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TITLE OF THE INVENTION

It

such as pol yol efin particl es,

is a very inportant subject to

SCC 94-03

METHOD AND APPARATUS FOR TRANSPORTING PARTICLES

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method and an

apparatus for transporting particles, such as polyolefin

particles, through a pipe.

Related Background Art

It is a very important subject to preirent a pipe from

being clogged' with particles while particles are

transported from one container to another container

through the pipe.

For exampie,- when polyolefin particles are produced

by a gas phase pqiymerization method in a primary reactor

and transported to a secondary reactor in a next process

or a storage tank through a trarisportation pipe, it is

conventionally employed as one of transporting means

that, after the particles are drawn from the reactor or

the storage tank into a purge tank, a pressure difference

between the purge tank and the following reactor -er the

storage tank is provided sufficiently to transport the

particles at high speed.

In the conventional method, the clogging of the

transportation pipe is prevented by transporting

polyolefin particles at high speed.

However, this means

is still unsatisfactory, and there 1s a tendency to clog
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Elogged with particles while particles are transported fromone container
to another container through the pipe. For exanple, when polyolefin
particles are produced by a gas phase pol ymerization method in a primry
reactor and transported to a secondary reactor in a next process or a
storage tank through a transportation pipe, it is conventional to use a
purge tank as one of the transporting neans After the particles are drawn
fromthe.reactor or the storage tank into the purge tank, a sufficiently
pressure difference is provided

SCC 94-03

the transportation pipe.

There is a case that lump polymer is formed in the
polymerization reactor in the reaction process. The lump
polymer may stick and remain in the transportation pipe,

5 which causes the clogging of the transportation pipe.
Alsd, if the particies which have still reactivé
abilitigs remains in the pipe, the pdlymerization
reaction proceeds and the clogging of the pipe is
occurred. Once the transportation pipe is clogged,

10 starting from the clogged part, the clogging gets worse
and worse. In this condition, the transportation pipe
may be removed to take out the clogging objects. In
result, it may uﬁwill@ngly lead to shut-down of the
polymerization reactér or cut of the production.

15 SUMMARY OF THE INVENTION .

It is an object of the present invention to provide a
method and apparatus for transporting particles, without
clogging of a transportation pipe.

In order to achieve the object, a method for

20 transporting particles from a first container to a second
container thrbugh a transportation pipe according to the
present invention comprises the steps of: providing a
first valve in the transportation pipe; pfoviding a
supply soufce of cleaning gas to be supplied into the

25 transportation pipe ﬁo clean inside of the transportation

pipe; making a pressure of the first container highér
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et ween the purge tank and the follow ng reactor or the storage tank
thereby transport the particles at high speed. In the conventional method,
dhe clogging of the transpor- tation pipe is prevented by transporting
polyolefln particles at high speed. However, this neans is stil
unsatisfactory, and there is a tendency to clog t he transportation pipe.
There is a case that |unp polynmer is formed in the polynerization reactor
in the reaction process. The |lunp polynmer may stick and remain in the
transportation pipe,

SCC 94-03

than a pressure of the second container; making a
pressure of cleaning gas supplied from the cleaning gas
source higher than a pressure of the first container;
closing and opening the first valve intermittently;

5 supplying cleaning gas from the cleaning gas source into
the transportation pipe while the first valve is closed;
and stopping supply of cleaning gas from the cleaning gas
source while the first valve is opened.

The transportation pipe is cleaned by feeding the

10 cleaning gas into the pipe, so that the clogging of the
pipe can be prevented effectively and the inside of the
pipe is kept clean all the time. Consequently, shut;down
of the polymerization container or reactor or cut of
production can be avoided.

15 The present inventién will become more fully
understood from the detaiied description given
hereinbelow and the accompanying drawings which are glven
by way of 1llustratlon only, and thus are not to be
considered as limiting the present invention.

20 Further scope of applicability of the present
invention-will become apparent from the detailed
description given hereinafter. However, it should be
understood that the detailed description and specific
examples, while indicating preferred embodiments of the

25 invention, are given by way of illustration only, since
various changes and modifications within the spirit and

— _ _
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whi ch causes the clogging of the transportation pipe. Also, if the
particles which still have reactive abilities remain in the pipe, the
Rol ymeri zation reaction proceeds and cl oggi ng of the pipe occurs. Once the
transportation pipe is clogged, starting fromthe clogged part, the
cl ogging gets worse and worse. In this condition, the transportation pipe
may be renpved to take out the clogging objects. This may unwill- ingly
| ead to t-he shut-down of the polynerization reactor or cut of the
producti on. :

SCC 94-03

scope of the invention will become apparent to those
skilled in the art from this detailed description.

-BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a view schematically showing the
5 arrangement of a polypropylene production plant to which
the present invention is applied. | |
Fig. 2 is a flowchart showing the procédure of a
method for #ranqur;ing‘particles according to ﬁhe'
present invention.. |

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Fig, 1, there is shown the
arrangement of a polyprbpylene production plant to which
the present invention will be applied. In Fig. 1,
reference numeral 10 designates a primary fluidized-bed

15 reactor, numeral 12 designates a secondary fluidized-bed
reactor, and numeral 14 designates a storage tank.

In the primary reactor 10, a miked phase of gas
comprising propylene monomer and polypropylene particles
is formed, and fluidized by cifculating gas from the

20 bottom of the reactor 10 through a gas dispersion plate 16
placed in the lower part of the reactor 10 . Generally,
the fluidized-bed which is rich in particle is formed in
the lower part of the primary fluidized-bed reactor 10,

and the gas phase which is rich in gas is formed in the

25 upper part of the reactor 10. Gas is circulated by the
operation of a compressor 20 provided in a pipe 18 which
———._—-—-—-/. . ‘
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SUMVARY OF THE I NVENTION It is an object of the present

i-nvention to provide a method and apparatus for transportl ng particles,
Wi thout clogging of a transportation pipe.
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is connected to the primary reactor 10 in loop from the
top to the bottom of the reactor 10. In the pipe 18, a
cyclone 19 for separating entrained fine powder from
circulation gas and a heat exchanger 21 for cooling
circulation gas are placed. Under this state in which the
mixed phase is fluidized, prdpylene monomer as a raw
material through a pipe 22 and a catalyst through a pipe
23 are supplied to the primary reactor 10. Then
polymerization reaction proceeds and particles of
polypropylene are produced. Thus produéed polypropylene
particles in the primary reactor 10 are transported from
fluidized-bed in the primary reactor 10 to gas phase in
the secondary polymetization reactor 12 through é.
i:ransportation pipe 24.

Polypropylene particles are transported by means of
pressure difference between the primary reactor 10 and
the secondafy reactor 12. This pressure difference is
preferably within a range of 1.5kg/cm?~30kg/cm?®. If the
pressure difference is below 1.5kg/cm?, the |
transportation speed of particles is insufficient, and if
the pressure difference is above 30kg/cm?, the vibration
of the pipe 24 may increase. Especially, in the cas_e of
the polypi'opylerie, in 6rder to perform polymerizatidn
reaction and transportation of the particles
successfully, it is important that a pressure difference

between the container 1 and the container 2 is within a

w
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I'm order to achieve the object, a nethod for transporting particles froma
first container to a second container through a transportation pipe
according to the present~invention conprises the steps of: providing a
first valve in the trans- portation pipe; providing a supply source of
‘cleaning gas to bc supplied into the transportation pipe to clean inside of
the transportation pipe; nmaking a pressure of the first container higher
than a pressure of the second container; nmaking a pressure of cleaning gas
suppl i ed fron1the cl eani ng gas

SCC 94-03

range of 1.5kg/cm® to 30kg/cm’. The more preferable range
of the pressure difference between the reactors 10 and 12
is 3kg/cm? to 15kg/cm?.
A solenoid valve 26 is placed in_the transportation
5 pipe 24 near the secondary reactor 12. In general,
polypropylene particles are transported intermittently
by opening and closing the valve 26.
The construction of the secondary reactor 12 is
substantially the’same as that of the primary reactor 10.
10 In other words, polypropflene particles are fluidized by
gas circulated by a compressor 30 in a pipe 32. 1In the
pipe 32, a cyclone 31 for separating entrained fine
powder from circulation gas and a heat exchanger 33 for
cooling circulation gas are pladed. Then, polymerization
185 reaction further proceeds by feeding raw material through
a pipe 28, and polypropylene particles are produced as a
product. Polypropylene particles as a product are
transported from fluidized bed in the secondary reactor
12 to the storage tank 14 through the transportation pipe
20 34 by means of pressure differénce between the secondary
reactor 12 and the storage tank 14 and stored therein.
-Preferébly, this pressure difference is within a range of
1.5kg/cm*~30kg/cm?.
A solenoid valve 36 is placed in the transportatidn
25 pipe 34 near the secondary feactor 12. In the same way as

the transportation of particles from the primary reactor
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‘source hi gher than a pressure of the first container; closing and opening
the first valve intermttently; supplying clean- ing gas fromthe cl eaning
gas source into the transportation pipe while the first valve is closed;
and stopping supply of cleaning gas fromthe cleaning gas source while the
first valve is opened. The transportation pipe is cleaned by feeding the
cleaning gas into the pipe, so that the cloggi.ng of the pipe can be
prevented effectively and the inside of the pipe is kept clean

SCC 94-03

10, particles are transported from the secondary reactor

12 intermittently by opening and closing the valve 36.
Pressure sensors 38 and 40 are placed in the primary

reactor 10 and the secondary reactor 12, respectively.

5 The internal pressure of the reactors 10 and 12 is
observed by a controller comprising, e.g., ‘a micro .
computer 42 all the time. When the controller 42 detects
the variation of the internal pressure of the reactors 38
and 40 based on signals from the pressure sensors 38 and

10 40, the controller 42 controls flow control valves 44'and
46 interposed in the pipes 22 and 28 to control flow of
the raw material, there$y to maintain the internal
pressure of the reactors 10 and 12 constant,
respectively.

15 In the embodiment shown in Fig. 1, one system is
provided for feeding cleaning gas into the transportation
pipes 24 and 34 in order to prevent a clogging object from
being formed 6r to remove a clogging object, in the
transportation pipes 24 and 34. This system comprises a

20 source 50 for supplying the cleaning gas, and pipes 52, 54
and 56 for feeding cleaning gas from the cleaning gas
source.SO into the transportation pipes 24 and 34. The
pipe 54 is connected to the.transportatiOn pipe 24
between the primary reactor 10 and the secondary reactor

25 12 at the point 58 on the upper stream of and near the

valve 26. The pipe 56 is connected to the transportation

Tlus Sheet Has Been Reilaced 7




‘al | the tine. Consequent |y, shut-down of the pol ymerization container or

reactor or cut of production can be avoided. The present

i nvention wll

QDecone nmore fully understood fromthe detailed description given.
‘her ei nbel ow and t he acconpanyi ng drawi ngs which are given by way of illus-

tration only, and thus are not to be considered as limti
i nvention. Further scope of applicability of the present
become apparent fromthe detailed description given here-
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pipe 34 between the secondary reactor 12 and the storage

tank 14 at the point 60 on the downstream of

and near the

valve 36. Solenoid valves 62 and 64 are provided in the

pipes 54 ahd 56, respectively.

5 Reference numeral 66 in Fig. 1 is a pressure gauge

placed in the pipe 52, and it is for measuring pressure of

the cleaning gas from the cleaning gas source 50. The

pressure of cleaning gas from the cleaning gas source 50

needs to be 1.5kg/cm? or above, preferably 2.

Okg/cm® or

10 ~ above higher than the internal pressure of the reactors

10 and 12. If the difference between the pressure of the

cleaning gas and the internal pressure of the reactors 10

and 12 is lower than 1.5kg/cm?, the cleaning

gas would not |

have a cleaning function, which will be described later.

15 Further, the cleaning gas is preferably gas consisting of

propylene monomer, so as not to lower the efficiency of

polymerization reaction in the reactor 10.

Next, referring to. Fig. 2, a method of transporting

particles according to the present invention, which is

20 applied to the above-described arrangement.

This method

'is performed by control'ling the valves 26, 36, 62 and 64

sequentially by a controller such as a sequencer 68 in the

following way.

Transportation of polypropylene particles from the

25 'primary reactor 10 to the secondary reactor 12 will be

explained. First, as shown in Steps 100 and

This Sheet Has Been Rei 8
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However,

specific exanples, while indicating pre- ferred enbodi nents of the

iknventi on,

nodi fications within the spirit and scope of the invention will becone
apparent to those skilled in the art fromthis detail ed descrip- tion.

I's the replacenent sheet [err]

10

15

20

25

SCC 94-03

2, the valve 26 in the transportation pipe 24 is closed,
and immediately thereafter or at the Same time, the valve
62 of the cleaning gas feeding system is opened. In
result., the cleaning gas is fed from the supply source 50
to the transportation pipe 24 through the pipes 52 and 54.
The cleaning gas flows in the transportation pipe 24
towards the primary reactor 10 to send the particles, and
clogging objects if present, in the transpoftation pipe
24 into the primary reactor 10 thereby to clean the inside
of the transportation pipe 24.

Next, as shown in Step 104 of Fig. 2, the valve 62 is
closed to stop the supply of cleaning gas. Immediately
after the valve 62 is closed or at the same time, the
valve 26 in the transportation pipe 24 is opened, and
transportation of polypropylene particles from the
primary feactor 10 to the secondary reactor 12 is started
(Step 106). Duration of .the valve 26 remained open is
decided so as to adjust a difference between an actual
amount of particles and a desired amount of particles, in
the primary reactor 10. Although duration of the valve 62
or 64 remained open, i.e. duration of one coﬁtinuous
supply of cleaning gas may be changed according to |
lengths or a diameters of the pipes, it generally is 1
second or above, preferably 3 seconds or above, more
preferably 5 seconds or above.

Thereafter, a process goes back to Step 100, and
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-3- BRI EF DESCRIPTION OF THE DRAWNG FIG 1 is a view schematically show ng
the arrangenent of a pol ypropyl ene production plant to which the present
lsnvention'is applied. FIG 2 is a flowhart showi ng the procedure of a

net hod
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Steps 100-106 are repeated. The valve 62 is opened all
the time when the valve 26 is closed.
Further, similar to the transportation from the
primary reactor 10, a product is transported from the
5 . secondary container 12 to the storage tank 14. In the

case that the particles are transported from the
secondary reactor 12 to the storage' tank 14, cleaning gas
may f£low through the pipe 34 upstream, similar to the |
transportation from the primary reactor 10 to the

10 secondary reactor 12. However, it is preferable to flow
cleaning gas through pipe 34 downstream, thereby cleaning
the inside of the pipe 34.
Example 1

Polymerization reaction of propylene by gas phase

15 | | ﬁethod was conducted in a reactor which can produce 5 to 9
ton per hour of polypropylene, using solid catalyst
.component obtained by the same manner as in Example 1 in
U.S.P. 5,023,223, which is incorporat_ed by reference
herein, triethylaluminum and |

20 cyclohexylethyldimethoxyéilane. Pressure in the primary
reactor 10 was set to 21kg/cm?G, tehperature therein to
75°C, pressure in the sécondary reactor 12 to 17kg/cm?G
and temperature therein to 75°C. A pipe which had an
inner diameter of 50mm and a total length of 15m was used

25 as a trénsportation pipe 24. The valve 26 was provided at

a position separated from the entrance of the secondary

This Sheet Has Been RTlaced




for transporting particles according to the present invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Referring nowto FIG 1, there is
Shown the arrangenent of a pol ypropyl ene production plant to which the
present invention will be applied. In FIG 1, reference nuneral 10
designates a primary fluidized-bed reactor, nuneral 12 des- ignates a
secondary fluidized-bed reactor, and nuneral 14 designates a storage tank.

SCC 94-03

reactor 12 by 20cm, and the pipe 54 was connected at a
position on the upper stream of and near the valve 26.
Propylene gas was used as cleaning gas and the pressure
was 26kg/cméG.

5 Under these conditions, following Steps 100-106 in
Fig. 2, the valves 24 and 62 were controlled and
polypropylene was produced. After the plant ran for
three consecutive months, the inside of the
transportation pipe 24 was checked. In result, it was

10 found that clogging did not occur in the transportation
pipe 24.
Example 2
The reaction was conducted under the samel condition
as the above-described example 1 except the valve 62 was
15 closed all the.time. In this case, the transportation
pipe 24 was clogged after one hour or so and the plant was
not able to run.
Example 3
The reaction was conducted under the same condition
20 as the above—-described example 1 except propylene gas of
| 22.3kg/cm’G préssure was used as cleaning gas. In this
case, a difference between the pressure of cleaning gas
and the internal pressure of the primary reactor 10 was
1.3kg/cm?. In this example, it was found that clogging
25 objects tended to be formed in the transportation pipe 24

within one or two days.

This Sheet Has Been Rei]aced 11

MR




ﬂ n the primary reactor 10, a m xed phase of gas conpris- ing propyl ene
mononer and pol ypropylene particles is forned, and fluidized by circulating
gas fromthe bottomof the reactor 10 through a gas dispersion plate 16
placed in the |ower part of the reactor 10. Generally,- the fluidi zed-bed
which is rich in particles is forned in the |ower part of the primary
fluidi zed-bed reactor 10, and the gas phase which is rich in gas is faorned
in the upper part of the reactor 10. Gas is circulated by the operation of

a conpressor 20 provided
: SCC 94-03

The preferred embodiment of the present invenﬁion
have been explained; however, it will be apparent that
the present invention is not limitéd to the above
embodiment. For example, the above embodiment relates to

5 the traﬁsportation of polypropylene but the present
invention can be applied to the transportation of
polyethylene, polyolefin such as a-olefin polymer etc.
In this case, cleaning gas is preferably gas consisting
essentially of ethylene monomer or ¢—olefin monomer.

10 In the above embodiments, there are two reactors.
But if one reactor or three reactors are used, the present
invention cﬁn.be applied in such a case, which is obvious
to one skilled in the art that the.present invention can
be applied in such a case. |

15 Although it is effective when the present invention
is applied to a pipe for transporting polyolefin
particles, the present invention can be applied to any
type of pipes through which another particles flows.
Generally, particles to be transported have a diameter of

20 10um~-3000um, preferably 100pm—-2000um and more preferably
200pm-1500pm, and a bulk density of 0.2g/cm’-1.0g/cm® and
more preferably 0.3g/cm®-0.9g/cm®. Typically, these
particles are transported through a pipe the inner
surface of which is smooth and which has a diameter of

25 | IOmm—SbOmm and.a length of 1m-200m, and to which the

present invention can be applied.

S
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in a pipe 18 which is connected to the primary reactor 10 in loop fromthe
top to the bottomof the reactor 10. In the pipe 18, a cyclone 19 for
Separating entrained fine powder fromcircul ati on gas and a heat exchanger
21 for cooling circu- lation gas arc placed. Under this state in which the
m xed phase is fluidized, propylene nononer as a raw material through a
pi pe 22 and a catal yst through a pipe 23 arc supplied to the primary
reactor 10. Then pol ynerization reaction proceeds and particles of

ol ropyl ene arc, pro-
P y_p by : P SCC 94-03

From the invention thus described, it will be
obvious that the invention may be varied in many wéys.
Such variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such

5 modificafions as would be obvious to one skilled in the

art are intended to be included.within ﬁhe scope of the
following claims.

The basic Japanese Application No. 5-251,632 filed

on October 7, 1993 is hereby incorporated by reference.

_—
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d pol ypropyl ene particles in the primary reactor

Emﬂmﬂr i di zed-bed in the primary reactor 10 to gas phase
ary*pol yrfer-- i zation reactor 12 through a transportation pipe

_24_ This-is the replacenent sheet [err]
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CLAIMS:

1. A method for transporting particles from a |

first container (10; 12) to a second container (12;
14) through a tranSportation pipe (24; 34) comprising
the steps of: ' '

providing a first (26; 36) valve in said
transportation pipe;

providing a supply source (50) of cleaning gas to
be supplied into said tfansportaticn piée to clean
inside of said transportation pipe;

making a pressure of said first containef (10;
12) higher than a pressure of said second container
(12; 14);

making a.pressure of cleaning gas suppiied from
said cleaning gas source higher than a pfessure of
said first container; |

closing and opening said first valve (26; 36) ﬁo
transport the particles from said first container to
said second container intermittently;

supplying cleaning gas from said cleaning gas
source into said transportation pipe while said firsﬁ
valve is closed; and |

stopping supply of cleaning gas from said

cleaning gas source while said first valve is opened.

2. A method for transporting particles according

to Claim 1, wherein a cleaning gas pipe (54; 56) is

14

——
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“l“mmul tlcles are transported by neans or a pressure

e primary reactor 10 and the secondary reactor 12.

-4-
dlffqg

ressure®difference is preferably within a range of 1.5 [err]
pressure difference is below 1.5 [err] the transportation speed of
particles is inspfdvidedt pethernssaidt bRepnsnguigasli §bareacars shvge 30
[err] the vibration of the pipe 24 may increase. Especially, in the case of
t he pol ypropyl eneransportiation pipe; and a second valve (62; 64) is

10

15

20

25

provided in said cleaning gas pipe; and said second
valve is_closed and opened thereby to control the
supply of cleaning gés into said transportation pipe.

3. A method for transporting particles according
to Claim 1 or 2, wherein said first valve (26) is
provided in said transportation pipe near said second
container (12).

4. A method for transporting particles according
to Claim 3, wherein the cleaning gas is fed ;nto said
transportation pipe (24) at a position near said first
valve (26) on the first container side.

5. A method for transporting particles according
to Claim 1 or 2, wherein said first valve (36).is
provided'in said transportation pipe (34) near said
first container (12).

6. A method for transporting particles according
to Claim 5, wherein the cleaning gas is fed into said
transportation pipe (34) at a position near said first
valve (36) on the second container side.

7. Amethod for transporting particles according
to any one of the preceding claims, wherein a
difference between the pressure of said first
container and the pressure of said second container is

within a range of 1.S5kg/cm’ to 30kg/cm? and preferably

15
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pﬁﬂ”ﬂnmw ' tlon reaction and transportation of the particles '
mﬂ;@’l s inportant that a pressure differ- ence between the

'reactbr‘io e.reactor 12 is within a range of 1.5 [err] to 30 [err].

The nore preferable range of the pressure difference between the reactors

10 and 12 is 3 [@1fﬂ,i§,oalga{,§érbf Axgobanaid 1"5%3’/@:@6 is placed in the
transportati on pi pe 24 near fhe secondary reactor I n general,
pol ypropyl ene particles & endtraith Fht eéahapai-ﬁhht;epafhé!eep@&@ﬁdaﬂg cl os-
' to any one of the preceding claims; wherein a
difference between the pressure of cleaning gas
5 supplied from said cleaning gas source (50) and the
pressure of said first container is at least 1.5kg/cm?
and preferably at least 2kg/cm’.

9. A method for transportihg particles according

to any one of claims 1 to 8, wherein said particles
10 are polyolefin.

10. A method for transporting particleé
according to Claim 11, wherein said cleaning gas is
gas consisting essentially of olefin monomer.

11. A method for transporting particles

1s according.to any one of claims 1 to 8, wherein said
pérticles are polypropylene. o

12. A method for transporting particles
according to Claim 11, wherein said cleaning gas is
propylene gas.

20 13. A method for transporting particles
according to any one'of claims 9 to 12, wherein each
of said first container and said second container is
a reactor for gas phase poiymerization or a storage
tank therefor, with the préviso that said second

25 container 1is said storage tank when said first

container is said reactor.

16
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-ing the valve 26. The construction of the secondary reactor 12 is substan-
muwgmﬂmmm that of the primary reactor 10. In other words,
|cles are fluidized by gas circu- lated by a conpressor
30 i a plpe : In the pipe 32, a cyclone 31 for separating entrained fine
powder from ci r- cul atkon gaa annieahbeat fexchangaispbtf irig Coparticles
circulation gas are placed. Then, polynerization reaction further pro-
ceeds by feedungacamrdangrmm aﬂnwnnﬁletpcbelﬁs lared 13, wherein the
duration of one continuous supply of said cleaning gas
is 3 secbnds or above.
5 15. An apparatus for transpdrting particles from
a first container (10; 12) to a second container (12;
14), said particles transporting apparatus comprising:
a transportation pipe (24; 34) communicating
between said first container (10; 12) and said second

10 'container (12; 14);

a first valve (26; 386) provided in said
transportation pipe (24; 34j;

a supply source (50) of cleaning gas for cleaning
inside of said transportation pipe;

15 a cleaning gas pipe (54; 56) communicating
between said cleaning gas source and said
transportation pipe;

a second valve (62; 64) provided in said cleaning
gas pipe; and

20 a control device (42) for controlling said first
and second valves so that said first valve is opened
and closed to transport the particles from said first
container to said second container intermittently, and
SO thét while said first valve is cldsed, said second

25 valve is opened to supply the cleaning gas from said

cleaning gas source into said transportation pipe, and

17
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“pol lene particles are produced as a product. Pol ypro- pyl ene

par [M@,’fﬂ Hlﬁmm are transported fromthe fluidized bed in the

sec A "to the storage tank 14 through the transportation pipe
34 by neans a of pfessure difference between the secondary reactor 12 and

t he storage tank whiiandasikofddstheadivae. iPrepenad) ysaidiseqord stakvaliifd er -
ence is within a range of 1.5 [err]. A solenoid valve 36 is placed in the

transportation pigd@sRRnear the secondary reactor 12. In the sane way as

t he
16. A particles transporting apparatus according

to Claim 15, wherein said first valve (26) is provided
5 in said transportation’ pipe (24) near said second
container (12).

17. A particles transporting apparatus according
to Claim 16, wherein said cleaning gas pipe (54) is
connected to said transportation pipe (24) at a

10 position near said first valve (26) on the first
container side.

18. A §articles transporting apparatus according
to Claim 15, wherein said first valve (36) is prd?ided
in said transportation pipe (34) near said first

15 conﬁainer (12). |

19. A particles transporting apparatus according
to Claim 18, wherein said cleaning gas pipe (56) is
connected to said transportétion pipe (34) at a
position near said first valve (36) on the second

20 | container side.

20. A particles tranéporting apparatus according
to any one of claims 15 to 19, wherein each of said
first container and said second container is a reactor
for gas phése polymerization or a storage tank

25 therefor, with the proviso that said second container

is said storage tank when said first container is said

18
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'transportati fromthe primary reactor 10, particles are
t ranspmt-ed"ﬂnm" M ﬂry reactor 12 intermttently by opening and
.losing the valve m re sensors 38 and 40 are placed in the prinmary
reactor 10 and the secondary reactor 12, respectively. The internal
pressure of . the reacters 10 and 12 is obser ved by a controller conprising,
e.g., a micro conputer 42, all the [err]

- 21. A particles transporting apparatus according
to any one of claims 15 to 20, wherein said first and
second valves are solenoid valves.

5 22. A method of transporting particles from a
‘first location to a second location through a
passageway comprising intermittently interrupting a
flow of particles therethrough and directing a purge
fluid through said passageway towards one of said

10 locations from a position adjacent the other one of
said locations when said flow is interrupted.

23. Apparatus for transporting particles from a
first location to a second location, comprising means
defining a passageway between said locations, means

15 for selectively interrupting a flow ef particles
through said pessageway, means for directing a purge
fluid through said passageway towards one of said
locations from a position,adjacenf the other one of
said locations, and means for operating said direcﬁing

20 means to direct said phrge fluid as aforesaid when

said interrupting means is operated to interrupt said

flow through said passageway.

19
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time. Wen the controller 42 detects the variation of the internal pressure
of the reactors 10 and 12 based on signals fromthe pressure sensors 38 and
40, the controller 42 controls flow control valves 44 and 46 interposed in
the pipes 22 and 28 to control flow of the raw material, thereby

- maintaining the internal pressure of the reactors 10 and 12 constant,
respecti-vely.

SCC 94-03

ABSTRACT OF THE DISCLOSURE

A.method'for transporting particles such as
polyolefin particles from a first container to a second
container. The particles are transported from the first

5 - container to the second container through a

transportation pipe by means of pressure differen;e
between the first container and the second container. A
valve is provided in the transportation pipe near the
second container, and the valve is closed and opened to

10 transmit particles intermittently. Cleaning gas is fed
into the transportation pipe at a position on the inlet
side near the valve. The cleaning gas is gas consiéting
essentially of olefin monomer. The cleaning gas is fed
into the transportation pipe while the valve of the

15 transportation pipe is closed, and the particles remained
in the transportation pipe are made back to the first
contaiher thereby to clean the transportation pipe.
Therefore, inside of the transportation pipe is kept

clean all the time.
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ln t he enbodi nent shown in FIG 1. one system is provided for feeding.
cleaning gas into the transportati onSEIG®4-08 and 34 in order to prevent a
£l ogging object frombeing formed or to renove a cl ogging object, in the
trans- portation pipes 24 and 34. This system conprises a source 50 for
suppl ying the cleaning gas, and pipes 52, 54 and 56 for feeding cleaning
gas fromthe cleaning gas source 50 |ntb/2he transportation pipes 24 and
34. The pipe 54 is connected to the transportation plpe 24 between the
primary reactor 10

52

66
Z

2c]

ANING
S SOURCE/

LE
GA
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68
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COMPUTER

CATALYST
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?and the secondary reactor 12 at the point 58 on the upper stream of and

Jbetween the secondary reactor 12

near the valve 26. The pipe 56 issggﬂ?gg to the transportation pipe 34
an he storage tank 14 at the point 60 on
t he downstream of and near the valve 36. Sol enoid val ves 62 and 64 arc
provided in the pipes 54 and 56, respectively. Reference nuneral 66 in FIG
1 is a pressure gauge placed in the pi@/82. and it is for measuring
pressure of the cleaning gas fromthe cleaning gas source 50. The pressure

Fig.2
l

100

VALVE 26 —= CLOSE |

L

|~
VALVE 62 —=OPEN
104
VALVE 62 — CLOSE
106

{ VALVE 26 — OPEN
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TITLE OF THE INVENTION

METHOD AND APPARATUS FOR TRANSPORTING PARTICLES

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method and an
apparatus for transporting particles, such as polyolefin
particles, through a pipe.

Related Background Art

It is a very important subject to prevent a pipe from
being clogged with particles while particles are
transported fron’i one container to another container
through the pipe. |

For example, when polyolefin particles are produced
by a gas phase polymerization method in a primary reactor
and transported to a secondary reactor in a next process
or a storage tank through a transportation pipe, it is-
conventionally employed as one of transporting means
that, after the particles are drawn from the reactor or
the storage tank into a purge tank, a pressure difference
between the purge tank and the following reactor or the
storage tank is provided sufficiently to transport the
particles at high speed.

In the conventional method, the clogging of the
transportation pipe is prevented by transporting
polyolefin particles at high speed. However, this means

is still unsatisfactory, and there is a tendency to clog
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reactor 10. Next, referring to FIG 2. a nethod of transporting par- ticles
according to the present invention, which is applied to the above-descri bed
arrangenent, is described. This nethod is perforned by controlling the

val ves 26, 36, 62 and 64 sequentially by a controller such as a sequencer
68 in the followng way. [er[[]

the transportation pipe. o

There is a case that lﬁmp polymer is formed in the
polymerization reactor in the reaction prolcess. The lump
polymer may stick and remain in the transportation pipe,
which causes the clogging of the transportation pipe.
Also, if the particles which have still reactive
abilities remains in the pipe, the polymerization.
reaction proceeds and the clogging of the pipe is
occurred. Once the transportation pipe is clogged,
starting from the 'clogged part, the clogging gets worse
and worse. In this condition, the transportation pipe
may be removed to take out the clogging objects. In
resuit, it may unwillingly lead'to shut-down of the
polymerization reactor or cut of the production.

SUMMARY OF THE INVENTION

It is an object of the'present invention to provide a
method and apparatus for transporting particles, without
clogging of a transportation pipe.

In order to achieve the object, a method for
transporting particles from a first container to a second
container thfough a transportation pipe according to the
present invention comprises the steps of: providing a
first valve in the transportation pipe; providing a
supply source of cleaning gas to be supplied into the
transportation pipe to clean inside of the transportation

pipe; making a pressure of the first container higher
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Transportation of polypropylene particles fromthe pi- mary reactor 10 to
the secondary reactor 12 wll be explained. First, as shown in Steps 100
.and 102 of FIG 2, the valve 26 in the transportation pipe 24 is closed,

"and i medi ately thereafter or at the sanme time, the valve 62 of the

cl eaning gas feeding systemis opened. In result, the cleaning gas is fed
fromthe supply source 50 to the

-3 -

than a pressure of the second container; making a
preséure of cleaning gas supﬁiged from the eleaning gas
source higher than a pressure of the first container}
closing and opening the first valve intermittently;
supplying cleaning gas from the cléaning gas source into
the transportation pipe while the first valve is closed;
and stopping supply of cleaning gas from the cleaning gas
source while the first valve is opened.

The transportation pipe is cleaned by feeding the
cleaning gas into the pipe, so that the.clogging of the
pipe can be prevented effectively and the inside of the
pipe is kept clean all the time. Consequently, shut-down
of the polymerization container or reactor or cut of
production can be avoided.

The present invention will become more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are given
by way of illustration only, and thus are not to be
considered as limiting the presenﬁ invention.

Further scope of applicability of the present
invention will become apparent from the detailed
description given hereinafter. However, it should be
understood that the detailed description and specific
examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, sinee

various changes and modifications within the spirit and

This is the replacement sheet
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transportation pipe 24 through the pipes 52 and 54. The cl eaning gas fl ows
In the transportation pipe 24 towards the prinmary reactor 10 to send the
particles, and clogging objects if present, in the transportation pipe 24
into the primary reactor 10 thereby to clean the inside of the
transportation pipe 24. Next, as shown in Step 104 of FIG 2, the valve 62
Is closed to stop the supply of cleaning gas. Imedi ately after the val ve

62 is closed or, at the sanme tine, the valve 26 in the
. -4 -

scope of the invention will become apparent to those
skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a view schématically showing the
arrangement of a polypropylene production plant to which
the present invention is applied.

Fig. 2 is a flowchart shdwing the procedure of a
method for transporting particles according to the
present invention.,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Fig. 1, there is shown the
arrangement of a polypropylene production plant to which
the present invention will be applied. 1In Fig. 1,
reference numeral 10 designates a primary fluidized-bed
reactor, numeral 12 designates a secondary fluidized-bed
reactor, and numeral 14 designates a storage tank.

In the primary reactor 10, a mixed phase of gas
comprising propylene monomer and polypropylene particles
is formed, and fluidized by circulating gas from the
bottom of the reactor 10 through a gas dispersion plate 16
placed in the lower part of the reac£or 10 . Generally,
the fluidized-bed which is rich in particle is formed in
the lower part of the primary fluidized-bed reactor 10,
and the gas phase which is rich in gas is formed in the
upper part of the reactor 10. Gas is circulated by the

operation of a compressor 20 provided in a pipe 18 which
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transportation pipe 24 is opened, and transportation of polypropyl ene
particles fromthe primary reactor 10 to the secondary reactor 12 is
sStarted (Step 106). The duration of the valve 26 renaining open is decided
so as to adjust a difference between an actual anount of particles and a
desired amount of particles, in the primary reactor 10. Al though the
duration of the valve 62 or 64 remaining open, i.e. duration of one
continuous supply of cleaning gas nmay be gh@nged according to lengths or a
di aneters of the pipes,

- is connected to the primary reactor 10 in loop from the

top to the bottom of the reactor 10. In the pipe 18, a
cyclone 19 for separating entrained fine powder from
circulation gas and a heat exchanger 21 for cooling
circulation gas are placed. Under this state in which the
mixed phase is fluidized, proleene monomer as a raw
material through a pipe 22 and a catalyst through a pipe
23 are supplied to the primary reactor 10. Then
polymerization reactioh.proceeds and particles of-
polypropylene are produced. Thus produced polypropylene
particles in the primary reactor 10 are transported from
fluidized-bed in the primary.reactor 10 to gas phase in
the secondary polymerization reactor 12 through a
transportation pipe 24.

Polyoropylene particles are transported by means of
pressure difference between the primary reactor 10 and
the secondary reactor 12. This pressure difference is
preferably within a range of 1.5kg/cm?-30kg/cm?. If the
pressure difference is below 1.5kg/cm?, the
transportation speed of particles is 1nsuff1c1ent and if
the pressure difference is above 30kg/cm?, the v1brat10n
of the pipe 24 may increase. Especially, in the case of
the polypropylene, in order to perform polymerization
reaction and transportation of the particles
successfully, it is importanf that a pressure difference

between the container 1 and the container 2 is within a
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i't generally is 1 second or above, preferably 3 seconds or above, nore
preferably 5 seconds or above. Thereafter, a process goes back to Step 100,
and Steps 100-106 are repeated. The valve 62 is opened all the tipe when
the valve 26 is closed. Further, simlar to the transportation fromthe
primary reactor 10, a product is transported fromthe secondary reactor 12
to the storage tank 14. In the case that the particles are transported from

t he secondary reactor 12 to the storage -6 -

range of 1.5kg/cm® to 30kg/cm?. The more preferable fange
of the pressure difference between the reactors 10 and 12
is 3kg/cm?® to 15kg/cm?.

A éolenoid valve 26 is placed in the transportation
pipe 24 near the secondary reactor 12. In general,
polypropylene particles are transported intermittently
by opening and closing the valve 26.

The constructibn of_the'secondary reactor 12 is
substantially the same as that of the primary reactor 10.
In other words, polypropylene particles are fluidized by
gas circulated by a compressor 30 in a pipe 32. In the
pipe 32, a cyclone 31 for separating entrained fine
powder from circulation gas and a heat exchanger 33 for
cooling circulation gas are placed. Then, polymeri;ation
reaction further proceeds by feeding raw material through
a pipe 28, and polypropylene particles are produced as a
product. Polypropylene particles as a product are
transported from fluidized bed in the secondary reactor
12 to the storage tank 14 through the transportation pipe
34 by means of pressure difference between the secondary
reactor 12 and the storage tank 14 and stored therein.
Preferably, this pressure difference is within a range of
1.5kg/cm*~30kg/cm?.

A solenoid valve 36-is placed in the transportation
pipe 34 near the secondary reactor 12. In the same way as

the transportation of particles from the primary reactor
-
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tank 14, cleaning gas may flow through the pipe 34 upstream simlar to the
transportation fromthe primary reactor 10 to the secondary reactor 12.
However, it is preferable to flow cl eaning gas through pi pe 34 downstream
t hereby cleaning the inside of the pipe 34. [err]

-7 -

10, particles are transported from the secondary reactor
12 intermittently by 'opening and closing the valve 36.

Pressure sensors 38 and 40 are placed in the primary
reactor 10 and the secondary reactor 12, respectively.
The internal pressure of the reactors 10 and 12 is
observed by a c‘ontroller comprising, e.g., a micro
computer 42 all the time. When the controller 42 detects
the variation of the internal pressure of the reactors 38
and 40 based on signals from the pressure sensors 38 and
40, the controller 42 controls flow control valves 44 and
46 interposed in the ;_Sipes 22 and 28 to control flow of
the rat;: material, thereby to maintain the internal
pressure of the reactors 10 and 12 constant,
respectively.

In the embodiment shown in Fig. 1, one system is
p;ovided for feeding cleaning gas into the transportation
pipes 24 and 34 in order to prevent a clogging object from
being formed or to remove a clogging object, in the
transportation pipes 24 and 34. This system comprises a
source 50 for supplying the cleaning gas, and pipes 52, 54
and 56 for feeding cleaning gas from the cleaning gas
source 50 into the transportation pipes 24 and 34. The
pipe. 54 is connected to the transportaf.ion pipe 24
between the primary reactor 10 and the secondary reactor
12 at the point 58 on the upper stream of and near the

valve 26. The pipe 36 is connected to the transportation

———
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EXAMPLE 1 Pol ynerization reaction of propylene by a gas phase net hod

was conducted in .a reactor which can produce 5 to 9 tons per hour of

pol ypropyl ene.

The reaction was carried out using a solid catal yst

conponent obtained by the same manner as in Exanple 1 in U S. Pat. No.
5,023,223, which is incorporated by reference.-herein, along with [err]
m num and cycl ohexyl et hyi di met hoxysi |l ane. Pressure in the

-8~

pipe 34 between the secondary reactor 12 and the storage
tank 14 at the point 60 on the downstream of and near the
valve 36. Solenoid valves 62 and 64 are provided in the
pipes 54 anci 56, respectively.

Reference numeral 66 in Fig. 1 is a pressure gauge

'"placed in the pipe 52, and it is for measuring pressure of

the cleaning gas from the cleaning gas source 50. The
pressure of cleaning gas from the cleaning gas source Sd
needs to be 1.5kg/cm’ or above, preferably 2.0kg/cx.nz or
above higher than the intérnal pressure of the reactors
10 and 12. If the difference between the pressure of the

cleaning gas and the internal pressure of the reactors 10

and 12 is lower than 1.5kg/cm?, the cleaning gas would not

have a cleani_ng function, which will be described later.
Further, the cleaning gas is preferably gas consisting of
propylene monomer, so as not to lower the efficiency of
polymerization reaction in the reactor 10.

Next, referring to Fig. 2, a method of transporting
particles according to the present invention, which is
applied to the above-described arrangement. This method
is performed by controlling the valves 26, 36, éz and 64
sequentially by a controller such as a sequencer 68 in the
following way.

Transportation of polypropylene pvarticles from the
primary reactor 10 to the secondary reactor 12 will be.

explained. First, as shown in Steps 100 and 102 of Fig.

\
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primary reactor 10 was set to 21 [err] tenperature therein to [err]
pressure in the secondary reactor 12 to 17 [err] and tenperature therein to
75 C. A pipe which had an inner dianmeter of 50 mmand a total |ength of 15
mwas used as a transportation pipe 24. The valve 26 was provided at a
position separated fromthe entrance of the secondary reactor 12 by 20 cm
and the pipe 54 was connected at a position on the upper stream of and near
the valve 26. Propylene gas was used as cleaning gas and the pressure was

-9 -

2, the valve 26 in the transpp;tation pipe 24 is closed,
and immediately thereafter or at the same time, the valve
62 of the cleaning gas feeding system is opened. In
result, the cleanj.ng gas is fed from the supply source 50
to the transportation pipe 24 through the pipes 52 and 54.
The cleaning gas flows in the transportation pipe 24
towards the primary reactor 10 to send the particles, and
clogging objects if present, in the transportation.pipe
24 into t@e primary reactor 10 thereby to clean the inside
of the transportation pipe 24.

Next, as shown in Step 104 of Fig. 2, the valve 62 is
closed to stop the supply of cleaning gas. Immediately
after the valve 62 is closed or at the same time, the
valve 26 in the transportation pipe 24 is opened, and
transportation of polypropylene particles from the
primary reactor 10 to the secondary reactor 12 is started
(Step 106). Duration of the valve 26 remained open is
decided so as to adjust a difference between an actual
amount of particles and a desired amount of particles, in
the primary reactor 10. Although duration of the. valve 62
or 64 remained open, i.e. duration of one continuous
supply of cleaning gas may be changed according to
lengths or a diameters of the pipes, it generally is 1
second or above, preferably 3 seconds or above, more
preferably 5 seconds or above.

Thereafter, a process goes back to Step 100, and

—_——
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26 [err] Under these conditions, following Steps 100-106 in FIG 2, the
val ves 24 and 62 were controll ed and pol ypropyl ene was produced. After the
plant ran for three consecutive nonths, the inside of the transportation
pi pe 24 was checked. O ogging did not occur in the transportation pipe 24.
EXAMPLE 2 The reaction was conducted under the sane condition as

- 10 -

Steps 100-106 are repeated. The valve 62 is opened all
the time when the valve 26 is-closed.

Further, similar to the transportation from tl';e
priméry reactor 10, a product is transported from the
secondary container 12 to the stcraée tank 14. In the
case that the particles are transported from the
secondary reactor 12 to the storage tank 14, cleaning gas
may flow through the piée 34 upstream, similar to the
transportation from the primary reactor 10 to the -
secondary reactor 12. However, it is preferable to flow
cleaning gas through pipe 34 downstream, thereby cleaning
the inside of the pipe 34.

Example 1

Polymerization reaction of propylene by gas phase
method was conducted in a reactor which can produce 5 to 9
ton per hour of polypropylene, using solid catalyst
component obtained by the same manner as in Example 1 in
U.S.P. 5,023,223, which is incorporated by reference
herein, triethylaluminum and
cyclohexylethyldimethoxysilane. Pressure in the primary
reactor 10 was set to 21kg/cm’G, temperature thérein to
75°C, pressure in the secondary reactor 12 to 17kg/cmG
and temperature therein to 75°C. A pipe which had an
inner diameter of 50mm and a total length of 15m was used
as a transportation pipe 24. The valve 26 was provided at

a position separated from the entrance of the secondary
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t'he above-descri bed exanple 1 except the valve 62 was closed all the tine.

In this case,

the transportation pipe 24 was cl ogged after one hour or so

and the plant was no table to run. EXAMPLE 3 The reaction was conduct ed
under the sane condition as the above-descri bed exanple 1 except propyl ene
gas of 22.3 [err] pressure was used as cleaning gas. In this case, a

di fference between the pressure of cleaning gas and the '

- 11 -

reactor 12 by 20cm, and the pipe 54 was connected at a
position on the upper stream of and near the valve 26.
Propylene gas was used as cleaning gas and the pressure
was 26kg/cm’G.

Under these conditions, following Steps 100-106 in
Fig. 2, the valves 24 and 62 were controlled and
polypropylene was produced. After the plant ran for
three consecutive months, the inside of the
transportation pipe 24 was checked. In result, it was
found that clogging did not occur in the ﬁransportation
pipe-24. |
Example 2

The reaction was conducted under the same condition
as the above-described example 1 except the valve 62 was
closed all the time. In this case, the transportation
pipe 24 was clogged after one hour or so and the plant was

not able to run.

Example 3

The reaction was conducted under the same condition
as the above-described example 1 except propylene -gas of
22.3kg/cm’G pressure was used as cleaning gas. In this
case, a difference between the pressure of cleaning gas
and the internal pressure of the primary reactor 10 was
1.3kg/cm?. In t_his example, it was found that clogging
objects tended to be formed in the transportation pipe 24

within one or two days.

This Sheet Has Been-.Reﬂlac_ed

This is the replacement sheet-

Date: 23 J“L \996




iI'nternal pressure of the primary reactor 10 was 1.3 [err] In this exanple,
it was found that clogging objects tended to be forned in the

transportation pipe 24 within one or two days..
This is the replacenent sheet The preferred enbodi nent of the present

I nventi on has been expl ai ned; however it will be apparent that the present

- 12 -

The preferred-embodiment..of the present invention
have been explained; however, it will be apparent that
the present invention is not limited to the above
embodiment. For example, the above embodiment relates to
the transportation of polypropylene but the present
invention can be applied to the transportation of
polyethylene, polyolefin such as ¢-olefin polymer etc.
In this case, cleaning gas is preferably gas consisting
essentially of ethylene monomer or ¢-olefin monomer.

In the above embodiments, there are two réactors.
But if one reactor or .three reactors are used, the present
‘invention can be applied in such a case, whicl'; is obvious
to one skilled in the art that the present invention can
be applied in such a case.

Although it is effective when the present invention
is applied to a pipe for transporting polyolefin
particles, the present invention can be applied to any
type of pipes through which another particles flows.
Generally, particles to be transported have a diameter of
10pm—-3000pm, preferably 100pm—-2000pm a;nd more preferably
200pm=-1500pum, and a bulk density of 0.2g/cm*-1.0g/cm® and
more preferably 0.3g/cm’-0.9g/cm®. Typically, these
particles are ti‘ansported through a pipe the inner
surface of which is smooth and which has a diameter of
10mm-500mm and a length of 1m-200m, and to which the

present invention can be applied.
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iI'nvention is not limted to the above enbodi nent. For exanple, the above
enbodi nent relates to the transportation of pol ypropyl ene but the present
invention can be applied to the transportation of polyethylene, polyolefin
such as a-ole- fin polymer etc. In this case, the cleaning gas is
preferably a gas consisting essentially of ethylene nononmer or a-olefin
nmononer. In the above enbodi ments, there are two reactors. But if one
reactor or three reactors are used, the present invention

- 13 -

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 spifit and scope of the invention, and all such
modifications as wduld be obvious to one skilled in the
art are intended to be included within the scope of the
following claims.

The basic Japanese Application No. 5-251,632 filed

on October 7, 1993 is hereby incorporated by reference.
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can b n such a case, which is obvious to one skilled in the art.
Al t h mﬂg‘, ﬂ(i"[)ve when the present invention is applied to a pipe
for triangport | efin particles, the present invention can be applied
to any type of pipe through which particles flow Generally, particles to
be transported have a dianeter of 10 [ef4]- preferably 100 [err] and nore
preferably 200 [err], and a bulk density of 0.2 [err]-1.0 [err] and nore

preferably 0. ELAIMS:

1. A method for transportiné particles from a
first container (10; 12) to a second container (12;
14) through a transportation pipe (24; 34) comprising
the steps of:

providinq' a first (26; 36) wvalve in said
transportation pipe;

providing a supply source (50) of cleaning gas to
be supplied_into said transportation pipe to clean
inside of said transportation pipe;

making a pressure of said first container (10;
12) higher than a pressure of said second container
(12; 14);

making a pressure of cleaning gas supplied from
said cleaning gas source. higher than a pressure of
said first container;

closing and opening said first valve (26; 36) to
transport thg particles from said first container to
said second container intermittently;

supplying cleaning gas from said cleaning gas
source into said transportation pipe while said first
valve is closed; and |

stopping supply of cleaning gas from said
cleaning gas source while said first valve is opened.

2. A method for transporting particles according

to Claim 1, wherein a cleaning gas pipe (54; 56) 1is

-
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[erT] =09 Terr] Typically, these particles are'transported through
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mt I Avention thus descri bgg._ it will be obvious that
be varied in many ways. Such variations are not to be
departure fromthe spirit and scope of the invention,

a pipe
mm 500

m 200 m and to which the present’ i nvention can be

t he

and al |

such nodi fi catporsided whekween cwidusleandng wjad | sduraet hend esa]u.dar e
i ntended to be

transportation pipe; and a second valve (562; 64) is
provided in said cleaning gas pipe; and said second

valve is closed and opened thersby to control the

'supply of cleaning gas into said transportation pipe.
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3. A method for transporting particles according
to Claim 1 or 2, wherein said first wvalve (25) is
provided in said transportation pipe near said sscond
container (12).

4. A method for transporting particles according
to Claim 3, wheresin the cleaning gas is fed ;‘.nto'said
transportation pipe (24) at a position near said first

valve (26) on the first container side.

S. A method for transporting particles according

to Claim 1 or 2, whersin said first wvalve (38) is
provided in said transportation pipe (34) near said
first container (12).

6. A method for transporting particles according
to Claim 5, wherein the cleaning gas is fed into said
transportation pipe (34) at a position near said first
valve (36) on the second container side.

7. A method for transporting particles according
to any one of the preceding claims, wherein a
difference between the pressure of said first
container and the pressure of said second_container is

within a range of 1.5kg/cm’® to 30kg/cm? and preferably
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i'ncl uded wthin the scope of the follow ng clainms. The basic Japanese
Appl i 32 filed on Cct. 7, 1993 is hereby incorporated by
Jx efergmlmm““m‘mm repl acenent sheet [err] What is clained is:
- 16 - .
within a range of 3kg/cm? to 15kg/cm?.

8. A method for transporting particles according
to any one of the preceding claims, wherein a
difference between the pféésure of cieaning gas
supplied from said cleaning gas source (50) and the
pressure of said first container is at least 1.5kg/cm?
and preferably at least 2kg/cm?.

9. A method for transporting particles according
to any one of claims 1 to 8, wherein said particles
are polyolefin.

10. A method for transporting particles
according to Claim 11, whgrein said cleaning gas is
gas consisting essentially of olefin monomer.

11. A method for transporting |particles
according to any one of claims 1 to 8, wherein said
particles are polypropylene. |

12. | A method for transporting particles.
according to Claim 11, wherein said cleaning gas is
propylene gas.

13. A method for transporting particles
according to any one of claims 9 to 12, wherein each
of said first container and said second container is
a reactor for gas phase polymerization or a, storage
tank therefor, with the proviso that said second
container is. said storage tank when said first

container is said reactor.
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THM' orting particles, which conprises: providing a first
contal ﬂ ﬁarticles and a second container, providing a
.transpdrtatlon at connects said first container to said second

container providing a first valve in said transportation pipe: providing a
supply source of cleaning gas to be sué@h+ed into said transportation pipe
to clean inside of said transportation pipe;

14. A method for transportlng particles
according to any one of claims 1 to 13, wherein the
duration of one céntinuous supply of said cleaning gas
is 3 séconds or above.

15. An apparatus for transporting particles from
a first container (10; 12) to a second container (12;
14), said particles tfansporting apparatus comprising:

a transportation pipe (24; 34) communicating
between said first container (10; 12) and said second
container (12; 14);

a first wvalve (26; 36) . provided in ;aid
transportation pipe (24; 34);

a supply source (50) of'cleaning.gas for cleaning
inside of said transportation pipe;

'a cleaning gas pipe (54; 56) communicating
between said cleaning gas source and said
transportation pipe;

a second valve (62; 64) provided in said cleaning
gas pipe; and

a control device (42) for controlling said first
and sécond valves so that said first valve is opened
and closed to transport the particles from said first
container to said second container intermittently, and
so that while said first valve is closed, said éec:nd
valve is opened to supply the cleaning gas from said
‘cleaning gas source into saia transportation pipe, and

—
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m@gju}4%1ﬂ1ﬁﬁiﬁ?rzﬁf§aid first container higher than a pressure of said

second
ple
and

g“&“ king a pressure of cleaning gas supplied fromsa
i gher than a pressure of said first container,

contalner to sai d second con- tainer |nt%%n1ttently, suppl yi ng cl eani
from said cleaning gas source into - -

while said first valve is opened, said second valve is
closed.

16. A particles transporting apparatus according
to Claim 15, wherein said first valve (26) is provided
in said transportation pipe (24) near said second
container (12).

17. A particles transporting apparatus according
to Claim 16, wherein said cleaning gas pipe (54) is
connected to said transportation pipe (24) at a
position near said first valvé (26) on the first
container siden

18. A particles transporting apparatus according
to Claim 15, wherein said fifst valve (36) is provided
in said transportation pipe (34) near said first
container (12).

19. A particles transporting apparatus according
to Claim 18, wherein said cleaning gas pipe (56) is
connected to said transportation pipe (34) at a
position near said first valve (36) on the second
container side.

20. A particles transporting apparatus gccording

id
cl osi ng

aldsflrst valve to transport the particles fromsaid flrst

ing gas

to any one of claims 15 to 19, wherein each of said

first container and said second container is a reactor
for gas phase polymerization or a storage tank
therefor, with the proviso that said second container

is said storage tank when said first container is said

|
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said t | ipe while first valve is closed; and stopping supply
of cl emmm”mmmwl d cleaning gas source while said first valve is
opened. *2.¢ transporting particles according to claim1,
wherein a cleaning gas pipe is provided_pggwpen sai d cl eani ng gas source
and said transportation pipe; and a second valve is provided in said

cl eani ng gas pipe; and said second valve is closed and opened thereby to
control the supp®ycbPTecl eaning gas into said transportation pipe.

21. A particles transporting apparatus according
to any one of claims 15 to 20, wherein said first and
second valvés are solenoid valves.

22. A method of transporting particles from a
first 1location to a second 1location through a
passageway comprising iﬁtermittently interrupting a
flow of particles therethrough and directing a purge
fluid through said passageway towards one of said
locations from a position adjacent the other one of
said locations when said flow is interrﬁpted.

23. Apparatus for transporting particles from a
first location to a second location, coﬁprising means
defining a passageway between said locations, means
for selectively interrupting a flow of particles
through said passageway, means for directing a purge
fluid through said passageway towards one of said
locations from a position adjacent the other one of
said locations, and means for operating said direcﬁing
means to direct said purge fluid as aforesaid when
said interrupting means is operated to interrupt said

flow through said passageway.
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3. Anmethod for transporting particles according to claim1, wherein said
first valve is provided in said transportation pipe near said second
.container. 4. A nethod for transporting particles according to claim 3,
wherein the cleaning gas is fed into said transportation pipe at a position
near said first valve on the first container side. 5. A nethod for
transporting particles according to cIa|n11 mhereln said first valve is
provided in sald transportation

METHOD AND APPARATUS FOR TRANSPORTING PARTICLES

ABSTRACT OF THE DISCLOSURE

A method for transportigé particles such as
polyolefin particlés ffom a first container to a second
:containér. The particles are tranéported from the first

container to the second container through a
-trans?ortation pipe by means of'preSSure difference
between the first container and the second container. A
valve is provided in the transportation pipe near the
second container, and the valve is closed and opened to
transmit particles intermittently. Cleaning gas is fed
into the transportation pipe at a position on the inlet
side near the valve. The cleaning gas is gas-consisting
essentially of olefin monomer. The cleaning gas is fed
into the transportation pipe while the valve of the
transportation pipe is closed, and the particles remained
in the transportation pipe are made back to the first
container thereby to clean the transportation pipe.
Therefore, inside of the transportation pipe is kept

clean all the time.

Figure 1.
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pi pe near said first container. This is the replacenent sheet [err] 6.
nmet hod for transporting particles according to claimb5, wherein the
.cleaning gas is fed into said transportation pipe at a position near said
first valve on the second
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eontainer side. 7. A method for transporting particles according to claim
1, wherein a difference between the pressure of said first container and
.the pressure of said second container is within a range of 1.5 [err] to 30
[err]. 8 A nethod for transporting particles according to claim1, wherein
a difference between the pressure of said first container and the pressure
of said second container is within a ragge of 3 [err] to 15 [err].

Fig. 2
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9. Anethod for transporting particles according to claim1l, wherein a

di ff.erence between the pressure of cleaning gas supplied fromsaid cl eaning

gaswsource and the pressure of said first conthinegppSady —of—aboue.

10. A method for transporting particles accord| ma .5l M MeTiSin G ]

difference between the pressure of cleaning g '@'ﬂ?&iid ,g) fjrpgg? g'r-éo-(ﬂaé%izng o
.gas source and the pressure of said fiyst cont iwﬁ‘bé‘e [:é’ﬁgﬁ -dvg- i peged ..
11. A nmethod for transporting particles accor irwAtb(s)tr?cv; _ mg:g:g.;.:o_mgeg.?lﬁ_

: _ o gt -t to paged .-

DATE OF RECEIPT..m..ﬂ.‘?W

METHOD AND APPARATUS FOR
TRANSPORTING PARTICLES

' BACKGROUND OF THE INVENTION

l. Field of the Invention

The present invention relates to a method and an appa-
ratus for transporting particles, such as polyolefin particies,
through a pipe.

2. Related Background Art

It is a very important subject to prevent a pipe from being
clogged with particles while particles are transported from
one container to another container through the pipe.

For example, when polyolefin particles are produced by a
gas phase polymerization method in a primary reactor and
transported to a secondary reactor in a next process or a
storage tank through a transportation pipe, it is conventional
to use a purge tank as one of the transporting means After the
particles are drawn from the reactor or the storage tank into
the purge tank, a sufficiently pressure difference is provided
between the purge tank and the following reactor or the
storage tank thereby transport the particles at high speed.

In the conventional method, the clogging of the transpor-
tation pipe is prevented by transporting polyolefin particles
at high speed. However, this means is still unsatisfactory,
and there is a tendency to clog the transportation pipe.

There is a case that lump polymer is formed in the
polymerization reactor in the reaction process. The lump
polymer may stick and remain in the transportation pipe,
which causes the clogging of the transportation pipe. Also,

-if the particles which still have reactive abilities remain in
the pipe, the polymerization reaction proceeds and clogging
of the pipe occurs. Once the transportation pipe is clogged,
starting from the clogged part, the clogging gets worse and
worse. In this condition, the transportation pipe may be
removed to take out the clogging objects. This may uawill-
ingly lead to the shut-down of the polymerization reactor or

cut of the production. "
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1, whereicn said particle is polyolefin. 12. A nethod for transporting
particlgs according to claim11l, wherein said cleaning gas i s gas
consisting essentially of olefin nmonomer. 13. A nethod for transporting
particles. according to claim11l, wherein said particle is polypropyl ene.

14. A nethod for transporting particles according to claim 13, wherein said
cl eaning gas is propylcnc gas. 15. A nethod for transporting particles
according to claim L Te .

SUMMARY OF THE INVENTION

[t is an object of the present invention to provide a method
and apparatus for transpomno pamcles, without clogging of
a transportation pipe.

[n order to achieve the object, a method for transporting
partcles from a first container to a second container through
a transportation pipe according to thc prescent invention
compriscs the steps of: providing a first valve in the trans-
portation pipe; providing a supply source of clcaning gas to
be supplicd into the transportation pipe to clean inside of the
transportation pipc; making a pressure of the first container
higher than a pressurc of the sccond container; making a
pressure of cleaning gas supplicd from the clcaning gas
source higher than a pressure of the first container; closing
and opening the first valve intermittently; supplying clean-
ing gas from the clcaning gas source into the transportation
pipe while the first valve is closed: and stopping supply of
cleaning gas from the cleaning gas sourcc while the first
valve is opencd.

The transportation pipe is cleaned by feeding the cleaning
gas into the pipe, so that the clogging of the pipc can be
prevented effectively and the inside of the pipe is kept clean
all the time. Consequently, shut-down of the polymerization
container or reactor or cut of production can be avoided.

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illus-
tration only, and thus are not to be considered as limiting the
present invention.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of -
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion. .
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11, wherein each of said first container and said second container is

sel ecteg fromthe group consisting of a reactor for. gas phase

pol ymeri zation and a storage tank there for, with proviso that if said"
first container is a storage tank, then said second container is also a
storage tank. 16. A method for transporting particles according to claim.il,
wherei n duration of one continuous sugply of said clean- ing gas is 3
seconds or above. 17. An appar at us for transporting partlcles whi ch tom-

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a view schematically showing the arrangement
of a polypropylene production plant to which the present
invention is applied.

FIG. 2 is a flowchart showing the procedure of a method
for transporting particles according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to FIG. 1, there is shown the arrangement
of a polypropylene production plant to which the presemt
invention will be applied. In FIG. 1, reference numeral 10
designates a primary fluidized-bed reactor, numeral 12 des-
ignates a secondary fluidized-bed reactor, and numeral 14
designates a storage tank.

In the primary reactor 10, a mixed phase of gas compns-
ing propylene monomer and polypropylene particles is
formed, and fluidized by circulating gas from the bottom of

~ the reactor 10 through a gas dispersion plate 16 placed in the
lower part of the reactor 10. Generally, the fluidized-bed
which is rich in particles is formed in the lower part of the
primary fluidized-bed reactor 10, and the gas phase which is
rich in gas is formed in the upper part of the reactor 10. Gas
is circulated by the operation of a compressor 20 provided
in a pipe 18 which is connected to the primary reactor 10 in
loop from the top to the bottom of the reactor 10. In the pipe
18, a cyclone 19 for scparating entrained fine powder from
circulation gas and a heat exchanger 21 for cooling circu-
lation gas arc placed. Under this state in which the mixed
phase is fluidized, propylenc monomer as a raw material
through a pipe 22 and a catalyst through a pipe 23 arc
supplied to the primary reactor 10. Then polymerization
reaction procceds and particles of polypropylenc arc pro-
duced. The thus produccd polypropylenc particles in the
primary rcactor 10 arc transportcd from fluidized-bed in the
primary rcactor 10 to gas phasc in the sccondary polymer-
ization reactor 12 through a transportation pipc 24.
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prises: a first container and a second container; This is the replacenent

sheet ., [err] - 11 - a transportation pipe communicating between said
first = . _ - ‘

Polypropylenc particles arc transported by means of a
pressure difference between the primary reactor 10 and the
sccondary rcactor 12. This pressure difference is preferably
within a range of 1.5 kg/cm®-30 kg/cm?®. If the pressure
dilfcrence is below 1.5 kg/cm?, the transportation specd of
particles is insufficient, whereas if the pressure difference is
above 30 kg/cm?, the vibration of the pipe 24 may increase.
Especially, in the case of the polypropylene, in order to
perform polymerization reaction and transportation of the
particles successfully, it is important that a pressure differ-
ence between the reactor 10 and the reactor 12 is within a
range of 1.5 kg/em® 10 30 kg/cm®. The more preferable range

of the pressure difference between the reactors 10 and 12 is
3 kg/em? to 15 kg/em?,

A solenoid valve 26 is placed in the transportation pipe 24
near the secondary reactor 12. In general, polypropylene
particles are transported intermittently by opening and clos-
ing the valve 26.

The construction of the secondary reactor 12 is substan-
tially the same as that of the primary reactor 10. In other
words, polypropylene particles are fluidized by gas circu-
lated by a compressor 30 in a pipe 32. In the pipe 32, a
cyclone 31 for separating entrained fine powder from cir-
culation gas and a heat exchanger 33 for cooling circulation
gas are placed. Then, polymerization reaction further pro-
ceeds by feeding raw material through a pipe 28, and
polypropylene particles are produced as a product. Polypro-
pylene particles as a product are transported from the
fluidized bed in the secondary reactor 12 to the storage tank
14 through the transportation pipe 34 by means a of pressure
difference between the secondary reactor 12 and the storage
tank 14 and stored therein. Preferably, this pressure differ-
ence is within a range of 1.5 kg/cm®-30 kg/cm?,

A solenoid valve 36 is placed in the transportation pipe 34
near the secondary reactor 12. In the same way as the
transportation of particles from the primary reactor 10,
particles are transported from the secondary reactor 12
intermittently by opening and closing the valve 36.

Pressure sensors 38 and 40 are placed in the primary
reactor 10 and the secondary reactor 12, respectively. The
internal pressure of the reactors 10 and 12 is observed by a
controller comprising, e.g., a micro computer 42, all the
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contai ner and said second container; a first valve provided in said

transportation pipe; a supply source of cleaning gas for cleaning inside of

said transportation pipe;

cl eaning gas source and said transportation pipe;
In said cl eaning gas pipe; -rand a control

a cl eani ng gas pi pe communi cati ng between said

ana second val ves so that said first g/al ve i s opened and cl osed to

time. When the controller 42 detects the variation of the
internal pressure of the reactors 10 and 12 based on signals
from the pressure seasors 38 and 40, the controller 42
controls flow control valves 44 and 46 interposed in the
pipes 22 and 28 to control flow of the raw material, thereby
maintaining the internal pressure of the reactors 10 and 12
constant, respectively.

In the embodiment shown in FIG. 1, one system is
provided for feeding cleaning gas into the transportation
pipes 24 and 34 in order to prevent a clogging object from
being formed or to remove a clogging object, in the trans-
portation pipes 24 and 34. This system comprises a source
50 for supplying the cleaning gas, and pipes 52, 54 and 36
for feeding cleaning gas from the cleaning gas source 30 into
the transportation pipes 24 and 34. The pipe 54 is connected
to the transportation pipc 24 between the primary reactor 10
and the secondary reactor 12 at the point 58 on the upper
stream of and near the valve 26. The pipe 56 is connected to
the transportation pipc 34 between the sccondary reactor 12
and the storage tank 14 at the point 60 on the downstream
of and ncar the valve 36. Solcnoid valves 62 and 64 arc

provided in thc pipes 54 and 56, rcspectively.

Reference numeral 66 in FIG. 1 is a pressure gauge placed
in thc pipc 52, and it is for measuring pressurc of the
cleaning gas from the cleaning gas source 50. The pressurc
of clcaning gas from the clcaning gas source 50 nceds to be
1.5 kgfcm® or above, preferably 2.0 kg/cm? or above, higher
than the internal pressure of the reactors 10 and 12. If the
difference between the pressure of the cleaning gas and the
intcrnal pressure of the reactors 10 and 12 is lower than 1.5
kg/cm?, the cleaning gas would not have a cleaning function,
which will be described later. Further, the cleaning gas is
preferably gas consisting of propylcne monomer, so as not
to lower the efficiency of polymerization reaction in the

reactor 10.

Next, referring to FIG. 2, a method of transporting par-
ticles according to the present invention, which is applied to
the above-described arrangement, is described. This method
is performed by controlling the valves 26, 36, 62 and 64

sequentially by a controller such as a sequencer 68 in the
following way.
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transport the particles fromsaid first container to said second contai ner
interm.ttently, and so that while said first valve is closed, said second
val.ve is opened to supply the cleaning gas:fromsaid cleanlng gas source
into said transportation pipe, and while said first valve is opened, said
second valve is closed; wherein a difference between the pressure of

cl eani ng gas sup pli ed fromsaid gas. source and the pressure of. sai d first
container is 1.5 [err] or above. -

Transportation of polypropylene particles from the pri-
mary reactor 10 to the secondary reactor 12 will be
explained. First, as shown in Steps 100 and 102 of FIG. 2,
the valve 26 in the transporiation pipe 24 is closed, and
immediately thereafter or at the same time, the valve 62 of
the cleaning gas feeding system is opened. In result, the
cleaning gas is fed from the supply source 50 to the
transportation pipe 24 through the pipes 52 and 54. The
cleamnc gas flows in the transportation pipe 24 towards the
primar-y reactor 10 to send the particles, and clogging objects
if present, in the transportation pipe 24 into the primary
reactor 10 thereby to clean the inside of the transportation
pipe 24.

Next, as shown in Step 104 of FIG. 2, the valve 62 is
closed to stop the supply of cleaning gas. Immediately after
the valve 62 is closed or at the same time, the valve 26 in the
transportation pipe 24 is opened, and transportation of
polypropylene pamdes from the primary reactor 10 to the
secondary reactor 12 is started (Step 106). The duration of
the valve 26 remaining open is decided so as to adjust a
difference between an actual amount of particles and a
desired amount of particles, in the primary reactor 10.
Although the duration of the valve 62 or 64 remaining open,
i.e. duration of one continuous supply of cleaning gas may
be changed according to lengths or a diameters of the pipes,
it generally is 1 second or above, preferably 3 seconds or
above, more preferably 5 seconds or above.

Thereafter, a process goes back to Step 100, and Steps
100-106 are repeated. The valve 62 is opened all the time
when the valve 26 is closed.

Further, similar to the transportation from the primary
reactor 10, a product is transported from the secondary
reactor 12 to the storage tank 14. In the case that the particles
are transported from the secondary reactor 12 to the storage
tank 14, cleaning gas may flow through the pipe 34
upstream, similar to the transportation from the primary
reactor 10 to the secondary reactor 12. However, it is
preferable to flow cleaning gas through pipe 34 downstream,
thereby cleaning the inside of the pipe 34.
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18.. A particles transporting apparatus according to claim17, wherein said
first valve is provided in said transportati on pipe near said second
container. 19. A particles transporting apparatus according to claim 18,
wherein.said cleaning gas pipe is connected to said transportati on pi pe at
a posi-tion near said first valve on the first container side. 20. A
particles transporting apparatus accq;ding to claim17, wherein said first
valve is provided in said transportdthdn :

- EXAMPLE A

Polymerization rcaction of propylene by a gas phase
method was conducted in a rcactor which can produce 5 to
9 tons per hour of polypropylenc. The reaction was carried
out using a solid catalyst component obtained by the same
manner as in Examplc 1 in U.S. Pat. No. 5,023,223, which
is incorporated by refercnce herein, along with tricthylalu-
minum and cyclohexyicthyldimethoxysilanc. Pressure in the
primary rcactor 10 was sct to 21 kg/cm?G, temperaturc
therein to 75° C., pressure in the sccondary reactor 2 to 7
kg/cm*G and temperature therein to 75° C. A pipe which had
an inner diameter of 50 mm and a total length of 1S m was
uscd as a transportation pipe 24. The valve 26 was provided
at a position scparated {rom the entrance of the sccondary
reactor 12 by 20 cm, and the pipc 54 was connccted at 2
position on the upper strcam of and near the valve 26.
Propylenc gas was uscd as cleaning gas and the pressurc was
26 kg/cm*G.

Under these conditions, following Steps 100-106 in FIG.
2, the valves 24 and 62 were controlled and polypropylene
was produccd. After the plant ran for three consecutive
months, the inside of the transportation pipe 24 was
checked. Clogging did not occur in the transportation pipe

EXAMPLE 2

The reaction was conducted under the same condition as
the above-described example 1 except the valve 62 was
closed all the time. In this case, the transportation pipe 24
was clogged after one hour or so and the plant was no table
to run.

EXAMPLE 3

The reaction was conducted under the same condition as
the above-described example | except propylene gas of 22.3
kg/cm?G pressure was used as cleaning gas. In this case, a
difference between the pressure of cleaning gas and the
internal pressure of the primary reactor 10 was 1.3 kg/cm’.
In this example, it was found that clogging objects tended to
be formed in the transportation pipe 24 within one or two
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“pipe near said first container. 21. A particles transporting apparatus
according to claim 20, wherein said cleaning gas pipe is connected to said
transportation pipe at a position near said first valve on the second
contai-ner side. 22." A particles transporting apparatus according to. claim
17, wherein a difference between the pressure of said first container and
the pressure of said second contarne% is within a range of 1.5 [err] to 30
[err].

The preferred embodiment of the present invention has
been etpla.med however, it will be apparent that the present
invention is not limited to the above embodiment. For
example, the above embodiment relates to the transportation
of polypropylene but the present invention can be applied to
the transportation of polyethylene, polyolefin such as ct-ole-
fin polymer etc. In this case, the cleaning gas is preferably
a gas consisting essentially of ethylene monomer or c-olefin
monomer.

In the above embodiments, there are two reactors. But if
one reactor or three reactors are used, the present invention

can be applied in such a case, which is obvious to one skilled
in the art.

Although it is effective when the present invention is
applied to a pipe for transporting polyolefin particles, the
present invention can be applied to any type of pipe through
which particles flow. Generally, particles to be transported
have a diameter of 10 um-3000 pm, preferably 100
um-2000 um and more preferably 200 um~1500 um, and a
bulk density of 0.2 g/cm>-1.0 g/cm? and more preferably 0.3
g/cm3 -0.9 g/em’. Typically, these particles are transported
through a pipe the inner surface of which is smooth and
which has a diameter of 10 mm-500 mm and a length of 1
m~200 m, and to which the present invention can be applied.

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
bc obvious to onc skilled in the art are intended.to be
includcd within the scopc of the following claims.

The basic Japancse Application No. 5-251,632 filed on
Oct. 7, 1993 is hereby incorporated by refercnce.
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23. A particles transporting apparatus according to claim17, wherein a
di f : [ [ ' [
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What is claimed is:

1. A mcthad for Lr:mspomng particles, which comprises:

providing a first containcr containing particles and a
sccond containet;

providing a transportation pipe that connccts said first
container to said second container;

providing a first valve in said transportation pipe;

providing a supply source of cleaning gas to be supplied
into said transportation pipe to clean inside of said
transportation pipe;

making a pressure of said first container higher than a
pressure of said second container;

making a pressure of cleaning gas supplied from said
cleaning gas source higher than a pressure of said first
container;

closing and opening said first valve to transpact the
particles from said first container to said second con-
tainer intermittently;

supplying cleaning gas from said cleaning gas source into
said transportation pipe while first valve is closed; and

stopping supply of cleaning gas from said cleaning gas
source while said first valve is opened.

2. A method for transporting particles according to claim |

1, wherein a cleaning gas pipe is provided between said
cleaning gas source and said transportation pipe; and a
second valve is provided in said cleaning gas pipe; and said
second valve is closed and opened thereby to control the
supply of cleaning gas into said transportation pipe.

3. A method for transporting particles according to claim
1, wherein said first valve is provided in said transportation
pipe near said second container.

4. A method for transporting particles according to claim
3, wherein the cleaning gas is fed into said transportation
pipe at a position near said first valve on the first container
side. :

5. A method for transporting particles according to claim
1, wherein said first valve is provided in said transportation
pipe near said first container.

etween the pressure of said first container and the pressure of
is within a range of 3 [err] to 15 [err].
4. A particles transporting apparatus according to
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17, wherein a difference between the pressure of cleaning gas supplied from
sai d cl eani ng gas and the pressure of said first container is 2
[err] Oor cles transporting apparatus according to claim

17, wherei mm\g‘\! s polyolefin. 26. A particles transporting
appar at us m scl & m 25, wherein said cleaning gas is gas
-consi sting essént lally of olefin m)n%rer 27. A particle transporting
apparatus according to claim _ :

6. A me"hod for transporting pamcles according to claim
5, whersin the cleaning gas is fed into sdid transportation
pipe at 2 position near said first valve on the second
container side.

7. A method for transporting particles according to claim
1, wherein a difference between the pressure of said first
container and the pressure of said second container is within
a range of 1.5 kg/em® to 30 kg/em?.

8. A method for transporting particles according to claim
1, wherein a difference betweﬂn the pressure of said first
container and the pressure of said second container is within
a range of 3 kg/cm? to 15 kg/cm

9. A method for transporting particles according to claim

-1, wherein a difference between the pressure of cleamng gas
supplied from said cleaning gas _source and the pressure of
said first container is 1.5 kg/crn or above.

10. A method for transporting particles according to claim
1, wherein a difference between the pressure of cleaning gas
supplied from said cleaning gas source and the pressure of
said first container is 2 kg/cm?® or above.

11. A method for transporting particles according to claim
1, wherein said particle is polyolefin.

12. A method for transporting particles according to claim
11, whercin said cleaning gas is gas consisting esscntially of
olefin monomcr.

13. A mcthod for transporting particles according to claim
11, wherein said particle is polypropylenc.

14. A mcthod for transporting particlcs according to claim
13, whercin said clcaning gas is propylenc gas.

15. A mcthod for transporting particles according to claim
11, wherein cach of said first container and said sccond
container is sclected from the group consisting of a reactor
for gas phasc polymcrization and a storagc tank therefor,
with proviso that if said first containcr is a storagg tank, then
said second container is also a storage tank.

16. A method for transporting particles according to claim
1, wherein duration of one continuous supply of said clean-
ing gas is 3 seconds or above.

17. An apparatus for transporting particles which com-
prises:

a first container and a second container;
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25, wherein said flrst cont ai ner particles of polypropyl ene.

particles -trans
cl eani ng gas

| iéﬁ?;?hﬁ\ﬂmﬁ\\!ﬁ

pol yneri zati on
first containe
st orage tank.

28. A

ratus according to claim 27, wherein said

rein .each of said first container

and sai d second

!@\ “ e gas. 29. A partlcl es transportl ng appar at us

romthe group consisting of a react or . for gas phase

and a storage tank therefor, with the proviso that if said
r is a storage tank, tHdir sai d second container is also a

a transportation pipe communicating between said first

container and said second container;

a first valve provided in said transportation pipe;

a supply source of cleaning gas for cleaning inside of said

transportation pipe;

a cleaning gas pipe communicating between said cleaning

gas source and said ransportation pipe;

a senond valve provided in said cleaning gas pipe; and

a control device for controlling said first ana second

valves so that said first valve is opened and closed to
transport the particles from said first container to said
second container intermittently, and so that while said
first valve is closed, said second valve is opened to
supply the cleaning gas from said cleaning gas source
into said transportation pipe, and while said first valve
is opened, said second valve is closed; wherein a
difference between the pressure of cleaning gas sup-
plied from said gas source and the pressure of saxd first
container is 1.5 kglcm or above.

18. A particles transporting apparatus according to claim
17, wherein said first valve is provided in said transportation
pipe near said second container.

19. A particles transporting apparatus according to claim
18, wherein said cleaning gas pipe is connected to said
transportation pipe at a position near said first valve on the
first container side.

20. A particles transporting apparatus according to claim
17, wherein said first valve is provided in said transportation
pipe near said first container.

21. A particles transporting apparatus according to claim

20, wherein said cleaning gas pipe is connected to said

transportation pipe at a position near said first valve on the
second container side.

22. A particles transporting apparatus according to claim
17, wherein a difference between the pressure of said first
container and the pressure of said second container is within
a range of 1.5 kg/cm? to 30 kg/cm?.

23, A particles transporting apparatus according to claim
17, wherein a difference between the pressure of said first
container and the pressure of said second container is within
a range of 3 kg/cm? to 15 kg/em?.
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30. A p'art i cles tra'nsp'orti ng apparatus according to claim 17, “wherei n
duration of one continuous supply of said cleaning gas is 3 seconds or
above. 31. A particles transporting apparatus according to claim 17,

wherein Said first and second val.ves are sol enoi d val ves.

Hmnmﬂmﬂm[lﬂmportat I on pi 5)(3 comuni cati ng between said f| rst |

for tran
second c

32. An apparatus

s, which com prises a first. container and a

cont ai ner *ant sai & sécohd cont ai ner? 1

24. A particles transporiing apparatus according to claim
17, wherein a difference between the pressure of cleaning

~ gas supplied from said cleaning gas source and the pressure

of said first container is 2 kg/cm? or above.

25. A particles transporting apparatus according to claim”

17, wherein said particle is polyolefin.

26. A particles transporting apparatus according to claim
25, wherein said cleaning gas is gas consisting essentially of
olefin monomer.

27. A particle transporting apparatus accordiag to claim
25, wherein said first container particles of polypropylene.

28. A particles transporting apparatus according to claim
27, wherein said cleaning gas is propylene gas.

29. A particles transporting dpparatus according to claim
25, wherein each of said first container and said second
container is selected from the group consisting of a reactor
for gas phase polymerization and a storage tank therefor,
with the proviso that if said first container is a storage tank,
then said second container is also a storage tank.

30. A particles transporting apparatus according to claim
17,. wherein duration of one continuous supply of said
cleaning gas is 3 seconds or above.- |

31. A particles transporting apparatus according to claim
17, wherein said first and second valves are solenoid valves.
_ 32. An apparatus for transporting particles, which com-
prises a first container and a second container;

a transportation pipe communicating between said first
container and said second container;

a first valve provided in said transportation pipe;

a supply source of cleaning gas for cleaning inside of said
transportation pipe;

a cleaning gas pipe communicating between said cleaning
gas source and said transportation pipe;

a second valve provided in said cleaning gas pipe; and

a control device for controlling said first and second
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a first valve provided in said transportation pipe; a supply source of
cleaning gas for cleaning inside of said transportati.on pipe; a cleaning

gas p| m“ﬁ“mmﬁﬂu“m bet ween sai d cl eani ng gas source and said
transp second val ve provided in said cleaning gas pipe; and
a control deV|ce f Or controlllng said first and second [err]

' -13 -

valves so that said first valve is opened and closed to
transport the particles from said first container to said

- second container intermittenty, and so that while said
first valve is closed, said second valve is opened to '
supply the cleaning gas from said cleaning gas source
into said transportation pipe, and while said first valve
is opened, said second valve is closed; wherein the
pressure of cleaning gas supplied from said cleaning
gas source is greater than the pressure of said first
container.
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val ves so that said first valve is opened and closed to transport the
particl'es fromsaid first container to said second cont ai ner

intermttently,

and so that while said first valve is cl osed,

sai d second

val ve is opened to supply the cleaning gas from said cl eani ng gas source
into said transportation pipe, and while said first valve is opened, said

second valve is closed; wherein the

METHOD AND APPARATUS FOR
TRANSPORTING PARTICLES

ABSTRACT
A method for transporting particles such as-polyolefin par-

ticles from a first container to a second container. The

particles are transported from the first container to the
second container through a transportation pipe by means of
a pressure difference between the first container and the
second container. A valve is provided in the transportation
pipe near the second container, and the valve is closed and
opened to transmit particles intermittently. Cleaning gas is
fed into the transportation pipe at a position on the inlet side
near the valve. The cleaning gas is gas consisting essentially
of olefin monomer. The cleaning gas is fed into the trans-
portation pipe while the valve of the transportation pipe is
closed, and the particles remaining in the transportation pipe
are sent back to the first container thereby to clean the
transportation pipe. Therefore, the inside of the transporta-
tion pipe is kept clean all the time.
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VALVE 26 —> CLOSE |

[

VALVE 62 —=OPEN

VALVE 62 —= CLOSE

VALVE 26 —= OPEN
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