01856 A1 I A1 00 00O OO

=
=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO T 0 O

International Bureau

(43) International Publication Date
13 September 2007 (13.09.2007)

(10) International Publication Number

WO 2007/101856 Al

(51) International Patent Classification:
B29B 13/00 (2006.01) CO8F 6/00 (2006.01)

(21) International Application Number:
PCT/EP2007/052099

(22) International Filing Date: 6 March 2007 (06.03.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

06110782.7 7 March 2006 (07.03.2006) EP

(71) Applicant (for all designated States except US): TOTAL
PETROCHEMICALS RESEARCH FELUY [BE/BE];
Zone Industrielle C, B-7181 Seneffe (Feluy) (BE).

(72) Inventor; and

(75) Inventor/Applicant (for US only): DAMME, Eric
[BE/BE]; Chaussée de Monstreux, 7, B-7181 Arquennes
(BE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: APPARATUS AND METHOD FOR DEGASSING POLYMER POWDER

(57) Abstract: The present invention relates to an apparatus for degassing polymer powder comprising a chamber having a first
w= end and a second end opposite to each other, said chamber being equipped with at least one powder inlet and at least one gas outlet
I~ at the first end and with at least one powder outlet and at least one gas inlet at the second end, and a valve provided with a powder
& entry and a powder exit and arranged at the powder outlet of said chamber. The apparatus is characterised in that said chamber is
& equipped with a gas line joining a gas exit of the valve to the inside of the chamber at a position that is at a distance h, from the first
quipp g J gag p
end (20), said distance h, being 20-70% of the height H of the chamber and at a distance 1; from a wall of said chamber, said distance
being 1; 5-50 % of the largest diameter L of the chamber. The invention also relates to a method for degassing polymer comprising
flushing the polymer powder in a chamber with a flow of flushing gas, wherein at least a part of flushing gas exiting the chamber

through a powder outlet is re-introduced into said chamber.



10

15

20

25

WO 2007/101856 PCT/EP2007/052099

1

APPARATUS AND METHOD FOR DEGASSING POLYMER POWDER

FIELD OF THE INVENTION

The invention relates to an apparatus for degassing polymer powder comprising a
chamber having a first end and a second end opposite to each other, said
chamber being equipped with at least one powder inlet and at least one gas outlet
at the first end and with at least one powder outlet and at least one gas inlet at the
second end, and a valve provided with a powder entry and a powder exit and
arranged at the powder outlet of said chamber. The present invention also relates
to a method for degassing polymer powder comprising flushing the polymer
powder in a chamber with a flow of flushing gas.

BACKGROUND OF THE INVENTION

In the present description, by polymerisation process, it is meant a process for
polymerising at least one monomer, and a manufacturing process of a polymer is
used in the meaning of the whole process, comprising the polymerisation process
and any further treatments, such as degassing, additivation, compounding and/or
pelletising.

In a polymerisation process, the polymer is typically recovered from the reactor in
the form of a polymer powder, either as such or in slurry, depending on the
process. The polymer powder also typically contains a certain amount of
unreacted monomer and possibly residues of solvent that need to be removed
from the powder before further use. This invention relates to the cases wherein the
monomer and possible solvent is in the form of gas at some point of the
manufacturing process. The removal of these undesired gases in such cases is
typically made by degassing the polymer powder by flushing it with a flow of
flushing gas. In the case of polyolefin manufacture, the gases to be removed are
usually hydrocarbon gases such as ethylene, propylene, hexene, butane, octene,
decene etc. In this description, the term residual gas is used to designate the
mixture of all the products that need to be removed from the polymer powder,



10

15

20

25

WO 2007/101856 PCT/EP2007/052099

2

including products that are in the form of gases as well as liquids. The term
residual gas is also used interchangeably with the term hydrocarbons when

discussing their elimination from the system.

One method for flushing a polymer powder consists in introducing the polymer
powder in a purge column and injecting a flow of nitrogen gas to said column from
the bottom. The nitrogen enters into contact with the polymer powder that in the
case of polyolefins has a residence time of about 0.5 to 10 hours in the purge
column. A flow of nitrogen and of the residual gas exits the purge column via a gas
outlet and is directed to an appropriate treatment device via a gas discharge line.
The problem with these apparatuses is that a certain amount of the flushing gas,
i.e. nitrogen, is also stripped with the polymer powder to the outlet of the
degassing chamber and as much as 50 % of it can be lost as this residual flushing
gas is directed to the gas discharge line.

GB 2 271 114 discloses a process for removing unpolymerized monomers by
passing a solid polymeric resin from a drying vessel via a valve into a first vacuum
vessel where gaseous hydrocarbons are removed via a conduit. The resin then
passes via a valve into a first pressure vessel pressurized with inert gas via a
conduit, following which it is fed to a second vacuum vessel before being
discharged through a valve.

EP 0 078 899 discloses a process for transferring solids contained in a first
gaseous medium and at a controlled pressure from a first zone into a second zone
containing a second gaseous medium under a controlled pressure by utilizing a

gas barrier which prevents passage of gas from said second zone to the first zone.
OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the present invention to minimise the loss of flushing and transfer
gas and to decrease the cost of production of polymers. Another object of the
invention is to enhance the recycling of the gases used in a polymer

manufacturing process.
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A further object of the present invention is to provide a method for degassing a
polymer powder that is more effective that the currently known methods. It is also
an object to further decrease the amount of hydrocarbons at a powder outlet
especially in a polyethylene manufacturing process.

At least one of the above objects is at least partially achieved by the means of the
present invention, namely an apparatus for degassing polymer powder comprising
a chamber having a first end and a second end opposite to each other, said
chamber being equipped with at least one powder inlet and at least one gas outlet
at the first end and with at least one powder outlet and at least one gas inlet at the
second end, and a valve provided with a powder entry and a powder exit and
arranged at the powder outlet of said chamber. The apparatus is characterised in
that said chamber is equipped with a gas line joining a gas exit of the valve to the
inside of the chamber at a position that is at a distance hp from the first end said

distance ho being 20-70% of the height H of the chamber and at a distance 14 from
a wall of said chamber, said distance |4 being 5-50 % of the largest diameter L of

the chamber.

The present invention further relates to a method for degassing polymer powder
comprising flushing the polymer powder in a chamber with a flow of flushing gas,
wherein at least a part of flushing gas exiting the chamber through a powder outlet
is re-introduced into said chamber.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 shows schematically a system useful in a method according to the
invention.
Figure 2 shows schematically an apparatus according to a first embodiment of

the invention.

Figure 3 shows schematically a system useful in a method according to the

invention.
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Figure 4 shows schematically a part of a system useful in a method according
to the invention.

Figure 5 shows schematically an apparatus according to a second
embodiment of the invention.

Figure 6 shows schematically a system useful in a method according to the
invention.

Figure 7 shows schematically a system useful in a method according to the
invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to an apparatus for degassing polymer powder
comprising a chamber having a first end and a second end opposite to each other,
said chamber being equipped with at least one powder inlet and at least one gas
outlet at the first end and with at least one powder outlet and at least one gas inlet
at the second end, and a valve provided with a powder entry and a powder exit
and arranged at the powder outlet of said chamber. The apparatus is
characterised in that said chamber is equipped with a gas line joining a gas exit of
the valve to the inside of the chamber at a position that is at a distance ho from the

first end, said distance hp being 20-70% of the height H of the chamber and at a
distance 11 from a wall of said chamber, said distance |1 being 5-50 % of the

largest diameter L of the chamber.

The present invention thus provides an apparatus wherein the loss of flushing and
transfer gas is reduced. Indeed, when the at least partially degassed polymer
powder exits the chamber by the powder outlet, it strips flushing gas with it when
exiting the chamber, as much as up to 50 % of the flushing gas introduced to the
chamber. A part of this residual flushing gas enters the further steps of the
manufacturing process. Moreover, if a transfer gas is used to transfer the polymer
powder from the powder outlet to a further process step, a part of this transfer gas
enters to the powder outlet and typically leaks out of the system. The leakage can
be also as high as 50 % of the transfer gas introduced into the process. In order to
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minimise these leaks as well as to reduce the amount of flushing gas entering the
further steps of the manufacturing process, it is desired to re-introduce the residual
flushing gas and/or the leaking transfer gas to the process. Therefore, a gas line is
provided with a gas outlet that allows for the gases at the powder outlet to be
removed and re-introduced into the chamber. This re-introduction is made inside
the chamber such that it re-enters into contact with the polymer powder and is thus
re-used for flushing. This leads to a reduction of loss of residual flushing gas and
transfer gas as well as to a decrease of the cost of production of polymers. It is to
be noticed that the gas that comes from the powder outlet of the first chamber and
goes back to the chamber consists essentially of transfer gas and of a small
fraction of flushing gas.

The gas line used for re-introducing the gases into the chamber may also be
equipped with a suitable device for removing any polymer particles.

The word “chamber” as used in this description means a physical entity in the form
of an essentially closed space. A chamber can for example be a vessel, such as a

bin or a column, or a vessel can be divided into two, three, four or more chambers.

According to an embodiment of the invention, the distance ho is 20-70 % of the

height H of the chamber. This distance can also be from 20, 25, 30, 35, 40, 45, 50,
55, 60, 65 % up to 30, 35, 40, 45, 50, 55, 60, 65, 70 % of the height H of the
chamber. By height it is meant here the dimension that separates the end of the
chamber comprising the powder inlet, i.e. the first end from the end of the chamber
comprising the powder outlet, i.e. the second end, these two being typically at
opposite ends of the chamber. Should this not be the case, height is meant to

mean the largest dimension of the chamber.

According to another embodiment of the invention, the distance 14 is 5-50 % of the

largest diameter L of the chamber. This distance can also be from 5, 10, 15, 20,
22, 25, 30, 35, 40 or 45 % up to 10, 15, 20, 25, 30, 35, 40, 45 or 50 % of the
largest diameter L of the chamber. Preferably, the distance 14 is 10-50 % of the
largest diameter L of the chamber, more preferably 20-50 %, yet more preferably
30-50%, most preferably 40-50% of the largest diameter L of the chamber. The



10

15

20

25

30

WO 2007/101856 PCT/EP2007/052099

6

distances of |q can be combined with any one of the distances of ho given in the

above embodiment. The largest diameter in the most typical case of cylindrical
chamber is the diameter of the chamber in the transverse direction, i.e. at the
direction of a plane perpendicular to a plane of the direction of the height.
According to a preferred embodiment, the position at the upper end of the
chamber and inside thereof, is arranged such that it is essentially below the level

of polymer powder when the system is in use.

According to a preferred embodiment of the invention, the valve is a rotary valve.
Any other type of valve or device can be used, as is readily clear to a person
skilled in the art depending on the equipment following the chamber. For example,
slide valves or screws can be used. According to another embodiment of the
invention, the second valve, i.e. that arranged on the gas line is a ball valve. Any
other valve used with powder may also be used, slide valve being preferred when
the powder is transferred by gravity flow. The gas line may also be equipped with
a valve for opening and closing it. According to yet another embodiment of the
invention, the chamber is a purge column or a feed bin. In a general manner, the
apparatus according to the present invention can be used in any kind of chambers

where the above-mentioned problems arise.

In the present invention, it is also possible to use any other transfer system, such

as a transfer vessel.

The present invention further relates to a method for degassing polymer
comprising flushing the polymer powder in a chamber with a flow of flushing gas,
wherein at least a part of flushing gas exiting the chamber through a powder outlet
is re-introduced into said chamber below the level of the polymer powder. The
apparatus described above is naturally useful in the present method and has the
same advantages than the apparatus described above.

According to an embodiment of the invention, said re-introduction is made at a
position that is at a distance (ho) from the first end of the chamber 1, said distance

(h2) being 20-70% of the height (H) of the chamber (1) and at a distance (I1) from

a wall (22) of said chamber (1), said distance being 5-50 % of the largest diameter
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(L) of the chamber (1) and such that the re-introduction is made below the level of

the polymer powder.

According to an embodiment, the distance hy can be from 20, 25, 30, 35, 40, 45,

50, 55, 60, 65 % up to 30, 35, 40, 45, 50, 55, 60, 65, 70 % of the height H of the
chamber.

According to another embodiment, the distance 14 can also be from 5, 10, 15, 20,

25, 30, 35, 40 or 45 % up to 10, 15, 20, 25, 30, 35, 40, 45 or 50 % of the largest
diameter L of the chamber. Preferably, the distance I is 10-50 % of the largest

diameter L of the chamber, more preferably 20-50 %, yet more preferably 30-50%,
most preferably 40-50% of the largest diameter L of the chamber. The distances |4

can be combined with any one of the distances of ho given in the above

embodiment.

Wherever the re-introduction of the flushing gas occurs in the chamber, it is always
below the level of the polymer powder.

According to yet another embodiment of the invention, the flow of flushing gas
entering the chamber has a flux of 100-300 kg/h, preferably 150-300 kg/h and
more preferably 200-300 kg/h. Expressed per ton/hour of polymer, the flow of
flushing gas entering the chamber has a flux of 5-50 kg/h. According to a preferred
embodiment, the gas used for flushing is an inert gas, typically nitrogen. Inert gas
is preferred in order to avoid any degradation of the product by oxygen and to

avoid any risk of explosion.

The method according to the present invention may further comprise the steps of
transferring the polymer powder into a second chamber and flushing the polymer
powder with a second flow of flushing gas in the second chamber. Accordingly, the
apparatus according to the present invention may also comprise means for
transferring the polymer powder from a first chamber into a second chamber, and
a second chamber equipped with at least one gas inlet and at least one gas outlet
for a flushing gas. Either or both of these two chambers can be equipped with the
apparatus according to the present invention.
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The details and embodiment described above in connection with the apparatus
according to the present invention also apply to the present method and vice

versa.

The apparatus according to the present invention can also be used in a method for
degassing polymer powder comprising flushing the polymer powder in a first
chamber with a first flow of flushing gas, transferring the polymer powder into a
second chamber and flushing the polymer powder with a second flow of flushing
gas in said second chamber. The chamber of the apparatus according to the
present invention can be either or both of the two chambers of this method.

In said method the polymer powder is degassed in two different chambers and in a
manner more effective than in the currently known methods. In some known
manufacturing processes, the polymer powder is first flushed, i.e. degassed in a
purge column and then transferred into a feed bin of an extruder. In a feed bin for
extrusion, typically a low flux of nitrogen is used in order to keep the polymer
powder under an overpressure in order to avoid contamination with oxygen before
the extrusion. The flux of nitrogen used is however insufficient for flushing the

polymer powder in the sense flushing is used in this description.

This method is especially suitable for use in a slurry process, such as a loop
process for manufacturing polyolefins such as polyethylene and polypropylene.
The combination of the present invention with this method thus allows the
reduction of the amount of hydrocarbons at the powder outlet before extrusion,
especially in a manufacturing process for polyethylene comprising two loop

reactors in series.

When preparing a polyethylene with a loop process, the amount of hydrocarbons
at the powder outlet of the first chamber can be for example about 50-100 ppm,
and with the present method, the final amount of hydrocarbons at the powder
outlet of the second chamber can be reduced to as low as 5 ppm. It is thus
possible to reduce the amount of residual gases in the polymer powder to an
amount well below the required limit and without increasing the time needed for

degassing. Indeed, it is possible to reduce the amount of hydrocarbons from 50 to
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5 ppm with a total residence time of three hours (that is typically used in a process
without a second flushing), when the residence time in the first chamber is about
two hours and in the second chamber about one hour. The inventors were indeed
surprised to find out that a second flushing reduces the amount of residual gas to
such an extent. An increase in the residence time of the polymer powder or an

increase in the flux of the flushing gas would not have the same effect.

According to an embodiment, the first flow of flushing gas has a flux of 5-50 kg/h of
nitrogen per ton/hour of polymer. Preferably a flux of more than 8 kg/h of nitrogen
per ton/hour of polymer and on the other hand, a flux of less than 15 kg/h of
nitrogen per ton/hour of polymer is used. According to another embodiment the
second flow of flushing gas has a flux of 5-50 kg/h, of nitrogen per ton/hour of
polymer. Preferably a flux of more than 8 kg/h of nitrogen per ton/hour of polymer
and on the other hand, a flux of less than 20 kg/h of nitrogen per ton/hour of

polymer is used.

According to an embodiment, the transfer of the polymer powder is made by
means of gravity. This means that the first and second chambers are placed on
top of one another, and the polymer powder is allowed to flow freely from the first
chamber to the second chamber. The powder outlet of the first chamber may also
be equipped with a valve to control the flow of the polymer powder. This valve can
be the same that is connected to the gas line for residual flushing gas.

According to an alternative embodiment, the transfer of the polymer powder is
made by means of a flow of a transfer gas, i.e. a pneumatic transfer. The transfer
gas is injected into a flow of polymer powder at or near the powder outlet of the
first chamber and it transfers the polymer powder to the second chamber, while at
the same time mixing the polymer powder to some extent. The flux of the transfer
gas is typically about 200 kg/h of transfer gas per ton of polymer, the velocity in
the lines being typically about 20 m/s.

According to a preferred embodiment, the gas used for transfer is also an inert

gas, typically nitrogen.
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The apparatus according to the present invention can further be used in a system
for degassing polymer powder comprising

— a first chamber equipped with at least one gas inlet and at least one gas
outlet for a flushing gas;

— means for transferring the polymer powder from said first chamber into a
second chamber, and

— a second chamber equipped with at least one gas inlet and at least one gas
outlet for a flushing gas.

According to an embodiment, the means for transferring the polymer powder is a
transfer line. The transfer line may be any suitable line known per se for transfer or
transport of a polymer powder. The transfer line may be a straight line that
connects the first and second chambers positioned one above another, or it may
be a longer line, depending on the layout of the manufacturing system. The
transfer may be made by gravity or by means of a transfer gas. Should the option
of gravity be chosen, the transfer line is preferably equipped with a mixer in order
to enhance the mixing of the polymer powder between the two chambers. Should
a transfer gas be chosen, the transfer line is equipped with a gas inlet for a
transfer gas. The transfer gas may circulate in a closed circuit, preferably
equipped with appropriate means for eliminating any possible residues of polymer
particles before the transfer gas is re-used for transfer. The degassing can also be
made to a certain extent in the transfer gas circuit, which is then equipped with
appropriate devices for eliminating the degassed hydrocarbons.

The system comprises at least two different chambers. The chambers may be of
any suitable kind known to a person skilled in the art. The system may also
comprise three, four, five or more chambers equipped with gas inlets and outlets.
According to an embodiment the first chamber is a purge column. Said purge
column can be for example positioned under flash tank connected to a slurry
reactor. The second chamber may be a feed bin, such as a feed bin of an
extruder. The chambers used in the present invention may also comprise more

than one gas inlet and gas outlet.



10

15

20

25

WO 2007/101856 PCT/EP2007/052099

11

According to an embodiment, the residence time of the polymer powder in the
chambers is 0.5-10 hours. The residence time can be from 0.5, 1, 1.5, 2, 3 or 5
hoursup to 1, 1.5, 2, 3, 5 or 10 hours.

The further details and embodiments described above in connection with the
method and/or apparatus according to the invention also apply to the uses in the
method and/or system described above.

The present invention also relates to the use of an apparatus according to the
present invention in a polyolefin manufacturing process comprising two loop
reactors in series. The details and embodiments described above in connection

with the method and apparatus also apply to the use according to the invention.

In any of the embodiments described above, any gas outlet within a chamber may
be equipped with a device suitable for distributing the gas more uniformly within
the chamber. Such device can be for example a screen in the form of a cone.
Also, it is possible to use a manifold with multiple injection points. It is also
naturally possible to use two or more of the systems according to the present

invention in parallel.

The invention can also be implemented by appropriately combining two or more

embodiments mentioned in this description.

The invention is described in more detail in the following description of the Figures
and in the Experimental part. This description is only intended to give some
examples of the invention and is not to be construed as limiting the scope of the
invention. Moreover, the reference marks in the claims are merely indicatives and

are not to be construed as limiting the scope of protection.
DETAILED DESCRIPTION OF THE DRAWING

Figure 1 shows schematically a system useful in a method according to the
invention. The system comprises a first chamber 1 that is a purge column.
Polymer powder enters the first chamber 1 by feed line 2 via a powder inlet. The
level of the polymer powder is represented schematically at the reference number
3. A flow 4 of flushing gas, here nitrogen, enters the first chamber 1 via a flushing
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gas inlet arranged at the bottom part (second end) of the first chamber 1. The flow
of nitrogen enters into contact with the polymer powder within chamber 1 and
removes a part of the residual gases present in the polymer powder. A flow 5 of
nitrogen and residual gases then exits the first chamber 1 via a gas outlet
arranged at the top part (first end) of the first chamber 1.

From the powder outlet 6, the polymer powder enters a transfer line 7, equipped
with a valve 8, which is a rotational valve in this case. A flow of transfer gas 9
enters into contact with the polymer powder and transfers the polymer powder to a
powder inlet 11 of a second chamber 10, which in this case is a feed bin. Said
second chamber 10 is also equipped with a gas inlet and a gas outlet, and a flow
12 of flushing gas, also nitrogen, enters the second chamber 10 at said gas inlet
arranged at the bottom part of the second chamber 10, and a flow 13 of nitrogen
and residual gas exits the second chamber 10 by said gas outlet.

The system according to this embodiment is further equipped with an additional
apparatus for allowing the correct functioning of the valve 8. This apparatus
consists in an additional gas line 16 joining a gas exit or outlet of the valve 8 to the
upper part of the first chamber 1. This gas line 16 is provided with a valve 17 for

opening and closing said gas line 16.

Figure 2 shows schematically an apparatus according to a first embodiment of the
invention. This embodiment differs from that of Figure 1 in that the first and second
chambers are arranged so that the first chamber 1 is on top of the second
chamber 10 and the transfer line 7 is not equipped with a transfer gas inlet. The
transfer of polymer powder from the first chamber 1 to the second chamber 10 is
thus made by gravity.

The system according to this embodiment is equipped with an apparatus
according to the present invention for reducing the losses of the flushing gas in the
first chamber 1 and for recycling the flushing gas in said first chamber 1. This
apparatus is different from the first apparatus explained in connection with Figure
1 or 4 in that the gas line 16 does not comprise a valve. The second end of the

gas line (its first end being connected to the valve 8) is positioned inside the first
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chamber 1, at a position that is in the centre of the chamber when seen in
transverse direction and approximately in the centre of the chamber when seen in

height direction.

Figure 3 shows schematically a system useful in a method according to the
invention. This embodiment differs from that of Figure 2 in that a mixer 15 is
arranged between the rotational valve 8 and the powder inlet 11 of the second
chamber 10. The mixer 15 further enhances the mixing of the polymer powder
entering the second chamber 10. The system described in Figure 3 can also be
equipped with an apparatus explained in connection with Figure 2 or 5, although
for sake of clarity it is not shown here.

Figure 4 shows schematically an additional apparatus useful in a method
according to the invention. In this embodiment a gas line 16 has its first end
connected to a gas exit of a valve 8 positioned at the bottom of the chamber for
outgoing polymer powder. The valve 8 is provided with a gas outlet that allows for
at least a part of the residual flushing gas remaining in the polymer powder
entering the valve 8 to be removed and re-introduced into the chamber at its upper
end. The second end of the gas line 16 is thus positioned on the upper part of the
chamber, at a height h4, which in this embodiment is approximately 20 % of the

height H of the chamber, measured from the upper end of the chamber, i.e. from
the end wherein the polymer powder enters the chamber and below the level of
the polymer powder. From there, the residual flushing gas is removed via the gas
outlet 5. A valve 17 is provided on the gas line 16 for opening and closing it.
Typically, the valve is closed during the start of the manufacturing process and is
opened once the process runs steadily.

Figure 5 shows schematically an apparatus according to a second embodiment of
the invention. The reference numbers used have the same meaning than those of
Figures 1 to 4. This embodiment differs from the embodiment explained in
connection with Figure 4 in that the gas line 16 does not comprise a valve. The
second end 18 of the gas line (its first end being connected to the valve 8) is
positioned inside the chamber. The position of the second end 18 is in this
embodiment in height ho approximately 48 % of the height H of the chamber,
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measured from the upper end of the chamber, and in the transverse direction L
approximately in the middle of the reactor, i.e. at a length |4 that is about 50 % of

the maximum length L of the chamber. In the case of cylindrical chambers, L
corresponds to the diameter of the chamber. The second end 18 of the gas line 16
is moreover equipped with a screen 19 in the form of a cone. This screen 19
allows for a more uniform distribution of the flushing gas entering the chamber
from the second end 18 of the gas line 16. The flushing gas then enters into
contact with the polymer powder instead of being immediately discarded through
the gas outlet 5.

Figure 6 shows schematically a system useful in the invention. In this embodiment,
the chambers 23 and 24 are positioned one above another in one chamber 26.
The polymer powder is transferred from chamber 23 to chamber 24 through an
orifice arranged on 25. The first chamber 23 is equipped with a gas outlet 5a and
the chamber 25 is in this embodiment equipped with two gas outlets 5b and 5c.
Both chambers are also equipped with flushing gas inlets 4a and 4b.

Figure 7 shows schematically a system useful in the invention. This embodiment
was used in the Experimental part and will be described in more detail therein.

EXPERIMENTAL PART

The present invention was tested in a system according to Figure 7 and as
described on page 10. In this system, first and second chambers were cylindrical
and the diameter D1 of the first chamber 1 was 2.8 m and the angle a at the
bottom part of chamber 1 was 70°. The volume of the first chamber, here purge
column was 100 m3 and flushing gas, here nitrogen, was injected to the purge

column through a screen.

The diameter D10 of the second chamber 10 was 5 m and the angle B at the
bottom part of chamber 10 was 60°. The volume of the second chamber, here feed
bin, was 400 m3 and flushing gas, here nitrogen, was injected to the feed bin

through a manifold with eight injection nozzles located at about 2 m from the
bottom of the cone. Valve 8 was a rotary valve.
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The system was used for degassing polyethylene coming from a double loop

reactor, the polymer having a density of 0.949 g/cm3, a high load melt index HLMI
of 8 g/10 min. The bulk density of the polymer was 450 g/l.

Examples 5 and 6 are according to the invention. The system according to Figure
7 was tested in examples 5 and 6. The conditions are listed in Table 1. Nitrogen
was re-injected in the middle of the purge column, at a distance ho of about 70%

of height H and at |11 of about 50% of the largest diameter L, and below the

polymer powder. Example 1 is a comparative example, in which the re-injection of
nitrogen occurred at the top (20) of the first chamber and outside of the polymer

powder.

Examples 5 and 6 show the effect of the re-injection of nitrogen inside the
chamber under the polymer powder. The nitrogen was re-injected in the middle of
the purge column at a distance ho of about 70% of height H and at |4 of about

50% of the largest diameter L, according to a system shown partly in figure 5. It
can be seen when looking at example 5, that if the flow of nitrogen to the purge
column is lower than in comparative example 1 (200 kg/hr versus 300 kg/h), all
other conditions remaining the same, the amount of hydrocarbons at the powder
outlet of the purge column remains the same as that in example 1. This clearly
shows that with less nitrogen, it is possible to have the same amount of
hydrocarbons at the powder outlet of the purge column.

In example 6, the amount of transfer gas required is only half of that in Example 5,
since due to the halved transfer pressure only half as much nitrogen gas is needed
to rebalance the pressure in the nitrogen recycle unit. One can see that with less
nitrogen used, it is possible to have the same amount of hydrocarbons in powder
at the outlet of the feed bin, 55 ppm in both examples 5 and 6.

Examples 2 to 4 are outside of the scope of the invention. As can be seen from
Table 1, when comparing for example Examples 1 and 2, when the nitrogen flow
in the purge column is reduced by 50 %, and the nitrogen flow in the feed bin is
increased by 500 %, the total flow of nitrogen decreasing from 330 to 300 kg/h, the

amount of hydrocarbons at the outlet of the feed bin is decreased from 55 to 6
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ppm. It can also be seen when looking at Example 3, that if the level of polymer in
the purge column is decreased from 90 to 55 %, and the residence time
decreased from about 2.5 hours to 1.5 hours, the amount of hydrocarbons at the
end of the system is 10 ppm in stead of 6 ppm, i.e. still 1/5 of the amount in a
typical process. In Example 4, it was noticed that when the amount of polymer in
the feed bin and its residence time are increased, the amount of hydrocarbons at

the end is even smaller, i.e. 4 ppm.
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CLAIMS

1. An apparatus for degassing polymer powder comprising
— a chamber (1) having a first end (20) and a second end (21) opposite to
each other, said chamber being equipped with at least one powder inlet
and at least one gas outlet at the first end (20) and with at least one
powder outlet and at least one gas inlet at the second end (21),
— avalve (8) provided with a powder entry and a powder exit and arranged at
the powder outlet (6) of said chamber (1),
characterised in that said chamber (1) is equipped with a gas line (16) joining a
gas exit of the valve (8) to the inside of the chamber (1) at a position that is at a
distance (ho) from the first end (20), said distance (ho) being 20-70% of the height

(H) of the chamber (1) and at a distance (l4) from a wall (22) of said chamber (1),

said distance (l1) being 5-50 % of the largest diameter (L) of the chamber (1).

2. Apparatus according to claim 1, characterised in that the distance (h9) is

20-60 % of the height (H) of the chamber (1).

3. Apparatus according to claim 2, characterised in that the distance (h9) is

30-50 % of the height (H) of the chamber (1).

4. Apparatus according to any of the previous claims, characterised in that
the distance (11) is 30-50 % of the largest diameter (L) of the chamber (1).

5. Apparatus according to any of the previous claims, characterised in that

the valve (8) is a rotary valve.

6. Apparatus according to any of the previous claims, characterised in that

the chamber (1) is a purge column.

7. A method for degassing polymer powder comprising flushing the polymer
powder in a chamber with a flow of flushing gas, characterised in that at least a
part of flushing gas exiting the chamber through a powder outlet is re-introduced
into said chamber, the re-introduction is made at a position that is at a distance
(h2) from the first end (20), said distance (h2) being 20-70% of the height (H) of
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the chamber (1) and at a distance (I1) from a wall (22) of said chamber (1), said
distance (1) being 5-50 % of the largest diameter (L) of the chamber (1) and such

that the re-introduction is made below the level of the polymer powder.

8. Method according to claim 7, characterised in that the re-introduction is

made at a position that is at a distance (I1) from a wall (22) of said chamber (1),

said distance being 10-50 % of the largest diameter (L) of the chamber (1).

9. Method according to any of the claims 7-8, characterised in that the flow of
flushing gas entering the chamber has a flux of 5-50 kg/h of flushing gas per
ton/hour of polymer.

10. Method according to any of the claims 7-9, characterised in that the

flushing gas is an inert gas.

11.  Method according to claim 10, characterised in that the inert gas is

nitrogen.
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Fig. 2
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