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fOWDER SUPPLY· 

_ ... Tr.le present invention relates to a powder 
...... - . . . . 

·catalyst supply system and a powder s~pply apparatus 

and, more particularly, to a powder eatalyst supply 

5 system and a powder supply apparatus suitable for qas 

phase polymerization reaction cf olefins, e.q., 

ethyler.e and propylene~ 

Related Backaround Art 

In recent years, improve?11ents in catalysts of 

10 transition :netal for use in the polymerization of 

clef ~ns have re~arkably improved t.~e produ~tivity cf 

olafin polymers per unit amou.."lt of the transition 

metal, consequently obvi-atinq the need for the removal 

15 

of the catalyst after the· polymerization. 

When such highly active catalysts are used, 

olef ins are qenerally polymerized in a qas phase since 

the polymerization reaction mixtu:e ··can then be 

handled by the simplest procedure~ :rsuall.y, fluidized 

bed reactors . are widely ·used in the · qas phase 

20 polymerization so as to effect the reaction smoothly. 

25 

·--.. 

The olefin or an olef in-containinq qas introduced into 
. . 

a lower portion of the reactor through a supply pipe 

is forced upward as uniformly distributed by a qas 

··distributor plate to cause an ole~in polymer and the 

catalys:t: ···in the form of polymer particles to mix 

within a fluidized bed for polymerization. 
:z ..•. 

In the fluidized bed type reactor of this type, . -.. 

the P.~wder 

intend ttently 

catalyst must be continuously or 
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pressure constantly by utilizing a powder catalyst 

supply system. ·- ····-··· ____ ... ··-······ ..... _ 

· -As - is -disclosed . in Japanese Patent Pubiication 

·No. 49-17426 ·and Japanese Patent Laid-Open 

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

supply system,. a powder catalyst is supplied under 

pres·sure from a powder catalyst storage container 

through a powder catalyst metering uni~ with an inert 

gas or •ei.. hydrogen gas., and the powder catalyst, 

l.O 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 

15 "homopolymerization" and "copolymerization", and the 

meanings of . "homopolymer" and "copolymer", 

respectively. 

Since the conventional powder supply system has 

the anangement as described above, the polymerization 

20 material gas can be gradually 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 undesirab-ly formed. 

25 · SUMMARY OF THE INVENTION · 

. .r 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 d~ffused·or flowing backward 

-··-·------------------ -
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to the side of a catalyst storage container, thereby 

preventing the f orm.ation .. of a _polyme:i;:- aqqlomerate in 

a·system line, and, what.If a polymer aqqlomerate is 

qenera"t:ed, perceive the formation of a polymer 

5 · aqqlomerate 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 powder catalyst supply system for supplying 

io a powder catalyst to a gas phase polymerization 

reactor together with a qas serving as a 

polyme~ization m~terial, comprising catalyst "storage 

means for storing and supplying the powder catalyst, 

gas supply means for supplying the polymerization 

15 material gas, and a jet pump type powder supply 

apparatus for qeneratinq a negative ·pressure therein 

by accelerating a: flow of the gas flowing from the gas 

supply means, drawing the powder catalyst from the 

catalyst storage means by the negative pressure, and 

2·0 supplying the powder catalyst to the gas phase 

polymerization reactor together with the gas. 

· With this ·arrangement, the powder catalyst is 

eff·iciently drawn by suction from the catalyst storage 

means · and supplied to the gas phase polymerization 

25 reactor together with- the material gas. Since the 

interior of the powder supply apparatus is set at ·the 

negative pressure, the material qas will not flow 
..... - ..... - . .. . .. .. ·--- ... 

backward or be diffused· from the powder supply 

apparatus to :the catalyst storage means. 

----··------ ---- --------
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This system can employ a so-called ejector type 
powdf!;t:" .~1J.pply app_arat:us. comprising a catalyst suction 

.. f lOW .. ·p·a. th~- . ·c:£onn."ected ·to t..1le Catalyst StOraqe means I 
.. - - ..... . -

for receiving the powder catalyst from the catalyst 
5 storage 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 the gas supply mean~, wherein the 
gas feed f lcw path and the discharge flow path are 

10 coaxiaiiy 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 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 
t}'pe . powder supply apparatus 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 gas , . 
feed flow path is formed in one gas feed pipe 
constituted by a first portion extending across the 
catalyst suction flow path and a second portion 

-·------- ----------
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integrally formed wi t..ll the first portion and extendinc; 

coaxially toward the discharge f_loW' _path ___ j_n __ the_ 

catalyst suction flow" path,- the secorid. porti6ri"of the 
........ 

qas ·feed pipe havinq a. distal end formed with a 

5 convergent nozzle separated from the diffuser at a -

-predetermined space. 

These and other features and advantaqes of the 

present invention will become apparent to those 

skilled in the art upon a readinq of the f ollowinq 

10 detailed description when taken in conjunction with 

the drawings wherein there is shown and described an 

illustrative embodiment of the invention. 

- BR:tEF DESCRIPTION OF THE. -DRAWINGS 

In the ·course of the followinq detailed 

15 description, reference will be made to the attached 

drawings in which: 

20 

25 

Fiq. l is a view showing: the schematic 

arranqement of a powder catalyst supply system usinq 

an ejector; 

Fiq. 2 · is a sectional view showing the basic 

arrangement of an ejector according to the first 

embodiment of the present invention; 

Fiq. 3 is a-sectional view showing the concreted 

arrangement of the ejector shown in Fiq. 2; 

Fiq. 4 is a sectional view showinq the basic 

a;-ranqement· of an eject_or according to the second 

embodiment of the present invention; 

Fiq. 5 is a sectional view showing the basic 

arrangement of an ejector · accordinq to the third 
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embodiment of the present invention; 

Fig. 6 is· a sectional view taken along the line 

A - A of Fiq. 5; 

Fiq. 7 is a sectional view showing the basic 

5 arrangement of ·an ejector according to the fourth 

embodiment of the present invention; 

10 

15 

Fig. 8 is a view showing ·the schematic 

arrangement of a powder catalyst supply system. us~nq 

an aspirator; 

Fig. 9 is a sectional view showinq the basic 

arranqement of an aspirator according to the first 

embodiment of the present invention; 
-

Fig. 10 is a· sectional view taken along the line 

B - B of Fig. 9; 

Fig. 11 is a sectional view showing the basic 

arrangement of an aspirator according to the second 

embodiment of the present invention; and 

Fig. 12 is a sectional view taken along the line 

C - C of Fig. 11. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

· rn the foilowinq description, l.ike reference 

characters designate like or corresponding parts 

throughout the several views. Fig. 1 schematically 

shows the arrangement of a powder catalyst supply 

25 system according to the present invention which is 

used in a system for manuf actur.inq a polymer, e. q. , 

polyolef in. This powder catalyst supply system has a 

catalyst storage container or hopper 10 for storing a 

powd~r catalyst used for polymerization reaction, 
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e.q., the Zieqler-Natta type catalyst, a fluidized bed 

type gas phase polymerization reactor 12 ,_ and. a. _ qas_ 

supply source 14 for supplyinq a materi·a.:r qas~ · e.q~; 

an olefin qas servinq as the material for · 

·polymerization reaction. The qas supply source 14 and 

the qas phase polymerization reactor 12 are connected 

to each other throuqh a jet pwnp type powder supply 

apparatus (to ~e d~scribed later), i.e., a so-called 

ejector 16, and a catalyst suction port 18 of the 

10 ejector 16 is connected to a catalyst outlet port 20 

of the hopper 10. In brief, the ejector 16 qener2'-tes, 

at its catalyst suction port 18, a negative pressure 

corresponding to the flow rate or the like of the 

material qas flowinq from a qas feed port 22 to a 

15 discharge port 24. The catalyst drawn by suction 

through the catalyst sµction port 18 is sent from the 

discharqe port 24 into the qas phase polymerization 

reactor 12 together with the material gas. 

The hopper 10 is provided with the catalyst 

20 outlet port 20 at its lowermost portion through which 

the powder catalyst is let to fall freely. The 

catalyst outlet port 20 and the c;;atalyst suction port:. 

18 of the ejector 16 are connected to each other 

thr~ugh a first conne'?tinq pipe 26. The first 

25 connecting pipe 26 preferably has -~ inner diameter 

eflllal to 10 times or more, preferably 100 times the 

particle diameter of · the powder catalyst so as to 

prevent the closinq of the -first connectinq pipe 26 

with the powder c~talyst. The first connecting pipe 

--------- ------------· 
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26 is eonneeted 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 catalyst particle, and is more 

5 preferably 60° or more. -In the most preferable case, 

as shown in Fig. l, the first connecting pipe 26 is 

disposed sueh that the anqle of· its axis in the 

longitudinal direction with respect to the horizontal 

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 

surf ace layers of the qroup of powder particles can 

retain a stationary stat.a·· by the friction with each 

other. More specifically, the angle of repose means 

1.5 an angle defined by the horizontal plane and the 

genera ting line or inclined surface of a circular cone 

which is formed when powder particles are let to 

continuously fall from a smal.l hole or a gap to 

deposit on a flat surface (Takeshi Karine, "Powder 

2 o Transportation Technique", Nikkan Kogyo Shinbun-sha, 

P.32). 

As shown in Fiq. 1, a valve·28 for shutting off 

communication of the powder catalyst is interposed in 

the first connecting pipe 26. In this embodiment, the 

25 · powder catalyst is let to f.all freely frc:im the hopper 

10., Therefore, a pres.sure equali:zation 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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connectinq pipe 26. 

Althouqh not shown· in Fig. 1, an inert gas· or 

hydroqen gas is fed into the hopper 10 in order to 

prevent ·the powder catalyst from reactinq in the 

5 hopper 10 and the first connecting pipe 26. This gas 

serves also as the carrier gas of the catalyst. 

Fiq. 2 shows the basic arranqement of the powder 

supplying ejector 16 which can be used in the p~wder 

catalyst supply system shown in Fig. l. As is 

10 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 serves as a discharqe flow path 35 of the 

material qas and the powder catalyst. A convergent 

15 nozzl.e 36 is formed at the end portion of the qas feed 

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

38 is formed on the discharge pipe 34. The qas feed 

pipe 32 and the discharge 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 qap: The end 

portion of the gas feed pipe 32 on the opposite side 

to the nozzle 36, i.e., the gas feed port 22, is 

connected to a second connecting pipe 40 extending 

25 from the gas supply source 14. The discharqe port 2 4 

o~ the dischaz:qe pipe 34 is connected to the gas phase 

polymerization reactor 12 through a third connecting 

pipe 42. 

The ejector 16 also has a catalyst suction pipe 

------·-----··· 
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44 to be connected to t:pe first connecting pipe 26. 

The interior of the catalyst suction pipE! 44 se:t:ves as 

a suction flow path 45 of the powder catalyst~-··a:nd is 

in flu:i,d co:m:munication with a space defined between 

5 th_e gas feed pipe 32 and the discharge pip~ 34, i.e., 

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 fe!ad pipe 32 and 

the discharge pipe 34. Accordinqly, this ejector 16 

10 has a T-shape. 

For use, t-"1.is ejector 16 having _the T-shape is 

arranged such that the central axis of the catalyst 

suction pipe 44 is coaxial with the central axis of 

the first connecting pipe 26. Accordingly, the 

15 catalyst suction port 18 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 discharge 

pipe 34 is se~ in the horizontal direction. 

With this -~angement, even when no external 

20 force 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. 

connecting pipe 2 6 and the catalyst suction pipe 44 of 

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

25 catalyst from being dep9sited :to retain on the end 

.poJi"tion of the qas feed pipe 32 on the side of nt;>zzle 

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 so~ce 14 (on the left side in Fig. 2). It is 
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effective_to locate the end face of the gas feed pipe 

32 at a posi~ion at le~st not exc~edinq the central 

axis o_f t;he catalyst suction pi.pe 44. For the same 

purpose, it is preferable to set the gas feed pipe 32 

5 to have a tapered conical outer shape at its end 

.portion on the nozzle 36 side. 

_The powder catalyst flows through the catalyst 

s~ction pipe 44 and the discharge pipe 34. Therefore, 

in order to prevent the interiors of the catalyst 

10 suction pipe 44 and the discharge _ pipe 34 from 

cloqqinq 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 powder catalyst, in the same manner as in the 

first connectinq pipe 26. 

As shown in Fiq 1, a differential pressure gauge 

48 is provided between the first and third connecting 

pipes 26 and 42 to measure the pressure difference 

20 between the discharge port 24 and the catalyst suction 

port __ 18 of the e:lector 16. FUrthermore, pressure 

qauqes so, 52, and 54 are provided respectively to the 

first, second, and third connecting pipes 26, 40, and 

42 to measure the respective press~es at the catalyst 

25 suction port 18, the gas feed port 22, and the 

d;i.scharge pqrt 24 of the ejector 16., respectively. 

In the powder catalyst supPly system -having the 

arrangement as _described above,. while the shut-off 

valve 28 in the first connectin9 pipe 26 is open, when 



12 

the material gas is supplied from the gas supply 

source 14 to the gas phase polymerization reactor 12, 

the_powder catalyst flows fro~ the hopper 10 into 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 suction of the ejector 16. 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 

10 catalyst suction chamber 46, and the pressure in the 

catalyst suction chamber 46 is decreased to be lower 

than that in the hopper 10. As a re.sul t, t.."'le powder 
-

catalyst can be reliably drawn by suction from the 

hopper 10 into the cataly~t 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 into the 

catalyst suction chamber 46 is entrained in the 

20 material qas injected from the nozzle 36 and is fed to 

the discharqe pipe 34. The flow velocity ·of this 

material qas containinq the catalyst is decreased by 

the diffuser 38, arid the. pressure thereof is 

increased. Thereafter, the material qas containing 

25 the catalyst is sent into the qas phase polymerization 

reactor 12 through the third connectinq pipe 42. 

When the powder cat:alyst · is drawn · into the 

catalyst suction chamber 46, since the distal end of 

the qas feed pipe 32 is arranged at positions as 

·----·-------·---···--------· 
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remote as possible .from · the central axis of the 

: .. ···· catalyst suction pipe 4:4 , as shown in Fiq. 2 , the 

... ______ powder catalyst is. s_uppressed from beinq deposited on 

the outer surface of the nozzle 36. Accordinqly, most 

5 of the.catalyst sent from t.~e hopper 10 is sent to the 

qas ·phase polymerization reacto~ 12 •. 

10 

At this · tiine, if no abnormality occurs, the 

pressure balance in the powder catalyst supply system 

satisfies 

P2 > P3 > Pl 
. 

where Pl is the pressure at the catalyst suction port 

18 of _the ejector 16, P2 is the pressure at the qas 

feed port 22, P3 is the· pressure at the discharqe port 

. 24. In this case, a pressure difference .6P between 

15 the pressure Pl at the catalyst suction port 18 and 

the pressure P3 at the discharqe port 24 is determined 

by the mass and-flow rate of the material qas, the 

s_ize and shape of the nozzle 3 6 of the qas feed pipe 

32, · the size and shap~ of the diffuser 38 of the 

20 · discharqe pipe 34, and the like. Norm.ally, since the 

pressure P3 at the discharqe port 24 is determined 

dependinq on the pressure in the qas phase 

polymerization reactor 12, the pressure Pl at the 

catalyst suction port 18 can be determined 

25 accordinqly. 

These pressures Pl, P2, and P3, and the pressure 

difference /:,,,P can be constantly monitored by the 

pressure qauqes 50, 52, and 54, and the differential 

pressure qauqe 48 described above~ and an abnormality 

····----·-···---------



14 

in a pipe can be detected from a variation in these 

pressures. · .. For .. Ea:>:ample, when. ::t:he __ material gas .. is 

--- suppl.Iecf. from -·the- --.gas _____ supply source 14 at a 

predete.."'"lllined flow rate, if P2 and/or PJ is increased, 

5 generation of an agglomerate in the line between the 

gas supp.ly source 14 a.n,d the gas phase polymerization 

reactor 1.2 can. be detected. T~en, troubles, e. q. , 

clogging of a. pipe, can be prevented. 

When the pressure diff erenc~ t:.P is decreased due 

10 to a cause such that the third -connecting pipe 42 

extending into the qas phase polYlJlerization reactor 12 

clogs, the material gas can undesirably flow backward 

from the catalyst suction-chamber 46 of the ejector 16 

to the first connecting pipe 2·6. Hence, whether or 

15 not the reyerse flow of the material gas can occur can 

be determined by constantly monitoring the pressure 

difference tJ.P by the differential pressure gauge 48. 

If the material gas should possibly flow backward to 

the hopper 10, the~ shut-off -valv-e 28 may be closed 

2.0 immediately. 

Fig. 2 shows the basic arrangement of the ejector 

16. An exampl.e of a detailed concrete arrangement 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, _a gas feed pipe 32 and a discharge pipe 34 

similar to those described above, a body block 56. A 

T-shaped through hole 58 is formed in the body block 

56. Portions 58a and 58b of the through hole 58 are 

coaxially arranged, and a portion 58c is perpendicular 

--····--·-·-----··----··--
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to the portions SSa and. 5Sb. Threaded portions 59a, 

59bi -and 59e·---~e- formed on ·the portions 58a; 5Sb, and 

. s~_c, __ respec:tive:l,y!__ Threaded portions 60a, 60b, and 

60c . formed on the outer circu:m.ferential surfaces of 

5 the qas feed pipe-32, discharge pipe 34 and catalyst 

suction pipe 44 are threadably enqaqed with the 

threaded portions 59a, ·s9b, and 59c, · respectively. 

Thus, the qas feed pipe 32, the discharge pipe 34 and 

the catalyst suct_ion pipe 44 are fixed to·- the body 

10 block 5 6 in the same order as in Fig. 2 . Threaded 

portions 61a, 6lb, and 61c are preferably formed on 

the outer· circumferential surfaces of the exposed end 
-:::··. . 

portions of the gas feed pipe 32, the discharge pipe 

34; and the catalyst· suction pipe 44, respectively. 

15 Although not shown, these threaded portions 61a, 61b, 

and 61c are used to couple the first, second and third 

first connecting pipes 26~ 40, and 42 to the ejector 

16 by using nippJ.~ 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 inteqrally formed.with a catalyst 

suction pipe 44, a qas feed pipe 32i and a discharge 

pipe 34. If the ejector is integrally formed with 

these pipes, leakage of the qas and the.catalyst can 

25 be completely prevented. 

Fig. 4 shows the basic arrangement of an ejector 

- according -·to . the - second embodiment of the present 

invention. Thi~ ejector 16' is substantially the same 

as the .ejector 16 shown in Fiq. 2 except that a 

-----------------



1.6 

catalyst suction pipe 44 is inclined to the left side 

of .. Fig< ... .4.~ _Th~ angie_ d.f!fined by the central axes of 

the catalyst suction pipe 44 and a gas feed pipe 32 is 

30° o= more, and is preferably equal to or larger than· 

s the angle of repose of the powder catalyst particles. 

The operation of the ejector 16' is the same as the 

ejector 1.6 shown in Fiq. 2, and a catalyst transported 

through the catalyst suction pipe 44 - is fed into- a 

discharge pipe 34 comparatively smoothly. Although 

10 the ejector 15 of Fiq. 2 has advantages such that t..~e 

manufacture and piping plan of the system are 

facilitated, an energy los,_~ occurs since the traveling 

-- direction of the powder catalyst is changed by about 

90° in the catalyst suction chamber 46.. :i:n contrast 

15 to this, in the ejector 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 

2 o 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 

portion of a gas feed pipe 32 on a nozzle 36 side is 

25 decreased and that an annular space 62 is formed 

aroiind it. This space 62 is in fluid communication 

with a hole· 66 formed in a surrounding portion 64. 

The surrounding portion 64 defines a catalyst suction 

chamber 46 ·by surrounding the opposing end portions of 

----------- --------- -
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the qas feed pipe 32 and a discharge pipe 34. A small 

amount of suitable gas,.e.q., material gas, inert gas 

or hydroqe.~ gas, is fed from a qas supply source (not 

shown) into t..~e hole 66. 

5 When a small amount of material gas, inert gas or 

hydroqen qas is continuously or.· intermittently fed 

into the hole 66, this qas is injected into the 

catalyst suction chamber 4 6 through the space 62. The 

catalyst retaining on the circumferential portion of 

10 the end portion of the gas feed pipe 32 can be removed 

15 

.by this injected flow. The removed catalyst is fed 

from the catalyst suction chamber 46 into the 

discharge pipe . 34 by the flow of the material gas 

flowinq from the qas 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 nitroqen gas is desirable. The supply 

amount, the supply pressure, and the like of the gas 

2 o 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 member 68 for preventing 

retention of the catalyst.is proy~c:Ied to a portion in 

a catalyst ~uction ·chamber 46 opposite to a catalyst 

suction pipe 44. The retention preventive member 68 
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fills the space extending from a portion under the end 

...... portion of a gas feed pipe -32 ~:m a nozzle 36 side to 
.. --·· ··-. 

the inlet portion of a discharge pipe 34. The upper 

surface ·of the retention preventive member 68 is 

5 inclined downward in the flow direction of the 

material qas, a..~d a portion thereof ·adjacent to the 

qas 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 a.~ ejector not having a retention preventive 

member 68, i.e. , an ej ect~r as shown in Fig. 2, a 

· small amount of powder ·catalyst tends to retain under 

the end portion of the gas feed pipe_32 on the nozzle 

36 side. In contrast to -this, in the ejector is• 
15 havinq the retention preventive member 68, the space 

under the nozzle 3 6 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 

2 o alonq the inclined. upper surface of the retention 

preventive member 68. ·.In this embodiment, ·the upper 

surface of the retention preventive member 68 is a 

fl"at surface. However, it will be understood that the 

upper surface of the retention preventive member 68 

25 can have other shapes, e.q., a r~cessed ·surface. 

An experiment will . be des.crib"ed wherein a powder 

catalyst supply syst~ accordinq to the present 

invention is used in_ .a system for manufacturinq linear 

low-density polyethylene by qas phase copolymerization 
.·· ·. . : 
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of ethylene and 1-butene. In this experiment, the 

powder catalyst supply .systq is .. o·f the type as shown 
- . -. . . . - . . ··' -.. . .. . . . .... ~ ··-.. . . -- --- ... 

in F iq. 1, and an ejector 16 I used in this powder 

catalyst supply system is of the · type as· shown in 

5 Fiq. 4. Note that this ejector 16' is provided with 

a gas · feed hole · for removing the powder catalyst 

accwnulated on the upper surface of the end portion of 

a qas feed· pipe 32 on the nozzle 36 side. A dry 

nitroqen qas was fed into this gas feed hole and 

l.O constantly injected into a catalyst suction chamber 46 

at an injection amo\int of l.O Nrrt/br. 

· The inner diameter of a catalyst suction port 18 

of the ejector 16 was set to 25 mm, the minimum inner 

diameter of the nozzle 36 of the qas feed pipe 32 was 

15 ·set to 10 mm, and the minimum inner· diameter of a 

diffuser 38 of a discharge pipe 34 was set to 15 lml\. 

The cµlqle defined by the axis of a. catalyst suction 

pipe 44 and the axis of the qas feed pipe 32 was set 

to 45°. The material · qas was a qas mixture of 

20 ethylene and 1-butene, and the· catalyst was the 

Zieqler-Natta type catalyst. 

The material qas was supplied from a qas supply 

source 14 at a mass flow rate of 1000 kg/hr when a 

pressure P2 at a qas feed port ·22 and a pressure PJ at 

·. 25 . · a discharge port 2·4 were 25 'kqf/t:iJilG and 20 kgf/cm2G, 

respectively. Then, a pressure difference Q between· 

the pressure Pl at the cat~lyst . suction port J..8 .. and 

the pressure P3 at the discharge port 24 was 

i. o· kgf/r::rr. In this case,·· the pressure Pl was 

-- ·------·----------···-··-
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. 19 kqf/ cm2G. 

When the polyethylene manufacturing system was 

operated under these conditions, stable polyethylene 

was manufactured over a long period of time without 

5 forming an agglomerate of a poly11ter 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 supply apparatus other than an 

10 ejector. Fiq. 8 schematical.ly shows a powder catalyst 

supply system using a so-called aspirator (to be 

described in detail hereinbelow) as the powder supply 

15 

apparatus. This powder. "catalyst supply system is 

substantial.ly the same as the system shown in Fiq. 1 

except that the ejector is replaced with the 

aspirator. .Therefore, in this powder catalyst supply 

system, the same or correspondinq poz:tions as in the 

system shown in Fig. 1 are denoted by the same 

reference numerals, and ~ detailed description thereof 

20 will be omitted. 

Fig. 9 shows the basic arrangement of a pref erred 

embodiment of the aspirator used in the powder 

catalyst supply system of Fig. a. Th~s aspirator 70 

has a catalyst suction pipe 72 connected to a first 

25 connecting pipe _26 extending from a hopper 10, a qas 

·£ee9- pipe 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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The catalyst suction pipe 72 .and the discharge pipe 7o 
~e coaxia.lly arranged in series and are _ integrally 

coupled to each other. The. inner wall surface of the 

catalyst . ·suction pipe 72 is prefera,bly straight and 

5 cylindrical in order to smoothly flow the catalyst. 

The discharqepipe·76 is provided with a diffuser 78 

for converting the kinetic energy ·of the. fluid flowing 

, 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 7Sa of the diffuser 78· has a 

conical recessed surface. When the catalyst suction 
::·· 

pipe 72 and the discharge pipe 7 6 are set in the 

vertical direction, the angle of the generating line 

15 of the inner wall surface of the inlet portion 7Sa 

with.respect to the horizontal plane is set equal to 

or larger than the angle of repo$e of the powder 

catalyst particles, and is more preferably 60° or 

more. Then, the powder catalyst freely fall.inq 

20 through the catalyst suction pipe 72 is smoothly 

guided from the conical inlet portion 78a to a throat 

portion 7Sb of the diffuser 78. 

, The gas feed pipe 74 exten~s 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 7 4 is hermetically fixed to the catalyst 

suction pipe 72 at the portion where it extends 

· .through the· catalyst suction pipe 72. A convergent 

nozzle so· is formed at the end portio~ of the gas feed 

---- --·------
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pipe 74 inside the catalyst suction pipe 72. This 

nozzle a o · · 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 noz·zle 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 

predetermined gap. 

As shown in Fiq. 10, the qas feed ·pipe. 74 

10 typically has a circular section. A portion 74b of 

the gas ~eed pipe 7 4 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 

(to the lower· side in Fiq. 9). It is effective that 

15 the angle of the inclined portion 74b with respect to 

the horizontal plane is equal to 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 

2 o the catalyst suction pipe 72 smoothly slides down to 

the diffuset 78 without beinq deposited on the qas 

feed pipe 74 even if no external force is applied. 

The minilnum size of the qap between the nozzle so 
of the gas feed pipe 74 and the inner circumferential 

25· surface of the catalyst suction pipe 72 around the 

noz~le so, or between the nozzle 80 and· the conical 

recessed surface 78a of the discharge pipe 76-is set 

to 10 times· or more, preferably 100 times the particle 

diameter· of the·· powder catalyst to prevent the pipes 

.. 
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from cloqqinq with the powder catalyst. For the same 

purpose, the minimum inner diameter of the throat 

portion 7Sb of the diffuser 78 of the discharge pipe 

76 is also set to 10 times or more, preferably 100 

5 times the particle diameter of the powder catalyst. 

. Wh~n the aspirator 7 O havinq the arranqement as 

described above is to be used, a suction port 82 of 

its catalyst suction pipe 72 is coaxially connected to 

.the first connectinq pipe 26. Since the first 

10 connectinq pipe 2 6 is normally set in the vertical 

direction, the catalyst suction pipe 72 and the 

discharge pipe 7 6 are also set in the vertipal 

direction. The horizontal second connecting pipe 40 

is connected to a qas feed port 84 of the qas feed 

15 pipe 74. Furthermore, the third connectinq pipe 42 is 

connected to a discharge port 86 at the lower end of 

the discharqe_pipe 76. 

In operation of the powder catalyst supply system 

h~vinq the· aspirator 70 described above, when the 

20 material qas is supplied from the gas supply source 14 

.. to the qas phase polymerization reactor 12 while a 

shut-off valve 28 of the first connectinq pipe 26 is 

.op~, the powder catalyst falls from the hopper 10 

into the aspirator 70 throuqh the first connectinq 

25 pipe 26 and i• simultaneously dra~ into the aspirator 

79 by the suction operation of the aspirator 1·0. In 

th: sa]'.lle manner as in_ the ejector described above, 

wh.en the material qas is injected from the nozzle 80 

of the. qas feed. pipe 74 to the diffuser 78 of the 
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discharqe pipe_76, the space between the nozzle 80 and 

the diffuser 78, i.e., a catalyst suction chaJitl:>~- s~.­

is set at a negative pressure, so that -the powder ---

catalyst can be drawn. The powder catalyst guided 

5 into the catalyst suction chamber 88 is accompanied 

with the material qas inj~cted from the nozzle so, is 

guided into the discharge pipe 76, and is sent to the 

qas phase polymerization reactor i2 through the third 

connecting pipe 42. The flow velocity of the material 

10 qas containing the catalyst is decreased by the 

diffuser 78 of the discharge pipe 76, so that the 

pressure of the material qas is increased. 

Since the aspirator. 'io is arranged in the above 

manner considering that the material to be dealt with 

15 may contain not only a qas but also a powder, the 

powder catalyst will hardly retain in the aspirator 

70. Since the pressure a:t the suction port 82 of the 

aspirator 70 is lower than that in the hopper 10, the 

material qas will not be undesirably diffused to the 

20 hopper 10. 

In the powder catalyst supply system using this 

aspirator 70 as well, it is preferable to provide 

pressure qauqes so, 52, and 54 fer measuring the 

respective pressures at the. suction pert 8 2 cf the 

25 aspirator 70, the gas feed port 84, .and the discharge 

por;t 8.6, and a differential pressure gauge 48 for 

measuring the pressure difference between the suction 

port 82 and the discharge port_86 in the same manner 

as in the system shown in Fiq. l, so that troubles, 
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e.q., cloqqinq of the catalyst or an aqqlomerate of a 

- -polymer in the pipes, can be prevented. The pressure 

qauges 50 I' - 52 , and 54, and the ciiff erential pressure 

qauqe 48 are used in the· same mariner as described 

5 above. 

Fig. 11 shows another embodiment of an aspirator • 

. rn this aspirator 70' , __ as shown in Fig. 12, a portion 

74b' of a qas feed pipe 74' located in a catalyst 

suction pipe 72 has a triangu~ar cross-section. One 

10 of the sides of the portion 74b' of the qas 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 Fiq. 11. · 

:rn the qas feed pipe 7 4' havinq this shape, it 

15 will be readily understoo~ that the amoUn.t of powder 

catalyst accmnulated 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 pipe 

can have any sectional shape as far as a powder cannot 

20 be easily deposited in it, and may have, e.q., a 

rhombic or elliptic shape. 

A through hole 90 is-formed in a portion of the 

pipe wall -of_ the catalyst suction pipe 72 above the 

gas feed pipe 74'. A supply source (not shown) of an 

25 appropriate qas, e.q., the material gas, the inert 

gas, or the hydro9'en gas, -is connected to this through 

hole 90. A small amount of material qas or the like 

is injected from the outlet of the throuqh hole 90 

toward the inclined portion 74b' of the gas feed pipe 
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74'. Hence, the powder catalyst deposited on the gas 

f.eed I?ipe 74', .especially on the inclined portion 74b' 

can be blown of.f to be guided into a discharge pipe 
76 •. 

The gas to be used is preferably an inexpensive 

dry ni troqen ·gas. The amou..'"1.t of gas to be fed should 

be determined such. that the pressure in a catalyst· 

suction chamber SS will not be ex;cessively increased. 

Excluding the above respects, the aspirator 70' 

10 is substantially the same as the aspirator shown in 

Fiq. 9. 

An experiment will be described wherein a powder 

catalyst supply system having an aspirator is used in 

a system for manufacturing linear low-density 

15 polyethylene by gas phase copolymerization of ethylene 

and 1-butene. In this experiment, the powder catalyst 

supply system is of the type as shown in Fig. a, and 

20 

' 
an aspirator 70 used. in this powder catalyst supply 

system is of the type as shown in Fig. 9. 

The inner diameter of a catalyst suction port 82 

of the aspirator 70 was set to 60 mm, the outer and 

inner diameters of a nozzle so of a gas feed pipe 74 

were set to 15 mm 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 4 o 0 , . and the angle of the generating line of the 

conical surface of .an inlet portion 78a of the 

··--·-----·-·----------·-·--
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diffuser 78 wit.~ respect to the horizoptal direction 

·was ·set to so·0 • ·· The ·material qas was a qas mixture of 

ethylene and 1-butene, · and the catalyst was the 

Ziegler-Natta·type catalyst. 

5 The material gas was supplied from a gas supply 

source 14 at a mass. flow· rate ·of 1000 kq/hr when a 

· pressure P2 at a gas feed port 84 and a pressure Pl at 

. a discharqe port 86 were 25 kgf/c::m?-G and 20 kqf/r:::m?-G, 

respectively. Then, a pressure difference _.&P between 

10 a pressure P1 at a catalyst suction port 82 and the 

pressure P3 at the discharge port 86 was 1. o kgf/cm.'·. 

In this case_, the press?Xe Pl was l.9 kqf / cm2G .. 

When the polyethylene manufacturing system was 

·operated under these ·conditions, stable polyethylene 

15 was manufactured over .a long period of time without 

forming an agglomerate of a polymer in the aspirator 

70 and in a first connecting pipe 26 coupling the 

aspirator 70 and a hopper 10. 

In the above embodiments, the powder catalyst is 

20 directly sent from the hopper 10 to an ejector .16 or 

the aspirator 70_. However, a catalyst metering·unit, 

. e.q., a metering pipe, may be interposed between .the 

hopper 10 and the ejector 16 or the aspirator 70. The 

catalyst may be supplied to the ejector 16 or the 

25 aspirator 70 not by gravity-drop, but by using an 

appropriate qas wider pressure, e.<1., an inert qas or 

the hydrogen qas. ±n the latter case, no pressure 

equalization pipe JO is ·needed.:, 

Furthermore, it will ·be apparent to those skilled 

-- --- ---·-·-·-··---· 
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in the art that the ejector or aspirator described 

above can be used not only in the powder catalyst 

supply system but also in ot.~er powd~ transportation 

systems. 

From the invention 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 all 

such modifications as would be obvious to one skilled 

10 in the art are intended to be included within the 

scope of the following claims. 
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WFtAT IS CLAIMED IS: 

- l. A-powder- catalyst·supply-system ·for supply;inq 

a powder catalyst ·to a _ qas phase polymerization 

reactor together with a qas servinq as a 

s polymerization material, comprisinq: 

10 

catalyst storage means for storinq a,.,d supplyinq 

the powder-catalyst; 

qas supply means for supplyinq the polymerization 

material gas; and 

a jet pUlllp type powder supply apparatus for 

generatinq a negative pressure therein by accelerating 

a flow of the gas flowi~~ from said gas supply.means, 

drawing the powder catalyst from said catalyst storage 

means ?Y the negative pressure, and supplying the 

15 powder catalyst to said qas phase polymerization 

reactor together with the qas. 

2. A system according to claim l, wherein said 

powder supply apparatus c:e>mprises: 

a. catalyst suction flow path connected to said 

20 catalyst storage means through a first pipe; 

- 25 

a gas feed flow path connected to said qas supply 

means throuqh a second pipe; and 

a discharge flow path connected to said qas 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 therebetween, 

said qas feed flow path has a conv~rqent nozzle 

formed at an end portion thereof opposing said 

I 1111111 1111\11111111111 \I 1111 
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discharge flow path, 

s~id discharge flow path has a diffuser formed at 

an end portion thereof opposing said ~ozzle of said 

gas feed flow 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. 

l.O 3 • A system. accordinq to claim 2, wherein the 

angle defined by the common central axis of said gas 

feed flow path and said discharge flow path and the 
:-; ~ \ . 

central axis of said catalyst suction flow path is 

90°. 

15 4. A system. according to claim 2, wherein the 

angle defined by the central axis of said gas feed 

flow path and the central axis o~ 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 

suction .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 

1111111111111111111 11111111111: 
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6, wherein said powder ,supply· apparatus is arranqed 

such that an inlet of said catalyst suction flow path 

is directed upward. 

8 • A system according to claim 7, wherein an 

5 anqle defined by the central a.xis of said catalyst 

suction flow path with respect to a· horizontal plane 

is set to not less than an. a:nqle of repose of the 

powder catalyst. 

9. A system accord"inq to claim 7, wherein an 

10 anqle defined by the central axis of said catalyst 

suction flow path with respect to a horizontal plane 

.is set to not less than 60°. 

15 

20 

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

9, further comprisinq: 

qas inj ectinq means, provided to said powder 

·supply apparatus, for injectinq a catalyst removinq 

qas to remove the powder catalyst' retaininq around 

said nozzle; and 

gas . supply means for supplying the catalyst 

removing qas to said gas injecting ~eans. 
' 

11. ·A system according to claim 10, wherein the 

catalyst removinq qas is a gas serving as a 

. · polymerization material. 

12. ·A system according to claim 10, wherein the 

25- cata·lyst removinq gas is an inert qas or a hydrogen 
, 

qas. 

13. A system -accordinq·,to claim -12, wherein the 

-inert qas is dry· nitrogen gas'. 

14. A system a·ccordinq to any . one of claims 2 to 

, -11111111111111 llllHllll· II 1111 
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13, wherein said powder supply apparatus is provided 

with a retention preventive member for preventing the · ··­

powder catalyst from retaining at a lower portion of 

a gap defined around said nozzle. 

15. A system according to claim 14, wherein said 

retention preventive member extends from said lower 

portion of the qap defined around said nozzle to an 

inlet portion of said diffuser through a lower porti_on 

of the space between said gas feed flow path and said 

10 discharqe f 1.ow path. 

15 

16. A system according to claim l, 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 

polYJJlerization reactor through a· third pipe, 

wherein said catalyst suction flow path and said 

20 discharge flow path are coaxiaily arranged in series, 

said discharge flow path has a diffuser farmed 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 disc~arge flow path, said second portion of 

I 1111111111111 111111111111 1111· 
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said qas feed pipe havinq a distal end formed with a 

convergent nozzle separated from said diffuser ·at ·a .. 

predetermined space. 

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 minimUJlt size of a portion around said 

second · portion of said gas feed flow path and a 

10 minilllu:m inner diameter of said discharge flow path are 

set to not less than l.O times the powder · particle 

diameter of the powder catalyst. 
i'"_- .. 

19. A system according to a~y one of claims 16 to 

18, wherein said powder supply apparatus is arranged 

15 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. 

20. A system according: to claim 19, wherein said 

first portion of said. qas· feed pipe is inclined 

20 downward so that an anqle thereof with respect to a 

horizontal plane is not less than an anqle of repose 

of the powder catalyst. 

21. A ·system according to any one of claims 16 to 

20, wherein said first portion of said gas feed pipe 

25 has a circular cross-section. 

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

20, wherein said first portion of said qas feed pipe 

has a trianqular cross-section, and said qas feed pipe 

is arranged such that a vertex of the triangular 

11111111111111 11111 1111111 1111 
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cross-section is directed to an inlet of said catalyst 

suction flow -path. 
.. ... .. ... .. - . 

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

22, further comprising: 

gas inj ectinq 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 catalyst 

10 removing gas to said 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 

15 catalyst removing gas is an inert gas or a hydrogen 

gas. 

26. A system according to claim 25, wherein the 

inert gas is dry_nitrogen gas. 

27. A system according to one of claims 19 and 

2 o 2 O, 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. 

25 2 s .. · A . system according to one of claims 19 and 

2 o ,r 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 60°. 

I lllllll llllll lllll lllll II llll 
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29. A system accordinq to any one of claims 2 to 

28, comprisinq pressure qauges for respectively 

detectinq a pressilre in said catalyst suction flow -
. . -

path, a pressure in said gas feed flow path, and a 

s pressure in said discharqe flow path. 

3 o. A system accordinq to any one of claims 2 to 

29, comprising a differential pressure c;auge for 

detecting a pressure difference between the pressure 

in said catalyst suction flow path and the pressure in 

10 said discharge flow path. 

15 

20 

25 

31. A system accordinq.to any one of claims l to 

3 o, wherein the powder catalyst is drawn by said 

powder supply apparatus·, from. said catalyst storage 

means together with an inert gas or nitrogen qas. 

32. A powder supply apparatus for generating a 

negative pressure therein by accel~atinq a flow of a 

qas, drawing a powder by the neqati ve pressure, and 

discharging the powder together with the gas, -

compri~ing: 

a powder suction· flow path adapted to be 

connected to powder storage means to recei vinq the 

·powder from said powder storage means; 

a gas feed flow path adapted to be connected to 

gas supply means; and· 

a discharqe flow path for discharging the drawn 

powder together with the gas ·sent from said qas supply 

means, 

wherein said powder suction flow path and said 

.1111111i 1111~ 11111111~ 1111m 
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discharge flow path are coaxially arranged in series, 

said discharge. flow. path .has a d;iffuser £ormed at 

an end portion thereof opposinq said powder suction 

·flow path, and 

5 said gas feed flow path is f orm.ed in one gas feed 

pipe constituted by a first portion extending across 

said ·powder suction flow· path and a second portion 

inte;=ally formed with said first portion and 

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. 

33. An apparatus according to claim 32, wherein 

15 said powder suction flow path is substantially 

straight and cylindrical. 

34. An app~atus according to one of claims 32 

and 33, wherein a minimum size of a portion around 

said second portion of said gas feed flow path and a 

2 O 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 according 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 

tha;t an anqle thereof with respect to a plane 

perpendicular to the central axis of said powder 

suction flow path is not less than an anqle of repose 

of the powder. 

I lllllll llllll lllll lllll II llll 
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36. An apparatus accordinq to a-ny one of claims 

32 to 35, wherein said first portion of said gas feed 

pipe has a circular cross-section. 

37.· An apparatus accordinq to any one of claims 

5 32 to 35, wherei~ said first portion· of said qas feed 

pipe has a triangular cross-section~ and said gas feed 

pipe is arranged such that a vertex of the trianqu1ar 

cross-section is directed toward an inlet of said 

powder suction flow path. 

10 

15 

38. An apparatus accordinq to any one of claims 

32 ~o 37, comprisinq gas injecting means for injectinq 

a powder removing gas.to remove the powder deposited 

on said qas feed pipe. :-; ~ \ 

39. An apparatus accordinq to any one of claims 

32 to 38, wherein ~n inlet portion of said discharge 

flow path has a conical recessed surface, and an anqle 

of a qeneratinq 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 anqle of 

20 repose of the powder. 

40. An apparatus according to any one of claims 

32 to 38, wherein an inlet portion of said discharge 

flow path has a conical recessed surface, and an angle 

of a qeneratinq line of said recessed surface with 

25 respect to a plane perpendieular to a central axis of 

said discharqe flow path is not less than 60°. 
f 

41. A powder supply apparatus comprising a first 

and second inlet means for receivinq a powder material 

and a gaseous material respectively, a.discharge means 

. \ \11\1111111\11111\ \11\I " 1111 · 
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for discharginq said powder material together with 

s~id -~-aseous_ 11'.1'1.te~_ia.1_ ar.d a means for generating a 

- _suet-ion pressure a.t said first inlet means in response 

-- to flow of .Said qaseous material be~ween said second 

5 inlet means _a..'ld said _discharge means whereby the 

powder material is dra;wn into said. flow of gaseous 

material and flow of the gaseous lll.aterial in the 

direction of said first inlet means is inhibited. 

42. A method of supplyinq a powde~ material and 

J.O a gaseous 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, acceleratinq said ~1ow at a reqion- intermediate 

said supply means and said receiving zone whereby a 

15 suction pressure is generated, exposinq said powder 

material to said suction pressure whereby the powder 

material is drawn into said flow of gaseous material 

and entrained therewith. 

of the powder supply apparatus 

20 substantially as hereinbefore described with reference 

to the accompanyinq drawinqs. 

· 44. Any of the methods of supplyinq powder 

substantially as hereinbefore described with reference 

to the.accomp~yinq draw;i.zlqs. 
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