%, more preferably
fromltolOmol%. Inatransportline,apolymerizationmonomer,
asaturatedaliphatichydrocarbon,aninertgassuchasnitrogen
andthelike,hydrogenaseamolecularweightcontrollingagent,

and the like are contained, and the concentration of a saturated
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al i phatic hydrocarbon having 2 carbon atons (ethane) is usually from'10
to 80 mol o, preferably from15 to 60 nmpl % the concentrat SdMayf2094
saturated aliphatic hydrocarbon having 3 carbon atons (propane) is usually
from5 tb 60 nold, preferably from@8 to 40 nol % the concentration of a
saturated aliphatic hydrocarbon having 4 carbon atons (n-butane, i-butane)
is wusually from3 to 40 nol% preferably from5 to 15 nol% the
concentration of a saturated aliphatic hydrocarbon having 5 35 31 May 2004
carbon atonms (n-pentane, i-pentane) is usually from2 to 30 nole,
preferably from3.5 to 20 nol % the concentration of a saturated aliphatic
hydr ocar bon having 6 carbon atons (n-hexane, 2-nethyl pentane,

3- et hyl pent ane, cycl ohexane) is usually from 1.5 to 20 nol o, preferably
from2. 5to 15 nol o, the concentration of a saturated aliphatic

hydr ocar bop; hayi ng ﬁﬁ?@é’fb@rﬁoi@ce(l%ﬂ?é%é&f‘%as?é&%r{‘%ﬂ?)ﬁﬂfeydﬂas

3- net hyl hexane, 4-nethyl hexane, nethylcycl ohexane) is usual oml. O to
15 mol o,cansbssabby théRm 2 to 10 nol % and the concentration of a
saturated aliphatic hydrocarbon having 8 to 10 carbon atons is usually
fromO0.8 to 1@hswl eheplcohekalbptibanct. & satdraekto aThpheange of the

sui tabl e concentration of the above nentioned saturated aliphatic

hydr ocar boysdrésa sbewiihabt eagspeeni i atiienin ahgelwhen-dsolr dstdirahgd,

al i phati c hydrocarbon is used alone, and when two or nore saturated

al i phat i @ HnAimorapzonts cdee insele i travmsinfatliiove, nehd fegitsabkeellent
concentration range of each saturated aliphatic hydrocarbon manifests a

val ue accokeglbty heamd iRy Fae ol Msttarcksfiyupted.

In the present invention, the multi-stage gas phase
polymerization apparatus as described above is used, and in
areactorofasecohdorlaterstage,atleastoneolefinselected
from ethylene and e-olefins having 3 to 20 carbon atoms is
polymerized or copoiyﬁerized in the presence of a polymer
produced in the previous stage. In this procedure, it .is
preferable that different polymers are respectively producea
in reactors.

As the a—olefins.having 3 to 20 carbon atoms, the same
compounds as described above are specifically listed.

In the present invention, though the polymer produced
ineachrééctorisnotparticularlyrestricted,itispreferable
that ethylene and an a@—olefin having 3 to 10 carboﬁ atoms are
copolymerized toproduce apolyethylene in at least one reactor,
and ethylene and an a-olefin having 3 to 10 carbon atoms are
copolymerizedtoproduceapolyethylenehavingmoleculafweight

or composition different from those of the above-mentionesd
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When pol ynmerization is conducted while controlling the concentration of a
saturated aliphatic hydrocarbon in a transport |ine mﬁthiﬁ1émyﬁgpﬂfic
range and introducing a saturated aliphatic hydrocarbon into a fluidized
bed as described above, the transport line is not obstructed, and 36 31
May 2004 further, a polymer bulk, sheet and the |like are not easily forned
in the fluidized bed, and a pol yner having a narrow nol ecul ar wei ght

di stribution can be obtained with high polynerization activity. Further,
when a saturated aliphatic hydrocarbon is introduced in the formof liquid
into a fluidized bed, the reaction heat can be renoved by vapori zation

| atent heat of the saturated aliphatic hydrocarbon, and the efficiency of
heat renoval in the fluidized bed can be inproved, generation of a

pol yner bul k, sheet and the like in the fluidized bed becones nore

di fficult qu ‘%nﬁrlzatlon is conducted while controlling the
concent RS 6H atraR AT i PR GRL ARt R by 4 remspbrt |ine

Mhto o M AREe §2Et AeaR o Thatehhb0Red PRLYTIE 90R HoR PAEPEF can bon
duct d,aof t t

ggzdlu'?l gﬂos%](%ﬁa If“'(u&lr (?%zegggje%?%uf doln glepe(ﬁ?ﬁ Ourg% Igﬂoaé%r‘gte%;%%%ggleand ratio

of ol ef idhdvBeen Rl R y%ec%gltem% | olgpeé agudeated aoiphatlc

hydrocarbon introduced’if "necéessary, OW con ion o | 0Pdi zed

bed,  ang-ddieedd kit édtﬁ:k@l‘%d%ﬁ“% Aty m 20 to
130C, prryg:f er abl ylfrom 50 to 1205 nor e tgﬁg‘%ra:bll{fedls le%érys{{y

polyethylene composition.

Further, in the present invention, the polyenes as
describedaboveandthelikemaybec0polymerized,ifnecessary,
together with at least one kind of olefin.

When a copolymer is produced.in.é fluidized bed reactor,
the'ratip'ofznonomers to comonomers fed into the fluidized bed

" reactor is not particularly restricted.

In the present invention; polymerization of an olefih:

in each reactor is conducted in coexistence with, if necessary,
. @ saturated aliphatic hydrocarbon, preferably a gaseous

saturated aliphatic hydrocarbon haﬁing 2 to 10 carbon atoms.

As the saturated aliphatic hydrocarbon, the same compounds as

described above are specifically listéd. These saturated

aliphatic hydrocarbons can be used albﬁe-or in combinatioﬁs
" of two or more.

This saturated aliphatic hydrocarbon may be introduced
in the form of a gas into a fluidized bed, or may be introduced

in the condition wherein at least a part of which is in the
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60 to 100C under a conditions of the polynerization pressur of _ fromO.1
to 10 MPa, preferably from0.2 to 4 MPa. 37 31 May 2004 V\h@ﬁ Mgye2004
above-nentioned saturated aliphatic hydrocarbon is introduced in the form
of a gas into a fluidized bed and ol efins are copolynerized, the

copol yneri zati on can be conducted under tenperatures near the dew point of
a mxed gas containing a polynerization nononer, a saturated aliphatic
hydr ocarbon, an inert gas such as nitrogen and the |ike, hydrogen as a

nol ecul ar wei ght controlling agent, and the |ike, that exist in the
fluidized bed, at a tenperature above the dew point, at a tenperature
bel ow t he dew point, and the like, within the above-nentioned range of

pol ymeri zation tenperature. The above-nenti oned copol ynerizati on can be

conducted. in the presence, if necessary, of a nolecular weight controllin

agen;J suc%ml%@ dJrjgc@'é’rés arftf-q IHae T f‘zﬁ% Bt ecul ar wgi ght I(:gnt rolling e
t h d dt i k d.f ition of

PPt zed bed FUSEREE. FBPUBRaRpPE T UFAbREa LEBBAENG PRRECCPR ERe 5 esont

i ti 2l.ght . Il ed h i t.h

bol yer § S PEAEFBL TR A B dROh 8 Eh Mo LNR% B ekePana 1 he

i ke, or 0afl PEsEPALEGlikechn BYkeRyl:At £00 088 LAMPURL Of Y dEROED. (D! ecul ar

wei ght controlling agent) used. It is preferable e pol'yo
produced ddk ©@icdh ofeasd a1 il BEBSEM ct S ERIHPRoPasy el t i't”ﬁil‘3§

; measured 38
be fed directly into a fluidized bed through a feeding line
of a catalyst.

The concentration of a saturated aliphatic hydrocarbon
is so controlled that the hydrocarbon is contained in an amount
from 0.5 to 80 mol%, preferably from 1 to 60 mol% in a mixed
gas in a fluidized bed.

A suitable range of the concentration of a saturatéd
aliphatic hydrocarbon contained in the above-mentioned mixéd
gas usually differs depending on the number of carbon atoms,
and it is de;irable that the concentration of a saturated
aliphatic hydrocarboﬁ having 2 carbon atoms (ethane) is usually
from 10 to 80 mol%, preferably from 15 to 60 mol%, the
concentration of a saturated aliphatic hydrocarbon having 3
;:arbon atoms (propane) is usually from 5 t:o‘ 60. mol%, preferably
from 8 to 40 mol%, the concentration of a saturated aliphatic
hydrocarbon having 4 carbon atoms (n-butane, i-butane) is

usually from 3 to 40 mol%, preferably from 5 to 15 mol%, the

. concentration of a saturated aliphatic hydrocarbon having 5
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31 May 2004 at 190C under a |load of 2.16 kg according to ASTM D 1238) from
0.01 to 3000 g/10 min. , preferably fromO0.2 to 100 g/ 10 niSi.May2094d a
density (ASTM D 150E) from 0. 860 to 0. 980 g/cnB, preferably from 0.890
to 0.950 g/cnB. Polyolefin produced in the above-nentioned reactors may be
the sanme or different. In the present invention, the ratio of a polyolefin
produced in each reactor is not particularly restricted, and is preferably
at |east 1% by weight or nore based on a finally obtained polyolefin
conposition. Further, the polyolefin conposition nay contain repeating
units derived fromthe pol yenes as described above and the like . in an
anmount of 10% by weight or less, preferably 5% by weight or |ess,
particularly preferably 3% by weight or less with the proviso that it is
not harnful to the object of the present invention. It is desirable that
t he polyolefin cor;%osition has a, nelt index from0.02 to 50 g/10 m n-,
pr ef er alyidF AtOTE4 (PoPeddagrro inPRrteRrd dSnpskedilan IKes 38 &ol 86ul ar
wei ght in.the range ual_ly from approx. 50000 to approx. 450000. The
pol yol effod °60F?§8r§1|%trf3‘g’ yh£§¥3 geﬂ]stfcfsgoofno 1) &8 CONSSHEALABN Ofr éf erabl y
fromO. %QQI C [ referably.from0. 905 to, 0.940 g/cm
Though fhe f)%‘l%ye%ear?la élgé)lngggﬁglg ggﬁgnifhr?v HQ?I%FGFE:?B Y3631 eKEDPS2004
di ff er s odgprendhRe @52 rﬁé\% 9 Lot 9n 0%k f.i t b
copol ymeri zedf}| ?.%w i zégjlcon |§t(| on of t'he?%jfw %I %fe? ?l%esg,?suaolly%mm
1.5to20mol%, preferably from2.5to 15mol%, the concentration
of a saturated aliphatic hydrocarbon having 7 carbon atoms
(n-heptane, 2-methylhexane, 3-methylhexane, 4-methylhexane,
methylcyclohexane) is usually from 1.0 to 15 mol%, preferably
from2jx>10mol%,andtheconcentrationofeasaturatedaliphatic
hydrocarbon having 8 to 10 carbon atoms is usually from 0.8
to 10 mol%, preferably from 1.5 to 7 mol%.

The range of the suitable concentration of the above
mentioned saturated aliphaﬁic hydrocarbons is a suitable
concentration range when each saturated aliphatic hydrocarbon
is used alone, and when two or more saturated aliphétic
hydrocarbons are used in combination, the suitable
concentration range of each saturated aliphatic hydrocarbon
manifests a value according to the mixing ratio (molar ratio).

When polymerization is;conducted while controlling the
concentration of a saturated aliphatic hydrocarbon in a
transport line within a specific range and introducing a

saturated aliphatic hydrocarbon into a fluidized bed as

described above, the transport line is not obstructed, and
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and the like, and it is desirable that, when a polyethylene_ of a higher

nol ecul ar wei ght is produced, the polynerization pressurezﬂgﬁﬂ§5yﬁly from
0.1 to 10 MPa, preferably fromO0.2 to 4 MPa, and the pol ynerization
tenperature is usually from 20 to 130C, preferably from50 to 120"C, nore
preferably from 60 to 100C, and when a pol yethyl ene of a | ower nol ecul ar
wei ght is produced, the polynerization pressure is usually from0.1 to 10
MPa, preferably fromO0.2 to 4 MPa, and the polynerization tenperature is
usually from20 to 130C, preferably from50 to 120C, nore preferably from
60 to 100C. The above-nenti oned pol ynerization can be conducted in

coexi stence with a saturated aliphatic hydrocarbon in the form of a gas
having 2 to 10 carbon atonms, if necessary, in the same nmanner as in the
above-nentioned pol yneri zation of an olefin. Wen the above-nentioned

sat ur at edfaripaat fCharoeRpbsn sheet andddecklke pre 20 pgisdityedb e and
ethyl ene and an qglefin having:3 to 1Q carbon atons are copolynerized, the
copol yner#2 &t d ladd iFecBRbuci BY 2P WETpBREE 0fe odF T P due ¥ nt of a

opol i Bftfuct &4 2 R
y i ocar D O FHbri B SR BE N CFOBRC Ghih CHET HE A dor B a

I I | | i , t l.i ke, that i st
" the f1 N a-IB bed Al H { EAaG A e A0y S ERESan ROTRCCSEpOR 18

temper at uj g BEbOUL Nen deie PROBR: 0BNfliqh08 LhES: 2 WE1 iR 50 BRAYeLIRN! | oned

range of polynerization tenperature. en polynerization is cbndtcted

while conteQbtihg hé®t can be removed by vaporization latent heat of
the saturated aliphatic hydrocarbon, and the efficiency of heat
removal in the fluidized bed can be improved, generation of
a polymer bulk, sheet and the like in the fluidized bed becomes
more difficuit. When polymerizatioﬁ is conducted while
controlling the concentration of a saturated aliphatic
hydrocarbon in a transport line within a specific range and
introducing a saturated aliphatic hydrocarbon into a fluidized
bedasdescribedabove, gasphasepolymerizationcanbe conducted
stably for a long period of time.

Thoughpolymerizationconditionsina fluidizedbeddiffer

depending on also the kinds and ratio of olefin to be
copolymerized, the ratio of a saturated aliphatic hydrocarbon
introduced if necessary, the fldQ céndition of a fluidized bed,
and the like, the polymerization temperature is usually from
20 to 130°C, preferably from 50 to 120°C, more preferably from

60 to 100°C under a conditions of the polymerization pressure

of from 0.1 to 10 MPa, preferably from 0.2 to 4 MPa.
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concentration of a saturated aliphatic hydrocarbon in a tr?R%Porh l'ine
within a specific range and introducing a saturated aliph§ i yﬁ@ #ocar bon
into a fluidized bed as described above, the transport line is not
obstructed, and further, a polyner bulk, sheet and the |like are not easily
formed in the fluidized bed, and LLDPE having a narrow nol ecul ar wei ght

di stribution can be obtained with high polynerization activity. Further,
when a saturated aliphatic hydrocarbon is introduced in the formof liquid
into a fluidized bed, the reaction heat can be renoved by vapori zation

| at ent heat of the saturated aliphatic hydrocarbon, and the efficiency of
heat renmoval in the fluidized bed can be inproved, and generation of a

pol ymer bul k, sheet and the like in the fluidized bed becones nore
difficult. The above-nentioned copol ynerizati on can be conducted in the
presence, if necessary, of a nolecular weight controlling agent such as
hydr ogen and ¥hen thieabatasTify) eaned sakigat ed edripteltiiohy dgemd risoch as
hydrogen and the |ike can be fed from41 31 May 2004 any position of a

v

fiuidi zed BEFEPERGES 10f Speekanp ef #r6afainteedi htuidheed |ped hangr esent
inventiog, t.he mol ecul ar. wei can.be controlled hy changing the

ht
CzaTON égﬁdFPﬁﬁﬁgmfﬁgﬁeﬁg thRe CRBPY}NEETAZERN EAPePSt ure and t he

pol yner i
oS CESAERSER ORI e SRR L D B o Jhygtogen (1l ecul
higher gRheeuhdhg a polymerization monomer, a saturated aliphatic
hydrocarbon,aninertgassuchasnitrogenandthelike,hydrogen
as a molecﬁlar weight controlling agent, and the like, that
existinthefluidizedbed,atatxmperatureabovethedewpqint,
at a temperature below the dew point, and the like, within the
above-mentioned range of polymerization temperature.
The.above—mentioned copolymerization can be conducted
inthepresence,ifnecessary,ofanwlecularweightcontrolling
agent such as hydrogen and the like. The molecular weighg
controlling agent such as hydrogen and the like can be fed from
aﬁy position of é fluidized bed reactor, for example, from a
feeding line. |
In the presentrinvention, the molecular-weight can be
controlled by changing the pclymerization conditions such as
thepolymerization%emperatureandthelike,orcanbecontrolled
by regulating the amount of hydrogen (molecular weight
controlling agent} used.

It is preferable that the polyolefin produced in each

reactor in the present invention has a melt index !measured
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wei ght to a pol yethylene of a | ower nol ecul ar wei ght produced as described
above is from20:80 to 80:20, preferably from40:60 to 6034®ay3008s
preferable that a |inear |ow density polyethylene conposition contains
repeating units derived froman olefin having 3 to 10 carbon atons in an
amount of 15% by weight or less, preferably from1l to 10% by wei ght.
Further, the linear | ow density polyethylene conposition rmy contain
repeating units derived fromthe pol yenes as described above in an anount
of 10% by weight or less, preferably 5% by weight or less, particularly
preferably 30-6 by weight or less, with the proviso that it is not harnfu
to the object of the present invention. It is desirable that the |inear |ow
density pol yethyl ene conposition has a nelt index from0.02 to 50 g/10

mn. , pref enabt irfir3% Mg 2004 kom %-c%ﬂoqn%otafﬁf&nmd"-1§§gggf§}8¥£pos‘ tion

has a nol ecular weight in the range usually from approx. O appr ox.

450000. ¢Thiis tbi Beao 4omo @gmﬁi,tlﬁra@byabmgl £P8mCOMPAS] hip@nghas @;density of
at least 0.890 g/cnB, preferably from0.900 to 0.960 g/cn%, more” '

pr ef er ablapdf a ceNB18Q5(AITNDAFVEY/ £08m 0T8Ol £ @A slocyy crifensi & ¥e PALY L hyl ene
conposition has a nelt flowrate_of from approx. 30 to approx. 150,

pr ef er ablfyror Sm8Rdprtox 0.350t g/apdr 0x@ol violbe fim phedyresent tmyention, a
pol yol efin conposition such as a linear |ow density polyethyl ene

conposi t BERVANIeNid onjeide reggiose BBabredhien sele foor mhidffeaepar.ticl e by the

above- nenti oned , . .
In the present invention, the ratio of a polyolefin

produced in each reactor is not particularly restricted, and
is preferably at least 1% by weight or ﬁore based on a finally
obtained polyolefiﬁ composition.

Eurther,thepolyolefincompositionmaycontainrepeating
units derived from the polyenes as described above and the like.
in an amount of 10% by weight or less, preferably 5% by weight
or less, particularly preferably 3% by weight or less witﬁ the
proviso that it is not harmful to the object of the present
invention.

It is desirable that the polyolefin coﬁposition has a

' @elt index from 0.02 to 50 g/10 min., preferably from 0.04 to

20 g/10 min. This compositioﬁ has a molecular weight in the
range usually from approx. 50000 to approx. 450000. The
polyolefin composition has a density of at least 0.890 g/cm’,
preferablyfrom0.900toO.960g/cm3,morepreferablyfrmm0.905
to 0.940 g/cm’.

Though the polymerization conditions in a fluidized bed
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gas phase polynerization. It is desirable that this particle has an average
particle diameter fromapprox. 250 to 3000 m preferably 3idayai®tox. 400
to 1500 [eer]m Transition metal conpound catalyst In the present

i nvention, the copolynerization as described above is conducted in the
presence of a transition nmnetal conpound catal yst such as a Ziegler type
titaniumcatalyst, Phillip type chrom um oxi de catal yst, netall ocene-based
catal yst and the like, preferably in the presence of a netallocene-based
supporting catalyst. The netall ocene-based supporting catal yst preferably
used in the 43 31 May 2004 present invention conprises, specifically, for
exanple, (A) a netallocene conpound of a transition netal selected from
the 4 group of the periodic table, and (B) at |east one conpound selected
fron1(81%%%€rg§n al um num oxy conpounds, (B-2) organoal um num conpounds and

(B-3) conpotf TRAFRAR SR 1P HHe s |3k ie idenpursd g8ns dd orm an
o oup. o e TGt ETEE € ThE A 414 SO ot n Gy 07 61 AGCLrREic on et al
epresertes By cheth ot N R RS GRY e e Bresent s o
coor di nated Tooh oy SearELIan het ah Ll §Reodudy Pre BR13he T 2 AT

pressure is usually from 0.1 to 10 MPa, preferably from 0.2

to 4 MPa, and the polymerization temperature is usually from

20 to 130°C, preferably from 50 to 120°C, more preferably from

60 to 100°C, and when. & polyethylene of a lower molecular weight

is produced, the polymerization pressure is usually from 0.1

to 10 MPa, preferably from 0.2 to 4 MPa, and the polymerization

temperature is usually from 20 to 130°C, preferably from 50

to 12‘0."C, more preferably from 60 to 100°C.

The above-mentioned polymerization can be conduct;d 1n

coexistence with a saturated aliphatic hydrocarbon in the form

of a gas having 2 to 10 carbon atoms, if necessary, in the same

manner as in the above-mentioned polymerization of an olefin.

When the above-mentioned saturated aliphatic hvdrocarbon

is introduced into a fluidized bed and ethylene and an olefin

having:3 to 10 carbon atoms are copolymerized, the

copolymerization can be conducted at a temperature near the

dew point of a mixed gas containing a -polymerization monomer,

a saturatedaliphatichydrocarbon, an inert gas such as nitrogen

and the like, hydrogen as a molecular weight controlling agent,
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and at | east one Lisa ligand having a cycl opent adi enyl skeleton, and Ls
other than the ligand having a cycl opentadi enyl skel et on r &irf\éayeii04a
hydrogen atom hal ogen atom a hydrocarbon group having 1 to 12 carbon
atons, an al koxy group, an aryloxy group, a trialkylsilyl group or a SO3R
group (wherein, Ris a hydrocarbon group having 1 to 8 carbon atons
optionally having a substituent such as a halogen and the like). x is a
nunber satisfying the atom c value of a transition 44 31 May 2004 net al
atom As the ligand having a cycl opentadi enyl skeleton, for exanple,

al kyl -substituted cycl opent adi enyl groups such as a cycl opent adi enyl
group, nethyl cycl opentadi enyl group, dinethylcyclopentadienyl group,
trimethyl cycl opentadi enyl group, tetranethylcycl opentadi enyl group,
pentanethylcgclopentadienyl group,  ethyl cycl opent adi enyl group

met hyl et R YRE dpidift adbehy* b odf thpridpyidtyiahBent 4 enfemgesapure
t hyl | t adi. | but vyl | t.adi | ,
el buessy EhBREts Fnt o sttt e BR SRt pglatn aRd ¢ he
i ke, i | . 4, .5 6, 7-t. i | l. |
1o Of (4 LAFRIYL BEONY iR Sl BB RGETH hgVPy o LlbBr e,

a hal oggn atgm. trd al kylsilyl group and the Iike. Anmong them
aIkyI-subsF?}uteé}cyclopentadienyl groups are particularly preferable. As

the Iigand ot hgnehhewn Jhier 1 1 Hansh hayiR@ddcted while controlling the
concentration of a saturated aliphatic hydrocarbon in a
transport line within a specific range and introducing a
saturated aliphatic hydrocarbon into a fluidized bed as
described above, the transport line is not obstructed, and
further,apolymerbulk,sheetandthélikéarenoteasilyformed
in the fluidized bed, and LLDPE having a narrowmolecular weight
distribu£ion canbe obtainedwithhighpolymerizationactivity.
Further, when a saturated aliphatic hydrocarbon is int'roduc;e-'d"
in the form of liquid into a filuidized bed, the reaction heat
can be removed by vaporization latent heat of the saturated
aliphatic hydrocarbon, and the efficiency of heat removal in
the fluidized bed can be improved, and generation of a polymer
bulk, sheet and the like in the fluidiéed bed becomes more
difficult. |

The above-mentioned copolymerization can be conducted

in thepresence, if necessary, of amolecular weight controlling
agent such as hydrogen and the like. The molecular weight

controlling agent such as hydrogen and the like can be fed from
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cycl opent adi enyl skeleton, there are specifically listed, as hal ogens,
fluorine, chlorine, bromine, iodine and the |ike, as hydro8aMay®0§foups
having 1 to 12 carbon atoms, al kyl groups such as a nethyl group, ethyl
group, propyl group, 45 31 May 2004 isopropyl group, butyl group and the
| i ke; cycl oal kyl groups such as a cycl opentyl group, cycl ohexyl group and
the like; aryl groups such as a phenyl group, tolyl group and the I|ike;
aral kyl groups such as a benzyl group, neophyl group and the I|ike; etc.,
as al koxy groups, a methoxy group, ethoxy group, butoxy group and the

| i ke, as aryloxy groups, a phenoxy group and the like, as SO3R groups, a
p-tol uenesul fonato group, nethanesul fonato group,
trifluoromethanesul fonate group and the |ike. Wien a conpound of the
above-nentioned general fornula (i) contains two or nore groups having a

cycl opent adi enyl, . skel.etop, the t [ oups havi a cycl opent adi enyl
skel et ot “YBY5E ShIPUSEl § g%%h%%fﬁﬁﬂhéhiﬁé%QﬂQ6yl3%575?%ﬂﬁﬂ§hcﬁr§§‘éthylene,
propyl e .t Jjke; a substituted al kyl ene group such as

isoprop&%ﬁ éﬁEP%df%%enylnethylene or the like; a substituted silylene

group such aSI§i£Méeﬁfesgﬁﬂﬁiﬁyéﬁ££¥h?ngbedﬁgbgg¥i$%2¥g$nﬁt can HS :

met hyl phenyl silyl'ene or the like, etc. Such a neta Cene comnpou .
cont ai Nicdghta 11N Eyhanhnging N IFEMAd S o5 ke ehin dry sRfNaLhe atomic

val ue of a
thepolymerizationtemperatureandthelike,orcanbecontrolled
by regulating the amount of hydrogen (molecular weight
controlling agent) used.

The weight ratio of a polyethylene of a higher'moiecular
weight to a polyethylene of a lower molecular weight produced
asdescribedaboveisfrom20:80t080:20,preferablyfrom40:60
to 60:40. |

It is preferable that a linear low density polyethylene
composition contains repeating units derived from an olefih”
having 3 to 10 carbon atoms in an amount of 15% by weight or
less, preferably from 1 to 10% by weight.

Further,thelinéarlowdensitypolyethylmmacomposition
may contain repeating units derived from the polyenes as
described above in an amount of 10% by weight or less, preferably
9% by weight or less, particularly'prefefably 3% by weight gr
less, with the proviso that it ié not harmful to the object
of the present invention.

It is desirable that the linear low density polyethylene

compositionhasamelt index from0.02to50g/10min., preferably
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transition netal atomis 4 for exanple, represented nore specifically by
the following fornula (ii). 46 31 May 2004 R2kR31, RANR5NM 131 Mane2G0r nul a, M
represents the above-nmentioned transition nmetal, R2 represents a group
(l'igand) having a cycl opentadi enyl skeleton, R3, R and R5 represent a
group having a cycl opentadi enyl skeleton or other groups as descri bed
above, k represents an integer of 1 or nore, and k+l +mn=4. |In the present
i nvention, netallocene conpounds in which at least two of R2, R3, R4 and
R5, for exanmple, R2 and R3, represent a group (ligand) having a

cycl opent adi enyl skeleton, in.the above-nentioned fornula: R2kR3I RAMR5SNM
are preferably used. These groups having a cycl opent adi enyl skel eton may

al so be connected via an al kyl ene group, substituted al kyl ene group,
silylene group or substituted silylene group, or the like. Anong the
above- rren%gwﬂe%l- Dbt &P | 9 el @ drpbundd i ss segira =l tehahplass amalenpolads i n
which Mis zirconiyminclude gis(c cl opent adi nyl ) zi r coni um di chl ori de,

bi s(cycl opEh? AU AVHREF FRIRMTHA ilb’r%”ﬂ%Pprox° 50000 to approx. 450000.

0 o ovc! el ) UBL N LSRR ML DBOENL O A885es 10n ns & demsiy

b ey enkadkaed hoysh o 2L EERBLUIPRE TG o 0. 560 o/cn,
more preferably from 0.905 to 0.940 g/cm®. The linear low
density polyethylene composition has a melt flow rate of from
approx.301x>approx.150,preferablyfromapprox.SStx)approx.
145.

In the present invention, a polyolefin composition such
as a linear low density polyethylene composition and the like
can be obtained in the form of a particle by the above-ment ioned
gas phase polymerization. It is desirable that this particle

has an average particle diameter from approx. 250 to 3000 pm:”

preferably from approx. 400 to 1500 pm.

Transition metal compound catalyst

In the present invention, the copolymerization as
described above is conducted in the presence of a transition
:ﬁetalcompoundcatalyétsuchasaZieglertypetitaniumcatalyst,
Phillip type chromium oxide catalyst, metallocene-based
catalyst and the like, preferably in the presence of a -
metallocene-based supporting catalyst. The

metallocene-based supporting catalyst preferably used in the
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31 May 2004 bi s(cycl opent adi enyl ) benzyl zi rconi um nonochl ori_de

bi s(cycl opent adi enyl ) zi r coni um nonochl ori de nonohydri de, 31 May 2004

bi s(cycl opent adi enyl ) met hyl zi r coni um nonohydri de,

bi s(cycl opent adi enyl ) di net hyl zirconi um

bi s(cycl opent adi enyl ) di phenyl zi r coni um

bi s(cycl opent adi enyl ) di benzyl zi rconi um  bi s(cycl opent adi enyl ) zi rconi um
met hoxy chl oride, bis(cyclopentadienyl)zirconium ethoxy chlori de,

bi s(cycl opent adi enyl ) zirconi unbi s( met hanesul f onat o),

bi s(cycl opent adi enyl ) zi r coni unbi s(p--tol uenesul f onat o),

bi s(cycl opent adi enyl ) zi rconi unbi s(trifl uoronet ha- nesul fonat a),

bi s(met hyl cycl opent adi enyl ) zi r coni um di chl ori de,

bi s(di met hyl cycl opent adi enyl ) zi r coni um di chl ori de,

bi s(di nmet hyl cycl opent adi enyl ) zi r coni um et hoxy _chl ori de,

bi s(d. i &E%@?%%&fg‘b%ﬁw PS5 Son SR ACail M udPenekrBRE e sUP onat 0)
bis (ethylcycl.gpent adi enyl i rconi um dichl ori de

b1 o 1ot I PRIy PG REEN 1S 51401 Ak &l ERFR aftected from the

bi s(pr Op&ll%ﬁi%?;%ﬁ%kg%%géa&&c %f@] da'trﬁﬁ"h%: dé'l I %I;alaag, one compound

bi s(nmet hylJpro I eny I Ftconiu

bi s( but ydcyecdanent adi emd]Q_Zicf .Mﬂi%np—gi;:gﬁic&r?pé)émds, (B-2}

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

bi s( met hydduiad xyel rape bagbanyk) Zhd q@nuNbbabaBhhaNasUl 0R ; at %
bi s(trinmethyl cycl opent adi enyl ) zi rconium di chloride, 48 31 May 62

bi s(t et rtane i ol axpentagienidd zimc ey Wordi e Aldrd@air. .

bt s( pent anet hyl cycl opent adi enyl ) zi rconi um di chl ori de,
(Metallocene compound (A} of transition metal selected from
4 group of periodic table)

The metallocene compound (A) of a transition metal
selected fromthe 4 group of theperiodic table is, specifically,
representéd by the following formula ({i}.

ML, (1)

Wherein, M represents a transition metal atom selecteéi"-
from Zr, Ti and HEf.

Ls are a ligand coordinated to a transition metal atom,
andat leastoneLisaligandhavingacyclopentadienyl skeleton,
and Ls other than the ligand having a cyclopentadienyl skeieton
J;epresentl a hydrogen atom, halogen atom, a hydrocarbon group

- having 1 to 12 carbon atoms, an alkoxy group, an aryl-oxy group,
atrialkylsilyl group or'a SOsRgroup (wherein, Ris a hydrocarbon
group having 1 to 8 carbon atoms optionally having a éubstituent

such as a halogen and the like).

X is a number satisfying the atomic value of a transition
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bi s( hexyl cycl opent adi enyl ) zi rconi um di chl ori de,
bi s(trimethyl silylcycl opent adi enyl)zirconiumdichloride, 31May2004
bi s(i ndenyl) zi rconi um di chl ori de, bi s(indenyl)zirconium dibrom de,
bi s(i nden. yl) zirconi unbi s(p-tol uenesul f onat o),
b.is(4,5,6,7-tetrahydroi ndenyl ) zirconium di chl ori de,
bi.s(fluorenyl)zirconiumdichloride, ethylenebis(indenyl)zirconium
di chl oride, ethyl enebis(indenyl)zirconium di brom de,
et hyl enebi s(i ndenyl ) di met hyl zi rconi um
et hyl enebi s(i ndenyl ) di phenyl zi rconi um et hyl enebi s(i ndenyl ) met hyl zi r coni um
nonoch. | ori de, ethyl enebis(indenyl) zirconiunbis(nethanesul fonato),
et hyl enebi s(i ndenyl ) zi rconi unbi s( p-tol uenesul f onat 0) ,
ethylenebis%indenyl.)zirconiunbis(trifluoronethansulfonato), et hyl enebi s
(4,5, 6, M¢radt A&RYdr oi ndenyl) zirconi um dichl ori de,
i sopropylidene(cycl.o gﬂiadug -fluorenyl) zirconium dichloride,
isopropylidene@?%éﬂgg Gt :R%V%ﬁﬁfﬁHQ%RﬂQRﬁﬂﬁ%ﬁﬁ%ﬂﬁﬂ)%ﬁqleﬁﬁﬁﬂLﬁ@r
di chlori dg et h i |yl enebi éc | opent adi.en J%zirconiun1dich|oride,
di net hyl si ?‘F@Fgﬁéb%qﬁ}(irre%ﬁ?ﬁ%’y@ %%‘grﬁl&gioé?ﬁﬂt)a%i O HHAYPS SECHRYS 2004
di chl ori de, 1 dLagt oyl ahly! gpelis(dL E & | opent.adi enyl ) zi rconi um
dichlor!de? éihethy?s!h %eﬁeg!g(prlgg& é g%% Sggﬁgéﬁpgﬁyﬁ Z2HPeoni um
d'Ch|Or'déim@tﬂ?iB¥E§bb¥h€§8?éﬁ§inngMb)ZtE§8Q£thcyclopentadienyl
group, tetramethylcyclopentadienyl group,
pentamethylcyclopentadienyl group, ethylcyclopentadienyl
group, methylethylcyclopentadienyl group,
propylcyclopentadienyl group, methylpropylcyclopentadienyl
group, butylcyclopentadienyl group,
methylbutylcyclopentadienyl group, hexylcyclopentadienyl
group and the like, or an indenyl group,
4,5,6,7-tetrahydroindenyl group, fluorenyl group and the liké
are exemplified. These groups may also be substituted by a
halogen atom, trialkylsilyl group and the like.
Among them, alkyl-substituted cyclopentadienyl groups
are particularly preferable.
As the ligand other than the ligand having a
cyclopentadienyl skeleton, there are specifically listed,
as halogens, fluorine, chlorine, bromine, iodine and the
like,

as hydrocarbon groups having 1 to 12 carbon atoms, alkyl

groups such as a methyl group, ethyl group, propyl group,
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di chl ori de,

di met hyl si |l yl enebi s(2-net hyl i ndenyl ) zi rconi um dichl ori de,

di met hyl si | yl enebi s(2- et hyl , 4-i sopropyl i ndenyl ) zi r coni um 3diNay Hi0de,
di met hyl si |l yl enebi s(2,4,7-trinmethylindenyl)zirconium dichloride,

di met hyl si |l yl enebi s(i ndenyl ) zirconiunbi s(trifl uoronethanes ul fonato),
di met hyl si |l yl enebi s(4,5, 6, 7-tetrahydroi ndenyl ) zirconium dichloride,

di met hyl si | yl ene(cycl opent adi enyl -fl uorenyl ) zirconi um dichlori de,
di phenyl si | yl enebi s(i ndenyl ) zirconium dichloride,

di phenyl si |l yl enebi s(2-net hyl , 4-i sopropyl i ndenyl ) zi rconi um dichl ori de,
di phenyl silyl enebis(2,4,7-trinethylindenyl)zirconium dichloride,

nmet hyl phenyl si |l yl enebi . s(i ndenyl)zirconium dichloride and the |ike.
May 2004 In the above-nentioned exanples, di-substituted isomer of a
cycl opent adi enyl ring include 1,2- and 1, 3-substituted isoners, and

50

tri-substsemrepybogirespi nolude drahpBanandhé, 2iKe subsdisalt egh hpdigss The

al kyl

group such as propyl, butyl and the |Iike include n-, i-, sec-,

tent - i SOPEFR ande teclopdet y Coppoundsc whisrtedxy Zigmanp wad reidie i ke ;

above- nenti oned

hafniun1aryl groups such as a phenyl group, tolyl group and the like;

aralkyl groups such as a benzyl group, neophyl group and the
like; etc., |

as alkoxy groups, a methoxy group, ethoxy group, butoxy
group and the like,

as aryloxry groups, a phenoxy group and the like,

as SO3R groups, a p-toluenesulfonato group,
methanesulfonato group, trifluoromethanesulfonate group and
the like..

When a compound of the above-mentioned general formula
(i) contains two or more groups having a cyclopentadienyiJ
skeleton, the two groups having a cyclopentadienyl skeleton
maybenmtuallyconnectedviaanalkylenegroupsuchasethylene,
propylene or the like; a substituted alkylene group such as
isopropylidene, diphenylmethylene or the like; a substituted

silylene group such as silylene, dimethylsilylene,

Vdiphenylsilylene, methylphenylsilylene 5r the like, etec.

Such a metallocene compound containing a ligand having
a cyclopentadienyl skeleton is, when the atomic value of a
transition metal atom is 4 for example, represented more

specifically by the following formula (ii).
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are al so used as the netall ocene conpound In the present invention, as the
met al | ocene conpound (A), zirconocene conpounds having a Bitd48YP®4nt ai ni ng
at | east two cycl opentadi enyl skel etons are preferably used, and
zi rconocene conpounds having a ligand containing two cycl opent adi enyl
skel etons are particularly preferably used. These netall ocene conpounds
can be used alone or in conbinations of two or nore. (O ganoal um num oxy
conmpound (B--1)) The organoal um num oxy conpound (B-1) may be
conventional |y known al um noxane sol uble in benzene, or may be an
or ganoal um num oxy conpound insol uble in benzene as disclosed in JP-A No.
2-276807. The al um noxane as descri bed above can be produced, for exanple,
according to the foll owi ng nethod. 51 31 May 2004 (1) An organoal um num
conpound such as trial kyl al umi num and the |like is added to hydrocarbon
suspensi on cont ai ni RgxB18efpdlind havi ng dddeérbed water, or salts having
crystal water,_for ex mple a magnesi um chl ori de hydrate, copper sulfate
hydrate, al um ani}h%uf‘? ke M BERE e SRR | the | Fha e Hyrp it eneder i um (111)
chl ori de gxgggte and tTe | i ke suspended, and they are reacted. As the

n he !

hydrocargg &R @SES, hydr ocar bon sol vents such as aromatic

hydr ocar bons e uene | ene,._ cunene, ¢ ne, and_t he
i ke; aIiphatﬁgcﬁﬁgf%ggﬁéggﬁggégh gguyﬁgyt§ﬁg?nﬁé§éﬁ%&‘ﬁg%ﬁgﬁi%e%¥%ane,
decane, dedegang, hexadecane, octadecane and the |ike; alicyclic

hydr ocar bons suc

R*, R! and R’ represent a group having a cyclopentadienyl
skeleton or other groups as described above,

k represents an integer of 1 or more, and k+l+m+n=4.

In the present invention, metallocene compounds in which
atleasttwoofE@,R?,RqandRé,forexample,Rzandfﬁ,represent
a group (ligand) having a cyclopentadienyl skeleton, in the
above-mentioned formula:leﬁflRﬂﬁan, are preferably used.
These groups having a cyclopentadienyl skeleton may also 5@1
connected via an alkylene group, substituted alkylene group,
silylene group or substituted silylene group, or the like.

Among the above-mentioned metallocene compounds,
specific examples of compounds in which M is zirconium include
bis{cyclopentadinyl)zirconium dichloride,
bis(cyclopentadinyl)zifconium dibromide;
bis (cyclopentadinyl)methylzirconium monochloride,
bis{cyclopentadinyl)ethylzirconium monochloride,
bis(cyclopentadienyl)cyclohexylzirconium monochloride,

bis(cyclopentadienyl)phenylzirconium monochloride,
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cycl opent ane, cycl ohexane, cycl ooctane, nethyl cycl opentane and the |ike;
petrol eum fractions such as gasoline, kerosene, |ight oil 3AMat3994|i ke or
hal i des (for exanple, chloride, bromde and the like), the above-nentioned
aromati ¢ hydrocarbons, aliphatic hydrocarbons and alicyclic hydrocarbons,
and the like, can be used. Further, ethers such as ethyl ether,
tetrahydrofuran and the |i ke can also be used. Anong them particularly,
aromati ¢ hydrocarbons are preferably used. (2) Water, ice or water vapor
is allowed to act directly on an organoal um num conmpound such as

trial kylalum numand the |like in a nmedium such as benzene, toluene, ethyl
ether, tetrahydrofuran and the like. 52 31 May 2004 (3) An organic tin
oxi de such as dinethyltin oxide, dibutyltin oxide and the like is allowed
to react, wth apn organoal um num conpound such as trial kyl al um num and t he
li ke in B fbaYahPREERAJASNHéLRABZYBERZENB L uMOhoeDehdad itke | i ke. This
aluninongg na¥ contaig,a smal | anmount of organic netal conponent.
Fur t her , > 5> $oY GeRPSBF2dietnt baé Feanivrganoarhibnintec oopotydriay al S0 be

renoved istilling from_the recovered solution of alum noxane, before
re-dissg$%??%iéi+%?%g%d§%P¥%LT?t¢¥%Fﬁécﬁﬁgﬂﬁoﬁpnﬁhmdnidenpound used in

e P R LOSTORFIL) f Ce s, o b,
used. ABNK(dEIBpd it 2yl A 45 RUM, AR, L1 cycl oal kyl al umi num
bis(cyclopentadieny@)dibenzylziréonium,
| bis(cyclopentadienyl)zirconium methoxy chloride,
bis(cyclopentadienyl)zirconium ethoxy chloride,
bis(cyclopentadienyl)zirconiumbis(methanesulfon%to),
bis(cyclopentadienyl)zirconiumbis(p-toluenesulfonato),
bis(cyclopentadienyl)zirconiumbis(trifluoromethanesulfonat
o), bis(methylcyclopentadienyl)zircoﬁium dichloride,
-bis(dimethylcyclopentadienyl)Zirconium dichloride,
bis(dimethylcyclopentadienyl)zirconium ethoxy chloride,
bis(dimethylcyclopentadienyl)zirconiumbis(trifluoromethane
sulfonato), bis(ethylcyclopentadienyl)zirconiuntdichloride,
bis(methylethylcyclopentadienyl)zirconium dichloride,
bis(propylcyclopentadienyl)zirconium dichloride,
bis(methylproPylcyclopentadien&l)zirconium dichloride,
bis(butylcyclopentadienyl)zirconium dichloride,
bis(methylbutylcyclopentadienyl)zirconium dichloride,
bis(methylbutylcyclopentadienyl)zirconiumbis(methanesulfon

atoj, bis(trimethylcyclopentadienyl)zirconium dichloride
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are particularly preferable. In the organoal um num oxy conpound |nsoluble
in benzene wused in the present invention, the anount of al3dif

conponents dissolved in benzene at 60C is 10% or | ess, preferably 5@6or

| ess, particularly preferably 2% or less in ternms of an alum num atom and
t he conponents are insoluble or poor soluble in benzene. The solubility of
such an organoal um num oxy conpound in benzene is obtained as follows. The
or ganoal um num oxy 53 31 May 2004 conpound in terns of al um num of 100 ny
atons was suspended in 100 m of benzene, then, m xed for 6 hours at 60C
while stirring, then, filtrated with heating at 60C using a filter nade
of G5 glass equipped with a jacket, and a solid portion separated on the
filter was washed four times using 50 m of benzene at 60C, then, the
amount of Al atoms existing in the whole filtrate (x mllinole) is

neasur edpis htet demetbykopel opentadiebyl) tyréaddunThesklorgdapal uni num oxy
conpounds (B-1) canbeusedal one or in conbinations of two or nore.

(Or ganoabwrimrrﬁe@ﬁﬁbﬂh@yiisblzwtémeeeybhﬁeaq:elnimndt@hi;enhde( B-2) is
represented for exanple, by the follow ng general formula (iii) .

R1nAl X3. %\S(}P?%‘yl?%e?lé?lhta‘ﬁle?léb}é—"séﬁ‘t”%lléﬂ“h‘%@%%%b@ﬁrgr oup having 1 to 12

carbon ot ofB:. L RPLEDEPL 8,21 5L 00S: Lom o1, 8, hydrogen, atom, and n is 1
bis(indenyl) zirconium dichloride, bis(indenyl)zirconium
dibromide, bis(indenyl)zirconiumbis(p—foluenesulfonato),
bis(4,5,6,7-tetrahydroindenylfzirconium dichloride,
bis{fluorenyl)zircenium dichloride,
ethylenebis (indenyl) zirconium dichloride,-
ethylenebis (indenyl) zirconium dibromide,
ethylenebis (indenyl)dimethylzirconium,
ethylenebis (indenyl)diphenylzirconium,
ethylenebis (indenyl)methylzirconium monochloride,
ethylenebis(indenyl)zirconiumbis (methanesulfonato),
ethylenebis(indenyl) zirconiumbis (p~toluenesulfonato),
ethylenebis(indenyl)zirconiumbis (trifluoromethansulfonato),
ethylenebis(4,5,6,7-tetrahydroindenyl)zirconiumdichloride,
isopropylidene (cyclopentadienyl-fluorenyl) zirconium
dichloride,. .
isopropylidene(cyclopentadienyi—methylcyclopentadienyl)zir
conium dichloride, |
dimethylsilylenebis{cyclopentadienyl)zirconium dichloride,

dimethylsilylenebis (methylcyclopentadienyl)zirconium
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In the above-nentioned general formula (iii), RL represents a hydrocarbon
group having 1 to 12 carbon atons, for exanple, an al kyl g¢idlay 209¢cl oal kyl
group or aryl group, specifically, a nethyl group, ethyl group, n-propyl
group, isopropyl group, isobutyl group, pentyl group, hexyl group, octyl
group, cyclopentyl group, cyclohexyl group, phenyl group, 54 31 May 2004
tolyl group and the |ike. As such an organoal um num conpound (B-2), there
are specifically listed; trialkylalumnums such as trinethylal um num
triethylalum num triisopropylalumnum triisobutylal um num
trioctylalum num tri 2-ethyl hexylalum numand the |ike; alkenylal um nuns
such as isoprenylalumnumand the |ike, dialkylalumnum halides such as

di met hyl al um num chl ori de, diethyl al um num chl ori de, diisopropylal um num
chloride, diisobutylalum numchloride, dinethylalum num brom de and the
li ke; al kyligihdwimigia,sesqui hal i des such as net hyl al uni num sesqui chl ori de,
et hyl al um num sesqui chl ori de, isopropylal um num sesqui chl ori de,

but yI al unPAEGthydsddivéknebiigd diekhylyaloyelapereesyenynon ide-@d,4 he i ke;

al kyl al um num_di hal i des such as nethyl al umi num dichl oride, ethyl al um num
di chl ori d8*<hd@FAEEy! al umi num dichl oride, ethylal umi num di broni de and the

l'ike; alk Lalﬁgigun1hédrides such as diethyl al um num hydri de,
di i sobut yPaPGHGAAYdEPERIaAETEMethykeycdbpentadienyl) zirconium

dichloride, dimethylsilylenebis(indenyl)zirconium
dichloride, dimethylsilylenebis(2—methylindenyl)zirconium
dichloride,
dimethylsilylenebis(2—methyl,4—isopropylindenyl)zirconium
dichloride,
dimethylsilYlenebis(2,4,7—trimethylindenyl)zirconium
dichloride,
dimethylsilylenebis(indenyl)zirconiumbis(trifluoromethanes
ulfonato),
dimethylsilylenebis(4,5,6,7~tetrahydroindenyl)zirconium
dichloride,
dimethylsilylene(cyclopentadiehyl~fluorenyl}zirconium
dichloride, diphenylsilylenebis(indenyl)zirconium
dichloride,
diphenylsilylenebis(2—methyl,4—isopr6pylindenyl)zirconium
dichloride,
diphenylsilylenebis(2,4,7-trimethylindenyl)zirconium
dichloride, methylphenylsilylenebis(indenyl)zirconium

dichloride and the like.
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As t he organoal um num conpound (B-2), conpounds of the follown ener al
fornula (iv) can also be used. R Al Y3 ,, (iv) 55 31 May Z@GAME(YF&OES as
defined above, Y represents a -OR2 group, -0Si R33 group, -QA1LR42 group,
-NR52 group, -SiR63 group or -N (R7) ALR82 group, nis 1to 2, R, R3 K4
and R8 represent a nethyl group, ethyl group, isopropyl group, isobutyl
group, cycl ohexyl group, phenyl group or the like, R5 represents a
hydrogen atom nethyl group, ethyl group,.isopropyl group, phenyl group,
trimethylsilyl group or the |like, and R6 and R7 represent a nethyl group,
ethyl group-or the like.). Specifically, the follow ng conpounds are
listed. (1) Conpounds of Rlr,Al (OR2) 3-n, for exanple, dinethylalumnum
met hoxi de, di et hyl al um num et hoxi de, dii sobutyl al um num et hoxi de and t he
i ke, (2) Conpounds of R1"Al (OSi R33)3-n, for exanple Et2A (0OSi Me3) ,

(i so--Bu) 2Al1 [rOsihgeadpove(ingpiBanedAex{@Sl €63)d1agbshet tke, ig@)e Conpounds
of RI1nAl &OAI R4211 3-n, for exanple  Et2Al CAl Et 2, (iso-Bu)2A10Al(iso-Bu)?2,
and the Pfke, cychorenkpdiansl of 11 inaludeRssd- R ¥ .of - sibsipl e @@ Al NEt 2,
Et 2AINHVe, Me2Al NHEt,  Et 2AIN (Si Me3). 2, .. (iso-Buy) 2AILN_(SiMe3) 2r and the
li ke, (S}S%ﬁﬁﬁunagdoFrM?PﬁF‘g%éPF&G@) bgsié:gSf 6Pcigééif‘?plle2fgrsé‘p-dBu) 2A1S1Me3r

and the hike, (8)sP2MRRUN9S.QL B And AR 88D sdon- as SFog30M! ©
butyl and the like include n-, i-, sec—, tert-isomers and the
like.

Compounds wherein zirconium in the above-mentioned
zirconium compounds is substituted with titanium or hafnium
are also used as the metallocene compound.

In the present invention, as the metallocene compound
(A), zlrconocene compounds having a ligand containing at least
two cyclopentadienyl skeletons are preferably used, and
zirconocene compounds having a ligand containing two
cyclopentadienyl skeletons are particularly preferably used.

These metallocene compounds can be used alone or in
combinations of two or more.

(Organcaluminum-oxy compound (B-1})

The organcaluminum-oxy compound (B-~1) may be
conventionally kno%n aluminoxane soluble in benzene, or mé&
be an organcaluminum-oxy compound inscluble in benzene as
disclosed in JP-A No. 2-276807.

The aluminoxane as described above can be produced, for

example, according to the following method.
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56 31 May 2004 Et2AIN (Me) AIEt2, (iso-Bu) 2AIN (Et) Al (iso-Bu) 2, and the
like. Anong them trialkylalumnumis preferable, and triicdd3A% umi num
is particularly preferable. These organoal um num oxy conpounds (B-2) can be
used alone or in conbinations of two or nore. (Conpound (B-3) formng ion
pair by reacting with netall ocene conmpound (A)) As the conpound (B-3)
which is reacted wwth the netall ocene conpound (A) to forman ion pair,
Lewi s acids, ionic conpounds and carborane conpounds described in JP-A
np nmp
Nos. 1-501950, 1-502036, 3-179005, 3-179006, 3-207703 and 3-207704,
USP- 5323106 and the like are listed. As the Lew s acid, triphenyl boron,
tris (4-fluorophenyl) boron, tris (p-tolyl) boron, tris(o-tolyl)boron,
tris(3,5-dimethyl phenyl)boron, tris (pentafl uorophenyl) boron, Md 2,
A1203, Si2-A1203 and the |like are listed. As the ionic conpound,
t ri pheny{ ®arfse mugeretalakiisipe ntcafdcworb pheny s betatey tatiuminum and
n- but yl anmoni unt et r aki s( pent af | uor ophenyl ) borate,
N, N- di métiHy1 ke Eismidgeckt e ki sppenban suspepiseoyl Jorbtar i £rq a compound
ferroser}]i unt etra( pent afl uorophenyl) borate and the like are 57 31 May 2004
li st ed. av1ngadsorbedwater,orsaltshavingcrystalwater,forexample,
anmgnesiumchloridehydrate,coppersulfétehydrate,aluminum
sulfatehydrate,nickelsulfatehydrate,cerium(III)chloride
hydrate and the like suspended, and they are reacted.
Asthehydrocarbonhereinused,hydrocarbonsolventssuch
as aromatic hydrocarbons such as benzene, toluene, xylene,
cumene, cymene and the like; aliphatic hydrocarbons such as
pentane,hexane,heptane,octane,decane,dodecane,hexadecane,
octadecane and the 1like; alicyclic hydrocarbons such
cyclopentane, cyclohexane, cyclooctane, methylcyclopentane
and the like; petroleum fractions such as gasoline, kerosene: '
lightoilandthelikeorhalides(forexample,chloride,bromide
and the like), the above-mentioned aromatic hydrocarbons,
aliphatichydrocarbonsandalicyclichydrocarbons,andtjualike,
can be used. Further, ethers such as ethyl ether,
tetrahydrofuran and the like can also be used. Among them,
particularly, aromatic hydrocarbons are preferably ﬁéed.
(2) Water, ice or water vapor is allowed to act directly on
an organcaluminum compound such as trialkylaluminum and the

like in a medium such as benzene, toluene, ethyl ether,

tetrahydrofuran and the like.
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As the carborane conpound, dodecaborane, 1-carbaundecaborane, bis

n- but yl anmoni un( 1- car bedodeca) borate, tri 31 May 2004

n- but yl ammoni un( 7, 8- di car baundeca) borate, tri

n- but yl ammoni un(tri decahydri de- 7- car baundeca) borate and the like are

| i sted. These conpounds (B-3) can be used alone or in conbinations of two
or nore. In the present invention, as the conponent (B) , at |east one
conmpound sel ected fromthe above-descri bed conponent (B-1), (B-2) and
(B-3) is used, and these can al so be conbi ned appropriately. O them it is
preferable to use at least '(B-1) or (B-3) as the conponent (B)_ (G anular
carrier) In the present invention, the netall ocene conpound (A) and the
conponent (B) as descri bed above are brought into contact wth a granul ar
carrier, gg §J|OM/the ranul.ar carrier to supEott the netal | ocene conpound
(A) and Ot RPTEPIEGipdheAtAERTUCh §5 BimGERY R4 noweial IHdsHe baved
supporting. cat ( id._catalyst). As the granular carrier, a granular
or fine %%%?ca}q{eélzo 5 ggk%aﬁ' r?gllé)"}[;eadﬁ %EPCF%E“& a‘ﬁ’grttéraq CEHAE 3,

prefer ab(l:é(méém S22t 95 299 AW AL  YSein Jalfndit%edfikreajpr!l % rh% thlln%lhfeq; ecific

surface 58 31 May 2004 area of thi's granular carriéer i m50 to
1000 2/ gs dadshd Nep s Eny Ol tiBudife FAQM G, S 10 2. 5 cmB/g. As this granul ar

carrier, porous inorganic oxides are . preferably used, and specifically,
Si02r A1203, Ma@s Z10Rindk8Re may contain a small amount of organic
metal component. Further, a solvent or an unreacted
organoaluminum compound may also bé removed by distilling from
the recovered sclution of aluminoxane, before re-dissolution
into a solvent.

As the organcaliluminum compound used in producing
aluminoxane, those described below as the organoaluminum
compound (B-2) are specifically listed, these can also be
combined and used. |

Among them, trialkylaluminum and tricycloalkylaluminum
are particularly preferable.

In the organcaluminum-oxy compound.insoluble in benzene
usedinthe;wesentinvention,theamountofaluminumcomponents
dissolved in benzene at 60°C is 10% or less, preferably 5% or
less,paréicularlypreferablyZ%(n:lessjjltermscnfénéluminum
atom, and the components are insoluble or poor scluble in
benzene.

The solubility of such an organocaluminum-oxy compound

in benzene is obtained as follows. The organoaluminum=-oxy
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B203r CaO 2ZnO BaO, ThO02 and the like, or m xtures or conposites
cont ai ni ng these conpounds, for exanple, Si02-MO, Si02- A1 3May 2082 Tj 02r
Si 02- V205, Si02-Cr203, Si02-Ti 2-MyO and the |like, are used. Anmong them
those essentially consisting O Si02 and/or Al1203 are preferable. The
above-nenti oned inorgani c oxide may contain carbonates, sulfates,
nitrates, oxide conponents such as Na2CO3, K2CO3, CaCC3, MyCO3, Na2sm4, Al12
(S™4) 3, BaS™4, KNO3i My (NO3) 2, AI(N0O3)3, Na20, K20, Li20 and the like in
smal | amount. As the granular carrier, an organic conpound can also be
used, and for exanple, (co)polyners produced by using as the main
conponent an a-olefin having 2 to 14 carbon atons such as ethyl ene,
propyl ene, 1-butene, 4-nethyl-Il-pentene and the |ike, or polyners or
copol ynmers produced by using the main conponent vinylcycl ohexane, or
styrene, can be used. It |%} g35|rable to conduct t he contact between the

b

gr anul arCOTRAN A Th A e SOAEHE Bhed? 9a?§|9§?m§oﬂﬁ6n§HF§eaﬂe§

t t, Iy f 50 to 150C, f 20 t 120C, f
fregﬁwerlarh%fﬁtoﬁjsuﬁ St FSTREn Sy SPEPanTy o AP E0 CnPiiCds 250 BTOMIY 13604 Lo 25
h | t d.,a b b ab t d bl
roirs. b0 581 L6 Lol PEonar ) o coner (OB Ao 1 Lo b

10-6 tomag% 1@-4-9r@mal UG oewehya ia{&ﬁgéo ahd & $oXi40p4, 058 atomin

ternms of tranS|t|on nmetal atons, per g O e ‘granular carrier, and the
componerlepkBh tiet $UPRAL! @Y1 tER Rs AMRIHYA Fodr @Tbd 35015 5% 49- g¢oram

atom preferably from
benzene at 60°C, then, the amount of Al atoms existing in the
whole filtrate (x millimole) is measured, in order to know the
solubility (x%). |

These organoaluminum-oxy compounds (B-1) canbeused alone
or in combinations of two or more.

(Organoalﬁminum compound (B—Z))

The organoaluminum compound (B-2) is represented, for
example, by the following general formula (iii);

R'%MWALX:p (1ii)
(wherein,Rlrepresentsahydrocarbongrouphaving1tx>12carbon
atoms, X represents a halogen atom or a hydrogen atom, and n
is 1 to 3.)

In the above-mentioned general formula (iii), R!
represents a hydrocarbon group having 1 to:iZ‘carbon atoms,
for example, an alkyl group, cycloalkyl group or aryl group,
specifically, a methyl group, ethyl group, n-propyl group,
iéopropyl group, isobutyl group, pentyl group, hexyl group,

octyl group, cyclopentyl group, cyclohexyl group, phenyl groug,
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2 X10-3 to 2 X 10_2 gramatomin terns of an alum num atom or boron atom
per g of the granular carrier. Further, in the present inveéAtMay?00¢he solid
catal yst as described above can be itself used in polynerization, however,
an olefin can be pre-polynerized on the solid catalyst to.form a
pre-polynerized catal yst to be used. Wien the pre-polynerized catalyst is
used, the anmount of fine powders produced in copolynerization is snall
and a polyolefin conposition, for exanple, a linear |ow density
pol yet hyl ene conposition excellent in particle properties can be produced.
In the present invention, it is desirable that a solid catalyst or a
pre-pol ynerized catalyst is used in an anount of 10-$ to 10-3 gram
atonfliter, particularly, 10-' to 10-4 gram atomliter, in terns of
transition netal/liter (polynerization volune). Wen a pre-polynerized
cat al ystt5Yhsegouphandoh®nthf©60 31 May 2004 (B) nmay or may not be used,
however, if nﬁﬁgssar ,..can be used. in suchcgqung}; atthp%:aggnic rati o of
al umi num or bOYorPHHT FhE TESHTSHEM TH) FFPL ¥ and t9'gn Wt 3 t he

ol ymeri L on. e or B/transition netal) is from5 to 300,
b ef or anrs-cFRasETBY T S 4 )

preferab rom “further preferably from 15 to 150. Effect of
the I nvention AGcAnding Jf e RARIERs HMGRIHINRN .2 13mBHue! ef in conposition

having a narrow conposition distribution and narrow nolecular weight
di stributio8sny1oiuexanh! & @ 44 R Eomesi N t AaWore t& 1RATUGMAum,

conposition distribution and narrow nol ecul ar

trioctylaluminum, tri 2-ethylhexylaluminum and the like;

alkenylaluminums such as isoprenylaluminum and the like,
dialkylaluminum halides such as dimethylaluminum chloride,
diethylaluminum chlofide, diisopropylaluminum chloride,
diisobutylaluminum chloride, dimethylaluminum bromide and the
like;

alkylaluminum sesquihalides such as methylaluminum
sesquichloride, ethylaluminum sesguichloride,
isopropylaluminum sesquichloride, butylaluminum
sesquichloride, ethylaluminum sesquibromide gnd the like;

alkylaluminum dihalides such as methylaluminum
dichloride, ethylaluminum dichloride, isopropylaluminum
dichloride, ethylaluminum dibromide and the like;

alkylaluminum hydrides such as diéthylaluminunlhydridé,
diisobutylaluminum hydride and the like, etc.

As the organocaluminum compound (B-2), compounds of the

following general formula (iv) can also be used.

RL.A1Y;., (iv)
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wei ght distribution, can be obtained. Further, sheeting in the reactor can
be prevented, and a pol yol efin conposition such as an LLDPE1M#¥%H i on or
the |li ke can be produced stably with high productivity. Exanples The
following exanples will illustrate the present invention further
specifically, but do not limt the scope of the present invention. Exanples
1 to 5 Conparative Exanples 1, 2 Ethylene and 1-hexene were copol yneri zed
inthe first 61 31 May 2004 fl uidized bed reactor and the second fl uidized
bed reactor of the polynerization apparatus having two fluidized bed
reactors as shown in Fig. 1. A catal yst system conposed of zirconocene and
nmet hyl al unoxane was fed to the first fluidized bed reactor. The copol yner
obtained in the first fluidized bed reactor was introduced together with
an acconpanying gas into the second fluidized bed reactor via a transport
line (tr rt. lLipe 2 in Fig. 1) . In the case of polynerization in the
second f uig?af%%egb%%gPE&@FBr?r?PLﬁégnEﬁﬁHﬁgﬁzarPHPHHé3 q%%éﬁ%é@bf t he
copol ymer aj in_the fir flu.dszed bed rea L, . The pol ynmerization
was condu%%glngcg%? gﬁbou@?ﬁ Jaf t‘g“1 ér’ tﬁég‘ HANTEY iofat“l%to(%‘ Q/@%ggﬁ 9rSHhed to
equi val eqt; £angit bongas gshopn an'ginRTa]pég?ré‘seJ e, frr?e%:ﬁqi ng amount of 1-hexene

e Vi

was so appropriatefy confrol t hat "a copol ymer ﬁﬁx¥ﬁ% & Qty shown

in Tabl egrduppsi 86p2beH. group, isobutyl group, cyclohexyl group,
phenyl group or the like, R® represents a hydrogen atom, methyl
group, ethyl group;_isopropyl group, phenyl group,
trimethylsilyl group or the like, and R® and R represent a methyl
group, ethyl group or the like.).
Specifically, the following compounds are listed.
(1) Compounids of R%AL(OR?) 3, for example,
diméthylaluminum methoxide, diethylaluminum ethoxide,
diisobutylaluminum methoxide and the like,
(2) Compounds of R,A1(08iR%);,, for exam;;le
EtpAl (OSiMes), (iso-Bu)zAl (0SiMes), (iso-Bu) Al (0OSiEts)
and the 1like,
(3) Compounds of R',Al(OAlR%);.,, for example
Et,A10AlEt;, (iso-Bu),Al0Al (iso-Bu),, and the like,
' (4) Compounds of R%;AL(NR%);.,, for example
Me,AINEL,, Et,AlNHMe, Me,ALNHEE, .EtzAlN(SiMe3)2,
{(iso-Bu)A1N(SiMes),, and the like,
(5) Compounds of R*jAl(SiR%);,, for example
(iso-Bu),AlSiMes, and the like,

(6) Compounds of R'ZAL(N(R')A1R%);,, for example
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As the saturated aliphatic hydrocarbon, isopentane was used. Into the
first fluidized bed reactor, isopentane was fed from a fe&diMgy 300e
(feeding Iine 12 in Fig. 1) , and the feeding anount is regulated to
control the concentration of isopentane in the first fluidized bed
reactor. Into the second fluidized bed reactor, isopentane was fed from
the first fluidized bed reactor through the transport 62 31 May 2004 |ine
(transport line 25 in Fig. 1) , while, isopentane was fed directly also
fromthe feeding line (feeding line 22 in the Fig. 1). The concentration
of 1sopentane in the second fluidized bed -reactor was controlled by
regul ating the amount of isopentane fed fromthe feeding line. In
Conparative Exanple 1, isopentane was not fed into the first fluidized bed

reactor and theg.s Ldi zed bed re [ nd .i sopent ane was not

i nt roduced alsgt%%%%ngiéif%rﬁhséiﬁ j%%)ﬁgghﬁﬁtégﬁﬁéﬁaf Yé2 Exand| ehe,

i sopent ang @as not introduced into the transport |line. Thus obtai ned LLDPE
conposition was subjected to neasurenents to obtain physical properties

shown in Tabl eatong! Bhthe tabhexyiheiEhhyi fde gured at 190° C under
a load of 2.16 kg according to ASTM D 1%@829Té£g%§ﬁg$?§’mﬁgdneasured

accor di ng1tid sABTVD a15RE.nURegay Giaia iR YW1y I ndex) a nelt flow
curve at 100"C was drawn, and- the ratio of the shegg%'speed r2 when the

shear stress mﬁheae4rgamﬁﬁldmmnumewaykmmﬁyﬁﬁagxg_gp@gﬁ@@hs%@g@o he shear
stress was 0. 4 X 1-06 dyn/ CW (r2/r:L) was obtained. Snaller shear ratio
indiCate@rhémrgwgbimgméguﬁapf two or more.
(Compound {(B-3) forming ion pair by reacting with metallocene
compound (A))
Asthecompound(B—3)whichisreactedwiththemetallocene
compound (A) to form an ion pair, Lewis acids, icnic compounds
and carborane compounds described in JP-A Nos. 1-501950,
1-502036, 3-179005, 3-179006, 3-207703 and 3-207704,
U5P-5321106 and the liké are listed. |
As the Lewis acid, triphenylboron,
tris(4-fluorophenyl)boron, tris(pmtolylfboron,
tris(o-tolyl)boron, tris(3,5—dimethylphenyl)boron,
tris(pentafluorophenyl)boron, MgClaz, A1,0;, Si0,-Al,05 and the
like are listed.
As the ionic compouﬁd,
triphenylcarbeniumtetrakis(pentafluorophenyl) borate, tri
n—butylammoniumtetrakis(pentafluorophenyl) borate,

N,N—dimethylaniliniumtetrakis(pentafluorophenyl) beorate,

ferroseniumtetra(pentafluorophenyl) borate and the like are
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wei ght distribution of the copol yner conposition. In Exanples 1 to 4,
sheeting did not occur even if the operation was conti nued!iy 294days and

operation for a long period of tine was possible. On the other hand, in
Conparative 63 31 May 2004 Exanple 1, sheeting occurred in a solid-gas
separator (solid-gas separator 31 in Fig. 1) in a continuous operation for
10 days and efficiency of transportation | owered, consequently, there
occurred a need to term nate the operation and to conduct cleaning. From
conpari sons between Exanples 2 to 4 with Conparative Exanple 1 and with
Example 1 and, Exanple 5 with Conparative Exanple 2, it is known .that a
pol yol efin conposition having a narrow nol ecul ar wei ght distribution can
be obtained by controlling the ratio of the concentration (C2) of a
saturated aliphatic hydrocarbon in a reactor of a second stage to the
concentﬁgtupn (Cl) of a saturated aliphatic hydrocarbon. in a reactor of a
first stéﬁbefh2/C1) within the range specified by the present invention. 64

31 My 2004 80,5, MELLSOTOOCN b N QONGAT-| vrLcertem

l-carbaundecaborane, bis n—butylammonium(l—carbedodeca)
borate, tri n-butylammonium(7, 8-dicarbaundeca) borate, tri
n—butylammonium(tridecahydridé—?—carbaundeca)borateeumithe
like are listed.

These compounds (B-3) canbe used alone or in combinations

-.of two or more.

In the present invention, as the component (B}, at least
onecompoundselectedfromtheaboveudescribedcomponent(B—l},
{B-2) and‘(B—B) is used, and these can also be combined
appropriately. Of them, it is preferable to use at least {B-1)
or (B-3) as the comﬁonent {(B). -
(Granular carrier)

In the present invention, the metallocene compound (A)
andthecomponent(B)asdescribedabovearébroughtintocontact
withagranularcarrier,toallowthegranularcarrieﬁtosupport
thg metallocene compound (A) and cocatalyst component (B), to
bg used as a metallocené—based supporting cafalyst (solid
catalyst).

Asthegranularcarrier,agranularprfinepartichasolid
having a particle diameter from 10 to 300 pum, preferably from

20 to 200 pm are used. It isdesirable that the specific surface

58



PwnO Cf"") uNN'"OON U lkoLOop nro rol INu~-D wC u O t+' ~4-
F\lLo_uooC‘tTpa?_u ONroNar Ir Icor7NO% O CD fa OON 4J tipL&iN&rRE t Ny U

, == Nelrr-IN-rnCr w u O

area of this granular carrier is usually from 50 to 1000 m?/g,
and the pore volume is from 0.3 to 2.5 cm®/g.

As this granular carrier, porous inorganic oxides are
preferably used, and specifically, SiO,, Al;0s3, MgO, Zr0,, TiO,,
B;03, Cal0, Zn0, Ba0, ThO; and the like, or mixtures or composites
containing these compounds, for example, Si0;-Mg0, Si0,-A1,0;,
S5i02-Ti0z, Si0;-V205, Si0,-Cr,0;, Si02-Ti0;-Mg0 and the like, are
used. Among them, those essentially consisting of Si0, and/or
Al;03 are preferable;

The above-mentioned inorganic oxide may contain
carbonates, sulfates, nitrates, oxide components such as Na,C03,
K2CO3, CaCO3, MgCO3, NazSO4, Al;(S0;)3, BaS0s, KNOj, Mg (NO3) 2,
Al (NO3)3, Naz0, K0, LiO and the like in small amount. -.

As the granular carrier, an organic compound can also
be used, and for example, (co)polymers produced by using as
the main component an a-olefin having 2 to 14 carbon atoms such
as ethylene, propylene, l-butene, 4-methyl-1-pentene and the
like, or polymers or copolymers produced by using the main
éomponent vinyiéyclohexane, or styrene, can be used.

It isdesirable toconduct the contact between the granular
carrier and the above-mentioned catalyst components at a
temperature usually from -50 to 150°C, preferably from -20 to

120°C, for from 1 minute to S0 hours, preferably from 10 minutes
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In the solid catalyst prepared as described above, it
is desirable that the metallocene compound (&) is supported
in an amount of from 5X107® to 5X107* gram atom, preferably
from107° to 2X10™ gram atom in terms of transitionmetal atoms,
pergofthegranularqarrier,andthecomponent(B)issupported
in an amount of from 10> to 5X 1072 grém.atom, preferably from
2X107 to 2X107% gram atom in terms of an aluminum atom or boron
atom, per g of the granular carrier.

Further, in the present invention, the solid catalyst
asdescribedabovecanbeitselfusedinpolymerization,however,
an olefin can be pre-polymerized on the solid catalyst to form
a pre-polymerized catalyst to be used. When the
pre-polymerized catalyst is used, the amount of fine powders
produced in copolymerization is small, and alpolyolefin
composition, for example, a linear low density polyethylene

- composition excellent in particle properties can be produced.

In the present invention, it is decsivable that a SOlld
catalyst or a pre—polymerlzed catalyst is used in an amount
of 1078 to 1073 gram atom/liter, particularly, 1077 to 107* gram
atom/liter,ihtermsoftransitionnetal/liter(polymerization
volume) .

When a pre-polymerized catalyst is used, the component
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(B) may or may not be used, however, if necessary, can be used
in such amount that the atomic ratio of aluminum or boron in
the component (B} to a transition metal in the polymerization
system (Al or B/transition metal) is from 5 to 300, preferably

from 10 to 200, further preferably from 15 to 150.

BEffect of the Invention
According to the present invention, a polyolefin

composition having anarrow compositiondistribution andnarrow
molecular weight distribution, for example an LLDPE composition
having a narrow composition distribution and narrow molecular
weight distribution, can be obtained. Further, sheeting in
the reactor can be prevented, and a polyolefin composition such’
as an LLDPE composition or the like can be produced stably with

high productivity.

Examples
The following examples will illustrate the present
invention further specifically, but do not limit the scope of

the present invention.

Examples 1 to 5, Comparative Examples 1, 2

Ethylene and l-hexene were copolymerized in the first
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fluidized bed reactor and the second fluidized bed reactor of
thepolymerizationapparatushavingtwofluidizadbedreactors
as shown in Fig. 1.

A catalyst system composed of zirconocene and
methylalumoxane was fed to the first fluidized bed reactor.
The copolymer obtained in the first fluidized bed reactor was
introduced together with an accompanying gas into the second
fluidized bed reactor via a transport line (transport line 25
inFig. 1). Inthecaseofpolymerizationintﬁesecondfluidized
bed reactor, it was conducted in the presence of the copolymer
obtained in the first fluidized bed reactor.

ThepolymerizationwasconductaﬂcontinUously,afterthe
polymerizationvesselreachedtx)equivalentconditrmlasshowﬁ
in Table 1. Thefeedingamountofl—hexenewassoappropriately
controlled that a copolymer having the density shown in Table
1l was obtained.

As the saturated aliphatic hydrocarbon, isopentane was
used. TInto the first flUlulaed bed reactor, 1sopentane was
fed from a feeding line (feeding line 12 in Fig. 1), and the
feeding amount is regulated to control the concentration of
isopentane in the first fluidized bed reactor.

Into the second fluidized bed reactor, isopentane was

fed from the first fluidized bed reactor through the transport
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U fu w Pressure (MPaG Tenperature (C) Ethylene partial

pressure (MPaG Concentration of isopentane in reactor (mdiMgy2004
Concentration of isopentane in feeding line (mol% Ratio of
concentration of isopentane Bed weight (t) Production speed (t/h)
Residence tine (hr) Ratio of production speed (% by wei ght) Reactor

line (transport line 25 in Fig. 1), while, isopentane was fed
directly also from the feeding line (feeding line 22 in the
Fig. 1). The concentration of isopentahe in the second
fluidized bed reactor was controlled by regulating the amount
of isopentane fed from the feeding line. '

In Comparative Example 1, isopentane was not fed into
the first fluidized bed reactor and thé second fluidized bed
reactor, and isopentane was not introduced also into the
transport line. In'Comparative Example 2, isopentane was not
introduced into the transport line.

Thus obtained LLDPE composition was subjected to

measurements to obtain physical properties shown in Table 1.

ER

In the table, the melt index was measured at 190°C under a load
of 2.16 kg according to ASTM D 1238. The density was measured
according1x:ASTM[)150E. Regarding NNI {Non Newtonian Index),
amelt flow curve at 100°C was drawn, and the ratio of the shear
speed rp when the shear stress was 2.4X10° dyn/cm? to the shear
speed r; when the shear stress was 0.4X10° dyn/cm? (rz/rl)_was
obtained. Smallér shear ratio indicates narrower molecular
weight distribution of the copolymer composition.

In Examples 1 to 4, sheeting did not occur even if the
operation was continued for 30 days and operation for a long

period of time was possible. On the other hand, in Comparative
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70 1.1 16.0 0 0. Reactor 2 2.2 85 1.4 1.0 06 0.10 0.020 5.0
(g/10nM n)0.53 0 0' ML9 -1i 4-1 nDensity (kg/cnB)903 0 0 }3fid¥a20§411 0. 013
3.

3

Examplel,sheetingoccurredinasolid—gasseparator(solid—gas
separator 31 in Fig. 1) in a continuous operation for 10 days
and efficiency of transportation lowered, consequently, there
occurréd a need to terminate the operation and to conduct
cleaning.

From comparisons between Examples 2 to 47 with Comparative
Example 1 and with Example 1 and, Example 5 with Comparative
Example 2, it is known that a polyoclefin composition having
@ narrow molecular weight distribution can be obtained by
controlling the ratio of the concentration (C2) of a saturated
aliphatic hydrocarbon in a reactor of a second stage to the
concentration (C;) of a saturated aliphatic hydrocarbon in a
reactor of a first stage (C3/C;) within the range specified.by

the present invention.
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40 2.4 903 F 915 20.2 66 31 May 2004 WHAT IS CLAIMED I'S: 1. A nethod of
produci ng a polyolefin conposition conprising copolynerlzﬁﬂdm%&ZQQ§ast t wo
ol efins selected from ethylene and a-olefins having 3 to 20 carbon atons
using at |least two gas phase fluidized bed reactors in the presence of a
transition netal conpound catal yst, wherein copolynerization in a second
or later stage is conducted in the presence of a copol yner produced in the
previ ous stages, and is characterized by that a saturated aliphatic
hydrocarbon exists in each reactor in a concentration fromO0.1 to 30 nol %
and the ratio of the concentration (C2) of a saturated aliphatic

hydr ocarbon in a reactor of a second stage to the concentration (C) of a
saturated aliphatic hydrocarbon in a reactor of a first stage (C2/Cl) is
0.13 or nore. 2. The method of producing a polyol efin conposition
according to Caim1 wherein a saturated aliphatic hydrocarbon having 2 to
10 carbon atons is introduc d &o i fIU|d|zed bed of each reactor so that
the concent r atf-en—thereei—i AR {5PRtiRupR)i he range from0. 1 to 20
nmol % and the rfatio of a concentrat oﬁmwgﬁgyvﬁf t heg.gatdrat ed aliphatic

hydrocarbon im a reactor of a secppd_ aconcentratjon (Cl) of the
saturated aliphatic hydrocarbon i r‘f‘eécﬁ"é Q?Orc fexrtet rP§FCf§’FéAge (Cc2/Cl) is

0.13 or

Pressure (MPaG) 1.6 2.2 1.6 2.2

Temperature (°C) 70 85 70 85

Ethylene partial
pressurs (MPaG)
Concentration of
isopentane in 16.0 1.0 16.0 4.0
reactor (mol%)
Concentration of
isopentane in 0 - 0
feeding line (mol$%)
Ratio of
concentration of 0.06 0.3
lsopentane

Bed weight (t) 0.10 0.11 0.10 0.11

1.1 1.4 1.1 1.4

Reaction conditions

Production speed
P 0.020 | 0.013 | 0.021 [ 0.014

(t/h}
Residence time {hr) 5.0 3.3 4.8 3.1
Ratio of production
speed {% by weight) 60 40 60 40
L
© 2 MFR 10mi
o gﬁ {(g/10min) 0.53 2.4 0.53 ) 2.4
Ol .
5-5 m{ Density (kg/cm®) 903 915 | 903 915
552
50 NNT 24.0 20.2
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- nmore, and ethylene and an a--olefin having 3 to 20 carbon atqnms 67 31 My
2004 are copolynerized in the presence of a netalIocene-ba§é3“w§5$60rting
catal yst, to produce a linear |ow density polyethylene conposition. 3. The
met hod of producing a pol yolefin conposition according to Claim1 wherein
aol efin copol yner of a higher nolecular weight having a nelt index in the
range fromO0.01 to 50 g/10 mn. and a density in the range fromO0.860 to
0. 950 glEAB 1S CpAdHEBEedSiin one reactor, and a olefin copolynmers f a | ower
mol ecul ar  weight having a nelt index in the range fromO0.5 to 3000 g/10
mn. and a dehsi®y"¢Fhehek drgrdY¢ o 02 WO ED B BYsCrReBLE 50npr oduced in
anot her reactor, to 8ive a conposition in which _the wejght ratio of the
ol efi n EBPBFYAENGr CAPRT YheF L hbl8cT dreafdi GHE OL6TERE BFEFFheeobbPYmer of a
| ower nm is.in t [ ange fr%§130:70 to 80:20..4. The nethod
R

.% cular weight is. ge
of proder¥g eRepsJorert R LBRpHEr Hidn FHPTD A U5 et n a

| ef i i.gh ml: I ' [ index in th
range 1 omoe BTC B3 rgrtot iRl 26 Plo PRI TN RHPERLLETSE 560 1
0.950 9La8, i ¢ U PHEESH dofhpd un@Bed €41 Pit Awhbrel nAAS v 2 01 851 0
copolynmer of . a | ower nolecul ar wei ght havkgg a nelt index 1 n the range

from 0iB 4 c<3006 grldahen. stage a dassiductad tmeth&nge from 0. 900 to 0. 975
g/cnB is produced in a reactor of a second sta fo give a cqgﬂgsition in

whi ch t RECRERGRL Of ot (ST BFOTeCophl bhe O BeY 29

is characterized by that a saturated aliphatic hyd;ocarbon
exists in each reactor in a concentration from 0.1 to 30 mol%,
and the ratio of the concentration (C2) of a saturated aliphatic
hydrocarbon in a reactor of a second stage to the cqncentrat__ion
{C1) of a s'z:-lturated aliphatic hydrocar_bon in a reactor of a
first stage (C,/C;) is 0.13 or more.

2. The method of producing a poiyolefin composition
according to Claim 1 wherein a saturated aliphatic hydrocarbon
having 2 to 10 carbon atoms is introduced to a fluidized bed
of each reactor so that the concentration thereof in a reactor
is inthe range from0.1to20mol% andtheratioofa concentrétion
(C2) of the saturated aliphatic hydrocarbon in a reactor of
a second stage toa concentration (C;) of the saturatedaliphatic
hydrocarbon in a reactor of a first st_age {C2/Cy} is 0.13 ox

more, and ethylene and an a-olefin having 3 to 20 carbon atoms
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of a higher nol ecular weight to the olefin copolyner of a |l r | ecul ar
wei ght is in the range from 30:70 to 80:20. 5. The nethod 5ﬁwﬁé%ﬁdﬁé ng a

pol yol efin conmposition according to any one of Clainms 1 through 5 wherein

copolynerization is conducted at a tenperature in the range fromthe dew
nononmer and said

poi nt of a m xed gas containing a polynerization
a fluidized bed of a reactor of

saturated aliphatic hydrocarbon present in
a first stage to a tenperature 5C higher than the dew point. 6. The nethod

of producing a polyolefin conposition according to any one of Clains 1
through 5 wherein the ratio of a concentration (C2) of a saturated
al i phatic hydrocarbon in a reactor of a second stage to a concentration

(Cl) of a saturated aliphatic hydrocarbon in a reactor of a first stage
20. 7. The method of producing a

(C2/ Cl) aseidBopbeyhaP9sehi! 13 to

pol yol efi n conpos?tion eacgg} P%gpf8sﬁﬂﬁeoﬁ§ 8f meral dpcknehbawght 5 wherein
copol ynmefupt r ofng scseatist ede wh controlling the concentration of a
saturated aliphatic hydr%carbon %8%9%$x%dib%%aFnléﬂedﬁea¢tgr to be higher

t han t hTlorent Yeaid ansnds i sadyrated al i phatic hydrocarbons in mxed gases
in reactors of the previous stage. 8. A nethod of producing a polyolefin

s b sl oAb A
car bon &CGEAIEY kR Canimdashe tavn ga&fﬁh@&%lﬂn‘é}‘gké‘ﬁg’ egr 1218?223?1323: wherein
weight having a melt‘index in the range from 0.01 to 50 g/10
min. and a density in the range from 0,860 t§ 0.950 g/cm® is
produced in one react'or, and a olefin copolymeroft a lower molecular
weight having a melt index in the range from 0.5 to 3000 g/10
min. and a density in the range from 0.900 to 0.975 g/cm® is
produced in another reacfor, to give a composition in which
the weight ratio of theolefin copolymerof highermolecular weight
to the olefin copolymer of 3 lower Imolecular weight is in the rang'e-l
from 30:70 to 80:20.
4. The method of producing g polyolefin composition
according toClaiml wherein a olefin copolymercf 5 highermolecular
weight having a melt index in the range from 0.01 to 50 g/10
.min. and a density in the range from 0.860 to 0.950 g/cm? is
Produced in a reactor of 1 first stage, ar;d a olefin copolymer of

a l : . )
ower molecular weight having a melt index in the range from

0.5 i
to 3000 g/10 min. and a density in the range from 0.900
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a saturated aliphatic hydrocarbon is allowed to exist in a rans rt line
for transporting a polyner particle extracted froma f1ui FINY T84 react or
in the previous stage to a fluidized bed reactor in the subsequent stage,
and the concentration of a saturated aliphatic hydrocarbon in the
corresponding transport line is in the range fromO0.1 to 30 nol% 9- The
~method of producing a polyolefin conposition according to Caim8 wherein'
all or a part of said saturated aliphatic hydrocarbon is fed to a
fluidized bed reactor,. and introduced into a transport |line together with
a polymer particle. 70 31 May 2004 ABSTRACT OF THE DI SCLOSURE The present
invention intends to provide a nethod of producing a polyolefin
conposition having a narrow conposition distribution and having narrow
nmol ecul ar weight distribution, and is characterized in that when at |east
two ol ef pAisaahiégheppodyeenlzedvéighhet prgsentefiméopolymense f i anl oeeal
conpound catalyst using at | east two gas phase fluidi zed bed reactors, a
sat ur at egodbrphari eehgtiFotar bonthe zkhogedren éRi:d0 ite €4cBOreactor in a
concentration fromO0.1 to 30 nmol % and the ratio of the concentration (C2)
of a saturateéim3ﬁﬁHRQQ?W®d¥b§%QQﬂ?1QQ1%19Qkﬁﬂ¥ﬁf%ﬁ ¢PreRevhEisnage to the
concentration a satur§te ? al i E:hlc hydrocarbon in a reactor of a
r

first sté@@or@éigcﬁ? fBY0°48 B dmSE &pug hé ﬁP§§§ﬁP i nvention
t end id t hod_of f t b
il (1< ot SHRCRYTY FEFPSAPT ot GAITRCERR B v oHT EHERLTHG 14 THe Tange

from the dew point of a mixed gas containing a polymerization

monomer and said saturated aiiphatic hydrocarbon present in
a fluidized bed of a reactor of a first stage to a temperature
5°C higher than the dew point.

' 6. The method of producing a polyoclefin composition
according to any one of Claims 1 through 5 wherein the ratio
of a concentration (C;) of a saturated aliphatic hydrocarbon
_in a reactor of a second stage to a concentration (C;) ofla—
saturated aliphatic hydrocarbon in a reactor of a first stage
(C2/C1) is in the range from 0.13 to 20.

| 7. The method of producing a polyolefin composition
according to any one of Claims 1 through 5 wherein
copolymerization is conducted while controlling the
concentration of a saturated aliphatic hydrocarbon in a mixed
gas in one reactor to be higher than the concentrations of
saturated aliphatic hydrocarbons in mixed gases in reactors
of the previous stage.

8. A method of producing a polyolefin composition
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reactor and can give a polyolefin conposition stably with ghgﬁ 004
productivity, and is characterized in that a saturated ali 2

hydrocarbon is allowed to exist in a transport line for transporting a
pol ynmer particle extracted froma fluidized bed reactor in the previous
stage to a fluidized bed reactor in the subsequent stage at a
concentration from0.1 to 30 mol % 71

comprising polymerizing or copolymerizing at least one olefin
selectedfromethyleneandufolefinshaving31x520carbonatoms
using at least two gas phase fluidized bed reactors, wherein
a saturated aliphatic hydrocarbon is allowed to exist in a
transport line for transporting a polymer particle extracted
froma fluidized bed reactor in the previous stage toa fluidized
bed reactor in the subsequent stage, and the concentration of
a saturated aliphatic hydrocarbon in the correéponding
transport line is in the range from 0.1 to 30 mol%.

9. The method of producing a polyolefin composition
éccordinglto Ciaim 8 wherein all or a part of said saturated
aliphatic hydrocarbon is fed to a fluidized bed reactor,. and
introduced into a transport line together with a polymer r

particle.
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