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DESCRIPTION

METHOD OF PRODUCING POLYOLEFIN COMPOSITION

Technical Field

The present invention relates to a method of producing
a polyolefin composition using at least two gas phase fluidized
bed reactors in co-existence with a saturated aliphatic
hydrocarbon, and a methoéi of producing a polyolefin composition
wherein a saturated aliphatic hydrocarbon is allowed to exist
when transporting a polymer particle from a reactor in the

previous stage to a reactor in the subsequent stage.

Background Art

Polyolefins, for example, linear low density
polyethylenes which are a copolymer of ethylenewithana-olefin
{(hereinafter, referred to as “"LLDPE” in some cases) have various
properties such as excellent heat seal properties, flexibility
and toughness, excellent water-resistance,
moisture-resistance and chemical-resistance, lower cost, and
the like, and are widely used conventionally as materials for
molding films and as industrial materials, and the like.

LLDPE is usually produced by copolymerizing ethylene with
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an o-olefin at low pressure in the presence of a transition
metal compound catalyst such as a Ziegler catalyst and the like,
and as the polymerization method, liquid phase polymerization
methods such as solutionpolymerization, slurry polymerization
and the like, and gas phase polymerization methods are used.
Production of polyolefins such as LLDPE and the like by a gas
phase polymerizationmethodis industrially advantageous since
a polymer is obtained in the form of a particle and consequently
the production process can be simplified as compared to a 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.

The present inventorshave studied, under such conditions,
a method of producing polyolefins such as LLDPE and the like
according to agasphase polyme.rization method, and resultantly,
have found that LLDPE having a narrow molecular 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 asaturatedaliphatichydrocarboninareactorisinaspecific
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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 specific range.

Further, when a polyolefin composition is p_roduced using
a multi-stage gas phase polymerization apparafus composed of
at least two gas phase fluidizedbed reactors as described above,
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
obstructs the line.

As the means for solving such a problem, a method is used
inwhichanantistaticagent isaddedtoatransport line, however,
catalytic activity in the subsequent stage may decrease, in
this method.

The present inventors have investigated, under such a
condition,amethodofpfeventingobstructionofalineoccurring
inproducing apolyolefin compositionbyamulti-stage gas phase
polymerizationn@thod,andxesultantlyfoundthatobstruction
of a line can be prevented if a specific amount of saturated
aliphatic hydrocarbon is allowed to exist in an extraction line
and transport line, leading to completion of the present

invention.
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Disclosure of Invention

The method of producing a polyolefin composition of the
present invention is a method of producing a polyolefin
composition comprising copolymerizing at least two olefins
selected fromethylene and a~olefins having 3 to 20 carbon atoms
using at least two gas phase fluidized bed reactors in the
presence of a transition metal compound catalyst, wherein
copolymerization of the reactor in a second or later stage is
conducted in the presence of a copolymer produced in the previous
stage, and is characterized by that a saturated aliphatic
hydrocarbon exists in each reactor in a concentration from 0.1
to 30mol%, and the ratio of the concentration {C,) of a saturated
aliphatic hydrocarbon in a reactor of a second stage to the
concentration (Ci) of a saturated aliphatic hydrocarbon in a
reactor of a first stage (C;/Cy) is 0.13 or more.

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

(C1) of the saturated aliphatic hydrocarbon in a reactor of
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afirst stage (C»/C1) is 0.13 ormore, andethylene andana-olefin
having 3 to 20 carbon atoms are copolymerized in the presence
of ametallocene-based supporting catalyst, toproduce a linear
low density polyethylene composition.

According to the present invention, it is preferable to
produce a polyethylene of a higher molecular weight having a
melt index in the range from 0.01 to 50 g/10 min. and a density
in the range from 0.860 to 0.950 g/cm® 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 0.9%00 to 0.975 g/cm3 in another reactor, to
give a composition in which the weight ratio of the polyethylene
of a higher mélecular weight to the polyethylene of a lower
molecular weight is in the range from 30:70 to 80:20, and it
is also preferable to produce a polyethylene of a higher
molecular weight having a melt index in the range from 0.01
to 50 g/10 min. and a density in the range from 0.860 to 0.950
g/cm® in a reactor of a first 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 & higher

molecular weight to the polyethylene of a lowermolecular weight
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is in the range from 30:70 to 80:20.

In the present invention, it is preferable to conduct
copolymerization at a temperature in the range from the dew
point of a mixed gas containing a polymerization monomer and
the above-mentioned 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
ratio of a concentration C; of a saturated aliphatic hydrocarbon
in a reactor of a second stage toa concentrationC; of a saturated
aliphatic hydrocarbon in a reactor of a first stage (C2/C;) is
in the range from 0.13 to 20.

Further, in the present invention, it is preferable to
conduct copolymerization while controlling the concentration
of asaturatedaliphatichydrocarbon in amixed gas inone reactor
to be higher than the concentrations of saturated aliphatic
hydrocarbons in mixed gases in reactors of the previous stage.

Themethod of producingapolyolefincompositionaccording
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
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transporting a polymer particle extracted from a fluidized bed
reactor in the previous stage to a fluidized bed reactor in
the subsequent stage, and the concentration of a saturated
aliphatic hydrocarbon in the transport line is in the range
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
is fedtoa fluidizedbed reactor, and introduced into a transport

line together with a polymer particle.

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

phase polymerization apparatus.

Best Mode for Carrying Out the Invention

Themethod of producingapolyclefincompositionaccording
tothepresent inventionwillbe specificallyillustratedbelow.

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
o-olefins having 3 to 20 carbon atoms (hereinafter, these are

together called “olefin”, in some cases) using at least two
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gas phase fluidized bed reactors in the presence of a transition
metal compound catalyst and in the presence of a copolymer
produced in the previous stage, in a reactor of a second or
later stage, a saturated aliphatic hydrocarbon is allowed to
exist in each reactor.

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 two gas 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 21 are connected in series.

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 is 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,
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and discharged from the 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 inside
of the fluidizedbed reactor 11, solidparticles {solidcatalyst
and produced polymer) are kept under a fluidized condition,
to form a fluidized bed 18.

The produced polymer particle is continuously or
intermittently extracted, and separated into a solid and a gas
in solid-gas separating vessels 31 and 32. 1In 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 fluidized
bed reactor 21.

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

aliphatic hydrocarbon and the like that have been discharged
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from the first fluidized bed reactor 11 are cooled by a heat
exchanger {cooling apparatus) 14 while passing through
circulation line 16, then merge 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, 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 into
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 wvia the
solid-gas separation vessels 31 and 32 through the extraction
line 30 from the 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 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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gas containing an olefin and a saturated aliphatic hydrocarbon
transported from the feeding line 22 is increased by a pressure
increasing means such as a centrifugal blower 41 and the like,
and at the same time, polymer particles extracted from the 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 olefin {(polymerization monomer)
and a saturated aliphatic hydrocarbon 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 s0lid catalyst is usually fed
into the second fluidized bed reactor 21, a fresh solidcatalyst
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
fluidized bed reactor 21 isblown into a fluidizedbed 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

fluidized bed reactor 21, solid particles (the above-mentioned

11
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polymer part;_icles and produced polymer) are kept under a
fluidizedcondition, to forma fluidizedbed28. Inthisprocess,
a copolymerization reaction is conducted in the fluidized bed
28.

The polymer particles obtained in the second fluidized
bed reactor 21 are continuously or intermittently extracted
through a line 40.

Bn unreacted olefin in the form of a gas and a saturated
aliphatic hydrocarbon and the like that have passed through
the fluidizedbed 28 are reducedin flow speedina speedreduction
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 outlet provided on the upper part
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
exchanger 24, acirculationgasisusuallycooledtotemperatures

near the dew point of the gas. If a circulation gas is cooled
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to a temperature of not more than the dew point and fed into
the fluidized bed 28, the reaction heat can be removed by
vaporization latent heat of the liguid condensate, and the
efficiencyof heat removal inthe fluidizedbed 28 canbe improved.
Tn circulating a circulation gas into the second fluidized 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 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 gas
introduced via the bottom part of a reactor from feeding lines
12 and 22, when the minimum fluidizing speed of the fluidized
bed is represented by Upe, a flow rate of from approx. 3 Ups
to 50 Ups, preferably from approx. 5 Ums tO 30 Upe is desirable.
The fluidized bed can also be stirred mechanically, and for
example, stirring can be effected using stirring machines 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
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_inwhichtwofluidizedbedreactors,thatis,thefirétfluidized

bed reactor 11 and the second fluidized bed reactor 21 are
connected in series has been illustrated above, even a

multi-stage gas phase polymerization apparatus having three
or more fluidized bed reactors can be constituted 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
a-olefins having 3 to 20 carbon atoms that have been fed into
a fluidized bed reactor are copolymerized in the fluidized bed,
and copolymerization is conducted in the presence of a copolymer
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 a higher
molecular weight in at least one reactor, and to produce a
polyethylene 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, l-octene, l-decene, l-dodecene,

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

14
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like. Of them, oa-olefins having 3 to 10 carbon atoms,
particularly having 5 to 8 carbon atoms are preferably used.
These a-olefins having 3 to 20 carbon atoms can be used alone
or in combinations of two or more.

Regarding the ratio of at least two olefins fed to a
fluidizedbed reactor, anotherolefin isusually 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 0.15mol, preferably from 0.02
to 0.08mol basedon 1 mol of ethylene, though it varies depending
on the linear low density polyethylene composition that is to
be finally obtained.

In tﬁe present invention,lpolyenes and the like may be
copolymerized, if necessary, togetherwithat least twoolefins,
and 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

15



SF-'738 PCT

copelymerization is conducted in coexistence with a saturated
aliphatic hydrocarbon, preferably a gaseous saturated
aliphatic hydrocarbon having 2 to 10 carbon atoms.

Specific examples of the saturated aliphatic hydrocarbon
having 2 to 10 carbon atoms 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 1like. These saturated aliphatic
hydrocarbons can be used alone or in combinations of two or
more.

The saturated aliphatic hydrocarbon as described above
isanon—polymer;zablehydrocarbon,andoncefedintoafluidized
bed reactor, it is not consumed in polymerization, and a
saturated aliphatic hydrocarbon contained in a gas discharged
from the fluidized bed reactor is circulated through a
circulation line into the fluidized bed reactor.

This saturated aliphatic hydrocarbon may be introduced

in gaseous form into a fluidized bed, or may be introduced in
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the condition wherein at least a part of which is in the form
of a liquid into a fluidized bed. A saturated aliphatic
hydrocarbon introduced from a feeding line preferably exists
in gaseous formin a fluidized bed from the standpoint of uniform
polymerization, and at least a part of which may exist in the
formofmist. Theseconditions are appropriately set depending
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
usually introducedintoa fluidizedbedreactorthrougha feeding
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 a
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saturated aliphatic hydrocarbon in a mixed gas in a fluidized
bed within the above-mentioned range, generation of a lump in
the polymerization vessel is suppressed.

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

Further, theratioof the concentration (C;) 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 (C/Ci;) is usually 0.13 or more,
preferably from 0.13 to 20, more preferably from 0.15 to 20,
further preferably from 0.17 to 20, particularly preferably
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 distribution,
particularlynarrowmolecular weight distribution, for example,
an LLDPE composition having a narrow composition distribution,
and a narrow molecular weight distribution is obtained.
Further, sheeting in a reactor is prevented, and a polyolefin
composition such as an LLDPE and the 1ike can be produced stably
with high productivity.

As the method of controlling C,/C; within the

18
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above-mentioned range, there is a method in which the amount
of a saturated aliphatic hydrocarbon fed into a reactor of a
first stage is appropriately regulated, a method in which
conditions (temperature, pressure, time and the like) of a
purging operation in a solid-gas separation vessel provided
between a reactor of a first stage and a reactor of a second
stage are appropriately set, a method in which the amount of
a saturated aliphatic hydrocarbon fed into a reactor of a second
stage is appropriately regulated, and the like.

Also, byappropriatelyregulatingthe 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, Cz/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,/Ci; can be controclled.

The controlling methods as described above may be used
alone or in combinations of two or more. Of these controlling
methods, the appropriate regulation of the amount of a saturated
aliphatic hydrocarbon fed into a reactor of a second stage is
particularly preferable from the standpoint of the degree of

freedom in setting conditions, since C;/C; can be controlled
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independently from the value of Cji.

In the present invention, it is preferable to conduct
copolymerization 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.
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 mol%, preferably by 1 to 5 mol%, in a reactor of a second
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 an 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 stage 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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saturated aliphatic hydrocarbons in mixed gases in fluidized
beds of a first stage and the final stage are res'pectively the
same as the concentrations of saturated aliphatic hydrocarbons
in mixed gases in fluidized beds of a first stage and a second
stage, 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 are between 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, it is desirable
that the amount of a saturated aliphatic hydrocarbon having
2 carbon atoms (ethane) isusually from 10 to 20 mol%, 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%, preferak?ly from 8 to 20 mol%, the amount of a
saturatedaliphatic hydrocarbonhaving 4 carbon atoms (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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aliphatic hydrocarbén having 6 carbon atoms (n-hexane,
2—methylpentane,3—methylpentane,cyclohexane)isusuallyfrom
1.5 to 20 mol%, preferably from 2.5 to 15 mol%, the amount of
a saturated aliphatic hydrocarbon having 7 carbon atoms
{n-heptane, 2-methylhexane, 3-methylhexane, 4-methylhexane,
methylcyclohexane) is usually from 1.0 to 15 mol%, preferably
from 2 to 10 mol%, and the amount of a saturated aliphatic
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
hydrocarbons are used-in combination, the suitable
concentration range of each saturated aliphatic hydrocarbon
manifests a value according to the mixing ratio (molar ratio).

Tn a fluidized bed, the polymerization temperature in
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, of copolymerizationof ethylenewithanoa-olefinhaving
3 to 10 carbon atoms, the polymerization temperature is usually

from 20 to 130°C, preferably from 50 to 120°C, more preferably
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from 70 to 110°C. In the present invention, polymerization is
preferably conducted at a temperature near the dew point of
a mixed gas containing a polymerization monomer, a saturated
aliphatic hydrocarbon, an inert gas such as nitrogen and the
like, hydrogen as a molecular weight controlling agent, and
the like, present in a fluidized béd, and particularly, the
polymerization is preferably conducted at a temperature from
the dew point of the mixéd 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 ratio
of a saturated aliphatic hydrocarbon, fluidized condition of
a fluidized bed, and the like, and usually in the range from
0.098 to 9.8 MPa, preferably from 0.19 to 3.9 MPa.

The above-mentioned copolymerization 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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copolymer can be controlled by changing the polymerization
conditions such as the polymerization temperature and the like,
or can be controlled 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, for example, polyethylene
has a melt index {(measured at 190°C under a load of 2.16 kg
according to ASTM D 1238) from0.01 to 3000 g/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 reactors may be
the same or different mutually.

In the present invention, the ratio of a polyolefin
produced in each reactor, for example, polyethylene, is not
particularly restricted, and is preferably at least 13byweight
or more based on a finally obtained polyolefin composition,
for example, a linear low density polyethylene composition.

In the present invention, it is preferable that at least
two gas phase fluidized bed reactors are used, a polyethylene
of a higher molecular weight is produced in one reactor and
apolyethylene of a lowermolecular weight is produced in another
reactor, and it is more preferable that a polyethylene of a

higher molecular weight having a melt index from 0.01 to 50
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g/10 min., preferably from 0.2 to 12 g/10 min. and a density
of at least 0.860 g/cm®, preferably from 0.860 to 0.950 g/cm’,
more preferably from 0.890 to 0.950 g/cm® is produced in one
reactor 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 0.910 to 0.975
g/cm® is produced in another reactor. In this procedure, in
a reactor of a second or later stage, copolymerization is
conducted in the presence of a copolymer produced in the previous
stage.

Particularly, 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 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/cm®, preferably from 0.860 to 0.950 g/cm’,
more preferably from0.890to 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/cw®,
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preferably from0.900 to 0.975 g/cm3, more preferably from 0.910
to 0.975 g/cm® is produced in a reactor of a second stage. In
this procedure, in a reactor of a second or later stage,
copolymerization is conducted in the presence of a copolymer
produced in the previous stage.

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 molecular weight having a flow index
from 0.01 to 50 g/10 min., preferably from 0.2 to 12 g/10 min.
and a density of at least 0.860 g/cm®, preferably from 0.860
to 0.950 g/cm®, more preferably from 0.890 to 0.950 g/cm’ is
produced in a reactor of a first stage and a polyethylene of
a lower molecular weight having a melt index from 0.5 to 3000
g/10 min., preferably from 1 to 1000 g/10 min. and a density
of at least 0.900 g/cm’®, preferably from 0.900 to 0.975 g/cm?,
more preferably from0.910to 0.975 g/cm3 is produced ina reactor
of a second stage.

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

to approx. 445000 and a melt flow ratio of usually from approx.
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12 to approx. 70, preferably from approx. 14 to approx. 45.
The above-mentioned polyethylene of a lower molecular weight
has a molecular weight of usually from approx. 15800 to approx.
35000 and a melt flow raﬁio of from approx. 12 to approx. 70,
preferably from approx. 14 to approx. 45.

The melt index is measured at 190°C under a load of 2.16
kg according to ASTM D 1238, condition E, and reported in terms
of g/10 min. The flow index is measured at 190°C under a load
of 10-fold of the load used for measuring melt index according
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 linear low density polyethylene composition is
composed of a polyethylene of a higher molecular weight and
a polyethylene of lower molecular weight, the weight ratio of
thepolyethyleneof ahighermolecularweight tothepolyethylene
of a lower molecular weight is usually from 30:70 to 80:20,
preferably from 40:80 to 60:40.

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

weight in the range usually fromapprox. 90000 to approx. 450000,
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and a melt flow ratio in the range usually from approx. 30 to
approx. 150, preferably from approx. 35 to approx. 145,

This linear lowdensitypolyethylene compositioncontains,
for example, repeating units derived from ethylene in an amount
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 mols.

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% by weight or less, particularly preferably
3% by weight or less with the proviso that it is not harmful
to the object of the present invention.

In producing such a linear low density polyethylene
composition, in a fluidized bed reactor for producing a
polyethylené of higher molecular weight, an olefin is fed in
an amount usually from 0.01 to 0.4 mol, preferably from 0.02
to 0.35 mol per 1 mol of ethylene, 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, hydrogen can be fed if
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necessary, and in this case, in a fluidized bed reactor for
producing a polyethylene of higher molecular weight, hydrogen
is fed in an amount usually from 0.001 to 0.3 mol, preferably
from 0.017 to 0.18 mol per 1 mol of ethylene, and in a fluidized
bed reactor for producing a polyethylene of lower molecular
weight, hydrogen is fed in an amount usually from 0.0l 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, theratioof asaturated
aliphatic hydrocarbon, the fluidized condition of a fluidized
bed, andthe like, andspecifically, thepolymerizationpressure
in a reactor of a first stage is usually from 0.098 to 2.8 MPa,
preferably from0.19 to 3.9MPa, and the polymerizationpressure
in a reactor of a second stage is usually from 0.098 to 9.8
MPa, preferably from 0.19 to 3.9 MPa.

In the present invention, a polyolefin composition, for
example, a linear low density polyethylene composition can 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 particle is from approx. 250
to 3000 um, preferably from approx. 400 to 1500 pm.

Next, the method of producing a polyolefin composition
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according to another embodiment of the present invention will
be illustrated.

According to the present invention, in multi-stage gas
phase polymerization of anolefin wherein at least two gas phase
fluidizedbed reactors areused, andat least oneolefinselected
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-stage gas phase
polymerization apparatus shown in Fig. 1 as described above
is used, for example, and a polyolefin composition is produced
inthe same manner as described above. Inthepresent invention,
asaturatedaliphatichydrocarbonis introducedintoafluidized
bed 18 and/or a fluidizedbed 28, if necessary. Itispreferable
that the copolymerizationreactionisconductedat atemperature
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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the fluidized bed 18 and fluidized bed 28, from the standpoint
of uniform polymerization. However, polymerization can also
be conducted at temperatures not more than the dew point. In
any case, it is preferable that a circulation gas is cooled
toatemperaturenear the dewpoint of thecirculationgas usually
in a heat exchanger 14.

In the present invention, in producing a polyolefin
composition by polymerizing or copolymerizing an olefin using
themulti-stage gas phase polymerizationapparatusasdescribed
above, a saturated aliphatic hydrocarbon, preferably a
saturated aliphatic hydrocarbon having 2 to 10 carbon atoms
isallowedtoexist inatransport line fortransportingapolymer
particle extracted froma fluidized bed reactor of the previous
stage to a fluidized bed reactor of the subsequent stage. This
saturated aliphatic hydrocarbon is preferably in the form of
a gas.

This saturated aliphatic hydrocarbon may be a saturated
aliphatic hydrocarbon introduced into a fluidized bed reactor
and introduced into a transport line together with a polymer
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. 1forexample, a saturated
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aliphatic hydrocarbon introduced into the fluidized bed 18 may
be introduced into the transport line 25 together with a polymer
" particle extracted from an extraction line 30, or may be
introduced into the transport line 25 via the blower 23 from
the feeding line 22. The saturated aliphatic hydrocarbon may
alsobe introduced betweena centrifugal blower 41 and the blower
23, ormaybe introducedbetweenapart at whichapolymerparticle
is discharged into the transport line 25 and the centrifugal
blower 41. Further, the saturated aliphatic hydrocarbon can
be introduced into the transport line 25 by feeding gases
separated in the solid-gas separation vessels 31 and 32 to the
transport line 25.

As the saturated aliphatic hydrocarbon having 2 to 10
carbon atoms, the same compounds as described above are listed.
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%, more preferably
fromltolOmol%. Inatransportline, apolymerizationmonomer,
a saturated aliphatichydrocarbon, an inert gas such as nitrogen
and the like, hydrogen as amolecular weight controlling agent,_

and the like are contained, and the concentration of a saturated

32



e oo i 2

SF-738 PCT

aliphatic hydrocarbon is calculated based on the mixed gas
composed of them.

When the concentration of a saturated aliphatic
hydrocarbon in a transport line is in the above-described range,
a polymer particle in the transport line manifests 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
a reactor of a secondor later stage, at least oneolefin selected
from ethylene and a-olefins having 3 to 20 carbon atoms is
polymerized or copolymerized in the presence of a polymer
produced in the previous stage. In this procedure, it is
preferable that different polymers are respectively produced
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
ineachreactor isnot particularlyrestricted, it is preferable
that ethylene and an a-olefin having 3 to 10 carbon atoms are
copeolymerized to produce a polyethylene in at least one reactor,
and ethylene and an a-olefin having 3 to 10 carbon atoms are
copolymerized toproduce apolyethylene havingmolecular weight

or composition different from those of the above-mentioned
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polyethylene in another reactor, and particularly, is it
preferable that the above-mentioned polyethylene of a higher
molecular weight is produced in at least one reactor, and the
above-mentioned polyethylene of a lower molecular weight is
produced in another reactor, to give a linear low density
polyethylene composition.

Further, in the present invention, the polyenes as
described above and the likemay be copolymerized, if necessary,
together with at least one kind of olefin.

When a copolymer is produced in a fluidized bed reactor,
the ratio of monomers to comonomers fed into the fluidized bed
reactor is not particularly restricted.

In the present invention, polymerization of an olefin
in each reactor is conducted in coexistence with, if necessary,
a saturated aliphatic hydrocarbon, preferably a gaseous
saturated aliphatic hydrocarbon having 2 to 10 carbon atoms.
As the saturated aliphatic hydrocarbon, the same compounds as
described above are specifically listed. These saturated
aliphatic hydrocarbons can be used alone or in combinations
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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form of ligquid into a fluidized bed.

Further, though a saturated aliphatic hydrocarbon is
usuallyintroducedintoafluidizedbedreactorthrougha feeding
line togetherwithanolefin, it canalsobe fed fromanarbitrary
position of the fluidized bed reactor, and for example, it may
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 mixed
gas usually differs depending on the number of carbon atoms,
and it is desirable that the concentration of a saturated
aliphatic hydrocarbon 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
carbon atoms (propane) is usually from 5 to 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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carbon atoms {(n—-pentane, i-pentane} is usually from 2 to 30
mol%, preferably from 3.5 to 20 mol%, the concentration of a
saturatedaliphatichydrocarbonhaving 6 carbon atoms {(n-hexane,
2-methylpentane, 3-methylpentane, cyclohexane) isusually from
1.5t020mol%, preferably from2.5to 15mol%, the concentration
of a saturated aliphatic hydrocarbon having 7 carbon atoms

{(n-heptane, 2-methylhexane, 3-methylhexane, 4-methylhexane,

methylcyclohexane) is usually from 1.0 to 15 mol%, preferably
from2 to 10mol%, and the concentration of a saturated aliphatic
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
hydrocarbons are used in combination, the suitable
concentration range of each saturated aliphatic hydrocarbon
manifests a value according to the mixing ratio (molar ratio).

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

described above, the transport line is not obstructed, and
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further, a polymer bulk, sheet and the like are not easily formed
in the fluidized bed, and a polymer having a narrow molecular
weight distribution can be obtained with high polymerization
activity. Further, when a saturated aliphatic hydrocarbon is
introduced in the form of liquid into a fluidized 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, generation of
a polymer bulk, sheet and the like in the fluidized bed becomes
more difficult. 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
bedas describedabove, gasphasepolymerizationcanbe conducted
stably for a long period of time.
Thoughpolymerizationconditions inafluidizedbeddiffer
depending on also the kinds and ratio of olefin to be
copolymerized, the ratio of a saturated aliphatic hydrocarbon
introduced if necessary, the flow condition 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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When the above-mentioned saturated aliphatic hydrocarbon
is introduced in the form of a gas into a fluidized bed and
olefins are copolymerized, the copolymerization can be
conducted under temperatures near the dew point of a mixed gas
containing a polymerization monomer, a saturated aliphatic
hydrocarbon, an inert gas such asnitrogenandthe like, hydrogen
as a molecular weight controlling agent, and the like, that
exist in the fluidizedbed, at a temperature above the dewpoint,
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
in the presence, 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
any position of a fluidized bed reactor, for example, from a
feeding line.

In the present invention, the molecular weight can be
controlled by changing the polymerization conditions such as
thepolymerizationtemperatureandthelike, 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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at 190°C under a load of 2.16 kg according to ASTM D 1238) from
0.01 to 3000 g/10 min., preferably from 0.2 to 100 g/10 min.,
and a density (ASTM D 150E) from 0.860 to 0.980 g/cn®, preferably
from 0.890 to 0.950 g/cm®. Polyolefin produced in the
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 rﬁore based on a finally
obtained polyolefin composition.

Further, thepolyolefincompositionmay containrepeating
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 with the
proviso that it is not harmful to the object of the present
invention.

It is desirable that the polyolefin composition has a
melt index from 0.02 to 50 g/10 min., preferably from 0.04 to
20 g/10 min. This composition 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®,
preferably from 0.900 to 0.960 g/cm®, more preferably from 0.905
to 0.940 g/cm’.

Though the polymerization conditions in a fluidized bed
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differs depending also on the kinds and ratio of olefins to
be copolymerized, fluidized condition of the fluidized bed,
and the like, and it is desirable that, when a polyethylene
of a higher 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 120°C, more preferably from
60 to 100°C, and when a 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 30
to 120°C, more preferably from 60 to 100°C.

The above-mentioned polymerization can be conducted in
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 hydrocarbon
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 saturated aliphatichydrocarbon, an inert gas such as nitxogen

and the like, hydrogen as a molecular weight controlling agent,
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and the like, that exist in the fluidized bed, at a temperature
above the dew point, at a temperature below the dew point, and
the like, within the above-mentioned range of poiymerization
temperature.

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, a polymer bulk, sheet and the like are not easily formed
in the fluidized bed, and LLDPE having a narrow molecular weight
di stribufion canbe obtainedwithhighpolymerizationactivity.
Further, when a saturated aliphatic hydrocarbon is introduced
in the form of liquid into a fluidized 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 fluidiz'ed bed becomes more
difficult.

The above-mentioned copolymerization can be conducted
in the presence, 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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any position of a fluidized bed reactor, for example, from a
feeding line.

In the present invention, the molecular weight can be
controlled by changing the polymerization conditions such as
thepolymerizationtemperatureandthelike,orcanbecontrolled
by regulating the amount of hydrogen (molecular weight
controlling agent) used.

The weight ratio of a polyethylene of a higher molecular
weight to a polyethylene of a lower molecular weight produced
as described above is from20:80 to 80:20, preferably from 40:60
to 60:40.

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

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

It is desirable that the li.near low density polyethylene

compositionhasameltindexfrom0.0ZtoSOg/lOmiﬁ.,preferably
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from 0.04 to 20 g/10 min. This composition has a molecular
weight in the range usually fromapprox. 50000 to approx. 450000.
This linear low density polyethylene composition has a density
of at least 0.890 g/cm®, preferably from 0.900 to 0.960 g/cm?,
more preferably from 0.905 tb 0.940 g/cm3. The linear low

density polyethylene composition has a melt flow rate of from
approx. 30 to approx. 150, preferably from approx. 35 to 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-mentioned
gas phase polymerization. It is desirable that this particle
has an average particle diameter from approx. 250 to 3000 pm,

preferably from approx. 400 to 1500 pm.

Transition metal compound catalyst

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

metallocene-based supporting catalyst preferably used in the
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present invention comprises, specifically, for example, (A}
a metallocene compound of a transition metal selected from the
4 group of the periodic table, and (B) at least one compound
selected from (B-1) organoaluminum-oxy compounds, (B-2)
organoaluminum compounds and (B-3) compounds which react with
the metallocene compouﬁd {A) to form an i.on 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 the periodic tableis, specifically,
represented by the following formula (i).

MLy (i)

Wherein, M represents a transition metal atom selected
from Zr, Ti and HE.

Ls are a ligand coordinated to a transition metal atom,
andat least oneLis aligandhavingacyclopentadienyl skeleton,
and Ls other than the ligand having a cyclopentadienyl skeleton
represent a hydrogen atom, halogen atom, a hydrocarbon group
having 1 to 12 carbon atoms, an alkoxy group, an aryloxy group,
atrialkylsilyl groupora SOsRgroup (wherein, Ris a hydrocarbon
group having 1 to 8 carbon atoms optionally having a substituent
such as a halogen and the like).

% is a number satisfying the atomic value of a transition
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metal atom.

As the ligand having a cyclopentadienyl skeleton, for
example, alkyl-substituted cyclopentadienyl groups such as a
cyclopentadienyl group, methylcyclopentadienyl group,
dimethylcyclopentadienyl group, trimethylcyclopentadienyl
group, tetramethylcyclopentadienyl group,
pentamethylcyclopentadienyl group, ethylcyclopentadienyl
group, methylethylcyclopentadienyl group,
propylcyclopentadienyl group, methylpropylcyclopentadienyl
group, butylcyclopentadienyl group,
methylbutylcyclopentadienyl group, hexylcyclopentadienyl
group and the like, or an indenyl group,
4,5,6,7-tetrahydroindenyl group, fluorenyl group and the like
are exemplified. These groups may also be substituted by a
halogen atom, trialkylsilyl group and the like.

Bmong them, alkyl-substituted cyclopentadienyl groups
are particularly preferable.

As the ligand other than the ligand having a
cyclopentadienyl skeleton, there are specifically listed,

as halogens, fluorine, chlorine, bromine, iodine and the
like,

as hydrocarbon groups having 1 to 12 carbon atoms, alkyl

groups such as a methyl group, ethyl group, propyl group,
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isopropyl group, butyl group and the like; cycloalkyl groups
such as a cyclopentyl group, cyclohexyl group and the like;
aryl groups such as a phenyl group, tolyl group and the like;
aralkyl groups such as a benzyl group, neophyl group and the
like; etc.,

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

as aryloxy groups, a phenoxy group and the like,

as SOszR 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 cyclopentadienyl
skeleton, the two groups having a cyclopentadienyl skeleton
maybemutuallyconnectedviaanalkylenegroupsuchasethylene,
propylene or the like; a substituted alkylene group such as
isopropylidene, diphenylmethylene or the like; a substituted
silylene group such as silylene, dimethylsilylene,
diphenylsilylene, 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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R% R RYR7M (ii)

In the formula, M represents the above-mentioned
transition metal,

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 kt+l+mtn=4.

In the present invention, metallocene compounds in which
at least two of R?, R, R* and R®, for example, R? and R®, represent
a group (ligand) having a cyclopentadienyl skeleton, in the
above-mentioned formula: R%R%R%4UR°.M, are preferably used.
These groups having a cyclopentadienyl skeleton may also be
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)zirconium dibromide,
bis(cyclopentadinyl)methylzirconium monochloride,
bis{cyclopentadinyl)ethylzirconium monochloride,
bis (cyclopentadienyl)cyclohexylzirconium monochloride,

bis (cyclopentadienyl)phenylzirconium monochloride,
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bis(cyclopentadienyl)benzylzirconium monochloride,
bis(cyclopentadienyl)zirconium monochloride monohydride,
bis{cyclopentadienyl)methylzirconium monohydride,
bis(cyclopentadienyl)dimethylzirconium,

bis (cyclopentadienyl)diphenylzirconium
bis(cyclopentadienyl)dibenzylzirconium,

bis (cyclopentadienyl)zirconium methoxy chloride,
bis{cyclopentadienyl)zirconium ethoxy chloride,
bis(cyclopentadienyl)zirconiumbis (methanesulfonato),
bis(cyclopentadienyl)zirconiumbis (p-toluenesulfonato),
bis(cyclopentadienyl)zirconiumbis {trifluoromethanesulfonat
o), bis(methylcyclopentadienyl)zirconium dichloride,
bis(dimethylcyclopentadienyl)zirconium dichloride,

bis (dimethylcyclopentadienyl)zirconium ethoxy chloride,
bis(dimethylcyclopentadienyl) zirconiumbis (trifluoromethane
sulfonato), bis{ethylcyclopentadienyl)zirconium dichloride,
bis{methylethylcyclopentadienyl)zirconium dichloride,

bis (propylcyclopentadienyl)zirconium dichloride,
bis(methylpropylcyclopentadienyl)zirconium dichloride,
bis(butylcyclopentadienyl)zirconium dichloride,
bis(methylbutylcyclopentadienyl)zirconium dichloride,
bis(methylbutylcyclopentadienyl) zirconiumbis {(methanesulfon

ato), bis(trimethylcyclopentadienyl)zirconium dichloride,
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bis (tetramethylcyclopentadienyl)zirconium dichloride,

bis (pentamethylcyclopentadienyl)zirconium dichloride,
bis(hexyicyclopentadienyl)zirconium dichloride,

bis (trimethylsilylcyclopentadienyl)zirconium dichloride,
bis(indenyl)zirconium dichloride, bis{indenyl)zirconium
dibromide, bis{indenyl}zirconiumbis(p-toluenesulfonato),
bis(4,5,6,7-tetrahydroindenylizirconium dichloride,
bis(fluorenyl)zirconium dichloride,
ethylenebis{indenyl)zirconium dichloride,

ethylenebis (indenyl) zirconium dibromide,

ethylenebis (indenyl)dimethylzirconium,

ethylenebis (indenyl)diphenylzirconium,

ethylenebis (indenyl)methylzirconium monochloride,
ethylenebis {(indenyl) zirconiumbis (methanesulfonato},
ethylenebis (indenyl) zirconiumbis (p-toluenesulfonato),
ethylenebis(indenyl)zirconiumbis(trifluoromethansulfonato),
ethylenebis (4,5, 6, 7-tetrahydroindenyl)zirconiumdichloride,
isopropylidene (cyclopentadienyl-fluorenyl) zirconium
dichloride,
isopropylidene(cyclopentadienyl~methylcyclopentadieny;)zir
conium dichloride,

dimethylsilylenebis (cyclopentadienyl)zirconium dichloride,

dimethylsilylenebis (methylcyclopentadienyl)zirconium
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dichloride,

dimethylsilylenebis (dimethylcyclopentadienyl) zirconium
dichloride,

dimethylsilylenebis (trimethylcyclopentadienyl)zirconium
dichloride, dimethylsilylenebis (indenyl)zirconium
dichloride, dimethylsilylenebis (2-methylindenyl)zirconium
dichloride,

dimethylsilylenebis({2-methyl, 4-isopropylindenyl)zirconium
dichloride,
dimethylsilylenebis (2,4, 7-trimethylindenyl) zirconium
dichloride,

dimethylsilylenebis (indenyl)zirconiumbis (trifluoromethanes
ulfonato},

dimethylsilylenebis{4,5,6, 7-tetrahydroindenyl) zirconium
dichloride,

dimethylsilylene (cyclopentadienyl-fluorenyl) zirconium
dichloride, diphenylsilylenebis(indenyl}zirconium
dichloride,
diphenylsilylenebis (2-methyl, 4~isopropylindenyl) zirconium
dichloride,
diphenylsilylenebis (2,4, 7-trimethylindenyl) zirconium
dichloride, methylphenylsilylenebis(indenyl)zirconium

dichloride and the like.
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In the above-mentioned examples, di-substituted isomer
of a eyclopentadienyl ring include 1,2- and 1,3-substituted
isomers, and tri-substituted bodies include 1,2,3- 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), zirconocene 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 known aluminoxane soluble in benzene, or may
be an organcaluminum-oxy compound insoluble in benzene as
disclosed in JP-A No. 2-276807.

The aluminoxane as described above can be produced, for

example, according to the following method.
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(1) An organocaluminum compound such as trialkylaluminum and
the like isadded tohydrocarbon suspensioncontaininga compound
havingadsorbedwater, orsaltshavingcrystalwater, forexample,
a magnesiumchloride hydrate, copper sulfate hydrate, aluminum
sulfate hydrate, nickel sulfate hydrate, cerium (III) chloride
hydrate and the like suspended, and they are reacted.

As the hydrocarbon herein used, hydrocarbon solvents such
as aromatic hydrocarbons such as benzene, toluene, xylene,
cumene, cymene and the like; éliphatic 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 gasoline, kerosene,
lightoilandthe likeorhalides (for example, chloride, bromide
and the like), the above-mentioned aromatic hydrocarbons,
aliphatichydrocarbons andalicyclichydrocarbons, and the like,
can be used. Further, ethers such as ethyl ether,
tetrahydrofuran and the like can also be used. Among them,
particularly, aromatic hydrocarbons are preferably used.

(2) Water, ice or water vapor is allowed to act directly on
an organoaluminum compound such as trialkylaluminum and the
like in a medium such as benzene, toluene, ethyl ether,

tetrahydrofuran and the like.
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(3) An organic tin oxide such as dimethyltin oxide, dibutyltin
oxide and the like is allowed to react with an organocaluminum
compound such as trialkylaluminum and the like in a medium such
as debane, benzene, toluene and the like.

This aluminoxane may contain a small amount of organic
metal component. Further, a solvent or an unreacted
organoaluminum compound may also be removed by distilling from
the recovered solution of aluminoxane, before re-dissolution
into a solvent.

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

Among them, trialkylaluminum and tricycloalkylaluminum
are particularly preferable.

In the organocaluminum-oxy compound insoluble in benzene
used in the present invention, the amount of aluminum components
dissolved in benzene at 60°C is 10% or less, preferably 5% ox
less, particularlypreferably 2% or less in terms of an aluminum
atom, and the components are insoluble or poor soluble in
benzene.

The solubility of such an organocaluminum-oxy compound

in benzene is obtained as follows. The organocaluminum-oxy
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compound in terms of aluminum of 100 mg atoms was suspended
in 100 ml of benzene, then, mixed for 6 hours at 60° while
stirring, then, filtrated with heating at 60°C using a filter
made of G-5 glass 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 {(xmillimole) is measured, in order to know the
solubility (x%).

These organocaluminum-oxy compounds (B~1) canbeusedalone
or in combinations of two or more.
(Organcaluminum compound (B-2))

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

RYMALX3q (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 12 carbon atoms,
for example, an alkyl group, cycloalkyl group or aryl group,
specifically, a methyl group, ethyl group, n-propyl group,
isopropyl group, isobutyl group, pentyl group, hexyl group,

octyl group, cyclopentyl group, cyclohexyl group, phenyl group,
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tolyl group and the like.

As such an organoaluminum compound (B-2), there are
specifically listed;

trialkylaluminums such as trimethylaluminum,
triethylaluminum, triisopropylaluminum, triisobutylaluminum,
trioctylaluminum, tri 2~ethylhexylaluminum and the like;

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

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

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

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

As the organcaluminum compound (B-2), compounds of the
following general formula (iv) can also be used.

RYMALY3p (iv)
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(R is as defined above, Y represents a ~OR? group, -0SiR’; group,
~OA1R%; group, -NR®; group, -SiR%; group or -N(R’)AlR%; group,
n is 1 to 2, R?, R%®, R* and R® represent a methyl group, ethyl
group, isopropyl group, isobutyl group, cyclohexyl group,
phenyl group or the like, R® represents a hydrogen atom, methyl
group, ethyl group, isopropyl group, phenyl group,
trimethylsilyl group or the like, and R® and R’ represent a methyl
group, ethyl group or the like.).
Specifically, the following compounds are listed.
(1) Compounds of RL.AL(OR?)s.,, for example,
dimethylaluminum methoxide, diethylaluminum ethoxide,
diisobutylaluminum methoxide and the like,
(2) Compounds of R%,AL(0SiR%3)3.,, for example
Et,Al (OSiMes), (iso-Bu),Al (0OSiMes), (iso-Bu) Al {OSiEt3)
and the like,
(3) Compounds of R'%AL(OALR%)3.n, for example
Et,AlOAlEL,, (iso—-Bu),AlOAl{iso-Bu)z, and the like,
' (4) Compounds of RY%Al (NR®;)3,, for example
Me,AlNEt,, Et,A1NHMe, MepAlNHEL, EtzAlN(SiMe;;)g,_
{(iso-Bu).AlN(SiMe3) 2, and the like,
(5) Compounds of RY,AL(SiR®);3.n, for example
(iso-Bu)2AlSiMe;, and the like,

(6) Compounds of RL,AL(N(R')ALR%)3.,, for example
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Et.AIN (Me)AlEt,, {(iso-Bu)AlN{Et)Al({iso~Bu),, and the
like.

Among them, trialkylaluminum is preferable, and
triisobutylaluminum is particularly preferable.

These organcaluminum-oxy compounds {B-2) canbeused alone
or in combinations of two or more.

(Compound (B-3) forming ion pair by reacting with metallocene
compound (A})

As the compound (B-3) whichis reactedwith themetallocene
compound (A} to form an ion pair, Lewis acids, ionic compounds
and carborane compounds described in JP-A Nos. 1-501950,
1-502036, 3-179005, 3-179006, 3-207703 and 3-207704,
USP-5321106 and the like are listed.

As the Lewis acid, triphenylboron,
tris{4-fluorophenyl)boron, tris(p—tolylfboron,
tris{o-tolyl)boron, tris(3,5-~dimethylphenyl)boron,
tris (pentafluorophenyl)boron, MgCl;, Al:O3, Si02-Al,C3; and the
like are listed.

As the ionic compound,
triphenylcarbeniumtetrakis (pentafluorophenyl) borate, tri
n-butylammoniumtetrakis (pentafluorophenyl) borate,
N,N~-dimethylaniliniumtetrakis (pentafluorophenyl) borate,

ferroseniumtetra (pentafluorophenyl) borate and the like are
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listed.

As the carborane compound, dodecaborane,
l-carbaundecaborane, bis n-butylammonium({l-carbedodeca)
borate, tri n-butylammonium(7,8-dicarbaundeca) borate, tri
n-butylammonium{tridecahydride~7-carbaundeca) borate and the
like are listed.

These compounds (B-3) can be used alone or in combinations
of two or more.

In the present invention, as the component (B), at least
one compound selected fromthe above-described component (B-1),
(B-2) and {(B-3) i1s used, and these can also be combined
appropriately. Of them, it is preferable to use at least (B-1)
or (B-3) as the component (B).

(Granular carrier)

In the present invention, the metallocene compound (A}
and the component (B} as described above are brought into contact
withagranular carrier, toallowthe granular carrier tosupport
the metallocene compound (A) and cocatalyst component {B), to
be used as a metallocene-based supporting catalyst (solid
catalyst).

As the granular carrier, a granular or fine particle solid
having a particle diameter from 10 to 300 um, preferably from

20 to 200 pm are used. It isdesirable that the specific surface
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area of this granular carrier is usually from 50 to 1000 m?/g,
and the pore volume is from 0.3 to 2.5 cm’/g.

As this granular carrier, porous inorganic oxides are
preferably used, and specifically, Si0;, Al,03, MgO, Zr0O,, TiO,,
B,03, Cal, Zn0O, BalO, ThO; and the like, or mixtures or composites
containing these compounds, for example, Si0;-MgO, Si0,-Al,0;,
Si0,-Ti0;z, $10,-V205, S1i03—-Crz03, Si03~-Ti0,-MgO and the like, are
used. Among them, those essentially consisting of Si0O; and/or
Al;03 are preferable.

The above-mentioned inorganic oxide may contain
carbonates, sulfates, nitrates, oxide components suchas Na,COs,
KoCO3, CaCOs;, MgCO3, NapySO4, Al {S0C4)3;, BaS0O,;, KNO;, Mg(NOs).,
Al (NO3)3, NayO0, K0, Lix0 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-l-pentene and the
like, or polymers or copolymers produced by using the main
component vinylcyclohexane, or styrene, can be used.

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

120°C, for from 1 minute to 50 hours, preferably from 10 minutes
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to 25 hours.

In the solid catalyst prepared as described above, it
is desirable that the metallocene compound (A) is supported
in an amount of from 5X107% to 5X107* gram atom, preferably
from 1073 to 2X 107" gram atom in terms of transitionmetal atoms,
pergofthegranularcarrier,andthecomponent(B)issupported
in an amount of from 1073 to 5X107% gram atom, preferably from
2X1073 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
as describedabovecanbeitselfusedinpolymerization, 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 a-polyolefin
composition, for example, a linear low density polyethylene
composition excellent in particle properties can be produced.

In the present invention, it is desirable that a solid
catalyst or a pre-polymerized catalyst is used in an amount
of 1078 to 1072 gram atom/liter, particularly, 107 to 107* gram
atom/liter,ihtermsoftransitionn@tal/liter(polymerization
volume) .

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

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

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

compositionhaving 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
the polymerization apparatus having two fluidized bed reactors
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.1l). Inthecaseofpolymerizationinthe secondfluidized
bed reactor, it was conducted in the presence of the copolymer
obtained in the first fluidized bed reactor.

The polymerization was conducted continuously, after the
polymerization vessel reached to equivalent condition as shown
inTablel. The feeding amount of 1-hexene was so appropriately
controlled that a copolymer having the density shown in Table
1 was obtained.

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

Into the second fluidized bed reactor, isopentane was

fed from the first fluidized bed reactor through the transport
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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 load
of 2.16 kg according to ASTM D 1238. The density was measured
according to ASTM D 150E. Regarding NNI (Non Newtonian Index),
amelt flow curve at 100°C was drawn, and the ratio of the shear
speed r; when the shear stress was 2.4 X 10% dyn/c:m2 to the shear
speed r; when the shear stress was 0.4X10° dyn/cm? (r,/r;) was
obtained. Smaller 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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Example l, sheetingoccurredinasolid-gas separator (solid-gas
separator 31 in Fig. 1) in a continuous operation for 10 days
and efficiency of transportation lowered, consequently, there
occurred a need to terminate the operation and to conduct
cleaning.

From comparisons between Examples 2 to 4. with Comparative
Example 1 and with Example 1 and, Example 5 with Comparative
Example 2, it is known that a polyolefin composition having
a narrow molecular weight distribution can be obtained by
controlling the ratio of the concentration (C;) 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 {Cz/C;) within the range specified by

the present invention.
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Table 1
Comparative
Example 1 Example 1 Example 2 Example 3 Example 4
Reactor | Reactor | Reactor | Reactor | Reactor | Reactor | Reactor | Reactor | Reactorx | Reactor
1 2 1 2 1 2 1 2 1 2
Pressure (MPaG) 1.6 2.2 1.6 2.2 1.6 2.2 1.6 2.2 1.6 2.2
Temperature (°C) 75 85 75 85 75 85 15 85 75 85
Ethylene partial
pressure (MPaG) 1.1 1.5 1.1 1.5 1.1 1.5 1.1 1.5 1.1 1.5
® Concentration of
5 isopentane in 0 0 2.0 0.2 2.0 0.4 2.0 1.0 2.0 4.0
';)" reactor (mol%)
;g Concentration of
o isopentane in 0 6.1 0.2 1.0 2.0
S feeding line (mol%)
o Ratio of ' .
S concentration of 0 0.10 0.20 0.50 2.0
H isopentane
3 .
g Bed weight (%) 60 70 60 70 60 70 60 70 60 70
lzi‘/’g‘)mtwn speed 11,8 8 10.7 6.7 12.4 8.4 12.4 8.4 10.5 6.9
Residence time (hr) 5.1 3.5 5.6 4.0 4.8 3.4 4.8 3.4 5.7 4.0
Ratio of production ' )
speed (% by weight) 60 40 61 39 60 40 60 40 60 40
o . .
o °§ MFR {g/l0min) 0.53 2.4 0.53 2.4 0.53 2.4 0.53 2.4 0.53 2.4
R
O,
ég'g Density (kg/cm®) 913 925 913 925 913 925 913 925 913 925
a8 :
™

§8 NNI 29.5 29.4 25.4 24.9 21.3
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Table 1 (continued)

Comparative
Example 2 Example 3
Reactor | Reactor | Reactor | Reactor
1 2 1 2
Pressure (MPagG) 1.6 2.2 1.6 2.2
Temperature {°C) 70 85 70 85
Ethylene partial 4
pressure (MPaG) 1.1 1.4 1.1 1.4
» Concentration of
g isopentane in 16.0 1.0 16.0 4.0
o reactor {mol%)
g Concentration of
g isopentane in 0 0
8 | feeding line (mol%)
o Ratio of
5 concentration of 0.06 0.3
3 isopentane
3
2 Bed weight (t) 0.10 0.11 0.10 .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
3y
O 5| MFR (g/10min) 0.53 2.4 0.53 2.4
533
o
7 5% | Density (kg/cm®) 903 915 903 915
>
Eag
g0 NNI 24.0 20.2
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WHAT IS8 CLAIMED IS:

1. A method of producing a polyolefin composition
comprising copolymerizing at least two olefins selected from
egthylene and a-olefins having 3 to 20 carbon atoms using at
least two gas phase fluidized bed reactors in the presence of
atransitionmetal 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 stages, and
is characterized by that a saturated aliphatic hydrocarbon
exists 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 hydrocarbon in a reactor of a
first stage (C,/Ci) 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
isintherange from0.1to20mol% andtheratioofa concentrétion
{C2) of the saturated aliphatic hydrocarbon in a reactor of
a second stage to a concentration (Ci} of the saturatedaliphatic
hydrocarbon in a reactor of a first stage (Cy/C;) is 0.13 or

more, and ethylene and an a~-olefin having 3 to 20 carbon atoms

Ly
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are copolymerized in the presence of a metallocene-based
supporting catalyst, to produce a linear low density
polyethylene composition.

3. The method of producing a polyolefin composition
accordingtoClaiml whereinapolyethylene of ahighermolecular
welilght 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/c:m3 is
produced in one reactor, and 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® is
produced in another reactor, to give a composition in which
theweight ratioof thepolyethylene of a highermolecular weight
to the polyethylene of a lower molecular weight is in the range
from 30:70 to 80:20.

4. The method of producing a polyolefin composition
accordingtoClaimlwhereinapolyethylene of ahighermolecular
weight having a melt index in the range from 0.01 to 50 g/10

min. and a density in the range from 0.860 to 0.950 g/cm’® is

.produced in a reactor of a first stage, and 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® is produced in a reactor of a second stage, to

give a composition in which the weight ratio of the polyethylene

-
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of a higher molecular weight to the polyethylene of a lower
molecular weight is in the range from 30:70 to 80:20.

5. The method of producing a polyolefin composition
according to any one of Claims 1 through 5 wherein
copolymerization is conducted at a temperature in the range
from the dew point of a mixed gas containing a polymerization
monomer and said 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.

6. The method of producing a polyolefin 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;) of a
saturated aliphatic hydrocarbon in a reactor of a first stage
(Co/Ci) 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

S

N R
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comprising polymerizing or copolymerizing at least one olefin
selectedfromethyleneandarolefinshaving3tx5200arbonatoms
using at least two gas phase fluidized bed reactors, wherein
a saturated aliphatic hydrocarbon is allowed to exist in a
transport line for transporting a polymer particle extracted
froma fluidized bed reactor in the previous stage toa fluidized
bed reactor in the subsequent stage, and the concentration of
a saturated aliphatic hydrocarbon in the corresponding
transport line is in the range from 0.1 to 30 mol%.

9. The method of producing a polyolefin composition
according to Claim 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

particle.

N
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