WHAT..I' S CLAIMED 1S: 1. A powder catalyst supply apparatus for supfW7ry>%
powder catalyst to a gas phase polynerization reactor together wwth a gas

serving as a polynerization material, conprising: catalyst storage means

.

for storing and supplying the powder catalyst; gas supply neans for
suppl yi ng the pol yneri zation material, gas; and a jet punp type powder
supply apparatus for generating a negatlvel pressure.therein by accelerating

a flow of the gas flowing fromsaid _gas supply neans,” drawi ng the powder
catal yst storage from said catal yst é@%%kg by negative pr essure

and

suppl yi ng the powder ta S ase. nerization rea
together with the g T}Cévm%%%lgﬁtr%m gixjg‘é - bﬁ% %p% er%' upﬁl y %‘b ?at us
conprises: a cas*aaia/:ejssusﬁbpnyf | Sy haﬁanaefg‘ioe‘iaéﬂ §3pP19° R Sta S or age™

through a first pipe;
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and, more pc.r—lcula...ly, to a powder catalyst supply
systen and a powder supply apparatus suitable for gas
phase polymerization reaction c¢f olefins, e.q.,
ethylere and propylene. .

Related Backocrsocund Art

In recent years, -improvements in catalysté of
transition =metal for use in the polymerization .of
clefins have remarkably improved the 'produc_:tivity cf
olefin polymers per un:.t amount of the trar;sition
netal, consequently obviat ting tke need for the removal
of the catalys‘t after the po.‘_l.ymerization.

When such highly active catalysts are used,
olefins are generally polymerized in a gas phase since
the polymerization 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 the reactor through a supply pipe

is forced upward as uniformly distributed by a gas

' --d:Ls r:.butcr plate to cause an olefin polymer and the

catalys_jl:; *in the form of polymer particles to mix
within ;_a;‘fluidized bed for polymerization.

. In the fluidized bed type reactor of this type,
the - powder catalyst must be ‘continuously or

intermiftently _supplied _into _the reactor under

\j Drawing(s) :paged '[“ to paged . Ja....
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a gas feed flow path connected to said gas supply neans through a second
pi pe; and a di scharge flow path connéctéd to said gas phase pol yneri zation
reactor through a third pipe, wherein-said gas feed flow path and said

di scharge flow path are coaxially arranged in series at a predeterm ned

space’ t here between,

said gas feed flow Bath has a convergent nozzle fornmed

at an end portion thereof opposi ng said dj scharge flow path, said discharge
flow path has RES$E3Ee FCOnfRRLIANPENGHotIF T t RerRRY eppsataivstid

- nozzl e of said ath, and said catal yst suction flow path being in
_fI ui d commruni cs‘?ﬁ%#mﬁ;ﬁgiﬁrd ‘space-suchthat  a central axi's thereof
intersects a comomgenk’ Jisuidsad $al éa@@%és%edpéte%p%%ﬁ%ﬁ%d_

d| scharge flow path at a-predeterm ned . angle. .
‘No. 49-17426 ~and  Japanese. Patent La:.d-Open

5 No. 60-227824, in a conventional powder catalyst

' supply system, a pbw&er catalyst is suppli'ed under

10

' pressure from a powder catalyst storage container

~through a powder catalyst metering unit with an inert

gas or <=a hydrogen gas, and the powder catalyst,
togeth’er' with a gas serving as the polymerization
material, is supplied via an intermediate chamber and

a Venturi tube.

Note that terms "polyﬁerization" and "polymer" to

be

used herein  include the meanings  of

15 Yhomopolymerization" and "copolymerization", and the

20

25

meanings . of . "homcpolymer" and "copolymer",
respectively.

Since the conventional powder supply system has
the arrangemén'{:- as ”d'e'sc':fiiaed above,_ the polymerization
material gas can be gi:adually diffused. into the pipe
connected to the storage container and causes

polymerization in this pipe or the powder catalyst

storage container, so that. an agglomerate can be

sometimes undesifabvly formed. - .

- SUMMARY OF THE INVENTION . -

.. It is, therefore, a primary object of the present
invention to provide a powder catalyst supply system
and a powder supply apparatus which can prevent a

material gas from being diffused or flowing backward
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2." An apparatus according to claim1, wherein the angle defined by the
common central axis o0f said gas feed flow path-said di scharge flow path and
the central axis of said Thi s Sheet Has Been Repl aced -2- catal yst
suction flow path is [err]. 3. An apparatus according to claiml1l, wherein’
the angle defined by the central axi$ of saBd gas feed flow path and the
central axis of said gas feed flow path and the central axis of said

“catal yst suctiont® (ﬁhﬁ)ﬁhdgsolfeés atalysy. rﬁtcmagﬂncappanmeus &deoretiyng to

any one of clai mf:reve?xt:.n rel ?o%%aglg%%%lfe a pclymer ag’g‘lomerate in
a system l:Lne, ‘and, what :Lf & polymer agglonerate is
generated percelve the *’o*-matz.cn of a polymer
5 agglomerate in a system line before that is exceeding,
so Supply a powder catalyst to a gas phase
polymerization reactor efficiently.
According to the present invention, there is
- provided a ﬁowdei: catalyst supply system for suppiying
10 a powder catalyét to a gas phase polymerization
reactor together with a gas serving ae a
polymei'ization m-ater'ial', comprising catalyst"si:orage
--m_.ea'ns' for storing and éﬁpplying the powder catalyst,
gas supply means for supplying the polymerization
15 material gas, and a jet pump type powder supply
apparatus for generating a negative pressure therein
by accelerating a flow of the gas flowiﬁg from the gas
supply means, dﬁ:awing the powder catalyst from the
catalyst Stcrege ﬁee:is bythe negative preseure, and
20 supplying the powder catalyst to the gas phase
polymerization reacter together with the. gas.

) With this arrangement, the powder catalyst is
efficiently drawn by suction from the catalyst storage
mea‘.ns-"and' supplied to the gas 'phase polymerization

25 reactor together with the material gas. Since the
- interior of the '-po'wder- supply apparatus is set at the
negative pressure, the material gas will not flow
backward or be diffused from the powder -supplf

- apparatus to ‘the catalyst storage means.
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| ' [ fromthe central axis.
arranged such that a distal end thereof is retreated i _
of saigd catal yst suction flow path in a direction to be separated fromsaid
di scharge flow path. 5. An apparatus according to any one qf claims 1 to 4d
wherein mnimuminner diameters of said catalyst suction flow path and sai _

[ ' "not less than 10 ¢ines a povvder particle dianeter
di scharge flow path are oy one of cl B me T to

of the powder cata PRL aLus accordin
5, wherein said povéﬁ su;}’pﬁ%rE app%ﬁa%’ﬂglf:g &r S lﬁﬁ:kﬁl%toantimeet of

ar at us
'sai d catal yst peoetiesnstbpuypapharatds ¢ gfﬁki%i’% th%a%%&%gps%%%onaf sai d

according. to.claim®6, wherein an angle d

© hcte@ Sot e hoztadpsel sayd Smeghs! 0 NOt
catal yst sucti®ho¥| m%t reqhe p P s ofr?%appar%%s

ccordi ng 16 St oFSRERARY Sher BonER Healind | huomsy o amentyst axi s
of the said Caéﬁ’éﬁ‘ééesﬁéhhgn B QuPatdedy ol esggﬁt cto%n%cri]:%rdl Ztct)::nttallxe plane
gas supply means, and a discharge flow path for
discharging the drawn powder catalyst together with
the gas sent from the gas supply means, wherein the
gas feed flow path and the discharge flow path are
10 coaxially arranced in series at a pPredetermined space
therebetween, the gas feed flow péth has a convergent
noczzle formed at an end portion thereof opposing the
discharge figw path, _the"'discharge flow path has a
diffuser formed at an end portion thereof opposing the
15 'nozzle of the gas feed flow path, and the catalyst
suction flow path hydrodynamically communicates with
the above space such that a central axis thereof
intersects a common central axis of the gas feed flow
path and the discharge flow path at a predetermined
20 - angle. '

This system can also employ a so-called aspirator
type . powde;*: supply épparatus in which a catalyst
suction flow path and a discharge flow path are
coaxially arranged in series, the discharge flow path

25 has a diffuser formed at an end portion thereof
opposing the catalyst suction flow path, and the gaé
feed flow path is formed in one gas feed pipe
cc:;nstituted bj_ a first portion exténding across the

catalyst suction flow path and a second portion
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i's set not |ess 600. 9. An apparatus according to any one of clainms 1 to 8,
further conprising: gas injecting neans, provided tosaid powdersupply
"apparatus, for injecting a catalyst renbving gas to renove the powder

catal yst retaining around sai d nozzle, and_gas supply neans for supplying
the catal yst renoving gas to said gas inje8ting nmeans. 10. An appar at us
according to clgim9, wherein the catalyst renoving gas is a gas serving as

a. pol ymeri zat i o WH@SFALAY tPrmed, Wiky $1FSHRATHER AGieKktEnding ei n

the catalyst re ' [ i N g drgﬂgg 12. A _

appar at us accorglgng ’t%o %I ait?na 1?,&\/\,{1%&@ ?%t#geh% rt gas is dry- -ﬁl-r-rf-r-or{d%%--gas. =

_ catalyst suction flow path, the second portion of the
gas feed pipe having a distal end formed with a

convergent nozzle separated from the diffuser at a-

5
-predetermined space. -

These and other features and advantages of the
present invention will become apparent to those
skilled in the art upon a reading of the folléwing

10 | detailed description when taken in conjunction with
the 'dréwings wherein the're. is shown and described an
illustrative embodiment of the invention.

. BRIEF DESCRIPTION OF THE DRAWINGS
' In the <course of the following detailed

15 description, reference will be made to the attachéd
drawings ih which: .

Fig. 1 'j.s'_ a view showing the schematic
arrangement of a powder catalyst supply system using
an ejector; _ . . L _

- 20 | Fig. 2 is a sectional view showing ‘the basic . -
'az"'ra.ngeme'nt of an ejector according te the first
embodiment of the present invention; |

-~ Fig. 3 is a sectional view showing the concreted
" arrangement of tlhe ejectbr shown in Fig. 2 ; '
25 ' Fig. 4 is a sectional view‘-showing the basic

arrangement of an ejector according to the second
- embodiment of the present invention;
Fig. 5 is a sectional view showing the basic

arrangement of an ejector ‘according to the third

This Sheet Has Been Rerlaced .



-3-_13. An apparatus according to any one of claims 1 to 12, wherein said
powder supply apparatus is provided with a retention preventlve menber for
preventing the powder catalyst fromretaining at a | ower a portion of a gap
defined around said nozzle. 14. An apparatus according to claim 13, wherein
said retention preventive nenber extendseéfromsaid | ower portion of the gap
defined around said nozzle to an inlet portion of said diffuser through a

| ower portion exbedimeptcofbshecpresant Jdaenddedrfl ow path and said

-_35332?“8& 2l yst to BigasSpiged 3 q%?é%%ﬁvi%v??'e%%eﬁpgﬁgﬁf 508 WAE o gaS
serV|ng as a gpLyq@réfafign gaterlal conprising:
Fig. 7 is a sectional view showing the basic
5 ' arrangemenft;' of ‘an ejector according to the fourth
embodiment of the present invention;
| Fig. 8 is a view :showing ‘the schematic
arrnngement of a powder catalyst supply systenm uSLng'

_ _ an aspirator;

10 ' Fig. 9 is a sectional view showing the basic
afrangement of an aspirator according to the first
embodiment of the present 1nventlon,

Fig. 10 is a’ sectlonal view taken along the line
'B-Bofmg.s,' |

15 Fig. 11 is a sectional.view showing the basic
arrangement of an espirator according to the second
embodiment of the present invention; and

N Fig. 12 is a sectional view taken along the line
C -~ C of Fig. 11.

20 - DES IPTION OF : PREF ED EMBODIMENTS _

. In the following description, 1like reference
characters designate 1like or corresponding parts
throughout the several views. Fig. 1 schematically
shows the arrangement of a powder catalyst supply

25 Ssystem according to the present invention which is.
used in a sjstem'fer'manufacturing_a polymer, e.d.,
polyolefin. This powder catalyst supply system has a
catelyst storage container or hopper 10 for storing a

pbwder‘ catalyst used for polymerization reaction,

This Sheet Has Been Rei aced
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cat al yst storage neans for storing and supplying the povvder catal yst; gas

supply nmeans for supplying the pol ymeri zation nmaterial gas catalyst; a jet. 7

'‘punp type powder supply apparatus for. generating a negative pressure
therein by accelerating a flow of the gas flow ng fromsaid gas supply
means, draw ng the pomder catalyst fromsaid catal yst storage neans by the

negative pressure g4 a t i

pol ymeri zati on red tor tog;mf#er wﬁ%ﬁ%‘%%ﬁhﬁgﬁ %ﬁlﬁe‘i %fﬁgb? pe
powder supply apggenigiss CORRBES G561 ynei A4y bén SHehtenr! |10 PahE @O ted
to said catal yst storage neans through a first first pipe; a gas feed flow
pat h connected S¥PFIYd W%pbﬂyfﬁﬁamm 2 saxbenilapi gas,ared.ga., '

di scharge fl ow Eath cg gect ed to sai d{__gas phase pol.ynmerization reactor a--
Cthird pipe, whePBin 8af§2Bat aFFSt sEEFVORTt | AF pattit®ind ReheF fkchdiore flow

pat h ar egcoaxi abblymerzzatlon reaction. The gas supply source 14 and

. the gas phase po_lymer:.zat:.on reactor 12 are connected
to each other th_rougl_; a jet pump type powder supply ..
apparatus (to be described later), i.e., a so-called
ejectof 16, and a. 'catalyst suction port 18 of the

10 ejectot' 16 is coﬁnected' toc a catalyst outlet port 20
of the hopper 10. In brief, the ejector 16 qenera_tes,
at its catalyst suction port 18, a negative pressure
corresponding to the flow rate or the 1like 'of the.

) material gas flowing from a gas feed port 22 to a

15 disoharge port 24. The catalyst drawn by suction
through the catalyst suction port 18 is sent from the
discharge port 24 into the gas phase polymerization
reactor 12 together with the material gas.

The hopper 10 is provided with the catalyst

20 | _ outlet pert 20 at its lowermost portion through whlch.
the powder _cata.lyst is let to fall freely. The
catalyst outlet port 20 and the catalyst suction port
18 of the' ejector 16 are conhected ‘to each other

. tth‘?gh a N first connecting pipe 26.- ' fThe first
- 25 connec‘ting pipe 26 -pref.e_rab_ly_ has an inner diameter
- equal to 10 times or more, preferably 100 times the

_partlcle dlameter of - the powder catalyst so as to

prevent the closing of the .first connecting pipe 26' -

with the powder catalyst. The first connect:.ng pipe

is Sheet Has Been Replaced
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arranged in series, said discharge flow path has a diffuser fornmed at an
end portion thereof opposing said catalyst suction flow path, and said gas
feed flow path is formed in one gas feed pipe constituted by a first
portion extending across said catalyst suction flow path and a second
portion integrally formed with said -8 first portion and extending in
said first portion and extendinapin sal d catal yst suction f|ow path

coaxial ly to s%? d+3i SUMATGESRI Bathat sthe BB PHotEF AL Lhitdhe eed
PP 1 00er ShPLhaataoasEcHiLh it VRigRe WU ALY O
' plane is equal to or larger than the angle of repose
_of the powder catalyst particle, and is more
5 . preferably 60° or more. In the most preferable case,
as shown in Fig. 1, the first connecting pipe 26 is
~disposed. such that the ahgle of its axis in the
ldngitudinal direction with respect to the horizental
plane is 90°, i.e., is in the vertical direction. |
10 ~ The angle of repose is a maximum angle with
respect to the horizontal plane, with which the
surface layérs of the group of powder particles can
retain a stationary state by the friction with each
other. More specifically, the angle of repose means
15 an angle ‘defined by the horizontal ‘plane and the
generati_ng line or inclined surface of a circular cone
which is formed when powder particles are let to
continuously fall from a small hole or a gap to
deposit on a flat surface (Takeshi Karino, "Powder
20 Transportation Techniqﬁe"; Nikkan Kogyo Shinbun-sha,
P.32). | |
As shown in Fig. 1, a valve 28 for shutting off
commﬁnication of the powder catalyst is interposed in
the fifst connecting pipe 26. In this embodiment, the
25 powder catalyst is let to fall freely from the hopper
10Q Therefore, a pressure egualization pipe 30 is
connected between the hopper 10 and the first
connecting pipe 26 in order to adjust the pressure

difference between the hopper 10 and the first

—
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16. An apparatus accordiig to claim 15, wherein said catalyst suction flow
path is substantially straight and cylindrical. 17. An apparatus accordi ng
to one of clains 15 and 16, wherein a m:nimum size of a portion around said
- second portion of said gas feed flow path and a m ni numinner di aneter of

- sai d discharge flow path are set to not lesp than 10 tinmes the powder
particle dianmeter of the powder -catalyst. 18. An apparatus according to any

one of clainms 1l5cémnéctingepape °¥.d powder supply apparatus is arranged
such that an inlet of said catalyst suction flow path is directed upward

and a central axis ofAithgught aﬂ%tsbaﬁnl o f Fé@.pat,h ars ¢serkendgd=w or -
vertical o oot e dfen "LaAPPRL EUS T00 LG el a0 herel sald
thereof with respestesf AR’ gl Ratdf st "FrdfSsebld1y 29! £,0
repose of the powder catalyst:
5 hopper 10 and the flrst connecting pipe 26.  This gas
serves also as the carrier gas of the catalyst.

Fig. 2 shdws_the basic:arrangement of the pewder'
supplying ejectcr 16 which can be used in the powder
catalyst supfly system shown in Fig. 1. As is

10 understood from Fig; 2, the ejecter 16 has a gas feed

| pipe 32 whose'interior serves as a feed flow path 33

of the mater:.al gas and a discharge pipe 34 whose

interior serves as a dlscharge flow path 35 of the

'materlal gas ‘and the powder catalyst. A convergent

15 nozzle 36 is formed at the end portion of the gas feed

pipe 32 on the discharge pipe 34 side, and a diffuser

38 is formed on the dlscharge pipe 34. The gas feed

pipe 32 and the dlscharge pipe 34 are connected

coaxially and in series, and the outlet portion of the

20 ' nozzle 36 and the inlet portion of the diffuser 38 are

opposed to each other at a predetermined gap. The end

portion of the gas.feed pipe 32 on the opposite side

to the nozzle 36, i.e., the.gas7feed port 22, is

connected to a sedond connecting pipe 40 extending

_ 25  from the gas supply source 14. The discharge port 24

of the dlscharge plpe 34 is connected to the gas phase

i polymerization reactor 12 through a third connecting
pipe.42. | g ' |

' The ejector 16 alsc has a catalyst suction pipe.

is 'Sheet Has Been Reilaced
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20. An apparatus according to any one of clains 15 to 19, wherein said
first portion of said gas feed pipe has a circular cross-section. 21. An
apparatus according to any one of clains 15 to 19, wherein said first
portion of said gas feed pipe has a triangular cross-section, and said gas
feed pipe is arranged such that a vertex the triangular cross-section is

directed to an U}ﬂ@é
according to any oné

means, provi dedrie il NOMOSE ﬁ&@r&a&; aﬂ,e%%m,&p e&g g%ag#gtsal yst

renoving gas to renove the powder catal yst

f said c t ion flow path . 22. An apparatus
F &m&aﬁ%éyﬁ 2% Lf‘%ﬁ?é"r ¢ ??Ei‘-ﬁg PdRe i3f-ecting .

“sal

and gas supply areaastion Slowpl yath 4Beo:athéypbwdeﬂntamQIQ%%‘tﬁnﬁah% gas

i nj ecting neans.
catal yst renmoviily

%é%%

An apparatus according to claim 22, wherein. t he

1d s commanication with Bolspaae sdef tnednbetween 24. An

eed pipe; -

apparatys accorfidGds fldd 'Bige ¥9OUSA RO aLALALYSL [EFRVERY 933 an

I nert -

10

15

20

25

a so-called catalyst suction chamber 46. The central

axis of the catalyst suction pipe 44 is perpendicular

to the common central_axis of the gas feed pipe 32 and

the discharge pipe 34. Accordingly, this ejectqr'ls
has a-T-éhape.

- For use, this ejector 16 havihg:the T-shape is
arranged such that the'central axis of the catalyst
suction pipé 44 is coaxial with the central axis of
the first cqnnecting pipe 26. AAccofdingly, the
catalyét'sucfion-port.ls of the catalyst suction pipe
44 is set upward in'the vertical direction, and the
common axis of the gas.feed pipe 32 apd the.discharge
pipe 34 is set in the horizontal directicn.

With this -arfangement, even when no external
force is applied, the powder catalyst flows from the

hopper 10 to freely fall inﬁo the catalyst suction

.Chamber 46 of the ejector 16 through the first
) connecting pipe 26 and the catalyst sﬁétion pipe 44 of

- the ejector 16. In order to prevent the fallen-

catalyst from being depqsiﬁed to retain on the end

. portion of the gas feed pipe 32 on the side of nozzle
36, the end face of the gas feed pipe 32 on the nozzle

36 side is arranged as close as possiblé.fautﬁe'gas'

supply source 14 (on the left side in Fig. 2). It is

is Sheet Has Been Replaced
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gas or a hydrogen gas. 25. An apparatus according to cl aim 24, wherein the
Inert gas is dry nitrogen gas. 26. An apparatus according to one clains 18
and 19, wherein an inlet portion of said discharge flow path has a coni cal
recessed surface, and an angle of a generat‘Ll ng line of said recessed
surface with respect to a horizont aI pI ane *s not |ess than an angl e of

repose of the po | yst ccpr I ms
18 and 19, V\here'\fé\gggﬁ%ﬁ{?e%% 3ﬁ2c7 sal oéd*%c%a(?geéég a?%ahdmsp ?eﬁl cal
recessed surfacezzag¢ an ﬁ@gkelah &tgenﬂiéél Aot ereeeldisRy dthece%md:al
surface wi'th respect to a horizontal plane is not less than [err]. 28. An

appar at us. accordangstofar‘ghe)neata&yst suck iz m$)r4é|- ng RQEstb,ﬁesgaleges
e _purpcse, it is preferable to set t.he gas feed pipe 32
5  to have a t_ap_ered conical outer shape at its end
portion on the nozzle 36 side.
_ ‘The powder catalyst flows through the catalyst
suction pipe 44 and the discharge pipe 34. Therefore-,
_ _ in order to prevent th.e mter:.ors of the catalyst
10 suction pipe 44 and the discharge plpe 34 from
clogging with the powder catalyst, the minimum inner
~diameters of the catalyst suction pipe_ 44 and the
discharge pipe "34 are preferably set to 10 times or
more, preferably 100 times the particle diameter of
.15 the i:owder ‘catalyst, ."Ln the same manner as in the_
first connecting pipe 26.
As shown 1n Fig1, a diffe_rential pressure gauge
48 is proﬁ'ided between the first and third connecting
p'ilp.e:s 26 and 42 to measure the pressure difference
20 - between the discharge port 24 and 'l:_'.he catalyst suction
_pdrﬁ 18 of the e_j:ector 16; Furthermore, pressure |
gauges 50, 52, and 54 are provided respectively to the
first, second, and third connecting pipes 26, 40, and
. - 42 to measure the _respective pressures at thé catalyst
25 suction port 18, the gas feed port 22, and the
| dj..sch_arge. port 24 of the ejector 16, respectively; |
| In the powder catalyst .supply system having the
arrang'eine..nt. as described above, while the shut-off

valve 28 in the first connecting pipe 26 is open, when

is Sheet Has Been Re; laced
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for respectively detecting a pressure in said catalyst suction flow path, a
pressure in said gas feed flow path, and a pressure in said discharge fiow
path. 29. an apparatus according to any one of the clains 1 to 28,
conprising a differential pressure gauge for detecting a pressure

di fference between the pressure in saidieatal yst suction flow path and the
pressure in said discharge flow path. 30. An apparatus according to any one
claims 1 to 2%henhmaseniahe goowdds cauppided sfdemwilhy saisd gapgdy supply

appar at us from sald cat st stora nmeans together with an inert gas or
nPItorogen gas % %c}/ ..Bxe gas %%ase polyn?er:.zat:.on reactor 129 S

the powder catalvs.. flow= from the hcpper 10 ..m,o the' .
ejector 16 through the first connecting pipe 26 by the
5 gravity and is at the same time drawn into the ejector
16 by the suctior_l of the ejector 1i6. More
specifically, when the inaterial gas flows into the gas
feed pipe 32 of the.ejector 16 and is injected from
the nozzle 36, its flow irelocity is increaseci in the
10 catalyst suction chamber 46, and the pressure in the
catalyst suction chamber 46 is decreased to be lower
than that 1n the hopper 10. 2As a rlesu-lt, the powder
ca'talyst cé.n be reliably:"drawn by suction from the
hopper 10 into the catalyst suction chamber 46 of the
15 ejector 16. Since the pressure in the catalyst
suction chamber 46 is lower than that in the hopper
10, the material gas will not be diffused toward the
hopper 10. The powder catalyst drawn :Lnto the
catalyst suction chamber 46 is entralned J.n ‘the
20 | material gas injected from the nozzle 36 and is fed to
| the. discharge pipe 34. The flow velocity ‘of this
material 'gas containing the catalyst is decreased by
th'e. diffuser 38, and . the. 'pi'essure' thereof is
increased. Thereafter, the material gas containing
25 - the 'catalyst is sent into the gas phase polymerization
| ~reactor 12 through the third connecting pipe 42. |
When the powder catalyst is drawn  into the
catalyst suction chamber 46, since the distal end of

the gas feed pipe 32 is arranged at positions as

This Sheet Has Been Replaced
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&

enbodi nent of the present invention; Firg. 6 is a sectional view taken al ong
the line"A-"Aof "Fig. 5; Fig. 7 is a sectional view showi ng the basic
arrangenent of an ejector according to the fourth enbodi ment of the present
invention; Fig. 8 is a" view showing the schenmatic arrangenent of a

powder catalyst supply systemusing an aspiyator; Fig. 9 is a sectional
vi ew showi ng the basic arrangenent of an aspirator according to the first

enbodi ment of- t henpitesenrls | poerlibde from the central axis of the
- catalyst suction pipe 44, as shown in Fig. 2, the
powder e;t.:_é.lyst. :Ls _ éﬁﬁpréssed from being -deposited' on
thé outer surface of the nozzle 36 . Accordingly, most
5 of the catalyst sent from the hopper 10 is sent to the
gas phase polymerization reactor 12.

At this time, if no abnormality occurs, the
pressure bailanc‘e in the powder catalyst supply system
satisfies

10 ' _ P2 > P3 > P1
where P1 is the pressure at the catalyst suction port
18 of the ejector 16, P2 is the pressure at the gas
feed port 22, P3 is the':pigssure at the discharge port
-.24. In this case, a pre_ssure difference AP between
1.5 the pressure Pl at the catalyst suction port 18 and
the pressure P3 at the discharge port 24 is determined
by_ the mass and flow rate of the material gas, the
_size and shape of 'the_ nozzle 36 of the gas feed pipe
32, the size and shape of the diffuser 38 of the
20 dis_charge pipe 34, 'and_ the like. Normally, since the
pﬁessure P3 at the discharge port 24 is determined
depending on the pressure in the gas phase
ﬁol?meriz;tion reactor 12, the pressure Pl at the
catalyst suction port 18 <can be determined
25. - accordingly. |
d These pressures P1, P2, and P3, and ﬁhe pressure
difference AP can be constantly monitored by 'i:he
pressure gauges 50, 52, and 54, and the differentia;t

' pressure gauge 48 d_es'cribed' above, and an ab.norma_litjr
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Fig. 10 is a sectional viewtaken along the line B - Bof Fig. 9; Fig. 11
is a sectional view showing the basic arrangement  of an aspirator according
to the second enbodi nent of the present invention; and Fig. 12 is a
sectional view taken along the line C- C of Fig. 11. DESCRI PTION OF THE

PREFERRED EMBODI MENTS I n the followi ng description, |ike reference
characters designate like or corresponding parts throughout the
several views.inFrgPipes@aiheke cAPFFCERGNT IR ArYRRGRARAD 3R FHRSRler

~catal yst Supmﬁ%eesures. . For example, when the material gas is
" supplied from the gas supply source 14 at a
.pfedetefhined”fioﬁ.fete; if-fﬁ.eﬁd)er'?B ie-incfeased,

5 . generation of an agglomerate in the line between the
gas supply source 14 and the gas phase polymerization
reactor 12 can. be detected. Then, troubles, e.g.,

qlogging of a pipe, can be prevented.

_ When the pressure difference AP is decreased dﬁe
10 to a cause such that the third connecting pipe 42
extending into the gas phase polymerization reactor 12

clogs, the material gas can undesirably flow backward

from the catalyst suction.chamber 46 of the ejecter 16

to the first connecting pipe 26. Hence, whether or

15 not the reverse flow of the material gas can occur can
be determined by constanﬁly monitoring the pressure
difference AP by the differential pressure gauge 48.

If the material gas should possibly flow backward to

the hopper 10, the shut-off valve 28 may be closed

20 immediately. | '
" Fig. 2 shows the basic arrangement of the ejector

16. An example of a detailed concrete arrangemeﬁt.of
_the-ejector 16 is shown in Fig. 3. An ejector 16

shown in Fig. 3 has, in addition to a catalyst suction

25 ._pipe_44,la gas feed pipe 32 and a discharge pipe 34
'simjlar to those described above, a body block 56. A
T-shaped through hole 58 is formed in the body block

56. Portions_séaleea 58b of the-thfough hoie 58 are

coaxially arranged, and a portion 58c is perpendicular
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system according to the present invention which is used in a systemfor

manuf acturing a pol yner, e.qg., polyol efii. This powder catalyst supply

system has a catal yst storage container or hopper 10 for storing a powder

~catal yst used for polynerization reaction, 7 e.g., the Ziegler-Natta
type catalyst, a fluidized bed type gas phige pol ymeri zation reactor 12,

and a gas supply source 14 for supplying a"material gas, e.g.

to the portions 58a and 58b. Threaded portlons 5%a,

| 59b; and 59c"are formed on the portions 58a; 58b, and
58¢, respectiﬁe'y._ Threaded portlcns 60z, 60b, and
60c . ‘ormed on the outer c1rcumferent1a1 surfaces of
- " the gas feed p1pe-32, discharge pipe 34 and catalyst
sudtion pipe 44 are threadably engaged with the
threaded portions 59a, 59b, and 53¢, respectively.
' Thus, the gas feed pipe 32, the discharge pipe 34 and
‘the catalyst suction pipe 44 are fixed to the body
10 block 56 in the same order as in Fig. 2. Threaded
. portions 6la, 61b, and 6lc are preferably formed on
tke outer'cifcumférentig} surfaces of the exposed end -
portions of the gas feéé pipe 32, the aischarge pipe
34, and the catalyst suction piﬁe 44, respectively.
15 Although not shown, these threaded portions 61la, 61b,
and GiC-are used to couple the first, second and third
first connecting pipés 26, 40, and 42 to the ejector
16 by using nipple joints or the like. |
‘The arrangement of the ejector 16 shown in Fig.
20 ' 3 is illustrative and not restrictive. Therefore, an
ejector 16 may be ihtegrally formed .with é'catalyst
suction pipe 44, a gés-feed pipe 32, and a discharge
ﬁipe 34. If the ejector is integrally formed with
. théée'pipés; leakage of the gas and the catalyst can
25 = Dbe completely prevented. |
'Y " Fig. 4 shows the basic arrangement of an ejector
-according -to .the.. second embodiment of the .present
invention. This ejector 16"is substantially the same =

" as the ejector 16 shown in Fig. 2 except that a
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an olefin gas serving as the material for polynerization reaction.
The gas supply source 14 and thé gas phase pol ynerization reactor 12 are
connected to each other through a jet punp type powder supply apparatus (to
be described later), i.e., a so-called ejector 16, and a catal yst suction
port 18 of the ejector 16 is connected to a catalyst outlet port 20 of the
hopper 10. In brief, the ejector 16 genérsdt es, at its catalyst suction port

i ori Al gas (AT N R GRCPr R Sore 23o0d Rt KRRt B The
catalyst drawgfWgCl40N The angle defined by the central axes of -
| the catalyst suction pipe 44 and a gas feed pipe 32 is
30° or more, and is preferably equal to or larger thé.n o
5 the angle of repose of ‘the powder catalyst particles.
The operation of the eﬁector 16’ is the same as the
ejéctor i6 showi; in ?ig. 2,' and a catalyst transported
through the catalyst suction pipe 44 is fed into a
discharge pip_e 34 compara.tiveiy' smoothly. Although
10 the ejector 16 of Fig. 2 has advantages such that the
manufacture and piping plan of the systém are
facilitated,. an energy l'oszs, occurs since the traveling
" direction of the powder éatalyst is changed by about
90° in the catalyst ‘suction chamber 46. In contrast
15 : tb this, in the ejedtor 16’ of Fig. 4, accumulation of
the catalyst on the end portion of the gas feed pipe
.32. on the nozzle 36 side is suppressed due to the
smooth flow of the catalyst. |
Figs. 5 and 6 show an ejector according to the
20 third embodiment of the present invention. As is
understood from Figs. 5 and 6, this ejector 16" is
substantially the same as the ejector 16 shown in
Fig. 2 except that - the outer diameter of the end
_ .por'tion of a gas feed pipe 32 on a nozzle 36 side is
25 decreased and that an annular space 62 is formed
| 'ardhhd ‘it. This séat:e 62 is in fluid communication
with a hole 66 formed in a surfounding portion 64.
The surrounding portion 64 defines a catalyst suction

chamber 46 by surrounding the opposing end portions of
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Ehrdﬁgh the catal yst suction port 18 is sent fronithe discharge port 24
I‘'nto the gas phase pol ynerization reactor 12 together with the nateri al
gas. The hopper 10 is provided with the catalyst outlet port 20 at its
| ower nost portion through which the powder catalyst i's let to fall freely.
The catal yst outlet port 20 and the catal st suction port 18 of the g
ector 16 are connected to each other through a first connecting pipe
26.  The first thengast iflepdigipe @ paske raldisdiargs piper34l atetsmaldqual
to 10 tines or nore, referabl 100 tines t?e ggrtlcle di anmeter of the
pomder catalystaEG suitable gas, e.g.., erlal gas, inert gas
or hydrogen gas, lS fed frcm e ca= supply source (not _
shown) into the hole 66.

5 ' When a small amount of material gas, inert gas or
hydrogen gas is continuously or intermittently fed
into the hole 66, this gas is injected into the
catalyst suction chamber 46 thfough the space 62. The
catalyst retaining on the circumferential portion of

10 the end pcrfion of the gas feed pipe 32 can be removed
.by this injected flow. The removed catalyst is fed
from .éhe catalyst suction chamber 46 into the-
discharge pipe 34 by tﬁe flow of the material gas

_ flowing from the gas'feed pipe 32.

15 _ The gas for removing the catalyst is preferably

| en inert gas as it can undesirably flow backward to a
catalyst suction pipe 44. In. this cese; an
1nexpensxve dry nltrogen gas is de51rab1e. The supply
amount, the supply pressure, and the llke of the gas'

20 for removing the catalyst must be determined such that
the pressure in the catalyst suction chamber 46 will
not be increased to flow the material gas in the
catalyst suction chamber 46 to the hopper 10.

' Fig..7 shows an ejector according to the fourth

25 embodiment of the present invention. In this ejector
16", a retention preventive ﬁembe: 68 for preventing
retention of the cetalystiismprcyiﬁed to a portion in
a catalyst suction chamber 46 opposite to a catalyst

suction pipe 44. The retention preventive member 68
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prevent the closing of the first connect i ng pipe 26 with the powder
catalyst. The first connecting pipe 26 is connected such that the angle

of its axis in the longitudinal direction with respect to the horizontal
plane is equal to or larger than the angle of repose of the powder catal yst
particle, and i's nore preferably [err] @8 nore. In the nost preferable

case, as shown in Fig. 1, the first connecting pipe 26 is disposed such
that the angl efddlist g:hgﬂsgzap,e epEending from a portion under the end

....port:.on cf a gas feed pipe 32 on a nozzle 36 side to
:mthe"":i'.nlet pcrticn of 'a discharge pipe 34. The upper
_- surface ' of th.e. retention preventive mem.ber. 68 i.s
5 1ncl:r.ned comward 'in the flow direction of the
.materlal gas, and a portion thereof -adjacent to the
”-gas feed pipe 32 is _at- the same. level with the -
position of the edge portion of the outlet of the
nozzle 36 on the lowermost side.
10 In an ejector not having a retention preventive
member 68', i.e., an ejectc_r as shown in Fig. 2, a
. small amount of pcwder catalyst tends to retain under
the end porticn of the _ga:s feed pipe 32 on the uozzie
36 side. In contrast to_-lthis_, in the ejector 16"
15 having the retention preventive member 68, the space
under the nozzle 36 is .eliminated by the retention
preventiv_e._ member 68, so that the catalyst is
prevented. froin entering this portion. The powder
catal'y_st is smoothly g'uided to the discharge pipe 34
20 along the inclined upper surface of the retention
_prevent:.ve member €8. " In this embod:.ment , the upper
surface of the retent:.on preventive member 68 is a
flat surface. _Howev__er, it will be understood that the
upper _sur_face ._of the ret_ention. preventive' member 68
25 ._.can_ have other' shapes, e.g., a recessed surface.
¢ An experment w:.ll be descr:.bed wherein a powder
catalyst supply system according to the present

invention is used in a system for manufacturing linear

low-density polye_t_hg]_.ene_ by gas phase copolymerization

This Sheet Has Been Replaced




| ongi tudinal direction with respect to the hdri_zontal plane is [err], i.e.,

iI's in the vertical direction. The angle of repose is a maxi mum-angl e -wi-th-—---- -

respect to the horizontal plane, with which the surface |ayers of the group
- of powder particles can retain a stationary state by the friction with each
other.- Mre specifically, the angle of rep@se neans an angl e defined by

- the horizontal plane and the generating line or inclined surface of a
circul ar cone whefh eithy emedandent povlene par tIrl eRisr exmpérimesopt itheous| y

fall froma small hole or a_gap to deposit on a flat surface (Takeshi
Karino, " powder powder catalyst supp Yy system is.of the type as shown .. .. -

catalyst 'Supply syst—em is of the type as shown in

5 Fig. 4. Note that this ejector 16’ is provided with

a gas feed hole for removing the powder catalyst

accimulat_ed on the upper-s_urface of the end portion of

- a gas feed pipe 32 on the nozzle 36 side. .A. dxy

nitrogen gas was fed ‘into this gas feed hole and

10 constantly inj ected into a catalyst suction chambexr 46
at an injection amount of 1.0 Nm’/hr.

"The inner diameter of a catalyst suction port 18
of the _e'jector 16 was set to 25 mm, the minimum inner
diametér' of the nozzle 36 of the gas feed pipe 32 was

15 ‘set to 10 mm, and the minimum inner diameter of a
- diffuser 38 of a diécharge pipe 34 was set to 15 mm.
The angle defined by the axis of a. catalyst suction
pipe 44 and the axis of" the gas feed pipe 32 was set
to 45°. The material gas was a gas m:.xture of” |
20 ethylene and 1-butene, and the - catalyst was the
ziégler-—Natta type. catalyét .
The material gas was supplied_ from a gas supply
source 14 at a mass flow rate of 1000 kg/hr when a
' pressure P2 at a gas feeﬁ port 22 and a pressure P3 at
. 28 i a  discharge port 24 were 25 kgf/ci’G and 20 kgf/cm’G,
respectively. Then, a pressure difference AP between
‘the pressure P1 at the catalyst suction port 18 and
the pressure P3 ._ at the discharge port 24 was
1.0 kgf/dm’. : 'In- this case,” the pressure Pl was
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in Fig. 1, and an ejector 16-' ‘used in this powder =



Transportation Techni que", N kkan Kogyo Shinbun-sha, P.32). As shown in
Fig. 1, a valve 28 for shutting off communication of the powder catal yst

S

i nterposed in the first connecting pipe 26. |In this enbodi nent, the powder

cat al yst

S

let to fall freely fromthe hopper 10. Therefore, a pressure
equalization pipe 30 is connected betwn the hopper 10 and the

and the first

first connectlngﬁgép :%g in order to adjust the pressure di fference

betmeen

10

15

20

25 -

t he

. When the nolyethylene manufacturing system was

operated under these conditions, stable polyethylene

was manufactured over a long period'of time without

forming an agglomerate of a polymer in the ejector 16

and in a first connecting pipe zs'coupling the ejector

16 and a hopper 10.

The powder catalyst supply system can employ a

| jet pump type powder supply apparatus other than an

‘ejector. Fig. 8 schematically shows a powder catalyst

supply system using' a so—called aspirator (to be
described in detail hereinbelow) as the powder supply
apparatus. This powderf&atalyst supply system is
substantially the same as the system shown in Fig. 1
except . that the ejector is replaced with the
aspiratpr. Therefore, in this powder catalyst supply
system, the same or corresponding portions as in the

system shown in Fig. 1 are denoted by the same

 reference numerals, and a detailed descrlptlon.thereof

will be omitted.
Fig. 9 shows the basic arrangement of a preferred
embodiment of the aspirator used in the powder

cafalyst supply system of Fig. 8. This aspirator 70

has a catalyst suction pipe 72 connected to a first

: connectlng pipe 26 extendlng from a hopper 10, a gas

- feed plpe 74 connected to a second connecting pipe 40

extending from a gas supply source 14, and a discharge
pipe 76 connected to a third connecting pipe 42

extending from a gas phase polymerization reactor 12.
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:9 connecting pipe 26. Al though not shown in Fig. 1, an inert gas or
hydrogen gas is fed into the hopper 10 in order to prevent the powder
‘catalyst fromreacting in the hopper 10 and the first. connecting pipe 26.
This gas serves also as the carrier gas of the catalyst Fig. 2 shows the
basi ¢ arrangenent of the pomder suppl yi ng2%j ector 16 which can be used in
t he powder catal yst sup system shown in Fig. 1. As i s understood
fromFig. 2, tH&e %%t y_s:s ﬁ‘a§té°§aslpee'é]2 and the discharge pipe 7%

are'coax1ally arranged in series and are.integrally .. . .

coupled to each other. The inner wall surface of the
 catalyst suction pipe 72 is preferably stralght and' N
5 cylindrical in order to smoothly flow the catalyst.
The discharge pipe 76 is provided with a diffuser 78
for converting the kinetic energy of the fluid fidwing
from the catalyst'.suction. pipe 72 to a pressure
energy. The diffuser 78 is coaxially formed with the
10 catalyst suction pipe 72. ' -
An inlet portion 78a of the diffuser 78 has a .
conical recessed surface. When the catalyst suction
~pipe 72 and the discharge pipe 76 are set in the
vertical direction, the angle of the generating line
15 of the inner wall surface of the inlet portion 78a
with respect to the horizontal plane is set equal to
or larger than the angle of repose of the powder
catalyst particles, and is more preferably 60° or
more. Then, the powdér catalyst freely falling
20 through the cat;lyst suction pipe 72 is smoothly
gﬁided from the conical inlet portion 78a to a throat
.l portion 78b of the diffuser 78. -
. The gas‘feed pipe 74 extends into the catalyst
| _suction.pipe 72 through the appropriate portion of the
25 = pipe wall of the catalyst suction pipe 72. The gas
feed pipe 74 is hermetically fixed to the cataiyst_
sucfion pipe 72 at the portion where it eg;e#ds
- through the’catélyst suction pipe 72. A convergent

nozzle 80 is forhed at the end poftiop of the gas feed
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pi pe 32 whose interior serves as a feed flow path 33 of-the materi al gas:
and a di scharge pipe 34 whose interior serves as a discharge flow path 35
of the material gas and the powder catal yst. A convergent nozzle 36 is -
formed at the end portion of the gas feed pipe 32 on the discharge pipe 34
side, and a diffuser 38 is fornmed on thezdi scharge pipe 34. The gas feed
pi pe 32 and the discharge pipe 34 are connected coaxially and in series,
and the outl epipertToninkitiee tivezbatabyand suttion epiper ti:0n ofmpiilae
di ffuser 38 are opposed to each other at a predeterm ned gap. The end
portion of thBO3&e cBB pipe Breptade toppsbet cdsffuser 78 of the -
o "'discharge pipe 76. The axis of a portioﬁ'jéaiéfiﬁﬁé jf'””
‘'gas feed pipe 74 having the nozzle 80 is coaxial with
5 °  the catalyst suction pipe 72 and the diffuser 78 of
the discharge pipe 76. The nozzle 80 is arranged to
"oppose the throat portion 78b of the diffuser 78 at a
'predétermined gap. .
| As ‘shown in Fig. 10, the gas feed pipe. 74
10 typically has a circular section. A portion 74b of
the gas feed pipe 74 between the pipe wall of the
catalyst suction pipe 72 and the porticn 74a of the
gas feed pipe 74 is inclzhed toward the diffuser 78
(to the lower side in Fig. 9). It is effective that
15 the angle of the inclined portion 74b with respect to
the horizontal plane is egqual toc or. larger than the
angle of repose of the powder catalyst when the
catalyst suction pipe 72 is set in the vertical
- direction. _Hence,_the'catalyst naturally falling from
20 the éatalyét suction pipe 72 smoothly slides down to
| theﬂdiffuser 78 wiﬁhout being deposited on the gas
‘feed pipe 74 even if no external force is applied.
* The minimum size of the gap between the nozzle 80
of the gas feed pipe 74 and the inner circumferential
25 . surface of the catalyst suction pipe 72 around the
nozzle 80, or between the nozzle 80 and the conical
' feceséed.surface'78a of the discharge pipe 76.is set
to 10 times or moré,‘preférably'loo times the particle

" diameter of the" powder catalyét’to prévent the pipes
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to the nozzle 36, i.e., the gas feed port 22, is connected to a second
connecting pipe 40 extending fromthe gas supply source 14. The di scharge
port 24 of the discharge pipe;34 is connected to the gas phase

pol ymeri zation reactor 12 through a thlrd %ﬂnnecting pi pe 42. The ejector
16 al so has a catal yst suction pipe to be connected to the first

connecting pjpeé%%m clogging with the powder catalyst. For the same
| _pu.tpose, the mlnlmum 1nner dlameter of the throat
':portlon 78b of the dlffuser 78 cf the discharge pipe
o _ 76 is also set to 10 t;mes or more, preferably 100
5 times the particle diameter of the powder catalyst;
| When the asplrator 70 having the arrangement as
descrlbed above ls to be used,'a suction port 82 of
its catalyst suction plpe 72 is coaxially connected to
the first connecting pipe 26. Since the first
10 | connecting pipe 26 is normally set in the vertlcal
| direction, the catalyst suction pipe 72 and the
T discharge pipe 76 are also set in the vertical
ditection. The horizontal second connecting pipe.40
' is-connected to a gas feed port 84 of the gas feed
15 | pipe 74. Furthermore, the third connecting pipe 42 is
connected to a dlscharge port 86 at the lower end of
the dlscharge pipe 76. 3
In operatlon of the powder catalyst supply system
_ having the aspirator 70 described above, when the
20 ‘material gas is supplied from the gas supply source 14
;to the gas phase polymerization reactor 12 while a
snut-off valve 28 of the first connecting pipe 26 is
.open, the'powder catalyst falls.from the hopper 10
| _.into-the aspirator_7b through the first connecting
25 pipe 26 and is simultaneously drawn into the aspirator
y_70 by the suction operatlon of the asplrator 70. In
che Ssame manner as 1n the ejector described above,
wnen the material gas is injected from the nozzle 80
' ofltne gas feed-pipe.74 to the diffuser 78 of the
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The interior of the catal yst suction pipe 44 serves as.a suction flow path
45 of the powder catalyst, and is in fluid communication with a space "~
defined between the gas feed pipe 32 and the discharge pipe 34, i.e., a
so-cal |l ed catalyst suction chanmber 46. The central axis of the catal yst
suction pipe 44 is perpendlcular to the édmon central axis of the gas feed

pi pe 32 and the, di scharge pipe 34, Accordlng , this ejector 16 has_a
T-'shape. For ugéscpﬂFgeePéEFQF516tH§vFH§th e §ﬁ§p§hPSnQFF&ﬁg§9 an@h t hat

the central axig,of;bBG.Gar Alg/Sts SUCTi QNBRS 44 Lactadd AnMbdithe

central axis o
1s set at a negative pressure,'so ‘that the ‘powder

catalyst can be drawn. The powder catalyst guided”“”
5 into the catelyst suction chamber 88 is accompanied

with the material gas injected from the nozzle 80, is
guided into the discharge pipe 76, and is sent to the
gas phase polymerization reactor 12 through the third
connecting pipe 42. The flow velocity of the material

10 gas cecntaining the catalyst is decreased by the
diffuser 78 of the discharge pipe 76, so that the
pressure of the material gas is'increased.

Since the aspirator. 70 is arranged in the abc&e
manner considering that the material to be dealt with

15 may contain not only a gas but alsoc a powder, the
powder catalyst will hardly retain in the aspirator
70. éince the pressure at the suction port 82 of the
aspirator 70 is lower than that in the hopper 10, fhe
- material gas will not be undesirably diffused to the

20 hopper 16.

In the powder catalyst supply system using this.
aspiretor 70 as well, it is preferable to provide
pressure gauges 50, 52, and 54 for measuring the |

| respective pressures at the suction port 82 of the

25 aspirator 70, the gas feed port 84, and the discharge
port 86, and a differential pressure gauge 48 for
measuring the pressure difference between the suction

port 82 and the discharge port 86 ln the same manner

as in the system shown ;n Fig. 1, so that troubles,
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the first connecting pipe 26. Accordingly, the catalyst suction port
18 of the catalyst suction pipe 44 is set upward in the vertical direction,
and the comon axis of the gas feed pipe 32 and the discharge pipe 34 is
set in the horizontal direction. Wth this arrangenent, even when no
external force is applied, the powder catajyst flows fromthe hopper 10 to

freely fall into the catalyst suction chanber 46 of the ejector 16 through
the first conne@,q\g, REDPSggEngnart BReCahdhlets ¥al is9) ffrordr-Die b a
ej ector 16. In order to prevent the fallen catal yst from being deposited

'rb“rgtarn'on"th@aﬁxmer in the pipes, can be prevented. The pressure
- '.gaugéé_SOQ:Sz,-and 54, and the differential pressure
gauge 48 are used in the'saﬁe‘maﬁner as described
5 above. _
Fig. 11 shows another embodiment of an aspirator.
In this aspirator 70/, as shown in Fig. 12, a portion
© 74b’ of é gés feed pipe'74f located in a catalyst
_ 'suction pipe 72 has a triangular cross-section. One
10 of the sides of.the portion 74b‘’ of the gas feed pipe
| 747, which has the shape of a triangular prism, is
directed to the catalys;msucticn port 82, i.e., to the
upper side of Fig. 11.'”. | |
In the gas feed pipe 74’ having this shapé; it
15 will be readily understcod that the amount of powder
catalet accumulated on the gas feed pipe 74’ can be
greatly decreased to-bé smaller than in a gas feed
- pipe having a circular section. This gas feed pipe
can have any sectional shape as far as a powder cannot
20 be easily deposited in it, and may have, e.g., 2
rpbmbic_or elliptic shape. |
A through hole 90 is formed in a portion of the
pipe wall of the cata1yst'suction pipe 72 above the
gas feed pipe 74'.-.A supply source (not shown) of an
25 appropriate gas, é.g., the material gas, the inert
gas, or the-hydrogen gas, is connected tq this through
hole 90. A small amount of material gas or the like
is injected from the outlet of the through hole 90
toward thé inclined portion 74b’ of the gas feed pipe
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portion of the gas feed pipe 32 on the side of nozzle 36, the end face of
the gas feed pipe 32 on'the nozzle 36 side is arranged as close as possible
to the gas supply source 14 .(on the left side in Fig. 2). It is

effective to locate the end face of the gas feed pipe 32 at a position at

-l east not exceeding the central axis of Rée catal yst suction pipe 44. For
the sanme purpose, it is preferable to set the gas feed pipe 32 to have a
tapered con|caV4duteﬁ3ﬂﬁﬂxatke|HQ¥Q§Ricatalyst deposited on the gas

- feed pipe 747, especially on the lncllned portion 74b’
~can be i:lo'wﬁ_' off to be guided into a discharge pipe |
75;- AR _.

5 _-~. The gas to be used is preferably an inexpensive
dry nitrogen gas. The amount.cf3gas to be fed should
be determined such that the pressure in a catalyst-
suction chamber 88 will net be.excessively increasgd.

Excluding the above fespects, the aspirator 70/
10 is substantially the same as the aspirator shown in
Fig. 9. '
An experiment will be described wherein a powder
catalyst supply éystem ha@ing an aspirator is used in
a . system for manufacturing linear low-density
i5 polyethylene by gas'phase copolymerization of ethylene
and l-butene. In this experiment, the powder catalyst
supply system is of the type as showq in Fig. 8, and
an aspirator 70 used. in this powder catalyst supply
sysﬁéﬁ is of the tYpe as shown in Fig. 9.
20 The inner diameter of a catalyst suction port 82
of the aspiratbr'?O was set to 60 mm, the outer and
inner diameters of a nozzle 80 of a gas feed pipe 74
were set to 15 ﬁm.and 10 mm, respectively, and the
. minimum inner diameter of a diffuser 78 of a discharge
25 pipe 76 was set to 12 mm. - The:angle defined by the
. axis of a catalyst suction pipe 72 and the axis of an
inclined portion 74b of the gas'feed pipe 74 was set
to 40°,. and the éngle of the generatin§ line of the

conical surface of',an inlet portion 78a of the
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portion on the nozzle 36 side. The powder catal yst flows.through the

cat al'yst ‘suction pipe44-and the di scharge ptpe 34. Therefore, in order to
prevent the interiors of the catalyst suction pipe 44 and the discharge
pi pe 34 fromclogging wth the powder catal yst, ‘the mninmuminner dianeters
of the-catal yst suction pipe 44 and the disg yarge pi pe 34 are preferably
set to 10 tines or nore, preferably 100 tirfes the partlcle dlaneter of the

Dpuer catal vl kAR JRIACCARAA YIE {ALhoRRIIRELNRAIR I A
. 'was set to 60°. The mat_erlal gas vwas a gas mixture of
ethylene and 1l-butene, and the catalet .was the
- Ziegler-Natta type catalyst. '
5 .. The material gas was supplied from a gas suppiy
source 14 at a mass flow rzte of 1000 kg/hr when a
-”pressure_Pz at a gas feed port 84 and a pressure P3 at -
' a discharge port 86 were 25 kgf/cm?G and 20 kgf/cm’G,
_ respectively. Then, a pressure différence_AP between
10 a preséure P1 at a catalyst suction port 82 and the
pressure P3 at the discharge port 86 was 1.0 kgf/cm?.
' In this case, the preésg;e P1 was 19 kgf/cm’G..
When the polyethylene manufécturing system was
‘operated under thése'conditioné, stable polyethyleﬁe
.15 was manufactured over a long period of time without
forming'an agglomerate of a polymer in the aspirator
70 - é.nd in a first connecting pipe 26 coupling the
...aspirator 70 and a hopper 10. ,
| 'In the above eﬁbbdiments,'the powder cétalyst is
20 : direétly sent from the hoppef 10 to an éjector_ls or
the aspirator 70. However, a cataiyst meteéring unit,
.g;g.,.a metering pipe, may be interposéd between the
hopper 10 and the ejector 16 or the aspirator 70. The
“catalyst-may be supplied to the éjectér 16_02 the
25 aspirator 70 not by "grairity-d.’r’:bp , but by using an
abpropriatg gas under pressure, e.g., an inert gas or
- the hydrogen gas. In the latter case, no pressure
‘equalization pipe 30 is heeded.™
‘Furthermore, it will be apparent to those skilled
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48 is provided between the first and third connecting pipes 26 and 42 to
““measure the pressure difference between the di scharge port 24 and the
catal yst suction port 18 of the ejector 16. Furthernore, pressure gauges
50, 52, and 54 are provided respectively to the first, second, and third
connecting pipes 26, 40, and 42 to neasB8e the respective pressures at the
catal yst suction port 18, the gas feed port 22, and the discharg ort 24
of -'the ej ectoinldhe e%pbcttha& ythe netretosoey éapamgprsmqrmg

havi ng the arrangenent descr bed, abov. whi | the ut-of f_val ve 28 in
the first con ?anaﬁ} agezélﬁ% opgh, ‘W& the "Boblter catafyst | N
__supply system but also in other powder transportation

systems.

W

From the inventicn thus described, it will be
obvious that the invention.may'be varied in many ways.
Such variations are not to be regarded as a departure

| from the spirit and scope of the invention, and ;ll
such modifications as would be obviocus to one skilled
io in the art are intended to be included within the

-scope cf the following claims.
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12 the materi al

gas is supplied fron1the gas supply sou%ee«&4—Lg_Lhe_ga§__

phase pol yneri zation reactor 12, the powder catal yst fI ron1the ho

10 into the ejector 16 through the first connecting plpe
and is at the sane time drawn into the ejector 16 by
16. More specifically, -the naterlal

t he

ej ector

the gas feed pipe 32 of the ejector 16 and’is injected from

10

i5

20

25

WHEAT IS CLAIMED IS:

pper
¢¢y

© 1. a'powder catalyst'supply system for supplying

- a  powder catalyst to am,gas__phase polymeriéétion

reactor together with a gas serving as a
polymerization material, comprising:

catalyst storage means for storing and supplying

. the powder catalyst;

gas supply means for supplying the polymerization
material gas; and '_

a jef pumnp type' powder supply apparatus for
generating a negative pressure therein.by accelerating
a flow of the gas flowing from said gas supply means,
draWing‘thé powder éataifst from said cgtalet sto:age
means by the negativé pressure, and supplying the
powder catalyst to said gas phase polymerization

reactor together with the gas. _
2. A system according to claim 1, wherein said

powder supply apparatus comprises:

a catalyst suction flow path connected to said

- catalyst storage means through a first pipe;

a gas feed flow path connected to said gas supply

means through a second pipe; and

a discharge flow path connected to said gas phase

polymerization reactor through a third pipe,

wherein said gas feed flow path and said

discharge flow path are coaxially arranged in se:ies

- .at a predetermined space therebetween,

said gas feed flow path has a convergent nozzle

formed at an end portion thereof .opposing said

AR



the nozzle 36, its flow velocity is increased in the catalyst-suction

‘chanber 46, and the pressure in the catal yst suction ¢ al er 46 |s
decreased to be lower than that in the hopper 10. As a
catal yst can be reliably drawn by suction fromthe hopp Il

t he

catal-yst suction chanber 46 of the ejectygy 16. Si nce
catal yst suction chanber 46 is |ower than that in the hopper 10 t he

material gas Wildchmigder tbd fpees, t oward the hopper 10. - The powder
catal yst drawn into t%e catal yst suction chanber 46 is entrained in the

“material gas injects&id rdqum?mzfzuw Patindiaiss af dd fifuser formed at -
an end portion thereof opposing said nozzle of said
gas feed flow path, and |

5 said catalyst suction flow path being in fluid
communication with said space such that a central axis
thereof intersects a common’ ce;'itral axis of said gas
feed flow path and sa.:.d discharge flow path at a
predetermined angle.

10 3. A system according to claim 2, wherein the
angle defined by the common centrél axis of said gas
feed flow path and said d:.scharge flow path and the
central axis of said catalyst suction flow path is
90°.

15 4. 2 system according to claim 2, wherein the
angle defined by the central axié of said gas feed
flow path and the central axis of said catalyst
suction flow path is less than 90°. |

5. A system according to any one of claims 2 to

20 4, wherein said nozzle is arranged such that a distal
end thereof .is retreated from the central axis of said
catalyst suction flow path in a direction to be
separated from said discharge flow path. |

| 6. A system according to any one of claims 2 to

25 5, wherein minimum inner diameters of said catalyst
suétion -flow. path and said discharge flow path are not
less than 10 times a powder particle diameter of the
powder catalyst; .

7. A system .according to any one of claims 2 to

* ¢ L M s * ;
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.the-discharge pipe 34. The flow velocity of this t%%ia as containing
the catalyst is decreased by the diffuser 38, and t s d eof i s
increased. Thereafter, the material gas containing uH I sent

e

into the gas phase pol ynerization reactor 12 through cting
pi pe 42. \Wen the powder catalyst is dramnBinto t he catal yst suction
chanber 46, since the distal end of the gas feed pipe 32 is arranged at

_positions.as 6, wherein said powder supply apparatus is arranged
such that an inlet of said catalyst suction flow path
- is directed upward. '
_ 8. A systenm acccrding-tb claim 7, wherein an
5 ~ angle defined by thelcentral'axis of said catalyst
. suetien flow path with respect to a horizontal plane
is set to not less than an angle of repose of thé
_powder catalyst. - |
' . 9. A system accoerding to claim 7, wherein an
i angle defined by the central axis of said catalyst
suction flow path with respect to a horizontal plane
'is set to not less than 60°.
10. A system according to any one of claims 2 to
9, further comprisingﬁ-
15 " gas injecting means, provided to said powder
- supply apparatus, for injecting a catalyst removing
gas to remove the powder catalyst retaining arocund
said nozzle; and S |
gas supply means for supplying the cdtalyst
20 rgmoving'gas to said gas injecting means.  |
Co11. A éyétem'according to claim 10, wherein the
catalysf removing gas is a gas serving as a
.-éolyﬁerization material. '
_ '12. A system according to claim 10, wherein the
- 25 - catalyst removing gas is an inert gas or a hydrogen
.'x-gés.
13. A system*aceordingﬂto claim 12, wherein the
inert gas is d&ry nitrogen gas.
| 14. 2 systém according to any”dne of claims 2 to

_—
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13 renpte as possible fromthe central axis of the qﬁggkx guc |on |pe
44, as.-shown in Fig. 2, the powder catalyst is suppr SP
deposited on the outer surface of the nozzle 36. Acc of the
catal yst sent fromthe hopper 10 is sent to the gas ation
reactor 12. At this time, if no abnormal ghy occurs, the pressure bal ance in
t he powder catal yst supply systemsatisfies P2 > P3 > P1 where P1 is the

pressure at thesgawhlex@ins EdidpdW8er supply apparatus is provided

with a retentlon preventlve member for preventlﬂg the SRR

powder catalyst from retai nlng at a lower portlcn of__
a gap defined around said nozzle.

5 ' 15. A system according to claim 14, wherein said
retention preventive member extends from said lower
portion of the gap defined around said nozzle to an
inlet portion of said diffuser through a lower portien
of the space between said gas feed flow path and said

10 discharge flow path.
16. A system according to claim 1, wherein said
powder supply apparatus .comprises: '
a catalyst suction £iow path connected to said
catalyst storage means through a first pipe;
15 a gas feed flow path connected to.said gas supply
means through a second pipe; and _ -
a discharge flow path connected t¢ said gas phase
polymerization reactor through a third pipe,
wherein said catalyst suction flow path-and said
20 discharge flow path are coaxially arranged in series,
| said discharge flow path has a diffuser formed at
an end portion thereof opposing said catalyst suction
' flow path, and |
said gas feed flow path is formed in one gas feed
25 pipe constituted by a first portion extending across
- said catalyst suction flow path and a second portion
integrally formed with said first portion and
extending in said catalyst suction flow path coaxially

to said discharge flow path, said second portion of

——
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[-err] between the pressure Pl at the catal yst suction
pressure P3 at the discharge port 24 is determ ned by | ow

rate of the material gas, the size and shapg,of the nozzle 36 of the gas

feed pipe 32, the size and shape of the difTuser 38 of the di scharge pipe

34, and the |iKke. y My : e : '%?Hgg «a3ort 24

I s determ ned deﬁe%n - eoﬁeéltihgipg:?g%.??% ndfté'ﬁ%ﬁ' %gg qﬂp ase %t&? é

pol ynerization resmtiverdentt hezplesuemafited fhem said diffuser at a~ -

18 of the ejector 16, P2 is the pressure at the gas f.gg t 22, P WTQ t he
pressure at the discharge port 24. 1In this case, a pﬁ%ﬁﬁ?ﬁ” ';Em‘ﬁﬁﬁ e o
e :

predetermined epace.
17. A system according to claim 16, wherein said
5 catalyst suction flow path is substantially straight
and cylindrical. | ' |
18. A system according to one of claims 16 and
17, wherein a minimum size of a portion around said
seeond.'portion of said gas feed flow path' and a
i0 minimum inner diameter of said dieeharge flow path afe
set to not less than 10 times the powder - particle
diameter of the powder catalyst. |
1. A systen accofding to any one of claims 16 to
18, wherein said powder supply apparatus is arranged
15 such that an inlet of seid catalyst'suction.flow path
is directed upward and a central axis of said catalyst
suction flow path is set in the vertical direction.
20. A system according to claim 19, wherein said
first portion of said éae feed pipe is inclined
20 downward so that an angle thereof with respect to a
horizontai plane is not less than an aﬁgle of repose
of the powder catalyst. o
21, A ‘system according to any one of claims 16 to
20,'wherein seid first portion of said gas feed pipe
25 has a circular cross-section.
' 22. A eystem according to any one of claims 16 to
20, wherein said first portion of said gas feed pipe
has a t:iengular cross-section, and said gas feed pipe

is 'arranged such that a vertex of the triangular

N



catalyst suction port 18 can be determ ned accorﬂmggk&}hggé§ﬂe

_ pressures P1, P2, and P3, and the pressure difference [
constantly nonitored by the pressure gauges 50, 52, and

differenti al

HEIJ

pressure gauge 48 descri bed above, and an

a pipe can be detected froma variation B4a these pressures. For ex
when the material gas is

10

15

20

25

cross-sectzon is directed to an inlet of said catalyst

suction flow path.

placed

14.in
anpl e,

23. A system according to any one of claims 16 to

22, further comprising:

‘gas injecting means, provided to said powder

supply apparatus, for injecting a catalyst removing

gas to remove the pcwder catalyst deposited on said
gas feed pipe; and |

gas supply means for supplying the catalyst
removzng gas to said gas lnjectlnc means.

24. A system according to claim 23, wherein the
‘catalyst removing gas 1is a gas serving as a
polymerization material.

25. A system acccrding to claim 23, wherein the
catalyst removiﬂg gas is an inert gas or a hydrcgen
gas. | | |

26. A system according to claim 25, wherein the

inert gas is dry nitrogen gas.

27. A systen accordlng to one of ‘claims 19 and

20, wherein an inlet portion of said discharge flow

fath has a conical recessed surface, and an angle of
a--'generating 1line of said recessed surface with
respect to a horizontal plane is not less than an
angle of repose of the powder catalyst.

28. ' A system according to one of claims 19 and
20, wherein an inlet portion of said discharge flow
path has a conlcal recessed surface, and an angle of
'a generating line of said recessed surface with

respect to a horizontal plane is not less than 60°.
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supplied from the ga:s supply source 14 at am{ggg&ﬁ%m@%l&&@w

rate, if P2 and/or P3 is increased, generation of an the '
l.ine between the gas supply source 14 and the gas pha mgm&ml |on
reactor 12 can be detected. -Then, troubles, e.g.,

be prevented. \Wen the pressure difference3 err] S decreased due to a

cause such that the third t 42 t endi
pol yneri zati on react 3|9I rlZAbC?si’EmeC I %ﬁ%‘o&q‘ﬁl eéa%r‘]%éa Ingtggf:ﬁ'éﬂ'lm% %\ﬁase
backward fromt hgscat @%_%rﬁéo gg‘e_g 4§a%fgéé‘e £ject Q'Esi:@cttﬁvterl‘ir |

flrst connect i ng”pf pe fice
~ detecting a Pressure in sa:r.d catalyst suction flow

an

'path, a pressure in said gas feed flow peth} ‘and a
5 pressure in said discharge flow path.
30. A syetem according to any one of claims 2 to
29, comprising a differential pressure gauge for
detecting a pressure difference between the pressure
in said catalyst suction flow path and the -pressuz;-e in
10 said discharge flow path.
3i1. A system'according'to any one of claims 1 to
30, wherein the powder c_etal_yst is drawn by said
ﬁowder supply apparatus from. said catalyst storage

means together with an inert gas or nitrogen gas.

15 32. a po'wder supply appar"atus' for generating a
negative pressur_e'therei—n by acceier_ating a flow of a
gas, drawing a powder by the negative pressure, and
discharging the powder together with the gas,  ~

comprising: |
20 ' a powder suction flow path adapted to be
' connected | to 'pewder storage' nieans to receiving the |
 powder from said powde'r storage means;
a gas feed flow path adaﬁted' ‘Eo be connected to
gas supply means; and’ o o
25 ., a discharge flow path for dJ.scharg:Lng the drawn
powder together with the gas sent from said gas supply
means, - | ) - | -
| wherein said powder suction flow path and said

_
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not the reverse flow of the material gas can occur can be deternm ned by
constantly nonitoring the pressure difference [err] bYis$Hee His Bder RepMcedl
pressure gauge 48. |If the material gas shoul d possi bl -to the
hopper 10, the shut-off valve 28 may be cl osed i medi |KR hows
the basic arrangenent of the ejector 16.36An exanple of a detailed concrete
arrangenent of the ejector 16 is shown in Fig. 3. An ejector 16 shown in
Fig. 3 has, imischarge fdow pathl are coetdiedly pesTangesd dav sfesuiesi pe 32

and a discharge pipe 34 simlar to_th d I be .
A L ge P psa:’?.’d gischagge_fiogfpeatgs.lgaré bae ddl%b ﬁ/see’r afobzgngg bal.tOCk .56

" an end portion thereof opposing said powder suction
?flow'ﬁaéh,"gﬁé"" D R
5 . | said gas feed flow path is formed in one gas feed
pipe constituted by a first portion extending across
said powder suction flow'path and a second'portion
integrally formed with said first porﬁidn ;nd
extending in said powder suction flow path coaxially
10 +to said discharge flow path, said second portion of
said gas feed pipe having a distal end formed with a
convergent nozzle separated from said diffuser at a
predetermined space. o
33.  An apparatus according to claim 32, wherein
15 said powder suction flow path is substantially
.straight and cylindrical. |
34. An apparatus according to one of claims 32
and 33) wherein a minimum size of a porticn around
said second portion of said éés feed flow path and a
20 minimum inner diameter of said discharge flow path are
set to not less than 10 times a powder particle
diameter of the powder. -
" 35. An apparatus acgording to any one of claims
32 to 34, wherein said first portion of said gas feed
25 pipe is inclined toward said discharge flow path so
that an 'anglé thereof with respect to a plane
perpendicular to the central axis of said powder
éuction flow path is not less than an angle of repose

of the powder.
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T-shaped through hole 58 is forned in the body blamks&@JhsBammh med 58a and

'58b of the through hole 58 are coaxially arranged 58c is
per pendi cul ar to the portions 58a and 58b. Thre 9a 59h,
and 59c are fornmed on the portions 58a, 5 and 58c, Trespe

Thr eaded portions 60a, 60b, and 60c formed on the outer circunferential

surfaces of the gas Fged ﬁhpgpﬁgra@h_gcg@&ﬁ-ﬁﬁ 84 2RY Sﬁtea@fs'[cf&ﬁ_‘iﬁg on

pi pe 44 are threadably engaged - wi th
32 to 35, wherein sald flrst portion of said gas feed

pipe has a circular cross-section.
'37. 2n apparatus according toc any one of claims
5 32 to 35, wherein said first poftion-of said gas feed
pipe has a triangular-cross-section; and said gas feed
'pipe is arranged such that a vertex of the triangular
cross-section is directed toward an inlet of said
powder suction flow path. |
10 ' 38. An apparatus according to any one of claims
32 to 37, comprising gas injecting means for injecting
a powder removzng gas. to remove the powder depos1ted
on said gas feed plpe..ﬂ“
39. An apparatus according to any one of clainms
15 32 ta 38, wherein an inlet portion of said discharge
flow path has'a conical receésed surface, and an angle
of a generating line of said recessed surface with
respect to a plane perpendicular to a central axis of
said discharge flow path is not less than an angle of
20 repose of the powder. | '
40. Ah apparatus-according to any one of claims
32 to 38, wherein an inlet portién of said discharge
flow path has a conical recessed surface, and an angle
of a generating line of said recessed surface with
25 respect to a plane perpendicular to a centrallaxis of
said discharge flow path is not less than 60°.
| 41. A powder supply apparatus comprising a first
and second inlet means for receiving a powder material

and a gaseous material respectively, a discharge means

T



t hreaded portions 59a, 59b, and 59c,

32, the discharge pipe~34 “and t'he catal yst "suction plpe
body block 56 in the sane order as in Fig. 2. Threaded
and 61c are preferably fornmed on the outer_circunferenti

exposed end portions of the gas feed pipe %) , the diischar ge pi pe 34,

L caded por | e oTASeRrdind “RRIE. mider “mt BT beddfiBy, VIR

t hreaded portions
and third firstseidngesiesgspimeserfal 4dearwl ﬂaahe tfhﬁ: egeﬁéﬁétiﬁgbya using

ni ppl e joints or the |ike:

10

i5

20

“suction pressure at said first inlet mezns in response

" to flow of said gaseous material between said second

inlet means .and said discharge means whereby the
powder material is drawn into said flow of gaseous

materiazl and flow of the gaseous mnaterial in the

" direction of said first inlet means is inhibited.

42. A method of supplying.a powder material and
a gaseous material to a receiving zone, the-method
comprising the ste?s of forming a flow of said gaseous
material between a gas supply means and said reaction
zone, accelerating said.ficw at a region intermediate
said supply means and said receiving zone whereby a

suction pressure is generated, exposing said powder

- material to said suction pressure whereby the powder

material is drawn into said flow of gaseous material

and entrained therewith. _
43. Any of the powder supply apparatus

respect i vel y. Thumis ShiteHBBRen 1REHcR! pe

tothe
61b,
f the
and

substantially as hereinbefore described with reference

to the accompanying drawings.
" 44. Any of the methods of sﬁpplying powder

substantially as hereinbefore described with reference

to the.accompanying drawings.

A



The arrangement of the ejector 16 shown in Fig. 3 is illustrative and not
réstrictive. Therefore, an ejector. 16 may be integrally fornmed with a
“catal yst suction pipe 44, a gas feed pipe 32, and a discharge pipe 34. |If
the ejector is integrally forned with these pipes, |eakage of the gas and

t he cat.al yst can be conpletely prevented. Fg. 4 shows the basic
arrangenment of an ejector according to the second enbodi ment of the present

i nvention. This ejector 16" is substantially the sane as the ejector 16
shown in Fig. 2 except that a

ABSTRACT OF THE DISCLOSURE (Figure 1)
A powder catalyst supply system for supplying a

powder catalyst to a gas éhase polymerization reactor
together with a gas serving as a polymerization

"5 material includes a catalyst storage container (10),
a gas supply source (14), and a jet pump type powder

supply apparatus. Tge catalyst storage container can

store and supply the powder catalyst. The gas supply

source supplies the polymerization material gas. The

10 jet pump type powdef supply apparatus (16) generates
a negative pressure therein by accelerating a flow of

the gas flowing from the gas supply source, draws the

powder catalyst from the catalyst storage container by

thé negative pressure, and supplies the powder

15 catalyst to the gas phase polymerization lreactor

together with the gas.

This Sheet Has Been Reﬂ
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16 catal yst suction pipe 44 is inclined to the left side of Fig. 4. The
angl e defined by the central .axes of the catal yst suction pipe 44 and a gas
f.eed pipe 32 is [err] or nore, and is preferably equal to or larger than
the angle of repose of the powder catg} %st particles. The operation of the
ejector 16" is the sane as the ejector 16 shown in Fig. 2, and a catal yst
transported through the catalyst suction pipe 44 Is fed |nto a di scharge
pi pe 34 conparatlvely snoot hl y. AIthough
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¢

~the ejector 16 of Fig. 2 has advantages such that the manufacture and
piping plan of the systemare facilitated, an energy |oss occurs since the
traveling direction of the powder catalyst is changed by about [err] in the
catal yst suction chanber 46. In contrast to this, .in the ejector 16" of

Fig. 4,- accunul ation of the catalyst oqapg@ end portion of the gas feed
pi pe 32 on the nozzle 36 side is suppresséd due to the snmooth flow of the

5 and 6 show an ejector according to the third enbodi nent

catal yst. Figs. _
of the present invention. As is understood fromFigs. 5 and 6, this
ejector 16" is - :
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substantially the sane as the ejector 16 shown in Fig. 2 except that the
outer dianmeter of the end portion of a gas feed pipe 32 on a nozzle 36 side
_i*s decreased and that an annul ar space 62 is forned around it. This space
62 is in fluid comunication-with a hole 66 forned in a surroundi ng portion
64. The surrounding portion 64 defines/@ catal yst suction chanber 46 by
surroundi ng the opposi ng end portions of 17 ‘
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the gas feed pipe 32 and a discharge pipe 34. A small anount -of suitable
gas, e.g., material gas, inert gas or hydrogen gas, is fed froma gas
Supply source (not shown) into the hgole *66. Wien a snmall anount of nmaterial
gas, inert- gas or hydrogen gas is continuously or intermttently fed into
the hofe 66, this gas is injected intod4® catal yst suction chanber 46

t hrough the space 62. The catalyst retaining on the circunferential portion
of the end portion of the gas. feed pipe 32 can be renoved by this injected
flow. The renpved catalyst is fed from the catalyst suction chanber 46

into the
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£

di scharge pipe 34 by the flow of the material gas flowing fromthe gas feed

pi pe 32. The gas for renoving the catalyst is preferably an inert gas as it

can undesirably flow backward to a catal yst

case,

supply -pressure,

sucti on

an inexpensive dry nitrogen gas is desirable.

and the |like of the
‘determ ned such that the pressure in

not be increased to flow the materi al

46 to the hopper 10. Fig. 7 §h9ms an e

Fig'. 5

Fig. 6

the

for

pi pe

44,

In

The supply anount,

this
t he

renovi ng the catal yst nust be
catal yst suction chanber 46 w |

gas in the catal yst suction chanber

jector according to the fourth
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enbodi nent of the present invention. |In this ejector 16", a retention
preventive menber 68 for preventing retention of the catalyst is provided
*t.0 a portion in a catalyst suction chanber 46 opposite to a catal yst
suction pipe 44. The retention preventive nenber 68 . fills the space
extending froma portion under the,en%pgrtion of a gas feed pipe 32 on a
nozzle 36 side to the inlet portion of @”di scharge pipe 34. The upper
surface of the retention preventive .nenber 68 is

24
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¢

inclined downward in the flow direction of the material gas, and a portion
t hereof adjacent to the gas feed pipe 32 is at the sane |level with the
position of the edge portion of ‘the outlet of the nozzle 36 on the
| ower nost side. In an ejector not having a retention preventive nmenber 68,
i.e., an ejector as shown in Fig. 2, @asgmll anount of powder catal yst
tends to retain under the end portlon of the gas feed pipe 32 on the nozzle
- 36 side. In contrast to this, in the ejector [err] having the retention
preventive menber 68 t he space under the nozzle 36 is elimnated by the
retention : '

Fig.8

14
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preventive nmenber 68, so that the catalyst is prevented fromentering this
portion. The powder catalyst is snoothly guided to the discharge pipe 34
*al ong the inclined upper surface of the.retention preventive nenber 68. In
this enbodinment, the upper surface of the retention preventive nenber 68 is
a flat surface. However, it will be undgegstood that the upper surface of
the retention preventive nenber 68 can have other shapes, e.g., a recessed
surface. An experinment will be described wherein a powder catalyst supply
system according to the present invention is used in a systemfor

manuf acturing |inear . Iciﬁgf- 9
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I owdensi'ty pol yethyl ene by gas phase copol ynerization - 19 of ethylene
and 1-butene. In this experinent, the powlder catalyst supply systemis of
the type as shown in Fig. 1, and an ejector 16' used in this powder

catal yst supply systemis of the type as. shown in Fig. 4. Note that this
ejector 16' is provided with a gas fe8f%ole for renpving the powder

catal yst accurnul ated on the upper surface of the end portion of

- Fig. /1
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a—i-ﬁa"_s"*fe.ed pi pe 32 on the nozzle 36 side.
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IMEN MUPaEN A, to pa ed .38,

The present invention relates to a powder

catalyst supply s'y_ste;n and a powder supply appai:atus

.and, more particularly, to a powder catalyst supply

system and a powder supply apparatus suitable for gas'

- phase polymerization reaction of olefins, e.g.,

ethylene and propylene.
In recent years, improvements in catalysts of
transition metal for use in the polymerization of

clefins have remarkably improved the productivity of

olefin polymers pez_' unit amount of the tra:isition )

metal,_ consequently obviating the need for the removal

- of the catalyst after the polyﬁerization.

When such highly active catalysts are used,
olefins are generally polymerized in a gas phase since
the polymerization reaction mixture can then be

handled by the simplest procedure. Usually, fluidized

bed reactors are ﬁidely used in the gas phase

polymerization so as to effect the reaction smoothly.

The olefin or an iolefin-containing gas introduced into

a lower portioen ._o_f the reactor through a supply pipe

is forced upward as uniformly distributed by a gas

distributor plate to cause an olefin polymer and the )

catalyst in the form of -polYmer' particles to mix

within a fluldz.zed bed for polymerlzatlon. _
- In the fluldz.zed bed type reactor of th:Ls type,

the _powder____ catalyst must be cont:muously or

intermittently - ':suppl'i"ed " into the reactor under

‘This is the replacement sheet
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ethyl ene and 1-butene, and the catalyst was the Ziegler-Natta type

+ catalyst. The material gas was supplied froma gas supply source 14 at a
mass flow rate of 1000 kg/ hr when a pressure P2 at a gas feed port 22 and a
pressure P3 at a discharge port 24 were 25 [err] and 20 [err],

respectively. Then, a pressure difference AP between the pressure Pl at the
catal yst suction port 18 and the pressure P3 at the discharge port
24 was 1.0 [err]. In this case, the pr7essure P1 was

pressure constantly by utilizing a powder catalyst
'supply systemn. _ _

As is disclosed in Japanese Patent Publication
No. 49-17426 and ~ Japanese Patent  Laid-Open
No. 60-_227824, in a conventional powder catalyst
supply system, a powder catalyst is supplied under
pressure from a powder catalyst storage container
through a powder catalyst metering unit with an inert
gas or a hydrogen gas, and the powder catalyst,
together with a gas serving as the polymerization
material, is supplied via an intermediate chamber and
a Venturi tube. :

. Note that terms "polymerization” and "polymer® to
be used herein include the  meanings of
"homopolymerization" and "copolymerization", and the
meanings of  "homopolymer" and "copolymer",
respectively.

' Since the conventional powder supply system has
the arrangement as described above, the polymerization
.mater;’.al gas can be gradually diffused into the pipe
ccnnected to the storage container and causes
polymerization in this pipe or the powder catalyst
storage container, so that an agglomerate can be
' sometmes undes:.rahly formed.

s Y OF _o
It is, therefore, a pr:unary object of the present
J.nventJ.cn to prov:.de a powder catalyst supply system
- and a powder supply apparatus which can prevent a

material gas from be:.ng diffused or flowing backward _

This is thé replacement shest
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- 2019 Jerr]. \Wen the pol yet hyl ene nanufacturing system was operated under
- these conditions, stable polyethylene was manufactured over a |ong period
of tinme without form ng an aggl onerate of a polyner in the ejector 16 and
in a first connecting pipe 26 coupling the ejector 16 and a hopper 10. The

powder catalyst supply systemcan enploy a jet punp type powder supply
apparatus other than an ejector. Fig. 8 s@hematically shows a powder

. catal yst . ' .
to the side of a catalyst storage container, thereby
preventing the formation of a polymer agglomerate in
a system line, and, what if a polymer aggloﬁorate is
generated, perceive the formation of a poljmer
agglomerate in a system line before that is exceeding,
so supply a powder «catalyst to a gao phase
polYmerization reactor efficiently.

‘According to the present invention , there is
provided a powdér catalyst supply systém for supplyihg
a powder catalyst to 'a. gas phase polymerization
reactor together with a gas servihg as a
polymefization moterial, coi:iprising catalyst"s"torage
means for storing ahd supplying the powder catalyst, |
gas s*_.upply. means for supplying the polymerization
material gas, and a. jet pump type-.'powder supply
apparatus for . ge_ne:'r:'ating. a negative pressure therein
by accelerating a flow of the gas flowing from the_gas
supply means, drawing the powder caté.lyst from the
catalyst storage means by the ‘negative pressure, and
supplying the powder catalyst to the gas phase:
polymerization reactor togéther with the gas.

WJ.th this arrangement, the powder catalyst is _
efficiently drawn by suotiori from the catalyst storage
means.and-supplied to the gas phase polymerization
reactor 'togethe_r with. the material gas. éince_ the
interior of the powder Suppiy apparatus is set at the .
negative pressure, the mater:.al gas w:.ll not flow
backward or be dJ.ffused from the powder . supply

-apparatus to me catalyst storage means.

T s s J;e reg.auement sheef
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suppl?y systemusing a so-called aspirator (to be described in detai

her ei nbel ow) as the powder supply apparat us. Thi s powder catal yst supply
systemis substantially the sane as the systemshown in Fig. 1 except that
the ejector is replaced with the aspirator. Therefore, in this powder

catal yst supply system the sane or corresponding portions as in the system
shown in Fig. 1 are denoted by the sane reference nunerals and a detailed

desor Pt on ther <of il el "Lt ol Sou MRS Eopur 2lgpe ©
- powder supply apparatus‘comprising a catalyst suction
flow path, connected to the catalyst storage means,
for receiving the powder catalyst from the catalyst
stcrage means,.a gas feed flow path connected to the
gas supply means, and a discharge flow path for
discharging the drawn powder catalyst together with
the gas sent from tha-gas supply means, wherein the
gas feed flow path and the discharge flow path are
coaxially arranged in series at a predetermined space
therebetween, the gas feed flow path has a convergent
nozzle formed at an end portion thereof'opposing the
discharge flow path, the discharge flow path has a
diffuser formed at an end po:tion theraof opposihg the
nozzle of the gas feed flow path, and the catalyst
suction flow path hydrodynamically communicates with
the above space such that a central axis thereof
intersects a common central.axis of the gas feed flow
path and the discharge flow path at a‘ptedeterminedl
angle. | '
Thls system can also employ a so-called asplrator
'type powder supply - apparatus in which a catalyst
suctlon flow path and a - discharge flow path are
_ coax;ally arranged in serles, the dlscharge flow path
- has a diffuser formed at an end portion thereof
_ opposing:the'catalyst suction flow path, and the gas
- feed  flow path is forﬁed” in one gas feed pipe
constitutad’by_a first pcrtion'extendihg across the

' catalyst"sucticn_ flow path and a second portion

| - This is the repiacement-:shqet



catal yst supply systemof Fig. 8  This aspirator 70 has a catal yst suction
pi pe 72 connected to a first connecting pipe 26 extending froma hopper 10,
a gas feed pipe 74 connected to a second connecting pipe 40 extending from
a gas supply source 14, and a di scharge pipe 76 connected to a third
connecting pipe 42 extending froma gas phase polynerization reactor 12.

21 The catal yst suction pipe 72 and the disscharge pipe 76

integrally formed with the first portion and extending
coaxially toward the discharge flow path in the
catalyst suction flow path, the second portion of the
gas feed pipe having a distal end formed with a
convergent nezzle separated from .t'he diffuser at a |
predetermined space. o |

These. and other features and advantages of the
present 1nventlon will become apparent to those
skilled in the art upon a read:.ng of the following
detailed description when taken in conjunction with
the drewings wherein 'there' is shown and described an
illustrative embodiment of the invention. |

R D IPTIO D G |

In the cctirse of the following detailed
description, reference will be made to the attached
drawings in which: '

Fig. 1 is a view shawing the schematic
arrangement of a powder catalyst supply system using
an ejector; . | '

I-‘:Lg. 2 J.s a sectional view showing the basic
arrangement of an ejector according to the first
embbdimeht of the present invention;

Fig. -3 is a sectional view showing the concreted -

 arrangement of the ejector shown in Fig. 2;
- Fig. 4 1is a sect:.onal view showing the bas:.c '

| arrangement of an ej ector accordmg to  the second
embodiment of the present mventlon, o
Fig. 5 is a sect:.qn_al v:.ew sh_owing the basic

' arrangement of an ‘ejector according to the third

- This 'is the replacemém shest |
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,are- coaxially arranged in series and are integrally coupled to each other.
The i.nner wall surface of the catalyst suction pipe 72 is preferably

strai ght and cylindrical in order to snoothly flow the catalyst. The

di scharge pipe 76 is provided with a diffuser 78 for converting the kinetic
energy of the fluid flowing fromthe catalyst suction pipe 72 to a pressure
energy. The diffuser 78 is coaxially formed with the catal yst suction pipe
72. An inlet portion 78a of the diffuser678 has a conical recessed surface.
When the catal yst suction pipe 72 and the discharge pipe 76 are set in the

embodiment of the present invention; '

Fig. 6 is a sectional view taken along the line
"A - A of Fig. 5;

Fig. 7 is a sectional view showing the basic
arrangement of an ejector according to the fourth
embodiment of the present invention;

Fig. 8 is a view showing the schematic
arrangement of a powder catalyst supply system using.
an aspirator; - '

Fig. 9 is a sectional view showing the basic
'arrangement ‘'of an aspirator according to the first
embodlment of the present invention;

'Fig. 10 is a sectional view taken along the line
B - B of Flg. 9;

Fig. 11 is a sectlonal view showlng the basic
arrangement of an aspirator according to the second
embodlment of the present invention; and

Fig. 12 is a sectlonal view taken along the line
C - C of Fig. 11l.

ES DTION OF PR ED oD

-In the following descrlptlon, like reference
characters designate 11ke or correspondlng parts
thioughout the severeltvzews.- Fig. 1 schematically
_shows the arrangement' of e péwder catalyst supply"'
system accordlng to the present invention which is
.used in a- system for manufacturlng a polymer, e.g.,

_:polyolefln. _Thls powder catalyst supply system has a-
_catalyst storege container or hopper 10 for storing a

| ppwder -catelyst. used for Jpolymerization'-reaction,f'

Th;" is the'. r'ep'sacemem- sheei
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vertical direction, 'the angle of the generating |ine of the inner wall
surface of the inlet portion 78a with respect to the horizontal plane is
set equal to or larger than the angle of repose of the powder catal yst
particles, and is nore preferably [err] or more.  Then, the powder
catalyst freely falling through the catal yst suction pipe 72 is snoothly
guided fromthe conical inlet portion 784 to a throat portion 78b of the

it ough the. andi THG TG TR R CEA CEYPREARAIYSE , (B laidised BRRLf bn
pipe 72. The A% gas phase polymerization reactor 12 , and a gas
supply source 14 for supplying a material gas, e.g.,
an olefin gas serving as the material for
polymerization reactio_n.‘ The gas supply source 14 and
the gas phase polymerizatipn reactor 12 are connected
to eaqh other through a jet pump type powder supply
apparatué (to be described later), i.e. , @ so-called
ejector 16, and a catalyst suction port 18 of the
ejector 16 is connected_' to a ¢ata1yst outlet port 20
of the hopper 10. 1In brief, the ejector 16 .generates,
at its caté.lyst suctioﬁ' port 18, a negativel pressure
corresponding to the flow rate or the like of the
material gas' flowing from a gas feed port 22 to a
- discharge port 24. '.[fhe cafalyst drawn by suction
'through the catalyst suction port 18 is sent from the
discharge port 24 into the gas Phase polymerization
reactor 12 tog_eth'e-r.'with the material gas.
. The hopper 10 is provided with the catalyst
outlet port 20 at its lowermost portion through which
the .éowder catalyst is let to fall freely. The
catalyst outlet port 20 and the catalyst suction port
' 18 of the ejector 16 are connected to each other
'th:_:bugh a first connectizig pipe. 26.  The first
 connecting pipé 26 preferably has an inner diameter
equal to 10 times or more, preferably 100 times the
, ~partic1'e' .diame'ter of - the powder caté.lyst .S0 as to
o prevent the _closing'_ of the first connecting ‘pipe 26

with the powder ‘catalyst. The -first connecting pipe
This is the replacement sheet
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feed ptpe 74 is hernetically fixed to the catal yst suction pipe 72 at the
portion where it extends through the catal yst suction pipe 72. A
convergent nozzle 80 is forned at the end portion of the gas feed — 22
pi pe 74 inside the catalyst suction pipe 72. This nozzle 80 is directed to
“the diffuser 78 of the discharge pipe 76. g The axis of a portion 74a of the
gas feed pipe 74 having the nozzle 80 is Coaxial wth _

26 is connected such that the angle 6f its axis in the
' longitudinal direction with respect to the horizontal
Plane is equal to or larger than the angle of repose
of the powder catalyst particle, and is more
preferably 60° or more. - In the most preferable case,
as shown in Fig. 1, the first connecting pipe 26 is
| disposed such ‘that the angle of its axis in the
longitudinal direction with respect to the horizontal
plane is s0°, i.e., is in the vertical direction.

The angle of repose is a meaximum angle with
respect to the horizontal ‘plane, with which the |
surface layers of the group of powder particles can
retain a stationary state by the friction with each
‘other. More specifically, the angle of repose means
an angle defined' by the horizontal plane and the
generating line or inclined surface of a circular cone
which is formed when powder particles 'are let to
continuously fall from a small hole or a gap to
‘deposit on a flat surface (Takeshi Karino, "Powder

B Transportation Technique“,:Nikkan'Kogyo Shinbun-sha,
P.32). . .

As shown in Flg._l, a valve 28 for shuttlng off
communication of the powder catalyst is interposed in
the first connectlng plpe 26. In this embodiment, the
powder catalyst ls let to fall freely from the hopper.

: 10. 'Therefore, a pressure equallzatlon pipe 30 is
connected between the hopper -10 and the flrst.
_connectlng pipe 26 in" order to adjust the pressuren

difference between the _hopper 10 and the first.

This is the replacement shest
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tthe catal yst suction pipe 72 and the diffuser 78 of the discharge pipe 76.
The nozzle 80 is arranged to oppose the throat portion 78b of the diffuser
78 at a predeterm ned gap. As shown in'Fig. 10, the gas feed pipe 74
typically has a'circular section. A portion 74b of the gas feed pipe 74
between the pipe wall of the catal yst suction pipe 72 and the portion 74a
of the gas feed pipe 74 is inclined towardg the diffuser 78 (to the | ower
side in Fig. 9). It is effective that the angle of the inclined portion 74b

wi th respect tocthrebtihgopigle @eane is equal to or larger than the

Although not shown in ?ig. 1, an inert gas or
hydrogen gas is | fed into the hopper 10 in order to
prevent the powder catalyst from reacting in the
hopper 10 and the first connecting pipe 26. This gas
serves also as the carrier gas of the catalyst.

Fig. 2 shows the basic arrangement of the powder
supplying ejector 16 which can be used in the powder
catalyst supply system shown in Fig. 1. As is

understood from Fig. 2, the ejector 16 has a gas feed
pipe 32 whose interior serves as a feed flow path 33
of the material gas and a discharge pipe 34 whose
interior ée_rves aé a diséharge flow path 35 of the
material gas and the powder catalyst. A convergent |
nozzle 36 is formed a£ the end portion of the gas feed |
‘pipe 32 on the discharge pipe 34 sidé,- and a diffuser
38 is férm'ed on thé_di’scharge pipé 34. .The gas feed
pipe 32 and the d;’.scharge pipe 34 are connected
coaxiélly and in series, and the outlet portion of the
- nozzle 36 and the; inlet portion of the diffuser 38 are
opposed to -each other at a predetermined g'é.p.' The end
‘portion of ‘the gas feed _:éipe 32 on”t__he opposite side’
to the nozzle .'36,' i.e., the gas feed port 22, is
connected to a second _connecting'_pipe ‘40 extending
from the gas supplyl“sou:fce 14. The discharge port 24
of the discharge pipe 34 is connected to ‘the gas phase
-pélymérization_ :"ea.ctor 12 through a third connecting
‘pipe 42. o
| The ejeqtor 16 also has a catalyst suction pipe

This is thq replacement sheet
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‘angl ¢ of repose of the powder catal yst when the catal yst suction pipe 72 is
set in the vertical direction. Hence, the catalyst naturally falling from
t he catal yst suction pipe 72 snmoothly sli.des down to the diffuser 78
“wi t hout being deposited on the gas feed pipe 74 even if no external force
I's applied. The m ninum size of the gap H@tween the nozzle 80 of the gas
feed-pipe 74 and the inner circunferential surface of the catal yst suction

pi pe 72 arounds4 heondezlcorifectoed bebwene tﬁ&ww&m&&ﬂﬂg %h peCy cal
recessed surface 78a of the discharge pipe 76 is set to 1 i mes or nore,
preferably 100Th¢ nntenionaf ithe catalyst suction pipe 44 serves as

a.suction flow path 45 of the powder catalyst, and is
in flgid.commnnication with a space defined between
~ the gas feed pipe 32 and the discharge pipe 34,-i.e.,
.a so~-called cetalyst suction chamber 46. The central
axis of the cataiyst suction pipe 44 is perpendicular
.to the common central axis of the gas feed pipe 32 and
the discharge pipe 34. Accordingly, thie ejector 16
has a T-shape. ' '
For use,_this:ejectqr 16 having the T-shape is
- arranged such that the,centrel axis of the catalyst
suction pipe 44 is coaxial with the central axis of
‘the first connecting pipe 26. Accordingly, the
catalyst suction portlls of the catalyst suction pipe
44 is set upward in the vertical direction, and the
common axis of.the gas feed pipe 32 and the dischargee
pipe 34 is set in the horizontal direction. |
With this arrangement, even when no external
ferce is applied, the powder catalyst flows from the
hopper 10 to freely fall into the catalyst suction
chamber 46 of the' ejector 16 through the first.
connectlng pipe 26 and the catalyst suctlon.plpe 44 of
.:the ejector i6. In order to- prevent the fallen
eatalyst from being depeszted”to retaln on the end
_pdrtion'of the.gas.feed pipe 32 on the side of nozzle
- 36, 'thefend face of the gas feed pipe 32 on the nozzle
36 szde is arranged as close as. p0551ble to the gas

rsupply source 14 (on the left 51de in Fig. 2) It is
This is the replacement sheet
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di anet’er of the powder catal yst 'to prevent the pipes 23 from cl oggi ng
with the powder catalyst. For the sane purpose, -the m nimuminner di aneter
of the throat portion 78b of the diffuser 78 of the discharge pipe 76 is
also set to 10 tinmes or nore, preferably 100 tines the particle dianeter of
t he powder catal yst. Wen the aspirator 70, having the arrangenent as

descri bed above is to be used, a suction port 82 of

. effective to locate the end face of the gas feed pipe

32 at a position at léast'not'exceeding the central

axis of the catalyst suction pipe 44. For the same

. purpose, it is preferable to set the gas feed pipg 32

to have a tapéred conical outer shape at its end
portion on the nozzle 36 side.

The powder catalyst flows through the catalyst
suction pipe 44 and the discharge pipe 34. Therefore,
in order to prevent the interiors of the catalyst
suction pipe 44? and . the dischérge pipe 34 from
clogging with the powder catalyst, the minimum inner
diameters of the catalyst suction pipe 44 and the
_discharge pipe 34 are preferably set tollo'times or
more, preferably 100 times the particle diameter of
the powder catalyst, in the same manner as in the
first connecting pipe 26.

As shown in Fig 1, a differential pressure gauge
48 is provided between the first and third connecting

" pipes 26 and 42 to measure the'pressure difference
' between the discharge port 24 and the catalyst suction
porfl 18 of the _ej:ectér 16. ) Furthermoré', preésure
gauges 50, 52;'and 54 a:e'prbvided respéctivély to the
first, second, and third conhecting pipés 26; 40, and
42 to measure the respective pressures at the catalyst
~suction port. 18, the gas .fegd. poit' 22, and the
'_.discharge port 24 of the ejector 16, reSpectively.- -5

In the pbwdér.éataiyst supply systemﬁhaving thg_i

_ar:angement'as aescfibaa-above, while the shut-off .

valve_zalin_thg'first,connecting piée.zs is open, when

| Tﬁis- is the replacement sheet
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its catalyst suction pipe 72 is coaxially connected to the first
connecting pipe 26. Since the first connecting pipe 26 is normally set
in the vertical direction, the catalyst suction pipe 72 and t.he discharge
pipe 76 are also set in the vertical direction. The horizontal second
connecting pipe 40 is connected to a gas_feed port 84 of the gas feed pipe
74. Furthernore, the third connecting h* e 42 is connected to a discharge

port 86 at the Iovver end of .the di sch p operation qf the
powder cat al y&Res HARSF ’si/]stgﬁsnaﬁ?ngs‘{ ’a%) %§t°5‘r %ede%ﬁlﬁw ove, when

the : source 14 to the gas phase polymerization reactor 12,
| the powder catalyst flows from the hopper 10 into the
ejector 16 through the first connecting pipe 26 by the .'
gravity and is at the same time drawn into the ejector
16 by the  suction of the ejector 1s. More
specifically, when the material gas flows into the gas
feed pipe 32 of the ejector 16 and is injected from
the nozzle 36, its flow velocity is. increased' in the
- catalyst suction chamber 46, and the pressure in the
- catalyst suction chanmber 46 is decreased to be lower
‘than that in the hopper 10. As a result the powder
catalyst can be rel::.ably drawn by suction from the
hopper 10 into the catalyst suct:.pn. chamber 46 of the_
ejector 16. Since the': pressure in the catalyst
suction chamber 46 is lower than that in the hopper.
10, the in-aterial ‘gas will not be diffused toward the
hopper 10. . The powder catalyst drawn into the
catalyst suction chamber 46 ~is entrained in the
_.mater:.al gas injected from the nozzle 36 and is fed to
.the discharge _pipe 34. The flow velocity ‘of this
material gas containing the ca'talyst is decreased by
_the diffuser 38, _and tne. pressure thereof is
.increa'sed. Thereafter," the material gas 'containing __
 the catalyst is sent J.nto the gas phase polymer:.zat:.on
‘reactor 12 through the thirda connect:.ng pipe 42. '
_ ‘When the powder catalyst is drawn into the
. catalyst suction chamber 46 ' _s:ane the distal end of

the gas feed p:l.pe 32 is arranged at pos;tlcns as
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material gas is supplled fromthe gas suppl y source .14 to the gas phase

pol ymeri zation reactor 12 while a“shut-off valve 28 of the first connecting
pi pe 26 is open, the powder catalyst falls fromthe hopper 10 into the
aspirator 70 through the first connecting pipe 26 and is sinultaneously
drawn into the aspirator 70 by the suction operation of the aspirator 70.

In the sane manner as in the ejector desclBbed above, when the material gas

i is injected fron1the nozzle 80 of the gas feed pipe 74 to the diffuser 78
. of the ' remote as péSsible from the ceritfal axis of the

catalyst suction plpe 44, as shown in Fig. 2, the__
. powder catalyst is suppressed from being deposited on
‘the outer surface of the nozzle 36. Accordingly, most
of the catalyst sent from the hopper 1d is sent to the
gas phase polymerization reactor 12. '

At this time, if no abnormality occurs, the
pressure balance in the powder catalyst supply'system
satisfies |

P2 > P3 > Pl B
where P1 is the pressure at the catalyst suction port
18 of_the ejector 16, P2 is the pressure at the gas

feed port 22, P3 is the pressure at the discharge port
24. In this case, e-preSSure difference AP between
the pressure Pl at the catalyst suction port 18 and’
the pressure P3 at the discharge port 24 is determined
by'the mass and flow rate of the material gas, the
size and shape of the noszle 36 of the gas feed pipe
32, the size and shape of the diffuser 38 of the
_discharge pipe 34,ﬁend the like. Normally, since the .
. pressure P3 at the discharge port 24 isedetermined
depending on the presSure_ in the gas phase
. polymeriz.ation_' reactor 12, ‘the pressure Pl at ‘the
catalyst suction pdrtj' 18 can be ‘determined
eaccordlngly. : o ;

These pressures Pl, Pz, and'Ps;'and fhe pressure

'dlfference AP can be constantly' monltored by the:'
”"pressure gauges 50, 52, and 54, and the differential

'.pressure gauge 48 descrlbed;above,.and an abnormality
This i§ the replacement sheet
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24 di scharge pipe 76, the space between the nozzle 80 and the diffuser 78,
I.e., a catalyst suction chanber 88 is set at a negative pressure, so that
t he powder catalyst can be drawn. The powder catal yst guided into the
catal yst suction chanber 88 is acconpanied with the material gas injected
fromthe nozzle 80, is guided into'the discharge pipe 76, and is sent to

t he gas -phase pol ynerization reactor. 12 thrgpugh the third connecting pipe
- 42. The flow velocity of the material gas containing the catalyst is
.decreased by thein a pipe canh be detected from a Variation in these

pressures. For' example, when the material gas is
supplied from the gas supply source 14 at. a
predetermined flow rate, if P2 and/or P3 is increased;
generation of an agglomerate in the line between the
gas supply source 14 and the gas phase polymerization
reactor 12 can.be detected.  Then, troubles, e.g.,
clogging of a pipe, can be prevented. o _
When the pressure difference AP is decreased due’
to a cause such that the third connecting pipe 42
extending into the gas phase polymgrization.reactcr 12
clogs, the material gas can undesirably flow backward
from the cat;lyét'suctionlchamber 46 of the ejector 16
to the first connecting pipe 26. Hence, whether or
not the reverse flow of the material gas'can'occur can
be determined by constantly monitoring the'pressure
difference AP.by thé differential pressure gauge 48.
If thg material gaé should possibly flow backward to
 the hopper 10, the. shut-off valve'28 may be closed
immediately. ' o |
o Fig. 2 shows the-basic arréngement-of the ejector
16. an example of a detailed concrete arrangement of
the ejector 16 is shown in Fig. 3. An ejector 1é_
_shown in Fig. 3 has, in_addition_to_a'datalet'suction
‘pipe 44, a gas.feéd_pipe 32 and.a discharge pipe 34
_ -siﬁilar to those deséribed above, a body block 56. A
1_'T-shaped through hole 58-is_£§rﬁed'in the bbdy block
56. Portions 58a and 58b of the:through hole 58 are
.goaxially-atrangéd, aﬁa.a.portiqn SSc_is_pegpéndicuiar_
B ~ This i§ the replécement ..sheet.' |
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-di f fuser 78 of the dlscharge plpe 76, so that the pressure of the material
gas is increased. Since the aspirator 70 is arranged in the above manner
considering that the material to be dealt with may contain not only a gas
but also a powder, the powder catalyst will hardly retain in the aspirator
70. Since the pressure at the suction port 82 of the aspirator 70 is | ower
than that in the hopper 10, the material _gas will not be undesirably

di ffused to the hopper 10. In the pomde% catal yst supply systemusing this

aspirator 70 'gos @El pori:n. éarseferabéeség.pr%eaded portions 59a,
| 59b, and 59c¢ are formed on the portions 58a, 58b, and
- 58¢c, respectively. Threadedlportions 60a, sdb, and
60c formed on the outer circumferential surfaces of
the gas feed pipe 32, dischatge pipe 34 and catalyst
suction pipe 44 are threadably engaged with the
threaded portions 59a,.59b, and 59¢c, respectively.
Thus, the gas feed pipe 32, the discharge pipe 34 and
the cataiyst suctien pipe 44 are fixed to the body
block 56 in the same order as in Fig. 2. Threaded
portions 6la, 61b, and 6lc are preferably formed on
the outer‘citcumferential surfaces of the exposed end
portions of the gas feed pipe 32, the discharge pipe
34, and the catalyst suction pipe 44, respectively.
~ Although not shown, these. threaded portions 6l1la, €1b,
_and 61lc are used toicouple the first, second and third
first.connectihg pipes-zs 40, and 42 to the ejector
16 by using nipple joints or the like.
The arrangement of - the ejector 16 shown in Fig.
3 is 1llustrat1ve and not restrictive. Therefore, an
ejeetor 16 may be integrally formed with a catalyst
.suctien pipe 44, = gaS'feed'pipe 32;'and.a discharge
. pipe 34. 1If the: ejector is integrally formed with
.these pipes, leakage of the gas and the catalyst can
'be completely prevented. '
o Flg._4 shcws the basic arrangement of an ejector _
.accordz.ng to the second embodment of the present
_ lnventlon. This ejector 16' is substantlally'the same

as the eJector 16 shown in Flg. 2 except that a

Tms is the replacement sheet -
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pressute gauges 50, 52, and 54 for neasuring the respective pressures at
the suction port 82 of the aspirator 70, the gas feed port 84, and the

di scharge port 86, and a differential pressure gauge 48 for neasuring the
pressure difference between the suction port 82 and the discharge port 86
in the same manner as in the systemshown in Fig. 1, so that troubles

25 e.g., clogging of the catalyst or an aggl onerate of a
16

' catalyst suction pipe 44_is inclined to the left side
of Fig. 4. The angle defined by the central axes of
the catalyst suction pipe 44 and a gas feed pipe 32 is
30° or more, and is preferably equal to or lérgér than
the,angie of repose of the powder catalyst particles.
The operation of the ejector 16’ is the same as the
ejector 16 shown in Fig. 2, and a catalyst transported
through the catalyst suction.pipe 44 is fed into a
discharge pipe 34 comparativély smoothly. Although
the ejector 16 of fig. 2 has advantages such that the
manufacture and piping plan of the systém are
facilitated,.an energy loss occurs since the traveling
direction of the powder catalyst is changed by éboﬁt'

.90° in the catalyst suction chamber 46. In contrast
to this, in the ejeétor 16’ of Fig. 4, accumulation of
the'catalyst on the end portion of the gas feed pipe

- 32 on: the nozzle 36 side is suppressed dﬁe'to the
smooth flow of the catalyst. -

Figs. 5 and 6 show an ejector according to the

.thifd'embodiment'of'the present invention. As is
understood from Figs. 5 and §, this eje¢tor 16" is

~ substantially the same-ésxthe ejector 16 shown in

- Fig. 2 except that the -outer diameﬁgr of the end '_
portioﬁ of'a gas feed pipé 32 on a nozzle 36 side'is

'decreased and that an annular space 62 .1s formed
around zt. This space 62 is in fluld communlcatlon _

3 Vlth a hole 66 formed in a surroundlng portion. 64.
The surroundlng portion 64 deflnes a catalyst suctlon

'chamber 46 by surrounding the opposing end portlons of
This is thé._repla_ce'ment' sheet



pol ymer: in the pipes, tan be prevented. T.he pressure gauges 50, 52, and 54,
and the differential pressure gauge 48 are used in the same nanner as '
‘described above. ‘Fig. 11 shows another enbodi ment of an aspirator. In this
aspirator 70', as shown ih Fig. 12, 'a portion 74b" of a gas feed pipe 74"
| ocated in a catalyst suction pipe 72 has a triangular cross-section. One
of the sides of the portion 74b' of the gas feed pipe 74", which has the
shape of a tritheggas feedspips I ot edd‘xsdﬁargnatpd.getaeucm smqidrt 82
.., tothe ua%%?zrntSIOdfe sq;n!.:al.gie 1élas, e.g., material gas, inert gas
or hydrogen gas, is fed from a gas supply source (not
shown) :Lntc the hole 66. .
When a small amount of material gas, inert gas or |
by'drcgen gas is ccnt:.nucusly-_ or intermittently fed
into the _hole ' §6, this gas is inj_ected into the
catalyst suction chamber 46 through the space 62. The
catalyst retaining on the circumferential portion of
the end portion of the gas feed pipe 32 can be removed
by this injected flow. The removed catalyst is fed
from .the catalyst suction c:hamber._ 46 into the
discharge bipe 34 by the flow of the material gas
flcw:.ng from the gas feed pipe 32. |
The gas for removing the . catalyst is preferably
an inert gas as it can undesirably flow backward to a |
catalyst suction pipe  44. ~ In this case, an -
inexpensive dry nitroger;"'gas is desirable. The supply
amount, the supply pressure, and the like of the gas
for remov:.ng ..he catalyst must be deterxn:.ned such that
the pressure in the catalyst suction chamber 46 will
nct be increased to flcw the material gas in the
_' catalyst suct:.on chamber 46 to the hopper 10.
Flg. 7 shows an ejector accord:.ng to the fourth
embodiment of the present invention.. In this ejector
167, a: retention nreventive member 68 for preventing'
ret_erlticﬁ-- cf che catalyst ls prcv:.ded to a port:.on in
a "_cat_a'ly.st suction chamber 46 _cppos:.t_e to _a_ catalyst _.

suction pipe 44. The retention preventive member 68

' This is the febla'cament shdél_
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I the:gas feed pipe 74" having this shape, it will be readily understood
that the anmount of powder -catal yst accunul ated on the gas feed pipe 74" can
be greatly decreased to be smaller than in a gas feed pipe having a
circular -section. This gas feed pi pe can have any sectional shape as far as
a powder cannot-be easily deposited in itygand nay have, e.g., a r honbi ¢ or
elliptic shape. A through hole 90 is fornmed in a portion of .the pipe wall

of the catal yst gsugsi he Nipecd Zeboneihgeraos 4 Qskpion utler theé &nd y
source (not shown) of an appropriate gas, e.g., the material gas, the inert
portion of a gas feed pipe 32 on a nozzle 36 side to
the inlet porta_.on of a discharge pipe 34. The upper
surface of the retention preventive member 638 is
inclined downward in the flow direction of the
material gas, and a portion thereof adjacent to the
gas feed pipe 32 is at the same 1level with the
position of the edge portion of the outlet of the
nozzle 36 on the lowermost side. | '
In an ejector not having'e retention preventive

member 68, i.e., an ejector as shown in Fig. 2, a
‘small amount of powder catalyst tends to retain under
the end porti_on'of the gas feed pipe 32 on the nozzle
36 side. In contrast .t_thhis,' in the ejector 16"
having_. the retention preireriti_ve member 68, the space
under the nozzle '36_ is eliminated by the retention
preventive member 68, so +that the catalyst is
prevented from entering this portion. The powder
catalyst is smoothly guided to the discharge pipe 34
-along the inclined upper surface of the retention
‘preventive member 68. | In +this embodiment, the upper
.'s'ur_face of the retention preventive member 68 1s a
flat surface. However, it will be understood that the

. upper surface of the retention pre‘ventive member €8

" can have other shapes, _e g. . 2 recessed surface.

An experment w:.ll be descr:.bed where:.n a powder

__lcatalyst supply system accordzng ‘to the present

- invention is used in a system for manufacturmg l:.near _

o -low-dens:Lty pol yethylene by gas phase copolymerlzatlon
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‘gas, ‘or the hydrogen gas, is connected to this through hole 90. A snall
amount of material gas or the like is injected fromthe outlet of the '

t hrough hole 90 toward the inclined portion 74b' of the gas feed pipe 26
74' . Hence, the powder catalyst deposited on the gas feed pipe 74",
especially on the i-nclined portion 74b' can be blown off to be guided into

a dlscharge pi pe 76. 19
of ethylene a#d 1-butene. 1In ;hié &xperiment, ﬁhe
powder catalyst supply systsm'is of:the type as shown
- in Pig. 1, and an ej_é.ctor 16’ used in this powder
catalyst supply systsm.is'of the type as shown in
'Fig. 4. Note that this ejector 16’ is provided with
a gas feed hole for removing the powder catalyst
accumulated on the upper surface of the end portion cf
a gas feed pipe 32 on the nozzle 36 side. & dry
nitrogen gas was fed into this gas' feed hole and
constantly injected'ihtb a catalyst suction chamber 46
at an injection amount of 1.0 Ehﬁ/hr.- 
The'inner diaﬁeter of a catalyst suctisn‘port 18
of the ejectc:'is was set to 25 mm, the miniﬁuﬁ inner
| diameter of the.nozzle.36 of the gas feed pipe 32 was
‘set to 10 mm, and the minimum inner diameter of a
diffuser 38 of a discharge pipe 34 was set to 15 mm.

- The angle defined hy the axis of a catalyst suction
pipe 44 and the axis of the gas feed pipe 32 was set.
to 45°; The material gas was a gas mixture of .
ethylene and 1-butene, and the cataiyst was the

"Ziegler-ﬁatta type catalyst. _ | |
'The'material gaslyasfsupplied from a gas supply
source 14 at a mass flow rate of loob_kg/hr when a
' pressure:?2 at a gas feed port 22 and a pressure P3 at.
- a discharge'-port' 24 were zs-kg_f/cm’G and 20 kgf/cm’G,
respectiveiy. Thén, a pressure. difference AP between
the pressure Pl at the catalyst suctlon port 18 and.
:-the pressure P3 at the discharge port 24 was

1.0 kgf/cm?.a' In this--casa; the pressure Pl was

:This is the réplacehﬁent shest
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The gas to be used is preferably an i nexpensive dry nitrogen gas. The
anmount of gas to be fed should be determ ned such that the pressure in a’
catal yst suction chanber 88 will not be excessively increased. Excluding
the above respects, the aspirator 70" is substantially the same as the
aspirator shown in Fig. 9. An experiment will be described wherein a powder
catal yst supply system having an aspirator is.used in a systemfor
manufacturing linear |owdensity polyethypene by gas phase copol yneri zation
of ethyl ene and 1-butene. In this experlnent the powder catal yst

19 kgf/cm®G. |
When the polyethylene manufacturing system was
operated under these conditions, stable polyethylene
was manufactured over a long period of time without
forming an agglomerate of a polymer in the ejector 16
and in a first connecting pipe 26 coupling the ejector
16 and a hopper 10. '
‘The powder catalyst supply system can employ a
'jet pump type powder sﬁpply apparatus other than an
ejector. Fig. 8 schematically shows a powder catalyst
supply system using a so-called aspirator (to be
descr lbed in deta11 herelnbelow) as the powder supply
apparatus. This powder catalyst supply system is
sobstantially the same as the system shown in Fig. 1
except that the ejector is_ replaced with the
aspirator. Therefore, in_this powder catalyst supply
sYstem, the same or corresponding portions as in the
system shown  in Fig. 1 are denocted by the sanme
reference numefals,'and a detailed descripcion.thereof
will be omitted.' | |
Fig. 9 shows the basic arrangement of a preferred
embodiment of tné[ aspirator used in the powder
_catalyst suppiy system of Fig;.s.: This aspirator 70
| " has a.catalyst suction'pipe_?Z connected to a first
connecting pipe 26'extending from a hopper 10, a gas
_feed pipe 74 connected to a second connecting pipe 40
_extendlng from a gas supply source 14, and a dzscharge
plpe 76 connected. to. a’ thlrd connectzng' plpe 42_

'extendlng from a gas phase polymerizatlon reactor 12.
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supply systemis of the type as shown in Fig. 8, and an-aspirator 70 used
in this powder cat'al yst supply systemis of the type as shown in Fig. 9.
The inner dianeter of a catalyst suction port 82 of the aspirator 70 was
set to 60 nm the outer and inner dianeters. of a nozzle 80 of a gas feed
pi pe 74 were set to 15 nmand 10 mm respectively, and the m ni numinner

di aneter of a diffuser 78 of a discharge pipe 76 was set to 12 mm The
angl e defined by the axis of a catal yst gyction pipe 72 and the axis of an
inclined portion 74b of the gas feed pipe 74 was set to [err], and the

angl e of the generehtadyktnsuetibhepipe 72 and the discharge pipe 7%
are coaxially arranged in series and are integrally"
coupled to each other. The inner wall surface of the

' catalyst suction pipe 72 is preferably straight and
cylindrical in order to sﬁoothly flow the catalyst.
The discharge pipe 76 is provided with a diffuser 78
for converting the kinetic energy of the fluigd flowing
freh the catalet -suctien pipe 72 to a pressure
energy. The diffuser 78 is coaxially formed with the
catalyst suction plpe 72.

“An inlet portion 78a of the diffuser 78 has a.
conical recessed-surﬁace. When the catalyst suction
pipe 72 and the discharge pipe 76 are set in the |
vertical direction, the angle'of the generating line
of the inner wall surface of the inlet portion 78a
with respect to the herizontal plane is set equal to
or larger than the angle of repose of the powder
catalyst | particles, and is more preferably 60° or

~ more. Then, the powder catalyst freely falling
through the catalyst suction pipe 72 is. smoothly
guided from.the cohicalyinlet portion 78a to a throat
portion 78b of the dlffuser 78.

The gas feed pipe 74 extends into the catalyst'
suction plpe 72 through the approprlate portlon of the
plpe wall of ‘the’ catalyst suctlon pipe 72.' The.gas_'

'feed pipe 74_1s hermetleally_flxed_tp the catalyst

~suction pipe' 72  at fthe Iportion.'where.”it e#tends
through the catalyst suct;on plpe 72. 'A coﬁvergent-

'nozzle 80 is formed at the end portlon of the gas feed

This s the_' repfeceme_m shoot
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conical surface of an inlet portion 78a of the 27 diffuser 78 with
respect to the horizontal direction was set to [err]. The material gas was
a gas mxture of ethylene and 1-butene, .and the catalyst was the :
Ziegler-Natta type catal yst. The material gas was supplied froma gas
suppl y source 14 at a mass flow rate of 1000 kg/hr when a pressure P2 at a

‘gas feed port 84 and a pressure P3 at
' 22 _
pipe 74 inside the catalyst suction ﬁipe 72. This
~ nozzle 80 is directed to the diffuser 78 of the
 discharge pipe 76. The axis of a portion 74a of the
gas feed pipe 74 having the nozzle 80 is coaxial with
_the_catalyst suction pipe 72 and the diffuser 78 of
the discharge pipe 76. The nozzle 80 is arranged to
oppose the throat portion 78b of the diffuser 78 at a
predetermined gap. _
| As shown in Fig. 10, the gas feed pipe 74
typically has a circular section. A-pcrtioﬁ 74b of
~the gas feed pipe 74 between the pipe wall of the
catalyst suction pipe 72 and the portion 74a of the
gas feed pipe'74_is inclined toward the diffuser 78
(tc the lower side in Fig. 9). It is effective that
the angle of the lncllned portion 74b with respect to l
the horizontal plane is equal_to or larger than the'
angle 'of repose of the powder catalyst when the
catalyst suction plpe 72 is set in the vertlcal
: dlrectlcnf Hence, the catalyst naturally fall;ng from
e'the-catalyst suction pipe 72 smoothly slides down to
-'the'diffuser 73 without being deposited on the gas
feed'pipe 74 even i: no_external force is applied.
_ The minimum size;cf'the gap between the nozzle 80
"oflthe gas.feedfpipe-74~and the inner circumferential
surface'of_thelcatalyst sﬁction pipeu72'around the
nczzle_ao,_or.between_the nozzle:80 ané the conical._
recessed sﬁrface 782 of the.discharge pipe 76 is set
to 10 tlmes or more, preferably 100 times. the.partlcle'

dlameter of the powder catalyst to prevent the pipes

- This is the replacement shtet _
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a‘di scharge port 86 were 25 [err] and 20 [err], respectively. Then, a
pressure difference AP between a pressure Pl at a catal yst suction port 82
and the pressure P3 at the discharge port 86-was 1.0 [err]. In this case,
the pressure P1 vias 19 [err]. Wen the pol yethyl ene manufacturing system
was operated under these conditions, stable polyethylene was manufact ured
over a long period of time wthout form' ng3an aggl onerate of a polymer in
the aspirator 70 and in a first connecting pipe 26 coupling the aspirator
70 and a h0pperf:102m ¢leggibngbeithekbedpomder, catalyster maﬂystsane

purpose, the minimum inner diameter of the throat
portion 78b of the diffuser 78 of the discharge pipe
76 is also set to 10 times or more, prefera.‘oly 100.'
times the particle diameter of the powder catalyst.

When the aspirator 70 having the arrangement as
_descr_:fbed above is to be used, a suction port 82 of
~its catalyst suction pipe 72 is coaxially connected to
the first connecting pipe - 26. Since the first
com;ecting pipe 26 is normally set in the vertical
direction, the cataljst suction pipe 72 and the
discharge .pipe 76 are also ‘set in the vertical
direction. The horizontal ‘second connecting pipe 40
is connected to a gas ‘feed port 84 of the gas feed
pipe 74. Furthermore, the third connecting pipe 42 is
connected to a discharge port 86 at the lower end of
the dJ.scharge pipe 78. :

In operation of the powder catalyst supply sjretem
having the. aspirator 70 "des_cribed_ above, when the
- material gas is supplied.from the gas -supply source 14
‘to the gas pﬁase polymerization reactor 12 while a
shut-off valve 28 of the first connecting pJ.pe 26 is |
| .open, the powder catalyst ‘falls from the hopper 10
: into the asp:.rator .70 through the flrst connect:.ng- |
'p:.pe 26 and is s:unultaneously drawn into the asp:l.rator
70 by the suctien oper_at:.on_of-the .a.spz.rator 70. In
- the ‘same manner as in the _ejector described a'.bove,..
‘when the material gas is inj_ected from the nozzle 80 |

of the gas feed pipe 74 'to'_.the 'diff_user 78 of the

This is the replacement sheet
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di‘rectly sent fromthe hopper 10 to an ejector 16 or the aspirator 70.
However, a catalyst netering unit, e.g., a netering pipe, may be interposed
bet ween the hopper 10 and the ejector 16 or the aspirator 70. The catal yst
may be supplied to the ejector 16 or the aspirator 70 not by gravity-drop,
but by using an appropriate gas under pressure, e.g., an inert gas or the
hydrogen gas. In the latter case, no pressdire equalization pipe 30 is

needed. FurthernDre it will be apparent to those skilled
dlscharge pipe 76, the space between the nozzle 80 and_

the dlffuser 78, i.e., a catalyst suction chamber 88
is set at a negative pressure, so that the powder
catalyst can be'dravn. The powder.catalyst guided
into the catalyst suction chamber 88 is accompanied
with the ma*erial ges ihjected from the nozzle 80, is
3gu1ded into the discharge pipe 76, and is sent to the
gas phase polymerization reactor 12 through the third
. connecting pipe 42} The flOW'veloc1ty'of the material
gas containing the catalyst is decreased by the
diffuser 78 of the discharge pipe 76, so that the
pressure of the'meterial gas is increased..

- Since the asplrator 70 is arranged in the above
manner considering- that the material to be dealt with
may contain not only a gas but also a powder, the
powder catalyst willlhardly retain in the aspirator

- 70. Since the pressure at the suction port 82 of the
aspirator 70 is lower than that in the hopper 10, the
. material gas will not be undesirably diffused to the
hopper .15- | _ _' |
' In the powder catalyst supply system using this
'aspirator 70 as well)_it.is preferable to provide
pressure gauges 50, 52, :.a'nd 54 for measuring the
respectlve pressures at the suctlon port 82 of the
:asplrator 70, the gas feed port 84, .and the dlschargen'
- port 86, and_a_d@fferentlal_pressure_gauge_48 for
_ measuring theznressure aifferenoe between'the'suction
R port B2 and ‘the discharge port 86 in the Same manner

as 1n_the sys -em_shown_ln Fig. 1, so that troubles,
- _-T.his_i's the raplacement sheet
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28 in"the art that the ejector or aspirator described above can be used not

only in the powder catalyst supply systembut also in other powder
transportation systems. Fromthe invention thus described, it wll be
obvious that the invention nmay be varied in many ways. Such vari ations are

not to be regarded as a departure fromthe spirit and scope of the
invention, and all such nodifications as2%oul d be obvious to one skilled i n

the art are int egn.d 'e dc{ggggnlgnglfu%gg Vcnagzgllgs%:h%r an agglomerate of a
polymer in the pipes, can be prevented. The pressure
gauges 50, 52, and 54, and the differential pressure
gauge 48 are used in the same manner as described

above. |

'Fig. 11 shows another embodiment of an aspirator.
In this aspirator 70/, as shown in Fig. 12, a portion
74b’ of a gas feed pipe 74’ located in. a catalyst
suction pipe 72 has a triangu,lar cross—section. One
of the sides of the portion .74b' of the gas feed pipe
74’, which has the shape of a triangular prism, is
directed to the catalyst suction port 82, i.e., to the
upper side of Fig. 11. _

In the gas feed pipe 7;’ having this shape, it
will be readil'y understood that the amount of powder
catalyst accumulated on the gas feed pipe 74’ can be
greatly decreased to be smaller than in a gas feed
pPipe having a circuiar section. This gas feed pipe
can have any sectional sh‘ape as far as a powder cannot

 be easily deposited in J.t, and may have, e.g., a
rhomb:.c or elliptic shape. _ | _
| A through hole 90 is 'formed :.Ln a portion of the
pipe wall of the catalyst suct:.on pipe 72 above the
- gas feed pipe 74’. A supply source (not sbhown) of an
" appropriate gas, e. g'..,_ the . mater:l.al gas, the inert |
" gas,. or the hydrogen gas, is connected to this through
hole $0. 2 small amount._.of _'-mater:l.al gas or the like
is injected from the outlet of the through hole 50
_ toward the inclined por't:':ion 74!:;_.'. of the_ gas feed pipe
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stope of the follow ng clains. - 29 - CLAI MBS WHAT IS CLAIMED IS 1. A

powder catal yst supply apparatus for supplying a powder catalyst to a gas
phase pol ynmerization reactor together with a gas serving as a
pol ynmeri zation material, conprising: catalyst storage neans for storing. and

suppl yi ng the powder catalyst gas supply neans for supplylng t he
-pol ynmeri zation material gas; and _ 26 _

74’. Hence, the powder datalyst deposited on'the gas
feed pipe 74’, especially on the inciined portion 74b”
can be blown off to be guided into a diséharge pipé
76. _ | '

" The gas to be used is preferably an inexpensive

dry nitrogen gas. The amount of'gas to be fed éhould
be determined such-th&t'the pressure in a catalyst
suction chamber 88 will not be excessively increased.
 Excluding the above respects, the aspirator 70/

is substantially the same as the aspirator showﬁ in
Fig. 9. '

' An experiment will be described wherein a powder
catalyst supply system having an aspirator is used in
a system for manufacturing linear iow-density
polyethylene by gas phase copolymgrization of ethylene
and l-butene. . In this éxperiment, the poﬁder'catalyst
supply system is of the type as shown in Fig. 8, and
an éspitator-?O used.in this péwder'catalyst supply
system is of the type as shown in Fig. 9.

" The inner dlameter of a catalyst suction port 82

.of the asplrator 70 was set to 60 mm, the outer and
_.lnner diameters of a nozzle 80 of a gas feed pipe 74
 were set to 15.mm'and_1b:mm,3respectively,.and the
”-mipimum inner diameter of a diffuser 78 of a discharge
_pipe 76 was set to 12 mm. The éhglé-defined-by the
 '€xis of a catalyst suction pipe 72 and the axis of an
- inclined portion 74b of the gaé feed pipe 74 wés set
‘to 40°, and the angle of the generating line of the

conlcal surface of an. lnlet portlon 78a of the
| This is the replacement_sheet
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a jet ‘punp type powder supply apparatus for generating a negative pressure
therein by accelerating a flow of the gas flow ng fromsaid gas supply
means, draw ng .t he powder- catal yst storage from sai d catal yst storage means
by negative pressure, and supplying the powder catalyst to said gas phase
pol ymeri zati on reactor together with the gas, wherein said jet punp type
powder supply apparatus conprises: a cat- @%¥st suction flow path connected
to said catal yst storage through a first pipe; a gas feed flow path
connected to sBifipsen PPl yitbarespectudio sthecharipoptaladirectivehar ge
fl ow path connect ed to sal g,‘gas hase pol ynerization reactor through a

third pipe, whéfas s f e ef Pgheraant &?{f ?55(31 3 iGeh Adgdumeowipat h.
are coaxially ﬁﬁ{}g&% [ I i pr e here b ween,
i ' %o pat h%glxs?ea %osbr'fgéeerrgee’nt nozzl %ﬁesc(%a% i on

said gas feed fl
t her eof S z:.egler-Natta type catalyst.

The material gas was supplied from a gas supply
source 14 at a mass flow rate of 1000 kg/hr when a
~ pressure P2 at a gas'feed port 84 and a pressure P3 at
.a discharge port 86 were 25 kgf/cm?G and 20 'kgf/cm’G,
respectively. Then, a pressﬁre difference AP between
‘a pressure Pl at a catalyst suction port 82 and the
pressure P3 at the discharge port 86 was 1.0 kgf/cm’. |
In this case, the pressure P1 was 19 kgf/cm’c.
When the polyethylene .manufacturing_ system was
- operated under these conditions, stable polyethylene
was manufactured over a long period _'of | time without
forming an agglomerate of a polymer in the asnirator
70 and in a first connecting pipe 26 coupling the
aspirator 70 and a hopper 10. | '

In the above embodiments, the powder cataljSt is
directly ‘sent from the hopper 10 to an ejector 16 or
the _aspirator '70; _ Howeirer, ‘a catalyst metering unit,
e.g., a metering pipe, malyl be inﬁerposed b’etween the
hopper 10 and the ejector 16 or the asp:.rator 70.  The _'
catalyst may be supplled to the. ‘ejector 16 or the '
asp:.rator 70 not by gravity-drop, but by using an
appropriate gas under pressure PR g. ' an inert gas or -
the hydrogen gas. In the latter case, no pressure'_
equal:.zatlon pipe 30 is needed. | |

Furthermore, it w:.ll be. apparent to those sk:.lled-:
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opRpsi ng said discharge flow path, said discharge flow path has diffuser
forned at an end portion thereof opposing said nozzle of said gas feed
path, and said catal yst suction flow path being in fluid comunication with
sai d space such that a central axis thereof intersects a comon central
axis of said gas feed flow path and said discharge flow path at a
predeterm ned angle. 2. An apparatus accagding to claiml1, wherein the
angl e defined by the comon central axis of said gas feed flow path said

di scharge fl owipathearatt hehaéntthd ejestotr s daspifator3 desdiiibedds

above can be used not only in the powder catalyst
supply system but also in '_oth.er powder transportation
systemé. .

From the invention thus described, it will be
obvious that the invention inay be varied in many ways.
Such variations are not to be regarded as a departure
from the .spirit and scope of the invention, and all
such modifications as wduld be obvious to one skilled
in the art. are intended to be included within the

scope of the following claims.

' "'Thi,s_.is.'tﬁe 're'p_i'ac'erﬁen‘t shoet
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-~ 30- :catal yst suction flow path is [err]. 3. An apparatus according to
claim1, wherein the angle defined by the central axis OfhisSRictBBRen AP glced

flow path and the central axis of said gas feed flow path
axis of said catalyst suction flow pat hwa | ess than [err mﬁ I atus'
according to any one of clains 1 to 3, erein said nozzl such

that ‘a distal -_g%g#_g%%@_ﬁ%fated fromthe central axis of said
catal yst sucti ath ina drection to be separated from said
di scharge flow pathi.5. a/Apowdesr eatalystosdpplyt systemofierosuppayimngl to 4,
wherein mninmuminner dianeters of said catalyst suction_flow path and sai d

di scharge flowapaP@waeE neRtprd¥sti A 18 (9HEs BDRBRdPOPEMErEFatdPANEL or

of the powder catalyst. An.appar at. accord to_a ne of clarms I to
5. wherein sai8® ﬁﬁ*\fré g er%p ViR gad 3961%

polymer:.zat:.on materlal, compr:.s:.ng°
catalyst storage means for stor:.ng and supply:.ng
the powder catalyst;
gas supply means Ifor 'suppJ_.ying'the polymerization
material gas; and _' o
a jet pump type powder 'supply. apparatus for
generating a negative pressure therein by accelerating
a flow of the gas flowing from said gas supply means,’
drawing the powder catalyst from said catalyst storage
means by the negative pressure, and supplying the
powder catalyst to said :gas phase polymerization
reactor together with the gas. |
2. A system according to claim 1, wherein said
- powder supply apparatus comprises::
a catalyst suction flow path connected to said
- catalyst storage means through a first pipe; |
_ a gas feed flow path ’co_nnected to said gas supply
. means through a second pipe; and _
| a dlscharge flow path connected to said gas phase '
polymerlzat:r.on reactor through a third pipe, o
wherein sa:.d_ gas feed flow path and. sa:.d
discharge flow path are coax:r.ally arranged in series
at a predetermzned space therebetween ,' o .
said gas feed flow path has a convergent nozzle' |

formed at an. end port:Lon thereof oppos:.ng said -

the replacement shoet
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dpparatus is arranged such that an inlet of said. catalyst—stuetion—{flow path
is directed upward. 7. An apparatus according to clai m-. el angl e
defined by the central axis of said . catalyst suction fﬂgmsmg as B el‘?gect
to-horizontal plane is set to not |ess than an angl e of I&m t
-powder catal yst. 8. An apparatus-according to claim®6, i e
defined by the central axis of the said catalyst suction flow path with the
respect to a horizontal plane is set notzpess than [err]. 9. An apparatus

. according to any one of clains 1 to 8, further conprising: gas injecting
means, provi dedischapgd phowepashppl y apparatus, for injecting a catalyst
renoving gas to renove _the powder catal yst retaining around said nozzle;
and gas supply neans2i@rdisghaygrgilee Rath|jas 3 diffuseyfomed atd gas

and ga reansai RIS 3 4 _ _
[njecting means, 3 MLAMNS UHE-SFObHpaIihg Ytd ReatlS S 1S

gas feed flow path, and - '

said catalyst suction flow path being in fluid
comhunication'with said space such that a central axis
thereof intersects a common central axis of said gas
feed flow path and said discharge flow path at a
predetermined angle.
| 3. A system according to claim 2, wherein the
angle defined by the common central axis of said gas
feed flow path and éaid discharge flow path and the
central axis of said catalyst suction flow path is
s0°. | |
| 4. A systéﬁ according to_ciaim 2,'whefein the
angle defined by the central axis of said gas feed
flow path and the central axis of said catalyst
suction flow path is less than_90°. _
| 5. A system éccording-ﬁo ény one of claims 2 to
4, wherein said nozzle iS'arrangédISQch that a distal
end thereof iS'retreated'from_the cenﬁral‘axis of said
catalyst suction -floﬁﬂ path in a direction to be
sepafated from_said discharge flow path, -
6. A system accofding_tb_any'dne=cf.c1aimé 2 to
1_5;-wherein minimum'innet diameteré'of said catalyst
_suétion flow path and s#idzdisdharge leW'path are not
" less than 10 times a powder'pafticle diameter of the
powder catalyst. | o _' N
7. A systemlacco#ding to_any one.of claims 25to

_ e “This is the r_éplacement sheet
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serving as a polynerization material. 11. An appar at us accordi-ng—to—ctar-m-
9, wherein the catalyst renoving gas in an inert gas or ﬁ%@h%ﬁ&l& l]:-.icze'd
An apparatus according to claim 11, wherein the inert gas n
gas. 13. An apparatus according to any one of clains 1
sai d powder supply apparatus is provided with a retention nber
for preventing the powder catalyst fromrgtaining at a Iovver a portlon of "a
gap defined around said nozzle. 14. An apparatus according to claim 13.
Wherein said regte e JEsPe 42581 4 arf¥ i on of
the gap define a%%%e%gl §%n&tc§zz§°e to a%uﬁéﬁgn%}&étlonﬁ%f salo‘,)c%;‘:i:t d

such that an inlet of said catalyst suctlon flow path

~is directed upward.
8. A system accord:mg to claim 7, ’where:.n an

a.ngle def:.ned by the central axis of said catalyst
suction flow path with respect to a horizontal plane
is set to not less than an ‘angle of repose of the
powder catalyst. '

9. A system according to claim 7, wherein an
angle defined by the central axis of said catalyst
suction flbw path with respect to a horizontal plane
is set to not less than 60°. ' '

10. A syStém according to 'any on'e.. of claims 2 to
9', further comprising’:' |

'ga's. inj écting means, provided to' said ﬁowder
supply apparatus, for_ injecting a catalyst removing
g-aé to remove the éwder catalyst retaining ‘around
said nozzle, and '

- gas supply means for supplymg the catalyst .
.remov1ng gas to said gas lngectlng means.

‘11i. A system according to claim 10, wherein the
catalyst removing gas is a gas '. seﬁing ‘as a

- polymerization matefial. | '

12.- A system accord:.ng to claim :LO, where:.:n the"

catalyst remov:.ng gas is an inert gas or a hydrogen' o
gas. L | o
| 13 ._" A syétem"-. accbrdizig to claim 12, _whereig.-fl.:he_
' J.nert gas 1s dry nitrogen gas.

14 A .sys tem accordlng to any one of clalms 2 to

" This is the rep!gcemen’(cshee?
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«di ffuser through a | ower portion of the space between saird—gas—feed flow _
path and sai d discharge flow path. 15. A powder catalyshhﬁgag ppar at us
for supplying a powder catalyst to a gas phase polyneriz h“d
together with a gas serving as a pol ynerization naterlal

catal yst storage neans for storing and supplying the po

supply neans for supplying the polynerization nmaterial gas catalyst a Jet.
punp type powder supply apparatus for g82erating a negative pressure
therein by accelerating a flow of the gas flow ng fromsaid gas supply -
means, drawi nd3:haheredar said| povderosueply m:gettustaﬁagaoméﬁ§ by the

negative pressure, and su I ng_ the Dmder ata st to sai hase
pol yreri zat.i oﬁquh tﬁ)’%t‘ﬁ% & theed‘a %’frPEﬁYﬁ“ﬁéﬁ type
powder Supp'ype&ae&akeaaaygtlffam retaining at a lower portion of

a gap defined around said nozzle.

5. A system according to claim 14, wherein said
retention'preventive]member extends from said lower
portion of the gap defined around said nozzle to an
inlet portion of said diffuser through a lower portion
of the space’between said gas feed flow path and said
discharge flow path.

16. A system according to claim 1, wherein said
powder suoply apparatus comprises: | | |

a catalyst suction flow path connected to said
catalyst storage means through a first pipe;
| o a gas feed flow path connected to said gas supply
means through a second pipe; and '
a dlscharge ‘flow path connected to said gas phase
'polymerlzatlon reactor through a third plpe,

wherein sald catalyst suction flow path and said
dlscharge flow path are coax1ally arranged in series, R

said dlscharge flow path has a dlffuser formed at
an- end portion thereof oppo51ng saiad catalyst suctlon
flow path and | | ' '

_'said gas feed flow path'is:formed in one-gas-feed

‘pipe constltuted by a first portlon extendlng across
:,sald catalyst suction flow path and a second portlon
ellntegrally ~ formed ‘with sald first portlon and

extending in said catalyst'suction flow path coaxially

to_said~discharge flow path, said second portion of

\ . This is the replacemem shoet .
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a catal'yst suction flow path connected to said catal yst stora e rrea

through a first.first pipe; a gas feed flow path connect e laced
supply nmeans through a second pipe; and a discharge flow El
sai d gas phase polynerization reactor a'third pipe. wherei

suction flow path and said di scharge fl OW£at h are coaxially arranged i n
series, said di scharge flow path has a dit Juser fonned at an end portion

t her eof opposi ng said cat al yst suctlon flow p nd _sai s, feed flow
path is formed I?\a'b"huegﬁﬁs%Fé d P3RS By t%t% B?i £’8¥ﬁ -&

fﬁ ggf;pgyagggsscda%&ﬁgéﬁe' ¥l 2340 td dPntd iy p%&tsmafg%fa S&ﬁ%&ﬂsa@ WOy
prede..erm.ned space. _

17. A system according to claim 16, wherein said
catalyst suction flow path is substantially straight
and cylindrical. | ‘ |

18. A system acéording to one of claims 16 and
17, wherein a minimum '.size of a portion around said
second portion of said gas feed floﬁ path and a
minimum inner diameter of said discharge flow path are
set to ‘not less than 10 times the powder particle

 diameter of the pbwder catalyst. | |
- 19. A system according to any one of claims 16 to
18, wherein'_ said powder supply app‘aratus is arranged
such that an inlet of sgid catalyst suction flow path
is directed upwai'd and a central axis of said catalyst
suction flow pai:h is set in the vertical direction. |

20. A system accordmg to claim 19, wherein said
first portion of said’ gas feed pipe is :.ncl:.ned
downward so that an angle thereof with respect to a

© horizontal plane is not less than an angle of repose
. of the powder catalyst. '
~ 21. A system accordihg'_to_ any'dne of claims 16 to
20, wherein .said first portion of said gas feed pipe
has a circular cross-s'ection'. | I '

22. A system accord.lng to any one of cla:uns 16 to
-'20 wherein said first port:.on of saa.d gas feed pipe
has a t:'langular cross-section, and saJ.d gas feed. p:Lpe' |

is arranged such that a vert:ex ‘of the trllang'ular

-. o ;5'h'is is the re_pla.ceni.ent' sh.se; |
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-+ 32 - first porfion and extending in said first portion and extending in
said catal yst suction flow path coaxially to said discharge flow path, said

‘second portion of said feed pipe having a distal end {Be¢n Replaced
convergent nozzle separated fromsaid diffuser at a pr : ace.
16. An apparatus according to.claim 15, wherein said c n flow
~path is substantially straight and cylindrical. 17.-An apparatus according
to one of claims 15 and 16, wherein a m m4um size of a portion around said
second portion- of sai h. and a ng ni rum i nner di anmeter of

d feed {|
sai d di scharge ??%Fﬁﬁ?ggg?ﬁegﬁtéﬁvﬂﬁgél%%saxf a% 9f RAld i@

particle di anmet h catal yst. 18. An apparatus according to any
one of clainms 1 ‘f.‘gii{}.fz\li\ﬁg\rl\glg%héai d powder ' : ' _

_ '23. A system according to any one of claims 16 to
22, further comprising: |
~ gas injecting means, provided to said powder
_supply' apparatus, for injecting a catalyst removing
gas to remove the powder catalyst deposited on said
gas feed pipe; and '

‘gas supply means for supplying the cétalyst
| rezioving gas'to saiad gas' injecting means.

24. A system according to claim 23, wherein the
catalyst removing gas is a gas serving as a
polymerization material. _ | .

25. A system according_to claim 23, wherein the
catalyst removing gas is’ an inert gas or a hydrogen
gas. | _ _ - C | _

26. A syste:m. accérding to claim 25, wherein the
inert gas is dry nitrbgen gas.
| 27. A system according to one of claims 19 and
20, wherein an inlet portion of said discharge flow
path has a conical ref:eSs_ed surface, '.and an anéle of
a generating line of said recessed surface with

~respect to a horizontal plane is not leSé than an
ai:gle of repose of the-p’owd_er-' catalyst.
_ 28. A '-system' according to one of claims 19 and
20, whe_r:ein_' an inlet p'értﬂign' of said dischar_gé flow
path has a conical recessed surface, and an anglé of
a generating. line  of "'s_ai'd' -_re‘c_.:e.ssed. : 'sux;face : with

respect to a horizontal pl#ne is not less than 60°.

: _Thié is the replacement shvet
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supply a'p"pa'rat us is arrahged_such that an inlet of sai

tipn

flow path is directed upward and a central axis of sai Stﬂaﬁﬁ@i‘gqcfﬁn
|
I

flow path is set in the vertical direction. 19. An app gto
claim 18, wherein said first portion of said gas feed pi ivled
downward so that an angle thereof with pgspect to a horizontal plane is not
| ess than an angl e of repose of the powder catal yst. 20. An apparatus

according to any oRe Ofy AP lacdSrdtng WS &h9 SAkddf dilaiR@ 13 @b of said
gas feed pipe has a circuldar cross-sectl%n. 21.7 An apparatus according to
any one of cl aigys Koipridinghepriessazred ansfesporfoon wlespeictigwsyf eed

pi pe has a triangul ar cross-section, and said gas_feed pig_g I s arranged

such that a véetestimg he mHeser 18r add R FBAYSE FP %%B 3% i nl et
oF 5719 oo 2 ghasuel | BReLbR PN o£Fa GRS P NOLE g1y O
said powder sypalw,3RPaAtdSaf@{sémipgd | Fod gatalyst
36. A system according to any cne of claims 2 to
29, comprisi:ﬁg a differezitial pressure gauge for
detecting a preséure difference between the pressure
in said catalyst suction flow path and the pressure in
saia discharge flow path. |
31. 2 system'according'to any one of clé.ing 1 to
30, wherein the powder catalyst is drawn by said
powder supply apparatus from.said 'cétalyst storage

means together with an inert gas or nitrogen gas.

32. A powder supply apparatus for generating a
négative pressure therein bg-r‘ accelerating a flow of a
gas, d_.rawi.ﬁg 'a_ powder by the negati've pressure, and
discharging - the _powdez." together - with the gas,
| ;bm;ﬁriging: | ' g | - |

| a powde:z.'. suetion flow path adapted to be
céﬁnected :tb powder Storage means to. r_eceiving' the B
powdexr from said powder storage means; _ .

a gas feed flow éath atdap'ted to be connected to '.

gé...%,'._'supply means; and | ' | |

a discharge flow path .for_ discharging the drawn

;. - powder togethér wi_th the .gas'sent from sai.d_.gas' supply
. means, ) | | | o '

. wherein said powder suction flow path ‘and .said

This is the repla_ce_'me.m shest
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renpvi'ng gas to renpve the powder catalyst deposited on saird gasfeetd—pipe—
and gas supply neans for supplying the catal yst renDV|ng gﬁ§gkg}§ nﬂgﬁmm

i njecting means. 23. An appar at us accordlng to claim 22,

catal yst renoving gas is a gas serving as a polynerlzatlo éﬁ
apparatus according to claim 22, wherein the catalyst reno
I nert -33- gas or a hydrogen gas. 25. An apparatus accordlng to clalm
24, wherein the inert gas is dry nitroge3gas. 26. An apparatus according

"to any one of clains 18 and 19, wherein an inlet of said
discharge flow nath are coaxially arranged in series,

o saiad dlscharge flow path has a diffuser formed at
an end portion thereof opposing saidepowder suction
flow path, and "
said gas feed flow path is formed in one gas feed
lpipe constituted by a first portion extending across
said -powder suction flow'path and a second portion
integrelly formed with said@ first portion .and
extending in said powder suction flow path coaxially
to said discharge flow patn, said second portion of
said gas feed pipe having-a distal end formed with a
convergent nozzle separated from said diffuser at a
predetermined space. _
3s. An apparatus according to claim 32, wherein
said powder suction flow path is substantially
~ straight and cylindrical. |
34. An apparatus according to cne of claims 32
~and 33, wherein a minimum size of a portion around
sald second port;on of- sald gas feed flow path and a
_mlnlmum inner diameter of said dlscharge floW'path are
t set to not less ~than 10 tlmes a powder . partlcle
diameter of the powder. -
o 35. "An apparatus accordlng to any one of claims
-32 to 34 wherein sald flrst portzon of said gas feed
plpe is lncllned toward said dlscharge flow path so
~that an angle thereof w1th respect to 'a plane
) _perpendlcular to the central axis of said powder'
-suctlon flow path ls not less than an angle of repose

- -of the powder.rg“
Tlms is the repiecemem sheet
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di scharge flow path has a conical recessed surface, and an angl e of a

generating line of said recessed surface with respect t o This ti Hag Aéea R,
is not |ess than an angle of repose -of the powder catal ystj,
apparatus according to any one of clains 18 and 19, wherei

portion of said discharge flow path has conl cal recessed surface, "an
angl e of a generating |line of said recesséd surface with respect to. a

hori zontal plane i not Iess t han [er apparatus accordi hg to any
one claims 1 to 272 8conPP Qé%s&‘]é"iﬁg’g’é FBrgWsﬁé’(ﬁl ofelGlaiecting a
pressure in s t o] h ?—t‘] | d gas, feed
fl ow pat h, gﬂai f)d?e?sﬁ?%ah;é%gss'gl gagl scC rgréepf’ ow pat %ﬁh é p%a dat us

accordi ng to apr@rlfagfatdsfrehaachfoge ~gectdyryrising a differential
pressure gauge for_detecting a pressure difference between the pressure in

said catal yst suctidn fABnapRRratis @ieeqxding reoi anyaionediofc edragans | ow

D e Al P USE, IO ELN%L 0 PYr B pE T of Bal M2 en 1"
pipe has a triangular cross-section, and said gas feed

pipe is arranged such that a vertex of the triangular
cross-section is directed toward an inlet of saigd
powder .suction flow path. | |

38. Aan apparatus according to any one of claims
32 to 37, comprising gas injecting means for injecting
a powder removing gas to remove the powder depos ited
on said gas feed pipe. |
| 39. An apparatus according to any one o.f olaius
32 to 38, wherein an inlet portio.n of said discharge
flow path has a conical recessed surface, and an angle '
of a geu_erating line of said recessed surface with
respect to a plane perpendicular to a central axis of
said,'disoharge flow path is not less than an angle of
repose of the powder. |

40. An apparatus accord:.ng to any one of clams
32 to 38, whereln an inlet portion of said discharge
flow path has a oonlcal recessed surface, and an angle
.of a generat:.ng. line of sa:Ld recessed surfa_ce with
respect to a _p:l_.ane'perp'end'icul'ar to a central axis of
said discharg.'e_“f_‘iow pa_th is not less than 60°.. '

41. A po{rder supply apparatus comprising a first
and second :Lnlet means for rece:.v:.ng a powder mater:.al.

~and a gaseous mater:.al respect:.vely, a dlscharge means

R T
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is drawn by said- povvder suppl y appar atus fromsaid ca{ﬂlrys{——s{ﬁfage—ﬁ’eaﬁs
together with--an inert gas or nitrogen gas.  This She %%hﬁ’ﬁ %@e‘?: J,aced
34 cross-section is directed to an inlet of said cataly

path. 23. A systemaccording to any one of clainms 16 to
prOV|ded to said pomde

38

conprising: gas injecting means,

for discl_xarging said powder 'matérial together with
said gaseous material and a means for generating a
suction pressure at said first inlet means in response
to f’ow'of said gaseous material between said second
inlet means .and sald discharge means whereby ‘the
powder material is drawn into said flow of gaseous
material and flow of the gaseous material in the
direction of said first inlet means is inhibited.
| 42. 2 method of.supplying a powder material and
a gaseocus material to a receiving zone, the method
comprising the steps of forming a flow of said gaseous
material between a gas supply means and said reaction
zone;_actelerating said flow at a region intermediate
:said“supply means and said receiving zone whereby a
suction pressure is'generated, exposing said.powdér
material to said'suétion'pressure whereby the powder
material is drawn into said flow of gaseous material
and entrained therewith. -
- 43. any of the powder supply apparatus
‘subst antlally as herelnbefare descrlbed w1th.reference ,
. te the accompanying drawings. '
T 44. Any of the methods of .supplying' powder
-_éubstan 1ally'as hereznbefore descrlbed.wzth.reference

-to the accompanying draw;ngs.

* [ L M s *
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supply apparatus, for injecting a catalyst renoving gas to renove the
powder cat al yst deposited on said gas feed pi pe; and gas supply neans for
‘supplying the catalyst renoving gas to said gas injecting means. 24. A
system according to claim 23, wherein the catalyst renoving gas is a gas
serving as a polynerization material. 25. A systemaccording to claim 23,
wherein the catal yst renoving gas is an |g§rt gas or a hydrogen gas. 26. A
systen1accord|ng to claim 25, wherein the

POWDER SUPPLY

'ABSTRACT OF DISCLOSUR | (Figure 1)
A powder catalyst supply sYstém for supplying a
powder catalyst to_é gas'ﬁhase polymerization reactor
together with a gas serving as a polymerization
material includes a catalyst storage containér (10),;
a gas supply source (14), and a jet pump type powder
supply apparatus. Tpe catalyst storége_container can
storé-and supély'the.powder catalyst. The gas supply  '

source supélies the polymerization material gas. The:
- ﬁet Pump type powaer supplj apparatus (16) genérates
a negétive,pressuie_ﬁheréin by accelerating a flow of
the'gas flowing from tﬁe gas supply source, draws the
powder cétalyst from?thé catalyst sto:age container by
the negative ﬁréséﬁre, and  supplies the poﬁder.
catalyst to the gas phase polymerization reactor

' together with the gas..
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e

inert 'gas is dry nitrogen gas. 27. A system according to one of clains 19
and 20, wherein an inlet portion of said discharge flow path has a conical -
recessed surface, and an angle of a generating Iline of said recessed
surface with respect to a horizontal plane is not |ess than an angl e of
repose of the powder catalyst. 28. A systemaccording to one of clains 19
and 20, wherein an inlet portion of jsaid discharge flow path has a conica
recessed surface, and an angle of a generating |line of said recessed
surface with respect to a horizontal.plane is not less than [err].
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235 29. A system according to any one of -clains 2 to 28, conprising
pressure gauges for respectively detecting a pressure in said catalyst
suction flow path, a pressure in said gas feed flow path, and a pressure in
sai d discharge flow path. 30. A system according to any one of clains 2 fo
29, conprising a differenti al pressuke gauge for detectlng a pressure

di fference betmeen the pressure :
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in sai'd catalyst suction flow path and the pressure in said discharge flow
path. 31. A systemaccording to any one of clains 1 to 30, wherein the
powder catalyst is drawn by said powder supply apparatus from said

catal yst storage nmeans together with an inert gas or nitrogen gas. 32. A .
powder supply apparatus for generating a negative pressure therein by
accelerating a flow of a gas, drawi 8g a powder by the negative pressure,.
~and di scharging- the powder together wth the gas, conprising: a
powder suction flow path adapted to be _ '
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.connected to powder storage neans to receiving the powder from said powder
storage neans; a gas feed flow path adapted to be connected to gas supply
nmeans; and a discharge flow path for discharging the drawn powder together
wth the gas sent fromsaid gas supply neans, wherein said powder -suction

fl ow path and said 36 4
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di scharge flow path are coaxially arranged in series, said discharge flow
path has a diffuser forned at an end portion thereof opposing said powder
suction flow path, and said gas feed flow path is fornmed in one gas feed
pi pe constituted by a first portion extending across said powder sucti.on
flow path and a second portion integragly formed wth said first
portion and extending i'-n said powder suction flow path coaxially to said
di scharge flow path, said secqQnd portion of said gas feed pipe having a
distal end formed with a convékgent nozzl e separated fromsaid diffuser at
a C - <
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predet®erm ned space. 33. An apparatus according to claim 32, wherein said
powder suction flow path is substantially straight and cylindrical. 34. An
apparatus according to one of clainms 32 and 33, wherein a mninumsize of a
“portion around said second portion of said gas feed flow path and a m ni mum
i nner di ameter of said discharge flow path are set to not |ess than 10
times a powder particle dianeter of th® powder. 35. An apparatus according
to any one .of clains 32 to 34, wherein said first portion of said gas feed
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pirpe i's inclined toward said discharge flow path so that an angle

thereof with respect to., a plane perpendicular to the central axis of said
powder suction flow path is not |less than an angl e of repose of the powder.
37 36. An apparatus according to any one of clainms 32 to 35, wherein said
first portion of said gas feed pipe ;as a circular cross-section.
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377 An apparatus according to any one of clainms 32 to 35, wherein said
first portion of said gas feed pipe has a triangular cross-section, and

. said gas feed pipe is arranged such that a vertex of the triangul ar
cross-section is directed toward an inlet of said powder suction flow path.
38. An apparatus according to any one of clainms 32 to 37, conprising gas

- injecti'ng neans for injecting a powder Benobving gas to renove the powder.
deposited on said gas feed pipe. 39. An apparatus according to any one of
clains 32 to 38, wherein an inlet portion of said discharge
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flow path has a conical recessed surface, and an angle of a generating |ine
of said recessed surface with respect to a plane perpendicular to a central
axis of said.discharge flow path is -not |ess than an angle of repose of the
. powder. 40. An apparatus according to any one of clains 32 to 38, wherein
an inlet portion of said discharge %OW path has a conical recessed
surface, and an angle of a generatinmg line of said recessed surface with
respect to a plane perpendicular to a central axis of said discharge flow
path is not less than [err]. 41. A powder supply apparatus conprising a
first : ' . S .

Fig.//
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1. A powder catalyst supply apparatus for supplying a powder catalyst to a gas

phase polymerization reactor together with a gas serving as a polymerization material,

comprising: : This Sheet Has Been Replace:

(1]

catalyst storage means for storing and supplying the powder catalyst; “IIII'

gas supply means for supplying the polymerization material gas; and

a jet pump type powder suppiy apparatus for generating a negative pressure
therein by accelerating a flow of the gas flowing from said gas supply means, drawing the
powder catalyst storage from said catalyst storage means by negative pressure, and supplying
the powder catalyst to said gas phase polymerization reactor together with the gas, wherein
said jet pump type powder supply apparatus comprises:

a catalyst suction flow path connected to said catalyst storage through a first pipe;

a gas feed flow path connected to said gas supply means through a second pipe; and

a discharge flow path connected to said gas phase polymerization reactor through

a third pipe,

wherein said gas feed flow path and said discharge flow path are coaxially arranged
in series at a predetermined space there between,

- said gas feed flow path has a convergent nozzle formed at an end portion thereof

opposing said discharge flow path,

said discharge flow path has diffuser formed at an end portion thereof opposing said
nozzle of said gas feed path, and

said catalyst suction ﬂow path being in fluid communication with said space such that

a central axis thereof intersects a common central axis of said gas feed flow path and said
discharge flow path at a predetermined angle.
2. An apparatus according to claim 1, wherein the angle defined by the common

central axis of said gas feed flow path said discharge flow path anitsh?sc tera'l’ea‘)):lls of s%gt shest
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powder material is drawn into said flow of gaseous materi al and“flow of the

gaseous material in the direction of said first inlet neans—isinhibit-ed-
42. A method -of supplying a powder naterial and a gaseoug; rgggeef 4
receiving zone, the nethod conprising the steps of form ng‘S 155614 Igeéccfd
gaseous naterial between a gas supply neans and said react

accelerating said flow at a region internedi ate said suppl

recei Vi g cagaRst sibinSiow patl wOBP.ON pressure i s generated, exposi ng sai d
powder material to said suction pressure whereby the powder material is
drawn into sai &, fAmipatatud 6Oy 16BN Ahi13 wherein the angle defined by the central axis
of said gas feed flow path and the central axis of said gas feed flow path and the central axis of
said catalyst suction flow path is less than 90°.
4. An apparatus according to any one of claims 1 to 3, wherein said nozzle is
arranged such that a distal end thereof is retreated from the central axis of said catalyst suction flow
path in a direction to be separated from said discharge flow path.
5. An apparatus according to any one of claims 1 to 4, wherein minimum inner
diameters of said catalyst suction flow path and said discharge flow path are not less than 10 times
a powder particle diameter of the powder catalyst.
6. An apparatus according to any one of claims 1 to 5, wherein said powder supply
apparatus is arranged such that an inlet of said catalyst suction flow path is directed upward.
7. An apparatus according to claim 6, wherein an angle defined by the central axis
of said catalyst suction flow path with respect to horizontal plane is set to not less than an angle of
repose of the powder catalyst.
8. An apparatus according to any of claim 6, wherein an angle defined by the central
axis of the said catalyst suction flow path with respect to a horizontal plane
is set not less 60°. |
9. An apparatus according to any one of claims 1 to 8, further comprising:
gas injecting means, provided to said powder supply apparatus, for injecting a catalyst
removing gas to remove the powder catalyst retaining around said nozzle; and
gas supply means for supplying the catalyst removing gas to said gas injecting means.
10. An apparatus according to claim 9, wherein the catalyst removing gas is a gas
serving as a polymerization material. |
11. an apparatus according to claim 9, wherein the catalyst removing gas is an inert
gas or a hydrogen gas.
12. An apparatus according to claim 11, whereih the inert gas is dry nitrogen gas. -

: - This is the replacement sheet
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and entrained therewith. 43. Any of the powder supply apparat us
substantially as herei nbefore described with reference toThki$i$hesitla
drawi ngs. .44. :‘Any of the nethods of supplying powder subst

her ei nbef ore described with reference.to the acconpanyi ng

-3-

T

supply apparatus is provided with a retention preventive member for preventing the powder catalyst

13. An apparatus acéotding to any one of claims 1 to 12; wherein said powder

from retaining at a lower a portion of a gap defined around said nozzle.

14. An apparatus according to claim 13, wherein said retention preventive member
extends from said lower portion of the gap defined around said nozzle to an inlet portion of said
diffuser through a lower portion of the space between said gas feed flow path and said discharge
flow path. |

15. A powder catalyst supply apparatus for supplying a powder catalyst to a gas
phase polymerization reactor together with a gas serving as a polymeﬁzation
material,' comprising:

catalyst storage means for storing and supplying the powder catalyst;

gas supply means for supplying the polymerization material gas catalyst;

a jet pump type powder supply apparatus for generating a negative pressure therein
by accelerating a flow of the gas flowing from said gas supply means, drawing the powder catalyst
from said catalyst storage means by the negative pressure, and supplying the powder catalyst to said
gas phase polymerization reactor together with the gas, wherein said jet pump type powder supply
apparatus comprises:

a catalyst suction flow path connected to said catalyst storage means _through a first
first pipe; |

a gas feed flow path connected to said gas supply means through a second pipe; and

a discharge flow path connected to said gas phase polymerization reactor a third pipe,

wherein said catalyst suction flow path and said discharge flow path are coaxially
arranged in series, | _

said discharge flow path has a diffuser formed at an end portion thereof opposhmg said
catalyst suction flow path, and

said gas feed flow path is formed in one gas feed pipe constitutgd by.a first portion

extending across said catalyst suction flow path and a second portion integrally formed with said

This is the replacemert sheet
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first portion and extending in said first portion and extending in said catalyst suction

—
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flow path coaxially to said discharge flow path, said second portion of said feed pipe having a distal
| end formed with a convergent nozzle separated from said diffuser at a predetermined space.
16. An apparatus according to claim 15, wherein said catalyst suction flow path is
substantially straight and cylindrical.
17. An apparatus according to one of claims 15 and 16, wherein a minimum size of
a portion around said second portion of said gas feed flow path and a minimum inner diameter
of said discharge flow path are set to not less than 10 times the powder particle diameter of the
powder catalyst.
18. An apparatus according to any one of claims 15 to 17, wherein said powder
supply apparatus is arranged such that an inlet of said catalyst suction flow path is directed upward
and a central axis of said catalyst suction flow path is set in the vertical direction.
19. An apparatus according to claim 18, wherein said first portion of said gas feed
pipe is inclined downward so that an angle thereof with respect to a horizontal plane is not less than
an angle of repose of the powder catalyst. |
20. An apparatus according to any one of claims 15 to 19, wherein said first portion
of said gas feed pipe has a circular cross-section.
21. An apparatus according to any one of claims 15 to 19, wherein said first portion
of said gas feed pipe has a triangular cross-section, and said gas feed pipe is arranged such that a
vertex of the triangular cross-section is directed to an inlet of said catalyst suction flow path.
22. An apparatus according to any one of claims 15 to 21, further comprising:
gas injecting means, provided to said powder éupply apparatus, for injecting a catalyst
removing gas to remove the powder catalyst deposited on said gas feed pipe; and
gas supply means for supplying the catalyst removing gas to said gas injecting means.
23. An apparatus according to claim 22, wherein the catalyst removing gas is a gas
serving as a polymerization material.

24. An apparatus according to claim 22, wherein the catalyst removing gas is an inert -
This is the replacement sheet
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gas or a hydrogen gas.
25. An apparatus according to claim 24, wherein the inert gas is dry nitrogen gas.

26. An apparatus according to one claims 18 and 19, wherein an inlet portion of said
discharge flow path has a conical recessed surface, and an angle of a generating line of said recessed
surface with respect to a horizontal plane is not less than an angle of repose of the powder catalyst.

27. An apparatus according to one of claims 18 and 19, wherein an inlet portion of
said discharge flow path has conical recessed surface, and an angle of a generating line of said
recessed surface with respect to a horizontal plane is not less than 60°.

28. An apparatus according to any one claims 1 to 27, comprising pressure gauges
for respectively detecting a pressure in said catalyst suction flow path, a pressure in said gas feed flow
path, and a pressure in said discharge flow path.

29. an apparatus according to any one of the claims 1 to 28, comprising a differential
pressure gauge for detecting a pressure difference between the pressure in said catalyst suction flow
path and the pressure in said discharge flow path.

30. An apparatus according to any one claims 1 to 29, wherein the powder catalyst
is drawn by said powder supply apparatus from said catalyst storage means together with an

inert gas or nitrogen gas.
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WHAT IS CLAIMED IS:

I A powdcr cntalyst supply apparatus for supplying a powder catalyst to a gas
phase polymerization reactor together with a gas serving as a polymenzauon material,
comprising:
catalyst storage means for storing and supplying'the powder catalyst;
gas supply means for supplying the polymerization material gas; and
a jet pump type powder supply apparatus for generating a negative pressure
therein by accelerating a flow of the gas flowing from said gas supply means, drawing the
powder catalyst storage from said catalyst storage means by negative pressure, and supplying
the poxa;lder catalyst to said gas phase polymerization reactor together with the gas, wherein
said jet pump type powder supply apparatus comprises:
a catalyst suction flow patl'x connected to said catalyst storage through a first pipe;
a gas feed flow path connected to said gas supply means through a second pipe; and
a discharge flow path connected to said gas phase polymerization reactor through
a third pipe,
wherein said gas feed flow path and said discharge flow path are coaxially afranged

in series at a predetermined space there between,

said gas feed flow path has a convergent nozzle formed at an end portion thereof
opposing said discharge flow path,
said discharge flow path has diffuser formed at an end portion thereof opposing said

| nozzle of said gas feed path, and

said.catalyst suction flow path being in fluid communication with said si)ace such that
a central axis thereof intersects a common central axis of said gas feed flow path and said
discharge flow path at a predetermined angle.

2. An apparatus according to claim 1, wherein the angle defined by the common

central axis of said gas feed flow path said discharge flow path and the central axis of said
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.cata.l.yst suction flow path is 90°. |
3. An apparatus according to claim l wherein the angle defined by the central axis
of said gas feed flow path and the central axis of said gas féed flow path and the central axis of
said catalyst suction flow path is less than 90°.

4. An apparatus according. to any one of claims 1 to 3, wherein said nozzle is
arranged such that a distal end thereof is rctrc:ited from the central axis of said catalyst suction flow
path in a direction to be separated from said discharge flow path.

5. An apparatus according to any one of claims 1 to 4, wherein minimum inner
diameters of said catalyst suction flow path and said discharge flow path are not less than 10 times
a powder particle diameter of the powder catalyst.

6. An apparatus according to any one of claims 1 to 5, wherein said pow&cr supply
apparatus is arranged such that an inlet of said catalyst suction flow path is directed upward.

. 7. An apparatus according to claim 6, wherein an angle dc.ﬁned by the central axis

of said catalyst suction flow path with respect to horizontal plane is set to not less than an angle of

repose of the powder catalyst.
8. An apparatus according to claim 6, wherein an angle defined by the central
axis of the said catalyst suction flow path with the respect to a horizontal plane

is set not less than 60°.

9. An apparatus according to any one of claims 1 to 8, further comprising:
gas injecting méans, provided to said powder supply apparatus, for injecting a catalyst
removing gas to remove the powder catalyst retaining around said nozzle; and

gas supply means for supplying the catalyst removing gas to said gas injecting means.

10. An apparatus according to claim 9, wherein the catalyst removing gas is a gas
serving as a polymerization material.

' 11. An apparatus according to claim 9, wherein the catalyst removing gas in an inert

gas or hydrogen gas.
12. An apparatus according to claim 11, wherein the inert gas is dry nitrogen gas.
e e
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13. Aan appimlus according to any ane of ‘claims | to 12, wherein said péwﬁlcr
supply apparatus is provided with 1 retention preventive member for preventing the powder catalyst
from retaining at a lower 1 portian of 2 gap defined around said nozzle.

4. An apparatus according to c!aim 1], wherein said retention preventive member
extends from said lower partion of the gap defined aréuhd said nozzle (o an inlet portion of said
diffuser tﬁrough 3 lower portian of the space between said gas feed {low path and said discharge
flow path.

15. A powder catalyst supply apparatus (or supplying a powder catalyst lo 2 gas
phase polymerization reactor together with 2 gas secving as a polymerization
material, comprising: .

catalyst storage means fac stocing and supplying the powder catalyst;

gas supply means (aoc supplyiqg the polymerization material gas catalyst;

: 1 jet pump type powder suppl;y_ apparatus for geneﬁling 1 negative pressure therein
by acce:‘lcr:ting a flow of the gas flowing from said gas supply means, drawing the powder catalyst
from said catalyst storage means by the negative preséure, and supplying the powder catalyst to said
gas phase polymerization reactor together with the gas, wherein said jet pump type powder supply
apparatus comprises:

a catalyst suction flow path connected to said catalyst storage means through a first
first pipe;

a gas feed flow path connected to said gas supply means through a SCCOI.'ld pipe; and

a discharge flow path connected to said gas phase polymerization reactor a third pipe,

wherein said catalyst suction flow path and said discharge flow path are co.v'zial'ly"

arranged in secies,

said discharge flow path has 2 diffuser formed at an end poction thereof oppdsing said

catalyst suction flow path, and

said gas feed flow path ls formed In one gas (eed pipe constituted by a first partion

extending across said catalyst suction flaw path 'and 1 second portion integrally formed with said

* ¢ L M 5 %
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first portion and cxlcnding in said first poction and'ektendi'ng in said catalyst suc'ti,oﬁ

flow path coaxially to sa.id dischargc flow path, said second portion of said f;zcd pipe having a distai
end formed with a convergent nozzle separated from said diffuser at a predetermined space.

16. An apparatus according to claim 15, wherein said catalyst suction flow path is

substantially straight and cylindrical.

17. An apparatus according to one of claims 15 and 16, wherein a minimum size of
a portion around said second portion of said gas feed flow path and a minimum inner diameter
of said discharge flow path are set to not less than 10 times the powder particle diameter of the
powder catalyst.

18. An apparatus according to any one of claims 15 to 17, wherein said powder
supply appar:;ms is arranged such that an inlet of said catalyst suction flow path is directed upward
and a central axis of said catalyst suction flow path is set in the vertical direction.

19. An apparatus according to claim lé. wherein said first portion of said gas feed
pipe is inclined downward so that an angle thereof with respect to a horizontal plane is not less than
an angle of repose of the powder catalyst. |

20. An apparatus according to any one of claims 15 to 19, wherein said first portion
of said gas feed pipe has a circular cross-section.

21. An apparatus according to any one of claims 15 to 19, wherein said first portion
of said gas feed pipe has a triangular cross-section, and said gas feed pipe is arranged such that a
vertex of the triangular cross-section is directed to an in}et of said catalyst suction flow path.

22. An apparatus according to any one of claims 15 to 21, further comprising:

gas injecting means, provided to said powder supply apparatus, for injecting a c:.xta'lyst
removing gas to remove the powder catalyst deposited on said gas feed pipe; and

gas supply means for supplying the catalyst removing gas to said gas injecting means.

23. An apparatus according to claim 22, wherein the catalyst removing gas is a gas -

serving as a polymerization material.

24, An apparatus according to claim 22, wherein the catalyst removing gas is an inert
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gas or a hydcogen gas.

25. An apparatus according to claim 24, wherein the inert gas is dry nitrogen gas.

26. An apparatus according to any one of claims 18 and 19,‘ '\'N'her.ein an inlet of said
discharge flow path has a conical recessed surface, and an angle of a generating line of said tecessed
surface w?uh. respéc: to a horizontal plane is not less than an angle of repose of the powder catalyst,

27. An apparatus according to anj one of claims 18 and 19, wherein an inlet portion of
said discharge flow path has conical recessed surface, and an angle of a generating line of said
recessed surface with respect to a horizontal blane is not less than 60°.

'28." An apparatus according to any one claims 1 to 27, comprising pressure gauges
for :_espectively detecting 2 pressure in said catalyst suction flow path, a pressure in said gas feed flow
path, and a pressure in said discha_rge flow path.

29. An apparatus acc,-'o.l;dil.lg‘ ‘.to ;ny one of the cllaims 1 to 28, comprising a diffcremia[
pressure gauge for detecting a pressure difference between the pressure in said cataiyst suction flow
path and the pressure in said discharge flow path.

30._ An apparatus according to any one claims 1 to 29, wherein the powder catalyst
is drawn by said powder supply apparatus from said catalyst storage. means: together. with an

inert gas or nitrogen gas.
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POWDER SUPPLY
BSTRACT OF ISCLOSUR (Figure 1)

A.powder catélyst supply system for sﬁpplying a
powaer catalyst to a gas ﬁhase polymerization reactor
together with a gas 'serving as a polymerization
material includes- a catalyst storage container (10),
a gas supply source (14), and a jet pump type powder
supply apparatus. Tpe catalyst storage container can -
store and supply the powder catalyst. The gas supply
source supplies the polymerization material gas. The
jet pump type powder supply apparatus (16) generates
a negative pressure therein by a;celerating a.flcw of_
the gas flowing from the gas supply source, draws the
powder catalyst from the catalyst storage container by
the negative pressure, and supplies the powder

catalyst to the gas phase polymerization reactor

together with the gas.



