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GASEOUS PHASE POLYMERIZING APPARATUS
i H

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a gaseous phase
polymerizer, more specifically to a gaseous phase
polymerizer, which is a main component of a gaseous
phase polymerizing apparatus for generating a powder-
like polymer (hereinafter referred to as a "powdery
polymer") by the polymerization reaction of a monomer
and/or a comonomer, which is a material for a polymer in
the gaséous phase, with a solid Polymerization catalyst
and another gaseous phase necessary for the
polymerization. |
Description of the Related Art

As an example of a common gaseous phase
polymerizing apparatus, a fluidized bed.type having a
gas dispersing plate in the gaéeous phase polymerizer
can be presented.

In the fluidized bed tYpe gaseous phase
polymerizing apparatus, a monomer or a gas containiﬁé a
monomer (hereinéfter these will be referred to simpiy as

a "gas" unless otherwise specified) is introduced to the
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lower portion of a gas polymerizer using a gas
introducing tube, and the introduced gas is
homogeneously dispersed in the gaseous phase polymerizer
by a gas dispersing plate having a large number of
holes. The gas dispersing plate‘is provided at t?e
lower portion of the gaseous pha;e polymerizer.

The homogeneously-dispersed gés ascends in the
gaseous phase polymerizer so that a constant fluidized
bed (fluidized layer) is formed by the ascending gas
flow while the powders such as a powdery polymer already
formed by the polymerization reaction, a solid
polymerization catalyst, and the like are being
fluidized.l At the fluidized bed, a monomer in the
gaseous phase and powders such as a solid polymerization
catalyst and the likg can contact with each other for
the polymerization to generéte a powdery polymer. The
thickness of the fluidized bed can be controlled by the
gas flow and the like.

A gas discharging tube for discharging a gas from
the géseous phase polymerizer is connected to the upper
portion of the gaseous phase polymerizer.

The gas introducing tube and the gas discharging
tube construct a gaseous phase ciréulating system (such
as a circular tube path) for circulating a gas in the

gaseous phasé polymerizer. The gaseous phase
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circulating system is provided with a gés circulator
such as a compressor, a blower and the like.

The gas circulator is a device for flowing a gas
via the gaseous phase circulating system, that is, a
device for sending a taken-out gas in the unreacted
state taken out from the gaseous phase polymerlzer and a
gas supplied as needed to the gaseous phase polymerizer.

On the other hand, a gas which has not been used
for the polymerization in the gaseous phase polymerizer 
is discharged from the gaseous phase polymerizer via the
gas discharging tube. After circulating in the gaseous
phase circulating system, the discharged gas is sent
into the gaseous phase polymerizer again from_the gas
introducing tube so as to be provided for the
polymerization reaction again.

Naturally, polymer materials, such as a monomer, a

' comonomer, a solid polymerization catalyst and the like

are to be added for compensating for the amount reduced
by she polymerization reaction.

Any gas can be used for a gas containing a monomer
Oor a comonomer and a circulating gas to be supplied here
as long as it can form a fluidized layer, and can
partially include a liquid phase.

When the reaction hest is large, an easily-volatile

and condensing medium which is inert to the
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polymerization of propane, butane and the like, can be
included.

The gaseous phase polymerizer comprises a polymer
discharging tube for discharging the powdery polymer
generated in the gaseous phase pqumerizer to,thei
outside of the gaseous phas? pol§mérizer. |

The polymer discharging tube is connected to a
settling equipment for temporarily storing the powdery
polymer discharged from the gaseous phase polymerizer
via the polymer dlscharglng tube in the precipitated
state

The settling equipment refers to a container such
as a settling tank, a settling drum, and the like.
Hereinafter the Settling equipment will be referred to
as a settling tank unless otherwise specified.

The powdery polymer cbnveyed to the settling tank

is accompanied with an unreacted monomer and other gases

which have not been used in the polymerization reaction

(it includes powders such as a solid polymérization
catalyst, and the like). Therefore, not only the
powdery polymer but also the unreacted monomer and other
gases enter the settling tank.

The powdery polymer and the gases which have
entered the settling tank are separated to a powdery

polymer layer precipitated in the settling tank and a

N



10

15

20

25

-5 -
gas layer to be accumulated thereon.

The gases in the gas iayer can be used in the
polymerization. Therefore, the upper portion of the
settling tank is connected to the gaseous phase
polymerizer via a degassing connectlng tube, a re¢ycle
blower, and the like so that at least a portion of the
gases in the gas layer can be returned to the gaseous
phase polymerlzer via the degassxng connectlng tube to
be reused.

A gas dispersing plate having a large number of
minute holes is attached inside the gaseous phase
Polymerizer at the bottom side. The upper portion of
the gaseous phase po;ymerizer with respect to the gas
dispersing plate is referred to as a reaction chamber
and the lower portion is referred to as a gas chamber.

The gas introducing tube is connected to the gas
chamber. A gas sent to the gaseous phase polymerizer
via the gas introducing tube pPasses through the gas
chamber and is dispersed and distributed in the reaction
chamber via the large number of the minute holes in the
gas dispersing plate so as to be provided for the
polymerization as mentioned above.

The powdery polymer generated in the reaction
chamber of the gaseous phase polymerizer forms a

fluidized layer on the gas dispersing plate by the gas
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SO as to be sent to the settling tank continuously or
intermittently via the polymer discharging tube.

In the fluidized layer type gaseous phase
polymerizing method, it is preferable that all of the a
solid catalyst, a generated polymer, and the likeiexist
in the fluidized layer and ére taken out therefrom.
However, a solid catalyst producéd by pulverization of
partlcles and a generated polymer, and the like may jump
out from the fluidized layer so as to be introduced to a
gas circular line via a decelera;ing area positioned at
the upper portion of thé fluidized layer.

The solid catalyst or the powdery polymer
accordingly introduced to the gaseous phase circulating
system often reaches the gas chamber of the gaseous
phase polymerizer again. Then,.the solid catalyst or
the powdery polymer may be fixed.to the iﬁner wall
surface of the gas chambef by being Precipitated to
Stagnate or adhere. Since the solid catalyst or the
powdery polymer in most cases still has the activity and
thus if the solidified polymer is left as it is, it
reacts with an ex15t1ng monomer. Therefore, powders can
be grown or the powdery polymer can be melted. 1In the
extreme case, even if the solid catalyst or the powdery
polymer has no activity, they can be united with each

other, or grow, or adhere to the particles having the
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activity to facilitate the growth in the reaction
container.

If an aggregated polymer or a sheet-like polymer is
generated, it is extremely”difficult to eliminate it.
Since the gaseous phase. polymer;z;ng apparatus nequ to
be stopped for a long time in order to eliminate the
polymer, it will result in the productxv;ty decline.

In order to prevent this, a baffle plate is
provided in the gas chamber for evenly distributing the
gas flow to the gas dispersing plate and for forming a
turbulent flow out of the gas flow below the gas
dispersing plate.

FIGS. 5 and 6 partially show an example of a
gaseous phase polymerizing apparatus provided with a
baffle plate, for example, disclosed in the official
gazette of Japanese Patent Application Laid Open (JP-A)
No. 61-106608.

A baffle plate 2 of a gaseous phase polymerizer 1
is a horizontal Plate which is a certain distance away
from the lowermost portion of the gaseous phase
polymerlzer 1. The baffle plate 2 is supported by a tip
portion of a gas introducing tube 3. The tip portion is
& portion of the gaseous phase circulating system and is
provided inside the gaseous phase polymerizer 1.

A hole 2a is formed at the center portion of the

Replaced
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contacts with the back surface of the baffle plate 2 so
as to surround the hole 2a. A plurality df vertical
slits 3a, 3a, ..., are provided in the tip portion of
the gas introducing tube 3. These slits 3a, 3a,.ﬁ.
formed in the tip portion are ar;anged at appropriate
intervals (for example, an equal interval) along the
periphery of the gas introducing tgbe'3.

Therefore, as shown in FIGS. 5 and 6, a gas sent to
the géseous phase polymerizer 1 from the gas introducing
tube 3 passes through the center hole 2a of the baffle
plate 2 and the slits 3a, 3a,.... and makes a center
upward flow shown by the arrow 5 and a peripheral
circulating flow shown by the arrow 7 so as to circulate
in the gas chamber la below the gas dispersing plate 9
of the gaseous phase polymerizer 1. |

More specifically, the center upward flow 5 makes a
flow from the center hole 2a of the baffle plate 2
radially falling into the periphery of the hole 2a like
a fountain, and the peripheral circulating flow 7 makes
a flow radially forming a circular arc along the inner
wall surface of a hemispheric bottom portion 1b of the
gaseous phase polYmerizer 1 via the slits 3a, 3a, coey
from a hole 3b of the gas introducing tube 3 as the

origin. That is, the hole 3b is the introduction
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opening to the gaseous phase polymerizer 1.

As a result; both flows mix with éach other so that
the powdery polymer can reach a reaction chamber 1lc 6f
the gaseous phase polymerizer 1 again from minute holes
9a of the gas dispersing plate 9 without prec;pltatlng
to stagnate or adhere on the inner wall surface of the
gas chamber 1la.

The baffle plate 2 is attached horizontally, and
thus a swirl is liable to be generated by a gas flow in
the vicinity of the outer periphery of the baffle plate.
It is known from the past experiences that the powdéry
polymer stagnates or adheres in the vicinity of the .
outer periphery so as to grow and aggregate due to the
influence of the swirl.

The reason thereof is that when the powdery polYmer
grows and fixes to the baffle plate 2, the inherent
fluidized state cannot be obtained and the polymer
adheres.and grows on the inner wall surface of the
gaseous phase polymerizer 1. Therefore, it has been
desired that the powdery polymer does not grow on the
baffle plate 2.

Furthermore, the grown powdery polymer can peel off
and fly up by the center upward flow 5 or the peripheral

circulating flow 7. As a result, choked is the minute

 holes 9a of the gas dispersing plate 9.
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'SUMMARY OF THE INVENTION

In order to solve the above-mentioned conventional
problems, a technological object of the present
invention is to prevent a powdery polymer stagnation,
adherence and growth on a baffle plate, and choklng of
minute holes of a gas dlsperSLng plate by a grown and
enlarged powdery polymer.

A gaseous phase polymerizing apparatus of the
present invention comprises a gaseous phase circulating
system for taking out unreacted monomer and other
gaseous phases which have not been used for the
polymerization reaction in a polymerizer for a gaseous
phase polymerization to generate a powdery polymer by
the polymerization reaction in a gaseous phase using a’
solid polymerization catalyst so as to supply said taken
out unreacted monomer and other gaéeous phases to the
polymerizer again, wherein the polymerizer accommodates
a4 gas dispersing plate for diffusing and distributing a
gaseous phase sent from the circulating system into the
polymerizer, and an inclined member having an inclined
upper surface, provided below the gas dispersing plate
for distributing the flow of the gaseous phase toward
the dispersing plate along the inner wall surface of the
polymerizer. The "upper surface” herein refers to a

portion of the inclined member where the powdery polymer
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precipitates.

According to the gaseous phase polymerizing
apparatus of fhe present invention, even if the powdery
polymer precipitates on the inclined member, since the
upper surface of the inclined member has an incli%ed
shape, the powdery polymer §lips£off from the uppér
surface and is blown up by a gas from below and thus
does not stagnate thereat. . _

Besides, the gaseou§ phase sent to the introduction
opening of the gaseous phase polymerizer from the
gaseous phase circulating system moves toward the gas
dispersing plate while being distributed along the inner
wall surface of the gaseous phase polymerizer by the
inclined member. At the time, a portion of the flow can
be a swirl depénding on the inclination degree of the
upper surface of the inclined member. A swirl flow of
the swirl formed along the upper surface of the inclined_
member inhibits the stagnation of the precipitated
powdery polymer on the inclined member upper surface in
combination with the inclination degree of the upper
surface of the inclined membgr. Therefore, stagnation,
adhesion and growth of the powdery polymer can be
effectively prevented. Aas a result, since the powaery
polymer does not get large on the inclined member,

minute holes of the gas dispersing plate of the gaseous
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polymer.

Further, the inclined member can have a conical
shape. As the conical shape, a circular cone or a
pyramid (in particular, .a polygonal pyramid i
substantially close to a ciﬁcu;ag cone is preferabie)
are preferable. In this case, the inclined member
having the circular cone or pyramid shape may be a
member having an upper conical portion and a lower flat
conical portion where a portion corresponding to the
bottom surface of the upper conical portion brojects
downward. In this case, it is preferable to have the
below-mentioned dimensions (1) to (3).

(1) The vertical angle 61 of the vertical cross-
section of the upper conical portion and the vertical

angle 82 of the vertical cross-section of the lower flat

conical portion are 681 = 80° +to 120°, and 62 = 120° to

160°.

(2) The maximum diameter size D2 of the inclined
member is D2 = 1.1 x D1 to 1.5 x D1, wherein D1
represents the inner diameter of the introduction tube
of the gaseous phase circulating system to the
polymerizer.

(3) The distance H between the inclined member and

the gaseous phase polymerizer bottom portion is H = (0.8
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to 1.2) x (D1? x n/4)/(D2 k n).

Furthermore, a side of the inclined member in the
vertical cross-section may be a concave arc-like curved
line, a convex arc-like curved line, or a stfaight line.
Specifically, it is Qreferable that the entire shﬁpe of
the inclined membéf is a po%ygonél pyramid, a domé-like
shape, or a trumpet-like shape. Here the "trumpet-like
shape"” refers to a shape corresponding to a bell of a

wind instrument.

BRIEF.DESCRIPTION OF THE_DRAWINGS

FIG. 1 is a schematic diagram of a polymerizer for
a gaseous phase polymerization according to the present
inQention.

FIG. 2 is a vertical cross-sectional view of a
modified embodiment of an inclined member of a gaseous
phase polymerizer according to the present invention.

FIG. 3 is a vertical cross-sectional view of
another embodiment of an inclined member of a gaseous
phase polymerizer according to the present invention.

FIG. 4 is a vertical cross-sectional view of vet
another embodiment of an inclined member of a gaseous
phase polymerizer according to the present invention.

FIG. 5 is a schematic diagram for explaining a

conventional technology.
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- FIG. 6 is a partially—enlarged view of FIG. 5.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter a gaseous phase polymerizing apparatus
according to the present inventipn will be explaiqed in
detail with réference to thg embédiments shown in:the
accompanied drawings. FIG. 1 is a schematic diagram for
ekplaining a polymerizer for a gaseous phase
p&lymerization according to the present invention.
Since the gaseous phase polymerizer according to the
present invention differs from the gaseous phase |
polymerizer described in the related art section only in
an inclined member corresponding to-the baffle plate 2
of the conventional gaseous phase polymerizer and the
portion.related thereto, the same portions bear the same
reference and further explanation will not be given
herein. |

An inclined member 2A of a gaseous phase
polymerizer 1 is provided below a gas dispersing plate
9.

The inclined member 2A is a device having a hollow

and closed conical shape, for distributing the flow of a

‘gaseous phase (as mentioned above, it refers to

unreacted monomer and other gaseous phases , which have

not been used for the polymerization reaction in the
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gaseous phase polymerizer 1) sent to an introduction
opening 3b of the gaseous phase polymerizer from a gas
introduction tube 3, which is a portion of the gaseous
phase circulating system, toward a gas dispersing plate
9 along the inner wall surface of a hemispheric bqttom-
portion 1lb of the gaseous p@ase éolymerizer 1. |

In this embodiment, the inclined member 2A
comprises an upper circular conical portion 11 and a

lower flat conical portion 13 where the portion

.corresponding to the bottom surface of the upper

circular conical portion 11 projects downward, and is a
conical member provided with the below-mentioned
dimensions.

(1) The upper conical portion 11 has a vertical
Cross-section of an isosceles triangle with the vertical
angle 81 of 90°. The lower flat conical portion 13 also
has a vertical cross-section of an isosceles triangle
with the vertical angle 02 of 150°. The angles are not
limited thereto but 61 can be set within the range from
80° to 120°, and 82 can be set within the range from
120° to 160°.

(2) The maximum diameter size D2 (see FIG. 1) of
the inclined member is 1.3 x D1.

However, D1 represents the inner diameter of the

tube comprising the gaseous phase circulating system,
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and the value of D2 is not limited to the above-
mentioned but can be in the range from 1.1 x D1 tp 1.5 x
Dl1.

(3) The distance H1 between the inclined member and
the gaseous phase polymerizer bottom portion can be
sought by the below-mentlongd formula (1), where the
coefficient k is 1.0.

Hl = k x (D1? x n/4)/(D2 x n) ... (1)

The coefficient k is not less than 0.8 but not more
than 1.2.

In FIG. 1, reference 14 represents the upper
sﬁrface of the inclined member 2A (the substantial
circular conical surface of the upper circular conical
portion 11). On the upéer surface 14, a powdery polymer
introduced from the introduction opening 3b of the
gaseous phase polymerizer 1 and blown up by the
peripheral circulating flow 7 is to be pPrecipitated.
Moreover, it is preferable that the upper surface 14 is
applied with a bug finishing (mirror-like finishing)
since it facilitates the slip-off of the powdery polymer
accumulated on the upper surface 14.

The upper surface 14 is provided with a plurality
of, or at least two, holes (not illustrated) with an
even thickness. The inclined member 2A is provided with

a purge line (not illustrated) with a monomer, for
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example, ethylene, that is, a’'slight pressure is
provided so as to prevent the entrance of the powdery
polymer into the inclined member 2A through the
plurality of the holes.

The shape of the inclined member 2 is not llmlted
to the above-mentioned but ¢an have shapes mentioned
below.

(Modified embodiment 1)

As shown in FIG. 2, a side 15 of an inclined member
2B in the vertical cross-section can be a concave arc-
like curved line. The entire shape of the inclined
member 2B in this case is a trumpet-like shape, which
corresponds to a bell of a wind instrument.

(Modified embodiment 2)

As shown in FIG. 3, a side 15 of an inclined member
2C in the vertical cross-section can be a convex arc-
like curved line. The entire shape of the inclined
member 2C in this case is a dome-like shape.

(Modified embodiment 3)

As shown in FIG. 4, a side 15 of an inclined ﬁember
2D in the vertical cross-section can be a straight line.
The entire shape of the inclined member 2D in this case
is a circular conical shape.

In addition to them, the entire shape of the

inclined member can be a pPolygonal pyramid substantially
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close to a circular cone.
(Operations of the embodiments)
In the gaseous phase polymerizer 1 provided with
cone of inclined members 2A to 2D thus constructed, even
if the powdery polymer.precipitaFes on the one ofithe

inclined members 2A to 2D, gince the upper surface 14 of

the one of the inclined members 2A to 2D is inclined,

the powdery polymer slips off from the upper surf&ce 14
without stagnation. Therefore, the powdery polymer does
not aggregate on the upper surface 14.

Besides, a gaseous phase sent to the introduction
opening 3b of the gaseous phase polymerizer 1 from the
gaseous phase circulating system moves toward the gas
dispersing plate 9 while being distributed along the
inner wall surface of the gaseous phase polymerizer 1 by
the one of the inclined members 2A to 2D. At the time,
a portion of the flow can be a swirl depending on the -
inclination degree of the upper surface 14 of the one of
the inclined members 2A to 2D. & swirl flow of the
swirl formed along the upper surface 14 of the one of
the inclined members 2A to 2D inhibits the stagnation of
the precipitated powdery polymer on the inclined member
upper surface 14 in combination with the inclination
degree of the upper surface 14 of the one of the

inclined members 2A to 2D. Therefore, stagnation,
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adhesion and growth of the powdery polymer can be
effectively prevented. As a result, since the powdery
polymer does not get large in the gas chamber la, the
minute holes of the gas dispersing plate 9 of the
gaseous phase polymerizer 1 cann?t be choked withithe '

powdery polymer. .
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1. a géseous phase polymerizing apparatus
comprising a gaseous phase circulating system fof taking
out unreacted monomer and other gaseous phases which
have not been used for the polymerization reaction in a
polymerizer for a gaseous phase polymerization to
generate a powdery polymer by the polyﬁerization
reaction in a gaseous phase using a solid polymerization
catalyst so as to supply said taken out unreacted
monomer and other gaseous phaées to the polymerizer
again,

wheréin the polymerizer accommodateé a gas
dispersing plate for diffusing and distributing a
gaseous phase sent from the c1rculat1ng system into the
polymerlzer, and

an inclined member having an inclined upper
surface, provided below the gas dispersing plate for
distributing the flow of the géseous phase toward the
dispersing plate along the inner wall surface of the
polymerizer.

2. The gaseous phase Polymerizing apparatus
according to claim 1, wherein the inclined member has a
conical shape. |

3. The gaseous phase polymerizing apparatus
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according to claim 1, wherein 2 side of the inclined

‘member in the vertical cross-section is one of a concave

arc~-like curved line, a coﬁvex arc-like curved line, and
a.straight line.

4. The gaseous phase polyme;izing apparatus i
according to claim 3, wherein thé entire shape of the
inclined member is one of a polygonal pyramid, a dome-
like shape, and a trumpet-like shape.

5. The gaseous phase polymerizing apparatus
according to claim 2, wherein the entire shape of the
inc;ined member is one of a circular conical shape and a
pyramid shape.

6. The gaseous phase polymerizing apparatus
according to claim 5, wherein the inclined member has an
upper conical portion and a lower flat conical portion
where a portion corresponding to the bottom surface of
the upper conical portion prOJects downward, and ﬁas the
below—mentloned dimensions (1) to (3):

(1) the vertical angle 61 of the vertical cross-
section of the upper conical portion and the vertical
angle 82 of the vertical cross-section of the lower flat
conical portion are 61 = 80° to 120°, and 82 = 120° to
160°;

(2) the maximum diameter size D2 of the'inclined

member is D2 = 1.1 x D1 to 1.5 x D1, wherein D1
R
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represents the inner diameter of an introduction tube of
the gaseous phase circulating system to fhe polymerizer;
and

(3) the distance H between the inclined member and
the gaseous phase polymerizer bottom portion is H = (0.8

|
to 1.2) x (D1? x n/4)/(D2 x n). '



