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Description

[0001] The present invention relates to a process for
therecycling of articles, and in particular of sheets, based
on a fibre reinforced polymer (preferably a vinyl chloride
polymer).

[0002] Vinyl chloride polymers (PVC) are widely used
for the manufacture of a variety of articles. They are used,
for example, for the manufacture of sheets - generally
reinforced with reinforcing fibres - intended for covering
soils, for covering vehicles (trucks), for the concealing of
buildings on which work is being carried out, for the con-
struction of sets for entertainments or exhibitions, or for
advertizing purposes. These sheets generally have a
large surface area. Furthermore, in many applications,
most particularly in advertising applications or in appli-
cations involving sets for entertainments or exhibitions,
which at the present time are growing considerably, their
lifetime is short, typically a few weeks or months. For
these reasons, large quantities of such sheets are
scrapped each year. The process of recycling them con-
sequently constitutes a major ecological and economic
problem.

[0003] The same situation applies with regard to other
articles based on one or more, flexible or rigid, polymers
(preferably PVC) for example with regard to conveyor
belts, coated fabrics and other elements for the interior
furnishing of vehicles, pipes and hoses, window frames
or polymer-insulated power cables.

[0004] Thorough grinding of these articles usually re-
sults in a mixture of fine particles of heterogeneous com-
position, which is difficult to purify and reuse. Further-
more, in the case of fibre-reinforced articles (for example,
polyester or nylon-fibre-reinforced articles), the fibres of-
ten form a kind of wadding which makes it much more
complicated to reuse the ground particles.

[0005] Various processes based on dissolving, using
organic solvents, have already been proposed ; howev-
er, they often cause safety and pollution problems.
[0006] Patents EP 945481, EP 1232204 and EP
1268628 to SOLVAY aim at solving that problem by pro-
viding arecycling process which is simple, economic and
reliable, which does not produce much pollution and
which allows plastics of high purity and advantageous
morphology to be recovered, while substantially prevent-
ing any additives from being extracted therefrom. This
process includes the dissolution of the polymer in an ad-
equate solvent capable of dissolving it and susceptible
of forming an azeotrope with water, and its precipitation
by injecting steam in the solution thus obtained, which
moreover leads to the stripping of the water-solvent aze-
otrope and so leaves behind a mixture essentially con-
sisting of water and of solid polymer particles which are
recovered, while the vapours resulting from the stripping
are condensed and decanted so as to recover both a
solvent phase for a subsequent dissolution and a "water"
phase for a subsequent precipitation.

[0007] These patents specify that if the article is rein-

10

15

20

25

30

35

40

45

50

55

forced with fibres, said fibres may be recovered as well
and in order to increase their purity, they may be sub-
jected to a subsequent centrifuging and/or washing step,
for example using the same solvent, for the purpose of
removing any residual traces of polymer. According to
their teaching, the solvent which would have been used
for the washing may advantageously be mixed with the
fresh solvent used for the dissolving step ; the fact that
it contains traces of dissolved polymer does not in any
way lessen the effectiveness of the dissolving operation.
The fibres may be reused directly for the manufacture of
plastic-based reinforced articles.

[0008] JP 20008-0621486 describes in its examples,
a washing treatment according to which the recovered
fibres are first washed by "filtration washing" (i.e. the fi-
bres are recovered from the polymer solution on a filter
through which solvent is passed, eventually several
times) and then, they are either (1) merely dried with hot
air, or (2) they are first dispersed again in solvent to form
a slurry in which steam is injected to remove the solvent,
after which the fibres are recovered by filtration and dried
using hot air. However, such a process offers the disad-
vantage that either the residual content of solvent on the
fibres is too high (alternative (1)) or the process is eco-
nomically unattractive because much solvent has to be
evaporated (alternative (2)) or because of the use of hot
air (alternatives (1) and (2)). Additionally, in both alter-
natives, the residual polymer of vinyl chloride is removed
by rinsing with solvent through the fibres retained on a
filter, which is not very efficient.

[0009] The present invention aims at solving these
problems by providing a process for recycling a fibre re-
inforced polymer article, according to which :

- said article, eventually cut in fragments, is dissolved
in a solvent capable of dissolving the polymer but
not the fibres and which is susceptible of forming an
azeotrope with water, forming a solution ;

- the fibres are recovered from said solution ;

- said fibres are washed with solvent by putting them
in the form of a slurry in said solvent and by agitating
the slurry and/or by making the solvent circulate
through it ;

- the washed fibres are recovered from said slurry ;
and

- said recovered fibres are submitted to a stripping
with steam in order to substantially remove the sol-
vent.

[0010] The articles reinforced with fibres in question
may be of any kind of polymer, although they preferably
consistof one or more vinyl chloride (VC) polymers (PVC)
reinforced with fibres. VC polymer (PVC) should be un-
derstood to mean any homopolymer or copolymer con-
taining at least 50 % by weight of VC. Homopolymers of
vinyl chloride are generally used. Apart from one or more
polymers and fibres, the articles may also contain one or
more of the usual additives such as, for example, plasti-
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cizers, stabilizers, antioxidants, fire retardants, pigments,
fillers, etc.

[0011] The articles may be in any form, for example in
the form of flexible pipes or hoses or rigid pipes, contain-
ers, sheets for covering soils (carpet tiles for instance),
tarpaulins, window frames, insulating sheaths of power
cables, wall papers, etc. They may have been manufac-
tured by any known technique : extrusion, coating, injec-
tion moulding, etc.

[0012] Theterm "sheet"should be understood to mean
any thin, flexible or rigid, single-layer or multilayer article,
which may or may not be reinforced by reinforcing fibres
embedded in the plastic. These sheets have any thick-
ness, however this is generally less than 10 mm ; their
thickness is usually between 0.1 and 5 mm. The process
is particularly advantageous for recycling carpet tiles or
tarpaulins, i.e.fibre-reinforced sheets, intended especial-
ly for covering soils, for covering vehicles, for concealing
buildings on which work is being carried out, for the con-
struction of sets for entertainments or exhibitions, or for
advertizing purposes. The sheets may have been man-
ufactured by any technique, for example by calendering
or by coating ; the reinforced sheets are often manufac-
tured by coating a network of fibres by means of a plas-
tisol and heating.

[0013] The reinforcing fibres may be of any kind - nat-
ural or synthetic ; glass fibres, cellulose fibres or plastic
fibres may especially be used. Often these are plastic
fibres, particularly polyester (like polyethylene terephtha-
late (PET)) or polyamide (nylon) fibres. The diameter of
the fibres is usually of the order of 10 to 100 um. They
are often long fibres, the length of which may be up to
several metres. However, they may also be shorter fibres
- ranging from a few millimetres to a few centimetres in
length - possibly forming a woven fabric, a nonwoven
fabric or a felt. By way of illustration, the fibres may rep-
resentfrom 1 to 50 % of the weight of a reinforced sheet,
generally from 10 to 40 %.

[0014] While the process according to the present in-
vention allows to recycle fibre reinforced polymer articles,
this process can also be used for recycling polymer (pref-
erably PVC) / metal composites containing preferably
from 5 to 99 % by weight of metal. Any metal may be
present in such composites. Preferably metals such as
copper, aluminium, iron alloys or steels are present in
the composites. The composites may be in any form, for
example in the form of plates, cables, rods or threads.
They may have been manufactured by any known tech-
nique. All the characteristics and preferences detailled
hereafter for the process according to the invention apply
for the process for recycling such composites except that
preference is particularly given to the use of a rotating
tumbler.

[0015] The first step of the process according to the
invention consists, if necessary, in cutting the articles so
as toreduce them to fragments which are easy to handle.
It is clear that if the article is already in the form of frag-
ments of suitable dimensions, the cutting step is super-
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fluous.

[0016] Thefragments of articles thus obtained are then
subjected to the action of a solvent having several spe-
cific characteristics. This operation may be carried out in
any suitable apparatus, especially one which takes into
account the safety and environmental requirements, for
example in a closed reactor exhibiting sufficient chemical
resistance. The apparatus is preferably a cylindrical
closed reactor which can be placed horizontally or verti-
cally. Among such apparatus which can be used, one
can cite the dissolver-filter which is a cylindrical closed
reactor placed vertically in which a screen is incorporated
as a bottom filtration plate, the rotating tumbler which is
acylindrical closed reactor placed horizontally containing
a cylindrical perforated basket and other cylindrical
closed reactors placed vertically containing a cylindrical
perforated basket.

[0017] The reaction mixture is preferably stirred (this
is particularly the case with the dissolverfilter which is
preferably equipped with an axial pumping impeller),
placed in rotation in only one direction or in each direction
alternatively (this is particularly the case with the rotating
tumbler containing a cylindrical perforated basket, the
rotation of which is forced by an engine) and/or a pump
is used to circulate the solvent inside the apparatus (this
is particularly the case with the other cylindrical closed
reactors placed vertically containing a cylindrical perfo-
rated basket).

[0018] The solvent used is a substance - or a mixture
of substances - capable of dissolving the polymer, pref-
erably vinyl chloride polymer, contained in the treated
article. However the solvent must not dissolve the rein-
forcing fibres. It is also necessary, in the context of the
process according to the invention, for the solvent used
to be advantageously at least partially miscible with wa-
ter, and to form an azeotrope with water.

[0019] Particularly if the polymer is PVC, the solvent
is advantageously chosen from methyl ethyl ketone
(MEK), methyl isobutyl ketone (MIBK), n-methylpyrro-
lidone (NMP) and tetrahydrofuran (THF). Especially if the
polymer is PVC, it is preferred to use MEK (preferably
both for dissolving the article and for the washing of the
fibres) which forms, with water, an azeotrope containing
(at atmospheric pressure) 11 % water and 89 % MEK
(by weight). This solvent does not dissolve glass, poly-
ester or nylon fibres and gives quite good results.
[0020] In fact, in the context of an industrial process
which is either a batch process functioning in loop, or a
continuous process, where the reactives (water and sol-
vent) are recycled and where additives are used (like a
phase separation agent (PSA) and an alcohol as de-
scribed in patent application FR 2921372 in the name of
SOLVAY), the solventis generally not pure butdoes com-
prise a few percents (in weight) of these additives (for
instance up to 10 %, even 31 %). The term "solvent" is
therefore to be understood to mean both single substanc-
es and mixtures of substances.

[0021] Examples of PSA are aliphatic hydrocarbon
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having 5 to 7 carbon atoms. In particular with MEK as
solvent, excellent results have been obtained by choos-
ing n-hexane orisohexane (2-methylpentane) asaphase
separation agent. Examples of alcohols are linear
aliphatic alcohols apart from methanol. In particular, C2-
C6 linear aliphatic alcohols are especially suitable, and
most particularly C3-C5 linear aliphatic alcohols. Isopro-
panol and fert-butyl alcohol (2-methyl-2-propanol) are
therefore particularly suitable. The solvent may also con-
tain a certain amount of water.

[0022] When the polymer is PVC, good results have
been obtained when the solvent used both for dissolving
the article and for washing of the fibres contains between
2 % and 8 % by weight of alcohol (preferably isopropa-
nol), between 13 % and 17 % of a PSA (preferably iso-
hexane) and between 4 % and 6 % of water, the remain-
der (namely between 69 % and 81 % by weight) being
composed of MEK.

[0023] The dissolving operation is carried out at any
temperature, but the solvent is advantageously liquid at
this temperature, of course. It is preferred to operate un-
der auto-generated pressure and at a temperature of ad-
vantageously between 20 and 120°C, preferably from 50
to 100°C.

[0024] The dissolving operation may be carried out at
any pressure. However, it is preferred to carry out the
operation at a pressure of from 2 to 10 barg (relative
pressure, that is the gauge pressure measured on the
pressure gauge), preferably from 2 to 4 bar.

[0025] The time during which the dissolving operation
is carried is advantageously of at least 5, preferably of
at least 10 minutes. This time is advantageously of at
most 120, preferably of at most 40 minutes.

[0026] According to a preferred embodiment of the
present invention, prior to being dissolved, the (frag-
ments of the) article are put either directly into the dis-
solver-filter above the screen incorporated as a bottom
filtration plate, or into the cylindrical perforated basket
contained in the rotating tumbler or in the other cylindrical
closed reactors. The holes of the screen or of the cylin-
drical perforated basket are preferably chosen of a size
such that they keep most the fibres inside the recipient,
while still allowing the solvent to circulate so that efficient
dissolution can occur.

[0027] The introduction of the (fragments of the) article
into the apparatus is preferably followed by oxygen re-
moval and replacement by an inert gas like nitrogen, for
safety reasons.

[0028] Available after the dissolving step is advanta-
geously a solution comprising, on the one hand, a liquid
phase consisting of the solvent in which the polymer is
dissolved and, on the other hand, any undissolved con-
stituents including the reinforcing fibres. According to the
invention, these are recovered from said solution by be-
ing separated from the liquid phase, preferably by filtra-
tion, more preferably through the screen of the dissolver-
filter whose apertures have dimensions of the order of
0.1to 10 mm, or through the cylindrical perforated basked
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contained in the rotating tumbler or in the other cylindrical
closed reactors whose apertures have dimensions of the
order of 0.1 to 10 cm.

[0029] In a first preferred embodiment of the present
invention, the dissolution takes place in a dissolver-filter
in which a screen is incorporated into the dissolver as a
bottom filtration plate so that at the end of the dissolution
step, the polymer solution is discharged through said
plate to be treated separately, while the fibres and all
eventual other insolubles remain inside the dissolver to
be further treated therein as claimed i.e. by washing them
first, recovering them substantially dry again and then,
stripping them with steam. Hence, in that embodiment,
the dissolver is called a dissolver-filter because dissolu-
tion, separation, washing and steam stripping steps all
occur therein.

[0030] In a second preferred embodiment of the
presentinvention, the dissolution takes place inarotating
tumbler containing a cylindrical perforated basket so that
at the end of the dissolution step, the polymer solution is
discharged through said perforated basket to be treated
separately, while the fibres and all eventual other insol-
ubles remain inside the basket to be further treated inside
said basket and tumbler as claimed i.e. by washing them
first, recovering them substantially dry again and then,
stripping them with steam. Hence, in that embodiment,
dissolution, separation, washing and steam stripping
steps all occur inside the basket and tumbler.

[0031] If the stripping step is performed on the fibres
as they are after their separation from the polymer solu-
tion, the residual content of polymer (preferably PVC) on
the fibres is such that they will stick together. Hence, the
residual polymer content must be very low and/or said
polymer must be precipitated on the fibres before strip-
ping them.

[0032] Hence,according to the invention, the fibres are
washed with solvent by putting them in the form of a slurry
in said solvent (preferably hot, more preferably the same
as the one used for the dissolution of the article), advan-
tageously at least once, before steam stripping them.
Preferably, they are washed at least twice and even more
preferably, at least 3 times before steam stripping them.
The solvent resulting from each washing step is prefer-
ably stored in a buffer tank so that it can be re-used in a
subsequent batch, for instance for washing and/or dis-
solving. During washing, the slurry is preferably agitated
and/or the solvent circulates through it.

[0033] Alternatively or additionally, after having been
washed (eventually several times) with solvent, the fibres
may be washed with (preferably hot) water by putting
them in the form of a slurry in water, before being steam
stripped (so as to precipitate the polymer onto the fibres).
During washing, the slurry is preferably agitated and/or
water circulates through it.

[0034] Preferably, the recovering of the fibres after
the/each washing step occurs as after the dissolutioni.e.
the fibres are retained on the bottom filtration plate of the
dissolver-filter or inside the cylindrical perforated basket
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of the rotating tumbler and the steam stripping step oc-
curs while the fibres are still retained on/in these items,
by blowing steam therein. In the particular case of the
dissolverfilter, steam can be either introduced by the bot-
tom or by the top, preferably by the top. In the particular
case of the rotating tumbler, the way steam is introduced
is not critical. The evaporated solvent is advantageously
sent to a condensation sector and recovered.

[0035] After the stripping, either the fibres are advan-
tageously placed in suspension under stirring by addition
of cold water and discharged from the dissolver-filter to
the atmosphere by by-passing the bottom filtration plate
or the tumbler is advantageously opened then the basket
extracted from the tumbler by a mechanical device and
opened, so that the fibres retained therein are discharged
to the atmosphere.

[0036] On the other hand, the polymer solution is ad-
vantageously sent to the precipitator. In this vessel, the
solvent is advantageously evaporated under vacuum
and agitation by direct steam injection. At a certain mo-
ment, the organic phase is no longer a solvent for the
polymer so that said polymer will advantageously precip-
itate in small particles with the fillers and the plasticizer.
The particle size and the bulk density of the polymer par-
ticles are advantageously controlled by the injection of
water and surfactant agent during this process. The or-
ganic phase is advantageously replaced by the aqueous
phase and a solvent-free slurry of recycled polymer par-
ticles into water is obtained at the end of the process.
This slurry is advantageously discharged to a slurry tank
and continuously centrifuged. The water is advanta-
geously sent to the waste water treatment and the recy-
cled polymer is advantageously dried in a fluidized bed,
sieved and packaged in big-bags.

[0037] The evaporated solventis advantageously sent
to the condensation sector, decanted from aqueous
phase and stored, ready for use. The non condensed
gas, containing nitrogen and solvent is advantageously
burned.

[0038] The invention will further be described in more
in detail based on one best mode of carrying out the first
preferred embodiment of the present invention and which
concerns the treatment of tarpaulins made of plasticized
PVC containing among others DOP (dioctyl phthalate)
as plasticizer, polyester as well as CaCOj3 as inert filler.
[0039] The tarpaulins are first cut into fragments, the
dimensions of which are of maximum 10 to 15 cm and
thenfed into a cylindrical dissolverfilter, placed vertically,
equipped with an axial pumping impeller and with a
screen incorporated as a bottom filtration plate. This dis-
solver-filter is closed and the oxygen is removed and re-
placed by nitrogen. This step is necessary for safety rea-
sons because the vapour of solvent mixed with oxygen
is explosive.

[0040] Hot solvent (coming from a buffer tank contain-
ing the solvent of the first washing of the last batch) is
introduced into the dissolver-filter. The dissolution occurs
typically at 95°C, 3 barg and takes 10 minutes under ag-
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itation.

[0041] Typically the solvent contains 75 % MEK, 15 %
isohexane, 5 % water and 5 % isopropanol.

[0042] This solvent will selectively dissolve the PVC
resin and the plasticizer. The filler (CaCO,) is not dis-
solved but is in suspension in the solution. The polyester
and the nylon fibres are not dissolved.

[0043] After complete dissolution of the PVC, the so-
lution is discharged from the dissolver-filter to a precipi-
tator through the bottom filtration plate. This filtration
plate is perforated with holes small enough to keep the
fibres and big enough to avoid plugging and have a high
filtration rate.

[0044] Once the filtration is completed, the fibres are
still wet and contain a certain amount of solution contain-
ing PVC resin.

[0045] Depending on the maximum allowed concen-
tration of PVC resin in the fibres, some washing steps
may be required. This (these) washing step(s) is per-
formed by putting the fibres in suspension into the dis-
solver-filter with hot solvent. The hot solvent is coming
buffer tank(s) containing the washing solvent of the pre-
vious batch. Generally, itis only after three washing steps
that the PVC content into the fibres is low enough to min-
imize the risk of sticking the fibres during the steam strip-
ping step. Preferably, only the last washing step is per-
formed with clean hot solvent. For every step, the wash-
ing solvent is stored in a separate buffer and used for the
next batch.

[0046] The washed fibres are wet and still contain sol-
vent. This solvent has to be removed in order to discharge
the fibres safely to the atmosphere. The removal of the
solvent is done in the dissolverfilter by injecting steam
therein through the top of the dissolver. The evaporated
solvent is sent to a condensation sector and recovered.
After the stripping, the fibres are placed in suspension
under stirring by addition of cold water and discharged
from the dissolver-filter to the atmosphere near the fibres
treatment facilities.

[0047] The dissolver filter is then ready for the next
batch.
[0048] On the other hand, the PVC solution is sent to

the precipitator. In this vessel, the solvent is evaporated
under vacuum and agitation by direct steam injection. At
a certain moment, the organic phase is no longer a sol-
vent for the PVC so that said PVC will precipitate in small
particles with the fillers and the plasticizer. The particle
size and the bulk density of the PVC particles are con-
trolled by the injection of water and surfactant agent dur-
ing this process. The organic phase is replaced by the
aqueous phase and a solvent-free slurry of recycled PVC
particles into water is obtained at the end of the process.
This slurry is discharged to a slurry tank and continuously
centrifuged. The water is sent to the waste water treat-
ment and the recycled PVC is dried in a fluidized bed,
sieved and packaged in big-bags.

[0049] The evaporated solvent is sent to the conden-
sation sector, decanted from aqueous phase and stored,
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ready for use. The non condensed gas, containing nitro-
gen and solvent is burned.

[0050] The invention will further be described in more
in detail based on one best mode of carrying out the sec-
ond preferred embodiment of the present invention and
which concerns the treatment of carpet tiles made of plas-
ticized PVC containingamong others DOP (dioctyl phtha-
late) as plasticizer, polyester and/or nylon fibres, as well
as CaCOj as inert filler.

[0051] These tiles, the dimensions of which are 50 cm
x 50 cm square, are fed, without being cut beforehand,
into a cylindrical perforated basket which is introduced
with a mechanical device into a tumbler, the rotation of
which can be forced by an engine. This tumbler is closed
and the oxygen is removed and replaced by nitrogen.
This step is necessary for safety reasons because the
vapour of solvent mixed with oxygen is explosive.
[0052] Hot solvent (coming from a buffer tank contain-
ing the solvent of the first washing of the last batch) is
introduced into the tumbler. The dissolution occurs typi-
cally at 95°C, 3 barg and takes 10 minutes under rotation
of the tumbler and the basket.

[0053] Typically the solvent contains 75 % MEK, 15 %
isohexane, 5 % water and 5 % isopropanol.

[0054] This solvent will selectively dissolve the PVC
resin and the plasticizer. The filler (CaCO3) is not dis-
solved but is in suspension in the solution. The polyester
and the nylon fibres are not dissolved.

[0055] After complete dissolution of the PVC, the so-
lution is discharged from the tumbler to a precipitator
through the cylindrical perforated basket. This basket is
perforated with holes small enough to keep the fibres and
big enough to avoid plugging and have a high filtration
rate.

[0056] Once the filtration is completed, the fibres are
still wet and contain a certain amount of solution contain-
ing PVC resin.

[0057] Depending on the maximum allowed concen-
tration of PVC resin in the fibres, some washing steps
may be required. This (these) washing step(s) is per-
formed by putting the fibres in suspensioninto the tumbler
with hot solvent. The hot solvent is coming from buffer
tank(s) containing the washing solvent of the previous
batch. Generally, it is only after three washing steps that
the PVC content into the fibres is low enough to minimize
the risk of sticking the fibres during the steam stripping
step. Preferably, only the last washing step is performed
with clean hot solvent. For every step, the washing sol-
vent is stored in a separate buffer and used for the next
batch.

[0058] The washed fibres are wet and still contain sol-
vent. This solventhas to beremoved in order todischarge
the fibres safely to the atmosphere. The removal of the
solvent is done in the tumbler by injecting steam therein.
The evaporated solvent is sent to a condensation sector
and recovered. After the stripping, the tumbler is opened,
then the basket is extracted from the tumbler by a me-
chanical device and opened, so that the fibres retained
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therein are discharged to the atmosphere near the fibres
treatment facilities. The tumbler is then ready for the next
batch (another basket full of carpet tiles should be ready
at this moment).

[0059] On the other hand, the PVC solution is sent to
the precipitator. In this vessel, the solvent is evaporated
under vacuum and agitation by direct steam injection. At
a certain moment, the organic phase is no longer a sol-
vent for the PVC so that said PVC will precipitate in small
particles with the fillers and the plasticizer. The particle
size and the bulk density of the PVC particles are con-
trolled by the injection of water and surfactant agent dur-
ing this process. The organic phase is replaced by the
aqueous phase and a solvent-free slurry of recycled PVC
particles into water is obtained at the end of the process.
This slurry is discharged to a slurry tank and continuously
centrifuged. The water is sent to the waste water treat-
ment and the recycled PVC is dried in a fluidized bed,
sieved and packaged in big-bags.

[0060] The evaporated solvent is sent to the conden-
sation sector, decanted from aqueous phase and stored,
ready for use. The non condensed gas, containing nitro-
gen and solvent is burned.

Claims

1. - Process for recycling a fibre reinforced polymer ar-
ticle, according to which:

- said article, eventually cut in fragments, is dis-
solved in a solvent capable of dissolving the pol-
ymer but not the fibres and which is susceptible
of forming an azeotrope with water, forming a
solution ;

- the fibres are recovered from said solution ;

- said fibres are washed with solvent by putting
them in the form of a slurry in said solvent and
by agitating the slurry and/or by making the sol-
vent circulate through it ;

- the washed fibres are recovered from said
slurry ; and

- said recovered fibres are submitted to a strip-
ping with steam in order to substantially remove
the solvent.

2. - Process according to Claim 1, in which the solvent
used for dissolving the article and for the washing of
the fibres is the same.

3. - Process according to any one of Claims 1 or 2, in
which the polymer is a vinyl chloride polymer and
the solvent used both for dissolving the article and
for the washing of the fibres contains between 2 %
and 8 % by weight of alcohol, between 13 % and 17
% of a phase separation agent and between 4 % and
6 % of water, the remainder (namely between 69 %
and 81 % by weight) being composed of methyl ethyl
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ketone.

- Process according to any one of Claims 1 to 3, in
which the dissolution takes place in a dissolverfilter
in which a screen is incorporated into the dissolver
as a bottom filtration plate so that at the end of the
dissolution step, the polymer solution is discharged
through said plate to be treated separately while the
fibres and all eventual other insolubles remain inside
the dissolver to be further treated therein.

- Process according to any one of Claims 1 to 3, in
which the dissolution takes place in a rotating tum-
bler containing a cylindrical perforated basket so that
at the end of the dissolution step, the polymer solu-
tion is discharged through said perforated basket to
be treated separately while the fibres and all eventual
other insolubles remain inside the basket to be fur-
ther treated inside said basket and tumbler.

- Process according to any one of Claims 1 to 5, in
which the fibers are washed at least once before
steam stripping them.

- Process according to any one of Claims 1 to 6, in
which the fibers are washed at least twice before
steam stripping them.

- Process according to any one of Claims 6 or 7, in
which the solvent resulting from each washing step
is stored in a buffer tank and re-used in a subsequent
batch, for instance for washing and/or dissolving.

- Process according to any one of Claims 1 to 8, in
which after having been washed with solvent and
before being steam stripped, the fibres are washed
with water so as to precipitate the polymer onto the
fibres.

- Process according to any one of Claims 4 to 9, in
which after the washing step, the fibres are retained
on the bottom filtration plate of the dissolver-filter or
inside the cylindrical perforated basket of the rotating
tumbler and the steam stripping step occurs while
the fibres are still retained on/in these items, by blow-
ing steam therein.

Patentanspriiche

1.

Verfahren zum Recyceln von faserverstarkten Poly-
merartikeln, demzufolge:

- dieser Artikel, eventuell in Teile geschnitten, in
einem Losungsmittel aufgeldst wird, das in der
Lage ist, Polymer, aber nicht die Fasern aufzu-
|6sen und welches geeignetist, ein Azeotrop mit
Wasser zu bilden, durch Bildung einer Ldsung;
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- diese Fasern werden aus der Losung zurlick-
gewonnen;

- diese Fasern werden mit einem Lésungsmittel
gewaschen, indem sie in der Form einer Auf-
schldmmung in das Lésungsmittel gegeben und
die Aufschlammung gerlhrt wird und/oder in-
dem das Losungsmittel dazu gebracht wird sie
zu durchstrémen;

- die gewaschenen Fasern werden aus der Auf-
schldammung zurlickgewonnen;

und

- diese recycelten Fasern werden einem Dampf-
stripping unterzogen, um das L&sungsmittel
groRtenteils zu entfernen.

Verfahren gemaR Anspruch 1, bei dem das gleiche
Lésungsmittel zum Auflésen

des Artikels und zum Waschen der Fasern verwen-
det wird.

Verfahren nach einem der Anspriiche 1 oder 2, bei
dem es sich bei dem Polymer um ein Vinylchlorid-
Polymer handelt und das Lésungsmittel, das sowohl
zum Auflésen des Artikels und zum Waschen der
Fasern verwendet wird, zwischen 2 und 8 Gewichts-
% Alkohol, zwischen 13 % und 17 % eines Phasen-
trennungsmittels und zwischen 4 % und 6 % Wasser
enthalt, der Rest (namentlich zwischen 69 und 81
Gewichts- %) besteht aus Methylethylketon

Verfahren nach einem der Anspriiche 1 bis 3, bei
dem die Aufldsung in einem Dissolver-Filter stattfin-
det, bei dem im Dissolver eine Zwischenwand inte-
griert ist, als Boden - Filtrationsplatte, so dass am
Ende des Auflésungsschrittes die Polymerldsung
durch diese Platte abgeleitet wird, um getrennt be-
handelt zu werden, wahrend die Fasern und alle vor-
bleibenden sonstigen, nicht 6sliche Stoffe im Dis-
solver zuriickbleiben, um darin weiter behandelt zu
werden.

Verfahren nach einem der Anspriiche 1 bis 3, bei
dem die Auflésung in einem rotierenden Tumbler
stattfindet, der einen zylindrischen, perforierten Korb
enthalt, so dass am Ende des Auflosungsschrittes
die Polymerlésung durch diesen perforierten Korb
abgeleitet wird, um getrennt behandelt zu werden,
wahrend die Fasern und alle verbleibenden sonsti-
gen, nicht [6sliche Stoffe im Korb zurlickbleiben um
in diesem Korb und Tumbler weiter behandelt zu
werden.

Verfahren nach einem der Anspriiche 1 bis 5, indem
die Fasern vor dem Dampfstripping mindestens ein-
mal gewaschen werden.

Verfahren nach einem der Anspriiche 1 bis 6, indem
die Fasern vor dem Dampfstripping mindestens
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zweimal gewaschen werden.

Verfahren nach einem der Anspriiche 6 oder 7, bei
demdas L&sungsmittel, dasflirden Waschen Schritt
verwendet wird, in einem Puffertank gelagert wird
um bei einer folgenden Charge, zum Beispiel zum
Waschen und/ oder Aufldsen eingesetzt zu werden.

Verfahren nach einem der Anspriiche 1 bis 8,indem,
nachdem die Fasern gewaschen und vor dem
Dampfstripping, die Fasern mit Wasser gewaschen
werden, um das Polymer auf die Fasern abzuschei-
den.

Verfahren nach einem der Anspriiche 4 bis 9, bei
dem nach dem Waschen die Fasern auf einer Bo-
den- Filtrationsplatte des Dissolver- Filters oder in-
nerhalb des zylindrischen, perforierten Korbes des
rotierenden Tumblers zurlickgehalten werden und
das Dampfstripping stattfindet, wahrend die Fasern
noch auf/ in diesen Vorrichtungen zurlickgehalten
werden, indem Dampf darliber geleitet wird.

Revendications

1.

Procédé pour recycler un article basé sur un poly-
mére renforcé a fibre, dans lequel :

- ledit article, finalement découpé en fragments,
est dissous dans un solvant capable de dissou-
dre le polymére mais pas les fibres et suscepti-
ble de former un azéotrope avec de I'eau, for-
mant une solution ;

- les fibres sont recouvertes de ladite solution ;
- lesdites fibres sont lavées avec un solvant en
les mettant sous la forme d’'une bouillie dans
ledit solvant et en agitant la bouillie et/ou en y
faisant circuler le solvant ;

- les fibres lavées sont récupérées de ladite
bouillie ; et

- lesdites fibres récupérées sont soumises a un
décapage a la vapeur afin de retirer 'essentiel
du solvant.

Procédé selon la revendication 1, dans lequel le sol-
vant utilisé pour dissoudre I'article et pour le déca-
page des fibres est le méme.

Procédé selon 'une quelconque des revendications
1 ou 2, dans lequel le polymeére est un polymere de
chlorure de vinyle et le solvant utilisé tant pour dis-
soudre 'article que pour décaper les fibres contient
entre 2% et 8% en poids d’alcool, entre 13% et 17%
d’un agent de séparation de phase et entre 4% et
6% d’eau, le reste (a savoir entre 69% et 81% en
poids) étant composé de méthyle éthyle cétone.
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4,

10.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel la dissolution intervient dans un
filtre dissolveur dans lequel un tamis est incorporé
dans le dissolveur comme plaque de filtration infé-
rieure de fagon qu’a la fin de I'étape de dissolution,
la solution de polymére soit évacuée au travers de
ladite plague pour étre traitée séparément cepen-
dant que les fibres et toutes les autres particules
insolubles subsistantes restent dans le dissolveur
pour continuer a y étre traitées.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel la dissolution intervient dans un
tambour culbuteur rotatif contenant un panier perfo-
ré cylindrique de fagon qu’a la fin de I'étape de dis-
solution, la solution de polymeére soit évacuée au tra-
vers dudit panier perforé pour étre traitée séparé-
ment cependant que les fibres et tous les autres dé-
bris insolubles subsistants restent a l'intérieur du pa-
nier pour continuer a étre traités dans lesdits panier
et tambour culbuteur.

Procédé selon I'une quelconque des revendications
1 a 5, dans lequel les fibres sont lavées au moins
une fois avant que la vapeur ne les décape.

Procédé selon I'une quelconque des revendications
1 a 6, dans lequel les fibres sont lavées au moins
deux fois avant que la vapeur ne les décape.

Procédé selon I'une quelconque des revendications
6 a 7, dans lequel le solvant résultant de chaque
étape de lavage est stocké dans une cuve tampon
et réutilisé dans un bain ultérieur, par exemple pour
le lavage et/ou la dissolution.

Procédé selon I'une quelconque des revendications
1 a 8, dans lequel aprés avoir été lavées avec le
solvant et avant d’étre décapées a la vapeur, les
fibres sont lavées a I'eau de fagon a faire précipiter
le polymére sur les fibres.

Procédé selon I'une quelconque des revendications
4 a9, dans lequel aprés I'étape de lavage, les fibres
sont maintenues sur la plaque de filtration inférieure
du dissolveur/filtre ou a l'intérieur du panier cylindri-
que perforé du tambour culbuteur rotatif et 'étape
de décapage a la vapeur intervient alors que les fi-
bres sont encore maintenues sur/dans ces élé-
ments, en y soufflant la vapeur.
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