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Description

[0001] The present invention relates to a process for
the insertion and conveying of labile additives in streams
of molten material.

[0002] More specifically, the present invention relates
to a process for the insertion and conveying of additives
thermally or chemically labile under the process condi-
tions that typically characterize polymeric melts.

[0003] Labile additives refer to additives which, under
the process conditions, are thermally and/or chemically
instable and therefore partially or totally destroyed when
mixed with a stream of molten material, for example a
molten polymeric stream. Additives that are chemically
incompatible in a stream of molten material, for example,
a polymeric material, are also considered labile, whether
this incompatibility is due to the material itself or due to
further additives possibly contained in said stream.
[0004] Examples of said labile additives are brominat-
ed compounds used for giving flame-retardant properties
to the polymer obtained, such as, for example, hexabro-
mocyclododecane (HBCD) or tetrabromobisphenol A bis
(allyl ether), and also some additives having a synergistic
action on flame retardancy such as 2,3-dimethyl-2,3-
diphenyl butane ordicumyl peroxide. These additives are
unstable, i.e. they tend to degrade spontaneously at the
temperatures used for processing polymeric melts.
[0005] This degradation can be accelerated chemical-
ly, when certain materials that act as degradation cata-
lysts are used. These catalysts can be considered as
being materials incompatible with the additive used, or,
viceversa, the additive used can be considered as being
chemically labile in the presence of these catalysts. Ex-
amples of materials incompatible with brominated organ-
ic additives are carbon, its compounds and derivatives,
such as carbon black, coke, graphites and graphene na-
noplatelets (see for example "Recommended terminolo-
gy for the description of carbon as a solid" - IUPAC Rec-
ommendations 1995).

[0006] Carbon, its compounds and derivative prod-
ucts, can be used for giving particular properties to pol-
ymeric melts or end-products deriving therefrom (for ex-
ample, by increasing the thermal insulation in expanded
polystyrene foams as described in WO 2010/069584).
Atthe same time, it may be necessary to add brominated
additives to the polymeric mixture to give flame-retardant
properties mentioned above. Flame-retardants can be
chemically incompatible with carbon, its compounds and
derivatives products, as they can considerably acceler-
ate the degradation of the brominated compounds in the
polymeric melts.

[0007] It has also been experimentally observed that,
even without the presence of these materials chemically
incompatible with labile additives, the dispersion of these
additives in polymeric melts, necessary for them to be
effective, can accelerate their degradation.

[0008] Consequently a certain degradation of these
additives in polymeric melts, in particular brominated or-
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ganic molecules, is generally unavoidable.

[0009] The degradation of brominated additives is un-
desirable as it can lead to the formation of caustic, toxic
or eco-incompatible substances. Furthermore, degrada-
tion reduces or cancels the effectiveness of the additive
as it reduces the quantity available.

[0010] In the case of brominated molecules, a further
problem is that degradation can generate hydrogen bro-
mide or hydrobromic acid. This acid is known to be ex-
tremely corrosive for steels and other metal alloys nor-
mally used for the construction of a plant, consequently
the generation of the same can jeopardize the solidity
and longevity of the same plant.

[0011] In polymeric matrices such as, for example, vi-
nylaromatic matrices, the acceleration of the degradation
of brominated organic additives conferred by these car-
bon materials can be insomuch rapid and violent as to
prevent the joint use of these additives, in particular if
both are fed in concentrated form by the same polymer
flow. The incorporation of additives in a polymeric phase
can be effected by injection of the same through a suit-
able pumping system when these are previously melted,
or are already in the liquid state. For this purpose, an
extruder can be used, in which the polymeric phase is
already in the molten state or in the form of granules, and
whereinthe additives are fed in a hopper, melted together
with the polymeric stream and mixed therein.

[0012] Alternatively, the additives can be melted in a
suitable system, and then injected into the polymeric
stream by means of a high head pump, for example a
piston pump or diaphragm pump.

[0013] WO 2008/141766 describes a process for the
production of expandable polystyrene (EPS) in continu-
ous mass. The additives are added to the main polymeric
stream through a second polymeric stream. The addi-
tives can be dispersed in the polymer in this second
stream with the help of an extruder equipped with melting
and mixing elements to allow a better distribution of the
additives in the polymeric phase. Optionally, before en-
tering the extruder, the additives and polymerin granules
can be pre-mixed in a suitable mixer for solids, in order
to favour a homogeneous distribution of the components
and consequently the steadiness of the concentration of
the same with time. The preferred device for this opera-
tion is a screw mixer.

[0014] WO 2008/141767 describes expandable com-
posites based on vinyl aromatic polymers having im-
proved thermal insulation properties and the process for
their preparation. Various methods are described for
feeding the additives into the polymeric stream, among
which some wherein the inorganic carbon compounds
are fed separately with respect to the flame-retardant ad-
ditives. According to a process described, the flame-re-
tardant additives are fed in a polymeric side-stream, and
subsequently mixed in the main polymeric stream. Static
or dynamic mixers are used for the purpose.

[0015] Patents WO 2006/058733, WO 2005/056654,
WO 2005/056655 and WO 2006/007994 teach how to
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produce expandable polymeric materials based on vinyl
aromatic polymers, in which the additives, among which
some sensitive to the temperature, can be possibly add-
ed by means of side extruders. Details on the procedures
used forthe side addition are not provided, however. Stat-
ic ordynamic mixing elements are indicated, such as the
same extruders, as adequate devices for effecting the
mixing of the melt.

[0016] EP 0668139 describes a process for the pro-
duction of expanded polystyrene wherein additives are
added, which can deteriorate due to the high operating
temperatures during the extrusion phase. This technical
problem is particularly significant with flame-retardant
additives which can also be incompatible with each other
at high temperatures.

[0017] In order to overcome this technical problem, a
process has been found in which two or more flame-re-
tardants are added, by mixing the polystyrene with a first
masterbatch containing additives that are not flame-re-
tardants, in afirst phase at 175°C, then mixing this molten
mixture with flame-retardant additives in a second phase
at a temperature lower than 150°C. EP 0668139 there-
fore discloses how to mix the polymer with the thermally
unstable additive.

[0018] US 6,783,710 describes a process for the pro-
duction of expandable plastic granules, in particular pol-
ystyrene. As reported in the text, the disclosure of the
invention is based on the discovery that large quantities
of expanded granulated material can only be produced
in a single apparatus if segregation of the molten polymer
and expanding agent, which can also contain other ad-
ditives such as flame-retardants, is avoided. Segregation
is avoided by using static mixers for the whole process
duration as repeated in various points of the text.
[0019] The document Research Disclosure (October
1986, #27052) "A novel method for processing heat sen-
sitive materials in an extrude polymer foam process" de-
scribes a new technique for treating heat-sensitive ma-
terials, such as for example hexabromocyclododecane
(EBCD). The disclosure affirms that the solid heat-sen-
sitive additives can be added to the foam without feeding
them to the main extruder, using, for example, a separate
extruder located downstream the main extruder. The
temperature at which the thermolabile additives are sub-
jected is therefore reduced by 80°C.

[0020] WO 2006007995 describes a process for the
production of expandable polystyrene containing flame-
retardants in which the residence time of the flame-re-
tardant agent is less than 30 minutes, preferably 10 min-
utes. According to a preferred procedure, the flame-re-
tardant is pre-mixed in a side extruder together with a
fraction of molten styrene polymer and then incorporated
in the main molten polymeric stream in order to reduce
its thermal decomposition. The polymer introduced into
the side extruder is generally about 20% by weight of the
total polymer.

[0021] All the documents mentioned above describe
processes for the production of polymeric resins contain-
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ing heat-sensitive additives, and possible special proce-
dures for avoiding the thermal degradation of the same.
[0022] The criticality thatis observed when a labile ad-
ditive is added to a molten material is the thermal and/or
chemical decomposition of these additives during their
residence and their transport in said material. This is par-
ticularly true for molten polymeric streams. The presence
of further additives, such as coke, carbon black, graphite
can facilitate the triggering of these decomposition mech-
anisms, as these compounds can interact with the labile

additives, in particular halogenated flame-retardant
agents.
[0023] The objective of the present invention is there-

fore to eliminate or in any case reduce the thermal and/or
chemical degradation of labile additives when they are
incorporated and transported in a molten mass, prefer-
ably a molten polymeric mass.

[0024] The reduction of the degradation is obtained by
segregating the flow containing the labile additives (here-
inafter indicated with the term labile flow or stream) from
the main flow of molten material (hereinafter indicated
with the term main flow or stream), atthe same time main-
taining both flows in the same transporting pipe.

[0025] Inorderto achieve this, the Applicant has found
a process for the insertion and conveying of a labile ad-
ditive, or a mixture thereof, in a conveying pipe, in which
a main stream of molten material flows, said process
characterized in that it incorporates said additive, or said
mixture, in a portion of the pipe delimited by the main
stream, according to one of the following alternative
modes:

a) in a longitudinal direction with respect to the flow
direction of the main stream of molten material, or
b) in a transversal direction with respect to the flow
direction of the main stream of molten material, or
c¢) according to a composition of the longitudinal (a)
and transversal (b) mode,

thus forming a resulting stream which keeps the labile
additives segregated from the main stream of molten ma-
terial.

[0026] The process, object of the present invention,
can be advantageously used for conveying and staying
of said labile additives in molten polymeric streams. This
process may be necessary, for example, if the feeding
section of these additives is far from the site where these
additives are used or mixed in the polymeric stream.
[0027] The solution identified by the present invention
can also be advantageous when said additives are trans-
ported in the molten state alone, and then finally inserted
in the polymeric stream.

[0028] Further objectives and advantages of the
present invention will appear more evident from the fol-
lowing description and enclosed drawings, which are pro-
vided for purely illustrative and non-limiting purposes.

Figure 1illustrates an example of the implementation
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mode "M1" and preparation mode "P1" according to
the presentinvention, wherein 15 indicates the labile
additives, 16 further non-labile additives, 21 is the
main molten polymeric stream, 22 is the molten pol-
ymeric stream after incorporation of the additives,
43 is a hopper connected to a gravimetric feeder, 44
is a conveying screw, 45 is the hopper of the extrud-
er, 47 is afilter, 48 is a booster pump, 49 is a startup
valve, 50 is aninjector, 51 is a transporting pipe with-
out mixing elements.

Figure 2 illustrates a variant of the implementation
mode "M1" and preparation mode "P1" according to
the present invention. The indexes 15, 16, 21, 22,
43,44, 45, 50 and 51 have the same meaning indi-
cated in Figure 1. According to this variant, part of
the main polymeric fluid is fed to the extruder 45
wherein all additives are incorporated.

Figure 3 illustrates an example of an implementation
mode "M1" and preparation mode "P2" according to
the present invention, wherein the indexes 15, 16,
21,22,43,44,47, 48,49, 50 and 51 have the same
meaning indicated in Figure 1, 56 is a melting equip-
ment having a tank capacity 55 which facilitates the
handling of anomalies and start-ups, 57 is a pump.
Figure 4 illustrates an example of implementation
mode "M2" and preparation mode "P2" according to
the present invention, wherein the indexes 15, 16,
21,22,43,44,45, 47,48, 49 and 51 have the same
meaning indicated in Figure 1, 50 is a feeding point,
58 is a tank capacity, 59 is an shutoff valve.

Figure 5 illustrates an example of implementation
mode "M4" and preparation mode "P1" according to
the present invention, wherein the indexes 15, 16,
21, 22, 43, 44, 45, 47, 48 and 49 have the same
meaningindicated in Figure 1,53 is a screw extruder,
possibly containing mixing elements, before the in-
jection point of the thermolabile additives, 54 is a
conveying pipe without mixing elements.

Figure 6 illustrates an injector for the implementation
mode "M1" according to the present invention,
wherein A is the main polymeric stream that flows
around the injector and B is the flow containing the
labile additives leaving the injector, 110 is the injector
in a side view, whereas 111 shows the section Z-Z
of the same.

Figure 7 illustrates an injector for the implementation
mode "M1" according to the present invention,
wherein the indexes A and B have the same meaning
indicated in Figure 6, 112 is the injector in a side
view, whereas 113 shows the section Z-Z of the
same.

Figure 8 illustrates an injector for the implementation
mode "M1", wherein B is the flow containing labile
additives, 114 is the injector in a side view, whereas
115 shows the section Z-Z of the same.

Figures 9, 10, 11, 12, 13 and 14 show the electronic
microscope analysis of the samples obtained ac-
cording to the examples provided in the present text.
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Detailed description

[0029] The objective of the presentinvention is to elim-
inate or in any case reduce the thermal and/or chemical
degradation of labile additives when they are incorporat-
ed and transported in a molten mass, preferably a molten
polymeric mass. According to the present invention, the
reduction in degradation is obtained by segregating the
flow containing the labile additives from the main stream
of molten material, at the same time, however, keeping
both streams in the same transporting pipe.

[0030] An object of the present invention therefore re-
lates to a process for the insertion and transporting of a
labile additive, or a mixture thereof, in a transporting pipe,
in which a main stream of molten material flows. The
labile additives, or mixtures thereof, can be advanta-
geously incorporated with a continuous flow, or with a
discontinuous flow, preferably intermittent according to
a certain frequency (also indicated as "pulsed" in the
present text).

[0031] The labile additives, or mixtures thereof, are in-
corporated by means of suitable insertion means in a
portion of the pipe delimited by the main stream, accord-
ing to one of the following alternative modes:

a. in a longitudinal direction with respect to the flow
direction of the main stream of molten material, cre-
ating a plug flow; or

b. in a transversal direction with respect to the flow
direction of the main stream of molten material, pref-
erably in a perpendicular direction, or forming an an-
gle less than 90° with respect to the direction of the
main flow; or

c. according to a composition of the longitudinal (a)
and transversal (b) mode.

[0032] In this way, a resulting stream is formed, which
keeps the labile additives segregated from the main
stream of molten material.

[0033] The transporting pipe can also contain mixing
elements or in any case elements disturbing the fluid-
dynamic motion, provided they are positioned so as to
keep the main flow of molten material and labile flow sub-
stantially segregated, such as, preferably, anchor stirrers
or wall-scraper devices.

[0034] These devices, if present, must in any case
avoid an effective mixing between the main stream and
labile stream.

[0035] There are no particular limitations in the choice
of insertion means of the labile stream into the main
stream. For instance, a simple "T" fitting can be used, or
a nozzle from which the labile flow is introduced, or an
injector.

[0036] If an injectoris used, an injection sleeve can be
used, which is inserted in the pipe of the main stream.
This has the aim to insert the labile flow in a well-defined
part of the pipe of the main stream, preferably the central
part.
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[0037] The feeding duct of the labile stream can be
equipped with a non-return valve, or an equivalent de-
vice, which prevents the polymer from returning back
through the pipe of the labile stream when the latter is at
a pressure lower than the pressure of the main fluid. This
condition can occur, for example, if the pumping system
of the labile flow is stopped or if the metering is discon-
tinuous.

[0038] Said check valve can be advantageously ap-
plied close to the injection point, so as to keep the pipe
of the labile flow completely uncontaminated by the ad-
ditives contained in the main stream.

[0039] A diverter valve, for example a three-way, can
be applied always on the feeding duct of the labile stream,
which, if activated, deviates the labile fluid into a recovery
tank capacity and at the same time it intercepts the main
fluid. In this way, the line containing the labile flow can
be reclaimed by feeding a stream not containing labile
additives into the same and purging the product thus
flushed towards said recovery tank capacity.

[0040] The labile flow can be pushed into the convey-
ing pipe without mixing elements by means of any pump-
ing system suitable for the viscosity of the material, for
example single-screw or twin-screw extruders, gear
pumps, lobe pumps, screw pumps and progressive cavity
pumps.

[0041] The molten material transported in the main flow
can preferably be any polymeric material under the proc-
ess conditions that characterize polymeric melts, to
which finely subdivided solid materials have been possi-
bly added, such as for example athermanous agents, like
carbon black, graphite, coke, or nucleating agents such
as talc, silica, and/or liquid or gaseous materials as ex-
panding agents such as pentane and butane. In partic-
ular, said molten material can have a viscosity ranging
from 1 to 10,000 Pa.s and a temperature ranging from
130 to 270°C under the main flow conditions.

[0042] Preferably the material of the labile flow may
itself contain the additives described above, preferably
flame-retardant additives, preferably brominated organic
additives, such as for example hexabromocyclodo-
decane (EBCD), and/or chlorinated organic additives,
synergistic compounds, such as, for example dicumyl
peroxide (DCP) or 2,3 dimethyl 2,3 diphenyl butane, or-
ganic and inorganic bases based on calcium, fluidizing
agents, and brominated and/or chlorinated polymers,
more preferably brominated and/or chlorinated polymers
based on styrene. The labile flow also comprises a sta-
bilizer capable of reducing the release of bromide ions.
[0043] The material of the labile flow can have a vis-
cosity ranging from 0.01 to 5,000 Pa.s and a temperature
typically within the range of 80 to 230°C under the con-
ditions immediately preceding insertion in the main fluid.
The viscosity ratio between main flow and labile flow,
again under the conditions indicated above, must pref-
erably be higher than 0.5. The viscosity ratio between
main flow and labile flow must be more preferably higher
than 1.5. The viscosity ratio between main flow and labile
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flow even more preferably ranges from 2 to 20.

[0044] Following the disclosures of the method and
process conditions described in the present patent ap-
plication, and better described in the enclosed examples,
itis surprisingly possible to substantially reduce the deg-
radation of labile additives. This reduction in degradation
implies a greater availability of the additives.as degrada-
tion generally alters their properties.

[0045] Furthermore, degradation by-products can give
undesired properties or be toxic, thus jeopardizing the
quality of the product obtained.

[0046] Even more surprisingly, the object of the
presentinvention can be particularly effective when there
is the presence of additional materials (hereinafter de-
fined as "catalysts"), which induce or accelerate degra-
dation of labile additives. In this case, there can be a
considerable reduction in the degradation of brominated
additives if the catalyst is fed into the main stream, thus
keeping it substantially segregated with respect to the
stream containing the brominated organic additive.
[0047] Preferred examples of catalyst materials are in-
organic carbon with respect to brominated organic addi-
tives, such as for example hexabromocyclododecane.
More specifically, the inorganic carbon can be graphite,
coke, carbon black or graphene nanoplatelets. The deg-
radation of the additive can be measured by directly es-
timating the concentration of the labile additive in the re-
sulting stream, evaluating its reduction with respect to
the quantity fed; or by quantifying the known decompo-
sition products.

[0048] In the case of brominated molecules, for exam-
ple, this estimation can be effectively obtained by titration
of the hydrobromic acid generated by the relative bro-
mide ions. In fact, at least the portion of bromine atoms
that form hydrobromic acid or the bromide ion should not
be part of the original brominated organic molecule any
more.

[0049] Consequently, in these systems, the analytical
measurement of the quantity of bromide ions provides a
quantitative indication of the degradation of the original
brominated organic additive.

[0050] A series of embodiments of the present inven-
tion, which are not exclusive, are described hereunder,
whereby the labile additives are incorporated and trans-
ported in a stream of molten material (for example a mol-
ten polymeric mass). Configurations resulting from com-
binations of the procedures described in the present text
are also possible.

[0051] According to a first embodiment, indicated in
the textwith "M1", the segregation of the flows is obtained
by inserting the fluid containing labile additives in contin-
uous, hereinafter described as flow "B", by means of an
injector, into the centre of a transporting pipe without mix-
ing elements, in which a stream of molten mass flows,
preferably a polymericfluid, hereinafter described as flow
"A" or "main flow", and allowing said main flow to be dis-
tributed between the walls of the pipe and the flow con-
taining labile additives. The injector brings the stream



9 EP 2 834 291 B1 10

containing labile additives into the centre of the pipe in
which the main stream is flowing.

[0052] Surprisingly, in this way, a reduction in the res-
idence time of the labile additives with respect to the av-
erage residence time is observed experimentally, where-
in the residence time is calculated by dividing the volume
of the pipe by the volumetric flow-rate of the outgoing
fluid.

[0053] In a second embodiment, hereinafter called
"M2", the flow containing labile additives "B" is inserted
in the main flow "A", by means of a transporting line,
discontinuously or in pulsed mode. The discontinuous
mode is preferably obtained either by regulating the rate
of the injection pump of said fluid so that it accelerates
ordecelerates with a certaintime frequency, or preferably
it is possible to interpose a valve in the labile flow, which
is periodically opened and closed. Rotary valves or piston
valves are preferred.

[0054] According to a third embodiment, indicated in
the presenttextwith "M3", the implementation mode "M2"
can be combined with the mode "M1" to obtain an im-
proved separation of the flows. In this way, the labile flow
is brought to the centre of the main flow "A" discontinu-
ously or in pulsed mode, by means of an injector posi-
tioned at the end of a separate transporting line with re-
spect to the main flow "A".

[0055] Inafourthembodiment, hereinafter called "M4",
the labile flow is fed as a side stream directly into an
extruder. In this case, the main flow can be generated
by the same extruder. For instance, if the main flow is of
polymeric nature, then the polymer granules and any
possible additives from a hopper can be fed to the ex-
truder, either the polymericflow can be fed to the extruder
already in the molten state. A fundamental characteristic,
which differs with respect to the side addition technique
already known in the art, is that the mixing and/or melting
elements, if present, must be positioned before the inlet
of the labile flow, so as to limit the mixing of the two flows.
Single-screw, twin-screw extruders and derivatives such
as Buss and Pomini-Farrell (registered trade-marks), or
screw pumps, can be used.

[0056] In addition to what has already been specified,
there are no particular limitations with respect to the po-
sition of the inlet point of the labile flow: the labile flow
can be introduced in correspondence with the end of the
extruder or into the extruder, in an area following the melt-
ing area (if present). The ratio (L/D) between the distance
(L) that extends between the inlet point of the labile flow
and the end of the extruder, and the diameter (D) of the
extruder screws is preferably not higher than 15, even
more preferably it should not be higher than 5.

[0057] According to a fifth embodiment, hereinafter
called "M5", the implementation mode "M2" can be com-
bined with the mode "M4", thus englobing the labile flow
discontinuously. An injection pump is preferably present
along the line of the side stream, which accelerates and
decelerates according to a certain frequency, or a valve
which is periodically opened or closed.
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[0058] Techniques already known in the art can be
used for the preparation of the labile flow.

[0059] In particular, according to a first preparation
method, hereinafter called "P1", the labile flow is gener-
ated in an extruder or other mixer, in which the additives
are melted, possibly mixed and degassed. Examples of
equipments suitable for the purpose are twin-screw ex-
truders, such as the equipments produced by Coperion
GmbH, single-screw extruders, batch mixers such as
"Banbury Mixer", mixing extruders such as "Pomini-
Farell" or "Buss" (registered trade-marks). Before being
fed into the pipe containing the polymer, the labile flow
can be filtered and brought to a higher pressure, for ex-
ample by means of agear pump. In the start-up and shut-
down phases, or for other plant anomalies, the process
conditions can be such that degradation of the labile flow
can no longer be avoided. Advantageously in order to
prevent contamination of the main flow with decomposi-
tion products, a shut-off and purging valve can be insert-
ed, before introduction into the main flow, in orderto allow
the degraded product to be diverted elsewhere.

[0060] Inaddition to said labile additives, the labile flow
can contain other additives, such as fluidifying agents,
nucleating agents, plasticizers, pigments, and others.
The labile flow can also contain a part of the material of
the same type as that used in the main stream.

[0061] In a second preparation method, hereinafter
called "P2", the labile additives, and other additives such
as, in particular, fluidifying agents and melting agents,
can be fed to a melting unit. The additives are heated in
the melting unit, for example by means of electrical re-
sistances or coils through which a thermovector fluid
passes, and melted. The additives can be stirred in the
melting unit in order to accelerate the heat exchange and
consequently the melting process, therefore causing a
reduction in the residence times and consequently in
general areductionin the degradation obtained. The mol-
ten product obtained is then pressurized by means of a
suitable pump (for example a gear pump for viscosities
higher than 100 Pa.s or a spiral or progressive cavity
pump for lower viscosity values) and then fed into the
main stream "A" according to one of the embodiments
described and claimed in the present text.

[0062] As already specified in various points of the
present text, the main stream "A" can preferably be a
polymeric material, preferably a thermoplastic polymer.
Among thermoplastic polymers to which the present in-
vention can be applied, vinyl and vinyl aromatic polymers
and its alloys can be mentioned, such as a butadiene-
styrene copolymer (HIPS), styreneacrylonitrile copoly-
mers and acrylonitrile-butadiene-styrene copolymers
(ABS), also expandable. The expandability can be ob-
tained by incorporating a fluid into the polymeric matrix,
which is capable of forming a gaseous phase following
extrusion, for example carbon dioxide, for the production
of expanded polystyrene sheets (XPS). Alternatively, the
expanding agent can be kept incorporated in the granu-
lated polymer, thus obtaining expandable polystyrene
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(EPS). Mixtures of n- and iso-pentane are normally used
as expanding agents for this purpose.

[0063] The transporting pipe in which there is the con-
tact between the labile flow "B" and the main flow "A" can
be any device suitable for transporting fluids in the molten
state. The transporting pipe is preferably the barrel of an
extruder, preferably a section of jacketed or coiled of dia-
thermic oil pipe, or aline accessory such as a pressurized
recipient. Line accessories and pressurized recipients, if
they also exert the function of transporting the main melt
"A" and labile additives "B" can be equally adequate for
the purpose.

[0064] The section of transporting pipe can be circular,
elliptic, square or hexagonal, lobed. The section is pref-
erably circular.

[0065] The form of the transporting pipe can be pref-
erably straight or curved, for example spiral.

[0066] The labile flows enter the transporting pipe
through an injector whose form does not have particular
limitations. Anyway, it can be advantageous that at least
part of the injector of the labile fluid "B" is shaped so as
to determine the alignment, at least a partial alignment,
of the fluid "B" with respect to the direction of the main
flow "A".

[0067] This expedient can be particularly advanta-
geous when the main flow "A" has a viscosity at least five
times higher than the viscosity of the labile flow "B" under
the injection process conditions (shear deformation rate
and temperature).

[0068] The alignment can be obtained by suitably
shaping a zone of the injector, in particular the terminal
part, so that it is parallel or in any case aligned with the
direction of the main flow "A" as also illustrated, for ex-
ample, infigures 6, 7 and 8. For the sake of brevity, here-
under said area aligned with the direction of the main
flow is referred to with the term "sleeve". The sleeve pref-
erably has a length equal to at least a tenth of the hy-
draulic diameter of the transporting pipe, more preferably
a length equal to at least a third of the hydraulic diameter
of the pipe.

[0069] There are no particular restrictions with respect
to the form of the injector. The sleeve is preferably circu-
lar, annular or polygonal; in this latter case, more prefer-
ably quadrangular or hexagonal. If the sleeve does not
have a cylindrical section and is twisted, there is surpris-
ingly a better segregation between the flows "A" and "B".
Even more preferably, the injector can have grooves or
ribs, which further improve the segregation efficiency.
[0070] The Applicant will now describe some possible
particular embodiments of the present invention with ref-
erence to the figures illustrated in the present text and in
the case in which the main flow "A" is a polymeric mate-
rial.

[0071] Figure 1 illustrates a possible embodiment of
the implementation mode "M1" with the preparation
mode of the additives "P1". The labile additives (15) and
other possible additives (16) are charged into the hop-
pers of gravimetric feeders (43), which control the flow-
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rate of the additives, estimating their weight loss with
time. The conveying screw (44) pre-mixes the additives
and takes them into the hopper of the extruder (45) where
they are melted and possibly mixed and degassed. A
filter (47) removes gels and other contaminations. The
booster pump (48) pressurizes the additives in order to
exceed the pressure of the polymer fed to the pipe (21).
The start-up valve (49) can divert the additives towards
the ground or another storage site, for the start-up or
other anomalies, or send the additives towards the pol-
ymeric flow. The injector (50), optionally equipped with
a check valve, injects the labile additives into the centre
of the transporting pipe of the polymer (51), so that the
polymer is interposed between the walls of the pipe and
the labile fluid. The insertion of elements such as online
filters, flow regulators, shut-off or diverter valves, pumps
for increasing the pressure (booster pumps), such as
gear pumps, is also possible between the injector (50)
and the transporting pipe (51).

[0072] Figure 2 illustrates a variant of the implementa-
tion mode "M1" with the preparation mode of the additives
"P1". According to this variant, part of the polymeric fluid
"A" is fed to the extruder (45) where it incorporates the
labile additives (15) and other possible additives (16).
[0073] Figure 3illustrates an example of the implemen-
tation mode "M1" with the preparation mode of the addi-
tives "P2". The labile additives (15) and other possible
additives (16) are fed to a conveying screw (44) to a melt-
er (56), the latter possibly having a capacity tank (55)
which facilitates the management of anomalies and start-
ups. The melter (56) can be produced with a coil through
which a fluid having a higher temperature flows, located
inside the fluid to be melted, so that it passes through,
or externally, for example by means of a jacket applied
to the melter itself. The melting unit (56) can advanta-
geously comprise static mixing elements or dynamic mix-
ers, such as, for example, anchor or belt mixers. The
molten product is then removed from the pump (57) and
injected into the transporting pipe (51). In order to im-
prove the plantmanagement, it can be useful to interpose
afilter changer (47), a pressurization pump (48), a start-
up valve (49) and all other devices and instruments nor-
mally used for managing polymeric melts.

[0074] Figure4illustrates an example of the implemen-
tation mode "M2" with the preparation mode of the addi-
tives "P1". The labile additives (15) and other possible
additives (16) are fed to a conveying screw (44) to an
extruder (45) which melts them. The melt thus obtained
is filtered (47), pressurized by a gear pump (48) and then
sent to a capacity unit (58) before reaching the shut-off
valve (59). The capacity unit is a tube, recipient or other
piece of line having a volume which is such as to reduce
variations in pressure which are produced when the in-
terception valve is opened or closed. The volume of said
capacity unit should generally be equal to at least a tenth
of the volume sent by the pump (48) within an hour, pref-
erably equal to at least a fourth, even more preferably
equaltoatleasthalf. The valve (59) is periodically opened
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and closed, in order to inject the flow "B" into the poly-
meric flow "A" discontinuously. The start-up valve (49)
allows the product "A" to be deviated towards an alter-
native discharge for the start-up, shut-down or other proc-
ess anomalies. The flow "A" then enters (50) the pipe
(51) where the polymeric stream "B" flows.

[0075] Figure 5illustrates an example of the implemen-
tation mode "M3" and the preparation mode "P1". The
labile additives (15) and other possible additives (16) are
fed to a conveying screw (44) and then extruded (45).
The melt thus obtained is filtered (47) and pressurized
by a pump (48). The start-up valve (49) diverts the fluid
in the case of process anomalies or for the start-up and
shut-down. The polymer "A" is fed to the extruder (53),
where it is possibly melted and mixed by suitable ele-
ments of the melting and mixing screw. The flow "B" com-
ing from the valve (49) is fed from a side inlet of the ex-
truder (53). The screw elements of the extruder after the
sideinletpointare conveyingand compression elements.
The combination of fluids thus obtained is then fed to a
conveying pipe (54).

[0076] Figures 6 to 8 illustrate some examples of in-
jectors representative of the invention. Figure 6 shows a
cylindrical injector having a three-starts spiral groove,
and the relative sectional figure Z-Z.

[0077] Figure 7 shows an injector having arib again in
a three-principle spiral form, and the relative sectional
figure Z-Z.

[0078] Figure 8 shows an injector with a twisted hex-
agonal section, and the relative sectional figure Z-Z.
[0079] The process, object of the present invention,
can be advantageously used for the production of gran-
ulated polymers with retarded flame propagation and
granulated expandable polymers with retarded flame
propagation. A preferred application of the present in-
vention relates to processes for the production of gran-
ulated polymers contemporaneously containing one or
more flame-retardant agents, such as organic brominat-
ed compounds, brominated polymers and carbon-based
materials such as graphite, carbon black, petroleum
coke, soot, carbon nanotubes, graphene nanoplatelets.

EXAMPLES

Example 1 Comparative

[0080] 437 parts of polystyrene (GPPS)N1782, having
a molecular weight of 185 kDa and a melt flow index at
200°C, 5 kg of 8 g/10’; 456 parts of a masterbatch con-
sisting of 50% of N1782 and 50% of Needle Coke 4727
sold by Asbury Graphite Mills Inc. (USA) with a MT50%
particle-size of about 6 micron, a BET of about 11 m2/g;
10 parts of Perkadox 30® (2,3-dimethyl-2,3-diphenylbu-
tane, sold by Akzo Nobel); 87 parts of Saytex HP900G
(hexabromocyclododecane), sold by the company Albe-
marle, 10 parts of inorganic stabilizer (a mixture of calci-
um oxide, aluminium oxide and hydroxide), are fed to a
twin-screw extruder.
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[0081] The product leaving the extruder (residence
time, calculated as volume covered by the fluid divided
by the volumetric flow-rate: about 30 seconds) enters a
static mixer where it remains for 3 minutes, before being
drawn and rapidly cooled in a stream of continuously
cooled water.

[0082] The temperature on the barrels of the extruder,
as well as the temperature of the diathermic oil which is
circulating in the jacket of the static mixer, is setat 190°C.
The temperature measured into the melt leaving the die
before cooling in water is 190°C.

[0083] The productthus obtained was analyzed by de-
termining the total bromine content, and content of free
bromides. The latter are determined by dissolving a pre-
determined quantity of sample in a suitable solvent, add-
ing an aqueous solution, mixing vigorously and then cal-
culating the quantity of bromine ions (i.e. the "free bro-
mides") dissolved in the aqueous phase.

[0084] Thetotalbromine, expressedas HBCD content,
is equal to 8.5% and the free bromides produced are
equal to 3560 ppm.

[0085] A sample was subjected to scanning electron
microscopy analysis (SEM). Figure 9 reproduces the im-
age obtained.

Example 2 Comparative

[0086] Comparative example 1 is repeated, maintain-
ing the same formulation but reducing the flow-rate of
additives and therefore bringing the residence time in the
static mixer to 5 minutes.

[0087] The product thus obtained was analyzed, de-
termining the total bromine content, and content of free
bromides.

[0088] Thetotalbromine, expressedasHBCD content,
is equal to 8.53% and the free bromides produced are
equal to 8700 ppm.

Example 3

[0089] 417 parts of polystyrene (GPPS)N1782, having
a molecular weight of 185 kDa and a melt flow index at
200°C, 5 kg of 8 g/10’; 456 parts of a masterbatch con-
sisting of 50% of N1782 and 50% of Needle Coke 4727
sold by Asbury Graphite Mills Inc. (USA) with a MT50%
particle-size of about 6 micron, a BET of about 11 m2/g;
10 parts of Perkadox 30® (2,3-dimethyl-2,3-diphenylbu-
tane, sold by Akzo Nobel), are fed to a twin-screw ex-
truder.

[0090] 87 parts of Saytex HP900G (hexabromocy-
clododecane), sold by the company Albemarle, 10 parts
of inorganic stabilizer (a mixture of calcium oxide, alu-
minium oxide and hydroxide), and 20 parts of polystyrene
of the type N1782 in powder granule form, are fed to a
single-screw extruder.

[0091] The flow coming from the single-screw extruder
is inserted in the flow coming from the twin-screw extrud-
er coaxially, using an injector of the type illustrated in
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figure 6, the part aligned with the direction of the flow
having a length equal to half of the diameter of the pipe.
[0092] The product thus obtained is passed into a tem-
perature controlled pipe, i.e. equipped with a jacket in
which diathermic oil regulated at the desired tempera-
ture, flows.

[0093] Theresidence time in the temperature control-
led pipe, calculated as a ratio between the volume occu-
pied by the fluids and the sum of the flow-rates of the two
extruders, is 3 minutes.

[0094] The product leaving the temperature controlled
pipe is passed through a die and is then rapidly cooled
by a stream of continuously cooled water.

[0095] The temperature established on the barrels of
the twin-screw extruder, as also the temperature of the
diathermic oil which is circulating in the jacket of the trans-
porting pipe, is equal to 190°C. The temperature estab-
lished on the barrels of the single-screw extruder, on the
other hand, is 160°C. The temperature measured on the
melt leaving the die before cooling in water is equal to
190°C.

[0096] The product thus obtained was analyzed by de-
termining the total bromine content, and content of free
bromides.

[0097] Thetotal bromine, expressed as HBCD content,
is equal to 7.9% and the free bromides produced are
equal to 229 ppm.

[0098] The viscosity ratio between the flow coming
from the single-screw extruder and the flow coming from
the twin-screw extruder, under the temperature condi-
tions immediately before the injector, is resulted about
2.5

[0099] A sample of product was subjected to scanning
electron microscopy analysis (SEM), the result is shown
in Figure 11. Another sample was analyzed with an op-
tical microscope. The result is shown in Figure 14.

Example 4

[0100] Example 3 is repeated, but slowing down the
flows of both extruders so as to have a residence time
on the transporting pipe equal to 5 minutes. The total
bromine, expressed as HBCD content, was measured
and is equalto 7.7% and the free bromides produced are
equal to 197 ppm.

Example 5

[0101] Example 3 is repeated, but using expandable
polystyrene (EPS) of the type Giotto 5000 sold by
Polimeri Europa, containing 5% of pentane, in replace-
ment of polystyrene N1782.

[0102] Thetotal bromine, expressed as EBCD content,
was 8.3% and the free bromides produced were 129 ppm.

Example 6

[0103] Example 3 is repeated, but 87 parts of Saytex
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HP900G (hexabromocyclododecane) sold by the com-
pany Albemarle and 10 parts inorganic stabilizer (a mix-
ture of calcium oxide, aluminium oxide and hydroxide),
are fed to the single-screw extruder. The temperature of
the single-screw extruder was set at 155°C.

[0104] The analysis of total bromine, expressed as HB-
CD content, proved to be equal to 8.0% and the free
bromides produced were equal to 305 ppm.

[0105] A sample of product was analyzed by scanning
electron microscopy (SEM), the result is shown in Figure
10.

Example 7

[0106] Example 3 is repeated, but 87 parts of Saytex
HP900G (hexabromocyclododecane), sold by the com-
pany Albemarle, 10 parts of inorganic stabilizer (a mixture
of calcium oxide, aluminium oxide and hydroxide) and
77 parts of polystyrene of the type N1782 in milled gran-
ule form, are fed to the single-screw extruder. The tem-
perature of the single-screw extruder was set at 170°C.
[0107] The analysis of total bromine, expressed as HB-
CD content, proved to be equal to 9.4% and the free
bromides produced were equal to 23 ppm.

[0108] A sample of product was analyzed by scanning
electron microscopy (SEM), the result is shown in Figure
12.

Example 8

[0109] Example 7 is repeated, but slowing down the
flows of both extruders so as to have a residence time
on the transporting pipe equal to 5 minutes.

[0110] The analysis of total bromine proved to be equal
to 7% (2.3% as EBCD) and the free bromides produced
are equal to 30 ppm.

Example 9

[0111] Example 8isrepeated, butincreasing the length
of the pipe so as to have a residence time on the trans-
porting pipe equal to 10 minutes.

[0112] The analysis of total bromine proved to be equal
to 8.5% as HBCD, and the free bromides produced were
equal to 50 ppm.

Example 10

[0113] Example 3 is repeated, but Perkadox 30 is not
fed to the twin-screw extruder. 110 parts of Emerald 3000
(brominated polymer supplied by Great Lakes Solutions,
business unit of Chemtura), 10 parts of inorganic stabi-
lizer (a mixture of calcium oxide, aluminium oxide and
hydroxide), 10 parts of Perkadox 30 and 90 parts of pol-
ystyrene of the type N1782 in milled granule form, are
fed to the single-screw extruder. The temperature of the
single-screw extruder was set at 190°C.

[0114] The analysis of total bromine proved to be equal



17 EP 2 834 291 B1 18

to 6.8% and the free bromides produced were equal to
24 ppm.

[0115] A sample of product was analyzed by scanning
electron microscopy (SEM), the result is shown in Figure
13.

Example 11

[0116] Example 10 is repeated, but slowing down the
flows of both extruders so as to have a residence time
on the transporting pipe equal to 5 minutes. The total
bromine was measured and proved to be equal to 7.3%
and the free bromides produced are equal to 28 ppm.

Example 12

[0117] Example 3 is repeated, but Perkadox 30 is not
fed to the twin-screw extruder, whereas 87 parts of Say-
tex HP90OP (hexabromocyclododecane), 10 parts of in-
organic stabilizer (a mixture of calcium oxide, aluminium
oxide and hydroxide) and 20 parts of dicumyl peroxide
are fed to the single-screw extruder. The temperature of
the single-screw extruder was set at 135°C.

[0118] The residence time on the pipe was set at 5
minutes, slowing down the flows from both extruders.
[0119] Analysis of the dicumyl on the sample thus ob-
tained proved to be equal to 1.7%.

Example 13

[0120] The formulation, temperatures and flow-rates
of Example 3 are repeated but the melt coming from the
single-screw extruder is fed to the side inlet of the twin-
screw extruder, according to mode M4.

[0121] In the twin-screw extruder, the side inlet is lo-
cated at a distance of 32 diameters from the hopper. In
the subsequent 8 diameters, there are conveying and
compression elements.

[0122] The twin-screw extruder feeds the same tem-
perature controlled transporting pipe already described
in Example 3, followed by granulation of the product.
[0123] Theresidence time proved to be 3 minutes. The
total bromine was measured and proved to be equal to
7.1% and the free bromides produced are equal to 380

ppm.

Example 14

[0124] 417 parts of polystyrene (GPPS)N1782, having
a molecular weight of 185 kDa and a melt flow index at
200°C, 5kg of 8 g/10’; 456 parts of a masterbatch con-
sisting of 50% of N1782 and 50% of Needle Coke 4727
sold by the company Asbury Graphite Mills Inc. (USA)
with a MT50% particle-size of about 6 micron, a BET of
about 11 m?/g; 10 parts of Perkadox 30® (2,3-dimethyl-
2,3-diphenylbutane, sold by Akzo Nobel), are fed to a
twin-screw extruder.

[0125] 87 parts of Saytex HP900G (hexabromocy-
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10

clododecane), sold by the company Albemarle, 10 parts
of inorganic stabilizer (a mixture of calcium oxide, alu-
minium oxide and hydroxide), and 20 parts of polystyrene
of the type N1782 in milled granule form, are fed to a
single-screw extruder.

[0126] The flow coming from the single-screw extruder
is pressurized by means of a gear pump, and then con-
veyed to a pipe that acts as capacity unit, where the labile
fluid has an average residence time of 2 and a half min-
utes. Said pipe terminates with a rotary valve whose ro-
tating body consists of a solid disk in which there is a
pass-through hole along one diameter. The inlet and out-
let are at 180°. When the hole is alighed between the
inlet and the outlet, an opening is created and the labile
fluid can pass to the other part; viceversa, in the other
positions, the solid disk clogs the passage and prevents
the fluid from flowing.

[0127] The rotational valve is rotated at 2 rpm. In this
way, a pulsed flow is obtained, with a frequency equal to
4 pulses per minute each with a duration of about one
and a half seconds. After passing through the rotary
valve, the labile fluid is inserted in the main polymeric
flow by means of an injector.

[0128] The productthus obtained is passed into atem-
perature controlled pipe, i.e. equipped with a jacket in
which diathermal oil regulated at the desired tempera-
ture, flows.

[0129] The pressure of the pipe acting as capacity unit
is maintained at about 30 bar higher than the pressure
of the receiving temperature controlled pipe in order to
prevent backflows.

[0130] The residence time in the temperature control-
led pipe, calculated as a ratio between the volume occu-
pied by the fluids and the sum of the flow-rates of the two
extruders, is 3 minutes.

[0131] The product leaving the temperature controlled
pipe is passed through a die and is then rapidly cooled
by a stream of continuously cooled water.

[0132] The temperature set on the barrels of the twin-
screw extruder, as also the temperature of the diathermal
oil which is circulating in the jacket of the transporting
pipe, is equal to 190°C. The temperature set on the bar-
rels of the single-screw extruder, on the other hand, is
160°C. The temperature measured on the melt leaving
the die before cooling in water is equal to 190°C.
[0133] The product thus obtained was analyzed by de-
termining the total bromine content, and content of free
bromides.

[0134] Thetotal bromine, expressedas HBCD content,
is equal to 7.0% and the free bromides produced are
equal to 289 ppm.

Discussion of the examples

[0135] The production of free bromides shows degra-
dation of the brominated flame-retardant agent, as the
original brominated flame-retardantagentis substantially
free of these.
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[0136] In the comparative examples, the quantity of
free bromide produced is about 3500 ppm after 3 minutes
and 8700 ppm after 5 minutes, showing a rapid degra-
dation of HBCD and therefore a poor stabilization of the
same.

[0137] In examples 3 to 11, the production of free bro-
mide was significantly lower, even if substantially the
same formulation was used (in particular, the same ratios
between HBCD and coke).

[0138] Theimportantreductioninthe productionoffree
bromides indicates that a strong reduction in the degra-
dation of the product was obtained.

[0139] Example 12 shows thatthe same technique can
be applied to other thermolabile compounds, such as di-
cumyl peroxide, obtaining comparable results.

[0140] Example 13 shows that comparable results can
be obtained by inserting the labile stream laterally with
respect to the extruder of the main stream.

[0141] Example 14 shows comparable results ob-
tained with a pulsed flow of the labile additive.

[0142] Analyses effected with an electronic and optical
microscope of the samples obtained from the examples
set forth above showed a clear separation between the
phase containing the brominated agent and the polymer-
ic phase containing coke.

[0143] This separation is totally absent in the case of
the comparative examples.

[0144] In both the examples and comparative exam-
ples, a quantity of stabilizer in excess with respect to the
production of free bromides was used, so as to not only
not damage the equipment but also ensuring correct re-
sults from the analyses. The excess of stabilizer, in fact,
allows the free bromide to be fixed, which could otherwise
be lost as a gaseous emission, thus altering the results
of the analyses.

Claims

1. A process for the insertion and conveying of a labile
additive, or a mixture thereof, in a conveying pipe in
which a main stream of molten material flows, said
process characterized in that it incorporates said
additive, or said mixture, in a portion of the pipe de-
limited by the main stream, according to one of the
following alternative modes:

a) in a longitudinal direction with respect to the
flow direction of the main stream of molten ma-
terial, or

b) in a transversal direction with respect to the
flow direction of the main stream of molten ma-
terial, or

¢) according to a composition of the longitudinal
(a) and transversal (b) mode,

thus forming a resulting stream which keeps the la-
bile additives segregated from the main stream of
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1

10.

1.

12.

13.

14.

20
molten material.

The process according to claim 1, wherein the labile
additives, or mixtures thereof, are fed into the pipe
with a continuous flow, or discontinuous flow accord-
ing to a certain time frequency.

The process according to claims from 1 and 2,
wherein the labile additive, or mixtures thereof, is
incorporated perpendicularly with respect to the flow
direction of the main stream of molten material.

The process according to claims from 1 to 3, wherein
the labile additives or mixtures thereof, are incorpo-
rated in the central part of the transporting pipe.

The process according to claims from 1 to 4, wherein
the labile stream has a viscosity ranging from 0.01
Pas to 5000 Pa.s and a temperature ranging from
80°C to 230°C.

The process according to claims from 1 to 5, wherein
the viscosity ratio between the main stream of molten
material and the labile stream, under the process
conditions used, is higher than 0.5.

The process according to claims from 1 to 6, wherein
the labile additives, or mixtures thereof, are incorpo-
rated by means of a side extruder or an injector.

The process according to claims from 1 to 7, wherein
the labile additives are melted before being incorpo-
rated in the transporting pipe.

The process according to claims from 1 to 8, wherein
the main stream of molten material is a molten ther-
moplastic polymer.

The process according to claim 7, wherein at least
part of the injector is shaped so as to align the labile
flow in the direction of the main stream of molten
material.

The process according to claim 10, wherein said
shaped part is the terminal part of the injector.

The process according to claim 11, wherein the ter-
minal part is aligned with the direction of the main
stream.

The process according to claim 12, wherein the
length of the terminal part of the injector is at least a
tenth of the hydraulic diameter of the transporting
pipe.

The process according to claims from 10 to 13,
wherein the part of the injector aligned with the di-
rection of the main stream of molten material does
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21
not have a cylindrical section and is twisted.

The process according to claims from 10 to 13,
wherein the part of the injector aligned with the di-
rection of the main stream of molten material has
grooves or ribs.

The process according to claims from 1 to 15, where-
in mixing elements are not presentin the transporting

pipe.

The process according to claims from 1 to 16, where-
in the labile additives, or mixtures thereof, are bro-
minated and/or chlorinated organic materials.

The process according to claim 17, wherein said bro-
minated and/or chlorinated organic material is poly-
meric.

The process according to one of the claims 17 or 18,
wherein the labile stream also comprises a stabilizer
capable of reducing the release of bromine ions.

The process according to claims 1 to 19, wherein
the main stream of molten material contains one or
more material chemically incompatible with said la-
bile additive.

The process according to claim 20, wherein said
chemically incompatible material is an inorganic
compound of carbon as element.

The process according to claim 21, wherein said in-
organic compound of carbon as element is coke, car-
bon black, graphite or graphene nanoplatelets.

Patentanspriiche

1.

Ein Verfahren fiir die Einbringung und Befdrderung
eines labilen Zusatzstoffes oder einer Mischung da-
von in ein/einem Beforderungsrohr, in dem ein
Hauptstrom aus schmelzflissigem Material fliet,
wobei das Verfahren dadurch gekennzeichnet ist,
dass es den Zusatzstoff oder die Mischung gemanr
einer der folgenden alternativen Arten in einen von
dem Hauptstrom abgegrenzten Abschnitt des Rohrs
einfuhrt:

a) hinsichtlich der FlieRrichtung des Haupt-
stroms aus schmelzflissigem Material in einer
longitudinalen Richtung oder
b) hinsichtlich der FlieRrichtung des Haupt-
stroms aus schmelzflissigem Material in einer
transversalen Richtung oder
c) gemaR einer Mischung aus der longitudinalen
(a) und transversalen (b) Art,
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10.
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12.

13.
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wodurch ein resultierender Strom gebildet wird, der
die labilen Zusatzstoffe von dem Hauptstrom aus
schmelzflissigem Material getrennt halt.

Verfahren gemaf Anspruch 1, wobei die labilen Zu-
satzstoffe oder Mischungen davon in einem konti-
nuierlichen Fluss oder einem diskontinuierlichen
Fluss gemaR einer gewissen Zeitfrequenz in das
Rohr gespeist werden.

Verfahren gemafl den Anspriichen 1 und 2, wobei
der labile Zusatzstoff oder Mischungen davon hin-
sichtlich der FlieRrichtung des Hauptstroms aus
schmelzflissigem Material senkrecht eingefiihrt
werden.

Verfahren gemaR den Anspriichen 1 bis 3, wobei die
labilen Zusatzstoffe oder Mischungen davon in den
zentralen Teil des Transportrohrs eingefiihrt wer-
den.

Verfahren gemaR den Anspriichen 1 bis 4, wobei
der labile Strom eine Viskositat im Bereich von 0,01
Pa.s bis 5000 Pa.s und eine Temperatur im Bereich
von 80 °C bis 230 °C aufweist.

Verfahren gemaR den Anspriichen 1 bis 5, wobei
das Viskositatsverhaltnis zwischen dem Hauptstrom
aus schmelzflissigem Material und dem labilen
Strom unter den verwendeten Verfahrensbedingun-
gen groRer als 0,5 ist.

Verfahren gemaR den Anspriichen 1 bis 6, wobei die
labilen Zusatzstoffe oder Mischungen davon mittels
eines Seitenextruders oder eines Injektors einge-
fUhrt werden.

Verfahren gemaR den Anspriichen 1 bis 7, wobei die
labilen Zusatzstoffe vor dem Einflihren in das Trans-
portrohr geschmolzen werden.

Verfahren gemaR den Anspriichen 1 bis 8, wobei
der Hauptstrom aus schmelzflissigem Material ein
schmelzflissiges thermoplastisches Polymer ist.

Verfahren gemanr Anspruch 7, wobei mindestens ein
Teil des Injektors geformt ist, um den labilen Fluss
in der Richtung des Hauptstroms aus schmelzflis-
sigem Material auszurichten.

Verfahren gemaf Anspruch 10, wobei der geformte
Teil der Endteil des Injektors ist.

Verfahren gemaR Anspruch 11, wobei der Endteil
nach der Richtung des Hauptstroms ausgerichtet ist.

Verfahren gemaRk Anspruch 12, wobeidie Lange des
Endteils des Injektors mindestens ein Zehntel des
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hydraulischen Durchmessers des Transportrohrs
betragt.

Verfahren gemaf den Anspriichen 10 bis 13, wobei
der nach der Richtung des Hauptstroms aus
schmelzflissigem Material ausgerichtete Teildes In-
jektors keinen zylinderférmigen Teilabschnitt auf-
weist und gewunden ist.

Verfahren geman den Anspriichen 10 bis 13, wobei
der nach der Richtung des Hauptstroms aus
schmelzflissigem Material ausgerichtete Teildes In-
jektors Rillen oder Rippen aufweist.

Verfahren gemafR den Anspriichen 1 bis 15, wobei
in dem Transportrohr keine Mischelemente vorhan-
den sind.

Verfahren gemaf den Anspriichen 1 bis 16, wobei
die labilen Zusatzstoffe oder Mischungen davon bro-
mierte und/oder chlorierte organische Materialien
sind.

Verfahren gemaR Anspruch 17, wobei das bromierte
und/oder chlorierte organische Material polymer ist.

Verfahren gemaf einem der Anspriiche 17 oder 18,
wobei der labile Strom auch einen Stabilisator bein-
haltet, der in der Lage ist, die Freisetzung von Bro-
mionen zu reduzieren.

Verfahren gemafR den Anspriichen 1 bis 19, wobei
der Hauptstrom aus schmelzflissigem Material ein
oder mehrere Materialien enthalt, die mitdem labilen
Zusatzstoff inkompatibel sind.

Verfahren gemaR Anspruch 20, wobeidas chemisch
inkompatible Material eine anorganische Verbin-
dung aus Kohlenstoff als Element ist.

Verfahren gemaR Anspruch 21, wobei die anorga-
nische Verbindung aus Kohlenstoff als Element
Koks, Ru3, Graphit oder Graphennanoplattchen ist.

Revendications

Un procédé pour l'insertion et 'acheminement d’'un
additif labile, ou d’'un mélange de celui-ci, dans un
tuyau d’acheminement dans lequel un flux principal
de matiére fondue s’écoule, ledit procédé étant ca-
ractérisé en ce qu’il incorpore ledit additif, ou ledit
mélange, dans une portion du tuyau délimitée parle
flux principal, selon P'un des modes alternatifs
suivants :

a) dans une direction longitudinale par rapport
a la direction d’écoulement du flux principal de
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matiére fondue, ou

b) dans une direction transversale par rapport a
la direction d’écoulement du flux principal de
matiére fondue, ou

c) selon une composition du mode longitudinal
(a) et du mode transversal (b),

formant ainsi un flux résultant qui maintient les ad-
ditifs labiles ségrégés du flux principal de matiére
fondue.

Le procédé selon larevendication 1, dans lequel les
additifs labiles, ou mélanges de ceux-ci, sont ame-
nés dans le tuyau avec un écoulement continu, ou
un écoulement discontinu selon une certaine fré-
quence de temps.

Le procédé selon les revendications 1 et 2, dans
lequel 'additif labile, ou les mélanges de celui-ci, est
incorporé perpendiculairement par rapport a la di-
rection d’écoulementdu flux principal de matiére fon-
due.

Le procédé selon les revendications 1 a 3, dans le-
quel les additifs labiles ou les mélanges de ceux-ci,
sont incorporés dans la partie centrale du tuyau de
transport.

Le procédé selon les revendications 1 a 4, dans le-
quel le flux labile a une viscosité comprise dans la
gamme allantde 0,01 Pa.s a 5 000 Pa.s et une tem-
pérature comprise dans la gamme allantde 80 °C a
230 °C.

Le procédé selon les revendications 1 a 5, dans le-
quel le rapport de viscosité entre le flux principal de
matiére fondue et le flux labile, dans les conditions
de procédé utilisées, est supérieur a 0,5.

Le procédé selon les revendications 1 a 6, dans le-
quel les additifs labiles, ou les mélanges de ceux-ci,
sont incorporés au moyen d’une extrudeuse latérale
ou d’un injecteur.

Le procédé selon les revendications 1 a 7, dans le-
quel les additifs labiles sont fondus avant d’étre in-
corporés dans le tuyau de transport.

Le procédé selon les revendications 1 a 8, dans le-
quel le flux principal de matiére fondue est un poly-
mére thermoplastique fondu.

Le procédé selon la revendication 7, dans lequel au
moins une partie de l'injecteur est fagonnée de ma-
niere a aligner I'écoulement labile dans la direction
du flux principal de matiére fondue.

Le procédé selon la revendication 10, dans lequel
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ladite partie fagonnée est la partie terminale de I'in-
jecteur.

Le procédé selon larevendication 11, dans lequel la
partie terminale est alignée avec la direction du flux
principal.

Le procédé selon larevendication 12, dans lequel la
longueur de la partie terminale de l'injecteur fait au
moins un dixieme du diamétre hydraulique du tuyau
de transport.

Le procédé selon les revendications 10 a 13, dans
lequella partie de I'injecteur alignée avec ladirection
du flux principal de matiére fondue ne présente pas
de section cylindrique et est tordue.

Le procédé selon les revendications 10 a 13, dans
lequella partie de I'injecteur alignée avec ladirection
du flux principal de matiére fondue présente des rai-
nures ou des nervures.

Le procédé selon les revendications 1 a 15, dans
lequel il n’est pas présent d’éléments de mélange
dans le tuyau de transport.

Le procédé selon les revendications 1 a 16, dans
lequel les additifs labiles, ou les mélanges de ceux-
ci, sontdes matiéres organiques bromées et/ou chlo-
rées.

Le procédé selon la revendication 17, dans lequel
ladite matiére organique bromée et/ou chlorée est
polymérique.

Le procédé selon 'une des revendications 17 ou 18,
dans lequel le flux labile comprend aussi un stabili-
sant capable de réduire la libération d’ions brome.

Le procédé selon les revendications 1 a 19, dans
lequel le flux principal de matiére fondue contient
une ou plusieurs matiéres chimiquement incompa-
tibles avec ledit additif labile.

Le procédé selon la revendication 20, dans lequel
ladite matiére chimiquement incompatible est un
composé inorganique du carbone comme élément.

Le procédé selon la revendication 21, dans lequel
ledit composé inorganique du carbone comme élé-
ment est du coke, du noir de carbone, du graphite
ou des nanoplaquettes de graphéne.
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