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POWDER SUPPLY"

The present invention relates +to a powder
"-catalyst sunﬁly system and a powder supply apparatus
end, more par—lcula&ly, to a powder catalyst supply
5 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
i0 transition =metal for use in the polymerization of
clefins have remarkably improveé the'produqtivity cf
olefin polymers per un:.t amount of the trar;sition
netal, consequently ob#iéﬁing tke need for the removal
of the catalyst after the3polymerization.

15 When such hichly active catalysts are used,
olefins are generélly_po;ymerized in a gas phase since
the polymerization reaction mixture can theﬁ be
handled by the simplest procedure. Usually, fluidizéd

, bed reaétors_.are widélY‘=used in the gas phase
26 polymerization so as to effect the feaction smoothly.
| The olefin or an olefin-containing gas introduced into
a lowér portion of the reactor through a supply pipe
is forced upward as uniformly distributed by a gas
Toedist tributor plate to cause an olefin polymer and the

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

'_ig ;he fluidized bed type reactor of this type,

the - P\QV_fder catalyst must be continuously or

intermittently supplied into _the reactor under
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' pres-sure constantly by utilizing a powder catalyst -

o supply systen..

‘As is dlsclosed in. Japanese Patent Publ.lcat:.on_'

-'Nc. 49 17426 'and. Japanese | Patent La:.d-Open

No. 60-227824, in a conventional powder catalyst

' supply system, a pbw&er catalyst is suppliled 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,
togeth'er' with a gas serving as the polymerization
material, is supplied via an intermediate chamber and
a Venturi tube. . ' o

Note that terms "polyﬁerization" and "polymer" to
be used herein  include the meanings  of
Yhomopolymerization" and "copolymerization", and the
meanings . of . "homcpolymer" and "copolymer",
respectively.

Since the conventional powder supply system has
the arrangemen'{:- as described 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 undes’ifably formed. - .

- SUMMARY OF THE INVENTION . -

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

material gas from being diffused or flowing backward

e
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to the side of a eatalyst. storage container, thereby

preventin-g the formation of a polymer ag’g‘lomerate in

a system l:Lne, ‘and, what :Lf & polymer agglonerate is
generated percelve the *’o*-matz.cn of a polymer
lag"glcmerate 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 suppiying

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 sSupply 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 flowiﬁg from the gas
supply means, dﬁ:awing the powder catalyst from the
catalyst Stcrege ﬁee:is bythe negative preseure, and
supplying the powder catalyst to the gas phase
polymerization reactor to‘gether 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

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 -supply

- apparatus to ‘the catalyst storage means.
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This system can employ a so-called ejector type

.. powder supply apparatus comprising a catalyst suction
flow path, connected to the catalyst storage means,

" fcr recen.v:.ng the powder catalyst from the catalyst

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 means, wherein the
gas feed flow path and the discharge flow path are
coaxially arranced in series at a predetermined space
therebetween, the gas feed flow péth has a convergent
nozzle formed at an end porticn thereof opposing the
discharge figw path, _the"'discharge flow path has a

diffuser formed at an end portion thereof opposing 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 predetermined

- 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
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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integrally formed with the first portion and extending

. coaxially toward the discharge <flow path in the

catalyst suction flow path, thé second portisch of the
gas -feed pipe having a distal end formed with a

convergent nozzle separated from the diffuser at a-

-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
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 THEE DRAWINGS

In the <course of the following detailed
description, reference will be made to the attachsd
drawings ih which: .

Fig. 1 is " a view showing the schematic
arrangement of a powder ca.talyst supply system using

an ejector;
Fig. 2 is a sectional view showing the basic .

'az"'ra.ngeme'nt of an ejector according to the first

embodiment of the present invention;
-~ Fig. 3 is a sectional view showing the concreted

" arrangement of tle ejectbr shown in Fig. 2;

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 bas:.c |

arrangement of an ejector ‘according to the third
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embodiment of the present invention;

FJ.g. 6 is a- sectJ.onal view taken along the line

A-—A of Fn.g. 5;

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

Fig. 8 is a view showing the schematlc
arrnngement of a powder catalyst supply system using
an aspirator;

Fig. 9 is a sectional view showing the basic
aﬁ:rangement of an aspirator according to the first

embodiment of the present J.nventz.on,

Fig. 10 is a’ sect:.onal view taken along the line

"B - B of Fig. 9;

Fig. 11 is a sectional. view showing the basic
arrangement of an espirator 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.
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
system according to the present invention which is.
used in a sy'stem'fer" manufacturing a polymer, e.d.,
polyolefin. This powder catalyst supply system has a
catalyst storage container or hopper 10 for storing a

pbwder‘ catalyst used for polymerization reaction,

This Sheet Has Been Rei aced

(L




10

15

20

-~ 25

7

.e.g., the Ziegler-Natta type catalyst, a fluidized bed
type gas phaa,e polymerization reactor 12, and a gaé_
supnly source 14 for s’..pplyz.ng & material gas, e.g., 7
~an olefin gas serv:.ng a_s _the ‘material for
-polymer:.zatlon reacticn. Tha gas supply source 14 and

- the gas phase polymerization 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
ejecﬁqi‘ 16 is coﬁnecﬁed' toc a catalyst outlet port 20
of the hopper 10. In brief, the ejector 16 qeneratas,
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
disaharge port 24. The catalyst drawn by suction
through tha catalyst suction port 18 is sent from the
discharge port 24 into the gas phase polymerization
reactor 12 together with the material gas.

The hoppér 10 is provided with the catalyst
outlaf port 20 at its lowermost portion through which.
the .;_Jowder catalyst is le;t to fall freely. The
catalyst 6ujt_:let port 20 and the catalyst suction port

18 of the ejector 16 are connected to each other

through a first connecting pipe 26. ' fThe first
cqnnec‘ting pipe 26 preferably has an inner diameter

equal to 10 times or moré , 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
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26 is connected such that the angle cf its axis in the.

" longitudinal direction with respeét 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 azigle of its axis in the

ldngitudinal direction with respect to the horizental

plane is 90°, i.e., is in the vertical direction.

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
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
Transportation Technique"®, Nikkan Kogyo Shinbun~sha,
P.32). | |

As shown in Fig. 1, a valve 28 for shutting off
con‘mﬁnication of the powder catalyst is interposed in
the fifst connecting pipe 26. In this embodiment, the
powder catalyst is let to fall freely from the hopper
10.; 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

-—

e
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Although not shown in Fig. 1, an lnert gas or R -

hydrogen gas is fed into the hopper 10 ln 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 supfly 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 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

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

' 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 secoad connecting pipe 40 extending
from the gas supply source 14. The discharge port 24
of the dlscharge plpe 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 the first connecting pipe 26.

The interior of the catalyst 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-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 flrst connectlng pipe 26. AAccofdingly, the
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 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
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effective to locate the end face of the gas feed pipe

32 at a position at lee'st not exeeeding the centrzl

axis of the catalyst suction pipe 44. For the same

?drpcee , it is preferable to set the gas feed pipe 32
- to have a tapered conical outer shape at its end

portion on the nozzle 36 side.

The powder catalyst flows through the ca.talyst

' suct:.cn pipe 44 and the d:.scharge pipe 34. Therefore,

in order to prevent th.e mter:.ors of the catalyst
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

the i:owder ‘catalyst, in the same manner as in the
first connecting pipe 26.

As shown 1n Fig1i, a diffe_rential pressure gauge
48 is provided between the first and third connecting
plip.e's 26 and 42 to measure the pressure difference

between the dlscharge port 24 and the catalyst suction

_port .18 of the e_jector 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 the catalyst

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

discharge port 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 connecting pipe 26 is open, when
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. the material gas is supplied from thHe gas supply
" source 14 to the gas phase polymer:.zat:.on reactor 12,

the powder catalvs.. flow= from the hcpper 10 ..m,o the' S

ejector 16 through the first connecting pipe 26 by the
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
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
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
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

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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remote zs possible from the central axis of the

--catalyst suction pipe 44, as shown in Fig. 2, the

__powder catalyst is suppressed from being -deposited'on

thé_outer surface of the nozzle 36. Accordingly, most
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 bélance in the powder catalyst supply system
satisfies

_ 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'érgssure at the discharge port

- 24. In this case, a pre_ssure difference AP between

the pressure Pl at the catalyst suction poft 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
di;charge pipe 34, ﬁnd 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
accordingly. |

d These pressures P1, P2, and P3, and fhe 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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in a pipe can be detected from a variation in these

' pressures. - For example, when the material gas . is
" supplied from the gas supply source 14 2t a

predetermined flow rate, if fﬁ.eﬁdfer'?B ie-incfeased,

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

16. . An example 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

._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 58a and 58b of the through hole 58 are

coaxially arranged, and a portion 58c is perpendicular
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to the portions 58a and 58b. Threaded portions 59a,
| 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 59¢, respectively.

' Thus, the gas feed pipe 32, the discharge pipe 34 and
'the'cataIY$t”sucti¢n pipe 44 are fixed to the body
block 56 in the same order as in Fig. 2. Threaded

. poertions 6la, 61b, and 6lc are preferably fo:med 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.
Although not shown, these threaded portions 61a, 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.
3 is illustrative and not restrictive. Therefore, an
ejector 16 may be 1ntegra11y formed with a catalyst
suction pPipe 44, a gas feed pipe 32, and a discharge
pipe 34. If the ejector is integrally formed with

. théée'pipés; leakage of the gas and the catalyst can
~ be completely prevented.

¢ * Fig. 4 shows the basic arrangement of an ejector

-according -to .the.. second embodiment of the .present
invention. This ejector 167 is substantially the same =

" as the ejector 16 shown in Fig. 2 except that a
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catalyét suction pipé 42 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 larger thén:
the angle c¢f repose of the powder catalyst particles.
The operation of the eﬁector 16’ is the same as the
ejéctor 16 showﬁ in ?ig. 2; and a catalyst transported
through the catalyst suction pipe 44 is fed into a
discharge pipe 34 comparativeiy smoothly. Although
the ejector 16 of Fig. 2 has advantages such that the
manufacture and piping plan of the systém are

facilitated, an energy los;zoccurs since the traveling

" direction of the powder éatalyst is changed by about

90° in the catalyst:suction chamber 46. In contrast
to 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
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

decreased and that an annular space 62 is formed

around it. This space 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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the gas feed pipe 32 and a discharge pPipe 34. A small

© amount of suitable gas, €+.G.,. material gas, inert gas

'or hydrogen gas, lS fed frcm a ca= supply source (not _

shown) into the hole 66.

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

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 chamber 46 into the

discharge pipe 34 by tﬁe flow of the material gas

flowing from the gas'feed pipe 32.

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'
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
embodiment of the present invention. In this ejector
16", a retention preventive ﬁembe: 68 for preventing
retention of the cetalystiismprcyieed 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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fills thée space extending from a portion under the engd

.. portion of a gas feed pipe 32 on a nozzle 36 side to
”"*Ehe"":i'.nlet porrion of a discharge pipe 34. The upper

_ surface of the retention preventive member 68 is

1ncl:r.ned dowvnward 3 in the flow direction of  the

material 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.
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 portion of the _ga:s feed pipe 32 on the nozzle
36 side. 1In contrast to_-l‘t.;his_, in the ejector 16"
having the retention preventive 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

| catal'y_st is smoothly g'uided to the discharge pipe 34

along the inclined upper surface of the retention

_preventlve member €8. " In this embod:.ment , the upper

surface of the retentlon preventive member 68 is a
flat surface. However, 11: will be understood that the

upper _sur_face of the ret_ent:.on prevent:.ve member 68

‘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
1nventlon is used 1n a system fcr manufactur:.ng linear

low-den51ty polyethylene by gas phase copolymerlzatlon
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of ethylene and l-butene. In this experiment, the

: _powder catalyst supply system is .of the type as shown .. .. .
in Pig. 1, and an ejector 16-' 'used 1n th:x.s pcwderm"' SRR

catalyst 'Supply syst—em 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-s_urface of the end portion of

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

nitrogen gas was fed ‘into this gas feed hole and
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

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 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” |
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 feed port 22 and a pressure P3 at

a  discharge port 24 were 25 kgf/c’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 kxgf/cm?. 'In- this case,” the pressure Pl was
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19 kgf/cm’G.

- When the peolyethylene manufacturing system wés

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 description 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
- connecting pipe zs_extending_frdm a hopper 10, a gas

-fee¢'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 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 stréight éﬁd
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
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
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
through the catalyst suction pipe 72 is smoothly
gﬁided from the conical inlet portion 78a to a throat

. portion 78b of the diffuser 78.

. The gas‘feed pipe 74 extends into the catalyst

suction pipe 72 through the appropriate portion of the

pipe wall of the catalyst suction pipe 72. The gas
feed pipe 74 is hermetically fixed to the catalyst
suction pipe 72 at the portion where it eg;e#ds

- through the’catalyst suction pipe 72. A convergent

nozzle 80 is formed at the end poftiop of the gas feed
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pipe 74 inside the catalyst suction pipe 72. Ihis

nozzle 80 "is directed to the dlffuse* 78 cf’ the - -
'dlscharge 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

'predétermined 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
- catalyst suction pipe 72 and the porticn 74a of the

gas feed pipe 74 is lncllned toward the diffuser 78

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

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
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
surface of the catalyst suction pipe 72 around the

nozzle 80, or between the nozzle 80 and the conical

' recessed sﬁrface'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

This Sheet Has Been Reilaced _




10

15

20

25

23

from clogging with the powder catalyst. For the same

. 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, preferably 100

times the partlcle dg.ameter of the powder catalyst.
When the asp:.rator 70 having the arrangement as

descrlbed above :Ls to be used,' a suction port 82 of

its catalyst suction p:.pe 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 the
discharge pipe 76 are also set in the vertical
dii'ection. The horizontal second connecting pipe .40
is-con'nected to a gas feed port 84 of the gas feed
pipe 74. Furthermore, the third connecting pipe 42 is
connected to a dJ.scharge port 86 at the lower end of
the dlscharge pipe 7s. } '

In operat:.on of the powder catalyst supply system
having the aspirator 70 described above, when the

material gas is supplied from the gas supply source 14

to the gas phase polymerization reactor 12 while a

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

.open, t_he powder catalyst falls from the hopper 10

into the aspirator 70 through the first connecting

pipe 26 and 1.s simultaneously drawn into the aspirator

_ 70 by the suction operat:.on of the asp:.rator 70. In

the Ssame manner as J.n the ejector described above '

whe_n the material gas is injected from the nozzle 80

- of the gas feed- pipe 74 to the diffuser 78 of the
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discharge pipe 76, the space between the nozzle 80 and

the diffuser 78, i.e., a catalyst suction chamber 88 . .. . .
is set at a negative pressure, so "t‘hae"fhe‘ ‘powder

'catalyst can be drawn. The povder catalyst gulded”“”

into the catalyst 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
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
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

hopper 10.

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
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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e.g., clogging of the-cataiyst or &n agglomerate of a

- polymer in“the“pipes, dan be prevented. The pressure

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

gauge 48 are used in the same mariner as described

above. _
Fig. 11 shows another embodiment of an aspirétor.

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 triangular cross-section. One

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
will be readily understcod that the amount of powder
catalet accumulated 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

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

rhombic 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
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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74’. Hence, the powder catalyst deposited on the gas
- feed pipe 747, especially on the inclined portion 74b’

can be i:lo'wﬁ_' off to be guided into a discharge pipe |

76.° i
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 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
catalyst supply éystem ha@ing an aspirator is used in
a . system for manufacturing linear low-density
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.

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 mm and 10 mm, respectively, and the

minimum inner diameter of a diffuser 78 of a discharge

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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diffuser 78 with respect to the horizontal direction

| was set to 60°. The material gas was a gas mixture of

ethylene and 1l-butene, and the catalet was the

- Ziegler-Natta type catalyst.

' The material gas was supplied from a gas suppiy

source 14 at a mass flow rzte 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 pressure 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 Pl was 13 kgf/cm’G..

When the polyethylene manufaicturing system was

‘operated under these 'conditioné , Stable polyethylerie

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 hoppér 10.

In the above embodiments, the powder cai:alyst is
directly sent. from the hopper 10 to an ejector 16 or

the a'.spirator 70. However, a cataiyst meteéring unit,

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

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

- c'a.t'alys_t ‘may be supplied to the ejector 16 or the
-aspirator 70 not by gravity-drop, but by using an

Ea'bpropriatg gas under pressure, e.g., an inert gas or

- the hydrogen gas. In the latter case, no pressure:

equalization pipe 30 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 net only in the powder catalyst

' _supply system but alse in other powder transportation

systems.

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 all
such modifications as would be obviocus to one skilled

in the art are intended to be included within the

-scope cf the following claims.
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WHEAT IS CLAIMED IS:
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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 series

- .at a predetermined space therebetween,

said gas feed flow path has a convergent nozzle

formed at an end portion thereof opposing said
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discharge flow path,

ill

saia dlscharge flow path has a diffuser fcrmed at

an end portion thereof oppeosing said nozzle 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'ceﬁtral axis of said gas
feed flow path and sa.:.d discharge flow path at a
predetermined angle.

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

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
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

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

* € L M S *
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6, wherein said powder supply-apparatus is arranged
such that an inlet of ‘said catalyst suctlon'alcw Patha“'f

- is Qirected upward.

8. A system acccrding-ta claim 7, wherein an
angle defined 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 accoerding to claim 7, wherein an
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 accordlng to any one of claims 2 to

9, further comprising:.
gas inj'ecting' means, provided to said powder

- supply apparatus, for injecting a catalyst removing

gas .to remove the powder catalyst retalnlng around

said nozzle; and _ S
gas supply means for supplylng the catalyst
removing gas to said gas injecting means.’ :
‘11, A éyatem'according to claim 10, wherein the

catalyst removing gas is a gas serving as a

.-polyﬁerization material.

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

catalyst removing gas is an inert gas or a hydrogen

.1 gas.

13. A system*aceordingﬂto claim 12, wherein the

‘inert gas is d&ry nitrogen gas.
14. A system according to any one of claims 2 to

_—
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13, wherein said powder supply apparatus is provided

32

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.

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
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;

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
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

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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. said gas feed pipe having a distal end formed with a

convergent nozzle separated from sald diffuser at a

predetermined epace.

17. A system according to claim 16, wherein said
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
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
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
downward so that an angle thereof with respecﬁ 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,'where1n said first portion of sald gas feed pipe
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
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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 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 generatlng line of said recessed surface w1th

respect to a horizontal plane is not less than 60°.

* [ L M S *
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29. A system according to any one of claims 2 to

35

28, 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.

30. A syét‘em 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
said discharge flow path.

3i1. A system'according'to any one of claims 1 to

30, wherein the powder catalyst is drawn by said

ﬁowder supply apparatus from. said catalyst storage

means together with an inert gas or nitrogen gas.

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: |

a powder suction’ flow path adapted to be

' connected to 'péwder storage means to receiving the

 powder from said powde'r storage means;

a gas feed flow path adaﬁtéd' ‘Eo be connected to

gas supply means; and’ .
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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- discharge flow path are ccéxially arranged in series,

said discharge flow. path'has a diffuser fcrmed at

‘an end portlon thereof cpp051ng sa;d powder suctlan

'flow path, and

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 and
extending in said powder suction flow path coaxiaily
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

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
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
pipe is 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 angle of repose

of the powder.
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36. 2An apparatus according to any one of claims

37

32 to 35, wherein sald first portion of sazd gas feed
pipe has a circular cross-section.

'37. 2n apparatus according toc any one of claims
32 to 35, wherein said first pcftion-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. |

38. An apparatus according to any one of claims
32 to 37, comprising gas injecting means for injecting
a powder removing gas. to remove the powder deposited
on said gas feed pipe;.ﬂ“ -

39. An apparatus according to any one of clainms
32 ts 38, wherein an inlet portion of said discharge
flow path hasla conical recessed 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

repose of the powder.
40. An 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
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
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for discharging said powder material together with

said gaseous material and a means for generating a

~ 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 flow 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
substantially as hereinbefore described with reference
to the accompanying drawings. |
* " 44. Any of the methods of supplying powder
substantially as hereinbefore described with reference

to the.accompanying drawings.
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