wo 2017/108961 A 1[I I 0000 OO 0O

(43) International Publication Date

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

(19) World Intellectual Property
Organization
International Bureau

—~
é

\\

(10) International Publication Number

WO 2017/108961 A1

29 June 2017 (29.06.2017) WIPOIPCT
(51) International Patent Classification: (74) Agents: BLOT, Philippe et al.; Lavoix, 2, place d'Estienne
B29B 17/00 (2006.01) B29L 9/00 (2006.01) d'Orves, 75441 Paris Cedex 09 (FR).
B29B 17/02 (2006.01) (81) Designated States (uniess otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/EP2016/082197 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. . BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
(22) International Filing Date: DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
21 December 2016 (21.12.2016) HN. HR, HU, ID, IL. IN. IR, IS, JP, KE. KG, KH, KN,
(25) Filing Language: English KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
. MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
(26) Publication Language: English NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
(30) Priority Data: RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
15307082.6 21 December 2015 (21.12.2015) EP g g\/{ T%TN» TR, TT, TZ, UA, UG, US, UZ, VC, VN,
(71) Applicants: AUTOMOTIVE EXTERIORS EUROPE o S
[FR/FR]; 19 Boulevard Jules Carteret, 69007 Lyon (FR). (84) Designated States (uniess otherwise indicated, for every
FAURECIA INTERIEUR INDUSTRIE [FR/FR]; 2, Rue kind Of regional protection available): ARIPO (BW, GH,
Hennape, 92000 Nanterre (FR). FAURECIA SIEGES GM. KE, LR, LS, MW, MZ, NA, RW., SD, SL, ST, SZ,
D'AUTOMOBILE [FR/FR]; 2 rue Hennape, 92000 Nan- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
terre (FR), TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, FE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Inventors: MICHEL, Christophe; 4, rue Claude Kogan, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
90000 Belfort (FR). MULHAUPT, Rolf; Ferdinand-Kopf- SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
Strasse 9, 79117 Freiburg (DE). FRIEDRICH, Christian; GW, KM, ML, MR, NE, SN, TD, TG).
Winterbachstrasse 28, 79286 Glottertal (DE). KER- Published:

SCHER, Benjamin; Jahnstrasse 31, 79117 Freibuerg
(DE). MATTHES, Ulrich; Blauenstrasse 20, 79115
Freiburg (DE). HASIS, Klaus; Marddelstrasse 17, 77743
Neuried (DE). SZANTO, Levente; Rennweg 28, 79106
Freiburg (DE). BURON, Marie-Pierre; 4 Voie de Mont-
béliard, 25260 Montenois (FR).

with international search report (Art. 21(3))

(54) Title: METHOD FOR RECYCLING A PAINT-COATED PLASTIC ARTICLE AND RELATED PAINT FILM DECOMPOS-
ITION AGENT

o

5/34 / ﬁ{

diae

8

Fig.1

(57) Abstract: The invention relates to a method for recycling a paint-coated plastic article, said article being made of plastic materi -
al and being coated at least in part with paint, the method comprising steps of: a) crushing the article for forming raw particles, at
least some of which containing a portion of the paint; b) melting and kneading the raw particles; bl) blending a paint film decompos -
ition agent with the raw particles, during step b), for forming a reactive mixture while the raw particles are being melted and
kneaded, at least a portion of the paint being degraded into degraded paint particles by the paint film decomposition agent in the re -
active mixture, and ¢) obtaining, by means of step b), a recycled plastic material from which the paint is at least in part removed; the
method being characterized in that the paint film decomposition agent is a solid alcoholic paint film decomposition agent. The in-
vention further relates to the paint film decomposition agent which is used in the method.
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Method for recycling a paint-coated plastic article and related paint film

decomposition agent

The invention relates to a method for recycling a paint-coated plastic article and to
a paint film decomposition agent for use in such a method. The invention for example
applies for recycling plastic made vehicle parts, such as bumpers or other vehicle parts.

For producing bumpers and other external parts of terrestrial vehicles such as
automotive vehicles, it is advantageous to use plastic material originating from the
recycling of external parts. However, a large amount of the nowadays bumpers are coated
with multiple layers of paint which cannot be recycled by means of an ordinary fusion
process, since such paint is generally made of cross-linked synthetic materials. The paint
particles remaining in the recycled plastic material significantly alter its mechanical
properties and its ability to promote a good aspect surface and to respect the
specifications for painted parts, to a point that it cannot easily be used for manufacturing
new bumpers conform to all specifications.

EP-A1-0 547 249 discloses a method for reclaiming waste plastics having a paint
film, in which treating liquid and pulverized waste plastics having a paint film are fed to a
kneading and melting apparatus. The treating liquid comprises water, alcohol or a mixture
thereof. The pulverized waste plastics are melted, kneaded and submitted to a
temperature below or above a melting point of the plastics, while contacted with the
treating liquid.

However, storing and handling the treating liquid can be hazardous. It requires that
operators follow particular safety procedures, more particularly during the feeding step.

EP-B-0 618 254 discloses a method for recycling a bumper made of polypropylene
resin, and coated with a primer paint of polyolefin chloride resin, and with a finish paint of
polyester melamine resin. The painted plastic bumper is coarse-crushed by a crusher to
about 1 to 10 mm cube. 25 % by weight of the coarse-crushed material is added to a
virgin plastic material for forming a mixing sample. The mixing sample is then fed into a
kneader heated to 180°C and is mixed for about one minute. 0.5 to 4 % by weight of paint
film decomposition agent is then added to the mixed and heated sample, this agent being
2-di-n-butyl-amino-4,6-dimercapto-S-triazine. The material is kneaded at 180°C and about
70 rotor rotations per minute for about ten minutes.

The main drawback of this method is that a large quantity of virgin plastic material
has to be mixed with the coarse-crushed material from the painted plastic bumper for
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obtaining a reliable final material. Furthermore, relatively large quantities of chemicals

have to be used for degrading the paint, which can be unsafe to handle.

EP-B-0 618 254 further discloses a method for recycling a painted plastic bumper,
in which said bumper is coarse-crushed into cubes of about 1 to 10 mm. A film
decomposition agent is added to the coarse-crushed material which is a recycled material.
The mixed material is fed into the kneader and kneaded at 200°C and 70 rotor rotations
per minute for 15 minutes. Then 0.3 to 1.5 % by weight of benzotriazole is added to the
coarse-crushed material, which is a 100 % recycled material.

CN-103923387 also discloses a method for recycling a polypropylene bumper with
acrylic paint. This method includes a step of crushing the bumper, a step of hydrolyzing
the crushed material in an autoclave, so that the paint layer hydrolysis occurs at high
temperature and pressure conditions. Then the recovered material is dried in a drying
chamber. The material recovered after drying is put through a filter including a twin screw
extruder for extrusion pelletizing and filtering. A step of high speed mixing is then
performed on the material, with adding of a coupling agent, a stabilizer, an antioxidant and
polyolefin elastomer. A further step of blending the material is performed.

For recycling the material, this method requires a lot of equipment and energy. In
addition, not every type of paint can be treated with such an hydrolysis.

JP-2001179739 discloses a method for recycling a paint-coated plastic article,
including a step of crushing, a step of melting and kneading and a paint decomposition
agent. A nucleating agent comprising benzylidene sorbitol is also added.

One of the aims of the invention is to solve these drawbacks by proposing a new
and safe method for recycling a paint-coated plastic article which allows reducing the
quantity of equipment, energy, chemicals and virgin plastic material to be used in
recycling such an article, while removing a large quantity of paint from the plastic material.
To this end, the invention relates to a method according to claim 1.

According to the invention, a thermomechanical treatment and a chemical
treatment are therefore performed on the article, which improves the degradation of paint
and therefore enhances the throughput of the method. Thanks to the solid alcoholic paint
film decomposition agent being mixed with the raw particles while they are being melted
and kneaded, without adding any virgin plastic material, the degradation of the paint is
very efficient and does not require a lot of energy and equipment. In addition, a relatively
small amount of solid alcoholic paint film decomposition agent is required for such
degradation. One other advantage of the invention is that the alcoholic paint film
decomposition agent can be chosen to meet at least some requirements in HSE (Health,
Safety, Environment), ease of handling and the chemical effectiveness, as described in
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detail subsequently. In particular, the film decomposition agent being solid, it is particularly

safe to handle while remaining efficient for the degradation of paint.

Further aspects of the invention are defined in claims 2 to 14.

The invention also relates to a paint film decomposition agent as defined in claim
15.

According to a further aspect of the invention, such a paint film decomposition
agent may incorporate an alcohol with two hydroxyl groups.

Other aspects and advantages of the invention will appear upon reading the
following description, given by way of example and made in reference to the appended
drawing in which:

- figure 1 is a schematic longitudinal section of a device for performing the method
of the invention.

The device 1 illustrated in figure 1 may be used for achieving the method for
recycling a paint coated plastic article according to the invention.

The device 1 comprises an extruder 3 with an internal screw 4 mounted in rotation
around a main axis X. The internal screw 4 extends inside and through a chamber 5 of the
extruder 3. The extruder 3 further includes an inlet 6 for inserting material inside the
chamber 5, the inlet 6 being provided towards an upstream end of the main screw 4.The
extruder 3 also comprises an outlet 7 provided towards a downstream end of the screw 4,
opposite the upstream end, for extracting material from the chamber 5. The rotation of the
screw 4 drags and kneads the material inserted through the inlet 6, all along chamber 5 in
a direction extending along the main axis X, to the outlet 7.

The chamber 5 is further provided with a heater, not illustrated, for heating the
material contained inside the chamber 5 to a processing temperature. The heater is
adapted for heating the chamber 5 from the inlet 6 to the outlet 7. The heater is for
example adapted to at least heat the material conveyed by the internal screw 4 assuming
that this internal screw could be optionally thermo-regulated by an adapted device. The
inlet 6 is provided radially relative to the main axis X, meaning that the inlet 6 extends
along a direction substantially perpendicular to the main axis X, at an upper part of the
chamber 5 so that the material introduced in the inlet 6 falls into the chamber 5 under the
action of gravity. A funnel 8 of the device 1 is mounted on the inlet 6 for feeding the
chamber 5. Over the funnel 8, a distributor 2 of the device 1 is positioned for feeding the
funnel 8 with material. The distributor 2 allows dosing of the material to be fed in the
funnel 8.

The article to be recycled in the device 1 is for example an external part of an
automotive vehicle, such as, for example, a bumper made of plastic material. The plastic
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material of the article comprises a majority of polyolefin, for example polypropylene

copolymer, which can be charged or not with talc or other components. The plastic
material comprises for example between 0 and 30 % in weight of talc. This article to be
recycled is mainly made of plastic material, which forms at least the majority of the weight
of the article and preferably forms the core part of said article.

This plastic material of the article is coated, for example on its external surface, or
at least a part of it, with at least one layer of paint. Therefore, the article forms for example
a coated or painted bumper. The coating of the article is made of at least one layer of
paint, or multiple superposed layers of paint or other coating material, for example a
primer layer and a layer of paint applied on the primer layer. Furthermore, different types
of paints can be applied on the plastic material of the article. According to the present
patent application, the term “paint” is meant to encompass any type of coating for
decorating and/or protecting the plastic material, including varnish, resin and lacquer. The
method of the invention is especially meant for recycling articles with a layer of
thermosetting coating. For example, the coat of paint includes polyurethane, which cannot
be melted due to its cross linked structure.

In a first step of the method, the article to be recycled is crushed, for forming raw
particles, some of which can entirely be made of the plastic material, and at least some
other of which contain a portion of the coat of paint of the article. The crushing of the
article of paint-coated plastic material leads to the creation of small paint particles. This
crushing step can be achieved for example with a conventional plastic crusher. For
example, the average mean diameter of the raw particles could be comprised in the range
8 mm to 14 mm, with a preferred value below 10 mm.

The raw particles produced by crushing the article are then transferred to the
distributor 2, which is made for dosing and dropping the raw particles into the funnel 8 so
that they enter the chamber 5 via the inlet 6. The processing temperature applied to the
chamber 5 is high enough to induce melting of the plastic material of the raw particles
inside the chamber 5 while they advance towards the outlet 7 under the action of the
internal screw. Preferably, the length of the screw 4 is greater than or equal to 50 to 60
times its diameter so that the conveyed material remains for a relatively long duration
inside the chamber 5 while progressing and being kneaded from the inlet 6 to the outlet 7.
Alternatively, a conventional compounder can be implemented, this compounder being
provided with a screw having a length equal to a value comprised between 42 and 46
times the value of its diameter, with specific screw profile. As a consequence, the length
of the screw 4 may be greater than or equal to 42 to 60 times its diameter. The device 1 is
adapted for the raw particles and the reactive mixture, which will be described
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subsequently, to be moved from the inlet 6 to the outlet 7 for a duration comprised

between 1 and 10 minutes.

The distributor 2 is also meant for dosing and dropping a solid alcoholic paint film
decomposition agent into the funnel 8 so that it enters the inlet 6 of the chamber 5.
Alternatively, the solid alcoholic paint film decomposition agent could be fed into the
chamber via another inlet separate from inlet 6 and also provided towards the upstream
end of the internal screw 4. The solid alcoholic paint film decomposition agent is adapted
for degrading the paint of the article. By paint decomposition agent, it is meant a material
having the ability to decompose paint when mixed with said paint. Preferably, the alcoholic
paint film decomposition agent comprises an alcohol. Preferably, the alcoholic paint film
decomposition agent is chosen to be solid at room temperature, for example 23°C, so that
it can be safely and easily handled, without the risk for an operator to inhale vapors as in
the case of the use of a liquid agent. Preferably, the alcoholic paint film decomposition
agent is chosen to be, or to become, liquid or pasty at a temperature greater than or equal
to the processing temperature applied in the chamber 5 by the heater, for the raw particles
to melt. The solid alcoholic paint film decomposition agent becomes liquid or at least pasty
during melting of the raw particles. The solid alcoholic decomposition agent can be
chosen to become liquid before the raw particles during the process. According to another
embodiment, the solid alcoholic paint film decomposition agent can be chosen to remain
solid at the processing temperature such that the decomposition agent remains solid
during the melting and kneading step. The solid alcoholic paint film decomposition agent
is optionally hydrated for improving its efficiency in degrading the particles of paint.

Preferably, the alcoholic paint film decomposition agent is in the form of flakes or
powder or granules (identified as “flakes” hereafter) when in the distributor 2 for easier
dosage. For example, solid alcoholic paint film decomposition agent includes at least one
of the following: di-trimethylolpropane, sorbitol, 1,6-hexanediol, trimethylolpropane,
pentaerythritol, and the chemical equivalents thereof and the derivatives thereof, a mix or
a premix of at least some of these alcohols. In particular, the aforementioned alcohols are
solid at room temperature.

The alcoholic paint film decomposition agent may meet some or all requirements in
HSE, ease of handling and the chemical effectiveness since it is in solid form at room
temperature, in liquid form at processing temperature and above, since it is not corrosive,
not harmful, not toxic. Lastly, these requirements can be met since the alcoholic paint film
decomposition agent has a specific molecular structure with at least two hydroxyl groups

or more.
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Between substantially 1 and 6% in weight of solid alcoholic paint film

decomposition agent relative to the weight of the dosed raw particles is inserted into the
chamber 5 by the distributor 2. In the funnel 8, or preferably in the chamber 5, the solid
alcoholic paint film decomposition agent is mixed with the raw particles for forming a
reactive mixture. When the alcoholic paint film decomposition agent is provided in a solid
form at ambient temperature, the alcoholic paint film decomposition agent and the raw
particles are still solid in the funnel 8 and at the vicinity of the inlet 6, so that they do not
blend together yet. The raw particles and the flakes of alcoholic paint film decomposition
agent are melted by the action of the heater of the chamber 5 and kneaded at the same
time by the main screw 4 so that the reactive mixture is formed within the chamber, with
the raw particles blending with each other and with the alcoholic paint film decomposition
agent. While progressing inside the chamber 5, the reactive mixture becomes liquid or at
least pasty or viscous. The combined action of the screw 4 and of the heater allows
mixing of the reactive mixture. At this stage, the paint particles contained in the mixture
may still be solid due to their thermosetting nature, even though all the other particles are
melting. During the progression of the mixture in the chamber 5 towards the outlet 7, the
alcoholic paint film decomposition agent reacts with the particles of paint contained in the
reactive mixture, or at least a portion of it, to create degraded paint particles and other
products of the chemical reaction.

Alternatively, the alcoholic paint film decomposition agent can be added to the raw
particles at a later stage in the chamber 5, where the plastic material of the raw particles
has already melted, at least partially. In this case, the alcoholic paint film decomposition
agent starts to melt after the raw particles have started melting themselves. In this
embodiment, the solid alcoholic paint film decomposition agent is introduced into the
chamber 5 between the inlet 6 and the outlet 7.

The reactive mixture is submitted to a processing temperature for example higher
than 130°C, and preferably higher than 180°C in the chamber 5, which is over the
polypropylene melting temperature. For example, the processing temperature is
approximately 200°C for increasing the efficiency of the degradation of paint by the
alcoholic paint film decomposition agent. Other processing temperatures may be chosen
depending on the nature of the plastic material of the article to be recycled. In other words
and more generally, the processing temperature is chosen to be greater than or equal to
the melting temperature of the plastic material of the article to be recycled.

Advantageously, a catalyst agent is also dosed and dropped into the funnel 8 by
the distributor 2. In this manner, the catalyst agent is mixed with the reactive mixture
before being melted and kneaded with it. Alternatively, the catalyst agent can be added in



10

15

20

25

30

35

WO 2017/108961 PCT/EP2016/082197

7
the chamber 5 at a stage where the raw particles are already melted. For example, the

catalyst agent comprises at least one of the following: zinc acetate, magnesium acetate,
tin(Il) 2-ethylhexanoate, sodium acetate, potassium acetate and the chemical equivalents
thereof. The zinc acetate is preferably dihydrate, and the magnesium acetate is preferably
tetrahydrate. However, any appropriate corresponding hydrated or anhydrous acetates
may be used instead, depending on the context.

Between substantially 0.1 and 0.75 % in weight of catalyst agent compared to the
weight of the raw particles is added by the distributor 2 to the reactive mixture through the
inlet 6, or at a later stage. A stabilizing agent or polyolefin, or a stabilizing agent and
polyolefin can also be added to the reactive mixture before or while the raw particles are
being melted in the chamber 5. In particular, the distributor 2 can be adapted for dosing
and dropping into the funnel 8 such stabilizing agent and polyolefin. Preferably, the
polyolefin is not polypropylene, and may be an elastomer. For example, the stabilizing
agent can be one of pentaerythritol tetrakis(3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate and tris (2,4-di-tert-butylphenyl) phosphite, for example
commercially available respectively under the names of irganox® 1010 and irgafos® 168.
Other stabilizing agents may be used instead of the ones cited hereinabove, depending
on the application of the invention.

According to an embodiment, chamber 5 is also provided with a degassing device
9, provided radially relative to the axis X in the vicinity of the outlet 7. The degassing
device 9 is preferably a vacuum extractor. The degassing device 9 is adapted to remove a
part of the products of the reactions between the paint particles and the alcoholic paint
film decomposition agent, achieved in chamber 5 in presence of the catalyst agent, the
stabilizing agent and/or polyolefin. In particular, degraded paint debris, remaining
decomposition agent or other low molecular weight products can be extracted from the
chamber 5 by the degassing device 9. According to an embodiment, the device 1 further
comprises a gear pump 10 and a melt continuous filter 11 connected to the outlet 7. The
gear pump 10 is interposed between the melt continuous filter 11 and the outlet 7 for
optimizing the efficiency of said filter 11. Thanks to the melt continuous filter 11, the
reactive mixture extracted through the outlet 7 and through the gear pump 10 is filtered.
This embodiment improves the method by providing in the same device a filtering step,
wherein degraded paint particles and any other products of the reactive mixture, or at
least a part of them, having a mean diameter larger than diameter comprised between 50
and 100 um are removed. A conventional melt continuous filter can be used for achieving
such a filtering. Therefore, at least a portion of the degraded paint particles is removed
from the reactive mixture by the filter 11.
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After the reactive mixture has passed through the melt continuous filter 11, a

recycled plastic material is obtained, from which the paint is removed, at least in part. The
remaining degraded paint particles contained in this recycled plastic material are mainly of
a mean diameter lower than a diameter comprised between 50 and 100 um. Experiments
show that the recycled plastic material obtained with the method of the invention, including
the aforementioned optimized additives dosing and optimized filtration, has improved
properties. The untreated material (for example unfilled Polypropylene Copolymer painted
bumper scraps, obtained by crushing the paint-coated plastic article) exhibits 38.6 % in
elongation at break. After treatment with the method of the invention, including in
particular the aforementioned steps of adding additives, adapted extrusion process and
filtration, the recycled material exhibits 98 % in elongation at break. In the same way, the
recycled plastic material has also improved impact results at 23°C: 45.97 kd/m? is
observed, versus 34.1 kd/m? for untreated material. Finally, the usage of the
aforementioned additives allows the method to have little impact on the reduction of the
tensile modulus: the tensile modulus of the treated material is only reduced to 643 MPa,
whereas the tensile modulus of the untreated material was 790 MPa. With all these
mechanical properties, the material treated with the method of the invention is suitable for
production of new plastic articles such as bumpers.

Regarding aestheticism or impact on paintability of the treated material, some
complementary tests showed that the method of the invention, especially when the
aforementioned additional steps of filtration and additivation are performed, helps to de-
contaminate the original material of the article, and especially to suppress paint particles
through chemical degradation and mechanical shearing and filtration. For example, a filter
pressure test shows that the number of paint particles in the recycled material is reduced.
In this test, a difference of pressure is measured between entrance and exit of the filter.
This difference of pressure is correlated to the number of paint particles present in the
material tested, so its contamination level. This difference of pressure measured shows
that the untreated material is much more contaminated with paint particles than the
treated one: 127 bar is observed for the untreated material, whereas 18 bar is observed
for the treated material.

According to an embodiment, the device 1 further includes an extrusion die 12
through which the recycled material is forced after filtering in the melt continuous filter 11.

According to an embodiment the device 1 comprises a pelletizer 13, or a
granulating system, for granulating the reactive mixture, namely the recycled plastic
material after it has passed through the extrusion die 12. The recycled plastic material is
produced so as to be easily exploited in further purpose.
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Instead of the extruder 3 described above, a compounder, a mixer, or a kneader

may be used, with appropriate adaptation to the present method for recycling the article.
The steps of the method are performed in a single compounder, mixer, extruder or
kneader, so that performing such a method requires little space. Additionally, the reactions
for degrading the paint particles are performed inside the closed chamber 5 so that the
method is safe and less noxious for the operators.

Alternatively to a main screw 4, the device 1 can be provided with a single screw,
or two single screws, or two twin screws, or one single screw then one twin screws, in
series with a pre-filter interposed in between, a twin screw, mixing rollers or any
equivalent mixing device which is adapted for kneading and mixing the raw particles and
the reactive mixture. It is to be understood that various combination of screws can be
implemented within the scope of the invention, depending on the application.

Optionally, the recycled plastic material can be rinsed, for example with water,
after passing through the melt continuous filter 11, or the reactive mixture can be rinsed
after passing through the outlet 7.

According to another embodiment, the device 1 includes a second chamber
provided with a second internal screw inside of it. This second chamber is arranged
between the outlet 7 and the gear pump 10 for further melting and kneading the reactive
mixture before it is filtered in the melt continuous filter 11. More paint film decomposition
agent, catalyst agents or stabilizers may be added to the reactive mixture in this second
chamber. This second chamber can alternatively be used for rinsing the reactive mixture.

The alcoholic paint film decomposition agent and the catalyst agents are preferably
chosen to have at least some of the following features: not corrosive, not harmful, not
toxic and in solid form at room temperature. Consequently, they are safe to use, easy to
handle, and with relatively low impact on the environment. Thus, the costs for processing
the alcoholic paint film decomposition agent and the catalyst agents before and after use
in the method are particularly low.

Advantageously, the method allows obtaining a recycled plastic material ready to
use without requiring the addition of a virgin plastic material. Consequently, no virgin
plastic material is added to the reactive mixture or to the raw particles during the method
described above.

The features of the different embodiments and alternative embodiments of the
invention described here-above can be combined together to generate new embodiments

of the invention.
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CLAIMS

1.- Method for recycling a paint-coated plastic article, said article being made of
plastic material and being coated at least in part with paint, the method comprising steps
of:

a) Crushing the article for forming raw particles, at least some of which
containing a portion of the paint;
b) Melting and kneading the raw particles;
b1) blending a paint film decomposition agent with the raw particles, during
step b), for forming a reactive mixture while the raw particles are being
melted and kneaded, at least a portion of the paint being degraded into
degraded paint particles by the paint film decomposition agent in the
reactive mixture, and
c) Obtaining, by means of step b), a recycled plastic material from which
the paint is at least in part removed;
the method being characterized in that the paint film decomposition agent is a solid
alcoholic paint film decomposition agent..

2.- Method according to claim 1, characterized in that steps b) and b1) are

performed in a single compounder, mixer, extruder (3) or kneader.

3.- Method according to any one of claims 1 or 2, characterized in that it further
comprises a step d), subsequent to step b), of filtering the reactive mixture for removing at
least a portion of the degraded paint particles from the plastic material.

4.- Method according to claim 3, characterized in that step d) consists in filtering
the reactive mixture for removing at least a part of degraded paint particles having a mean
diameter larger than a diameter comprised between 50 and 100 pm.

5.- Method according to any one of claims 1 to 4, characterized in that it further
comprises a step ), subsequent to step b), of granulating the reactive mixture.

6.- Method according to any one of claims 1 to 5, characterized in that during step
b), the reactive mixture is submitted to a processing temperature higher than 130°C.
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7.- Method according to any one of claims 1 to 6, characterized in that the

alcoholic paint film decomposition agent is chosen to be in solid form at room
temperature, and to become liquid during step b).

8.- Method according to any one of claims 1 to 7, characterized in that the reactive
mixture includes between 1 to 6% in weight, of the solid alcoholic paint film
decomposition agent at the beginning of step b1).

9.- Method according to any one of claims 1 to 8, characterized in that the solid
alcoholic paint film decomposition agent includes at least one of the following: di-
trimethylolpropane, sorbitol, 1,6-hexanediol, trimethylolpropane and pentaerythritol.

10.- Method according to any one of claims 1 to 9, characterized in that it further
comprises a step b2) of mixing a catalyst agent with the reactive mixture, before or during
step b).

11.- Method according to claim 10, characterized in that the catalyst agent
includes at least one of the following: zinc acetate, preferably dihydrate, magnesium
acetate, preferably tetrahydrate, potassium acetate, tin(ll) 2-ethylhexanoate and sodium
acetate.

12.- Method according to claim 10 or 11, characterized in that subsequently to step
b2), the reactive mixture includes between 0.1 to 0.75 % in weight, of catalyst agent.

13.- Method according to any one of claims 1 to 12, characterized in that step b)
further includes a step b3) of mixing a stabilizing agent or polyolefin, or stabilizing agent
and polyolefin to the reactive mixture before or during step b).

14.- Method according to any one of claims 1 to 13, characterized in that the
plastic material of the paint-coated article is mainly made of polypropylene.

15.- Paint film decomposition agent for use in a method for recycling a paint-
coated plastic article according to any one of claims 1 to 14, the paint film decomposition
agent being solid, being of the alcoholic kind and including at least one of the following: di-
trimethylolpropane, sorbitol, 1,6-hexanediol, trimethylolpropane and pentaerythritol.



J014

-&%\ 2277222777228

\\\\

'/ Qﬁ
/




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/082197

A. CLASSIFICATION OF SUBJECT MATTER

INV. B29B17/00
ADD. B29B17/02 B29L9/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B29B C08J

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X Unknown: "sorbitol"
Excipients",

pages 679-681,
A page 679

X S. F. MARRIAN:
CHEMICAL REVIEWS,
» pages 149-202, XP055001371,

A page 149

In: "The Handbook of Pharmaceutical

1 January 2009 (2009-01-01), XP055276483,

vol. 43, no. 1, 1 August 1948 (1948-08-01)
ISSN: 0009-2665, DOI: 10.1021/cr60134a004

15

1-14

"The Chemical Reactions of 15
Pentaerythritol and its Derivatives.",

1-14
-/--

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

8 March 2017

Date of mailing of the international search report

20/03/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Dias, Filipe

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/082197
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2001 179739 A (TOYOTA MOTOR CORP) 1-15
3 July 2001 (2001-07-03)
paragraph [0001]
paragraph [0010]
paragraph [0014]
paragraph [0016]
paragraph [0022]
paragraph [0028]
paragraph [0031] - paragraph [0032]
paragraph [0034]
paragraph [0036]
paragraph [0038] - paragraph [0041]
paragraph [0048]
A US 6 663 929 B1 (TABOTA NORIMI [JP] ET AL) 1-15
16 December 2003 (2003-12-16)
abstract
A EP 2 517 855 Al (IDEMITSU KOSAN CO [JP]; 1-15
PANAC IND INC [JP])
31 October 2012 (2012-10-31)
abstract
A JP 2007 130831 A (SHARP KK) 1-15
31 May 2007 (2007-05-31)
abstract

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/082197
Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2001179739 A 03-07-2001  NONE

US 6663929 Bl 16-12-2003 AT 278231 T 15-10-2004
DE 69826616 D1 04-11-2004
DE 69826616 T2 06-10-2005
DK 0924678 T3 07-02-2005
EP 0924678 A2 23-06-1999
ES 2229439 T3 16-04-2005
PT 924678 E 31-01-2005
us 6663929 Bl 16-12-2003

EP 2517855 Al 31-10-2012 CN 102892561 A 23-01-2013
EP 2517855 Al 31-10-2012
KR 20120135211 A 12-12-2012
TW 201132480 A 01-10-2011
US 2013018115 Al 17-01-2013
WO 2011078334 Al 30-06-2011

JP 2007130831 A 31-05-2007 JP 4573753 B2 04-11-2010
JP 2007130831 A 31-05-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - wo-search-report
	Page 15 - wo-search-report
	Page 16 - wo-search-report

