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GAS DISTRIBUTOR PLATE FOR FLUIDIZED BED REACTORS

The present invention relates to gas
distributor plates for fluidized bed reactors eulted to
gas phase polymerization of olefins such as ethylene and

5 propylene. The gas distributor'plates of the present
invention are usable also in fluidized bed reactors
equipped with a stirrer.

The rerms *polymerization" and “polymer" as
used herein include "homopolymerization" and

10 "copolymerization", and "homopolymer" and "copolfmer“,
respectively.

In recent years, improvements in catalysts of
transition metal for use in the polymerization of olefins
have remarkably improved the productivity of olefin

15 polymers per unit amount of the transition metal,
| consequently obviating the need for the removal of the
catalyst after the polymerization.

When such highly active catalysts are used,
olefins are generally polymerized in a gas phase since

- 20 the polymerization reaction mixture can then be handled
by the simplest procedﬁre. Usually, fluidized bed |
reactors are widely used in the gas phase polymerization
so as to effect the reaction smoothly. The olefin or an

olefin-containing gas introduced into a lower portion of

This Sheet Has Been Replaced

LTI




I-n recent years, inprovenents in catalysts of transition ne
t he’ pol ynerization of olefins have remarkably inproved the f%ﬂ%@HtETﬂyﬁkﬁEEN
Glefin 15 polymers per unit ampunt of the transition nmet al , | conséﬁu@ﬁﬂqb i
obwi ating the need for the renmpval of the catalyst after thé TSR
pol ymeri zation. Wien such highly active catalysts are used, olefins are
generally polynerized in a gas phase since 20 t he polynerization reaction
‘m xture can -then be handl ed by the sinplest procedure. Usually, fluidized
bed reactors are widely used in the gas phase pol ynerization so as to
effect the reaction snoothly. The olefin or an

the reactor through a supply pipe is forced upward and is

unlformly dlstrlbuted by a gas distributor plate to cause
an dlefin polymer and the catalyst in the form of polymer
particlés to mix within a fluidized bed for polymeri-
5 zation.
Perforated plates may."be used
as gas distributor plates in fluidized bed reactors
of the type mentioned. Hoﬁever, the holes are likely
to become clogged up by deposition of polymer particles so as
10 to make it impossible for the polymerization apparatus
to contindously_operate for a long period of time. If
the holes are given a large size, the problem of clogging
will be overcome to some extent, but polymer
particles then fall through the holes to become deposited
15 on a wall below the gas distributor plate, or an increase
in the distance between the holes, i.e., in the hole
pitch, is likely to create a region of stagnant flow
.between the holésﬁ The heat of polymerization is not
removable sufficiently in this case, giving rise to
20 troubles such as agglomeration of the polymer and
ehtailing the great likelihood of the cessation of
operation. |
To solve these problems, gas distributor plates
are proposed which are provided with a cap over the hole.

25 For example, a roof-shaped cap is proposed in Unexamined
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ol efin-containing gas introduced into a |lower portion of :
through a supply pipe is forced upward and is uniformy di iﬁﬂ&ﬁHEEmNAaBEEww
gas-distributor plate to cause an otefin polyner and the cétal ysREPhACED

formof polynmer particles to mix within a fluidized bed for porymer—-=5 ~
zation. Perforated plates may be used as gas distributor plates in
fluidized bed reactors

-3-
Japanese Patent Publication SHO 57-079543, a triangular
pyramidal cap in the same publication SHO 58-154702,
a cap having a partition wall in the same publication
Sﬁo 58-196205, a bubble cap in. the same publication

‘5 SHO 58-201802 and an angle cap in the same publication
SHO 61-106608.

On the other hand, an stagnant flow is liable
to occur immediately above the gas distributor plate in
the regions between the holes regardless of the size of

10 ° the holes.  Troubles such as_agglomeration of the polymer
occur also in this case,'leading'to the great likelihood
of the cessation 6f operation and degradation of the
product.

To overcome.this problem, a method is devised

15 of producing a whirling gas flow on the gas distributor
plate by giving directivity to the gas to be forced out
through the distributor plate (Iwao Muchi, "Reaction
Engineering of Fluidized Beds," p. 85, published in
1983 October by Béifukan).

20 Another proposal is made of producing a
whirling flow using a distributor plate which has caps
arranged on concentric circles for ejecting a gas
horizont;lly in one direction as disclosed in Unexamined
Japanese Patent Publication HEI 01-284509. According to

25 Unexamined Japanese Patent Publication HEI 03-157405,
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of the type nmentioned. However, the holes are likely to beco Haggea—tp
by deposition of polymer particles so as 10 to make it i nppsSEHIPISEIEEDHASTEBEEN
pol'yneri zati on apparatus to continuously operate for a |ong peri odREFLAGHDE.

]

I'f*the holes are given a |large size, the problem of cloggi ng=wti be

overcone to sone extent, but pol ymer particles then fall through the
hol es to becone deposited 15 on-a wall below the gas distributor plate,
or an increase in the distance between the holes, i.e., in the hole pitch,

is likely to create a region of stagnant flow between the holes. The heat
of polynmerization is not renovable sufficréﬁtly in this case, giving rise.

to

10

15

20

25

such a flow is produced with use of a gas distributor

which comprises a plate having holes in a staggered

' arrangement for ejecting a gas horizontally in one

direction, or which comprises an assembly of such plates
in combination.

However, these gas diétributof plates are
unable to fully preclude troubles such as deposition or
aéglomeration of polymer particles, failing to hold-the
charges in a satisfactorily fluidized state.

_Further generally with large reactors for
commerciai'operation, the gas distributor plate needs to

withstand polymer particles weighing tens of tons and

 requires a support structure under the plate. The gas.

distributor plate nevertheless has holes in an irregular

. or concentric circular arrangement, so that when a

support structure of reinforcing beams is to be pfovided
beneath the plate, some of the holes become closed with
the structure if it has a siméle construction, for
example, like a lattice.

Accordingly, such distributor
plates inevitably have the problem of necessitéting a
s pport structure having a complex construction, e.g., a

concentric circular arrangements of components.

-
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20 . troubles such as aggloneration of the polyner and ent aij =% :
bIlivsSHERISHAS BEEN ||
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| i kel i hood of the cessation of operation. To solve these prao it :
distributor plates are proposed which are provided with a cdlp_oveRErh&CED :
hote. 25 For exanple, a roof-shaped cap is proposed in Unexam ned T om
Japanese Patent Publication SHO 57-079543, a triangular pyramdal cap in

t he same publication SHO 58-154702, -5 - _

According to the present invention there is provided a
gas distributor plate for use in a fluidized bed reactor
wherein the plate has holes that are arranged respectively

5 at the vertices of a multiplicity of phantom squares
adjoiﬁing to one another on the distributor plate, each of
the hole; being covered with a reépective cap having an
outlet for orienting a gas to be ejected from the outlet in
a predetermined direction, the direction of ejection of the.

.10 gas from an outlet positioned at a vertex of a square in use
being substantially parallel to the surface of the platg and
along a line:which, when the pléte is mounted in the
reactor, is in a generally circumferential direction with
regard to a circle through the vertex and centred about.the

15 centre of the reactor so as to form a whirling flow of the
gas.upon ejection.

. Thus, having conducted extensive research on gas
distributor plates for maintaining a satisfactory fluidized
bed free of troubles such a§ deposition or agglomeration of

20 polymer particles, a gas distributor plate was invented
which has holeé in a specified arrangement and each provided
with a cap thereover_as oriented in a specified direction to

'overcome the foregoing problems. This finding and further

studies have matured the present invention.

,’/// . .
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a cap having a partitioh wal | in the same publication SHG5S8: —
bubble cap in the sane publication 5 SHO 58- 201802 and ; 5 M -%é iFFEN
the sane publication SHO 61-106608. On the other hand, a lLstag - Bw |s s

liable to occur i mediately above the gas distributor plate in t he regi ons
"between the holes regardl ess of the size of 10 the holes. Troubles such
as aggl oneration of the polynmer occur also in this case, leading to the
great likelihood of the cessation of op@g~ation and degradation of the

product. To overcqge t nverRri%?il w111%e5 ;[ngzqed élseadr \9 Uhderstood from the

following description, given by way of example only with

‘reference to the accompanying drawings in which:

FIG. 1 is a éEéwing sﬁSwiﬂ§ an embodiment bf
5  cap for use in the present invention, a) being a plah
view of the cap provided over a hole, b) being a side
elevation of the same, c) being aﬂ.elevation of the
same;
FIG. 2 is a drawing showing another embodiment
10 of cap for use in the present invention, a) being a plan
view of thé:cap provided over a hole, b) being a side
elevation of the same, c) being an élevation of the
same; |
FIG. 3 is a drawing showing anoﬁher embodiment
15 of cap for use in the present invention, a) being a plan
view of the cap provided over a hole, b) being a side
elevation of the same, c) being an elevation of the
same;
FIG. 4 includes plan views of caps oriented
20 in two different directions at a preferred angle and
provided for one of holes in an arrangement of the
phantom square;
FIG. 5 is a plan view of a cap provided over
a.hole and positioned at a selected smaller angle 8 which

25 a tangent to a circle through the hole makes with the

/
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15 . of producing a whirling gas flow on the gas distribut By -
g|V|ng directivity to the gas to be forced out through the |diTBS SHEETOHAS BEEN
plate (Iwao Muchi, "Reaction Engineering of Fluidized Beds/|[|' p. 8&PLACED
publ i shed in 1983 Cctober by Baifukan). 20 Anot Ner proposar—+3s—
made of producing a whirling flow using a distributor plate which has caps

1
'

=

arranged on concentric circles for ejecting a gas horizontally in one
direction as disclosed in Unexam ned Japanese Patent Publication-HE

01- 284509. According to 25

03-157405,

10

15

20

-7-

direction of ejection of gas from the cap; and

FIG;B show embodiments of the invention,
a) being a'plan view of a gas distributor plate to show
some of the caps thereon, b) being a plan view showing’
some component segments of a gas distributor plate.
. ' An embodiment of the preseﬁt invention provides a gas
distributor plate which has a multiplicity of holes in a
sqﬁa;e'arrangement except at a portion thereof to be
positioned close to the side wall of a reactor. For
example, ghe_phantom squares for the arrangement of holes
are constituted by crossed lines'equidistantly running.
"The distance between the holeés, i.e., the hole pitch, is

determined in accordance with the openin§ ratio of the

distributor plate, that is, the ratio of the total

opening area of outlets of caps over the holes in the
distributor plate to the total cross sectional area of
the reactor, and with the diameter of the outlets of the
caps. Preferably, the opening ratio is so determined
that the required pressure loss of the distributor plate
will be about 40% of the total pressure loss in ordeér to
férm a bed which is uniformly fluidized radially thereof.
The outlet diameter is preferably at least 5 times the
average diameter of polymerx particles since the outlets
of the distributor plate afe likely to be clogged if it

is less than 5 times the average diameter of polymer
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-4- such a flow is produced with use of a gas distributor
pl ate having holes in a staggered arrangenent for ejectingja
horizontally in one direction, or which conprises an asse

'WhﬁgéﬁEEFHE§§E%u
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pl ates 5 in conbinati on. However, these gas distributor plates are unabl e
to fully preclude troubles such as deposition or aggloneration of polyner

particles, failing to hold the charges in a satisfactorily

-8-

fluidized state.

particles. On the other hand, it is desirable that the

hole pitch be as small as possible because an excessive

pitch permits formation of a region of stagnant flow

between the holes. Accordingly, the opening ratio is

5 usually 0.5 to 10%, preferably 0.5 to 5%, more preferably

1 to 3%. The diameter of the outlets of the caps is

usually 5 to 30 mm, preferably 5 to 20 mm, more

preferably 10 to 20 mm. The hole pitch is usually 15 to

400 mm, preferably 30 to 200 mm, more preferably 30 to.

10 100 mm.

The present invention will be described below

in greater detail with reference to the accompanied

drawings.

FIGS. 1 to 3 are drawings showing different

15 embodiments of caps for use in the present invention.

In each of these drawings, a) is a plan view of the

cap, b) is a side elevation of the same, and c) is an

elevation of the same.

With feference to FIG. 1, a cap 2 provided

20 over a hole 1 has a streamlined contour as shown in

FIG. 1, a) oxr b) so as not to impede a whirling flow of

gas and not to create a stagnant flow upstream from

the cap. The cap has an outlet 3 having a contour which

is, for example, semicirxcular as shown in FIG.

1, c) to

25 cause the gas to flow out horizontally in one direction.
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10 . Further generally with large reactors for c "ﬂﬁ%
operation, the gas distributor plate needs to w thstand pofy X ?Hﬂﬁﬁ#EN‘}
melghlng tens of tons and requires a support structure undér.the™g ArER The

gas distributor plate nevertheless has holes in an irregular 15 or
concentric circular arrangenent, so that when a support structure of
reinforcing beans is to be provided beneath the plate, sone of the holes
becone .closed with the structure if it has a sinple construction, for
.exanple, like a lattice. 20 Accordi ngly, such distributor

pl at es |neV|tany have the problen1of necedsitating a ¢

The outlet may alternatively has a flat triangular or
rectangular contour. FIGS. 2 and 3 show caps which are
streamlined and resemble the front half of a boat as
turned upside down. The Eaps having streamlined contours
5 are not limited to those shown_;n FIGS. 1 to 3. When the
hole is provided with a cap so constructed as described
above, the distributor plate is usable free of the
problem that polymer particles fall through the plate
unlike the conventional perforated plate. Such caps are
10 arranged as oriented in a spe01f1ed direction, for |
‘example, circumferentially of the distributor plate,
whereby a circumferential flow of gas, namely a whirling
gas flow, is produced on the plate during fluidization._
This whirlrng flow effects satisfactory fluidization and
15 mixing throuéhout the entire fluidized bed, especially in
the bottom portion of the bed. Even if some agglomerates
are produced, the agglomerates are quickly moved or
whirled centrifugally to the outer peripheral portion of
the distributor plate, and are distharged before they
20 grow into large masses.

Such caps are arranged respectively over the
above-mentioned holes on the distributor plate. The
direction of the gas to be ejected from the outlet of the
cap positioned at each_vertex of each square is

25 substantiaily horizontal and is from the vertex of the

e
asBmquimai

i \lll\\ o



ot N
-

S pport structure having a conpl ex construction, e.g., a cof
circul ar arrangenents of conponents. 25 -5- According to:
|nvent|on there is provided a gas distributor plate for use]
bed reactor wherein the plate has holes that are arranged r

e et % 8 1

t'ﬂ‘ll&lS[:EEHE—’ﬂﬁ’d/‘xo BEEN |
in a REBL.&CES_d

SpectTvery S—ar——

.the vertices of a multiplicity of phantom squares adjoining to one anot her

~on the distributor plate, each of-

-10-

square toward a position on a side between two other

vertices of the same square which are close to a circle

through the vertex and centered about the center of the

reactor so as to form a whirling flow of the gas upon

5 ejection.

The cap is provided as oriented in one of two

directions . as shown in FIG. 4. More specifically, FIG. 4

includes plane views a) and b) showing caps arranged in

two different directions at a preferred angle

and each

10 provided over a hole at the vertex of the phantom square.

.With reference to FIG. 4, the outlet 3 of the

cap 2

provided over a hole 10,-that is, the gas ejected from

the hole 10, is oriented toward an approximate midpoint X

between a hole 30 and a hole 20 or toward an approximate

15 midpoint Y between the hole 30 and a hole 40.
8 at which the cap is positioned with respect
diagonal through the holes 10 and 30 is 10 to

preferably 15 to 25°. When the angle B is 10

- The angle
to a
30°,

to 30°, the

gas flowing out from the hole 10 passes over the point X

20 or Y between the holes 30 and 20 or between the holes 30

and 40 which are positioned downstream from the hole 10.

.

However, for the gas distributor plate of the .

present invention to produce a whirling flow,

the

direction in which the gas is to be ejected from the cap

25 is determined according to the angle B’ as shown in FIG. 4

/

heet Has Been Replaced

i

o



the .hol es being covered with a respective cap having an out
orienting a gas to be ejected fromthe outlet in a predeter
the direction of ejection of the 10 gas froman outlet po

m’?#&sm%w\s&aﬁﬂ?

t | on&ETAACED i

vertex of a square in use being substantially parallel to the surface of
the plate and along a line which, when the plate is nounted in the
reactor, is in a generally C|rcunferent|al direction with regard to a
circle through the vertex and centred about the 15 centre of the reactor so

as to forma whirling flow of the gas upagjejection. Thus,

havi ng conduct ed

extensive research on gas distributor plates for nalntaining-a satisfactory
f1uidized 5. An angle B’ is formed between a. tangent to a circle 4

. concentric with the outer periphery of the reactor and

extending through the hole 10 at the vertex of the square

and the direction of the outlet 3 of the cap 2, i.e.,

5 the direction of the gas to be ejected. The direction of

the ejection can be so determined that the angle B8’ is

smaller. FIG. 5 is a plan view of a cap which is so

positioned that the angle B’ a tangent to the circle

through the hole 10 makes with the direction of ejection

10 of the gas from the cap is smaller as shown in FIG. 4,

b).

The gas flowing out from the outlets of the

caps ovér the holes is forced out substantially in the

turning direction of the fluidized bed, e.g., rightward

15 or leftward turning direction, consequently producing an

overall whirling flow.

The caps can be attached to the distributor

plate by any method insofar as the whirling flow produced

on the plate will not be thereby impeded. The caps can

20 be attached, for éxample, by welding or with screws,

preferably by welding.

The gas distributor plate of the invention

further has additional holes along a circle in an outer

perlpheral portion of the plate close to the side wall of

25 the reactor. Each of the holes is provided with a cap,

I —
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bed free of troubles such as deposition or aggloneration of :
particles, a gas distributor plate was invented which has h J-K$5H5ETPM§SBEEN
speci fied arrangenent and each provided with a cap thereoverLas oﬁﬁéﬁﬁé&ain

a specified direction to overecone the foregoing probl ens. This T1ndrng-amrg—===
further studies have matured the present invention. -6- The invention '
wll be nore clearly understood fromthe foll ow ng description, given by

way of ‘exanple only with
-12- ~

like those described above, for forcing out the gas from
the outlet of the cap outwardly’of the direction of a
“tangent to the circle. Consequentiy, the gas removes the
particles adhering to the side wall, promoting
5 fluidization and mixing in the vicinity of the side wall
in the bottom portion of the bé@. The diameterlof the
outlets, the spacing between the holes and the distance
of the holes from the side wall are not limited
specifically inéofar as the above effect is availéble.
10 For example, the outlet diameter, and the hole spacing
and the dfstance'of the holes from the side wall are
.nearly the same as the diameter of the outlet and hole
pitch in the square arrangement described. For example,
the outlet diameter is usually 5 to 30 mm, preferebly 5
15 to 20 mm, mére préfereblf 10 to 20 mm. The hole spacing
and the distance of the holes from the side wall are
usually 15 to 400;mm, preferably 30 to 200 mm, more
preferably 30 to 100 mm.
Preferably, the cap is oriented substantially
20 in the 'same ' direction as the revolution of the whirling
flow of the gas ejected from the outlets of the caps in
the square arrangement so that the gas forced out from
. the cap flows along the'whirling flow, the cap having an
angle 8" (FIG. 6, a)) of 20 to 70° with respect to the

25 direction of a tangent to the above-mentioned circle

as Been Replaced ‘ ) i
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reference to the acconpanying drawings in which: FIG 1 is a_draw ng
showi ng an enbodi ment of 5 cap for use in the present invent HRMs 5 g;:pg 2B
plan view of the cap provided over a hole, b) being a side nIeva QR “Q%e
sane, c) being an elevation of the sane; FIG 2 is a drawi e ““
anot her enbodi mrent 10 of cap for use in the present i nvention, a) being a
plan view of the cap provided over a hole, b) being a side eIevation of the
same, c¢) being an el evation of the same; FIG 3 is a drawi ng show ng

anot her enbodi ment 13

outwardly of the tangential direction.

When the gas distributor plate is in the form
of an integral piece for use in a reactor of large inside
diameter, the plate needs to have a thickness of about 10

5 mm in view of the strength, and is very uneconomical and
difficult to make. Further as é matter of course, the
thickness and area of the plate are limited. FIG. 6, a)
is a plan view showing a gas distributor plate embodying
the invention. The plate has holes in a square

10 arrangement and outermost holes positioned along the
outer periphery of the plate and close to the side wall
of the reactor. The outermost holes are arranged at equal
pitches on a circle concentric with the cross section of
the reactor. Caps 2 provided over the respective holes
15 are arranged each as oriented in a specified direction so
as to produce a whirling flow as préviously deséribéd.
Although FIG. 6, a) shows only some caps as arranged on a
portion of the distributor plate with the other caps
omitted, the caps are arranged over the entire surface of
20 the other porﬁion of the plate in the same pattern.

The gas distributor plate of the present
invention can be in the form of a single platé, while
FIG. 6, b) shows a gas distributor plate 5 which is an

assembly of at least two component segments 7 in

25" combination. In this case, the direction of ejection of
I
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15 _ of cap for use in the present invention, a) being a plagiew of fhe :
cap provided over a hole, b) being a side eIevatlon of the sEnﬁmsq%,

an el evation of the same; FIG 4 includes plan views of caps|lori enme ﬁ,i’!& BEEN
in‘two different directions at a preferred angle and providee -“i"&"

holes in an arrangement of t-he phantom square; FIG 5 is a pl an VI ew of a
cap provided over a hole and positioned at a selected snmaller angle [err]
whi ch 25 a tangent to a C|rcle t hrough the hol e nakes with the

-14-

the gés from each cap to be determined is within the
above angular rénge so as to produce a whirling gas flow
on the distributor plate. For installation, the segments
are arranéed.in contact with one another without a

5 clearance therebetween, and the contact portions aré
joined togethexr, for example, bj welding or with screws,
and a support structure 6 is disposed beneath the gas
distributor plate, which is then secured to the structure
by welding or with screws or the like. The gas

10 distributor plate of the present invention ﬁas holes in a
square ariangement except at its outer péripheral
portion, so that a support strucﬁure of simpler
construction than in the prior art, such as the
latticelike one shbwn in FIG. 6, a), is usable without

15 blocking some of'ihe holes merely when the pitch of holes
in the outer peripheral plate portion is suitably
adjusted.

As described in detail above, uée of the gas

distributof plate of the above embodiment of the present invention improves

20 the fluidized and mixed state of the fluidized bed in the
vicinity of the reactor side wall or on the distributor
pléte where polymer particles are liable to adhere or
form agglomerates or lumps due to stagnation to ensure a
stabilized continued operation for a long period.

25  Furthermore, the gas distributor plate of the present

-
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-7- .direction of ejection of gas fromthe cap; and FI G 6 show enbodi nents
of the invention, a) being a plan view of a gas distributor
sonme of the caps thereon, b) being a plan view showing 5 dﬁﬁ3§ﬁﬁﬁ5hﬁ¥ﬁBEEN
segnents of a gas distributor plate. An enmbodi ment of the piesentREMvérRd on
provi des a gas distributor plate which has a multiplicity of "holés 1n a
square arrangenent except at a portion thereof to be positioned close to

the side wall of a reactor. For

-15-
invention is easier to make and reinforce by a support
‘structure than those of the prior art.
Example 1 |

Using an experimental fluidized bed device

5 measuring 1000 mm in inside diameter, a fluidized bed was
formed and checked for the presence or absence of an o
improperly fluidized portion imﬁediately above a gas
distributor plate. The gas distributor plate used'in.the
experimental device was of the same type'as shown in FIG.

10 6, a); The distributor plate had holes in square
arrangemeht which were 16 mm in digmeter and 66 mm in
hole pitch, and outermost holes arrariged along the outer
periphery of the distributor plate and close to the siae
wall of the device and having a diameter of 16 mm and

15 hole pitch of 66 mm. Each of the holes was provided
thereover with a cap having an-oﬁtlet of -16 mm iq
diameter. The caps were of the same type as shown in
FIG. 1 and had a semicircular o6utlet. Each of the caps
over outermost holes was oriented substantially in the

20 same direction as the revolution of whirling flow of the
gas to be ejected from the outlets of the caps over the
holes in the équare arrangement so that the gas forced
out from the cap flowed along the whirling flow, and
which had an angle 8" (see FIG. 6, a)) of 30° outwardly

25 with respect to the tangential direction previously
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10 . exanple, the phantom squares for the arrangement of ho
constituted by crossed lines equidistantly running. "The di
the holes, i.e., the hole pitch, is determned in accordanc
opéning ratio of the distributor plate, that is, the ratio
opening area of outlets of caps over the holes in the distributor plate to
the total cross sectional area of the reactor, and with the dianeter of the
outlets of the caps. Preferably, the opening ratio is so deternined that
the required pressure | oss of the distribytor plate 20 wll be about 40%
of the total pressure loss in order to forma bed which is uniforny .

fluidized radpahly ohB8.eOtolored polyethylene particles (920 pm in

mean particle size) were placed over the distributor
plate to such a level that the caps were fully covered
therewith, and uncolored like polyethylene particles were
5 further placed over the layer of colored particles to a
height of 1.5 m thereabove. '
In this state, nitrogen gas was supplied to the
device under atmospheric pressure at a flow rate of 1400
m3/hr to f;uidize the resulting lafer of particles for 5
10 min. The particulate polymer was thereafter withdrawn
from abové in small portions to observe the position of
colored polymer pérticles remaining on the gas
distributor plate. Consequently, little or no colored
polyethylene was found over the entire area of the
15 ' distributor plate inclusive of the portions between the
outlets and close to the side wall of the device.
Comparative Example 1 o
| The procedure of Example 1 was repeated with
the caps over the outermost holes of the gas distributor
20 plate closed with plugs. Consequently, colored
polyethylene particles were found undiffused énd

remaining locally in the vicinity of the side wall.
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The. out | et di aneter is preferably at least 5 tinmes the avera

pol ymer particles since the outlets of the distributor plate aﬂﬂSBHEEnH ECN
be clogged if it 25 is less than 5 tinmes the average di anefjer ofRERIACEDY i
-8- particles. On the other hand, it is desirable that the h :
.smal | as possi bl e because an excessive pitch permts fcw¢mu44m14ﬂan_LegLon

of stagnant flow between the hol es. Agcgrdingl the o en|n rati o |s
9 = (17d_ ary. P This Sheet Has Been R
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1. A gas distributor plate for use in a fluidized

CLATMS

bed reactor wherein the plate has holes that are arranged

5 respectively at the vertices of a multiplicity of phantom
squares adjéining.to one another on the distributor plate,
each.of the holes being covered wi;h a respective cap having
an outlet for orienting a gas to be ejected from the outlet
in a predeterminéd direction, the direction of ejection of

10 the gas from an outlet positioned at a vertex of a square in
use being substantially parallel to the surface of the plate
and along a iine which, when the plate is mounted in the
reactor, is in a generally circumferential direction with
regard to a circle through the vertex and centred about the

15 centre of'the reactor so as to form a_whirling flow of the
gas upon ejection. |

2. A gas distributor plate as defined in claim 1

further comprising holes to be positioned adjacent to a side
wall of the reactor, the direction of ejection of the gas

20 from'an outlet of a hole positioned adjacent to the reactor
side wall in use being outward from the direction of a
tangent to a circle through the hole End centred about the
.centre of the reactor and substantially along the whirling
flow. |

25 3. A gas distributor plate as defined in claim 2
wherein the phantom squares for the arrangement of holes are

constituted by crossed lines equidistantly running and are

-
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5 usually 0.5 to 10% preferably 0.5 to 5% nore preferably
di aneter of the outlets of the caps is usually 5 to 30 mm pr
20 mm " nore preferably 10 to 20 mm The hole pitch is usual fy

preferably 30 to 200 mm nore preferakl 4838 to 10 100 mm The present
invention will be described belowin greater detail with reference to the
acconpani edngigle ©fs the boles a§ BQ&ﬁgleﬂa\/\Pﬂ@ecsh‘évﬁ:‘hgﬂ widereatl 16t
enbodi ments _of caps for use in the present invention. In each of these

drawi ngs, 3P £e255°%n view of the

4. A gas distributor élate as aefined in claim 2 or
3 wherein the outlets of the caps o§e£ the holeé that are,

5 in use, adjacent to the side wall of the reactér are
positioned in a circle in an outer peripheral portion of the
plate. |

5. A gas distributor plate as defined in claim 2, 3
or 4 wherein the outlets of the caﬁs over the holes in use

10 positioned adjacent to the reactor side wall have a diameter
of-S to 30 mm, and the holes in uée positioned adjﬁcent to
the reactor side wall are arranged at a spacing of 15 to 400
mm and in use spaced apart from the side wall by 15 tb 400
mnm.

15 6. A gas distributor plate as defined in any one of
claims 2 to 5 wherein the caps provided over the holes
positioned in use adjacent to the reactor side wall have
their outlets oriented outwardly of the direction of a.
tangent to a circle concentric with a cross section of the

20 reactor at an angle of 20 to 70° with the tangential
direction.
| 7. A gas distributor plate asldefined in any
preceding claim.wherein said line lies from the vertex of
the square toward a position on a side between.two other

25 .vertices of the same square which are adjacent.

8. A gas distriﬁutor plate as defined in any
preceding claim 1, wherein said caps cbmprise caps having an
6utlét Qith a semicircular contour.

9. A gas distributor plate as defined in any

_—
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cap,- b) is a side elevation of the sane, and c) is an el evatdion . of _fhe

same. Wth reference to FIG 1, a cap 2 provided 20 overjarHi9ls@ictThag Seen
streani’i ned contour as shown in FIG 1, a) or b) so as notjjto 'U?ﬁﬂﬂ..%

whi'rling flow of gas and not to create a stagnant fl ow ups
cap. The cap has an outlet 3 having a contour which is, for exanple,
semcircular as shown in FIG 1, c) to_25 _Cause the gas to flow out
horizontally in one direction.

preceding claim whereln said caps comprise caps hav1ng an
outlet with a semicircular contour.

10. A gas distributor plate as defined in any
preceding claim wherein said caps comprise caps having an

5 outlet with a rectangular contour.

11. A gas distributor plate as defined in any
preceding claim wherein the outleté arranged at the vertices
of the phantom squares have a diameter of 5 toc 30 mm, and
the holes are arranged at a pitch of 15 to 400 mm.

‘10 12. A gas distribufof plate as defined in any
preceding claim which comprises at least two segments to be
assembled into a main body and to be arranged.horizontally
in combination.

13. A gas distributor plate as defined in any one of

15 claims 1 to 11 for use in combination with at least one
other gas distributor plate as defined in any one of claims
1 to 11.

14. A gas distributor plate as definéd in ény
preceding claim which is used for a fluidized bed reactor

20 provided with a stirrer to be positioned within the said
reactor.

15. A gas distributor plate as defined in any
preceding claim which is provided with a reinforcing support
structure beneath the plate. '

25 16. A gas distributor plate for use in a fluidized

| bed reactor wherein.the plate has a plurality of holes

including at least two parallel rows of holes having none of

This Sheet Has Been R
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-9- The outlet may alternatively has a flat triangular or r ==
contour FIGS. 2 and 3 show caps which are streanined and ;ét@ﬁﬁHéETHéSBEEN
ffont half of a boat as turned upside down. The caps havi ng| st r eRAPLAEED .
cohtours 5 are not limted to those showmn in FIGS. 1 to 3 T hore
is provided with a cap so constructed as described above, the distributor
plate is usable free of the probl em that_ pol yner particles fall through the
pl ate unli ke the conventi‘onal perforated?%late Such caps are 10 arranged

as 01! ont ekl P ARAR {4 bF NN YherldetUUHR! Sach 63 EhTECRbAL! Y O he

di stributor
being covered with a respective cap having an outlet for

orienting a gas to be ejected from the outlet in a
predetermined direction, the direction of ejection of the

5 gas from an outlet positioned at a vertex of a square in use
being substantially parallel to the surface of the plate and
along a line which, when the plate is mounted in the
reactor, is in a geperally circumferential direction with
regard to a circle through the vertex and centred about the

10 céntre,of the reactor éo_as to form a whirling flow of the'
gas upon ejection. ‘

17. a gas distributor plate according to claim 16
comprising a plurality of said parallel rows such that at
least some of the holes in said rows are arranged

15 respectively at the vertices of at least one phantom sqﬁare.

18. A gés distribufor plate constructed and arrénged
substantially as hereinbefore described with reference to
the accompaﬁying drawings. -

19. A fluidized bed reactor incorporating a gas

20 distributor plate as defined in any preceding claim.

-
Sheet Has Been Reﬂaced
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THIG SIGEET HAS BEEN |
f | uREPEAGED

wher.eby a circunferential flow of gas, nanely a whirling ga
. produced on the plate during fluidization. This whirling fl
. satisfactory fluidization and 15 mixi ng throughout the entir
- bed, especially in the bottomportion of the bed. Even if s
are produced, the agglonerates are quickly noved or whirled centrifugally
to the outer peripheral portion of the distributor plate, and are
di scharged before they 20 grow into | argélmasses. Such caps are arranged
respectively over the above-nentioned holes on the distributor plate. The

direction of the gas to be ejected frBBSTRACEHt| et of the .
| GAS DISTRIBUTOR PLATE FOR FLUIDIZED BED REACTORS

A gas distributor platé for use in a fluidized
bed reactor, the gas distributor plate having holes
arranged respectively at the vertices of a multiplicity
of phantom squares adjoining to one another on the
distributor plate and at positions close to 2 side wall
of the reactor, each of the holes being covered with a
cap having one outlet for orienting a gas to be'ejected
from the outlet toward a specific direction, so that
polymer particles aré prevented from adhering ta the

~plate or agglomerating to ensure a stabilized operation

for a long time.

FIGURE 6

This Sheet Has Been Replaced




cap positioned at each vertex of each square is 25 subst antjetd S
hori zontal and is fromthe vertex of the -10- square towa dTlalSpB}mBﬂ% BEEN |
on a side between two other vertices of the same square whicll are REPS&CE®D |
a circle through the vertex and centered about the center of
as to forma whirling flow of the gas upon 5 ej ection. The cap is prow ded
as oriented in one of two 174

) /’/

/'J'f —————— |
( . \r i dxrectnon of
Ny ejection of the gas
. | 3 . )
b) | «) {

RAASSSANNNNSS Y\

v L /////L_____i R
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| ons

 dir@ctions as shown in FIG 4. More specifically, FIG 4 in lﬁﬂé%ig¥%égf°BEcN

views a) and b) showi ng caps arranged in tw different dire
provi ded over -a hole at the vertex of the

pfeferifed angle and each 10
the outlet 3 of the cap 2

phantom square. Wth reference to FIG 4,

provided over a hole 10,

oriented toward an approxi nate nidpoinEQ{
or toward an approxi mate 15 m dpoi nt b

The angle [err] at which
t hrough the holes 10 and
the angle [err] is 10 to 30[err], the

D)

]

that i's, the gas ejected fromthe hole 10, is

between a hole 30 and a hole 20
etween the hole 30 and a hol e 40.

t p i positioned with respect to a diagona
Jgeh€?105§o 300, preferably 15 to 25[err]. Wen "

direction of

NAAASIAS N INNINS

> ejection of the 8as

2,

N7 /////3

C

_,.direction of

ejection of .the gas

D) &

This Sheet Has Been Re’ilaced




gas flowing out fromthe hole 10 passes over the point X 20
~the holes 30 and 20 or between the holes 30 and 40 which are 6§V$SUEEHHAOBEEN
- déwnstfeam fromthe hole 10. However, for the gas distributor, Dlatéﬁﬁﬂﬂﬂﬁﬁ

présent invention to produce a whirling flow, the direction in which the
gas is to be ejected fromthe cap 25 is determ ned according to the angle
[err] -as shown in FIG -11- 5. AnagVHeaS' Is forned between a tangent
toacircle 4 '

FIG. 4

\\/

inappropriate
position of A~ :
the cap \ BN\

This Sheet Has Been
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concentric with the outer periphery of the reactor and extenj . '
thé hole 10 at the vertex of the square and the direction of|f (TS SHEFEFAG BEEN
of thecap 2, i.e., 5 the direction of the gas to be ejectigd. TRFLACED

ditection of the ejection can be so determ ned that the angle [err] 1s
smaller. FIG 5 is a plan view of a cap which is so positioned that the
angle [err] a tangent to the circle th?ugh the hole 10 makes with the
direction of ejection 10 of the gas {fom t he cap is smaller as shown in
-FIG 4, b). The gas flowing out fromthe outlets of the caps over the holes

Is forced out substantially in FhTG 6

b)

1
r%/ 11
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ALl 1
R4 TR R B 2US
B 1
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turning direction of the fluidized bed, e.g., rightward 15 :
turning direction, consequently producing an overall whirlinf RERMC fﬂﬁhTSﬁEET
“caps can be attached to the distributor plate by any nethod nsofa Thﬂmﬁ
whirling flow produced on the plate will not be thereby inpeféeh Hé?ggps ........... E
can 20 be attached, for exanple, by welding or with screm5'~pfefefﬁbry—ﬁr-
wel di ng. The gas distributor pl ate of the invention further has additional

hol es along a circle in an outer peripheral portion of the plate close to

the side wall of 25 the reactor. Each 9{_the holes is provided with a
cap, :

GAS DISTRIBUTOR PLATE FOR FLUIDIZED BED REACTORS

‘The present invgntion relates to gas
distributor plétes for fluidized bed réactors suited to
gas phase polymerization of olefins such as ethylene and

5 propylene. The gas distributof_plates of the present
invention are usable also in fluidized bed reactors
eéuipped with a stirrer.

The terms “polymerization" and."polymer" as
used hereln include "homopolymerization" and

10 "copolymerlzatlon", and "homopolymer" and "copolymer",
respectively.

. In recent years; improvements in catalysts of
transition metal for use in the polymerization of olefins
have remarkably improved the productivity of olefin

15 polymers per unit amount of the transition metal}
consequently obviating the need for the removal of the
catalyst after the polymerization.

" When such highly active catalysts are used,
olefins are generally pdlymerized in a gas phase since

20 the bolymerization reaction mixture can then be handled
by the simplest procedure. Usually, fluidized bed
reactors are widely used in the gas phase polymerization
so as to effect the reaction smoothly. The olefin or an

olefin-containing gas introduced into a lower portion of

o —————-



+12- |ike those described above, for forcing out the gas frf —outiet —of "
the cap outwardly of the direction of a tangent to the circ| REPLACEMENT SHEET
Consequently, the gas renpves the particles adhering to thej|side I
pronoting 5 fluidization and mxing in the vicinity of th l%ﬁ%éﬁf@iqL{wﬁﬁ ------
the bottom portion of the bed. The dianeter of the outlets, The spacing

bet ween the holes and the distance of the holes fromthe side wall are not
limted

-2-
the reactor through a supply pipe is forced upward and is
uniformly distributed by a gas distributor pléte to cause
an olefin polymer and the cafalyst in the form of polymer.
particles to mix within a fluidized bed for polymeri-

5 zation. | ’

Perforated plates may‘.‘be used

ﬁs gas distributor plates in fluidized bed reactors
of the type mentioned. However, the holes are likely
to become clogged up by deposition of polymer particles'so as

10 to make it impossible for the polymerization apparatus
to contindously.operaté for a long period of time. If
the holes are given a large size, the problem of clogging
will be overcome to some extent, but polymer
particles then fall through the holes to become deposited

15 on a wali below the gas distributor plate, or an increase
in the distance between the holes, i.e., in the hole
pitch, is likely to create a region of stagnant flow
between the holes. The heat of polymerization is not
rempvable éufficiently'in this case, giving rise to

- 20 troubles such as agglomeration of the polymer and
entailing the great likelihood of the cessation of
operation.
To solve these problems, gas distributor plates

are proposed which are provided with a cap over the hole.

25 For example, a roof-shaped cap is proposed in Unexamined



specifically insofar as the above effect is available. 10
the outlet dianeter, and the hol e spaci ng and the di stance
fromthe side wall are nearly the sanme as the dianmeter of t|

E&@Lﬁxﬁm@%%qﬁesr
bf t he_ho
D& OQEdIQQB

.............................

hole pitch in the square arrangement described. For exanpl
dianeter is usually 5 to 30 mm preferebly 5 15 to 20 nm nore preferebly
10 to 20 mm The hol e spacing and the distance of the holes fromthe side
wal | are usually 15 to 400 nm preferably 30 to 200 nm nore preferably 30
to 100 mm Preferably, the cap is oriented3substantially 20 in the sane-
direction as the revolution of the whirling

Japanese Patent Publication SHO 57-079543, a triangular

pyramidal cap iﬁ the same publication SHO 58-154702,
a cép having a partition wall in the same publication
SHO 58-196203, a bubble cap in the same publication

5 SHO 58-201802 and an angle cap in the same publication
SHO 61-106608.

On the other hand, an stagnant flow is liable
to occur immediately above the gas distributor plate in
the regions between the holes regardless of the size of

10 the holes. Troubles such as agglomeration of the polymer
"occur also in this case,.leading to the great likelihood
of the cessation.of operation and degradation of the
product.

To overcome this problem, a method is devised

15 of producing a whirling gas flow on the gas distributor
plate by giving directivity to the gas to be forced out
through the. distributor plate (Iwao Muchi, "Reaction
Engineering of Fluidized Beds," p. 85, published in
1983 October by Baifukan). '

20 '~ Another proposal is made of producing a
whirling flow using a distrxibutor plate which has caps
arranged on concentric circles for ejecting a gas
horizontilly in one directioﬁ as disclosed in Unexamined
Japanese Patent Publication HEI 01-284509. According to

25 Unexamined Japanese Patent Publication HEI (03-157405,



f{ow of the gas ejected fromthe outlets of the caps in the $q
arrangenent so .that the gas forced out fromthe cap flows al gng
whirling flow, the cap having an angle [err] (FIG 6, a)) o 0 tg
with respect to the 25 direction of a tangent to the above tio
circle -13- outwardly of the tangential direction. Wien the gas
distributor plate is in the formof an integral piece for use in a react or
of large inside

—4-~
such a flow is produced with use of a gas distributor
which comprises a plate having holes in a staggered
arrangement for ejecting a gas horizontally in one
direction, or which comprises an assembly of such plates

5 in combination. |
However, these gas distributor plates are
unable to fully preclude troubles such as deposition or
agglomeration of polymer particles, failing to hold the
charges in a satisfactorily fluidized state.

10 .Further generally with large reactors for
commerCiai operation, the gas distributor plate needs to
withstand polymer particles weighing tené of tons and
requires a support structure under the plate. The gas
distributor plate nevertheless has holes in an irregular

15 or concentric circular arrangement, so that when a
support structure of reinforcing beams is to be provided
beneath the plate, some of thé holes become closed with
the structure if it has a simple construction, for
example, like a lattice. l

20 . Accordingly, such distributor
‘plates inevitably have the problem of necessitating a
s ppért structuré having a complex construction, e.g., a

concentric circular arrangements of components.

25



Ed

dianeter, the plate needs to have a thickness of about 10 5 m=mmrwiew of ==
the strength, and is very uneconomical and difficult to nakdl RERLAGEHINE SHEET
matter of course, the thickness and area of the plate are lijmted. EL T6ﬂﬂﬁ

a) is a plan view showing a gas distributor plate enbodying Eew|ng FOfr

The plate has holes in a square 10 arrangenment and outer T '
positioned al ong the outer periphery of the plate and close to the S|de
wal | of the reactor. The outernpst hol es~a?e~arranged at equal pitches on a
circle concentric with the cross section of the reactor. Caps 2 provided

over the respective holes 15 are arranged each as oriented.in a specified

direction so According to the present invention there is provided a

gas distributor plate for use in a fluidized bed reactor
wheréin the plate has holes that are arranged respectively

5 at the vertices of a multiplicity of phantom squares
adjoining to one another on the distributor plate, each of
the holes being covered with a reépective cap having an
outlet for orienting a gas to be ejected from the outlet in
a predetermined di:ection, the direction of ejection of the

10 .gas from an outlet positioned at a vertex of a square in use
being substantially.parallel to the surface of the plafe and
along a line:which, when the plate is mounted in the
reactor, is in a generally circumferential direction with
regard to a circle through the vertex and centred about.the

15 centre of the reactor so as to form.a whirliﬁg flow of the
gas upon ejection.

Thus, having conducted extensive research on gas
distributor plates for maintaining a satisfactory fluidized
bed free of troubles such as deposition or agglomeration of

20 polymer particles, a gas distributor plate was invented
which has holes in a specified arrangement and eaéh provided
with'a cap thereover as oriented in a specified direction to
-overcome the foregoing problems. This finding and further

studies have matured the present invention.



as ‘to produce a whirling flow as previously described. Al though=FtG—6—a)r——m
shows only sone caps as arranged on a portion of the distribu (ﬂtﬂﬂﬁm.mﬁﬁitﬁ
the other caps omtted, the caps are arranged over the entire surfaﬁf iﬁﬂzq

t he ot her portion of t he plate in the sanme pattern. The gas dj Sate b é .......... QQQM

pl ate of the present invention can be in the formof a single
FIG 6, b) shows a gas distributor plate 5 which is an assenbly of at | east
two conponent segnents 7 in 25 conbi natigon. In this case, the direction
of ejection of - ' : :

The invention will be more clearly understocod from the
following description, given by way of example only with

reference to the accompanying drawings in which:

FIG. 1 is a drawing showing an embodiment of
5 cap for use in the present invention, a) being a plan
view of the cap provided over a hole, b) being a side
elevatibn of the same, c) being aﬂ_elevation of the
same;
FIG. 2 is a drawing showing another embodiment
10 of cap for use in the present inveption,'a) being a plan
view of thé:cap provided over a hole, b) being a side
elevation of the same, ¢) being an elevation of the
same;
FIG. 3 is a drawing showing another embodiment
15 of cap for use in the present invention, a) being a plan
view of the cap provided over a hole, b) being a side
elevation of the same, c) being én elevatién of the
 same;
FIG. 4 incl#des.plan views of caps oriented
20 in two different directions at a preferred angle and
provided for one of holes in an arrangement of the
phantom square;
FIG. 5 is a plan view of a cap provided over
a hole and positioned at a selected smaller angle 8 which

25 a tangent to a cirxcle through the hole makes with the



-14- the gas fromeach cap to be determned is within the abovesaggub@tent aHEeT
range so as to produce a whirling gas flow.on the distributor {pl ate. Jff
installation, the segnments are arranged in contact with one amfogher ""m““@&Lﬁ@Q@‘
ab clearance t her ebet ween, and the contact portions are joi wLegeth¥7

for exanple, by welding or mﬁth screws, and a support structure 6 is

di sposed beneath the gas distributor plate, which is then secured to the
structure by welding or with screws or the |Iike. The gas 10 di stri butor

pl ate .of the present invention has holes in a

.

direction of ejectibn oi gas from the cap; and
FIG.6 show'embodiments of the invention;

a) being a plan view of a gas distributor plate to show
some of the caps thereon, b) being a plan view showing

‘5 some cémponent segments of a gas distributor platef

An embodiment of the present invention provides a gas

distributor plate which has a multiplicity of hoies in a
square arrangement except at a portion thereof to be
positioned close to the side wall of a reactor. For

10 example, the phantom squares for fhe arrangement of holes
are constituted by crossed lines equidistantly running.
"The distance between the holes, i.e., the hole pitch, is
deﬁermined in accordance with the opening ratio of the
distributor plate, that is, the ratio of the total

15 opening area of outlets of caps over ihe holes in the
distributor plate to the ﬁotal cross sectional area of
ihe reactor, and with thé diameter of the outlets of the
caps. Preferably, the opening ratio is so deter@ined
that the required pressure loss of the distributor plate

20 will be about 40% of the total pressure loss in order to
form a bed which is uniformly fluidized radially theéereof.
The outlet diametexr is preferably at least 5 times the
average diameter of polymer particles since the ocutlets
of the distributor plate are likely'to be clogged if it

25 is less than 5 times the average diameter of polymer



square arrangenent except at its outer peripheral portion, s nar R
support structure of sinpler construction than in the prior rFFB@%%Ww§§T3HEET

the latticelike one shown in FIG 6, a), is usable without 1 bl ogkg :
sone of the holes nerely when the pitch of holes in the oute B@Plpﬁezrgﬁ]-lggﬁ
plate portion is suitably adjusted. As described in detail above, use of

the gas distributor plate of the above enbodi nent of the present invention

i mproves 20 the fluidized and m xed state -of the fluidized bed in the
vicinity of the reactor side wall or on the distributor plate where pol yner
particles are liable to adhere or -8

particles. On the other hand, it is desirable that the
hole pitch be as small as possible because an excessive
pitch permits formation of a regibn of stagnant flow
between the holes. Accordingly, the opening ratio is
5 usually 0.5 to 10%, preférably 0.5 to 5%, more preferably
1 to 3%. The diameter of the outlets of the caps is
_ usuallyls to 30 mm, preferably 5 to 20 mm, more
preferably 10 to 20 mm. The hole pitch is usually 15 to
400 mm, preferably 30 to 200 mm, more preferably 30 to
10 100 mm. | | |
The present invention will be described below
in greater detail with reference to the aécompanied
drawings. -
FIGS. 1 to 3 are drawings showing different
15 embodiments of caps for use in the present invention.
In each of these drawings, a) is a plan view of the
cap, b) is a side elevation of the same, and c) is an
elevation of the same.
IWith reference to FIG. 1, a cap 2 provided
20 over a hole 1 has a streamlined contour as shown in
F1IG. 1, a) or b) so as not to impedera whirling flow of
gas and not to Ereate a stagnant flow upstream from
the cap. The cap has an outlet 3 having a contour which
is, fof example, semicircular as shown in FIG. 1, c) to

25 cause the gas to flow out horizontally in one direction.



k3

form aggl onerates or |unps due to stagnation to ensure a stagpriized == —
continued operation for a long period. 25 Furthernore, thd] BESLACENENT SHEET
di stributor plate of the present -15- invention is easierjto natzéﬂgp.mgﬁ

reinforce by a support ‘structure than those of the prior art} PERampFe™ - e

Usi ng an experinmental fluidized bed device 5 measuring 1000 mmin 1 nside
di aneter, a fluidized bed was

. -9-
The_dutlet may alternativelf has a flat triangular or
rectangular contour. FIGS. 2 -and 3 show caps which are
streamlined and resemble the front half of a boat as
turned upside down. The baps having streamlined contours
5 are not limited to those shown in FIGS. 1 to 3. When the
hole is provided with a cap so constructed as described
above, the distributor plate is usable free of the
problem that polymer particlés fall through the plate
unlike the conventional perforated plate. Such caps are
10 arranged as oriented in a specified directién, for
example, circumferentially of the distributor plate,
whereby a circumferential flow of gas, namely a whirling
gas flow, is produced on the plate during fluidization.
This whirling flow effects satisfactory fluidization and
15 mixing throughout the entire fluidized bed, especially in
the bottom portion of the bed. .Even if some agglomerates
" are produced, the agglomerates are quickly moved or
whirled centrifugally to the outer peripheral portion of
~ the distributor plate, and are discharged-before they
20 grow into large masses.

Such caps are axrranged respectively over the
above-mentioned holes on the distributor plate. Thel
direction of the gaé to be ejected from the outlet of the
cap positioned at each vertex éf each square is

25 substantially horizontal and is from the vertex of the



formed and checked for the presence or absence of an inpropeq

AN racs g
portion i medi ately above a gas distributor plate. The gas durgéj it oy =NT SHEET
|

plate used in the experimental device was of the sane type agj showy P
100 6, a). The distributor plate had holes in square arran EH@Wt“w%

e

i

were 16 mmin ‘dianeter and 66 mmin hole pitch, and outernost holes

arranged al ong the outer periphery of the distributor plate and close to
the side wall of the device and having a dianmeter of 16 nm and 15 hol e
Each of the hol es was provided thereover with a cap having
an outlet of 16 mmin dianeter. The caps wele-of the sane type as shown in

pitch of 66 mm

10

15

20

25

square toward a position on a side between two other
vertices of the same square which are close to a circle
through the.vertex and centered about the center of the
reactor so as to form a whirling flow of the gas'upon
ejection.

‘The cap is provided aé oriented in one of two
directions as shown in FIG. 4. More specifically, FIG. 4
includes plane views a) and b) showing caps arranged in
two different directions at a preferred angle and each

provided over a hole at the vertex of the phantom square.

With reference to FIG. 4, the outlet 3 of the cap 2

provided over a hole 10, that is, the gas ejected from
the hole 10, is oriented towaxrd an approximéte midpoint X
between a hole 30 and a hole 20 or toward an approximate
midpoint Y between the hole 30 and a hole 40. The angle
8 at which the cap is positioned with respect to a
diagonal through the holes 10 and 30 is 10 to 30°,
preferably 15 to 25°. When the angle B8 is 10 to 30°, the
gas flowiné out from the hole 10 passes over the point X
or Y between the holes 30 and 20 or between the holes 30
and 40 which are positioned downstream from the hole 10.

quever, for the gas distributor piate of £he
present invention to produce a whirling flow, tﬁe

direction in which the gas is to be ejected from the cap

is determined according to the angle 8’ as shown in FIG.



FIG 1 and had a semicircular outlet. Each of the caps over ; 2
was oriented substantially in the 20 same direction as the |f 6FBLAERYENGISHEET
whirling flow of the gas to be ejected fromthe outlets of t caps

the holes in the square arrangenent so that the gas forced o E?Fdﬁggﬁgggagﬁﬁm
fl onwed along the whirling flow, and which had an angle [err] 0,

a)) of 30 outwardly 25 with respect to the tangential direction

previ ously -16-

-11-
5. An angle B8’ is formed between a tangent to a circle 4
concentric with the outef periphery of the reactor and
extending through the hole 10 at the  vertex of the square
and the direction of the outlet 3 of the cap 2, i.e.,

5 the direction of the gas to be ejected. The direction of
the éjection can be so dete:minéd that the angle B’ is
smaller. FIG. 5 is a plan view of a cap which is so
positioned that the angle 8’ a tangent to the circle
through the hole 10 makes with the direction of ejection

10 of the gas from thé cap is smaller as shown in FIG. 4,
b). |

The gas flowing out from the outlets of the
caps ovexr the holes is forced out substantially in the
turning direction of the fluidized bed, e.g., rightward

15 or leftward.turning direction, consequently producing an
overall whirling flow.

The caps can be attached to the distributor
plate by any method insofar as the whirling flow produced
on the plate_will not be thereby impeded. The caps can

20 be attached,.for éxample, by welding or with screws,
preferably by welding.
. The gas distributor plate of the invention
further has additional holes along a circle in an outer
- peripheral poftion of the plate close to the side wall of

25 the reactor. Each of the holes is provided with a cap,



menti oned. Col ored pol yethyl ene particles (920 [err] in nean pattiele—size) ..
were placed over the distributor plate to such a | evel that th&ErAPRSENENT SHEET
fully covered therewith, and uncol ored |i ke polyethyl ene partjtcles ? '
further placed over the |layer of colored particles to a heig Dak:lﬁ§£§£""§@§m.
t hereabove, In this state, nitrogen gas was supplied to the i }
at nospheric pressure at a flowrate of 1400 [err] to fluidize the resulting
| ayer of particles for 5 10 min. The particul ate pol yner was thereafter

wi t hdrawn from above in small portions to qgserve the position of colored
pol ymer .particles remaining on the gas e

like those described above, for forcing out the gas from

the outlet of the cap outwardly of the direction of a
tangent to the circle. Consequently, the gés removes the
particles adhering to the side wall, promoting
5 fluidization and mixing in the wvicinity of the side wall
in the bottom portion of the bed. The diameter of the
outlets, the spacing between the holes and the distance
of the holes from the side wﬁll'are not limited
specifically insofar as the above effect is available.
10 For example, the outlet diameter, and the hole spacing
and the distance of the holes from the side wall are
‘nearly the same as the diameter of the outlet and hole
pitch ih the square arrangement described. fqr example,
the outlet diameter is usually 5 to 30 mm, preferebly 5
15 to 20 mm, more preferebly 10 to 20 mm. The hole spacing
and the distance of the holes from the side wall are
usually 15 to 400 mm, preferably 36 to 200 mm, more
pré%erably 30 to 100 mm.
Preferably, the cab is oriented substantially
20 in the 'same direction as the revolution of the whirling
flow of the gas ejected from the outlets of the caps in
the square arrangement so that the gas forced out from
the cap flows along the whirling flow, the cap having an
angle 9; (FIG. 6, a)) of 20 to 70° with respect to the

25 direction of a tangent to the above-mentioned circle



distributor plate. Consequently, little or no col ored pol yetfy
found over the entire area of the 15 distributor plate inclu
portions between the outlets and close to the side wall of t
Conpar ative Exanple 1 The procedure of Exanple 1 was repeate
over the outernost holes of the gas distributor 20 plate clo
Consequent |y, col ored polyethylene particles were found undi ffused and
remaining locally in the vicinity of the side wall.

~13-
outwafdly of the tangential direction.

When the gas distributor plate is in the form
of an integral piece for use in a reactor of large inside
diameter, the plate needs to have a thickness of about 10

5 mm in view of the strength, and is very uneconomical and_
difficult to make. Further as é matter of course, fhe
thickness and area of the plate are limited, FIG. 6,-a)
is a plan view showing a gas distributor plate embodying
the invention. The plate has holes in a square

10 arrangement and outermost holes positioned along the
outer periphery of the plate and close to the side wall
of the reactor. The outermost holes are arranged at equal
pitches on - a circie concentric with the cross section of
the reactoxr. Caps 2 provided 6ver the respective holes

15 are arranged each as oriented in a specified direction so
as to produce a whirliﬁg flow as previously described.
Although FIG. 6, a) shows only some caps as arranged on a
portion of the distributor plate with the other caés
omitted, the caps are arranged over the entire surface of

20  the other portion of the plate in the same pattern.

" The gas distributor blate of the present

invention can be in the form of a single plate, while
FIG. 6, b) shéws a gas distributor plate 5 which is an
assembly of at least two component segments 7 in

25 combination. 1In this case, the direction of ejection of



- 17 - CLAI M5 1. A gas distributor plate for use in a fl Gbggé_mggzaHEET
feactor wherein the plate has holes that are arranged 5 r pectl
the vertices of a multiplicity of phantom squares adjoi ni ng| Hoe
on the distributor plate, each of the hol es being covered Wt = Lespective

e o= et v 2o v At

ond 2508

..............................

cap having an outlet for orienting a gas to be ejected fron1the outlet in a
predeterm ned direction, the direction of ejection of 10 the gas from an
outlet ‘positioned at a vertex of.a square in use being substantially
parallel to the surface of. the plate

10

15

20

25

-14-

the gas from each cap to be determined is within the
aone angular range so as to produce a whirling gas flow
on the distributor plate. For installation, the segments
are arranéed in contact with one another without a
clearance therebetween, and the conﬁact portions aré
joined together, for example, bj welding or with screws,
and a support structure 6 is disposed benéath the gas

distributor plate, which is then secured to the structure

by welding or with screws or the like. The gas

distributor plate of the present invention has holes in a

square arfangement except at its outer peripheral
portion, so that a support structure of simpler
construction than in the prior art, such as the
latticelike one shown in FIG. 6,.a),-is usable without
blocking some of the holes merely when the'pitch of holes
in the outer peripheral plate portion is'suitably
adjusted.

As described-in detail above, use of the gas
distributor plate of the above eﬁbodiment of the present invention imbroves
the fluidized and mixed state of the fluidized bed in the
vicinity of the reactor side wall or on the distributor
plate where polymer particles are liable to adhere or
form agglomerates or lumps due to stagnation to ensure a
stabilized continued operation for a long period.

Furthermore, the gas distributor plate of the present



and along a line which, when the plate is nmounted in the reactor,is in a .

generally circunferential direction with regard to a circle t“h@@ﬂhckﬁ%NTSHEET
vertex and centred about the 15 centre of the reactor so as | r
whirling flow of the gas upon ejection. 2.. A gas distribut Dbafa,l aﬁ]a%ﬂggﬁ
defined in claim1 further conprising holes to be positioned lagya

side wall of the reactor, the direction of ejection of the gas 20 from an
outlet of a hole positioned adj acent to the reactor side wall in use being
outward fromthe direction of a tangent to_gscircle through the hole and
centred about the centre of the reactor and substantially along the

whirling invention is easier to make and reinforce by a support

structure than those of the prior art.
Example 1
Using an experimental fluidized bed device

5 neasuring 1000 mm in inside_diametér, a fluidized bed Qas
formed and checkeq for the presence or absence of an .
improperly fluidized portion imﬁediately above a gas
distributor plate. The gas distributor plate used in the
experimental device was of the same type as shown in FIG.

10 6, a). The distributor plate had holes in square
arrangemeht which were'ls mm in diémeter and 66 mm in
hole pitch, and outermost holes arranged along the outer
periphery of the distributor plate and close to the side
wall of the device and.having a diameter of 16 mm and

15 hole pitch of 66 mm. Eéch of the holes was provided
thereover with a cap having an outlet of 16 mm in
diametex. The caps were of the same type as shown in
FIG. 1 and had a semicircular outlet. Each of the caps
over outermost holeé was oriented substantially in the

20 same direction as the revolution of whirling flow of the
gas to be ejected from the outlets of the céps over the
holes in the square arrangement so that the gas foxrced
out from the cap flowed along the whirling flow, and
which had an angle B" (see FIG. 6, a)) of 30° outwardly

25 with respect to the tangential direction previously



floew. 25 3. A gas distributor plate as defined in cl=at

i

t he phantom squares for the arrangenent of holes are constit tﬁﬁbduammdnﬁﬁﬁtET
lines equidistantly running and are - 18 - inside of the fol zﬁ
positions adjacent to a side wall of the reactor. 4. Ag Dﬂ!lté‘tr BLQGTr Jags -

plate as defined in claim2 or 3 wherein the outlets of t he
hol es that are,

-16-
mentioned. .Colored'polyethflene particleé (920 pm in
mean particle size) were placed over the distributor
plate to such a level that the caps were fully covered
theréwith, and uncolored like polyethylene particles were
5 . further placed over the layer of colored particles to a
height of 1.5 m thereabove. .
In this state, nitrogen gas was suppliéd to the
'deVice under atmospheric pressure at a flow rate 6f 1400
m3/hr to f;uidize_the resulting layer of particles for S
10 min. The particulate éblymer was thereafter withdrawn
from abové in small portions to observe the position of
colofed polymexr éarticles remaining on the gas
distributor plate. Consequently, little or ho'colored
polyethylene was foﬁnd over the entire area of the
15 distributor plate inclusive of the portions between the
outlets and close to the side wall of the device.
Comparative Example 1
The procedure of Example 1 was repgated with
the caps over the outermost holes of the gas distributor
20 plate closed with plugs. Consequently, colored
polyethylene particles were found undiffused and

remaining locally in the vicinity of the side wall.



5 in use, adjacent to the side wal | of the reactor are p05|ﬂi9aed k4, .8 N
circle in an outer peripheral portion of the plate. 5. Algas égbbg
plate as defined in claim2, 3 or 4 wherein the outlets of qhga@qg _________

the holes in use 10 p03|t|oned adj acent to the reactor side: : P
di anmeter of 5 to 30 mMmm and the holes in use positioned adjacent to the

reactor side wall are arranged at a spacing of 15 to 400 nmand in use
spaced apart fromthe side wall by 15 t0400 nmm 15 6. A gas

distributor plate as defined in any on%ugf glalns 2 to 5 wherein the caps
provi ded over the hol es

1. A gas distributor plate for uee in a fluidized
bed reactor wherein the plate hes holes that are arranged
5 respectively at the vertices of a multiplicity of phantom
squares adjoining to one enother on the distributor plate,
each of the holes being covered wi@h a respective cap having
an outlet for orienting a gas to be ejected from the outlet
in a predetermined direction, the direction of ejection of
10 the gas from an outlet positioned at a vertex of a square in
use being substantially parallel to the surface of the plate
and along a line wnich, when the plate is mounted in the
reactor, is in a generally circumferential direction with
regard to a cifcle.through the vertex and centred about the

15 centre.of the reactor so as to form a whirling flow of the

" gas upon ejection.

2. A gas distributor élate as defined in claim 1
further comprising holes to be p051tloned adjacent to a side
wall of the reactor, the dlrectlon of ejection of the gas

20 from an outlet of a hole positioned adjacent to the reactor
side wall in use being outward from the direction of a

tangent to a circle through the hole and centred about the

centre of the reactor and substantially along the whirling

flow.

25 3. A gas distributor plate as defined in claim 2

wherein the phantom squares for the arrangement of holes are

constituted by crossed lines equidistantly running and are-

1M



positioned in use adj acent to the reactor side wall have theFFeaEretrs ===

ofiented outwardly of the direction of a tangent to a circl ¢ EERGERENEET SHE =
with a cross section of the 20

reactor at an angle of 20 tq|70 mnég%ﬂb? 1936
tangential direction. 7. A gas distributor plate as defi nedpaien. geres- e
preceding claimwherein said line lies fromthe vertex of the-sguare toward
a position on a side between two other_ % vertices of the sane square which
are adj acent. 8. A gas distributor pl

te as defined in any preceding

claimI, me{ﬁﬁhé%‘:%ﬁélf)&f&ﬂé $os4R88nEA Bk Y Ieleidel BaBl of
sem ci I'CU| ar contour.

the reactor.

4. A gas distributor plate as defihed in claim 2 or
3 wherein the outlets of the caps over the holes that are,
in use, adjacent to the side wall of the reactor are
positioned in a circle in an outer peripheral portion of the
plate.

5. A gas distributor plate as defined in claim 2, 3
or 4 wherein the outlets of the caﬁs over the holes in use
10 positioned adjacent to the reactor side wall have a diameter
of 5 to 30 mm, and the holes in use positioned adjacent to

the reactor side wall are arranged at a spacing of 15 to 400

mm and in use spaced apart from the side wall by 15 to 400

mm.

15 6. A gas distributor plate as defined in any one of

claims 2 to 5 wherein the caps provided over the holes
positioned in use adjacent to the reactor side wall have:
their outlets oriented outwardly of the direction of a
tangent to a circle concentric with a cross section of the

20 reactor at an angle of 20 to 70° with the tangential

direction. ‘ _

7. A gas distributor plate as defined in any
preceding claim wherein said line lies froﬁ the vertex of
the squaie toward a position on a side between two other

25 vertices of the same square which are adjacent.

8. A gas distributor plate as.dgfined in any
preceding claim 1, wherein said caps comprise caps having an
outlet with a semicircular contour. |

9. A gas distributor plate as defined in any

\_'

g
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9. A gas distributor plate as defined in any - 19 -
wherein said caps conprise caps having an outlet with a se
cont our. 10. A gas distributor plate as defined in any pr
wherein said caps conprise caps having an 5 outlet with ar _
contour. 11. A gas distributor plate as defined in any precedlng Clalm
wherein the outlets arranged at the vertigefb -

(ﬂﬁﬁﬁﬁ

...................

preceding claim wherein said caps comprise caps having an
outlet with a semicircular contour. |

10. A gas distributor plate as defined in any
preceding claim wherein said caps comprise caps having an

5 outlet with a rectangular contour.

11. A gas distributor plate as defined in any
preceding claim wherein the outleté arranged at the vertices
of the phantom squares have a diameter of 5 to 30 mm, énd
the holes are arranged at a pitch of 15 to 400 mnm.

10 12. A gas distributbr plate as defined in any
preceding claim which comprises at least two segments to be
assembled into a main body and to be arrangedlhorizontally‘
in combination.

13. A gas distributor plate as defined in any one of

15 claims 1 to 11 for use in combination with at least one
other gas distributor plate aé defingd in any one of claims
1 to 11.

14. A gas distributor plate as defined in any
preceding claim which is used for a fluidized bed reactor

20 provided with a stirrer to be positioned within the said
reactor.

15. A gas distributor plate as defined in any
preceding claim which is provided with a reinforcing support
structure beneath the plate.

25 ~16. A gas distributor plate for use in a fluidized

' bed reactor whefein the plate has a plurality of holes

including at least two parallel rows of holes having none of

_
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of the phantom squares have a diameter of 5 to 30 mm and tfE—fiotreésare '
arranged at a pitch of 15 to 400 nm 10 12. A gas ﬂ?ﬁﬁﬂﬂ%ﬁﬁﬁﬁ“TsﬁﬂET

pl ate as defined in any preceding claimwhich conprises at
segnents to be assenbled into a main body and to be arrange
in conbination. 13. A gas distributor plate as defined in any one of 15
clainms 1 to 11 for use in conbination with at | east one other gas
distributor plate as defined in any one of clains 1 to 11. 14. A gas
distributor plate as defined in any precedijg-claimwhich is used for a
fluidized bed reactor -

said plurality of holes therebetween, each of said holes

being covered with a respective cap having an outlet for
orienting a gas to be ejected from the outlet in a
predeternmined direction, the direction of ejection of the

5 gas from an outlet positioned at a vertex of a square in use
being substantially parallel to thé surface of the plate and
along a line which, when the plate:is mounted in the
reactor, is in a generally circumferential direction with
regard to a circle through the vertex and centred about the

10 centre of the reactor so as to form a whirling flow of the
gas upon ejection.

17. & gas distributor plate according to claim 16
comprising a plurality of said parallel rows such that at
least some of the holes in said rows are arranged

15 respectively at the vertices of at least one phantom square.

18. A gas distributor plate constructed and arranéed
substantially as hereinbefore described with reference to
the accompanylng draw1ngs.

19. A fluidized bed reactor incorporating a gas

20 distributor plate as defined in_ahy preceding clain.

N 0 O



2Q provided with a stirrer to be positioned within the said H‘ﬂcFﬁFFf$§;=====g=
A gas distributor plate as defined in any preceding clai m whijch=I $"PFéENT@MEST

with a reinforcing support structure beneath the plate.

25

gas distributor plate for use in a fluidized bed reactor mhetéﬂ&ﬂﬂggﬂggﬁiﬁmﬁm.

has a plurality of holes including at |east two parallel rows of ho

havi ng none of - 20 -
- 21 -
ABSTRACT
AS DISTRIBUTOR TE FO D

ACTORS

A gas distributor plate for use in a fluidized

bed reactor, the gas distributor plate having holes

arranged respectively at the vertices of a multiplicity

of phantom squares adjoiniﬁg to one another on the

distributor plate and at positions close to

A2

-

side wall

of the reactor, each of the holes being covered with a

cap having one outlet for orienting a gas to be ejected

from the outlet toward a specific direction, so that

polymer particles are prevented from adhering to the

plate or agglomerating to ensure a stabilized operation

for a long time.

FIGURE 6



sai’d plurality of hol es therebetween, each of said hol es bei ng—coversd -
a respective cap having an outlet for orienting a gas to be ej é’tﬂPé.a"ErfcﬁmT%iEET
the outlet in a predetermned direction, the direction of ejegtion (ﬁztdﬁ 5|996
gas froman outlet positioned at a vertex of a square in use [pélat:.. ..o N80
substantially parallel to the surface of the plate and along 3 ;
when the plate is nounted in the reactor, is in a generally C|rcum‘erent|al
direction with regard to a circle through’4t he vertex and centred about the
10 centre of the reactor so as to forma whirling flow of the gas upon

ej ection, 17. A gas distributor plate according to claim 16

/"‘f ————— N . .
[ 7N _, direction of
|/ ejection of the 8as
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comprising a plurality of said parallel rows such that at Ieast::s:aﬂn----ﬁ#--phe,- -
holes in said rows are arranged 15 respectively at the vert;| BEBLACEMENT SHEET
| east one phantom square. 18. A gas distributor plate constijucted na
arranged substantially as hereinbefore described with refer n@zeetaaZt QT QQ&
acconpanyi ng draw ngs. 19. A fluidized bed reactor incorpoFratrAgegas=28
distributor plate as defined in any preceding claim

2/4

FIG. 2

direction of
> ejection of the gas

J

i rF o [/
WRZBN 72727229 R

~ direction of
sl | ejection of the 8as
3

hS A RS SNANY

0) T AT T T )




REPLACEMENT SHEET |
Date 02 0CT 1936

inappropriate |/7--..
positioh of -
the cap

. .‘ "
I’l'
'/-/ "-.v
' / 7
- 1_ M
=== \JA

0 N | 20




EET

|

pate -..0.2.0CT.. 1996

REPLACEMENT 8H

4/4

FIG. 6

b)

=

e
*,

et
-

.t..—_..
3

I
1
|
[
|

——t




