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ol efin conposition through nulti-stage polynerization in which sheeting in
the reactors can be prevented to enable the polyolefin cofdddan2ddd to be
stably obtained with satisfactory productivity. This process is
characterized in that a saturated aliphatic hydrocar- bon is caused to be
present in a concentration of 0.1 to 30 mol % in a transport |ine through
whi ch polynmer particles discharged from a preceding fluidized-bed reactor
are sent to the subsequent fluidized-bed reactor. 31 May 2004 DESCRI PTI ON
METHOD OF PRODUCI NG POLYOLEFI N COVPCOSI Tl ON Techni cal Field The present
invention relates to a nethod of producing a polyolef in conposition using
at |least two gas phase fluidized .bbd reactors in co--existence with a
saturated aliphatic hydrocarbon, and a nmethod of producing a polyolefin
conposition wherein a saturated aliphatic hydrocarbon is allowed to exi st
when transporting a polyner particle froma reactor in the previous stage
to a reactor in the subsequent stagmsdégackgosund Art Pol yol efins, for
exanple, linear |ow density .polyethylenes which are a copol yner of
ethylene with an a-olefin (hereinafter, referred to as "LLDPE" in sone
cases) have various roperties such as excellent heat seal properties
flexibility and tﬂﬁ@ﬁﬁ@s@? BRCRVCENG Bl EOLERIY SIGMRESITION

noi sture-resi stance and chem cal -resi stance, ' |ower cost, and the |iKke,
and are widely used conventionally as materials for nolding filnms and as.
i ndustri al the | i ke.. LLDPE is usually produced by
copolynerlt']irr‘ﬂbl1 I%H%P

The present invention relates to a method of producung
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 such as excellent heat. seal properties; flex1b111ty
and toughness, excellent water-resistance,
moisture-resistance ‘and 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



31 May 2004 an a-olefin at | ow pressure in the presence of ,a transition
nmet al conpound catal yst such as a Ziegler catal yst and t he 3t ,20Qﬂnd as

t he pol ynerization nethod, |iquid phase polynerization nethods such as
solution polynerization, slurry polynerization and the |like, and gas phase
pol ymeri zati on nmet hods 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 groyide films having excellent nolding properties and the
li ke. The2presenefinvahtbee preesyrediedihenpeessoch cbndi transitiannet hod
of produ%%%gafolyolefins such as LLDPE and the |ike according to a gas

phase pol FAMPONTTREhbAL Y ah dredu § ant i s9le havd Flowidantidthe LDRE, havi ng
a narrOM/nDIeculgr meightrdistributipn S %ptained gt hi gh yLeId i f
copol yneriBAADAPE RN YRST LE AT @R &SRR ad 18961 PhASES? g¢rizasionw gas
phase flggqu d Be% reactors is so conducted that the concentration of a
saturatedna$|%%%élg HV%P8@5F58HRé?%??%%ﬁﬁ%ﬁo?ss HEEYSRETREEL 22810My 2004
and the like, and gas phase polymerization methods 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 LLbPE 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



range and the ratio of the concentration in a reactor of a first stage to
the concentration in a reactor of a second stage is in a é@ﬁW?Q94range.
Further, when a polyolefin conposition is produced using a nulti-stage gas
phase pol ynerizati on apparatus conposed of at |east tw gas phase
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 neans for solving such a problem a nmethod is
used in which an antistatic agent is added to a transport |ine, however,
catalytic activity in the subsequent stage may 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
conposi tTHIBRE Mietiatkngé s cprasat rpsipmei i zat ¢aat aptdfod, £ st

resul tant| founqg%yat obstruction of a line can be prevented if a specific
amount of %%? ur @t SRt at Y3 g 8r BBACE 8TaPf odete tond g ts1gé an

extracti %i apnd transport line, leading to conpletion of the present
inventidﬁ? %ﬁ%ﬁb§l%05%n ¥ 5cl osure of Invention The nethod of producing a

Bg:gg:g;:ﬂ Cogﬂg%hgkenwﬁénEp§0195§3§9£,ééﬁg%g£é¥}n;is%pggégggd?LﬁgﬁdeCing a
a multi-stage gas phase polymerization apparafus composed of
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.



conposition conprising copolynerizing at |least two olefins _ selected from
ethyl ene and a--olefins having 3 to 20 carbon atons usi ng HHt"¥ two gas
phase fl uidized bed reactors in the presence of a transition netal
conmpound catal yst, wherein copolynerization of the reactor in a second or
| ater stage is conducted in the presence of a copolyner produced in the
previous stage, and is characterized by that a saturated aliphatic

hydr ocarbon exists in each reactor in a concentration fromO0. 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 (C) of a
saturated aliphatic hydrocarbon in a reactor of a first stage (C2/Cl) is
0.13 or nore. The method of producing a polyol efin conposition of the
present invention conprises an enbodi nent in which a saturated aliphatic
hydr ocar Dorchasumg 2ft ant¥@nedwbon atons is introduced to a fluidized bed
of each reactor so that the concentration thereof in a reactor is in the

range from 0. The r@dhesl Mfapdodubeny ad ipw 1ofo 12 fien eenioatiican( 62) tRE t he
saturated aliphatic hydrocarbon in a reactor of a second stage to a
concentrﬁ??éﬁnt(@myebtlphel§aﬁumatéddabippabd@chm@racgmﬁthefﬁnreactor of
4 31 May 2004 a first stage (C2/Cl) is 0. 13 or nore, and ethylene and an
a- oIeflnCOWBQPhﬁlgntSOQBrééﬁﬁanCQP@ﬁVmQFéZQGSOE?néEBﬁédtmw e firesence of
a netalloc ne- based sugﬁoitln atali to produce a linear |ow density
pol yet hy?% 8¢ E‘Bgrpfg%qmt? YRR BE 1M hgrdsent tonve seicban atoms
pref erablllglﬁg 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 characterized 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 th'el
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 hydcocarbon 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



produce a pol yethyl ene of a higher nol ecul ar wei ght havi ng g Iﬂ%t index in
the range fromO0.01 to 50 g/10 mn. and a density in the < ﬁ&g %% m 0. 860
to 0.950 g/cnB in one reactor, and to produce a polyethylene 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/cn8 in anot her
reactor, to give a conposition in which the weight ratio of the

pol yet hyl ene of a hi gher nol ecul ar weight to the polyethylene of a | ower
nol ecul ar weight is in the range from 30:70 to 80:20, and it is also
preferable to produce a polyethylene of a higher nolecular weight having a
melt 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

pr oduce afpolyethylené of a | ower nol ecular weight having a nelt index in
t he range £ifrsdng 0age (6280001 gL 10 3minmoamdanddarisilland and ha a-ambpef fnom 0. 900
to 0. 975 g/cnB_in a reactor of a second stage, to give a conposition in
whi ch t hBaférgn? tatrdlocarbPRea iy émey cone lymexikeghen thelmmeenceri ght to
t he polye%hylene gf a |l ower nol ecular weight 5 31 May 2004 is in the range
from 30: 90 B 8D 26C A PR2P SEPRRE LiRGEH T DRy St tPPIREIES ablenear conduct

copol ynerization.at a te rature in the range fromthe dew point of a
i xed ga%oﬁoﬂ?gﬁﬁ?ﬁgpgiﬁggsﬁg?Pﬁa??%ﬂoﬁbﬁbﬂﬁr and the above-nentioned

AL co T R L S e S G
preferabbecfhat Lhsiyethylene of a higher molecular weight having a
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



ratio of a concentration C2 of a saturated aliphatic hydrocarbon in a
reactor of a second stage to a concentration Cl of a satur§t1é\ﬂﬁy%9q4phati C
hydrocarbon in a reactor of a first stage (C2/Cl) is in the range from
0.13 to 20. Further, in the present invention, it is preferable to conduct
copol ynmeri zation while controlling the concentration of a saturated

al i phatic hydrocarbon in a m xed gas in one reactor to be higher than the
concentrations of saturated aliphatic hydrocarbons in m xed gases in
reactors of the previous stage. The nethod of producing a polyolefin
conposition according to another enbodi ment of the present invention is a
met hod of producing a polyolefin conposition conprising polynerizing or
copolynmerizing at | east one olefin selected fromethylene and a-ol efins
having 3 to 20 carbon atonms using at |east two gas phase fluidized bed
reactors, wherein a saturated aliphatic hydrocarbon is allowed to exist in
a transpbstihi teefoange 3lrdvby3200d toa®SpoOti ng a pol yner particle
extracted froma fluidized bed reactor in the previous stage to a

f1 ui di zed bed Ineddcopriesenthdryebsdguenti tstisgeredfedable coneemdati on of a
saturated aliphatic hydrocarbon in the transport line is in the range
from 0. IC¢RP Bl eation tafe pricmanrrdtnvemtionhe trargyeprfefoar ablee dvat al | or
a part of Ihe(ggove-nentioned saturated aliphatic hydrocarbon is fed to a

f1ui di zedPHeY Fedcfdredanasi FRP bR BYT i iR lymardmaidan monemetmgetcher Wi t h

a polynegh Egggééf%entioned saturated aliphatic hydrocarbon 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



Brief Description of the Drawing Fig. 1 is a schematic view show ng one
exanpl e of a gas | phase pol ynerizati on apparatus. Best Mockd M%’rzc@grryi ng
Qut the Invention The nmethod of producing a polyol efin conposition
according to the present invention will be specifically illustrated bel ow.
In a nmethod of producing a polyolefin conposition according to one

enbodi nent of the present invention, when a polyolefin conposition is
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
sat ur at ed- N gt ondpdpotandoparg iglllcosrtrf ot edxi stm ianf bathi reaased -

First, one exanple of the gas phase polynerization apparatus used in the
present iTRAFEGON Withe praviams e toefefliviglitzeda bad tiessttage gas phase

pol ynmeri zation apparatus having two gas phase fluidized bed reactors
connect ed"a}l% %‘&?s?p%%‘{en%ss%‘?ﬂ%«a‘?fﬂ ethg rcanerntrakioyecfad phtsrated

pol yer | 2801 90 ARPA AL SO 1. Tl Feah o AT s Al 1 Ty N 2ed
from 0.1 to 30 mol%.
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



a second fluidized bed reactor 21 are connected in series. Nanely, a
transition metal conpound catalyst (solid catalyst) such §§N5Yﬁépﬁl

| ocene- - 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 (polynerization nononmer) and a saturated
aliphatic hydrocarbon is fed through a feeding line 12 via a bl ower 13
into the bottompart of the first fluidized bed reactor 11. This fluidized
gas fed is blowm into a fluidized bed 18 through a dispersing plate 17
made of a porous plate and the |ike placed near the 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, passing through the inside of
the fluidized bed reactor 11. By this flow of a gas passing through the

insid f_the fluidized hed t 11, lid ticl |id catal yst
and pr odBEBE RIS bl ) A5 20 B - GREEPTS H THuPEERCBRAT POrEan S AR m 5
f1 uidi h d I ticle i ti I
ntor m CHERT Ty SUPPARE B ARG SERaarba Tht BE5SebTPaSina Hogadvmen

l'id- ti ; : | d : I 33 and
34 aro SproRerar Sy REPreTi dhe 1o aten A0 AR L ssd P B pol yier

55, and page throngh ot aresas FUFRSRSE nrPEeZ 7ol IBSTRED 2 cocona
fluidi zeskkibedineagtRr rédctor. :
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,



An unreacted olef in in the formof a gas and a saturated _aliphatic

hydr ocarbon and the |i ke that have passed through the f1 uPdiMYFPO98d 18 are
reduced in flow speed in a. speed reduction region 19 provided in the
upper portion of the first fluidized bed reactor 11, and are di scharged
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 formof a gas and the saturated aliphatic hydrocarbon and the like
t hat have been di scharged 9 31 May 2004 fromthe first fluidized bed
reactor 11 are cooled by a heat exchanger (cooling apparatus) 14 while
passing through circulation line 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 blower 13. In the heat exchanger 14, a
near. t he dew point of

circulatio gas IS us q%l cgpled to tenperatures, he

the gas. SPHIUSGRPEIRE 10 D BRPRF AT S Ofat NGhf LASh 11 ebichsat o
tarts tg b d in, | f i rcul at i [ ed t

Femper at GPBCSP oL nire-tHant "t s Bl bl A f e s IeHged Bl zed bed
18, th ' h b d i zat |.at.ent .heat, of -th
auid SoRdroatbr ah e B bR TR R MRRR A T NG zed e

PS8 el gt a8 oAt Al ha Rt o
any posi bh@NpebdtiB8dCHETYhaE | Odird it hder a fluidized condition,
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



On the other hand, polyner particles extracted via the solid-gas
separation vessels 31 and 32 through the extraction |ine 3dM&¥&%80fhe first
fluidized bed reactor 11 are transported into a second fluidized bed
reactor 21 via a transport line 25. The transport line 25 is separated
froma 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 31
May 2004 gas containing an olefin and a saturated aliphatic hydrocarbon
transported fromthe feeding line 22 is increased by a pressure increasing
means such as a centrifugal blower 41 and the like, and at the sane 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 saturated al.iphatic hydrocarbon are fed froma feedin

l'i ne 22)5F8mat€?o€k¥59§ﬁﬂﬁﬁgﬁgﬁﬁkﬁ§iFé&ﬁ§6§rﬂllPﬁ@ 980l feloby he h%@tong
quidizeg bﬁdnrg%ctog %1 and at the s?ne &Lge, are.fed _as a fluidized gas
into t he BSEEBRTparl OBt ERe BRRBAGUFI uf di YRU-SHBASFARSt 5PT¥MThough no
fresh soli . YSt-d a f into the second fluidized bed reactor
21, a fr%%ﬁcgg%?gxgalt%%/slit%q Iﬁéénalﬁ%%g%ew%tgﬂ t\lfllea%gﬁ lBgsilLiLPSnfgf PN

f1 ui di zegrbedohearbohs1y Fintd A L LAIOAN todd " 2 s

necessary. This fluidized gas Ted fromthe bottompart ©

f1uidi zegi bed R ied bad rBLOMBLI D1 B dHdlivdicgRd Bad 28, thyouah o
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
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a dispersing plate 27 made of a porous plate and the |Iike placed near the
bottom part of the second fluidized bed reactor 21, and dﬁgdﬂﬁﬁﬂgﬁ'from

t he 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 fluidized bed reactor 21, solid particles (the
above-nentioned 11 31 May 2004 pol yner particles and produced polyner) are
kept under a fluidized condition, to forma fluidized bed 28. In this
process, a copolynerization reaction is conducted in the fluidized bed 28.
The polyner particles obtained in the second fluidized bed reactor 21 are
continuously or intermttently extracted through a line 40. An unreacted
olefinin the formof a gas and a saturated aliphatic hydrocarbon and the
| i ke that have passed through the fluidized bed 28 are reduced in flow
speed in a speed reduction_. region_ 29 grovided in the upger portion of the

second fI9RUFLBY21BEHIrTRELET 212D A A e YT 8C R IR Dt "¥ArPRe rediond
of "t he- ST O 2601IALF FERELBE DF'e et GriBReRar P ErM REFASRE 1 orm of
i Sonar gt T am B e s B R B AR 1 G s heat |
exchanger, {£90ld0s ARORE AU o Adbh £1 PASS LN £ 1 QU £ oGS W aLon 1 ne
26, then nerge mnt% tﬁe ?éeﬁ%ﬁéﬁTlne 25, an%
: fluidized bed reactor 11 are transported together with this
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 catalys?t |
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



are fed continuously again into the fluidized bed 28 in th§1NE 5@@%
fluidized bed reactor 21 by the blower 23. In the heat exchanger 4, a
circulation gas is usually cooled to tenperatures near the dew point of
the gas. If a circulation gas is cooled 12 31 May 2004 to a tenperature of
not nore than the dew point and fed into the fluidized bed 28, the
reaction heat can be renoved by vaporization |latent heat of the liquid
condensate, and the efficiency of heat renoval in the fluidized bed 28 can
be inmproved. . In circulating a circulation gas into the second fl uidized
bed reactor 21, some of the circulation 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 in a flowng state, and in the second
fluidized bed reactor 21, a fluidized gas flows at such a flow rate that

t he fl uikkkenebeekrgichds bondkaprodmcad f polwmgr 5t are. kSpecuhieal by,

regarding the anmount of a fluidized gas introduced via the bottom part of
a react£%9¥Qﬁﬁ$%§ﬁﬂﬁgtlpﬂe§0ﬁ@?%mdfEZﬁhﬂﬁﬂbaméBninImuhﬁEmﬁqﬁaggm speed
of the fluidized hed is represented by Unf, a flowrate of fromapprox. 3
Unf  t o B YISTretdtry T eR6m apptoonsiugied dn3phenflusd deed kel e, The
fluidiz bed can also be stirred nmechanically, and for exanple, stirring
can be éeftected using stirring machi nes of various types such as an anchor

type SUirringofBehlige. SGLEN s VBS SILILADY MRIT. L1 bbY Lype stirring
bed 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



| i ke. Though a multi-stage gas phase pol ynerization apparatus 13 31 My
2004 inwhich two fluidizedbed reactors, that is, the first3fMayk0P4d bed
reactor 11 and the second fluidi zed bed reactor 21 are connected in series

has been illustrated above, even a nulti-stage gas phase pol ynerization
apparatus having three or nore fluidized bed reactor$s can be constituted
| i kewise. In the present invention, the nmulti-stage gas phase

pol ymeri zati on apparatus as described above is used, at least two olef ins
selected fromthe group consisting of ethylene and a--olefins having 3 to
20 carbon atons that have been fed into a fluidized bed reactor are

copol ynerized in the fluidized bed, and copolynerization is conducted in
the presence of a copolynmer produced in the previous stage, in a reactor
of a second or later stage. In the present invention, the polynmer produced
in each. tepeactempésatnote par tricdulmenrey thest rhet @dyw potnttans peefaiebl e, as
descri bed bel ow, to produce a pol yethyl ene of a higher nolecular weight in
at | east bhe fiutddredahedtd8prbbaceeactpohybeayl eae bk achower: bl ecul ar
wei ght in another reactor, as described below. Specific exanples of the
a-ol ef i n haRPhyZatien202kaPboheaht 8fsthentiadédpeopgdennatel- butenbe

1- pent ene hexene, 1-octene, 1-decene, 1-dodecene,

1. Dot 1 20 ok BhiC T AT RERAdin N Y ok R RGSiEb: 1A 4 S BB GabermpEoves.
In circulating a circulation gas into the second fluidized bed
reactor 21, some of the circula’tio_n 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 Uge, preferabiy from approx. 5 Uys to 30 Uye is desirable.
The fluidi_zed bed can also be stirred mechanically, and for
example., stirring can be effected using stirring miachines 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

13



14 31 May 2004 like. O them a-olefins having 3 to 10 carbon, atons,
particularly having 5 to 8 carbon atons are preferably used! May 7004

a-ol efins having 3 to 20 carbon atons can be used alone or in conbinations
of two or nore. Regarding the ratio of at |least two olefins fed to a
fluidized bed reactor., another olefin is usually fed in an anount of
0.015 to 0.15 nol, preferably fromO0.02 to 0.08 nol based on one ol efin,

t hough this varies depending on the conposition of the polyolefin to be
obtained finally. For exanple, when ethylene and an a-olefin having 3 to
20 carbon atonms are used as the at least two olefins, regarding the ratio
of ethylene and an' (x-olefin having 3 to 20 carbon atons, the olefin is
fed usually in an anount of 0.015 to 0.15 nol, preferably from0.02 to
0.08 nol based on 1 nol of ethylene, though it varies depending on the

| inear | ow density polyethyl ene conposition that is to be finally

obt ai nediP FRiChe i EdBheiraddad seachoryehbatdmd the flirke finyi dized
copolynmerized, if necessary, together with at |east two olefins, and for
exanpl e, PEOnfE3EFel dfefRd EhenSesopdt Adpédézedsbpreneactnd PRe alrcke; and

non- conj ugat ed_di,.enes such 1,. 4-hexadi ene, dicycl opentadi ene,
5-viny|-§g%%?%5?ﬂeﬁ% Aht* the P?kBeﬁanlgéusEEﬁBPQHE%Pféd.eVﬁntﬁe present

inventi %l{{-@s@Q&é’ecjg@n}%liué)spgdpolfyn%elri'vzaé/ti200r94apparatus having three

or more fluidized bed reactors can be constitﬁted 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



copol yneri zation is conducted in coexistence with a saturated allghatic
hydr ocarbon, preferably a gaseous saturated aliphatic hyd?ééﬁ?ﬁ%ﬁ havi ng 2
to 10 carbon atonms. Specific exanples of the saturated aliphatic
hydrocarbon having 2 to 10 carbon atons include ethane, propane, n-butane,
i -butane, n-pentane, i-pentane, hexane, heptane, octane, nonane, decane,
2, 2-di met hyl propane, 2, 2-di net hyl butane, 2, 3-di net hyl but ane,
2,2,3-trinethyl butane, 2-nethyl pentane, 3-nethyl pentane,

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

2, 4-di et hyl pent ane, 2-net hyl hexane, 3-nethyl hexane, 4-nethyl hexane,

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

di met hyl cycl opentane and the |ike. These saturated aliphatic hydrocarbons
can be used alone or in conbinations of two or nore. The saturated

| i phati des b bov - pol i zabl
Py 0o Bdit- aflh SHER T aoTREoRa PPAraPsdd ol FERBER, SEPRSrs not consumed
i I t t b tained i
gas di SERaaan o g 4 X SRR SRS, S BERERP RIS b Rr g &
circul atrifand KN 1iehtiQst ﬂgvihg'ﬂl&ﬁ@obsgrf,s&wé@éms Hirp pabucal ¢ gé' phat e

hydr ocarbon nay be introduce in gaseous forminto a f|UI Irze

be i ntreduged doablitiadl VY A0Q4/d - eenditi on wherein at | east. a part of

which is in the form of aliquid into a fluidized bed. A saturated
al i phatic Regarding the ratio of at least two olefins fed to a

may

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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hydr ocarbon i ntroduced froma feeding line preferably exis§§ iQ%@ seous
formin a fluidized bed fromthe standpoint of uniform po yﬁ%Wi ion, and
at least a part of which nay exist in the formof mst. These conditions
are appropriately set depending on bal ance between uniformty and heat
removal . A saturated aliphatic hydrocarbon may be introduced in the form
of mst froma feeding line, and it is also preferable that a saturated

al i phatic hydrocarbon is introduced in gaseous forminto a feeding |ine of
a fluidized bed reactor. Further, though a saturated aliphatic hydrocarbon
is wusually introduced into a fluidized bed reactor through a feeding 1line
together with an olefin as described above, it can also be fed from an
arbitrary position of the fluidized bed reactor, and for exanple, it nay be
fed directly into a fluidized bed through a feeding line for a catalyst.
The concentration of a saturated allphatlc hydrocarbon in a mxed gas in a
f1uidi ze‘aOIB‘éﬁylfl%réBaEbﬂ? fol FeBdRREED) in icoexiskamncp Vi b setugad®dnl %

pr ef er ab) % eferably from1.0 to 20 nol %

furt her %ié'é?ﬁ% et o CTE R, O Oh SABLY | G G S ot BREALER - ot | ot age.
31 vay 200 et st BB AP TERET RS P boR | SR o eioas 1 n a f1ui di sed
e i s e o Ao AL LA
nonomner h@hﬁﬁ@@?@&Qﬁ)cartxnlatoms include ethane, propane, n-butane,
i-butane, n-pentane, i-pentane, hexane, heptane, octane,
nonane, decane, 2,2-dimethylpropane, 2,2-dimethylbutane,
2,3-dimethylbutane;.2,2,3—trimethylbutane, 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(gaé 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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al i phati c hydrocarbon, an inert gas such as nitrogen and tg? Iiéﬁa
hydr ogen as a nol ecul ar wei ght controlling agent, and the i iMay 2908
contained. Further, the ratio of the concentration (C2) of a saturated
al i phati c 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 usually 0.13 or nore, preferably fromO0.13 to 20, nore
preferably fromO0.15 to 20, further preferably fromO0.17 to 20,
particularly preferably fromO0.2 to 10, nost preferably fromO0.5 to 2.
When C2/Cl1 is in the above-nentioned range, a polyolefin conposition
havi ng a narrow conposition distribution, particularly narrow nol ecul ar
wei ght distribution, for exanple, an LLDPE conposition having a narrow
conposition distribution, and a narrow nmol ecul ar wei ght distribution is
obt ai ned:he Rendidrionshbereny ah keasact prritsofireieaheds iandha pekyol ef in
conposi tion such as an LLDPE and the |ike can be produced stably wth high
product i%4 8.1 m81khel i o df B8 dgird dtdd .ngACBACLraiteli mltipbat8d 31 May 2004
above- nagfned range, there is a nethod in which the anount of a
sat ur at QIR HRACORECHo AT PR | TR I G dadxcoprefegablyr ekistage i s
appropr%g}el 5e%§%ated n%%?odJ n ich conditions (tenperature,
pressur €, PTHE R FH%”?F%&W 1zea Bef §RE YhephePgROLAt P BN fogas
separ at i.Qny rQvi efween a reactor of a first stage and a
reactorpbfséﬁégbé% cﬂh gﬁg aQ feast a par% og which may exist In the

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

usuallyintroducedintoafluidizedbedreactorthroughafeediﬁé'

line together with an olefin as described above, it can also

be fed from an arbitrary 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 bed is so controlled that 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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stage are appropriately set, a nmethod in which the anmbunt of a saturated
al i phatic hydrocarbon fed into a reactor of a second stag§1W?y2004
appropriately regulated, and the like. Al so, by appropriately regulating

t he ambunt of conmponents that are fed, other than a saturated aliphatic
hydr ocarbon, the concentration of the saturated aliphatic hydrocarbon can
be indirectly controlled, and resultantly, C2/Cl can be controlled.
Further, by controlling not the anount fed, but the anpbunt of consunption
and the amount of renoval of each conponent in the reaction system C2/Cl
can be controlled. The controlling nethods as described above may be used
al one or in conbinations of two or nore. O these controlling nethods, the
appropriate regulation of the amount of a saturated aliphatic hydrocarbon
fed into a reactor of a second stage is particularly preferable fromthe
standpoi nt of the degree of freedomin setting conditions, since C2/Cl can
be cont resi weh ted 3 ipipa tigolydndepehdenih ya figedct besvah ue fofaidli.zdd t he
present invention, it is preferable to conduct copolynerization while

cont r ol 198 “iid idohbent s IRt iened dtanus e g ealsingitdoinc ohyarloter Bon in a

m xed gas in one reactor to be higher than the concentrations of saturated
al i phat i @€ BRI Ih SRR g53 e RRE$3RAors of the previous stage.

Specifically, .a saturated aliphati¢c hydrocarbon is introduced into a
f1 ui di zed bed [PeRlt GG GacH AnPAhWIRT - Fhatoh fenoner, 3 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,

Vpreferably 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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concentration of a saturated aliphatic hydrocarbon in a nié$g#gg?@4present
in a fluidized bed is higher than the concentration in th 1"oUs st age,
for exanple, in such an amobunt 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 |later stage. The concentration of a saturated

al i phatic hydrocarbon in a mxed gas is, when two gas phase fl uidized bed
reactors are used for exanple, controlled so that the hydrocarbon is
contained in a mxed gas in a fluidized bed of a first stage in an anount
fromO0.8 to 80 nol% preferably from1:5 to 60 nol% and the hydrocarbon
is contained in a mxed gas in a fluidized bed of a second stage in an
anount from0.8 to 80 nol% preferably froml1l.'5 to 60 nol 4 . Wen three
or nore gas phase fluidized bed reactors are used, the concentrations of
20 31 Mayabkovd-smantiared nhnghatiletsy drooeambbhedi hnniledh gasesamensdt ui di zed
beds of a first stage and the final stage are respectively the sane as the
concent r aPf ohsSBFLRE R &t lddPh  igh dwvide appdbesaifsensntpnanfkedtgases 4 n
fluidized_beds of a first stage ,and a second stage, and the concentrations
of saturaft85hI FpRGEI ShyBPELEFhBRS LY nTRTULAt§dsed MATHPHi drzebikdds of a
second sta e directly before the final e are between the

e..lo a s ta -
concentra??%ﬂl#ﬁoasfkgnggfa ErﬁhdpFﬁﬁsﬁﬁﬁceﬁf?%t?Ba Fﬁetﬂéke?iﬁélastage. A
sui tabl e ﬁ@P@fnafoﬁgfaEQgﬁefﬁréugéﬁkéﬁgé%Sggﬁgfgé¥%n vessel provided
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
sﬁage 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 controlling methods as described above may be used
alone or in combiﬂétions of two orwnore.‘ 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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al i phati c hydrocarbon contained in the above-nentioned m xed gas usually
di ffers dependi ng on the nunber of carbon atons, and part??:Maé{rzp94i n a
reactor of a first stage, it is desirable that the anobunt of a saturated
al i phati c hydrocarbon having 2 carbon atons (ethane) is usually from10 to
20 not. % preferably from15 to 20 nol % the anmount 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 anmount of a saturated

al i phati c hydrocarbon having 4 carbon atons (n-butane, i-butane) is
usually from3 to 20 nol % preferably from5 to 15 nol% the anount of a
saturated aliphatic hydrocarbon having 5 carbon atons (n-pentane,
i-pentane) is usually from2 to 20 nol% preferably from3. 5 to 20 nol o
, the ampbunt of a saturated 21 31 May 2004 aliphatic hydrocarbon having 6
carbon ato (n- hexangﬁ 2- met hyl pent ane, 3-net hyl pentane, cycl ohexane) is

usual | y FrReraently dorom Whe sreis 1 Wwifrom 2.5 to 15 nol % the amount of
a saturated ati pgﬁti Cc hgdrocar bon_havi n% 7.carbon atons (n-heptane,

2- et hyl hexana™ 37fePh§PfiBkanBVeRt AP hyFhexEnBTreLRERRYECEl 6RERRSE) s
usual ly fr Q.to,l5 |.%. preferably. frqm2 to 10 nol % and the anount
of a sat‘%’rp%@trméén eallzp%tajﬁngqq rhlylc?? OCAr ooﬂlrfé\ﬁn B TP TR BN BB i s

usual |y By St | & . ly. from1..5 to .7 mol % The range of
the sui tgg[otﬁ?agfﬁjcgégpgltgfg% }g%d?%‘g;g%%\?eyn ﬁeﬁ?}%ﬁie PLatuP eeﬁeﬁf:%ﬁ’ﬁati c

hydrocarpme hsgheilithahl 8heCEBREBAE2LEPBNEAREESWRERABREN S REHLRY &

al i phati c hydrocarbon
' 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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r is used alone, and when two or nore saturated aliphatic _hydrocarbons are
used in conbination, the suitable concentration range of daMayLBP4r at ed

al i phatic hydrocarbon nanifests a value according to the mxing ratio
(molar ratio) In a fluidized bed, the polynerization tenperature in

copol yneri zation of at |east two ol efins conducted by introducing a
saturated aliphatic hydrocarbon as described above is not particularly
restricted, and in the case, for exanple, of copolynerization of ethylene
with an a-olefin having 3 to 10 carbon atons, the polynerization
tenperature is usually from20 to 130C, preferably from50 to 120C, nore
preferably 22 31 May 2004 from 70 to 110C. In the present invention,
polymeri zation is preferably conducted at -a tenperature near the dew point
of a mxed gas containing a polynerization nononer, a saturated aliphatic
hydrocarbon, an inert gas such as nitrogen and the |ike, hydrogen as a

nol ecul arS3leighted tRbIatiifg hygercarkrgs LR ¥%@ Iahassdm fithigdipred di zed
bed, and particular]y, the polénerization IS greferably conducted at a

t enper at 1€ PPt hl Hew FHGENRN Bt d 1Mekedtads A0° & SRSt tB€ hi gher

{han, e SRcROLAL o HRUBYEL o ROLUPLLERLLODLCAN ALSG b sendu od o
TP o AP AL oL1ED, L% BN SO 1P e cpRU T ZEL R B emsure
the rati Gytage, and the concentrations of saturated 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
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of a saturated aliphatic hydrocarbon, fluidized condition of a fluidized
bed, and the like, and usually in the range from 0.098 t 059 Mgy gpas
preferably fromO0.19 to 3.9 MPa. The above-nenti oned copol yneri zati on can
al so be conducted in the presence of a nol ecular weight controlling agent
such as hydrogen and the |ike, if necessary, and the nolecul ar wei ght
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 controlled by changing the polynerization conditions such as the
pol yneri zation tenperature and the like, or can be controlled by
regul ati ng the amount of hydrogen (nolecular weight controlling agent)
used. It is preferable that the polyolefin produced in each reactor in the
present invention, for exanple, polyethylene has a nelt index (nmeasured at
190C unde¥iphdohel ydpoasrhen Rareordi hEabaSEMdsl 288)hdxamm 0. 01 to 3000
9/10 min, , preferably from0.2 to 100 g/10 mn., and .a density (ASTM D
150E) f romeprgbeeriane odongrenbreptarer aBFyohpsane) 5013wl 500y cnd.

Pol yet hy. s produced in the apove-nentioned reactors may be the sanme or
di ffereri%%glol S‘?F’iFn %%’%%F £ 59R énti BA, 11 MO 5t itheoBmaupdl 98l ef i n

produced, | L SR A A Alnadol (AL Ee OINELIA Sl Feork! 11 OU AN Y
(n—heptane, 2-methylhexane, 3-methylhexane, 4-methylhexane,
methylcyclohexane) is usually from 1.0 to 15 mol%, preferably
from 2 to 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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or nore based on a finally obtained polyolefin conposition, for exanple, a
| i near | ow density pol yethyl ene conmposition. In the presen8!iMayed®fon, it
is preferable that at |east 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 polyethylene of a | ower nol ecul ar weight is produced in another reactor,
and it is nore preferable that a pol yethylene of a higher nolecular wei ght
having a nelt index fromO0.01 to 50 24 31 May 2004 g/ 10 mn., preferably
fromO0.2 to 12 g/10 min. and a density of at |least 0.860 g/cnB, preferably
fromO0.860 to 0.950 g/cnB8, nore preferably fromO0.890 to 0.950 g/cnB is
produced in one reactor and a polyethylene of a | ower nol ecul ar wei ght
having a nmelt index from0.5 to 3000 g/10 mn., preferably from1 to 1000
g/10 mn.and a density of at least 0. 900 g/cnB, preferably fromO. 900 to
0. 975 d¢fmmB/0npe d 19Fef erablthef poasént Gdrentol dh, 968 yngrd@ tiisonmpieduced in
another reactor. In this procedure, in a reactor of a second or |ater

st age, dusdlenmYliy sonemdted egnduteegeratule peesehbe déewapedpol phier
produced in the previous, stage. Particularly, in the present invention, it
i s pref & Maffre IpRaEORYD AT phasd Waliidistd®rhB@neBgety opsSaterased, a

pol yet hyl ene of, a_ hi gher | ecul ar weight is produced in a first stage and
a pol yetHy P36t hé(d%&??élrgoﬁﬁl'eﬁﬂlja?e%i%qﬁ JUCH PGB EdOIPR andeEBRd st age

R LR ey 81 p ROV LN hE ConPhof 1Y S AP CgHlar Vel ot
the like, 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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50 g/10 mn., preferably fromO0.2 to 12 g/10 min. and a density of at

| east 0.860 g/cnB, preferably from0.860 to 0.950 g/cnB, rRdMayRlOferably
from0.890 to 0. 950 g/cnB is produced in a reactor of a first stage and a
pol yet hyl ene of a | ower nol ecul ar weight having a nelt index fromO0.5 to
3000 g/10 mn. , preferably from 1 to 1000 g/10 rain. and a density of at

| east 0.900 g/cnB, 25 31 May 2004 preferably fromO0. 900 to 0. 975 g/cnB,
nore preferably fromO. 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 |ater stage,
copol yneri zation is conducted in the presence of a copolyner produced in
the previous stage. Furthernore, in the present invention, it is preferable
that two gas phase fluidized bed reactors are used, a polyethylene of a

hi gher nol ecul ar weight is produced in a first stage and a pol yet hyl ene of

a | over noimclingsr weirghie i Sort esiucad by rbr?a@?iggﬂgtrﬁé ejéﬂrﬁé;. iﬂ?iﬁ# s al so

an enbodi nent in which a polyethylene of a no rwerg havi ng
a flow i mberditfirame Subh atsot 150 pg/litheltiat i ol €@ @Ph ufs Al e théqL_Z g/ 10
min and a density of at |east 0.860 g/cnB, preferably from0.860" to

0. 950 g/ @B camhe mafterebled finom«a 890 iy GHSGghaiB ¢é5 hpiadpsgd in a
reactor of a first stage and a pol yethyl ene of a |ower nolecular weight
havi ng a @ieGHdex Weiehto. ®ntordd0tg gigkmti msedr eferably from | to 1000
g/10 mn. and a density_of at |east 0.900 g/cnB, preferably fromO0.900 to
0.975 g/cnB, hbreSpPEEEpEBPYef Ebatothepotvobef v75pypdnBedsipr edaned in a

react or . . s
’ reactor in the 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 invention, it is preferable that at least
two gas phase fluidized bed feactors 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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of a second stage. The above-nenti oned pol yet hyl ene of a hi gher nol ecul ar
wei ght has a nol ecul ar wei ght of usually from approx. 13508 NHM?QQﬂprox.
445000 and a nelt flowratio of usually fromapprox. 26 31 May 2004 12 to
approx. 70, preferably from approx. 14 to approx. 45. The above-nentioned
pol yet hyl ene of a | ower nol ecul ar wei ght has a nol ecul ar wei ght 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 neasured at 190C under a load of 2.16 kg according to ASTM D 1238,
condition E, and reported in terns of g/10 mn. The flow index is neasured
at 190C under a load of 10-fold of the | oad used for neasuring nelt index
according to ASTM D 1238, condition F, and reported in ternms of g/10 mn.
The nelt flowratio is aratio of flowindex to nelt index. Wwen a |inear

e el B PRy FOUPTAS, A
bl vot hyrbre 2opst 980 Xaty iREe Al fully 1 BRBRILE 0 168N (i 1 25 0,
prefer a%ﬁ gﬁ%{%ﬁmi} ¢80 40g9bt +5SoPsEH eciﬁﬁéljrfe itsh?%rotcf&%e e el ow

density po e “conposition has a nmelt index om0.02 to 3.5 g/10
mn., preferabland 5958 yddh$nerke %ﬂé@oxﬁ@f‘mcﬂ@:u@lé’@%i}?ﬁﬂ h@Rifg910 to

0. 960 g/cnB, preferably from0.920 to 0.950 g/cnB. Further,

a melt index from 0.5 to 3000 g/10 min., preferably from 1 to
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
conducted inthe presence of a copolymer produced in the pfevious
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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the linear |ow density polyethylene conposition has a nolecular weight in
the range usual |y from approx. 90000 to approx. 450000, 2733MaydP04004 and
a nelt flowratio in the range usually fromapprox. 30 to approx. 150,
preferably from approx. 35 to approx. 145. This linear |ow density

pol yet hyl ene conposition contains, for exanple, repeating units derived
fromethylene in an anount of from87.0 to 98. 0 nol% preferably from
90.0 to 97.0 mol % and repeating units derived froman olef in having 3 to
10 carbon atoms in an anmount of from13.0 to 2. O nol% preferably from
10.0 to 3.0 nol % Further, the linear |ow density pol yethyl ene conposition
may contain repeating units derived fromthe pol yenes as described above
and the like in an amount of 10% by weight or |[|ess, preferably 5% by

wei ght or less, particularly preferably 3% by weight or less with the

provi so pfedieidb s from e Off tb 0.6 TShe/ oh] eadrofp tdtee RIESEAt ol Y.ML ON. I n
produci ng such a linear |ow density-polyethylene conposition, in a

f1 ui di z&® Be@7Peadeni Foprododed hy a rzaityet yd anseobndi gheje nolmeul ar

wei ght, an olefin is fed in an anount usually fromO0.01 to 0.4 nol,

pr ef er abiNES FHATEDITE 4t oL TD. B oAt Peroll apteadnatdy| baterasdaga, a f 1 ui di zed
bed reactor . for praoducing a pal yethyl ene of |ower nolecular weight, an

ol ef i n GOPFHIFSH Z3F b dit COEGRFIESSF £Bntine goBesonee e %l copodfyereabl y  from

0.01 to Q.42 no] .per_ 1 nol of ethylene. Into a fluidized bed reactor,
hydr Ogeﬁr(?éjrz%lc[%i flg]d the previous Qltage.

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 O.8€0 :
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 from 6.910t0 0.975 gkcm3 is producedinareactor
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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28 31 May 2004 necessary, and in this case, in a fluidized bﬁ? reactor for
produci ng a pol yet hyl ene of higher nol ecul ar wei ght, hydro é A 00fed in an
anount usually from0.001 to 0.3 nol, preferably from0.017 to 0.18 nol

per 1 nmol of ethylene, and in a fluidized bed reactor for producing a

pol yet hyl ene of |ower nolecular weight, hydrogen is-fed in an anount
usually from0.01 to 3 nol, preferably fromO0.5 to 2.2 nol per 1 nol of

et hyl ene. The polynerization tenperature is as descri bed above, and the
pol ynmerization pressure differs depending on the kinds and ratio of
olefins to be copolynerized, the ratio of a saturated aliphatic

hydr ocar bon, the fluidized condition of a fluidized bed, and the |ike, and
specifically, the polynerization pressure in a reactor of a first stage is
usually fromO0.098 to 9.8 MPa, preferably fromO0.19 to 3.9 MPa, and the

polynerlzatlon pressure_ in a reactor of a second stage is usuall from
0.098 to b2t Ompr%ef@amﬂye?%?ﬁb&’ 19r 9T PR MPa. 14 Fa RPHiYse

inventio ol efin, co osi.tio f or near Iom1den5|ty

ol yet hy| BhE SSTEbHOLE Ayt ofn 4, hv I A Col 2 i

822? : SLFJ?%{%%{‘S?%QEUEC%?@%&S%%?EL%@ 4 E‘r?%réh‘?ﬁrc%%P?@s?ﬁF%lagprso% om

approx. 2§900(t)Oari;@%on@ltpbfﬁFﬁrf‘QJci'ofch@L%?rp 8§5o§00&%0t%%%§3£8x Ny, the

met hod of producing a pol yolefin conposition
preferably from approx. 14 to approx.

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/cm3. Further,
the linear low density polyethylene composition has amolecular

weight in the rangeusually fromapprox. 90000 to approx. 450000,

27



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 of from 87.0 to 98.0 mol%, preferably from 90.0 to 97.0 mol%,

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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be conducted at tenperatures not nore than the dew point. In any case, it
is preferable that a circulation gas is cooled to a tenpePhMayeOpéar the
dew point of the circulation gas usually in a heat exchanger 14. In the
present invention, in producing a polyolefin conposition by polynerizing
or copolynerizing an olefin using the nulti-stage gas phase pol ynerization
apparatus as descri bed above, a saturated aliphatic hydrocarbon,
preferably a saturated aliphatic hydrocarbon 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 formof a gas. This saturated aliphatic
hydr ocarbon may be a saturated aliphatic hydrocarbon introduced into a
fluidized bed reactor_ ,and inlroduced.intoE? t.ranspo ine %g ether with a

|
POlynEL %%???E?%?;o?n%ﬁ916auﬁhéﬁfFésﬁmyai Poqaés %porgag spSFt  line
h foi 4 ( L
rom Soq())fjo ﬁcf%é)ia ﬁogg%gbgg.en c{}fhi@ﬂ%&ﬂ%ﬁéﬁd}af Rred fey ,te!'lygﬂrgj &ngas

phase Yyeriz 0 us shown~in or ex turated 31

31 May 2004 ald Rhatjcohysdtoqarpon J stipddced1ifd @ thedhl updhzedped 18 may

be introduced into the transport I'ine 25 together with a polynmer particle
extract edef5RM .20 72X IACl A1 IHd1e 1301 ofF By hene) Bivodced1 1AL Zbhe

transport line 25 via the bl ower 23 from
bed reactor for producing a polyethylene of lower 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
exanmple, a lilnear 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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the feeding line 2'2. The saturated aliphatic hydrocarbon %ﬂ ga
i ntroduced between a centrifugal blower 41 and the bl ower aYr0 ybe

i ntroduced between apart at which a polyner particle is discharged into
the transport line 25 and the centrifugal blower 41. Further, the
saturated aliphatic hydrocarbon can be introduced into the transport |ine
25 by feeding gases separated in the solid-gas separation vessels 31 and
32 to the transport line 25. As the saturated aliphatic hydrocarbon havi ng
2 to 10 carbon atons, the sane conpounds as descri bed above are |isted.
These saturated aliphatic hydrocarbons can be used alone or in

conbi nations of two or nore. It is desirable that the concentration of a
saturated aliphatic hydrocarbon in atransport line is usually fromO.1

to 30 no| ef er abl om 0. 0 20 mol % nore preferably from1 to 10
mol % . | nag?lp(%lrf%%d:ﬁ F‘Pﬁéer erb%?‘%zh‘é‘??’&étﬁ SHenBRBABRT 1aventieatwdl bl i phatic

hydr ocar erl,gas such as nitrogen and the |ike, hydrogen as a
noleculé%QGk%fgﬁégd%%rolI|ng agent, and the like are contained, and the

concentration ur.at 4 aliphatic drocarbon is
Ag%oﬁ'cﬁ(ﬁ E@ 'Eﬁi %gé'e%ylr?\pe% n,{ohé}n %&ﬁnt r at | on

cal cul at ed bas on the m xed gas conpose

f o) io r ERAY
of a saigHAledoalhBbabhe s Rk QRAIRAN o 0n8 %n nspeC Jct %Jggflp[béat%m fests

above-descri bed range, a polyner particle ranspor
excel | emluifdimebbettrta e stdes 1588, iahd 0t 18R8tIIHL Efefin 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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In the present invention, the nulti-stage gas phase polynerization

appar atus as descri bed above is used, and in a reactor of MacdRd or

| ater stage, at |east one olefin selected fromethylene and a-ol efins
having 3 to 20 carbon atonms is polynerized or copolynerized in the
presence of a polyner produced in the previous stage. 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,

t hough the pol yner 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 polyethylene in at | east one reactor, and
ethylene and an a-olefin haying 3 tog 10 carbon atons are copolynerized to
pr oduce atBS’I gje‘t‘h?ﬂr e br‘?éjvgﬁga%lféé’l}ldalrze\ﬂepﬁﬁt% orf KnbBsi $tendapifbr ent
fron1thos%fof tfe above-nentioned 33 31 Ma ZOOi g@lyethylene i n anot her
reactor, and PaF?PFREARELIZAGH0N oy HO¥ENiTe PRAYTERE 231308 RBAL £ bR

I hyl ' I I Lght i d di N
eattor nothaleBhdi LeMRgaen TP ok A d s RoiaBal aftuci ght

reactor, and ove-nenti oned po

i's produggd LRsanotpefgr ﬁgf@fabig GhyE Q'éipgéiiIP&ﬁd Qgiigaggg%%gtherne

conposi tion: Further, in present invention, € pol yenes cri bed
above andtbher drgher MAYRENEAPONEBUW B 8nt bl 11RCES8B0Yation gas usually

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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together with at | east one kind of olefin. Wien a copol yner_ i s produced in
a fluidized bed reactor, the ratio of nononers to conononed M¥efOtnto the

fluidized bed reactor is not particularly restricted. In the present
i nvention, polynerization of an olefin in each reactor is conducted in
coexi stence with, if necessary, a saturated aliphatic hydrocarbon,
preferably a gaseous saturated aliphatic hydrocarbon having 2 to 10 carbon
atons. As the saturated aliphatic hydrocarbon, the same conpounds as
descri bed above are specifically listed. These saturated aliphatic
hydr ocar bons can be used alone or in conbinations of two or nore. . This
saturated aliphatic hydrocarbon may be introduced in the formof a gas
into a fluidized bed, or may be introduced in the condition wherein at
| east a part of which is in the 34 31 May 2004 formof liquid into a
f1ui di zEdHEF Uy AEPCatRBUGH e Qi GRALEE oat h i iclimedt bed I maiys
usuallykkﬁiéogu Ed int% ﬁffluidized bed reactor through a feeding Iline
t oget heP St 't h- QAT OFRETHC Fhe EZANSPSs thki R d Srreur Hiearbthrapg lypesi ti on of
t he fLu'g&%q l%ﬁ% ctaor, and for exanple, it . may _be fed directly into a
f1 ui di ZE bed 't rc)ﬁr}g%éé: eé%oﬁ[b 3 r?é‘)%r@fc%odht]a‘lr&%t:’?oﬂﬁéf it ration of a
sat ur at ed 3l igphald ¢ bydrgcar pon. (L5, s .coqé ol.led.th ﬁ t he hydrocarbon is
contained in an anmbunt ?ron1%.%p%%téguﬁ%l §‘B¥%f§¥hg ?wFFoﬁglfFGmGO nol %
in a mxed feeding line 22. The saturated aliphatic hydrocarbon may
alsobeintroducedbetweenacentrifugalblower41andtheblower
23,ormaybeintroducedbetweenapartatwhichapolymerparticle
is discharged into the transport line 25 and the centrifugal
blower 41. Further, the saturated aliphatic hydrocarbon can
be introduged 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 to 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 mol%, preferably from 0.1 to 20 mol%, moré preferably
fromltol0Omol%. Inatransportline,apolymerizationmonomer,
asaturatedaliphatichydrocarbon,aninertgassuchasnitrogen

andthelike,hydrogenaseamolecularweightcontrollingagent,

and the like are contained, and the concentration of a saturated
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gas in a. fluidized bed. A suitable range of the concentration of a
saturated aliphatic hydrocarbon contained in the above- nedf Ma¥&@04i xed
gas usually differs depending on the nunber of carbon atonms, and it is
desirabl e that the concentration of a saturated aliphatic hydrocarbon
having 2 carbon atons (ethane) is usually from'10 to 80 nol o, preferably
from1l5 to 60 nol % the concentration of a saturated aliphatic hydrocarbon
having 3 carbon atons (propane) is usually from5 tb 60 nold, preferably
from8 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
hydr ocarbon having 5 35 31 May 2004 carbon atons (n-pentane, i-pentane) is
usually from2 to 30 nole, preferably from3.5 to 20 nol % the

concentraéifgl?géi ho@LyEatiesh al 4 Rhatd o Sl aeas e hati Gy B &@r at ons

(n- hexane, net hyl pent ane, 3-net hyl pentane, cycl ohexane) iIs usually from
1.5 to 20:ombpoSeapseferapl y from2. 5 to 15 nol o, the concentration of a
saturated aliphatic hydrocarbon having 7 carbon atons (n-heptane,

2- et hyl hexane whanmehky ldbexxane radiont byl hexanarateat hylipyekohexane) is
usually froml. 0 to 15 nol o, preferably from2 to 10 nol % and the
concent r dtydnoodriaosahy atatspdriphaned s hydhectrdon-desamigpadi tang8, car bon
atons is usually from0.8 to 10 nole, preferably from1.5 to 7 nol% The
range of a i lymeaniparticdcennr blh¢ dirafspdrt ddovenanifests excellent

flowability, and the line is not obstructed.

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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menti oned saturated aliphatic hydrocarbons is a suitable concentration
range when each saturated aliphatic hydrocarbon is used alPdMay 284 when
two or nore saturated aliphatic hydrocarbons are used in conbination, the
suitable concentration range of each saturated aliphatic hydrocarbon

mani fests a val ue according to the mxing ratio (nolar ratio) Wen

pol yneri zation 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 36 31
May 2004 further, a polyner bulk, sheet and the |ike are not easily forned
in the fluidized bed, and a pol ymer having a narrow nol ecul ar wei ght

di stribution can be obtained with high polynerization activity. Further,
when a saturat.ed aliphatic drocarbon is introduced in the formof Iiquid

into a fAUYR T, 1% Ot G Tt ath B rieembasel by @pbki zation |

| at ent t- of h t ted aliphatic hyd b dth ffici f

hont | v abte SR 1hE Stale Rtk Sead i reraa L et bagher o )
| | . I in.the fluidjzed bed

BT el S Bt 18 htodfeld SriBe LR Bh Tl d8RaSTA Rt hbe

ent . ) ; ti h i t b
L o e oG ing A OLS UhaT8eLTrR hERBRRNS S, ocar bon

into a fdnidlicad ibethamdeswddies ahey i @as ARaRe PolYRId 7L HN can be
conduct ed
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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stably for a long period of time. Though pol ynerization conditions in a
fluidized bed differ depending on also the kinds and rati 1A% n to be
copol yneri zed, the ratio of a saturated aliphatic hydrocarbon introduced
if necessary, the flow condition of a fluidized bed, and the like, the

pol yneri zation tenperature is usually from 20 to 130C, preferably from 50
to 120C, nore preferably from 60 to 100C under a conditions of the

pol ymeri zation pressure of from0.1 to 10 MPa, preferably from0.2 to 4
MPa. 37 31 May 2004 When the above-nentioned saturated aliphatic
hydrocarbon is introduced in the formof a gas into a fluidized bed and

ol efins are copolynerized, the copol ynerization can be conducted under
tenperatures near the dew point of a m xed gas containing a polynerization

nononer , saturated aliphatic _hydrocarbon, an inert gas such as nitrogen
and the IJ?%“ ‘?élgjrjoclj'la’rfi J;?&t%?rﬁ e ght control | ?ng agent, and thg
li ke, that exist. in the, fluidized,bed t A erature above the dew
point, at a tgﬁﬁgbsfﬂrghBEEhwﬁtﬁ@tﬁéﬁﬁﬁgiﬁi}pgﬁ thbyﬁFQE?r ¥ t he
above- nentd ri i O rature., .The above- nenti oned
copo|yne?%%a;|g%iggﬁg%gé%gghﬁgﬁﬁgﬁﬁéﬁ?%%B%$§§§€§8Fﬁﬁrﬁﬁih%§8F§?“8f a

mol ecul ary wel BB?eEHQ}: ki 1go1899A isdJE%n ggsp];% 998'1*]:%91}4 EngtEg\r The

nol ecul ar wei ght controlling agenf suc ogen an dan be
fed frompadit RNsblE ORe F1A Jil A Ab280r 886k S LAGHRY FolUx HXHP] &+ fLGM a

feeding |ine.
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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In the present invention, the nolecular weight can be contraolled by
changi ng the pol ynerization conditions such as the ponneﬁﬂi@&W 4
tenperature and the like, or can be controlled by regulating the anmount of
hydr ogen (nol ecul ar wei ght controlling agent) used. It is preferable that

t he polyol efin produced in each reactor in the present invention has a
nmelt index ;neasured 38 31 May 2004 at 190C under a l|oad of 2.16 kg
according to ASTM D 1238) from 0.01 to 3000 g/10 mn. , preferably from
0.2 to 100 ¢g/10 mn. , and a density (ASTM D 150E) fromO0. 860 to 0. 980
g/cnB, preferably from0.890 to 0.950 g/cnB. Polyolefin produced in the
above-nentioned reactors nay be the sane 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 wei ght or nore
based on a. finally obtained polyol efin conposition. Further, the

pol yol efAFPEGEEEms dRRE)P e’y at APRESERE) ngS uared ldefiredd 2f tem3lhe

pol yenes asg descr.i bed.abave agd the | an armount of 10% by wei ght

ke .. i
or | esspret BFEHFYB9/by GBI ghe t%éd é@_sl,%fp% | EOPSPPY Tptdrer 51 ¢ 3% by
b coont St £ BEUESeb Pl K Bl b P or L bhpberehen has o

present i nventi on. Slra

TS CatoAH O ARk SRR g ELEIQILIET TR 28,0120
1.5to20mol%, preferably from2.5to 15mol%, the concentration
of a saturated aliphatic hydrocarbon having 7 carbon atoms
(n—heptané, Z2-methylhexane, 3-methylhexane, 4-methylhexane,
methylcyclohexane) is usually ffoﬁ.l.o to 15 mol%, preferably
from2jx>10mol%,andtheconcentrationofeasaturatedaliphatic
hydrocarbon having 8 to 10 carbon atoms is usuallv ffom.b.S
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 contrélling 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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range usually from approx. 50000 to approx. 450000. The pqlyolefin
conposition has a density of at |east 0.890 g/cn8B, preferéﬂﬂ@%W%Q9$ 0. 900
to 0. 960 g/cnB, nore preferably fromO. 905 to 0.940 g/cm Though the

pol yneri zation conditions in a fluidized bed 39 31 May 2004 differs
depending al so on the kinds and ratio of olefins to be copolynerized,
fluidized condition of the fluidized bed, and the like, and it is
desirabl e that, when a polyethylene of a higher nolecular weight is
produced, the polynerization pressure is usually from0.1 to 10 MPa,
preferably from0.2 to 4 MPa, and the polynerization tenperature is
usually from 20 to 130C, preferably from50 to 120"C, nore preferably from
60 to 100C, and when a pol yethylene of a | ower nolecular weight is
produced, the pol ynerization Qressure is usually from0.1 to 10 MPa,

pr ef er abl §uftlyar 0 apebymenpa l karhagteapditiret  Fagiremot egpdlatineEned
usual ly from 20 to 130C,  preferably from50 tqQ 120C, nore preferably from
60 to 100E2 Hhife f&H&@é—%‘?@nBPéneﬂn%cﬂ PREYmEdt REN18EN2 Do BeRd R &ry ke

h,a saturated ali drocarbagn, in the form of a gas
C

i st Wt hat j h
havi ng 2 $6190° SHEOMET oM G RECEREAFYS 1 t Ra SO W22l ¥R ¢ he

bove- ' I [ f f : h bove- ' d
Caturat edt S T ohatT o e BB BBl ad Pheb 1 AV GrIER het and

saturate i ¢ ‘hydrocdrbon is introduce o] U

sthylene at-adu oLl 19 haVEDGn Jot 01 10, 64" PRB0AL OB EHE,EAPBLUTC RS, the

pol ynmeri zation can be conducted at tenperature near 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, 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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dew point of a m xed gas containing a polynerization nnnonsr %%@Qturated
al i phatic hydrocarbon, an inert gas such as nitrogen and ﬂth )
hydrogen as a nol ecul ar wei ght controll'ing agent, 40 31 May 2004 and the
like, that exist in the fluidized bed, at a tenperature above the dew
point, at a tenperature bel ow the dew point, and the like, within the
above- nenti oned range of polynerization tenperature. Wien polynerization
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 further, a polynmer bul k, sheet
and the like are not easily formed in the fluidized bed, and LLDPE havi ng
a narrow nol ecul ar weight distribution can be obtained with high

pol ynmerization activity. Further, when a saturated aliphatic hydrocarbon

i s introduced?Den thikaa¥otentesint i euadis f htvabedladiigineed dedkirederbeact i on
heat can he renpved hy vaporization |atent heat of the saturated

al i phat ' HPFEERAEGh 1takdet herBr PLcRedey bRtAeat fhehdized pedtdedf| ui di zed
bed canPﬁefgrprove eneratjon of a polyner bulk, sheet and the like

in the I .e&rﬁg€°%§g & L6 t&?fFPPEPW%EFHéaégﬁﬁeﬂﬁénpﬁbned
ol ecul SPERhRe EB%eE SR G EER Peabn e FEPaSEn Sha Theohds The
mol ecul @bn¥RiigHhg 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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controlling agent such as hydrogen and the |like can be fed from41l 31 My
2004 any position of a fluidized bed reactor, for exanple, 3fifdan2904f eedi ng
line. In the present invention, the nolecular weight can be controlled by
changi ng the pol ynerization conditions such as the polynerization
tenperature and the like, or can be controlled by regulating the anmount of
hydr ogen (nol ecul ar wei ght controlling agent) used. The weight ratio of a
pol yet hyl ene of a higher nolecular weight to a polyethylene of a | ower

nmol ecul ar wei ght produced as described above is from 20:80 to 80: 20,
preferably from40:60 to 60:40. It is preferable that a linear |ow density
pol yet hyl ene conposition contains repeating units derived froman olefin
having 3 to 10 carbon atonms in an anount of 15% by wei ght or |ess,

pref erablat fivone hifde18% bya Wai ght 6 IRUHReI g itRe bl Aedy 69%%%‘”%%}{1

pol yet hyl ene conposition may contain repeating units derived fromthe

pol yenes 0a91 dessodbeg/ phavier.i,npas rarayn QfoﬂQ9@@Mx%@b®hg/@b €8s,
preferably 5% by weight or less, particularly preferably 30-6 by weight or

| ess, w Bnddeepsdtiys(AITaD liS0H)SE noh ohamof tib OLQB@@/@ﬁ,eﬁ%eﬁéréB@ypr esent

invention. It is desirable that the linear |ow density polyethyl ene

conposi t ifewrhds 89 0malat 0. 8@EX ot/ icorh 0. B tal &0i rg/dfbdided , iprefer ably 42
above-mentioned reactors may be the same or different.

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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31 May 2004 fromO0.04 to 20 g/10 mn. This conposition has a nol ecul ar

wei ght in the range usually from approx. 50000 to approx. £30@0R004This

| i near | ow density pol yethyl ene conposition has a density of at |east 0.890
g/cnB, preferably from0.900 to 0.960 g/cnB, nore preferably fromO0.905 to
0.940 g/cnB. The linear |low density polyethyl ene conposition has a nelt
flowrate of from approx. 30 to approx. 150, preferably fromapprox. 35 to
approx. 145. In the present invention, a polyolefin conmposition such as a
| i near | ow density pol yet hyl ene conposition and the |ike can be obtained
in the formof a particle by the above-nenti oned gas phase pol ynerization.
It is desirable that this particle has an average particle dianeter from
approx. 250 to 3000 m preferably fromapprox. 400 to 1500 [eer]m

Transitign tal .co und catal yst In the present invention, the
copol yrrec?Jr g%%nd%%gp%e%%rﬁ”o%‘a A oVee i Sl RBh AR e tife Prafiacd of a

catal yst2e BT TS TRETCH S T S S H Syt Thet i PErreb R
Caporc o At TSP I BB o RS ST
oxampl 0.0 (8 T e A e R e R T P e e By AR S darsaea om
t he 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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4 group of the periodic table, and (B) at |east one conpound selected from
(B-1) organoal um num oxy conpounds, (B-2) organoal umi num céipdamd4and
(B-3) compounds which react with the netall ocene conmpound (A) to form an
ion pair_  (Metallocene compound (A) of transition netal selected from 4
group of periodic table) The netal |l ocene conpound (A) of a transition netal
selected fromthe 4 group of the periodic table is, specifically,
represented by the following formula (i). M., (i) Werein, Mrepresents a
transition nmetal atomselected fromZr, Ti and H. Ls are a |igand
coordinated to a transiti-on netal atom and at |east one Lisa |igand
havi ng a cycl opent adi enyl skeleton, and Ls other than the |Iigand having a
cycl opent adi enyl skel eton represent a hydrogen atom hal ogen atom a

hydr ocar bon having 1 to 12 carbon atons, an al koxy group, an aryl oxy

group, &% géglljspﬁl]%‘?rl vha r%%lbs’brl“at@és‘:ﬁ“glrdd&ﬁcf RREr etth 2 FETRSBARydPocar bon
Pal ogen AREUENERF ) PotAky 8U it ABE SA SR PO P e ST h B0 REae B &
Gyl openthd: A SRbF e oo B AR e ks 8Rnee B e By er et adi enyl
gr oups sqggqﬁgiéiufg{clopentadienyl group, nethyl cycl opent adi enyl group,
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

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

difficulf. |

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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di met hyl cycl opent adi enyl group, trinethyl cycl opentadi enyl group,

t et ramet hyl cycl opent adi enyl group, pentanet hyl cycl opent adidéiMay 2808up,

et hyl cycl opent adi enyl group, nethylethyl cycl opent adi enyl group,
propyl cycl opent adi enyl group, nethyl propyl cycl opent adi enyl group,

but yl cycl opent adi enyl group, nethyl butyl cycl opentadi enyl group,

hexyl cycl opent adi enyl group and the |ike, or an indenyl group, 4, 5, 6,
7-tetrahydroi ndenyl group, fluorenyl group and the |ike are exenplified.
These groups may al so be substituted by a hal ogen atom trial kylsilyl
group and the |ike. Anong them al kyl-substituted cycl opentadi enyl groups
are particularly preferable. As the ligand other than the |igand having a
cycl opent adi enyl skeleton, there are specifically listed, as hal ogens,
fluorine, chlorine, bromne, iodine and the |ike, as hydrocarbon groups

h 2 b I h hyl , h
o oup. BTRYP S EER S5 AT A" SE0 LT GHRIA® 0r St S g P8 dna. { he

like; C%@éﬁ? I 1 i Loups such as a cycl opentyl group, cyclohexyl group and

the like; gréﬁps such as a phenyl group, tolyl group and the like;

ar al kyl groupﬁnSHHQ a§e§e9€nzﬂbe9£939 eﬁgpﬂxkegaggg agﬁgﬁEecan ke etc.

as al koxy groups, a nethoxy group, ethox
controlled by changing the polymerization condltlons such as

'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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group and the |ike, as aryloxy groups, a phenoxy group and the like, as
SGBR groups, a p-toluenesul fonato group, nethanesul f onat o 3Jriday2004
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 eton, the two groups having a cycl opent adi enyl

skel eton nmaybe nmutually connected via an al kyl ene group such as ethyl ene,
propyl ene or the like; a substituted al kyl ene group such as

i sopropylidene, diphenylmethylene or the like; a substituted silylene
group such as silylene, dinethylsilylene, diphenylsilylene,

nmet hyl phenyl silylene or the like, etc. Such a netall ocene conpound
containing a ligand having a cyclopentadi enyl skeleton is, when the atom c
val ue of transition nmetal atomis 4 for exanple, represented nore

speci fi cat¥§by- Phet® of ¥ o HY TR nuITR (S i9ompees i1 vhyh a0 04 MRZIER3L], AR5 M
In the fornula, ,Mrepresents tgﬁ above-nentioned transition netal, R2

r epr esent &= BN St TG T YRRAT SHAVL NG ZOEIEPBRBn A0S 2aPpReketd N0, R and
e sl P 3 PHEL BB D Ul SKEL 100 ol e v
of at least 0.890 g/cm’, preferably from 0.900 to 0.960 g/cm?,
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 pﬁ:”

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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In the present invention, netallocene conpounds in which at |east two of
R2, R3, R4 and R5, for exanple, R2 and R3, represent a gr@ﬂj;ﬁ"a(ylaoaﬁnd)
havi ng a cycl opent adi enyl skeleton, in the above-nentioned formul a:
R2kR3I RAMR5NM 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
t he above-nenti oned netal | ocene conpounds, specific exanples of conpounds
in which Mis zirconiuminclude bis(cyclopentadinyl)zirconiumdichloride,
bi s(cycl opent adi nyl ) zi rconi um di br om de,

bi s(cycl opent adi nyl ) et hyl zi r coni um nonochl ori de,

bi s(cycl opent adi nyl ) et hyl zi r coni um nonochl ori de,

bi s(cycl opent adi enyl ) cycl ohexyl zi r coni um nonochl ori de,

bi s(cycl opent adi enyl ) phenyl zi r coni um nonachl ori.de, 47 31 May 2004

bi s(cyc|%‘g%%‘?1§ai3e‘h‘?}/?fg AR HAFUMSRETIEAICEilde, for example, (A)

bi s(cycl opent.adi enyl ) zi rconi ym ochl or,i de nonohydrj de,

Bg SE cyc:%%‘8%?23;0&%5_%%9??roc‘é_?ﬁ)?iﬁﬁmmmw@ae? selected from the
is(cyc i Lyl 2 iu

bi s(cyclggea:nkt“gdioﬁ;%h dF%E%néyﬁF% tabel did (B) at least one compound

bi s( cyclgnpentadi epydn dkélelrbzydfda{rg%{l%rsunp—io% ycgn% tadi enyl)zi rconi um

met hoxy chl oride, bis(cycl opent zl rconi um et hoxy c or%de,

bi s( cycloppr e @mdum Zohpehuabi sd et RanesubbQRAL Which react with
bi s(cycl opent adi enyl ) zi r coni unbi s(p--tol uenesul fonat o),
the metallocene compound (A} to form an ion pair. .
{Metallocene co-mpound {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, Riséhydrocarbon
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(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, 31 May 2004
bi s(di 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 et hoxy chl ori de,

bi s(d. i nmethyl cycl opent adi enyl ) zi rconi unbi s(tri.fluoronethane sulfonato),
bi s (ethyl cycl opentadi enyl) zirconiumdichloride,

bi s( et hyl et hyl cycl opent adi enyl ) zi rconi um di chl ori de,

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

bi s( et hyl pr opyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s(butyl cycl opent adi enyl ) zi rconi um di chl ori de,
bis(nethylbutylcyclopentadienyl)zirconiun1dich|oride,

bi s( et hyl but ¥c|opentadieny|)zirconjunbis(nethanesulfon at o),
bi s(tri mel'RyP yé BBentadienyI)zirconiun1dich|oride 48 31 May 2004

o (et rare el spenied I RIS ctoron, o

bi s(h I t I di chl d

B; :g;gxegﬁslngﬂﬁcl AT B s e
I S(I nden

o 501 e ORIl bl e, pBL ROSNPLRLLERAYT oL ik

b.is(4,5, @lﬁetﬁg/napwagbﬂégayé)}ﬁrg?ghggnhg{:gﬂggﬁgﬁﬁggggm d8RYdm

bi . s(fluorenyl)zirconiumdichlorid
di chl ori dgroupt hybeﬂgﬁbﬁh%m%%béhtgaﬂéﬂm dbrapi de,

et hyl enebi s(i ndenyl ) di met hyl zi rconi um
et hyl enebpettadeniiy) diyphepyhzad Lenyungroup, ethylcyclopentadienyl
group, methylethylcyclopentadienyl group,
propylcyclopentadienyl group, methylpropylcyclopentadienyl
group, butylcyclopentadienyl group,
methylbutylcyclopentadienyl group, hexylcyclopentaaienyl
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
cyclopentadlenyl skeleton, there are spec1f1cally 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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et hyl enebi s(i ndenyl ) met hyl zi rconi um nonoch. | ori de, ethyl ene
zi rconi unbi s( net hanesul f onat o) , 31
et hyl enebi s(i ndenyl ) zi rconi unbi s( p-tol uenesul f onat 0) ,

et hyl enebi s(i ndenyl . ) zi rconi unbi s(trifl uoronet hansul f onat 0),
(4, 5, 6, 7-tetrahydroindenyl) zirconiumdichloride,

i sopropylidene(cycl opent adi enyl -fl uorenyl ) zirconium dichl or
i sopropylidene(cycl opent adi enyl - met hyl cycl opent adi enyl ) zi r

di chl ori de, dinethylsilylenebis(cyclopentadienyl)zirconiumd

bi s(i ndenyl
Ma¢2004 yh)

et hyl enebi s
i de,

coni um
i chloride,

di met hyl si. Iyl enebis (nethyl cycl opentadienyl) zirconium49 31 May 2004

dichloride, dinethylsilylenebis(dinethylcyclopentadienyl)zi
di chl ori de, dinethylsilylenebis(trinmethylcyclopentadienyl)zi

rconi um
rconi um

di chl oride, dinethylsilylenebis(indenyl)zirconium dichloride,

di met hyl s¥Pprepgbi gxQupettwt y hdemyp) zinkcoheunt k& e @1 dgleKy 1 groups

di met hyl si | yl enebi s(2-nmet hyl , 4-i sopropyl i ndenyl ) zirconium dichl ori de,
di net hyl 87N | @hedi eyl apantyl nerdyp i noerbdheiycantaup tidhdias i digee ;
dinethylsi*glenebis(indenyl)zirconiunbis(trifluoronethanes ul f onat 0) ,

di met hyl &F

| BB S (AR, 8572 tR RN disiurdefpilydi gronpuand the like;

aralkyl groups such as a benzyl group, neophyl group and the

like; etc.,

as alkoxy groups, a methoxy group, ethoxy group,

group and the like,

butoxy

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 cyclopentadienle

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 or the like, etc.

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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di chl oride, dinmethylsilylene(cyclopentadienyl-fluorenyl)zirconium

di chl ori de, di phenylsilyl enebis(indenyl)zirconium dichloriddjay 2004

di phenyl si | yl enebi s(2- et hyl , 4-i sopropyl i ndenyl ) zirconium dichloride,
di phenyl silyl enebis(2,4,7-trinethylindenyl)zirconium dichloride,

met hyl phenyl si |l yl enebi . s(indenyl)zirconium dichloride and the |like. 50 31
May 2004 In the above-nentioned exanples, di-substituted isoner of a
cycl opent adi enyl ring include 1,2- and 1, 3-substituted isoners, and
tri-substituted bodies include 1,2,3- and 1, 2, 4-substituted bodies. The
al kyl group such as propyl, butyl and the |like include n-, i-, sec-,
tent-isoners and the |ike. Conpounds wherein zirconiumin the
above-nentioned zirconium conpounds is substituted with titanium or

hafnium are al so used .as,the netall ocene conmpound In the present

i nvention, as the n& dt hBeénéd! compound (AYi)zirconocene conpounds having a
| i gand contaiqbg cl opent adi enyl skel etons are preferably

g at least. two c .
used, and zir n%%%OW%gWW?IF%@%%TW%?WQ%

cyclopen%ggignﬁggskelgtins are particularly preferably used. These

Nsi . . .
net al | oceéneé co UntBi§“8an be used alone or in combinations of two or nore.

R? represents a group (ligand) having a cyclopentadienyl
skeleton,

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: R*R*R%R%.M, 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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(Organoal um num oxy conpound (B--1)) The organoal um num oxy conpound (B-1)
may be conventional |y known al umi noxane sol ubl e i n benzene31dMays¥p4be 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 follow ng nethod. 51 31 May 2004 (1) An organoal um num
conpound such as trialkylalumnumand the like is added to hydrocarbon
suspensi on contai ning a conpound having adsorbed water, or salts having
crystal water, for exanple, a magnesium chloride hydrate, copper sulfate
hydrate, alum num sulf ate hydrate, nickel sulfate hydrate, cerium (lI1)
chloride hydrate and the |i ke suspended, and they are reacted. As the
hydr ocar bon herein used, hydrocarbon solvents such as aromatic
hydrocar bons such as benzene, toluene, xylene, cunmene, cynene and the

li ke: a|?bﬁ§?¥€ Ryarbearsors ) basayagirpentanemohexaner ikeyt ane, oct ane,

decane, %99 cang hexagecane _octadecane and the like; alicyclic
hydr ocarbonsC EGERPEYER b%ﬂféhé}r@?BFBﬁemaneph&ycﬁdecmanehydride,

nmet hyl ¢ nd.the.|i ke; petroleum fractions such as gasoli ne,
kerogeng?i9F§géﬁg§??€%§ae?%%l??Eéyg?iﬁapﬂa@@ pepphydanpee, chlgride,

brom de I : ove-nentioned, aromati ¢ hydrocarbons,
aIiphatiEﬁﬂgbr%%%#%%ﬁ%dééﬁﬁﬁf$ﬁ@%F?gfﬁﬁa?%EéP%ons, and the like, can be

used. Fwidesycrd S éigﬁpfi ther, .tetrahydrofuran and the like
can al so be dged}nﬁgﬁﬁg t enﬁdfﬁﬁ¥$yf21rgénlum

bis(cyclopentadieny@)dibenzylzirconium,
| 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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particularly, aromatic hydrocarbons are preferably used. %ﬁ) Water, ice or
wat er vapor is allowed to act directly on an organoal uni numl Ad such
as trialkylalum numand the Ilike in a medium such as benzene, tol uene,
ethyl ether, tetrahydrofuran and the like. 52 31 May 2004 (3) An organic
tin oxide such as dinethyltin oxide, dibutyltin oxide and the like is
allowed to react with an organoal um num conpound such as trial kyl al um num
and the like in a nedium such as decane, benzene, toluene and the |ike.
Thi s al um noxane may contain a small amount of organic netal conponent.
Further, a solvent or an unreacted organoal um num conpound may al so be
renmoved by distilling from the recovered solution of alum noxane, before
re-dissolution into a solvent. As the organoal um num conpound used in
produci ng al um noxane, those described bel ow as the organoal um num
conpoundb{B{ ¢t nemethetcyctapeéytadiend] ) thesentan disblbeidepbi ned and
used. Anong them trial kylalum numand tricycloal kylalum num are
parti cullai$ {Peresaehby ecythopaetad anvhl uhi aoni wrydeohpouhdei nsol ubl e in
benzene _ used in_-the_present invention, the amount of al um num conponents
di ssol veel ¥ Ahperiterel eapenbedienybbgbrceriyn Riehterbf9, 5% or | ess,
particul arl referaﬁl 2% or_less in, ter of an,alum num atom and the
Borponertks b BLRSBY Lb bV LSV EhareRbRubaY] hzireonitn dichloriae,

bis(indenyl) zirconium dichloride, bis(indenyl)zirconium

dibromide, bis{indenyl)zirconiumbis{p-toluenesulfonato},

bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride,

bis{fluorenyl)zircenium dichloride,

ethylenebis (indenyl) zirconium dichloride,-

ethylenebis (indenyl) zirconium dibromide,

ethylenebis {indenyl)dimethylzirconiumn,

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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benzene. The solubility of such an organoal um num oxy conpound in benzene
is obtained as follows. The organoal um num oxy 53 31 May 2@304Mayoii®8und in
ternms of al um num of 100 ng atonms 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 made of G5 glass equipped with a jacket,
and a solid portion separated on the filter was washed four tinmes using 50
m of benzene at 60C, then, the anmount of Al atons existing in the whole
filtrate (x mllinole) is neasured, in order to know the solubility (x9%.
These organoal um num oxy conpounds (B-1) canbeusedal one or in conbinations
of two or nore. (Organoal um num conpound (B-2)) The organoal um num conpound
(B-2) is represented,. for exanple, by the followi ng general fornmula (iii)
. RInAl X3..n (iii) (wherein, Rl represents a hydrocarbon group having 1 to
12 car bondigtdms,idé,r epresents a hal ogen atomor a hydrogen atom and n is
1to 3.) In the above-nentioned general formula (iii), RL represents a
hydr ocar b8Amgitbyp shidvilrgebisd diRetayhay cdicpmht adi®h @Y & n @i, al Kyl
group, cycl oal kyl group or aryl group, specifically, a methyl group, ethyl
group, n-SﬂSB}Pr@ﬂéup, i sopropyl group, isobutyl group, pentyl group,
hexyl groyp ) ) .
fnethylSllylGHEblS(trlmethylcyclopentadienyl)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,
dimethylSilylePebiS(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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octyl group, cyclopentyl group, cyclohexyl group, phenyl group, 54 31 My
2004 tolyl group and the like. As such an organoal um num coipPodB- 2)
there are specifically listed; trialkylalum nuns such as

trinmethylalum num triethylalum num triisopropylal um num
triisobutylalumnum trioctylalumnum tri 2-ethyl hexylal um num and the

| i ke; al kenyl al um nuns such as isoprenyl al um num and the |ike,

di al kyl al um num hal i des such as di net hyl al umi num chl ori de, diethylal um num
chl oride, diisopropylal um numchloride, diisobutylalum num chlori de,

di met hyl al um num brom de and the |ike; al kylalum num sesqui halides such as
nmet hyl al um num sesqui chl ori de, ethyl al um num sesqui chl ori de,

i sopropyl al um num sesqui chl ori de, butyl al um num sesquichl ori de,

et hyl al um num sesqui brom de and the |ike; al kylal um num di hal i des such as
met hyl al umi nunin dibehkbpivdeneathphabuakanpl dbehdbr $destisepedpysehemi num

di chl oride, ethylalum num di brom de and the |ike; alkylalum num hydri des
such as @fethyyalopentddhgdy] delng dinebiie v} of urdHin horikrt dHacede | ke,
etc. As the organoal um num conpound (B-2), conpounds_of the follow ng
general F8PREFA- (PUSY EAA~EPESTHEURSEIPORISA| wf,?,ud(si‘&y 25~ and

1,2,4-substituted bodies. The alkyl group such as propyl,
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.

- B1



i i nec . - O5i R33
31 May 2004 (Rl is as defined above, Y represents a -OR2 group,
group?/ - OALR42 group, -NR52 group, -SiR63 group or -N (R7)31AEQ¥8'@06roup, n
isl1lto 2 R, R3, R4 and R8 represent a nethyl group, ethyl group, ]
i sopropyl group, isobutyl group, cyclohexyl group, phenyl group or the I
like, RS represents a hydrogen atom nethyl group, ethyl group,.isopropy
group, phenyl group, trinethylsilyl group or the like, and R6 and R?h
represent a nmethyl group, ethyl group-or the like.). Specifically, ]E e
fol l owi ng conpounds are listed. (1) Conpounds of Rir, Al (OR2) 3-n, for
exanpl e, dinethyl al um num net hoxi de, di ethyl al um num et hoxi de,
di i sobutyl al um num et hoxi de and the |ike, (2) Conpounds of .
R1" Al (0OSi R33) 3-n, for exanple Et2Al (OSi Me3) , (iso--Bu) 2A1 (CSi Me3) ,
(iso-Bu) 2Al (OSi Et3) and the like, (3) Conmpounds of RInAl (OAl R42) 3-n,
for exanplle ArEtRmla0al N1 it GOBRERAREOSNGEHS asBe )2 21374 d1hgilddee and 4)
Compounds of R1,,, Al (NR52) 3-n, for exanple Me2Al NEt 2, Et 2A1NHMWE,
Me2Al NHERRe H balR adsiantia) hedrochsboBs)spanN i8S ddrd)a 21 end dofigduirke, (5)
Conpounds of R1,, Al (SiR63) 3-a, for exanple (iso--Bu)2A1S1IMe3r and the
li ke, (g)a‘éd}ﬁ)%ﬁﬁ%b%wmem O(IME(W%hﬁ\VRSQF;ISIS,(t_,a,l Waé:rilepéﬂoplega?%el?el, May
] SO- Bu) 2A1N (Et -1s0-Bu , an
2004 E ZaAIm[a\lgrgé/g}Lurﬁ‘lc'l::}lzo’ri(desf?ydrgte, cop(per) sulfate hydrate, 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 like; alicyclic hydrocarbons such
cyclopentane, cyclohexane, cyclooctane, methylcyclopentane
and the like; petroleum fractions such as gascline, kerosene: '
lightoilandthelikeorhalides(forexample,chloride,bromide
and the like), the above-mentioned arocmatic 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 watér 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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i ke. Anong them trialkylalumnumis preferable, and triisobutylal um num
is particularly preferable. These organoal um num oxy corrpo@ﬂdéa)’(%loé) can be
used alone or in conbinations of two or nore. (Conpound (B-3) formng ion
pair by reacting with netall ocene conpound (A)) As the conpound (B-3)
which is reacted with the netall ocene conmpound (A) to forman ion pair,
Lew s acids, ionic conpounds and carborane conpounds described in JP-A
Nos. 1-501950, 1-502036, 3-179005, 3-179006, 3-207703 and 3-207704,

USP- 5323106 and the like are listed. As the Lewis acid, triphenyl boron,
tris (4-fluorophenyl) boron, tris (p-tolyl) boron, tris(o-tolyl)boron,
tris(3,5-di nethyl phenyl)boron, tris (pentafluorophenyl) boron, Md 2,
A1203, Si O2-A1203 and the |Ilike are listed. As the ionic conmpound,

tri phenyl carbeni unt et r aki taf heny|) borate, tri
- but y1 AlTHATUESEPaki S bENLAF Jor BETORYTT L BBHALE Sxide, aibucyltin

T T R e T SRR R
is Ltegi ac%.‘rﬁ%?xgﬁﬁ% %@?%%E%&%ga’@%ﬂ%mﬂ%e&ﬁgchh%”?1 k& GRLRAR0gSaRoane, bis
as decane, benzene, toluene and the like.

This aluminoxane may con£ain 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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borate, tri n-butyl anmoni un(7, 8-di carbaundeca) borate, tri

n- but yl ammoni un(tri decahydri de- 7- car baundeca) borate and t ¥4 Manad04r e

| i sted. These conpounds (B-3) can be used al one or in conbinations of two
or nore. In the present invention, as the conponent (B) , at |east one
compound sel ected fromthe above-descri bed conponent (B-1), (B-2) and
(B-3) is used, and these can al so be conbined 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, to allow the granular carrier to support the netall ocene conpound
(A) and cocatal yst conponent (B), to be used as a netall ocene-based
supporting catalyst (solid catalyst). As the granular carrier, a granular
or fi nemparti cle solid havg' nq a,garti cle diameter from 10 to 300 m

pr ef er alIYRIGA 30 tFoe htare nyBedt LPYi 8IgakPRaprast AaEPEREespeci fi ¢

surface .581% y 4 area of tekrllis ra ulfarr ca roi er IS %%gall .from50 to
1000 n2/g, ;’nﬂwﬁt ﬁ’ép (?P_@e\ﬂﬂ‘yr%‘ g 5‘@1?10. 8 tg % Bren8fg.2As tRtdegranul ar
Ch s R LR RIS g pe el Y,
M Xt Ur egaQfe 62MBOS! §ERss equipped with a jacket, and a solid portion
separated on the filter was washed four times using 50 ml of
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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cont ai ni ng these conpounds, for exanple, Si02-MO, Si02-A1203 Si 02-Ti 02r
Si 02- V205, Si02-Cr208, Si02-Ti @-MyO and the like, are us@dMamA94 t hem

t hose essentially consisting O Si02 and/or Al1203 are preferable. The
above-nenti oned i norgani c oxide may contain carbonates, sulfates,

nitrates, oxide conponents such as Na2CO3, K2CO3, CaCO3, MyCO3, Na2SM4, Al12
(SO4) 3, BasO4, KNO3i My (NOB) 2, AI(N03)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 nmain
conponent an a-olefin having 2 to 14 carbon atons such as ethylene,

propyl ene, 1-butene, 4-nethyl-I|l-pentene and the |ike, or polyners or

copol yners produced by using the main conponent vinylcycl ohexane, or
styrene, can_be used. It is desirable to conduct the contact between the
granularto%%}r9ﬁ?u8n@n?hEh%b v&Smenti oned catal yst conmponents at a

t enper at ure usual fron1 50 t 0,15QC, preferabl 120C, for
from1 m nut eiﬁs 53‘%: e’fae]‘rug&rvnfroﬁpfél dyn&JE{Oj;]’Sé:qfl eI\/Iayr';2004 to 25
hour s. g%e?affggig Cfi@£¥8 prepared as described above, it is desirable

that th oceng conpouhd (A) is supported in an anount of from5 X
10-6 to 5 X 1Q-4 gnam L,_?rmmp[{sefsejrcz},bla)é 8% hhifr$h, 10 4 gram atomin
a

terns of tran3|t|on met atons, per g of the granular carrier, and the

corrponenﬁr;(&hﬁawﬁpﬁﬁ&eokril@@g}@gmuﬂndﬁ A sBHu A A KRy am
atom preferably from
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 end the like;
alkylaluminum dihalides such as methylaluminum
dichloride, ethylaluminum dichloride, isopropylaluminum
dichloride, ethylaluminum dibromide and the like;
alkylaluminum hydrides such as diethylaluminunlhydride,
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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2 X 10-3 to 2 X 10_2 gramatomin ternms of an al um num atom or boron atom
per g of the granular carrier. Further, in the present invéitN®re00the solid
catal yst as described above can be itself used in pol ymeri zati on, 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 atoniliter, in terns of
transition metal/liter (polynerization volume). Wen a pre-polynerized

cat al st LB Qnpone 0 31 May 2004, (B) may or y not be used,
homevgr i %E%es%%}geg gﬁvﬁéqtggare?ﬁng éh QﬁnéﬁPuPhaﬁxiﬁggéﬁﬁﬁﬂb ratio of

I t t t I th
So:‘;“nzt‘{%%%.%”%% -?%icg%ﬁﬂﬂ‘aﬁé?%wﬁrma“s'i T aNFy s om0
preferablyis fir @ 30 %0 200, gf urthge preferably, fr OE'HYJP Lo Ao0. Ee,fect of

the I nvention Accordlng t0 the present I nven |on &Wﬂl osition

A e fi%p%‘%‘%fri‘po%f@“ﬂ“éf%@ﬁf GEbu7! O1
phenyl group or the like, R® represents a hydrogen atom, methyl
group, ethyl group;_isopropyl group, phenyl group,
trimethylsilylgroupcn:thelike,andRGandR7represehtiamethyl
group, ethyl group or the like.).

Specifically, the following compounds are listed.
(1) Compounas of R%AL(OR?) 3, for example,
diméthylaluminum methoxide, diethylaluminum ethoxide,
diisobutylaluminum methoxide and the like,
(2) Compounds of R,A1(08iR%);,, for examﬁle
EtpAl (OSiMes), (iso-Bu)zAl (0SiMes), (iso-Bu) Al (OSiEts)
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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havi ng a narrow conposition distribution and narrow nol ecul ar  wei ght
distribution, can be obtained. Further, sheeting in the readtNgy 2084 be
prevented, and a pol yol efin conposition such as an LLDPE conposition or the
| i ke can be produced stably with high productivity. Exanples The foll ow ng
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 ynerized in the first 61 31
May 2004 fluidized bed reactor and the second fluidized bed reactor of the
pol ymeri zati on apparatus having two fluidized bed reactors as shown in
Fig. 1. A catal yst system conposed of zirconocene and nethyl al unoxane was
fed to the first fluidized bed reactor. The copolynmer obtained in the

first fluidize was, . i ntyqd ther with an acconpanyi ng
gas into the sg(t::%ﬁ%\] h?%ﬁzlg Sd bl %Jgéggﬁq#ggi(tﬁsﬁﬁgﬁé?t #RAether ansport
line 25 iJjindig. 1) . In the case of polynerization in the second fl uidi
zed bed reactor, it was conducted in the presence of the copol yner

obtained in thembhgSthéhli drz88Khed1 LARALAT 1 s THEPOLYARLI ZaLion was
conducted continuously, after the polynerization vesse ' 88hed to
equi val entr icicrtivtyd/a Jasishewl s ighrkalha a1 yThe dRedigIg amount of  1-hexene
was so appropriately i

These organoaluminum-oxy compounds (B~2) canbe used alone

or in combinations of 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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controlled that a copol ynmer having the density shown in Table 1 was

obtai ned. As the saturated aliphatic hydrocarbon, isopentasd Mas2004sed.
Into the first fluidized bed reactor, isopentane was fed froma feeding
line (feeding line 12 in Fig. 1) , and the feeding anmount 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 isopentane in the second fluidized bed -reactor was controll ed by

regul ating the amount of isopentane fed fromthe feeding line. In
Conparative Exanple 1, isopentane was not fed into the first fluidized bed
react or anq_kge second fluidized bed reactor, and isopentane was not
introdué@f ointo the transport line. In Conparative Exanple 2

i sopent ane wag  not introduced int e transport |ine. Thus obtained LLDPE

ot
conposi tion was sUBj GARATERS GRURGHR nt89P62BBEANR. physi cal properties
shown |q_@%%€%ggcla%o%§iet alg)li%, Rts‘?’e[{}]t%ﬁlf‘tfgg’%%ex (Vfd%r?sﬁ ae;sﬁu({ﬁgegcﬁ 190' C under

a load of 2.1 according to asured
2000, g STARCy S e M O IR ), 7Pl T
n—butylammonium(tridecahydride—?—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
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speed r2 when the shear stress was 2.4 X 106 dyn. /CVM2 to the shear speed
r, when the shear stress was 0. 4 X 1-06 dyn/ CM2 (r2/r:L) 3idday &9¢tai ned.
Smal | er shear ratio indicates narrower nol ecul ar weight distribution of the
copol ymer conposition. In Exanples 1 to 4, sheeting did not occur even if
the operation was continued for 30 days and operation for a |long period
of tinme was possible. On the other hand, in Conparative 63 31 May 2004
Exanpl e 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 conparisons between Exanples 2
to 4 with Conparative Exanple 1 and with Exanple 1 and, Exanple 5 with
Conparative Exanple 2, it is known that a polyolefin conposition having a
nar r ow mo\&EGuPAr TP ghiamit st icguriied tanudea bby dimrea Sy toch®@ 0 akd/igng t he
rati o of trgjgtg%gcentration (C2) of a saturated al,jphatic hydrocarbon in a
reactor G&f T S M Ithd r @b ifbehttioatd -0h Yy -of a sat ur at ed

al i phatic hydr gaHgon. in a _reactor of a first stage (C2/Cl) within the
range speci fi ed by thedpradtdt FAVEREF onPOBAU811MAFT2002 ssides 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 (NQ3) 5,
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
component vinyicyclohexane, or styréne, 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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te 25 hours.

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

60



Nrlrr-IN=rnCr w u O NUNLOovpCV O Crif) roNCD, -10ra)MCVa) UJ r-[P:Nv 0 Q
N QQ WJ Hit)OcoOr7 riNr-1N10Cal O(T O 4-) NNLONOrdv~t o N31May 2004
roNCaO "~prCC 7NO ww P . 00O CDN

(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. Into the first fluidized bed reactor, isopentane was
fed frbﬁ é feeding line (feéding 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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auopl t puoo UOTgCeag uo-c;;sodw ;0 sai;zadozd 31 May 2004 Table |
(conti nued) Conparative

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.
In the table, the melt index was measured at 190°C under a loaé.‘
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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' VPaQ)
Exanple 2y 00 .H4 r. OU O o U fu wPressure _ 4
Terrprrgrat ure (C) Ethylene partial pressure (MPaG Concent r(a"ﬂ!“@ﬁY?(Qp .
i sopentane in reactor (nol% Concentration of isopentane in feeding

line (nmol %9 Ratio of concentration of isopentane

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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00 mL9 -1i 4-1 nDensity (kg/cnB)903 0 O }-IUNNI 0.11 O.Z%ZQLS 3.
915 24.0 Exanple 5 Reactor 1 Reactor 2 1.6 70 1.1 16.0 2.
Table 1 (continued)
Comparative
Example 2 Exanple 5
Reactor | Reactor | Reactor | Reactor
1 2 1 2
Pressure (MPaG) 1.6 2.2 1.6 2.2
Temperature (°C) 10 85 70 85
Ethylene partial
pressurs (MPaG) 1.1 1.4 1.1 1.4
I Concentration of
5 isopentane in 16.0 1.0 16.0 4.0
o reactor (mol%)
s Concentration of
d . -
o isopentane in 0 0
] feeding line (mol$%)
o Ratio of
5 | concentration of 0.06 0.3
H isopentane
3 - ‘
S - | Bed weight (t) 0.10 0.11 0.190 0.11
Production speed
(t/h) 0.020 0.013 0.021 0.014
Residence time {hr) 5.0 3.3 4.8 3.1
Ratio of production
speed {% by weight) 60 40 60 40
—
© £ {MFR (g/10min) 0.53 2.4 0.53 2.4
T
et 3
o £ @) Density (kg/cm’) 903 915 903 915
> n
Gl -
g0 NNI 24.0 20.2
66
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0 0. 0.10 0.021 4.8 60 0.53 3 0.11 0.014 3.1 40 2.4 903 F
May 2004 WHAT IS CLAIMED I'S: 1. A nethod of producing a pol

15 20.2 66 31
Yebraofs

conposition conprising copolynerizing at | east two olefins selected from

et hyl ene and a-olefins having 3 to 20 carbon atons using at

| east 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 PHé&ZeASe CORAINEGOPOFymer produced in the previous stages, and is
characterized by that a saturated aliphatic hydrocarbon exists in each
reactor in a tonter®ERrd o REARWCHRT 2 FPhepbgfin composition

comprising copolymerizing at least two olefins selected from
eéthylene and oa~olefins having 3 to 20 carbon atoms using at
least two gas phase fluidized bed reactoeors in the presence of

a transitionmetal compound catalyst, wherein copolymerization

in a second or later stage is conducted in the

presence of a copolymer pfoduced in the previous stages, and
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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and the ratio of the concentration (C2) of a saturated aliggq%ic
; 2
IO QQ5 ) of a

hydr ocarbon in a reactor of a second stage to the concentr
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 introduced to a. fluidized bed of each reactor so that
the concentration thereof in a reactor is in the range from0. 1 to 20
nol % and the ratio of a concentration (C2) of the saturated aliphatic
hydrocarbon in a reactor of a second stage to a concentration (Cl) of the
saturated aliphatic hydrocarbon in a reactor of a first stage (C2/Cl) is

0.13 or nore, and ethylene and an a--olefin having 3 to 20 carbon atons 67
resence of a netall ocene-based

31 May 2864 esBotomelyreqi zgd. 0 the
supporti ng catalyg?, to pr% ugéeapF?ﬁgﬁFeI8§/Geﬁ@tailopehyebhﬁkgne
conposi tsuppoBt irlhecaes hegk of ¢ pr ing a poplyolefin conposition according
to Claim1l wherein aoleffn cop@l@%@?u%g 3 ﬁ%@%%F kBredahaitywei ght having a
nelt i ndSdyethhberanganfsom 0,01 to 50 g/10 nin. and a density in the
range from0.860 to 0.950 g/cnB is produced in one reactor, and a olefin

copol ymers f &-| 8her meohedubar preaighh having, a,melt i@g@f o ign | 2nge
from0.5 to 3000 g/10 min. and a dens?ty anyﬁégﬁéﬁgé feen 61900 to 0.975
o/ crd P @ C;S’rr@dﬁ’@e@o pﬂ;aam_di&maeréﬁaﬁbwﬁn é@cﬂhﬁﬁr@f%% kol trlnon cngani ch - the
wei ght ratio of the olefin copol ymerof a higher mole A "Repghlar
g aving a melt‘lndex 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 one reactor, anda olefin copolymeroft a lower molecul
| ! ' ar
welght having a melt index in the range from 0.5 to 3000 /10
| - g
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 the olefin copolymero £ ahighermolecularwej ht
to the olefin copolymer of 3 lower molecular weight is in the rang -l
e
from 30:70 to 80:20.
4. Th A '
The method of producing g polyolefin composition
according toClaiml wherein a olefin copolymercf 5 highermolecul
| ular
weight having a melt index in the range from 0.01 to 50 g/10
.mln. 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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to the olefin copolyner of a |lower nolecular weight is in %ﬂﬁgrqﬂgﬁ from
30: 70 to 80:20. 4. The nethod of producing a pol yol efi n compds™

according to Claim1 wherein a ol efin copolynmer of a higher nol ecul ar

wei ght having a nelt index in the range from0.01 to 50 g/10 mn. and a
density in the range fromO0.860 to 0.950 g/cnB is produced in a reactor of
~a first stage, and a olefin copolynmer of a |ower nolecular weight having a
melt index in the range from 0.5 to 3000 g/10 min. and a density in the
range from0.900 to 0.975 g/cnB is produced in a reactor of a second
stage, to give a conposition in which the weight ratio of the olefin

copol yner 68 31 May 2004 of a higher nolecular weight to the olefin
copolymer of a lower nolecular weight is in the range from30:70 to 80: 20.
5. The method of producing a polyolefin conmposition according to any one
of d ai neflat highgh molhernkin webgpot yhertzablaim cepadpmtuct £da atover
tenperature in the range fromthe dew point of a m xed gas containing a
pol yner i rateenlanonehentand sai thsarangeedrani gRai’Oc thyd0o€&r-bon present in
a fluidized bed of a reactor of a first stage to a tenperature 5C higher
than the dew poi nihe gethpd @l RIPBICTrDRRNY B Pbly ot @rpes Eo#pdsi ti on
according to gnégone of Clains_1 Eh[ough 5 wherein the ratio of a

concent r 86F8RALLS) L8t 28YsQRGr Af et MBhat FBERYEAP0CAFBERSIN a reactor of a

second stage.to a.cogcentration at ur at ed aIHQQQEéCrQXgéocarbon

in areas? Plg@eglg? é?nsfag%pndég%gdogtaa éémperature 1
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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(C2/Cl) isin the range fromO0.13 to 20. 7. The method of ﬁ%ﬁ@éﬁ?dﬁa a
pol yol efin conposition according to any one of Clains 1t wher ei n

copol ynmeri zation is conducted while controlling the concentration of a
saturated aliphatic hydrocarbon in a m xed gas in one reactor to be higher
than the concentrations of saturated aliphatic hydrocarbons in m xed gases
in reactors of the previous stage. 8. A nethod of producing a polyolefin
conposition 69 31 May 2004 conprising polynerizing or copolynerizing at
| east one olefin selected fromethylene and (x-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 |ine
for transporting a polymer 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
cor r espSTRIHG: I BRIVTeF il Rd NPFsOT (P ARR: YRy M atol eash BB wale%ig- The
met hod of .praduci.ng a_ polyolefin conpagsition  according to C aim8 wherein'
A1 or PRI LR AR ehd SRy RS Car DAY FaEeR Ao
Lol b Ae3ERO: puB ke SBASHUARE diU B TR, DRCRYR e W
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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ABSTRACT OF THE DI SCLOSURE The present invention intends tq provide a

nmet hod of producing a polyolefin conposition having a narﬁ%&Wﬁbﬁ%%sition
di stribution and havi ng narrow nol ecul ar wei ght distribution, and is
characterized in that when at least two olefins are copolynerized in the
presence of a transition netal conmpound catalyst using at |east two gas
phase fluidized bed reactors, a saturated aliphatic hydrocarbon is all owed
to exist in each reactor in a concentration fromO0.1 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 (C) of a saturated.

al i phatic hydrocarbon in a reactor of a first stage (C2/Cl) is 0.13 or
nore. Further, the present invention intends to provide a nethod of
produci ng a pol yol efin conposition by nulti-stage polynerization, which
can prevent sheeting in fRETRAEECPEr THRIDEARLEISVEEA pol yol efin conposition
stably with high égroductiyity, and is characterized in that a saturated
ali phatic hyé[g{?c BoiE s HTGHetPR? ol 2%¢RES | RoaPtPHAsFort Mathed orf

transportiqg a.goéynei gfrticle extracted froma fluidized bed reactor in
the preWbus stagE PO RO +FHBICLER Bt P8R BHNY 7 PR RECY ¥Rpfdrftian age at a

. 0,
concent rcﬂétqpllgﬁe%lga%dt Ha%gngorla?rol}molecular weight distribution,

and is characterized in that when at least two olefins are
copolymerized in the presence of a transition mééal compound
catalyst using at least two gas phase fluidized bed reactors,
a saturated aliphatic hydrocarbon is allowed to exist in each
reactor in a concentration from 0.1 to 30 mol%, and the ratio
of the concentration (C;) of a saturated aliphatic hydrocarbon
in a reactor of a second stage to the concentration {C1) of
a saturated.aliphatic hydrbcarbon in a reactor of a first stage
(C2/C1) is 0.13 ormore. Further, the present invention intends
to provide a method of producing a polyolefin composition by
multi-stage polymerization, which can prevent sheeting in the
reactor and can give a polyolefin composition stably with high
‘productivity, andischaracterized inthatasaturatedaliphatic
hydrocarbon is allowed to exist in a transport line for
transporting a-polymer particle extracted from a fluidiééd ioed
reactor in the previous stage to a fluidized bed reactor in

the subsequent stage at a concentration from 0.1 to 30 mol%.
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