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POLYMERIC COMPOSITE COMPOSITION COMPRISING TWO ZONES WITH

DIFFERENT REINFORCMENT, ITS PROCESS OF MANUFACTURING, ITS UsSkE AND
ARTICLE COMPRISNG 1T

[Field of the invention]

[001] The present 1nvention relates to a polymeric composite
composition (PCC) comprisiling two zones (Z1) and (Z2), at least one
zone of sald zones (Z1) or (Z2) 1s comprilsling a reinforcing material
(RM1), while the other zone of said zones (Z1) or (ZZ2) 1s comprilising

no reilnforcing material or a reinforcing material (RM2Z2) that 1is

different from reinforcing material (RM1).

[002] In particular the present i1nvention relates to a polymeric
composlite composition (PCC) comprising two zones (Z1) and (Z2) that
are 1n direct contact, at least one zone of said zones (Z1) or (Z2)
1s comprilising a reinforcing material (RM1), while the other zone of

sald zones (Z1l) or (Z2) 1s comprising no reinforcing material or a

reinforcing material (RM2Z) that 1s different from reilnforcing

material (RM1). The 1nvention also relates to a process for
manufacturing such a polymeric composite composition (PCC) and 1ts

use ]

[003] The present 1nvention also relates to a process for

manufacturing articles 1n form of mechanical parts or structural

elements comprising sald polymeric composite composition (PCC).

[Prior art]
[004] Thermoset and especially thermoplastic polymers are materials

that are wildely used today 1n several filelds and applications, for

example 1n the construction, aeronautic, automobile or railway

sectors, where they are part of mechanical parts.

[005] These mechanical parts that have to withstand high stresses

during their use are wldely manufactured from composite materials.

A composlite material 1s a macroscoplc combination of two or more

immisclble materials. The composite material consists of at least
one material which forms the matrix, 1.e. a continuous phase that

ensures the cohesion of the structure, and a reilnforcing material.
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[006] The purpose of using a composlite material 1s to obtain
performance qgualities that are not available from each of 1ts
constiltuents when they are used separately. Consequently, composite

materials are wldely used 1n several 1ndustrial sectors, for

instance building, automotive, aerospace, transport, lelsure,
electronics, and sports notably due to their better mechanical
performance (higher tensile strength, higher tensile modulus,
higher fracture toughness) and thelr low density, 1n comparison
wlith homogeneous materials.

[007] To allow thermoforming and recycling, 1t 1s preferred to use
thermoplastic polymers also 1n composlte materials, contrary to
thermoset polymers.

[008] Thermoplastic polymers consist of 1linear or branched

polymers, which are usually not crosslinked.

[009] Depending 1n the application and wuse of the polymeric
composlite material 1t 1s often required to have a combination of

different materials and varying mechanical properties, which should

have or has to have additionally a very good adhesion between them.
[010] One objective of the present 1nvention 1s to propose a

polymeric composilite composition comprising at least two zones (Z21)

and (Z2) having different mechanical properties and a good adhesion

between the two zones.

[011] A polymeric composilite composition (PCC) having a window 1s
described 1n W02014/135810. The document disclosed a process for
manufacturing a multilayer composite materlal comprising a surface
layer comprising a thermoplastic polymer A, a substrate laver

comprlsing a polymeric composlite material based on a thermoplastic

(meth)acrylic polymer matrix and a reinforcing fibrous material,

and which allows the formation of one or more windows comprilsing a
thermoplastic material, which may be transparent.
[012] The document FR28217987 discloses an 1nsulatling panel made of

lavers of non—-woven and relnforcement grids. The lavers of non-

woven and one laver of the reinforcement grids are in direct contact

on one surface only.
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[013] The document FR2834927 discloses a foam reinforced by a
reinforcement network. The reinforced foam 18 1n direct contact on

one surface only with reinforcement grids.

[014] It 1s not suggested 1n this documents a composition having

different mechanilical properties and a good adhesion and 1ts process

of preparation.

[TECHNICAL PROBLEM]

[015] The aim of the i1nventlion 1s thus to remedy at least one of
the drawbacks of the prior art.

[016] One objective of the present 1nvention 1s to propose a

polymeric composilite composition (PCC) having at least two zones
(Z1) and (zZ2), at least one zone of said zones (Z1) or (Z2) 1S

comprising a reinforcing material (RM1), and that the other zone of

sald zones (Z1) or (Z2) 1s comprlsing no reilnforcing material or a

reinforcing material (RM2Z2) that 1s different from reilnforcing

material (RM1), and having a good adhesion between the two zones

under force or stress and the two zones having different mechanical

properties
[017] Another objective of the present 1nvention 1s also to have a

polymeric composilite composition (PCC) having at least two zones

(Z1) and (zZ2), at least one zone of said zones (Z1) or (Z2) 1S

comprising a reinforcing material (RM1), and that the other zone of

sald zones (Z1) or (Z2) 1s comprlsing no reilnforcing material or a

reinforcing material (RM2Z2) that 1s different from reinforcing

material (RM1l), that are 1n direct contact and comprise preferably
no glue or adhesive tilelaver.

[018] An additional objective of the present 1nvention 1s also to
have a polymeric composite composition (PCC) having at least two
zones (Z1) and (z2), at least one zone of said zones (z1l) or (Z2)
1s comprlsing a reinforcing material (RM1), and that the other zone

of said zones (Z1l) or (Z2) 1s comprising no reilnforcing material or

a reinforcing material (RM2) that 1s different from reilnforcing

material (RM1l), so that polymeric composite compositilion can be of
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complex design and at least one zone contributes to local mechanical

reinforcing.

[019] Still another objective of the present i1nventlion 1s also to

have a process for making a polymeric composlite composition (PCC)
having at least two zones (Z1) and (Z2), at least one zone of said

zones (21) or (Z2) 1s comprilising a reinforcing material (RM1l), and

that the other zone of said zones (Z21) or (Z2) 1s comprlisling no
reinforcing material or a reinforcing material (RMZ) that 1is

different from reilnforcing material (RM1l), and having a good

adhesion between the two zones under force or stress.

[020] Sti1ll another objective of the present i1nvention 1s to use a

polymeric composite composition (PCC) having at least two zones

(Z1) and (z2), at least one zone of said zones (Z1) or (Z2) 1s

comprising a reinforcing material (RM1), and that the other zone of

sald zones (Zl1l) or (Z2) 1s comprising no reilnforcing material or a

reinforcing material (RM2Z2) that 1s different from reinforcing

material (RM1) for producing mechanical parts or structured elements

or artilcles having a complex design.

[BRIEF DESCRIPTION OF THE INVENTION]

[021] It has been discovered that a polymeric composite composition
(PCC) comprising two zones (Z1) and (zZ2), at least one zone of said

zones (Z1) or (Z2) 1s comprising a reinforcing material (RM1),

characterized that the other zone of sald zones ((Z21) or (Z2) 1S
comprilsing no reinforcing material or a reinforcing material (RMZ2)

that 1s different from reinforcing material (RM1l), vields to a

polymeric composilite or polymeric composlite composilition that can be
of complex design and at least one zone contributes to local

mechanical reinforcing.

[022] It has also been discovered that a process for maklng polymeric
composlte composition (PCC) comprising the steps of:
1)providing a SMC comprising a reinforcing material (RM1)
11)providing a polymeric composition (PC2) comprisling no
reinforcing material or a reinforcing material (RM2) that

1s different from reinforcing material (RM1);
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111)bringing the polymeric materilial provided 1n 11) 1n
direct contact with the SMC
1v)polymerizing or curing the SMC
vields to a polymeric composilite or a polymeric composite composition
that can be of complex design and at least one zone contrilibutes to

local mechanical reinforcing.

[023] It has been discovered as well that a polymeric composite
composition (PCC) comprising two zones (Z1) and (zZ2), at least one
zone of said zones (Z1) or (Z2) 1s comprilsing a reinforcing material
(RM1), characterized that the other zone of said zones (Z1) or (Z2)

1s comprising no reinforcing material or a reilnforcing material

(RM2) that 1s different from reinforcing material (RM1); can be

used as a polymerilc composlite or polymeric composlite composition
that allows complex design and that at least one zone contributes

to local mechanical reinforcment.

[024] It has also been discovered that a process for manufacturing
articles 1n form of mechanical parts or structural elements

comprilsing the polymerilic composite composition (PCC), sald process

1s comprilsing the steps of:

1)providing a SMC comprising a reinforcing material (RM1)

11)providing a polymeric composition (PC2) comprlsing no
reinforcing material or a reinforcing material (RMZ2) that

1s different from reinforcing material (RM1);

30

39

111)bringing the polymeric materilial provided 1n 11) 1n
direct contact with the SMC
1v)polymerizing or curing the SMC
v) using the obtalned product from step 1v) as an article
or 1n an artilicle or transforming the obtained product to
an article
vields to articles 1n form of mechanical parts or structural
elements of complex design and possessing at least one zone that

contributes to local mechanical reinforcement.

[Brief description of drawings]
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[025] F1gure 1 shows different embodiments elther according to prior

art or according to the 1nvention 1n top view. The polymeric
composlte composition 1s 1n form of a sheet.

[026] F1gure la) shows a composilite sheet (10) with short fibers (15).
[027] Figure 1b) shows an embodliment according to the 1nvention of
polymeric composlite composition (PCC) 1n form of a sheet (10)

comprising two zones (Z1) (30) and (z22) (20). Zone (Z2) (20) 1s

comprising no reinforcing material and zone (Z1) (30) 1s comprlsing

reinforcing material (RM1) 1in form of short fibers (15). Zone
(22) (20) 1n that figure 1s made of a transparent material and the
fibers from zone (Z1) (30) can be seen through zone (22) (20).

[028] F1gure 1lc) shows an embodiment according to the invention of

polymeric composlite composition (PCC) 1n form of a sheet (10)

comprising two zones (Z1) (30) and (z2) (20). Zone (Z2) (20) 1s

comprising fibrous mat (16) made of long or continuous fibers as

reinforcing material (RM2) and zone (Z1) (30) 1s comprising
reinforcing material (RM1l) 1n form of short fibers (15).

[029] Figure 1d) shows an embodlment according to the 1nvention of
polymeric composlite composition (PCC) 1n form of a sheet (10)

comprising two zones (Z1) (30) and (z22) (20). Zone (Z2) (20) 1s

comprising mineral filler 1n form of particles (17) as reinforciling

material (RM2) and zone (Z1) (30) 1s comprising reinforcing material

(RM1) 1n form of short fibers (15).

[030] Figure 2 shows side view of different embodiments according to

the i1nventlion. The polymeric composite composition (PCC) 1s 1n form

of a sheet (10). Figure 2a) 1s a side view of figure 1b) 1n the
middle of sheet (10). Figure 2b) 1s a slde view of figure 1lc) 1n
the middle of sheet (10). Figure 2c¢) 1s a silde view of figure 1d)
1n the middle of sheet (10). Figure 2d) 1s a side view of an
embodiment where the two zones (Z1) (30) and (z2) (20) have the same
dilmension.

[031] Figure 3 shows side view of different embodiments according to

the 1nvention. Figure 3a) shows polymerilic composite composition

(PCC) 18 1n form of a sheet (10) where zone (Z2) (20) 1s attached
by one side to zone (2Z1) (30). Figure 3b) shows polymeric composite
composition (PCC) 1s 1n form of a sheet (10) where zone (Z2) (20)

1s partly incorporated 1n zone (Z21) (30). Filigure 3c) shows polymeric
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composlite composition (PCC) 1s 1n form of a sheet (10) where zone
(22) (20) 1s 1ncorporated 1n zone (Z1) (30) so that they form a
common surface. Figure 3d) shows polymeric composite composition
(PCC) 1s 1n form of a sheet (10) where zone (Z2) (20) 1s completely
incorporated 1n zone (Z1) (30). Figure 3d) shows polymeric composite
composition (PCC) 1s 1n form of a sheet (10) where zone (Z2) (20)
1s surrounded by zone (Z1) (30), so that upper and lower surface of
zone (z2) (20) 1d wvisible.

[032] The exemplified embodiments 1n the figures are not of very

complex design. They are jJust there to describe the principle of

the basic different embodiments.

[DETAILED DESCRIPTION]

[033] According to a first aspect, the present 1nvention relates

to a polymeric composilite composition (PCC) comprising two zones

(Z1) and (zZ2), at least one zone of said zones (Z1) or (Z2) 1S

comprilising a reinforcing material (RM1), characterized that the
other zone of saild zones (Z1) or (Z2) 1s comprlsling no reinforcing

material or a reinforcing material (RM2Z) that 1s different from

reinforcing material (RM1).

[034] According to a second aspect, the present 1nvention relates
to a thermoplastic polymeric composite composition (PCC) comprising
two zones (zZ1l) and (Z2), at least one zone of said zones (Z1l) or

(22) 1s comprlsing a reilnforcing material (RM1), characterized that

the other zone of said zones (Z21) or (Z2) 1s comprlisling no
reinforcing material or a reinforcing material (RMZ) that 1is

different from reinforcing material (RM1).

[035] Accordling to a third aspect, the present 1nvention relates to
process for preparing a polymeric composite composition (PCC)
comprising two zones (Z21) and (Z2), at least one zone of said zones
(Z1) or (Z2) 1s comprilsing a reinforcing material (RM1),

characterized that the other zone of said zones (Z1) or (Z2) 18

comprilsing no reinforcing material or a reinforcing material (RMZ2)
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that 1s different from reinforcing material (RM1l), sald process 1s

comprlsing the steps of:

1)providing a SMC comprilising a reinforcing material (RM1)

11)providing a polymeric composition (PC2Z) comprising no

reinforcing material or a reinforcing material (RMZ) that 1is

different from reinforcing material (RM1);

111)bringing the polymeric material provided 1n 11) 1n direct

contact with the 3SMC

1v)polymerlizing or curing the SMC.

[036] According to a fourth aspect, the present 1nvention relates
to the use of a polymeric composite composition (PCC) comprilsing
two zones (Z1l) and (zZ2), at least one zone of said zones (Z1) or
(22) 1s comprising a reilnforcing material (RM1), characterized that

the other zone of said zones (Z21) or (Z2) 1s comprlisling no

reinforcing material or a reinforcing material (RMZ) that 1is

different from reinforcing material (RM1), for a polymeric composite

or polymeric composlte composition for complex design or where at

least one zone contributes to local mechanical reinforcing.

[037] According to a fifth aspect, the present i1nvention relates to

an article comprising a polymeric composlite composition (PCC)

comprilising two zones (Z1) and (Z2), at least one zone of said zones
(Z1) or (Z2) 1s comprising a reinforcing material (RM1),

characterized that the other zone of said zones (Z1) or (Z2) 18

comprilsing no reinforcing material or a reilnforcing material (RM2)

that 1s different from reinforcing material (RM1).

[038] Accordling to a sixth aspect, the present 1nvention relates to
a process for manufacturing articles i1in form of mechanical parts or
structural elements comprising a polymeric composite composition

(PCC) comprising two zones (Z21) and (Z22), at least one zone of said

zones (Z1) or (Z22) 1s comprising a reinforcing material (RM1),
characterized that the other zone of said zones (Z1) or (Z2) 18

comprilsing no reinforcing material or a reinforcing material (RMZ2)
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that 1s different from reinforcing material (RM1l), sald process 1S

comprlsing the steps of:

1)providing a SMC comprilising a reinforcing material (RM1)
11)providing a polymeric composition (PC2Z) comprising no

reinforcing material or a reinforcing material (RMZ) that 1is

different from reinforcing material (RM1);

111)bringing the polymeric material provided 1n 11) 1n direct
contact with the SMC

1v)polymerizing or curing the SMC

v) usiling the obtalned product from step 1v) as an article or
1n an article or transforming the obtalned product to an

article.

[039] The term "fibrous substrate" as used refers to several fibres,

unl directional rovings or continuous filament mat, fabrics, felts

or nonwovens that may be 1n the form of strips, laps, braids, locks
Or pleces.

[040] The term “(meth)acrvylic” as used refers to any type of acrvylic
or methacrylic monomer.

[041] The term “PMMA"” as used refers to homo- and copolymers of
methyl methacrylate (MMA), the welght ratio of MMA 1n the PMMA belng
at least /0 wts for the MMA copolymer.

[042] The term "monomer" as used refers to a molecule that can
undergo polymerilzation.

[043] The term Y“polymerization” as used refers to the process of
converting a monomer or a mixture of monomers 1nto a polymer.

[044] The term “thermoplastic polymer” as used refers to a polymer
that turns to a ligquid or becomes more liquid or less v1iscous Or
soft when heated and that can take on new shapes by the application
of heat and pressure. This applies also for slightly crosslinked
thermoplastic polymers that can be thermoformed when heated above
the softening temperature.

[045] The term “polymer composite” as used refers to a

multicomponent material comprising several different phase domailns,

among which at least one type of phase domaln 1s a contlnuous phase

and 1n which at least one component 1s a polymer.
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[046] The term "“SMC” as used signifies sheet molding compound”.

Preferably the sheet molding compound 1s thermoplastic.
[047] The term “complex design’” as used refers to a part that for
example can be slightly curved or strongly curved, or partly bent.

Other more complex designs are 1maglnable by one skilled 1n the

art.

[048] The term “initilator” as used refers to a compound that can
start/initiate the polymerization of a monomer or mONOmMers.

[049] By the abbreviation “phr” 1s meant weight parts per hundred
parts of composition. For example 1phr of compound 1n the
composition means that 1lkg of that compound 1s added to 100kg of
composition.

[050] By the abbreviation “ppm” 1s meant weight parts per million

parts of compositilion. For example 1000ppm of a compound 1n the
composition means that 0.1lkg of compound 1s present 1n 100kg of
composition.

[051] By saying that a range from x to y 1n the present i1nvention,
1t 1s meant that the upper and lower limit of this range are
1ncluded, equivalent to at least x and up to v.

[052] By saying that a range 1s between X and v 1n the present

invention, 1t 1s meant that the upper and lower limit of this range

are excluded, equivalent to more than x and less than v.

[053] The polymeric composlte composition (PCC) according to the
inventlion comprilises two zones (Z1) and (Z2), at least one zone of
sald zones (Z1) or (Z2) 1s comprising a reinforcing material (RM1),
characterized that the other zone of said zones (Z1) or (Z2) 18

comprilsing no reinforcing material or a reinforcing material (RMZ2)

that 1s different from reinforcing material (RM1).

[054] Preferably the two zones (Z1) and (Z2) are 1n dilrect contact.

By direct contact 1s meant that the two zones (Z21) and (Z2) have at

least a common part of a surface. It 1s also possible that the one

zone 1s 1ncluded partly 1n the other zone. It 1s also possible that

one zone 1s completely 1ncluded 1n the other zone except one

surface. It 1s also possible that one zone 1s completely i1nside the

other zone.
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[0B55] In a first preferred embodiment, the two zones (Z1) and (Z2)

have a common part of a surface. This would be an embodiment

according to figure 3a).

[056] In a second preferred embodliment, one zone 1s 1ncluded partly

1n the other zone. Thilis would be an embodliment according to figure

3b) .

[057] In a third preferred embodiment, one zone 1s completely
included 1n the other zone except one surface. This would be an

embodlment according to figure 3c).

[058] In a fourth preferred embodliment, one zone 1s completely
inside the other zone. This would be an embodiment according to
figure 3d).

[0BS] The zone (z1) (30) and the zone ((z2) (20) can have the same

size of surface or a different size of surface.

[060] In a first preferred embodiment, the zone (Z1) (30) 1s larger

than zone (Z2) (20). By larger 1s meant that the whole surface of
zone (21) (30) 1s larger than the surface zone (Z2) (20). As the

two zones are 1n direct contact, the surface of zone (Z1l) that 1s

covered by zone (Z2) 1s counted as well. In figure 1 for example
where the two zones (Z1) and (Z2) are 1n form of sheets, the sheet

of zone (Z2) (20) 1s smaller than the sheet of zone (Z1) (30). More

preferably the surface of the zone (Z1) (30) 1s at least 10% larger

than surface zone ((z22) (20).
[061] In a second preferred embodiment the zone (Z1) (30) and zone
(22) (20) have about the same size. By about the same size 1s meant

that the zone (Z1l) (30) has a surface that 1s at most 10% different

than surface zone (zZ2Z2) (20), larger or smaller.

[062] In a third preferred embodiment the zone (Z21) (30) 1s smaller

than zone (Z2) (20). By smaller 1s meant that the whole surface of

zone (Z1) (30) 18 smaller than the surface zone ((z2) (20). As the
two zones are 1n direct contact, the surface of zone (Z2) that 1s
covered by zone (Z1) 1s counted as well. More preferably the surface
of the zone (Z1) (30) 1s at least 10% smaller than surface zone
(Z22) (20).

[063] The preferred embodiments of the relative size of the zone

(2z1) (30) and zone (Z2) (20) and the preferred embodiments of the

contact between the two zones can be combined 1n any combilination.
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[064] Advantageously the two zones (Z1) and (Z2) are 1n contact on

more than one surface, 1n case of a sheet the upper or lower surface

and part of the lateral surfaces or of all of the lateral surfaces.
[065] One advantageous embodiment 1s that the zone (Z21) (30) 1s
larger than zone (Z2) (20) and zone (Z2) (20) 1s completely 1ncluded
1n the other zone except one surface or 1s completely 1nside the

other zone. This would be an embodiment according to figure 3c) or

3d) .

[066] Preferably the polymeric composite composition (PCC) according

to the invention 1s a thermoplastic polymeric composite composition

(PCC). Thils signifies that the polymeric matrix of both zones (Z1)
and (Z2) 1s thermoplastic and comprises a thermoplastilic polymer

(TP1).

[067] Preferably one zone of said zones (Z21) or (Z2) 1s comprlsling
chopped fibers as reinforcing material (RM1). More preferably zone

(21) 1s comprising chopped fibers as reinforcing material (RM1).

[068] As regards the reinforcing material (RM1), preferably 1t 1is

chosen from chopped fibers. Advantageously the chopped fibers are

having a length between 3mm and 100mm.

[069] The chopped fibers have a diameter between 0.005 pm and 100
um, preferably between 1 pm and 50 um, more preferably between 5 um
and 30 ym and advantageously between 10 pum and 25 um.

[070] Preferably the reinforcing material (RM1) 1s chosen from

natural fibers or synthetic fibers. As natural fibers one can

mention plant fibres, wood fibres, animal fibres or mineral fibres.
[071] Natural fibers are, for example, sisal, Jute, hemp, flax,

cotton, coconut fibres, and banana fibres. Animal fibers are, for

example, wool or hair.

[072] As synthetlic material, mention may be made of polymeric fibers
chosen from fibers of thermosetting polymers, of thermoplastic
polymers or milixtures thereof.

[073] The polymeric filbers may conslst of polyamide (aliphatic or

aromatic), polyester, polyvinyl alcohol, polyolefins,
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polyurethanes, polyvinyl chloride, polyethylene, unsaturated
polyesters, epoxy resins and vinyl esters.
[074] The mineral fibres may also be chosen from glass fibres,

T

especlally of E, R or S2Z2 type, carbon fibres, boron fibres or silica

fibres.

[075] The reinforcing material (RM1) 1n form of chopped fibers of

the present 1nvention 1s chosen from plant fibres, wood fibres,

animal fibres, mineral fibres, synthetic polymeric fibres, glass

fibres and carbon fibres, and mixtures thereof. Preferably 1t 1s
chosen from mineral fibres.
[076] The reinforcing material (RM1) 1n form of chopped fibers

represents between 5% and o0wts of the zone (42).

[077] As regards the reinforcing material (RM2), 1f present, 1t 1s

chosen from long fibers or continuous fibers or a fibrous substrate

made of long fibers or a fibrous substrate made continuous filbers

as reinforcing material; or a mineral filler.

[078] In a first preferred embodiment, the reinforcing material

(RM2) 1s chosen from long fibers or continuous fibers. The long

fibers have a length of at least 100mm, more preferably 120mm, even

more preferably 150mm at least 200mm. The aspect ratio of the

fibers (ration length/diameter) 1s at least 5000, more preferably

at least 10 000 and still more preferably 15 000.

[079] In a second preferred embodiment, the relnforcing material

(RM2) 1s chosen from a fibrous substrate made of long fibers or a
fibrous substrate made of continuous fibers. The aspect ratio of

the long fibers (ration length/diameter) 1s at least 5000, more

preferably at least 10 000 and still more preferably 15 000 For the

fibrous substrate, mention may be made of several fibres, uni

dlirectional rovings or continuous filament mat, fabrics, felts or

nonwovens that may be 1n the form of strips, laps, braids, locks or
pleces. The fibrous substrate may have various forms and dimensions,
elther two-dimensional or three-dimensional. A fibrous substrate
comprilses an assembly of one or more fibres. When the fibres are
continuous, theilr assembly forms fabrics. The two-dimensional form

corresponds to nonwoven or woven fibrous mats or reinforcements or

bundles of fibres, which may also be braided. Even 1f the two-
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dimensional form has a certain thickness and consequently 1n

principle a third dimension, 1t 1s considered as two-dimensional

according to the present 1nvention. The three-dimensional form
corresponds, for example, to nonwoven filbrous mats or reilnforcements

or stacked or folded bundles of fibres or mixtures thereof, an

assembly of the two-dimensional form 1n the third dimension.
Preferably, the fibres of the fibrous substrate of the present
invention are chosen from long or continuous fibres for the two-

dimensional or three-dimensional form of the fibrous substrate.

[0B80] In a third preferred embodiment the reinforcing material (RM2)

18 chosen from a mineral filler. The mineral filler 1s 1n form of

particles. The particles have a welght average particle size between
O.oum and 1000um.

[081] The fibers of the reinforcing material (RMZ) have a diameter
between 0.005 pm and 100 pyum, preferably between 1 um and 50 um,
more preferably between 5 um and 30 um and advantageously between

10 pym and 25 um.

[0B82] Preferably the reinforcing material (RM2Z) 1s chosen from
natural filbers or synthetic fibers. As natural fibers one can

mention plant filbres, wood filbres, animal filbres or mineral filibres.

[083] Natural fibers are, for example, sisal, Jute, hemp, flax,

cotton, coconut fibres, and banana fibres. Animal fibers are, for

example, wool or hair.

[084] As synthetlic material, mention may be made of polymeric fibers
chosen from fibers of thermosetting polymers, of thermoplastic
polymers or milxtures thereof.

[085] The polymeric filbers may consilst of polyvamilide (aliphatic or

aromatic), polyester, polyvinyl alcohol, polyvolefins,

polyurethanes, polyvinyl chloride, polyethylene, unsaturated
polyesters, epoxy resins and vinyl esters.
[0B6] The mineral fibres may also be chosen from glass fibres,

T

especlally of E, R or S2 type, carbon fibres, boron fibres or silica

fibres.

[087] The reinforcing material (RM2Z) 1n form of chopped fibers of
the present 1nvention 1s chosen from plant fibres, wood fibres,

animal fibres, mineral fibres, synthetic polymeric fibres, glass
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fibres and carbon fibres, and mixtures thereof. Preferably 1t 1s
chosen from mineral fibres.

[0B8] The fibers of the reinforcing material (RM2Z) and (RM1) can

have the same nature; their difference 1s the length of the filbers.

In that case the zone, which does not comprise chopped fibers as

reinforcing material (RM1l), 1s comprising long fibers or continuous

fibers or a fibrous substrate made of long fibers or continuous

fibers as reilnforcing material (RM2)as defined before.

[0B9] The polymeric matrix of both zones (21) and (Z2) 1s

thermoplastic and comprises a thermoplastic polymer (TP1).

[090] As regards the thermoplastic polymer (TPl) 1n a first
preferred embodliment 1t 1s a (meth)acrylic polymer (MPl), mentilion
may be made of polyalkyl methacrylates or polvalkyl acrylates.
According to a preferred embodiment, the (meth)acrylic polymer 1s
polymethyl methacrylate (PMMA).

[091] The term  “PMMA” denotes a methyl methacrylate (MMA )

homopolymer or copolymer or mixtures thereof.

[092] According to one embodiment, the methyl methacrylate (MMA)
homo—- or copolymer comprises at least 70%, preferably at least 80%,
advantageously at least 90% by weight of methyl methacrylate.

[093] According to another embodiment, the PMMA 1s a mixture of at
least one homopolymer and at least one copolymer of MMA, or a

mixture of at least two homopolymers or two copolymers of MMA wilith

a different average molecular weight, or a mixture of at least two

copolymers of MMA with a different monomer composition.

[094] The copolymer of methyl methacrylate (MMA) comprises from 70%
to 99.9% by weight of methyl methacrylate and from 0.1% to 30% by

welght of at least one monomer contalning at least one ethylenic
unsaturation that can copolymerize with methyl methacrylate.
[095] These monomers are well known and mention may be made

especlally of acrvylic and methacrylic aclids and

alkyl (meth)acrylates 1n which the alkyl group contains from 1 to 12

carbon atoms. As examples, mention may be made of methyl acrylate
and ethvyl, butyl or Z-ethylhexyl (meth)acrylate. Preferably, the

comonomer 1s an alkyl acrylate i1n which the alkyl group contailns

from 1 to 4 carbon atoms.
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[096] According to a first preferred embodiment, the copolymer of

methyl methacrylate (MMA ) comprilses from 30% to 99.9%,
advantageously from 85% to 99.9% and more advantageously from 90%
to 99.9% by weight of methyl methacrylate and from 0.1% to 20%,
advantageously from 0.1% to 10% and more advantageously from 0.1%
to 15% by weight of at least one monomer contalning at least one
ethylenic unsaturation that can copolymerize with  methyl
methacrylate. Preferably, the comonomer 1s chosen from acrylic acid,
methacrylic acid, methyl acrylate and ethyl acrylate, and mixtures
thereof.

[097] The weilght-—-average molecular mass of the (meth)acrylic
polymer (MP1l) should be high, which means greater than 50 000 g/mol
and preferably greater than 100 000 g/mol.

[098] The weilight-average molecular mass can be measured by size

exclusion chromatography (SEC).

[099] As regards the thermoplastic polymer (TPl) 1n a second

preferred embodiment, 1t 1s a fluor-containing polymer (F1).

[0100] In a first preferred embodiment the polymeric matrix of

both zones (Z1) and (Z2) of polymeric composlite composition (PCC)

comprilises a (meth)acrylic polymer (MP1).

[0101] In a second preferred embodiment the polymeric matrix of
both zones (Z1) and (Z2) of polymeric composlite composition (PCC)

comprilses a different thermoplastic polymer (TP1l).

[0102] In a third preferred embodiment the polymeric matrix of
both zones (Z1) and (Z2) of polymeric composlite composition (PCC)

comprilises a mixture of two different thermoplastic polymers (TP1l).

[0103] Different thermoplastic polymers (TPl) signifies the

chemical nature of the polymer.

[0104] The process for making polymeric composite composition (PCC)

1s comprilising the steps of:

1)providing a SMC comprilising a reinforcing material (RMI1)

11)providing a polymeric composition (PCZ2) comprlising no

reinforcing materilial or a reinforcing material (RM2Z) that 1is

different from reinforcing material (RM1);

111)bringing the polymeric material provided 1n 11) 1n direct

contact with the 8SMC
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1v)polymerizing or curing the SMC.

[0105] In Step 1) the provided the SMC (sheet molding compound)

comprises still non-fully polymerized components. Thilis can be a

monomer.

[0106] In a first preferred embodiment the  monomer 1S a

(meth)acrylic monomer (M1l), chosen from acrylic acid, methacrylic
acld, alkyl acrylic monomers, alkyl methacrylic monomers,
hydroxvalkyl acryllic  monomers and hydroxvalkyl methacrylic
monomers, and mixXxtures thereof.

[0107] Preferably, the (meth)acrylic monomer (M1l) 1s chosen from
acrylic acid, methacrylic acid, hydroxyalkyl acrylic monomers,
hydroxyalkyl methacrylic monomers, alkyl acrylic monomers, alkyl
methacrylic monomers and mixtures thereof, the alkyl group

containing from 1 to 22 1linear, branched or cyclic carbons; the

alkyl group preferably containing from 1 to 12 linear, branched or
cyclic carbons.

[0108] Advantageously, the (meth)acrylic monomer (M1l) 1s chosen
from methyl methacrvlate, ethyl methacrylate, methyl acrvlate,
ethyl acrvlate, methacrylic acid, acrylic acid, n-butyl acrylate,
1sobutyl acrylate, n-butyl methacrylate, i1isobutyl methacrylate,
cyclohexyl acrylate, cyclohexyl methacrylate, i1isobornyl acrvylate,
1sobornyl methacrylate, hydroxyethyl acrylate and hydroxyethyl
methacrylate, and mixtures thereof.

[0109] According to a preferred embodiment, at least 50% by weilight
and preferably at least 60% by welght of the (meth)acrylic monomer
(M1) 1s methyl methacrylate.

[0110] Accordiling to a first more preferred embodiment, at least 50%

by weight, preferably at least 60% by welght, more preferably at
least 70% by weilight, advantageously at least 80% by weight and even
more advantageously 90% by weilight of the monomer (M1l) 1s a mixture

of methyl methacrylate with optionally at least one other monomer.

[0111] In Step 11) the polymeric composition (PC2) 1s comprising a
thermoplastic polymer (TP1).
[0112] The polymeric composition (PC2) comprilising a reinforcing

material (RMZ2) that 1s different from reinforcing material (RM1)
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can be a composilite piliece prepared by RTM (resin transfer molding)

and wvariations as HP-RTM, C-RTM or I-RTM; LCM (ligquid transfer

molding) or pultrusion. The polymeric composition (PCZ2) can be 1n
form of a sheet.
[0113] The polymeric composition (PCZ) comprising no reinforcing

material (RM2Z) can be a thermoplastic sheet, made of at least one

thermoplastic polymer (TP1l). In one embodiment, the sheet 1s

transparent. In another embodiment, the sheet 1s colored. In still

another embodiment the sheet 1s cloudy.

[0114] Step 111) defines partly the final form of polymeric

composite composition (PCC). Depending of the size of the provided
compounds and the kind of bring them into contact. By this the forms

glven 1n figures 3a to 3e can be obtailned.

[0115] Step 1v) can for example take place 1n a heated mold. Under
pressure a temperature between 50°C and 200°C is chosen, preferably

between 60°C and 180°C and more preferably between 70°C and 150°C.

The applied pressure 1s for example between 25bar and 150bar.

[0116] The 1nvention relates also to a process for manufacturing

articles 1n form of mechanical parts or structural elements

comprilsling a polymeric composite composition (PCC) comprising two
zones (zZ1) and (Z2), at least one zone of said zones (Z1) or (zZ2)
1s comprlsing a reinforcing material (RM1), characterized that the
other zone of said zones (Z1) or (Z2) 1s comprilisling no reinforciling

material or a reinforcing material (RM2Z) that 1s different from

reinforcing material (RM1l), said process 1s comprising the steps

of:

1)providing a SMC comprising a reinforcing material (RM1)

11)providing a polymeric composition (PC2Z) comprising no

reinforcing material or a reinforcing material (RMZ) that 1is

different from reinforcing material (RM1);

111)bringing the polymeric material provided 1n 11) 1n direct
35 contact with the SMC

1v)polymerlizing or curing the SMC
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v) using the obtained product as an or 1n an article or

transforming the obtalned product to an article...

[0117] The process for manufacturing articles 1n form of mechanical
parts or structural elements comprising the polymerilic composilite
composition (PCC), can additionally comprilise the step of post
forming. The post forming 1ncludes bending as changing the form of
the obtained product.

[0118] The process for manufacturing articles i1n form of mechanical
parts or structural elements comprising the polymeric composite

composition (PCC), can additilionally comprise the step of welding or

gluilng or lamlnating.

[0119] As regards the use of the articles 1n form of mechanical
parts or structural elements comprising the polymeric composite
composition (PCC) or the article 1tself, mention may be made of
automotive applilications, transport applicatlions such as buses or

lorries, nautical applications, rallroad applications, sport,

aeronautic and aerospace applications, photovoltalc applilications,
computer-related applilications, construction and building
appllcations, telecommunication applications and wilind energy
appllications.

[0120] The mechanical part 1s especially a motor vehicle part, boat
part, bus part, train part, sport article, plane or helilcopter part,
space ship or rocket part, photovoltalc module part, a material for
construction or building, wind turbine part, furniture part,
construction or building part, telephone or cellphone part, computer

or television part, or printer or photocopier part.

[012]1] [Examples]

[0122] A first sheet molding compound SMC1l 1s prepared from an
unsaturated polyester and styrene. 70 parts by weight of Palapreg®
P17-02 an unsaturated polyester based on orthophatalic acid and 30

parts of styrene are mixed and added are 2.6 parts of MgO paste

(Luvatol MK35), 1.5 parts of tert-butyl peroxybenzoate (Trigonox C), 2

parts of a dispersing additive (BYK W9%6), 2.5 parts of a mold
release agent (BYK P 9065) and 60 parts by weight chopped glass
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fibers all together on a carrier film. The material 1s put between

two carrier films and compacted.

[0123] A second sheet molding compound SMCZ 1s prepared as disclosed
in W02019/102145 based on the composition of example 2. A liquid

5 composlition 1s prepared by dissolving 20% by weight of PMMA with a

composition of MMA/MAA 95.5/4.5 (a copolymer of MMA comprising 95.5%
by weight of MMA and as comonomer 4.5% by weilght of methacrylic
acid) 1n 80% by weight of methyl methacrylate. This 1liguid

composlition 1s taken as 100parts by welght and 1t 1s admixed with

10 a maturation agent MgO at 3 phr, 2 phr 2,5-Dimethyl-2,5-di(2-
ethylhexanoylperoxy)hexane as radilcal 1nitiator, 4 phr BYK P9912 as
mold release agent and 100phr of chopped glass fibers.

[0124] A composite material CM1 1n form of a sheet 1s prepared
according to W02014/013028 example 1 1n a mold. The content of the

15 fibrous material 1n the composite material 1s 60wt%. The dimension

of the sheet 1s 30cm*40cm*2mm.

[0125] Example 1: The composite material CM1 sheet 1s placed 1in the
middle on a sheet from the sheet molding compound SMCZ (a sheet of
40cm*50cm 1s taken).

20 [0126] Comparative example 1: The composite material CM1 sheet 1s
placed 1n the middle on a sheet from the sheet moldling compound
SMC1 (a sheet of 40cm*50cm 1s taken)

[0127] Polymerization for both 1s 1s carried out for 6 minutes 1n a

mold heated at between 110°C and 120°C at a force of 400-600 kN.

25
[0128] The adhesion 1s evaluated by simply trying to remove the two

different zones from each other of the final polymerilc composite

composition.

30 [0129] Table 1 - Evaluation of samples

Example 1 Comparative

Example 1

Adhesion ++ —
Delamination impossible easy
[0130] The comparative example 1 show a bad adhesion (-) between the

two zones CM1 and SMCl. The two zone can be easilily delaminated from
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cach other without much force. The example 1 shows a good adhesion
(++) between the two zones CM1 and SMCZ. The two zone cannot be
delaminated from each other, even with force.

[0131] The adhesion of between the two zones of polymeric composite

5 composition (PCC) according to the i1nvention 1s very good.
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CLAIMS

A polymeric composite composition (PCC) comprising two zones

(Z1) and (Z2), at least one zone of said zones (Z1) or (Z2) 1s

comprising a reinforcing material (RM1l), characterized that the
other zone of said =zones (Z1) or (Z22) 1s comprlisling no

reinforcing material or a reinforcing material (RM2Z) that 1is

different from reinforcing material (RM1).

The polymeric composite composition (PCC) according to claim 1,
characterized 1n that the two zones (Z1l) and (Z2) are 1n direct

contact.

The polymeric composite composition (PCC) according to claim 1

or 2, characterilized 1n that one zone of saild zones (Z1) or (Z2)

1s comprising chopped fibers as reinforcing material (RM1).

The polymeric composlte composition (PCC) according to claim

3, characterized 1n that the chopped fibers as reilnforcing

material (RM1l) are having a length between 3mm and 100mm.

The polymeric composite composition (PCC) according to any of

claims 3 to 4, characterized 1n that other zone, which does not

comprise chopped fibers as reinforcing material (RM1), 1s

comprising long fibers or continuous filbers or a filbrous

substrate made of long fibers or continuous fibers as relnforcing

material (RMZ2).

The polymeric composite composition (PCC) according to any of
claims 3 to 4, characterized 1n that the other zone 1s comprising

fibers as reinforcing material (RMZ) having an aspect ratio of

at least 10000.

The polymeric composite composition (PCC) according to any of

claims 3 to 4, characterilized 1n that the other zone 1s comprising
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11.

12.

13.

15.

23

as reinforcing material (RM2Z) a fibrous substrate made of long

fibers or a fibrous substrate made of continuous fibers.

The polymeric composite composition (PCC) according to any of
claims 3 to 4, characterilized 1n that the other zone 1s comprising

no reinforcing material.

The polymeric composite composition (PCC) according to any of
claims 3 to 4, characterized 1in that the other zone 1s comprising

a mineral filler as reinforcing material (RM2).

The polymeric composite composition (PCC) according to any of

claims 1 to 9, characterized 1n that both zones of said zones

(2z1) or (ZZ2) are comprilising a thermoplastic polymer (TP1).

The polymeric composite composition (PCC) according to any of
claims 1 to 9, characterized 1n that at least one zone of said

zones (Z1) or (ZZ2) 1s comprising a (meth)acrylic polymer (MP1).

The polymeric composite composition (PCC) according to any of
claims 1 to 9, characterized 1n that both zones of said zones

(2z1) or (Z2) are comprilising a (meth)acrylic polymer (MP1).

The polymeric composite composition (PCC) according to any of
claims 1 to 9, characterized 1n that the polymeric matrix of
both zones (Z1) and (Z22) 1s thermoplastic and comprises a

thermoplastic polymer (TP1).

. The polymeric composite composition (PCC) according to any of

claims 1 to 13, characterized 1n that the zone (Z1) (30) 1s

larger than zone (zZ2) (20).

The polymeric composite composition (PCC) according to any of
claims 1 to 13, characterized 1n that zone (Z1) (30) and =zone

(z2) (20) have about the same size.
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18.

19.

20.

21.

22 .

24

The polymeric composite composition (PCC) according to any of
claims 1 to 13, characterized 1n that the zone (Z1) (30) 1s

smaller than zone (Z2) (20).

The polymeric composite composition (PCC) according to any of
claims 1 to 13, characterized 1n that the zone (Z1) (30) 1s
larger than zone (Z2) (20) and zone (Z2) (20) 1s completely
included 1n the other zone except one surface or 1s completely

1nside the other zone.

Process for maklng polymeric composite composition (PCC)

according to any of claims 1 to 17, sald process 1s comprilising

the steps of:

1) providing a SMC comprising a reinforcing material (RMI1)

11) providing a polymeric composilition (PC2Z) comprlising no
reinforcing material or a reinforcing material (RM2) that

1s different from reinforcing material (RM1);

111) bringing the polymeric material provided 1n 11) 1n direct

contact with the SMC

1V) polymerizing or curing the SMC.

The process according to c¢laim 19, characterized that the

polymeric composition (PC2) 1s 1n form of a sheet.

The process according to claims 18 to 19, characterized i1n that

in step 11) the polymeric composition (PC2Z2) 1s comprilising a

reinforcing material (RMZ2) that 1s different from reinforcing

material (RM1).

The process according to claims 18 to 20, characterized in that

the reinforcing material (RM1l) 1s chosen from chopped fibers.

The process according to claims 18 to 21, characterized in that
the reinforcing material (RM2Z) 1s chosen from long fibers or
continuous fibers or a fibrous substrate made of long fibers or

continuous fibers.
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23. The process according to claims 18 to 22, characterized in that
the polymeric matrix of the SMC and the polymerilic composition
(PC2) 1s thermoplastic and comprises a thermoplastic polymer

(TP1) .

24 . The process according to claim 23, characterized 1n that the

thermoplastic polymer (TPl) 1s a (meth)acrvylic polymer (MP1)

25. Use of the composition according to any of claims 1 to 17 for

complex design.

26. An article comprising the polymeric composite composition (PCC)

according to any of claims 1 to 17.

27. A process for manufacturing articles 1n form of mechanical parts

or structural elements comprising the polymeric composite

composition (PCC)according to any of claims 1 to 17, said process

1s comprilsling the steps of

1)providing a SMC comprising a relnforcing material (RMI1)
11)providing a polymeric composition (PC2) comprising no
reinforcing material or a reinforcing material (RM2) that

1s different from reinforcing material (RM1);

111)bringing the polymeric materilial provided 1n 11) 1n

direct contact with the SMC
1v)polymerlzing or curing the SMC
v) usling the obtailned product as an or 1n an article or

transforming the obtalned product to an article.
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