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Description

[0001] The present invention relates to a process for
the removal of volatile material from particulate polymer,
and more especially to the removal of traces of volatile
constituents from pelletised polymer, polymer powder or
granular polymeric material.
[0002] Whilst the present invention can in principle be
applied to any particulate polymer for the removal of vol-
atiles therefrom, the following description refers primarily
to the application of the process to the removal of volatiles
from particulate polyolefins.
[0003] Polyolefins prepared by catalytic polymerisa-
tion or copolymerisation of olefins, for example, ethylene,
propylene or higher olefins such as C4 to C12 alpha-ole-
fins, are generally subjected to a process for removal of
the bulk of the unreacted monomer before being proc-
essed into useful articles. Such processes for removal
of unreacted monomer generally involve a monomer sep-
aration and recovery procedure wherein the bulk of the
unreacted monomer associated with the polyolefin prod-
uct is separated therefrom when the polyolefin is first
removed from the polymerisation reactor. Processes for
this initial monomer separation and recovery depend on
the particular technology being employed for the polym-
erisation reaction. For example, in the gas phase (co)
polymerisation of olefins, the polyolefin product is nor-
mally a fine powder fluidised by, or stirred in, an atmos-
phere comprising the gaseous monomer(s). Monomer
may be separated and recovered from the gas phase
process, for example, by isolating a continuous stream
of particulate polymer product associated with at least
some gas, and optionally some liquid, comprising unre-
acted monomer; reducing the pressure and recycling the
volatile components to the reactor; and purging the pol-
ymer component with inert gas, for example, nitrogen or
carbon dioxide. WO 01/097940 discloses a process for
degassing particulate polymer produced in a slurry po-
lymerisation, but it does not discuss subsequent treat-
ment of the polymer.
[0004] Thus the volatile materials referred to through-
out this specification can be, for example, the monomer
or monomers themselves, oligomers, any solvent or dilu-
ent used in the polymerisation, the catalyst materials or
products derived therefrom, additives in the polymerisa-
tion (e.g. molecular weight regulators), impurities present
in any of the materials used in the polymerisation, or ma-
terials employed for lubricating moving parts of the reac-
tors. Such volatile substances can also arise from deg-
radation or inter-reaction of the polymerisation compo-
nents themselves and/or their products. The presence
of such volatile substances in the final polymer is gener-
ally undesirable and can result, for example, in unwanted
odour in articles manufactured therefrom, or can produce
taint in foodstuffs packed in containers fabricated from
the polymer, or in water from potable water piping sys-
tems. The presence of inflammable volatile materials can
also present a fire or explosion hazard. Likewise, such

volatile materials can have toxic, irritant or other unde-
sirable pharmacological properties which normally
render their removal desirable or even essential.
[0005] The production of volatile substances in the pol-
ymer can also occur during pelletisation of the polymer,
for example, by thermal degradation of the polymer itself,
or by the degradation of additives employed in the pel-
letising process.
[0006] GB-A-1272778 relates to a process for the re-
moval of volatile constituents from particulate olefin pol-
ymers which have been produced by the gas phase po-
lymerisation of the monomers for example of ethylene or
propylene, by treating a layer of the polymer, whose par-
ticles have a mean diameter of from 10 to 5000 microns,
with a stream of inert gas at a temperature of from at
least +80°C, to at least 5°C below the crystallite melting
of the polymer in the treatment zone while keeping the
layer in vigorous motion.
[0007] EP-A-0047077 relates to a process for remov-
ing unpolymerised gaseous monomers from solid olefin
polymers by conveying the polymer (e.g. in granular
form) to a purge vessel, contacting the polymer in the
purge vessel with a countercurrent inert gas purge
stream to strip away the monomer gases which are
evolved from the polymer, and recycling a portion of the
resulting inert gas-monomer gas stream to the purge ves-
sel.
[0008] The present invention is concerned with an im-
proved method for the removal of traces of volatile ma-
terial, e.g. unreacted monomer, oligomers or other vola-
tile constituents such as solvent or degradation products,
from particulate polymeric materials, especially polymers
prepared by the catalytic polymerisation of organic mon-
omers.
[0009] In particular, the present invention is concerned
with removal of volatile materials from particulate poly-
meric materials, preferably particulate polyolefins, which
have previously been subjected to at least one process
for separation of the unreacted monomer, for example,
by processes such as those described in GB-A-1272778
and EP-A-047077.
[0010] The present invention provides a process for
the separation of volatile material from particulate poly-
mer which has been substantially freed from unreacted
monomer in an earlier separation step, comprising

(a) feeding the particulate polymer to a purge vessel
and causing it to move through the vessel in sub-
stantially plug-flow mode,
(b) heating the particulate polymer in the purge ves-
sel to a temperature greater than 30°C but insuffi-
ciently high to cause the particles to become agglom-
erated, and/or maintaining the polymer at a temper-
ature in this range in the purge vessel,
(c) feeding gas to the purge vessel to remove volatile
material therefrom, removing the particulate polymer
from the purge vessel,
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wherein substantially all of the heating of the particles
which occurs in the purge vessel is accomplished by pre-
heating the gas fed into the purge vessel, and the polymer
slurry discharged from the polymerisation reactor is sub-
mitted to a pressure release such that diluent is evapo-
rated and a polyolefin/gas mixture is formed in a collect-
ing vessel, and a concentrator vessel is used between
the collecting vessel and the purge vessel.
[0011] By "plug flow mode" is meant throughout this
specification that the flow of particulate polymer through
the relevant vessel occurs in such a manner that there
is little or no axial mixing as the particulate polymer travels
through the vessel, thus ensuring that the residence time
of the particles is substantially uniform. "Plug flow" is
sometimes referred to in the art as "mass flow", especially
where the flow under consideration is movement of solid
particulate materials. An alternative definition is that the
flow characteristics of the particulate polymer in the purge
vessel are such that the standard deviation of the resi-
dence time is preferably not greater than 20%, and even
more preferably not greater than 10% of the mean resi-
dence time of the particulate polymer in the purge vessel.
[0012] Preferably the gas fed to the purge vessel is fed
counter-current to the movement of the particulate poly-
mer.
[0013] The particulate polymer from which it is desired
to remove volatile material can be, for example, polymer
powder, pelletised polymer or granular material which
has already been subjected to a primary monomer sep-
aration step. In the case that the particulate polymer has
been prepared in the presence of a transition metal-con-
taining catalyst, preferably any catalyst residues present
in the polymer have been deactivated prior to treating
the polymer in accordance with the process of the present
invention. Preferably the particulate polymer is polyolefin
powder, pellet or granular material having been prepared
by polymerisation or (co)polymerisation of one or more
monomeric 1-olefins, in the gas phase, the liquid phase
(e.g. using so-called "particle form" polymerisation con-
ditions), or the solution phase, or from the high temper-
ature high pressure process (often referred to as the "high
pressure process"). Alternatively, the particulate polyole-
fin can be polyolefin which has been converted into an-
other particulate form, e.g. by granulation or pelletising.
Preferably the particulate polyolefin is a pelleted polymer,
more preferably a pelleted polyolefin. Accordingly it is
also preferred that prior to entry into the purge vessel,
the particulate polyolefin has passed through an extruder
to be pelletised.
[0014] The quantity of volatile material (excluding wa-
ter) present in the polymer fed to the purge vessel, as
measured by chromatography (KWS method, carbon-hy-
drogen chromatography), is preferably not greater than
500 ppm (parts per million by weight), more preferably
not greater than 300 ppm, and even more preferably not
greater than 100 ppm. The quantity of volatile material
(excluding water) present in the polymer leaving the
purge vessel after treatment according to the invention,

as measured by chromatography (KWS method, carbon-
hydrogen chromatography), is preferably not greater
than 300 ppm (parts per million by weight), more prefer-
ably not greater than 200 ppm, and even more preferably
not greater than 100 ppm. The reduction in the quantity
of volatile material (excluding water) present in the pol-
ymer leaving the purge vessel after treatment according
to the invention compared with that entering the purge
vessel, as measured by chromatography (KWS method,
carbon-hydrogen chromatography), is greater than 300
ppm (parts per million by weight), more preferably greater
than 500 ppm.
[0015] This significant reduction in volatile material
content has a significantly beneficial effect on the orga-
noleptic properties of the final polymer. The invention can
reduce the taste rating of a high density polyethylene
according to the KTW method from 2-3 down to 1-1.5.
[0016] The particulate polymer fed to the purge vessel
can be preheated before entering the purge vessel, or
can be heated solely in the purge vessel itself. The par-
ticulate polymer can be fed to the preheating vessel in-
termittently, continuously, as a batch or in batches. Pref-
erably it is fed continuously. Preferably the particulate
polymer moves through the preheating vessel in sub-
stantially plug-flow mode. The temperature to which the
particulate polymer is heated in the preheating vessel
may be at least 30°C, and up to 70°C or higher, provided
that the temperature is insufficiently high to cause the
particles to become agglomerated. As a rough guide, the
temperature should not be greater than about 5°C below
the Vicat softening temperature. The particulate polymer
is preferably fed to the heating vessel using a pneumatic
conveying technique. If a preheating vessel is employed,
it can, if desired, be provided with means to pass a purge
gas countercurrent to the movement of the particulate
polymer through the vessel. If desired, hot gas, e.g. hot
nitrogen, can be used to heat the particulate polymer in
the preheating vessel. Alternatively the preheating ves-
sel is heated using conventional industrial equipment, for
example, steam or hot water jacketing.
[0017] In the case that the particulate polymer is pel-
letised, the pellet can, if desired, be fed directly from the
pelletising machine to the purge vessel, or to the heating
vessel if one is employed. Feeding pellet to the purge
vessel or to the heating vessel direct from the pelletising
machine can make further savings in energy require-
ments, especially if the pellet discharge from said ma-
chine still contains residual heat from the pelletising proc-
ess. This saving in energy can be optimised, for example,
by suitable adjustment of the temperature of the quench
water such that the pellet remains relatively hot after the
quench, but not so hot that agglomeration of the pellets
can occur.
[0018] The particulate polymer is fed to the purge ves-
sel in any convenient manner, for example, using pneu-
matic conveying or by means of gravity feed devices em-
ploying suitable feeder valve means between the source
and the purge vessel. It is preferred to feed the particulate
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polymer continuously to the purge vessel.
[0019] The residence time of the particles in the vessel
is substantially the same for all the particles. Plug flow
can be achieved using conventional industrial equip-
ment. Thus it is preferred to employ a purge vessel with
smooth internal walls and having uniform cross section
throughout a major portion of its length. A frusto-conical
or other tapering cross section, for example, at the exit
of the purge vessel, can be used provided that the angle
of the discharge cone is calculated so as to ensure the
plug flow qualities of the vessel (the angle can be calcu-
lated from shear test results, and depends on the nature
of the particulate polymer being treated). The principles
of plug flow are well known in the art and suitable appa-
ratus can be readily designed adopting these principles.
The purge vessel is preferably tubular and of substan-
tially uniform cross section. The major portion may take
the form, for example, of a tube having square or circular
cross section. The purge vessel is most preferably a ver-
tically disposed cylindrical vessel having a conical sec-
tion at the base which tapers towards an outlet for the
polymer located at the bottom of the vessel. Preferably
the purge vessel is vertically disposed. Most preferably
the purge vessel is of uniform cylindrical cross section
throughout a major part of its length, and has a length at
least twice its diameter in order to help ensure plug flow.
[0020] In one embodiment plug flow is achieved in a
cylindrical vessel by selection of a particular valve to con-
trol the discharge opening. The valve is in the form of an
upturned cone seated on a frustoconical seat, thereby
defining an annular passageway when the valve is open.
Such an arrangement can prevent rapid discharge of pol-
ymer through the centre of the purge vessel, which may
result in non-plug flow. When operating with such an ar-
rangement, it is preferred that the valve is not continu-
ously open, but does so intermittently; this has been
found to be best to ensure plug flow. Preferably the valve
is open half the time; a typical cycle is 1-3 minutes open,
with the same amount of time closed, although the exact
time will of course depend on the size of the vessel.
[0021] The rate of flow and the dimensions of the purge
vessel are suitably arranged so that the residence time
of the particulate polymer in the purge vessel lies in the
range from about 0.5 to 16 hours, preferably 2 to 16 hours,
more preferably 6 to 12 hours. For certain applications,
at least 10 hours is required.
[0022] The temperature to which the particulate poly-
mer is heated in the purge vessel is suitably at least 30°C,
preferably at least 50°C, most preferably at least 70°C
or higher, provided that the temperature is insufficiently
high to cause the particles to become agglomerated. As
mentioned above, as a rough guide, the temperature is
preferably not greater than about 5°C below the Vicat
softening temperature. For example, if the Vicat softening
temperature is 80°C, the maximum temperature to which
the particulate polymer is heated should preferably not
be greater than 75°C. In the case that the particulate
polymer is high density polyethylene having a density of

at least 0.945 kg/m3, the temperature of the heating in
the purge vessel is preferably in the range 70 to 100°C.
On the other hand, in the case that the particulate polymer
is a lower density copolymer, for example, a copolymer
of ethylene with a higher 1-olefin, e.g. having a density
in the range 0.915 to 0.945 kg/m3, the said temperature
preferably lies in the range 60 to 80°C. In any event the
temperature must be insufficiently high to cause the par-
ticles to become agglomerated. Failure to observe this
can result in the polymer becoming blocked in the pre-
heating or purge vessels, or even forming an intractable
mass within these vessels.
[0023] The particulate polymer may be moved through
the purge vessel using any suitable means of motivation,
for example using an Archimedean screw device or
merely under the influence of gravity. Preferably however
the particulate polymer moves under the influence of
gravity in response to the discharge of solid from the base
of the purge vessel. Preferably the purge vessel is insu-
lated to retain heat during purging.
[0024] Gas is preferably passed through the purge ves-
sel counter current to the flow of the particulate polymer
therein. By "counter current" is meant that the gas is
passed across or against the flow of the particles. The
gas is heated prior to injection into the purge vessel. Nor-
mally the gas is air. However if desired the air can be
supplemented with another gas or gases, for example,
nitrogen or carbon dioxide, e.g. if it is desired to reduce
any potential risk of fire or explosion. However, the
present invention is generally applied to the reduction of
volatiles in particulate polymer in which the content of
volatiles is already at a relatively low level. Accordingly,
the level of volatiles present in the purge gas stream ex-
iting from the purge vessel is normally not more than
about 5 milligrams per litre of gas, preferably not more
than about 1 milligram per litre of gas. A particularly pre-
ferred level is less than 150g/m3.
[0025] The rate of flow of gas through the particulate
polymer is maintained at a level below that which would
cause disruption of the plug flow of the particulate poly-
mer. This is well below the rate of flow which would cause
fluidisation of the particulate polymer. In the case of pel-
leted polymer, the rate of flow of gas that can be tolerated
before the onset of disruption of the plug flow is generally
substantially higher than for powdery polymer. In order
to provide sufficient heating of the polymer, the rate of
flow of gas is preferably at least 80 litres per hour per
square centimetre of cross section measured radially
across the direction of flow of particulate polymer through
the purge vessel (units hereinafter abbreviated to
l.hr-1cm-2). The maximum flow rate which can be toler-
ated without disruption of the plug flow is about 150
l.hr-1cm-2.
[0026] Although all of the gas may be introduced into
the purge vessel close to its bottom and blown upwards
through the particulate polymer, this requires the use of
significant pressure. We have found that removal of vol-
atiles can be just as effective if the majority of the hot gas
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is introduced into the purge vessel close to the top where
the particulate polymer enters, with only a relatively small
proportion of the gas being introduced at the bottom. In-
troducing gas close to the top of the vessel requires a
much lower pressure, as of course does introducing a
much smaller mass flow of gas at the bottom. It is believed
that this arrangement is just as effective because once
the polymer is heated, only a relatively small air flow
across it is required in order to remove the volatile com-
pounds. Thus the most efficient means of achieving hot
particulate polymer having a flow of gas across it is to
introduce the majority of the gas required to heat the pol-
ymer close to the top of the vessel. Accordingly it is pre-
ferred that at least a portion of the gas entering the purge
vessel does so at one or more points close to the top of
the purge vessel; and it is preferred that each of said one
or more points are located at a level such that less then
20% of the volume of particles in the vessel lie above
that level when the vessel contains the maximum quantity
of particulate polymer. It is also preferred that no more
than 20%, more preferably no more than 10% of the total
mass of gas entering the vessel does so close to the
bottom of the vessel. In this case, the rate of flow of gas
entering the close to the bottom of the vessel is typically
at least 0.5 litres per hour per square centimetre of cross
section measured radially across the direction of flow of
particulate polymer through the purge vessel
(units hereinafter abbreviated to l.hr-1cm-2). Thus for ex-
ample, rates of flow of gas from 2 to 10 l.hr-1cm-2 entering
at the bottom of the purge vessel are particularly useful.
It is also preferred that a portion of the gas introduced
close to the top of the purge vessel is discharged directly
into the middle of the vessel, optionally through an axially
extending conduit. This helps to avoid cold spots in the
centre of the vessel. Preferably the mass flow of gas in-
troduced directly into the middle of the vessel is about
20-40%, typically approximately one-third, that intro-
duced into the side of the vessel at the same level. Gen-
erally, it will be understood that the precise location of
gas entry points, gas flowrates at each entry point and
also purge vessel dimensions are calculated in each in-
dividual case depending on the particulate polymer being
treated, and the flowrate of the polymer, so as to obtain
a uniform gas distribution and efficient heating/devolatil-
ising.
[0027] Whilst substantially all of the heating of the par-
ticulate polymer is caused by the hot gas, the invention
does not exclude the possibility of some auxiliary heating
means being present, such as a heat exchanger posi-
tioned centrally near the top of the purge vessel so as to
ensure adequate heating at the centre of the vessel.
The pressure in the purge vessel can be any desired
pressure, but in practice the use of a pressure close to
atmospheric pressure (e.g. slightly above 105 Nm-2 (1
bar) absolute but less than 0.2x105 Nm-2 (200mbar)
gauge is generally satisfactory as this avoids the need
to use expensive pressure vessels and blowers. In prac-
tice the introduction of the purge gas into the purge vessel

will generally cause a slight increase of pressure therein.
[0028] Volatile materials diffuse from the particulate
polymer in the purge vessel into the gas stream and are
carried counter current to the movement of the particulate
polymer towards the region where the particulate poly-
mer is fed to the vessel. The gas is preferably vented
from the purge vessel using suitable piping means. The
vented gas containing the volatiles can be fed to a flare
stack or, if it is desired to recover any volatile compo-
nents, for example, it may be fed to a suitable recovery
unit. Frequently it is found that the concentration of vol-
atiles is so small (less than 150mg/m3) that the gas from
the purge vessel can be vented direct to the atmosphere.
Preferably the process conditions are maintained such
that the concentration of any inflammable volatile mate-
rials in the gas vented from the purge vessel provide less
than 25%, preferably less than 5% of the flammability
limit of the gas. The concentration of such volatile mate-
rials can be reduced, for example, by reducing one or
more of the following: (1) the standing volume of partic-
ulate polymer in the purge vessel, (2) the rate of flow of
the particulate polymer through the purge vessel and (3)
the temperature of the particulate polymer in the purge
vessel: or by increasing the rate of flow of the gas through
the purge vessel.
[0029] The particulate polymer is suitably removed
from the purge vessel simply by force of gravity. However
this may be assisted by conventional industrial conveying
means for particulate materials, for example motorised
valves or a rotary airlock. Preferred mechanical with-
drawal means include variable rate withdrawal means,
for example, variable speed motorised valves or motor-
ised screws. The vessel is preferably equipped with
means to detect the quantity or level of particulate poly-
mer therein, for example a means to detect the level of
settled particulate polymer in the vessel. Preferably the
means to detect the quantity or level of particulate poly-
mer within the vessel is coupled with the variable rate
withdrawal means, for example, to maintain a constant
volume of particulate polymer within the vessel. The cou-
pling may be achieved, for example, by electronic means
or mechanical means.
[0030] After the particulate polymer has passed
through the purge vessel it is normally still hot and may
require cooling before being transferred to storage or un-
dergoing further treatment or processing. For example,
in the case of polyethylene, if it is desired to transfer the
particulate polymer to storage using dilute or dense
phase pneumatic conveying means, it is preferred to cool
it to a temperature below about 65°C, typically 40-60°C,
before transfer to reduce the possibility of so called "angel
hair" forming in the pneumatic conveying lines. The
means used to cool the particulate polymer, if any, can
comprise, for example, conventional industrial particu-
late cooling equipment. Air or water cooling may be used.
For example, the hot particulate polymer can be fed to a
gas fluidised bed cooler operating under batch or contin-
uous conditions. Air used for cooling can subsequently
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be introduced into the feed of the hot air to be introduced
into the purge vessel in order to reduce heating costs.
[0031] In one embodiment, the cooling means can be
incorporated at the bottom of the purge vessel in order
to save on equipment costs; in this case, the design must
be such so as to ensure plug flow throughout the purge
vessel at least until entry into the cooling portion. Option-
ally, the gas introduced into the purge vessel to remove
volatile materials is initially passed unheated through the
bottom of the vessel, where it assists in cooling the hot
particulate polymer whilst at the same time being heated.
This gas is then further heated to the required tempera-
ture, and then reintroduced into the purge vessel at the
desired location to contact the polymer.
[0032] As has been indicated above, it is preferred to
withdraw particulate polymer from the purge vessel using
means to withdraw the polymer continuously. Likewise,
the preheating vessel and/or the cooling vessel are pref-
erably equipped with means to withdraw the polymer con-
tinuously, for example using motorised valves or motor-
ised screws. Preferably the withdrawal means are vari-
able rate withdrawal means, for example, using variable
speed motorised valves and/or a vibrating table. The ves-
sel(s) is/are preferably equipped with means to detect
the quantity or level of particulate polymer therein, for
example a means to detect the quantity or level of settled
particulate polymer in the vessel(s). Preferably the
means to detect the quantity or level of particulate poly-
mer within the vessel(s) is coupled with the variable rate
withdrawal means, for example, to maintain a constant
volume of particulate polymer within the vessel(s). The
coupling may be achieved, for example, by electronic
means or mechanical means.
[0033] If desired, the flow of particulate polymer
through the cooling vessel can also be plug flow mode.
Plug flow of the particulate polymer through the cooling
vessel can be achieved by standard industrial means.
[0034] Particulate polymer suitably employed in the
present invention can be, for example, polymer powders
which are the direct products of polymerisation process-
es, provided that such polymer powders have been sub-
stantially freed from unreacted monomer in an earlier
separation step, for example, the powder produced from
gas fluidised bed polymerisation of olefins or from particle
form processes for polymerising monomers in a liquid
diluent. Preferred polymer particles are polymer pellets
which are well known in the art as a standard product
employed for the fabrication of polymeric articles. The
size of the polymer particles is suitably in the range 0.1
to 10 mm, preferably in the range 2 to 7 mm. For example,
polymer pellets employed in the fabrication of plastics
articles generally lie in the range 3 to 6 mm.
[0035] Preferably the polymer particles comprise one
or more polyolefins. Preferred polyolefins are polyethyl-
ene, polypropylene, and copolymers of ethylene with one
or more C3 to C12 alpha olefins. Examples of such poly-
mers are high density polyethylene, medium density pol-
yethylene, linear low density polyethylene and very low

density polyethylene (VLDPE).
[0036] In one embodiment of the invention, the above
process is performed subsequent to a treatment step for
reducing the amount of gaseous diluent contain within
the raw polymer slurry discharged from the polymerisa-
tion reactor. When discharged from the polymerization
reactor, raw polymer slurry is in the form of a material
containing significant amounts of diluent, smaller
amounts of unreacted olefinic monomer(s) and which
may contain small amounts of catalyst, cocatalyst, other
hydrocarbons and any other material depending on the
manufacturing process used (hereafter called under the
collective term "contaminants") . After the pressure re-
lease, the raw polymer resin is passed into the above
mentioned purge bin at about atmospheric pressure,
where nitrogen is used to purge these contaminants out.
The purge vent stream from this step contains nitrogen,
diluent, olefinic monomer, and other process-specific
materials.
[0037] In order to minimise the amount of diluent trans-
ferred from an olefin polymerization reactor to a hydro-
carbon purge bin and, optionally, to maximise recovery
of said diluent from the purge bin, the following steps are
carried out:

continuously discharging from the polymerisation re-
actor a slurry comprising polyolefin and diluent;
submitting said slurry to a pressure release such that
the diluent is evaporated and a polyolefin/gas mix-
ture is formed;
continuously discharging said polyolefin/gas mixture
into a collecting vessel; opening the intake valve of
a concentrator vessel comprising also a discharge
valve in such a way that a predetermined volume of
said polyolefin/gas mixture is transferred into said
concentrator vessel;
closing the intake valve of the concentrator vessel;
opening the discharge valve of said concentrator
vessel in such a way that said polyolefin/gas mixture
is transferred into the hydrocarbon purge bin.

[0038] An advantage of the above sequence of steps
is that, instead of transferring the polyolefin/gas mixture
directly from the polymerization reactor - respectively di-
rectly from the collecting vessel - to the purge bin together
with a significant quantity of gas from the polymerization
reactor, a concentrator vessel is used between the po-
lymerization reactor respectively between the collecting
vessel and the purge bin. The quantity of gas transferred
from the polymerization reactor to the purge bin is thus
minimized. Usually, the polymerization reactor is under
high pressure 10-40 x 105 Nm-2(10-40 bars) whereas the
purge bin is at a pressure close to the atmospheric pres-
sure. The less effluent gas is taken out of the collecting
vessel, the less gas must be recycled and pressurized
to the higher pressure required in the polymerization re-
actor. The use of the concentrator vessel as described
above allows to decrease the quantity of gas that is trans-
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ferred to the low pressure side i.e. to the purge bin. For
instance, when isobutane is used as diluent for the po-
lymerization and when the pressure in the second step
of the process of the invention drops to about 10 x
105Nm-2 (10 bar), the quantity of gas transferred to the
purge bin is reduced to about 2.5 weight %. Consequently
the compressors can be of smaller size, they are thus
less costly to buy and to operate. Furthermore, since the
quantity of unreacted monomer and solvent that must be
recycled is smaller, the downstream recycling equipment
may be smaller and less energy-consuming.
[0039] A preferred option is that instead of using one
concentrator vessel, two concentrator vessels are used
in parallel.
[0040] In the first part of the cycle, the first concentrator
vessel is filled with the polyolefin/gas mixture and the
intake valve of the first concentrator vessel is closed.
Before the first concentrator vessel is emptied into the
purge bin, a pressure compensation valve connecting
the two concentrator vessels is opened. Gas contained
in the first concentrator vessel is transferred to the second
concentrator vessel until the pressure in the two concen-
trator vessels is about the same. The pressure compen-
sation valve between the concentrator vessels is then
closed and the first concentrator vessel is emptied into
the purge bin. The pressure inside the first concentrator
vessel drops to the pressure inside the purge bin whereas
the pressure in the second concentrator vessel is higher
than the pressure inside the purge bin but lower than the
pressure in the collecting vessel, i.e. about 30-50% lower.
[0041] In the second part of the cycle, the second con-
centrator vessel will be filled with the polyolefin/gas mix-
ture from the collecting vessel and the pressure between
the two concentrator vessels is equilibrated by opening
the pressure compensation valve connecting the two
concentrator vessels. The second concentrator vessel
will eventually be emptied into the purge bin.
[0042] The method using two concentrator vessels in
parallel reduces the quantity of gas transferred from the
polymerization reactor - respectively form the collecting
vessel - to the low pressure side i.e. to the purge bin still
further. For instance, when isobutane is used as diluent
for the polymerization and when the pressure in step (b)
drops to about 10 x 105 Nm-2 (10 bar), the quantity of
gas transferred to the purge bin is reduced to about 1
weight %. These figures depend on the bulk density of
the polymer and on the density of the gas.
[0043] A further option includes the following steps to
treat the purge vent stream from the purge bin:

- compressing and cooling a purge vent stream from
a purge bin, resulting in partial condensation of the
stream, thereby dividing the stream into a condensed
portion enriched in monomer and an uncondensed
portion enriched in purge gas; dividing the un-
condensed portion into two parts,
recirculating the first part of the uncondensed portion
to the purge bin; treating the second part of the un-

condensed portion in a separation unit, to create a
more-enriched purge gas stream and a mixed
stream;
recirculating the enriched purge gas stream from the
separation unit at the bottom or at an intermediate
level of the purge bin and
recirculating the mixed stream from the separation
unit to the condensation step, by returning them to
the purge vent stream upstream of the compression.
The process for treating the purge vent stream is
very economical. Indeed, since the quantities and
the concentration of monomers and other recyclable
products coming from the purge bin are smaller than
in traditional processes, the equipment, i.e. the com-
pression/ cooling and separation units need not be
very large. They are less costly to buy and to operate.

[0044] Furthermore, to recycle the first part of the un-
condensed portion directly to the purge bin further reduc-
es the size, costs and energy consumption of the equip-
ment. The condensation step is preferably carried out at
a pressure comprised between about 8 to 20 x 105 Nm-2

(8 to 20 bar); when isobutane is used as diluent for the
polymerization, said pressure is typically comprised be-
tween (12 and 16 x 105 Nm-2 (12 and 16 bar). The con-
densation step is preferably further carried out at a tem-
perature comprised between - 30 and + 50 °C; when
isobutane is used as diluent for the polymerization, said
temperature is typically comprised between 5 and 15 °C.
[0045] The separation unit may comprise a membrane
separation unit, a cryogenic separation unit, an absorp-
tion unit. In the case of a cryogenic separation, the unit
comprises a distillation column with a condenser operat-
ing at low temperature, for instance in the range of -50
to -100 °C.
[0046] The separation by means of a membrane is pre-
ferred. It is preferably carried out by using a membrane
that has a selectivity for the faster permeating component
- i.e. the olefin - over the other component - i.e. the purge
gas - of at least about 5. It should be noted that the above
process for minimizing the quantity of gas which is trans-
ferred from a polymerization reactor to a hydrocarbon
purge bin, can be applied to any polymer manufacturing
operation.
[0047] The present invention will now be illustrated with
reference to the accompanying drawings wherein Figure
1 represents diagrammatically a first embodiment of ap-
paratus for reducing the volatiles content of linear high
density polyethylene (HDPE) pellets prepared from
HDPE powder made by the gas phase fluidised bed po-
lymerisation of ethylene.
[0048] Figure 1 shows a purge vessel 1, to which is
fed from an extruder (not shown) a continuous stream of
pellets via inlet pipe 3, with any excess being transferred
to a buffer silo via line 5. In this particular example, the
pellets are introduced at a rate of 6 tonnes/hour, and
purge vessel 1 has a diameter of 4.5m and an internal
volume of 150m3. Hot air from line 14 is introduced at
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points 12, having been heated by steam from line 16.
This air blows upwards through the mass of pellets, and
maintains the temperature inside the purge vessel at
90°C. Plug flow is ensured by the discharge valve, which
is in the form of an upturned cone. In this particular em-
bodiment, the valve is not continuously open, but instead
opens and closes for 2 minutes at a time. It was found
that in this arrangement such a regime ensured plug flow.
The treated pellet discharges into hopper 18 and thence
into a cooling vessel 20, which is cooled to 40-60°C by
water from line 22. Finally, the cooled pellets are dis-
charged into an air conveyor line 24.
[0049] In Figure 2 a similar arrangement is shown, with
a purge vessel 1, fed continuously from an extruder via
inlet pipe 3. In this example the rate of pellet feed is 30
tonnes/hour, and the purge vessel 1 has a greater internal
volume of 700m3, and a different system of both dis-
charge and hot air input. Hot air from line 14, heated by
steam from line 16, is introduced at separate points 12
and 13. In this particular example, the relative rates of
input are 17 kg/s at point 12 and 1kg/s at point 13. It
should be noted that points 12 and 13 are representative
of a number of inlets, typically 3-5, spaced around the
diameter of the purge vessel at the same level. Introduc-
ing the major proportion of hot air at point 12 ensures
that the pellets are satisfactorily heated when as they
enter the purge vessel; further inlets can be provided to
introduce hot air into the centre of the vessel at the same
level so as to ensure homogeneous heating. It has been
found that introducing a substantial flow of air at the top
of the vessel means that only a small flow is required at
the bottom at point 13, where a relatively greater pressure
is required. As in the example of Figure 1, the tempera-
ture inside the purge vessel is maintained at 90°C. Res-
idence time for HDPE pellets is typically 10-12 hours.
The manner of discharge from the vessel 1 is also differ-
ent from that of Figure 1. Instead of an internal valve
arrangement, there is a continuous discharge through
opening 17, with plug flow being ensured by calculation
of the dimensions and angle of tapered portion 15 of the
purge vessel. As before, the treated pellet discharges
into a cooling vessel 20, which is cooled to 40-60°C by
water from line 22. The cooled pellets are then dis-
charged into an air conveyor line 24.

EXAMPLE 1

[0050] The process as described above in connection
with Figure 1 was conducted on a a stream of pellets of
high density polyethylene. Table 1 below shows the con-
tent of volatile material (excluding water) present in the
polymer entering the purge vessel, and the content leav-
ing it after treatment according to the invention, as meas-
ured by chromatography (KWS method on pellets, car-
bon-hydrogen chromatography at 200°C up to C16). It
can be seen that a significant reduction in volatile material
content is achieved by the process of the present inven-
tion: a reduction of over 500ppm is possible.

Claims

1. A process for the separation of volatile material from
particulate polymer discharged from a polymerisa-
tion reactor in the form of a polymer slurry and which
has been substantially freed from unreacted mono-
mer in an earlier separation step, comprising

(a) feeding the particulate polymer to a purge
vessel and causing it to move through the vessel
in substantially plug-flow mode,
(b) heating the particulate polymer in the purge
vessel to a temperature greater than 30°C but
insufficiently high to cause the particles to be-
come agglomerated, and/or maintaining the pol-
ymer at a temperature in this range in the purge
vessel,
(c) feeding gas to the purge vessel to remove
volatile material therefrom, removing the partic-
ulate polymer from the purge vessel,

wherein substantially all of the heating of the parti-
cles which occurs in the purge vessel is accom-
plished by preheating the gas fed into the purge ves-
sel, and the polymer slurry discharged from the po-
lymerisation reactor is submitted to a pressure re-
lease such that diluent is evaporated and a polyole-
fin/gas mixture is formed in a collecting vessel, and
a concentrator vessel is used between the collecting
vessel and the purge vessel.

TABLE 1- volatile material content

Before treatment After treatment Reduction
(ppm) (ppm) (ppm)

546 195 351

496 89 407

550 94 456

646 98 548

732 143 589

601 122 479

456 83 373

532 90 442

543 172 371

621 114 507

649 143 506

564 121 443

552 116 436

474 142 332

13 14 
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2. Process according to claim 1, wherein the polymer
slurry is continuously discharged from the polymer-
isation reactor.

3. Process according to claim 2 wherein the polymer
is a polyolefin and is transferred from the polymeri-
sation reactor to the purge vessel by:

continuously discharging from the polymerisa-
tion reactor a slurry comprising polyolefin and
diluent;
continuously discharging said polyolefin/gas
mixture into a collecting vessel;
opening the intake valve of a concentrator ves-
sel comprising also a discharge valve in such a
way that a predetermined volume of said poly-
olefin/gas mixture is transferred into said con-
centrator vessel;
closing the intake valve of the concentrator ves-
sel;
opening the discharge valve of said concentra-
tor vessel in such a way that said polyolefin/gas
mixture is transferred into the purge vessel.

4. Process according to any preceding claim, wherein
the diluent in the slurry discharged from the polym-
erisation reactor is isobutane.

5. Process according to claim 4, wherein the pressure
in the collecting vessel is 10 x 105 Nm-2 (10 bar), and
the quantity of gas transferred to the purge vessel is
2.5 weight %.

6. Process according to any other claim wherein two
concentrator vessels are used in parallel.

7. Process according to claim 6, wherein the diluent in
the slurry discharged from the polymerisation reactor
is isobutane, the pressure in the collecting vessel is
10 x 105 Nm-2 (10 bar), and the quantity of gas trans-
ferred to the purge vessel is I weight %.

8. Process according to any other claim wherein the
particulate polymer fed to the purge vessel is pre-
heated before entering the purge vessel.

9. Process according to any preceding claim, compris-
ing the additional steps of:

- compressing and cooling the stream of gas dis-
charged from the purge vessel, so as to partially
condense of the stream to form a condensed
portion enriched in monomer and an un-
condensed portion enriched in purge gas;

dividing the uncondensed portion into two parts,
recirculating the first part of the uncondensed portion
to the purge vessel;

treating the second part of the uncondensed portion
in a separation unit, to create a stream further en-
riched in purge gas and a mixed stream;
recirculating the enriched purge gas stream from the
separation unit at the bottom or at an intermediate
level of the purge vessel and
recirculating the mixed stream from the separation
unit to the condensation step, by returning it to the
the stream of gas discharged from the purge vessel
upstream of the compression.

10. Process according to claim 9 wherein the conden-
sation step is carried out at a pressure between 8 x
105 Nm-2 and 20 x 105 Nm-2 (8 and 20 bar).

11. Process according to claim 9 or 10 wherein the con-
densation step is carried out at a temperature be-
tween - 30 and + 50 °C.

12. Process according to any one of claims 9 to 11,
wherein the separation unit is a membrane separa-
tion unit, a cryogenic separation unit or an absorption
unit.

Patentansprüche

1. Verfahren zur Abtrennung flüchtigen Materials von
einem teilchenförmigen Polymer, das in Form einer
Polymersuspension aus einem Polymerisationsre-
aktor ausgetragen wurde und das in einem früheren
Trennschritt im Wesentlichen von nicht umgesetz-
tem Monomer befreit wurde, umfassend:

(a) Zuführen des teilchenförmigen Polymers zu
einem Spülgefäß und Bewirken, dass es sich im
Wesentlichen in einer Pfropfenströmung durch
das Gefäß bewegt;
(b) Erhitzen des teilchenförmigen Polymers in
dem Spülgefäß auf eine Temperatur von mehr
als 30 °C, aber nicht so hoch, dass die Teilchen
agglomerieren würden, und/oder Halten des Po-
lymers auf einer Temperatur in diesem Bereich
in dem Spülgefäß;
(c) Zuführen von Gas zu dem Spülgefäß, um
flüchtiges Material daraus zu entfernen, Entneh-
men des teilchenförmigen Polymers aus dem
Spülgefäß;

wobei das Erhitzen der Teilchen, das im Spülgefäß
erfolgt, im Wesentlichen ausschließlich dadurch er-
folgt, dass das in das Spülgefäß eingeleitete Gas
vorerhitzt wird, und wobei die aus dem Polymerisa-
tionsreaktor ausgetragene Polymersuspension ei-
ner Druckentspannung unterzogen wird, so dass
Verdünnungsmittel verdampft und sich in einem
Sammelgefäß ein Polyolefin/Gas-Gemisch bildet,
und ein Konzentratorgefäß zwischen dem Sammel-
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gefäß und dem Spülgefäß verwendet wird.

2. Verfahren gemäß Anspruch 1, wobei die Polymer-
suspension kontinuierlich aus dem Polymerisations-
reaktor ausgetragen wird.

3. Verfahren gemäß Anspruch 2, wobei das Polymer
ein Polyolefin ist und dadurch aus dem Polymerisa-
tionsreaktor in das Spülgefäß übergeführt wird, dass
man:

eine Suspension, die Polyolefin und Verdün-
nungsmittel umfasst, kontinuierlich aus dem Po-
lymerisationsreaktor austrägt;
das Polyolefin/Gas-Gemisch kontinuierlich in
ein Sammelgefäß austrägt;
das Eintrittsventil eines Konzentratorgefäßes,
das auch ein Austragsventil umfasst, so öffnet,
dass ein vorbestimmtes Volumen des Polyole-
fin/GasGemisches in das Konzentratorgefäß
übergeführt wird;
das Eintrittsventil des Konzentratorgefäßes
schließt;
das Austragsventil des Konzentratorgefäßes
öffnet, so dass das Polyolefin/Gas-Gemisch in
das Spülgefäß übergeführt wird.

4. Verfahren gemäß einem der vorstehenden Ansprü-
che, wobei das Verdünnungsmittel in der aus dem
Polymerisationsreaktor ausgetragenen Suspension
Isobutan ist.

5. Verfahren gemäß Anspruch 4, wobei der Druck in
dem Sammelgefäß 10 x 105 N/m2 (10 bar) beträgt
und die Menge des in das Spülgefäß übergeführten
Gases 2,5 Gew.-% beträgt.

6. Verfahren gemäß irgendeinem anderen Anspruch,
wobei zwei Konzentratorgefäße parallel verwendet
werden.

7. Verfahren gemäß Anspruch 6, wobei das Verdün-
nungsmittel in der aus dem Polymerisationsreaktor
ausgetragenen Suspension Isobutan ist, der Druck
in dem Sammelgefäß 10 x 105 N/m2 (10 bar) beträgt
und die Menge des in das Spülgefäß übergeführten
Gases 1 Gew.-% beträgt.

8. Verfahren gemäß irgendeinem anderen Anspruch,
wobei das dem Spülgefäß zugeführte teilchenförmi-
ge Polymer vorerhitzt wird, bevor es in das Spülge-
fäß eintritt.

9. Verfahren gemäß einem der vorstehenden Ansprü-
che, das die folgenden zusätzlichen Schritte um-
fasst:

Komprimieren und Abkühlen des aus dem Spül-

gefäß ausgetragenen Gasstroms, so dass der
Strom partiell kondensiert, wobei ein konden-
sierter Teil, der an Monomer angereichert ist,
und ein unkondensierter Teil, der an Spülgas
angereichert ist, entstehen;
Aufteilen des unkondensierten Teils in zwei Por-
tionen;
Rückführen der ersten Portion des unkonden-
sierten Teils in das Spülgefäß;
Behandeln der zweiten Portion des unkonden-
sierten Teils in einer Trenneinheit, wobei ein
Strom, der weiter an Spülgas angereichert ist,
und ein gemischter Strom entstehen;
Rückführen des angereicherten Spülgasstroms
aus der Trenneinheit zum unteren oder einem
mittleren Niveau des Spülgefäßes; und
Rückführen des gemischten Stroms aus der
Trenneinheit zum Kondensationsschritt, indem
man ihn zu dem Gasstrom, der vor der Kom-
pression aus dem Spülgefäß ausgetragen wird,
zurückleitet.

10. Verfahren gemäß Anspruch 9, wobei der Konden-
sationsschritt bei einem Druck zwischen 8 x 105

N/m2 und 20 x 105 N/m2 (8 und 20 bar) durchgeführt
wird.

11. Verfahren gemäß Anspruch 9 oder 10, wobei der
Kondensationsschritt bei einer Temperatur zwi-
schen -30 und +50 °C durchgeführt wird.

12. Verfahren gemäß einem der Ansprüche 9 bis 11,
wobei die Trenneinheit eine Membrantrenneinheit,
eine kryogene Trenneinheit oder eine Absorptions-
einheit ist.

Revendications

1. Procédé de séparation d’un matériau volatile de po-
lymère particulaire évacué d’un réacteur de polymé-
risation sous forme d’une suspension de polymère
et qui a été substantiellement débarrassé du mono-
mère qui n’a pas réagi, dans une étape de séparation
antérieure, comprenant

(a)l’apport du polymère particulaire dans un ré-
cipient de purge et son déplacement dans le ré-
cipient dans un mode substantiellement d’écou-
lement piston,
(b)le chauffage du polymère particulaire dans le
récipient de purge à une température supérieure
à 30°C mais insuffisamment élevée pour entraî-
ner l’agglomération des particules et/ou le main-
tien du polymère à une température de cet ordre
dans le récipient de purge,
(c) l’apport de gaz dans le récipient de purge
pour éliminer le matériau volatile de celui-ci, en
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éliminant le polymère particulaire du récipient
de purge,

dans lequel substantiellement la totalité du chauffa-
ge des particules qui se produit dans le récipient de
purge est réalisée par préchauffage du gaz achemi-
né dans le récipient de purge et la suspension de
polymère évacuée du réacteur de polymérisation est
soumise à un relâchement de pression de sorte que
le diluant est évaporé et un mélange polyoléfine/gaz
est formé dans un récipient collecteur, et un récipient
concentrateur est utilisé entre le récipient collecteur
et le récipient de purge.

2. Procédé selon la revendication 1, dans lequel la sus-
pension de polymère est évacuée en continu du
réacteur de polymérisation.

3. Procédé selon la revendication 2 dans lequel le po-
lymère est une polyoléfine et est transféré du réac-
teur de polymérisation dans le récipient de purge
par :

évacuation continue du réacteur de polymérisa-
tion d’une suspension comprenant de la polyo-
léfine et du diluant ;
évacuation continue dudit mélange polyoléfi-
ne/gaz dans un récipient collecteur ;
ouverture de la vanne d’introduction d’un réci-
pient concentrateur comprenant aussi une van-
ne d’évacuation de telle manière qu’un volume
prédéterminé dudit mélange polyoléfine/gaz est
transféré dans ledit récipient concentrateur ;
fermeture de la vanne d’introduction du récipient
concentrateur ;
ouverture de la vanne d’évacuation dudit réci-
pient concentrateur de telle manière que ledit
mélange polyoléfine/gaz est transféré dans le
récipient de purge.

4. Procédé selon l’une quelconque des revendications
précédentes où le diluant dans la suspension éva-
cuée du réacteur de polymérisation est l’isobutane.

5. Procédé selon la revendication 4 où la pression dans
le récipient collecteur est 10 x 105 Nm2 (10 bar), et
la quantité de gaz transféré dans le récipient de pur-
ge est 2,5 % en poids.

6. Procédé selon l’une quelconque des revendications
précédentes où deux récipients concentrateurs sont
utilisés en parallèle.

7. Procédé selon la revendication 6 où le diluant dans
la suspension évacuée du réacteur de polymérisa-
tion est l’isobutane, la pression dans le récipient col-
lecteur est 10 x 105 Nm-2 (10 bar) et la quantité de
gaz transféré dans le récipient de purge est 1 % en

poids.

8. Procédé selon l’une quelconque des revendications
précédentes où le polymère particulaire introduit
dans le récipient de purge est préchauffé avant d’en-
trer dans le récipient de purge.

9. Procédé selon l’une quelconque des revendications
précédentes comprenant les étapes supplémentai-
res de :

compression et refroidissement du courant de
gaz évacué du récipient de purge, de manière
à condenser partiellement le courant pour for-
mer une portion condensée enrichie en mono-
mère et une portion non condensée enrichie en
gaz de purge ;
division de la portion non condensée en deux
parties,
recirculation de la première partie de la portion
non condensée dans le récipient de purge ;
traitement de la seconde partie de la portion non
condensée dans une unité de séparation, pour
créer un courant enrichi encore en gaz de purge
et un courant mélangé ;
recirculation du courant de gaz de purge enrichi
depuis l’unité de séparation au fond ou à un ni-
veau intermédiaire du récipient de purge et
recirculation du courant mélangé depuis l’unité
de séparation dans l’étape de condensation, par
renvoi de celui-ci au courant de gaz évacué du
récipient de purge en amont de la compression.

10. Procédé selon la revendication 9 où l’étape de con-
densation est accomplie à une pression entre 8 x
105 Nm-2 et 20 x 105 Nm-2 (8 et 20 bar).

11. Procédé selon la revendication 9 ou 10 où l’étape
de condensation est accomplie à une température
entre -30 et +50°C.

12. Procédé selon l’une quelconque des revendications
9 à 11 où l’unité de séparation est une unité de sé-
paration à membrane, une unité de séparation cryo-
génique ou une unité d’absorption.
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