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PRO 1948 Polymeric Composition for watercrafts, its use and watercraft comprising it   
[Field of the invention]
[001] The present invention relates to a polymeric composition suitable for watercrafts or nautical applications.
[002] The present invention relates also the use of a transparent polymeric composition for watercrafts.
[003] More particularly the present invention relates to a transparent (meth)acrylic polymer composition and relates also to a process for preparing such a (meth)acrylic polymer composition, its use in watercrafts and watercraft comprising it.
[Technical problem]
[004] Watercrafts are boats or other vessels that travel on water used for transportation or water related sports. Typical watercrafts are made of solid materials non transparent materials. Thus the user may not view the scene under water, either for viewing plant and fishes or detecting rocks or cliffs underneath. 
[005] Acrylic and (meth)acrylic polymers, often just called PMMA, are widely used for their transparence and scratch resistance. Especially excellent optical properties are valued, in particular the gloss and a high transparency with a large transmission of visible light. However, it is also a brittle impact-sensitive thermoplastic material. This characteristic is related to the fact that the glass transition temperature of PMMA is approximately 110°C, so that, in this material, the polymer chains are not capable of readily moving at ambient temperature. The impact performance needs to be improved for some applications where material is exposed to impacts during its use, while retaining its transparency.
[006] Thus the objective of the present invention is to provide a polymeric composition that is highly transparent, has sufficient mechanical properties as impact resistance and rigidity, for being suitable for a watercraft. 
[007] The objective of the present invention is also to provide a polymeric composition that can be used for a watercraft that is in large parts transparent, so that the user can see easily through the watercraft.
[008] Another objective is to provide a process to manufacture a composition suitable for…….  

[009] Still another objective provide a process to manufacture a watercraft that……..

[010] An additional objective of the present invention is to provide a watercraft that ……..
[011] The watercraft is used in different environments, including change of temperature. Therefore the polymeric composition should stay transparent with environmental changes, especially temperature changes.
[BACKGROUND OF THE INVENTION]Prior art

[012] The document AU 199861887B1 describes a surfboard having a viewing window.     
[013] The document US Des. 377,072 shows a surfboard with a transparent window. The small transparent window is integrated in the board with a narrow visibility field. In order to see through the person has to be right above and close to the window.
[014] The document US2017/0113767 describes a water window apparatus. The window is integrated in a sports water board. The window is made out of a clear thermoplastic material as polycarbonate or acrylics. The window is only a little part of the board, allowing only a restrained field of vision. 
[015] The document US2005/0064774 discloses a transparent wave riding vehicle. The surfboard described comprises a core made of    transparent polymeric foams from high Tg polymer comprising submicron cells and a cover layer of clear coating. 
[016] In the prior art there is no transparent composition for a watercraft that is in large parts transparent or a watercraft that allows a non-restrained view and that comprises a polymeric material that can be moulded or thermoformed. 
[Brief description of the invention]
[017] Surprisingly is has been discovered that a polymeric composition PC1 comprising a transparent polymer TP1 is suitable for watercrafts.
[018] Surprisingly is has also been discovered that a polymeric composition PC1 comprising a crosslinked (meth)acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm 

consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a weight average molecular weight Mw of between 150 000 and 800 000 g/mol is suitable for watercrafts. 

[019] It has also been discovered that a polymeric composition PC1 comprising a transparent polymer TP1 can be used for watercrafts or nautical applications, especially for large transparent parts of the watercrafts.
[020] Surprisingly it has also been discovered that a polymeric composition PC1 comprising a crosslinked (meth)acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a weight average molecular weight Mw of between 150 000 and 800 000 g/mol can be used for watercrafts or nautical applications, especially for transparent parts of the watercrafts. 

[021] Surprisingly is has additionally been discovered that a process ……..
[022] It has also been found that an object……
[Brief description of drawings]
[023] Figure 1 shows different surfboard either according to prior art or according to the invention. The grey part signifies a non-transparent part or surface and the white part a transparent surface.
[024] Figure 1a) shows a completely non transparent surfboard.
[025] Figure 1b) shows a surfboard comprising a small transparent window.
[026] Figure 1c) shows a surfboard as watercraft made of and using a polymeric composition according to the invention. 
[027] Figure 1d) shows a surfboard as watercraft made of and using a polymeric composition according to the invention, but not completely transparent. 
[028] Figure 1e) shows a surfboard as watercraft made of and using a polymeric composition according to the invention, but not completely transparent. 
[029] Figure 2 shows a top view and side view of boat as watercraft (10) with a transparent bottom viewing window (17). In figure 2a the entire bottom is the transparent viewing window (17). In figure 2b a large part of bottom is the transparent viewing window (17). Nevertheless in both cases also large parts under water surface (11) are transparent.
[030] Figure 3a and 3b show a surf board as watercraft (10) made essentially of a polymeric composition according to the invention in side view (lower part of figure 3a and 3b) along the axis A-A’ and down view (upper part of figure 3a and 3b).
[031] Figure 4 shows the schematic process steps for making one embodiment of a watercraft (10) with essential steps (220) and (240) and optional steps (210) and (240).
[Detailed description of the invention]
[032] According to a first aspect, the present invention relates to a polymeric composition PC1 suitable for watercrafts said polymeric composition PC1 is comprising a transparent polymer TP1.
[033] According to another aspect the present invention relates to a transparent polymeric composition TPC1 suitable for watercrafts or nautical applications said polymeric composition is comprising a crosslinked (meth)acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a weight average molecular weight Mw of between 150 000 and 800 000 g/mol.
[034] According to a second aspect the present invention relates to the use of a polymeric composition PC1 suitable for watercrafts said polymeric composition PC1 is comprising a transparent polymer TP1.

[035] According to a third aspect the present invention relates to the use of a polymeric composition PC1 suitable for watercrafts said polymeric composition PC1 is comprising a crosslinked (meth)acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a weight average molecular weight Mw of between 150 000 and 800 000 g/mol, for watercrafts or nautical applications, excpecially watercrafts that are largely transparent. 
[036] According to a fourth aspect the present invention relates to a process for making polymeric composition PC1 suitable for watercrafts said polymeric composition PC1 is comprising a crosslinked (meth)acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a weight average molecular weight Mw of between 150 000 and 800 000 g/mol, said process comprises the steps of: .
a) preparing the macromolecular sequences (II) by mixing, with the monomer(s) intended to form the macromolecular sequences (II), an alkoxyamine of general formula Z(-T)n, in which Z denotes a polyvalent group, T denotes a nitroxide and n is an integer greater than or equal to 1;

b) mixing the macromolecular sequences (II) of step a) with methyl methacrylate, and optionally a crosslinking agent, optionally at least one comonomer M and optionally at least one radical initiator;

c) mixing the composition comprising the macromolecular sequences (II) and  methyl methacrylate with crosslinking agent, optionally at least one comonomer M and at least one radical initiator, if it has not been done yet in step b);

d) casting the mixture obtained in previous step in a mold and then heating it according to a temperature cycle in order to obtain a cast sheet.
[037] According to a fifth aspect the present invention relates to a process for making a watercraft that comprises a polymeric composition PC1 said polymeric composition PC1 is comprising a transparent polymer TP1, said process comprises the steps of 
a) providing a polymeric composition PC1
b) assembling polymeric composition PC1.
[038] According to a sixth aspect the present invention relates to a process for making a watercraft that comprises a polymeric composition PC1 said polymeric composition PC1 is comprising a crosslinked (meth)acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a  weight average molecular weight Mw of between 150 000 and 800 000 g/mol, said process comprises the steps of 
a) providing a polymeric composition PC1

b) assembling polymeric composition PC1.
[039] According to a seventh aspect the present invention relates to an object in form of a watercraft that is in large parts transparent, said transparent part comprises a polymeric composition PC1, said polymeric composition PC1 is comprising a transparent polymer TP1.
[040] According to an eight aspect the present invention relates to an object in form of a watercraft that is in large parts transparent, said transparent part comprises a polymeric composition PC1, said polymeric composition PC1 is comprising a crosslinked (meth)acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a  weight average molecular weight Mw of between 150 000 and 800 000 g/mol
[041] According to a ninth aspect the present invention relates to a device for watersports that is in large parts transparent, said transparent part comprises a polymeric composition PC1, said polymeric composition PC1 is comprising a transparent polymer TP1. 
[042] According to a tenth aspect the present invention relates to a device for watersports that is in large parts transparent, said transparent part comprises a polymeric composition PC1, said polymeric composition PC1 is comprising a crosslinked (meth)acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a  weight average molecular weight Mw of between 150 000 and 800 000 g/mol.
[043] By the term “copolymer” as used is denoted that the polymer consists of at least two different monomers.
[044] By the term “(meth)acrylic monomer” as used is denoted all kind of acrylic and methacrylic monomers. 
[045] By the term “(meth)acrylic polymer” as used is denoted that the (meth)acrylic) polymer comprises essentially polymers comprising (meth)acrylic monomers that make up 50wt% or more of the (meth)acrylic polymer.
[046] By the term “impact modifier” as used is understood a material that once incorporated in a polymeric material increases the impact resistance and toughness of that polymeric material by phase micro domains of a rubbery material or rubber polymer.

[047]  By the term “rubber” as used is denoted to the thermodynamic state of the polymer above its glass transition.
[048] By the term “rubber polymer” as used is denoted a polymer that has a glass transition temperature (Tg) below 0°C.

[049] By the term “crosslinking” as used is meant a polymer copolymer, some of the chains of which are connected to one another via covalent bonds or chemical or physical interactions. These chains, connected to one another, are for the most part distributed in the 3 dimensions of the space.
[050] By the term “transparent polymer” as used is meant that the polymeric composition has a high light transmission of at least 80% in the visible light according to ASTM D1003 for a sheet made out of this polymeric composition having a thickness of 3mm.

[051] By saying that a range is between x and y in the present invention, it is meant that the upper and lower limit of this range are excluded, equivalent to more than x and less than y.
[052] With regard to the polymeric composition PC1 according to the invention, suitable for watercrafts, comprising a transparent polymer TP1, said transparent polymer TP1 it
 is chosen from a polycarbonate or a (meth)acrylic block copolymers or a crosslinked (meth) acrylic composition.
[053] Preferably the transparent polymer TP1 it is chosen from (meth)acrylic block copolymers or crosslinked (meth) acrylic composition

.

[054] The polycarbonate is a polyester of carbonic acid, that is to say a polymer obtained by the reaction of at least one carboxylic acid derivative with at least one aromatic or aliphatic diol.
[055] The (meth)acrylic block copolymer comprises at least one block having a glass transition temperature less than 20°C preferably less than 10°C more preferably less than 0°C, advantageously less than -5°C and more advantageously less than -10°C.
[056] Preferably (meth)acrylic block copolymer comprises at least one block which is an (meth)acrylic block. By this is meant that at least 50wt% of the monomers inside this block are alkyl (meth)acrylate monomers, that have been polymerized. 
[057] Most preferably the (meth)acrylic block copolymer comprises least 50wt% of the monomers inside (meth)acrylic block copolymer are alkyl(meth)acrylate monomers, that have been polymerized.
[058] The (meth)acrylic block copolymer is having a general formula (A)nB in which:

· n is an integer of greater than or equal to 1,

· A is: an acrylic or methacrylic homo- or copolymer having a Tg of greater than 50°C, preferably of greater than 80°C, or polystyrene, or an acrylic/styrene or methacrylic/styrene copolymer. Preferably, A is chosen from methyl methacrylate (MMA), phenyl methacrylate, benzyl methacrylate or isobornyl methacrylate. Preferably, the block A is PMMA or PMMA modified with acrylic or methacrylic comonomers;

· B is an acrylic or methacrylic homo- or copolymer having a Tg of less than 20°C, preferably comprising monomers chosen of methyl acrylate, ethyl acrylate, butyl acrylate (BuA), ethylhexyl acrylate, styrene (Sty) or butyl methacrylate, more preferably butyl acrylate said monomers make up at least 50wt%, preferably 70wt% of B.

[059] Advantageously the (meth)acrylic block copolymer is amorphous. 
[060] Preferably, in the block A the monomer is chosen from methyl methacrylate (MMA), phenyl methacrylate, benzyl methacrylate, isobornyl methacrylate, styrene (Sty) or alpha-methylstyrene or mixtures thereof. More preferably, the block A is PMMA or PMMA copolymerized with acrylic or methacrylic comonomers or polystyrene (PS) or PS modified with styrenic comonomers.

[061]  Preferably the block B comprises monomers chosen of methyl acrylate, ethyl acrylate, butyl acrylate (BuA), ethylhexyl acrylate or butyl methacrylate and mixtures thereof, more preferably butyl acrylate said monomers make up at least 50wt%, preferably 70wt% of block B. 
[062] Furthermore, the blocks A and/or B can comprise other acrylic or methacrylic comonomers carrying various chemical function groups known to a person skilled in the art, for example acid, amide, amine, hydroxyl, epoxy or alkoxy functional groups. The block A can incorporate groups, such as acrylic acid or methacrylic acid, in order to increase the temperature stability of thereof.
[063] Comonomers like styrene can also be incorporated in the block B in order to mismatch the refractive index of the block A. 
[064] Preferably, said thermoplastic acrylic block copolymer has a structure chosen from: ABA, AB, A3B and A4B.
[065] The (meth)acrylic block copolymer for example can be one of the following triblock copolymers: pMMA-pBuA-pMMA, p(MMAcoMAA)-pBuA-p(MMAcoMAA), p(MMAcoMAA)-p(BuAcoSty)-p(MMAcoMAA)  and p(MMAcoAA)-pBuA-p(MMAcoAA). In a preferred embodiment, the (meth)acrylic block copolymer is of MAM type (PMMA-pBuA-PMMA).


[066] It is known to a person skilled in the art that the polymers of PMMA type can comprise small amounts of acrylate comonomer in order to improve the temperature stability thereof. By small is meant less than 9wt%, preferably less than 7wt% and more preferably less than 6wt% of the polymer.
[067] The block B represents from 10% to 85%, preferably 15% to 80% of the total weight of the block copolymer.


[068] The block B has a weight-average molar mass of between 10 000 g/mol and 500 000 g/mol, preferably from 20 000 g/mol to 300 000 g/mol. The weight average molar mass can be measured by size exclusion chromatography (SEC).
[069] The (meth)acrylic block copolymers participating in the polymeric composition PC1 can be obtained by controlled radical polymerization (CRP) or by anionic polymerization; the most suitable process according to the type of copolymer to be manufactured will be chosen.
[070] Preferably, this will be CRP, in particular in the presence of nitroxides, for the (meth)acrylic block copolymers of (A)nB type and anionic or nitroxide radical polymerization, for the structures of ABA type, such as the triblock copolymer MAM. Controlled radical polymerization is described in the document for obtaining block copolymers,  i.e. in WO03/062293.
[071] The(meth)acrylic block copolymer can be transformed by extrusion or injection moding in form of a sheet.
[072] The crosslinked (meth) acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a weight average molecular weight Mw of between 150 000g/mol and 800 000 g/mol. 
[073] In a specific embodiment the polymeric composition PC1 of the invention, it comprises a crosslinked (meth) acrylic composition consisting of a brittle matrix (I) having a glass transition temperature Tg of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a weight average molecular weight Mw of between 150 000g/mol and 800 000 g/mol.
[074] As regards the matrix (I), it exhibits an overall Tg of greater than 0°C, measured by differential scanning calorimetry (DSC), and is compatible with the methyl methacrylate homo- or copolymer. Preferably glass transition temperature Tg is greater than 10°C, more preferably greater than 20°C, still more preferably greater than 40°C even more preferably greater than 40°C, advantageously greater than 50°C and more advantageously greater than 60°C.
[075] The matrix (I) is prepared from methyl methacrylate and optionally one or more monomer(s) Mo1 chosen from:


• acrylic monomers of formula CH2=CH-C(=O)-O-R1, where R1 denotes a hydrogen atom or a linear, cyclic or branched C1-C40 alkyl group optionally substituted by a halogen atom or a hydroxyl, alkoxy, cyano, amino or epoxy group, such as, for example, acrylic acid, methyl acrylate, ethyl acrylate, propyl acrylate, n-butyl acrylate, isobutyl acrylate, tert-butyl acrylate, 2-ethyl​hexyl acrylate, glycidyl acrylate, hydroxyalkyl acrylates or acrylonitrile;


•
methacrylic monomers of formula CH2=C(CH3)‑C(=O)‑O‑R2, where R2 denotes a hydrogen atom or a linear, cyclic or branched C1-C40 alkyl group optionally substituted by a halogen atom or a hydroxyl, alkoxy, cyano, amino or epoxy group, such as, for example, methacrylic acid, methyl methacrylate, ethyl methacrylate, propyl methacrylate, n-butyl methacrylate, isobutyl methacrylate, tert-butyl methacrylate, 2‑ethyl​hexyl methacrylate, glycidyl methacrylate, hydroxyalkyl methacrylates or methacrylonitrile;


•
vinylaromatic monomers, such as, for example, styrene or substituted styrenes, such as (-methyl​styrene, monochlorostyrene or tert-butylstyrene.

[076] The comonomer(s) are chosen in nature and quantity that the lower limit of the glass transition temperature Tg is met.
[077] Preferably methyl methacrylate is the predominant monomer in the polymer of the matrix (I). The matrix (I) thus includes a proportion of methyl methacrylate of from 51wt% to 100wt%, preferably between 75wt% and 100wt% and advantageously between 90wt% and 100wt%.
[078] As regards the macromolecular sequences (II) having a flexible nature, said macromolecular sequences (II) they are also called block B in the present invention. These macromolecular sequences (II) having a flexible nature exhibit a glass transition temperature of less than 0°C (denoted Tg and measured by DSC). Preferably the Tg is less than -5°C, more preferably less than -10°C and even more preferably less than -15°C. 
[079]  Furthermore, the weight-average molecular weight of the macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C is between 150 000 g/mol and 800 000 g/mol. 
[080] Preferably the weight-average molecular weight of the macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C is between 175 000 and 700 000g/mol, more preferably between 200 000g/mol and 650 000g/mol, and advantageously between 225 000g/mol and 600 000g/mol. 
[081] The polydispersity index of the molecular weight Mw/Mn of the macromolecular sequences (II) having a flexible nature or block B is greater than 2, preferably greater than 2.5 and more preferably greater than 3.
[082] The polydispersity index of the molecular weight Mw/Mn is between 2.5 and 10.0, preferably between 3.0 and 10.0, more preferably between 3.0 and 6.0 and even more preferably between 3.0 and 5.0.


[083] The macromolecular sequences (II) are prepared from one or more monomer(s) Mo2 chosen from:


•
acrylic monomers of formula CH2=CH-C(=O)-O-R1, where R1 denotes a hydrogen atom or a linear, cyclic or branched C1-C40 alkyl group optionally substituted by a halogen atom or a hydroxyl, alkoxy, cyano, amino or epoxy group, such as, for example, acrylic acid, methyl acrylate, ethyl acrylate, propyl acrylate, n-butyl acrylate, isobutyl acrylate, tert-butyl acrylate, 2-ethyl​hexyl acrylate, glycidyl acrylate, hydroxyalkyl acrylates or acrylonitrile;

•
methacrylic monomers of formula CH2=C(CH3)‑C(=O)‑O‑R2, where R2 denotes a hydrogen atom or a linear, cyclic or branched C1-C40 alkyl group optionally substituted by a halogen atom or a hydroxyl, alkoxy, cyano, amino or epoxy group, such as, for example, methacrylic acid, methyl methacrylate, ethyl methacrylate, propyl methacrylate, n-butyl methacrylate, isobutyl methacrylate, tert-butyl methacrylate, 2‑ethyl​hexyl methacrylate, glycidyl methacrylate, hydroxyalkyl methacrylates or methacrylonitrile;

•
vinylaromatic monomers, such as, for example, styrene or substituted styrenes, (-methyl​styrene, monochlorostyrene or tert-butylstyrene.

[084] The macromolecular sequences (II) are not prepared from a diene. A person skilled in the art knows how to combine these monomers so as to adjust:

-
the entire Tg of the block B. In order to obtain a block B with a Tg of less than 0°C, it is necessary to use at least one monomer exhibiting a Tg of less than 0°C, for example butyl acrylate or 2-ethylhexyl acrylate;

-
the refractive index of the block B, which has to be as close as possible to that of the matrix (I) in order to provide the best possible transparency when the transparency is required for the targeted application.

[085] The macromolecular sequences (II) can be composed solely of a monomer exhibiting a Tg of less than 0°C (once the monomer has been polymerized), for example butyl acrylate or 2-ethylhexyl acrylate. The macromolecular sequences (II) can also be composed of at least one alkyl acrylate and of a vinylaromatic monomer. Advantageously, the macromolecular sequences (II) are composed of butyl acrylate and styrene in the butyl acrylate/styrene ratio by weight of between 70/30 and 90/10, preferably between 75/25 and 85/15.
[086] The content of block B (the macromolecular sequences (II)) in the polymeric composition is between 1wt% and 30% by weight, preferably between 2wt% and 20% by weight more preferably 2wt% to 15wt%, with respect to the polymeric composition comprising crosslinked (meth)acrylic composition and macromolecular sequences (II).

[087] As regards the compounds which make the crosslinking possible (the crosslinking agent), they are preferably polyfunctional acrylic monomers, such as, for example, polyol polyacrylates, alkylene glycol polyacrylates or allyl acrylate, ethylene glycol diacrylate, 1,3‑butylene glycol diacrylate or 1,4-butylene glycol diacrylate, polyfunctional methacrylic monomers, such as polyol polymethacrylates, alkylene glycol polymethacrylates or allyl methacrylate, ethylene glycol dimethacrylate, 1,3-butylene glycol dimethacrylate or 1,4-butylene glycol dimethacrylate, divinylbenzene or trivinylbenzene. In a first preferred embodiment it is 1,4-butylene glycol dimethacrylate (BDMA). 
[088] The content of crosslinking agent is between 0.05% and 10% by weight, with respect to the MMA and the monomer M1 of crosslinked acrylic composition which are a subject matter of the invention.

[089] Preferably, the content of crosslinking agent is between 0.4% and 8% by weight, with respect to the to the MMA and the monomer M01 of the crosslinked acrylic composition which are a subject matter of the invention, and more preferably between 0.5% and 5% by weight, even more preferably between 1wt% and 5wt%.
[090] The composition according to the invention possesses a swelling index of less than 200% in acetone at 20°C, preferably less than 190%, even more preferably less than 180% and most preferably less than 175%.

[091] The composition according to the invention possesses a swelling index of between 0% and 200% in acetone at 20°C, preferably between 0 and 190%, even more preferably between 0% and 180% and most preferably between 0% and 175%.

[092] The polymeric composition PC1 comprising the crosslinked (meth) acrylic composition according to the invention is preferably in form of a sheet. Preferably it is a cast sheet. The sheet can be a flat sheet or a non-flat sheet.  A non-flat sheet can be obtained by example by first making a flat sheet and then thermoforming this flat sheet in order to obtain a non-flat sheet in form of a slightly curved sheet.

[093] Thickness of the sheet is between 1mm and 50mm, preferably the thickness is between 1mm and 45mm, more preferably between 1 and 40mm, even more preferably between 1mm and 35mm, advantageously between 2mm and 35mm.

[094] The content of block B (the macromolecular sequences (II)) in the sheet is between 1% and 30% by weight, preferably between 2% and 20% by weight, weight more preferably 2wt% to 15wt%, with respect to the polymeric composition comprising crosslinked (meth)acrylic composition and macromolecular sequences (II).
[095] With regard to the process for manufacturing the the polymeric composition PC1 comprising a crosslinked (meth)acrylic composition comprising or consisting of a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a weight average molecular weight Mw of between 150 000g/mol and 800 000 g/mol, said process comprises the steps of 

a) preparing the macromolecular sequences (II) 
b) mixing the macromolecular sequences (II) of step a) with methyl methacrylate, and optionally a crosslinking agent, optionally at least one comonomer M01 and optionally at least one radical initiator;

c) mixing the composition comprising the macromolecular sequences (II) and  methyl methacrylate with crosslinking agent, optionally at least one comonomer M01 and at least one radical initiator, if it has not been done yet in step b);

d) casting the mixture obtained in previous step in a mold and then heating it according to a temperature cycle in order to obtain a cast sheet.

[096] According to a first preferred embodiment of the process of the invention, for manufacturing the the polymeric composition PC1 comprising the crosslinked (meth) acrylic composition, the process is a preparation of cast sheets made of methyl methacrylate homo- or copolymer which are impact-reinforced using the macromolecular sequences (II) comprises the following steps:

a)
preparing the macromolecular sequences (II) by mixing, with the monomer(s) intended to form the macromolecular sequences (II), an alkoxyamine of general formula Z(-T)n, in which Z denotes a polyvalent group, T denotes a nitroxide and n is an integer greater than or equal to 1;

b) mixing the macromolecular sequences (II) of step a) with methyl methacrylate, and optionally a crosslinking agent, optionally at least one comonomer M01 and optionally at least one radical initiator;

c) mixing the composition comprising the macromolecular sequences (II) and  methyl methacrylate with crosslinking agent, optionally at least one comonomer M01 and at least one radical initiator, if it has not been done yet in step b);

d) casting the mixture obtained in previous step in a mold and then heating it according to a temperature cycle in order to obtain a cast sheet.

[097] According to a second preferred embodiment of the  process of the invention, for manufacturing the the polymeric composition PC1 comprising the crosslinked (meth) acrylic composition, the process is a preparation of cast sheets made of methyl methacrylate homo- or copolymer which are impact-reinforced using the macromolecular sequences (II) comprises the following steps:

a)
preparing the macromolecular sequences (II) by mixing, with the monomer(s) intended to form the macromolecular sequences (II), an alkoxyamine of general formula Z(-T)n, in which Z denotes a polyvalent group, T denotes a nitroxide and n is an integer greater than or equal to 1;

b1) mixing the macromolecular sequences (II) of step a) with methyl methacrylate;

b2) partly polymerizing the mixture of the macromolecular sequences (II) and methyl methacrylate and adding optionally additional methyl methacrylate

c) mixing the composition partly polymerized with crosslinking agent, optionally at least one comonomer M01 and at least one radical initiator;

d) casting the mixture obtained in previous step in a mold and then heating it according to a temperature cycle in order to obtain a cast sheet.

[098] According to a third preferred embodiment of the  process of the invention, for manufacturing the the polymeric composition PC1 comprising the crosslinked (meth) acrylic composition, the process is a preparation of cast sheets made of methyl methacrylate homo- or copolymer which are impact-reinforced using the macromolecular sequences (II) comprises the following steps:

a1)preparing an alkoxyamine of general formula Z(-T)n, in which Z denotes a polyvalent group, T denotes a nitroxide and n is an integer greater than or equal to 1;

a2) preparing the macromolecular sequences (II) by mixing, with the monomer(s) intended to form the macromolecular sequences (II) with the alkoxyamine of a1);

b1) mixing the macromolecular sequences (II) of step a2) with methyl methacrylate;

b2) partly polymerizing the mixture of the macromolecular sequences (II) and methyl methacrylate and adding optionally additional methyl methacrylate

c) mixing the composition partly polymerized with crosslinking agent, optionally at least one comonomer M01 and at least one radical initiator;

d) casting the mixture obtained in previous step in a mold and then heating it according to a temperature cycle in order to obtain a cast sheet.

[099] The crosslinking agent and the comonomer M01 are the same as defined before.

[0100] With regards to alkoxyamine, it can be any type of alkoxyamine. It may also be a poly-alkoxyamine, which is capable of generating several nitroxide radicals, or alternatively a macromolecular alkoxyamine or macromolecular poly-alkoxyamine derived from a step of polymerization between at least one monomer and an alkoxyamine.

[0101] Thus, according to a first embodiment of the invention, at least one of the alkoxyamines is monofunctional.

[0102] According to a second form of the invention, at least one of the alkoxyamines is multifunctional.

[0103] The alkoxyamine or the poly-alkoxyamine is described by the general formula Z(-T)n in which Z denotes a multivalent group, T a nitroxide and n an integer greater than or equal to 1, preferably from 2 to 10, advantageously from 2 to 8 and more preferably from 2 to 4, limits inclusive.
[0104] n represents the functionality of the alkoxyamine, i.e. the number of nitroxide radicals T that can be released by the alkoxyamine according to the mechanism:
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[0105] This reaction is activated is activated by the temperature. In the presence of monomer(s), the activated alkoxyamine initiates a polymerization. The scheme below illustrates the preparation of a copolymer polyM2-polyM1-polyM2 based on an alkoxyamine for which n = 2. The monomer M1 is first polymerized after activation of the alkoxyamine, and, once the block polyM1 is complete, the monomer M2 is then polymerized:
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[0106] The principle of the preparation of block copolymers remains valid for n greater than or equal to 1.
[0107] Z denotes a multivalent group, i.e. a group that can release several radical sites after activation. The activation in question takes place by cleavage of the covalent bond Z-T.
[0108] By way of example, Z may be chosen from groups (I) to (VIII) below:
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[0109] in which R3 and R4, which may be identical or different, represent a linear or branched alkyl radical containing a number of carbon atoms ranging from 1 to 10, phenyl or thienyl radicals optionally substituted with a halogen atom such as F, Cl or Br, or alternatively with a linear or branched alkyl radical containing a number of carbon atoms ranging from 1 to 4, or alternatively with nitro, alkoxy, aryloxy, carbonyl or carboxyl radicals; a benzyl radical, a cycloalkyl radical containing a number of carbon atoms ranging from 3 to 12, a radical comprising one or more unsaturations; B represents a linear or branched alkylene radical containing a number of carbon atoms ranging from 1 to 20; m is an integer ranging from 1 to 10;
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[0110] in which R5 and R6, which may be identical or different, represent aryl, pyridyl, furyl or thienyl radicals optionally substituted with a halogen atom such as F, Cl or Br, or alternatively with a linear or branched alkyl radical containing a number of carbon atoms ranging from 1 to 4, or alternatively with nitro, alkoxy, aryloxy, carbonyl or carboxyl radicals; D represents a linear or branched alkylene radical containing a number of carbon atoms ranging from 1 to 6, a phenylene radical or a cycloalkylene radical; p is an integer ranging from 1 to 10;
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[0111] in which R7, R8 and R9, which may be identical or different, have the same meanings as R3 and R4 of formula (I), q, r and s are integers ranging from 1 to 10;
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[0112] in which R10 has the same meaning as R5 and R6 of formula (II), t is an integer ranging from 1 to 4, u is an integer between 2 and 6 (the aromatic group is substituted);
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[0113] in which R11 has the same meaning as the radical R10 of formula (IV) and v is an integer between 2 and 6;
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[0114] in which R12, R13 and R14, which may be identical or different, represent a phenyl radical, optionally substituted with a halogen atom such as Cl or Br, or alternatively with a linear or branched alkyl radical, containing a number of carbon atoms ranging from 1 to 10; W represents an oxygen, sulfur or selenium atom, w is equal to 0 or 1;
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[0115] in which R15 has the same meaning as R3 of formula (I), R16 has the same meaning as R5 or R6 of formula (II);
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[0116] in which R17 and R18, which may be identical or different, represent a hydrogen atom or a linear or branched alkyl radical containing a number of carbon atoms ranging from 1 to 10, an aryl radical, optionally substituted with a halogen atom or a heteroatom.
[0117] T denotes a nitroxide, which is a stable free radical bearing a group =N-O(, i.e. a group on which an unpaired electron is present. The term "stable free radical" denotes a radical that is so persistent and unreactive toward atmospheric air and moisture that it can be handled and stored for a much longer time than the majority of free radicals (see in this respect Accounts of Chemical Research 1976, 9, 13-19). The stable free radical thus differs from free radicals whose lifetime is fleeting (from a few milliseconds to a few seconds) such as free radicals derived from the usual polymerization initiators, for instance peroxides, hydroperoxides or azo initiators. A free radical may be said to be stable if it is not a polymerization initiator and if the average lifetime of the radical is at least one minute.
[0118] T is represented by the structure:
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[0119] in which R19, R20, R21, R22, R23 and R24 denote groups from among: 

- linear or branched C1-C20 and preferably C1-C10 alkyls such as substituted or unsubstituted methyl, ethyl, propyl, butyl, isopropyl, isobutyl, tert-butyl or neopentyl, 
- substituted or unsubstituted C6-C30 aryls such as benzyl or aryl(phenyl)
- saturated C1-C30 cyclics
[0120] and in which the groups R19 and R22 may form part of an optionally substituted cyclic structure R19-CNC-R22 which may be chosen from:
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[0121] in which x denotes an integer between 1 and 12.
[0122] By way of example, use may be made of the following nitroxides:
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[0123] The nitroxides of formula (X) are particularly preferably used: 
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[0124] Ra and Rb denoting identical or different alkyl groups bearing from 1 to 40 carbon atoms, optionally linked together so as to form a ring and optionally substituted with hydroxyl, alkoxy or amino groups,
[0125] RL denoting a monovalent group with a molar mass of greater than 15.42 g/mol and preferably greater than 30 g/mol. The group RL may have, for example, a molar mass of between 40 and 450 g/mol. It is preferably a phosphorus-bearing group of general formula (XI):
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[0126] in which X and Y, which may be identical or different, may be chosen from alkyl, cycloalkyl, alkoxyl, aryloxyl, aryl, aralkyloxyl, perfluoroalkyl and aralkyl radicals, and may comprise from 1 to 20 carbon atoms; X and/or Y may also be a halogen atom such as a chlorine, bromine or fluorine atom.
[0127] Advantageously, RL is a phosphonate group of formula:
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[0128] in which Rc and Rd are two identical or different alkyl groups, optionally linked so as to form a ring, comprising from 1 to 40 optionally substituted or unsubstituted carbon atoms.
[0129] The group RL may also comprise at least one aromatic ring such as the phenyl radical or the naphthyl radical, which is substituted, for example, with one or more alkyl radicals comprising from 1 to 10 carbon atoms.

[0130] The nitroxides of formula (X) are preferred since they make it possible to obtain good control of the radical polymerization of the (meth)acrylic monomers, as is taught in WO 03/062 293. The alkoxyamines of formula (XIII) bearing a nitroxide of formula (X) are thus preferred:
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[0131] in which: 
[0132] Z denotes a multivalent group;
[0133] Ra and Rb denote identical or different alkyl groups bearing from 1 to 40 carbon atoms, optionally linked together so as to form a ring and optionally substituted with hydroxyl, alkoxy or amino groups;
[0134] RL denotes a monovalent group with a molar mass of greater than 15.042 g/mol and preferably greater than 30 g/mol. The group RL may have, for example, a molar mass of between 40 and 450 g/mol. It is preferably a phosphorus-bearing group of general formula (XI):
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[0135] in which X and Y, which may be identical or different, may be chosen from alkyl, cycloalkyl, alkoxyl, aryloxyl, aryl, aralkyloxyl, perfluoroalkyl and aralkyl radicals, and may comprise from 1 to 20 carbon atoms; X and/or Y may also be a halogen atom such as a chlorine, bromine or fluorine atom.
[0136] Advantageously, RL is a phosphonate group of formula:
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[0137] in which Rc and Rd are two identical or different alkyl groups, optionally linked so as to form a ring, comprising from 1 to 40 optionally substituted or unsubstituted carbon atoms.

[0138] The group RL may also comprise at least one aromatic ring such as the phenyl radical or the naphthyl radical, which is substituted, for example, with one or more alkyl radicals comprising from 1 to 10 carbon atoms.
[0139] By way of example of nitroxide of formula (X) that may be borne by the alkoxyamine (XIII), mention may be made of:
-
N-tert-butyl-1-phenyl-2-methylpropyl nitroxide,
-
N-(2-hydroxymethylpropyl)-1-phenyl-2-methylpropyl nitroxide,
-
N-tert-butyl-1-dibenzylphosphono-2,2-dimethylpropyl nitroxide,
-
N-tert-butyl-1-bis(2,2,2-trifluoroethyl)phosphono-2,2-dimethylpropyl nitroxide,
-
N-tert-butyl[(1-diethylphosphono)-2-methylpropyl] nitroxide,
-
N-(1-methylethyl)-1-cyclohexyl-1-(diethylphosphono) nitroxide,
-
N-(1-phenylbenzyl)-[(1-diethylphosphono)-1-methylethyl] nitroxide,
-
N-phenyl-1-diethylphosphono-2,2-dimethylpropyl nitroxide,
-
N-phenyl-1-diethylphosphono-1-methylethyl nitroxide,
-
N-(1-phenyl-2-methylpropyl)-1-diethylphosphonomethylethyl nitroxide,
-
or alternatively the nitroxide of formula: 
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[0140] The nitroxide of formula (XIV) is particularly preferred:
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[0141] It is N-tert-butyl-1-diethylphosphono-2,2-dimethylpropyl nitroxide, commonly known for simplicity as SG1.
[0142] The alkoxyamine (I), and especially the alkoxyamine (XIII), may be prepared via recipes described, for example, in FR 2 791 979. One method that may be used consists in coupling a carbon-based radical with a nitroxide. The coupling may be performed starting with a halogenated derivative in the presence of an organometallic system such as CuX/ligand (X=Cl or Br) according to a reaction of ATRA (atom-transfer radical addition) type as described by D. Greszta et al. in Macromolecules 1996, 29, 7661-7670.
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[0143] Alkoxyamines that may be used in the context of the invention are represented below:
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	TRIAMINS


[0144] The last two alkoxyamines are called DIAMINS and TRIAMINS, respectively, and are the preferred alkoxyamines.
[0145] Advantageously the alkoxyamine called TRIAMINS is chosen for the process according to the invention. 
[0146] With regards to the step b1) of mixing the macromolecular sequences (II) of step a) with methyl methacrylate, it is made that the macromolecular sequences (II) presents between 30wt% and 60wt% preferably between 35wt% and 55wt% of the mixture comprising the macromolecular sequences (II) and the  methyl methacrylate. 
[0147] With regards to the step b2) of partly polymerizing the mixture of the macromolecular sequences (II) and methyl methacrylate, it is done by heating the mixture. The mixture is heated to a temperature above 60°C, preferably 70°C. The mixture is heated to a temperature less than 100°C preferably less than 90°C. The polymerization is stopped when the partly polymerized mixture is having a viscosity between 100cPoisse and 5000cPoise at 20°C as measures with a Brookfield viscosimeter. The polymerization is stopped by adding methyl methacrylate having a temperature below 20°C, preferably below 10°C. The quantity of the added methyl methacrylate is chosen to obtain a liquid mixture having between 2wt% and 30wt% of macromolecular sequences (II) in the mixture.
[0148] With regards to the radical initiator, it can be chosen from diacyl peroxides, peroxyesters, dialkyl peroxides, peroxyacetals or azo compounds. Radical initiators which may be suitable are, for example, isopropyl carbonate, benzoyl peroxide, lauroyl peroxide, caproyl peroxide, dicumyl peroxide, tert-butyl perbenzoate, tert-butyl per-2-ethylhexanoate, cumyl hydroperoxide, 1,1-di(tert-butylperoxy)-3,3,5-trimethylcyclohexane, tert-butyl peroxyisobutyrate, tert-butyl peracetate, tert-butyl perpivalate, amyl perpivalate, 1,1-di​(t‑amyl​peroxy)cyclohexane, tert-butyl peroctoate, azodiisobutyronitrile (AIBN), azodiisobutyramide, 2,2’‑azobis(2,4-dimethylvaleronitrile), 4,4’-azobis​(4‑cyano​pentanoic acid) or 1,1’-azobis(cyanocyclo​hexane). It would not be departing from the scope of the invention to use a mixture of radical initiators chosen from the above list.
[0149] The content of radical initiator with respect to the monomers of the mixture which is cast in the mold varies from 100 to 2000 ppm by weight, preferably between 200 and 1000 ppm by weight. This content can vary as a function of the application and of the thickness targeted.
[0150] The polymeric composition PC1 can comprise also other compounds, which are not taken into account for the calculation of the weight ratios between the compounds mentioned before.

[0151] Other ingredients can be optionally added to the mixture which is cast in the mold. Mention may be made, without implied limitation, of:

•
colored organic dyes or colored inorganic pigments;

•
plasticizers;

•
UV-stabilizing additives, such as Tinuvin P from Ciba, used at contents of 0 to 1000 ppm and preferably 50 to 500 ppm, with respect to the mixture which is cast in the mold;

•
light or heat stabilizers, such as, for example, Tinuvin 770;

•
antioxidants;

•
flame-retarding additives, such as, for example, tris(2-chloropropyl) phosphate;

•
thickening agents, such as, for example, cellulose acetate butyrate;

•
mold-release agents, such as, for example, dioctyl sodium sulfosuccinate, used at contents of 0 to 500 ppm and preferably 0 to 200 ppm, with respect to the mixture which is cast in the mold.


[0152] The sheet of the polymeric composition PC1 according to the invention or made by the process according to the invention can at least on one surface be coated with varnish. The varnish is preferably transparent.
[0153] The sheet of the polymeric composition PC1 according to the invention or made by the process according to the invention can be used as monolithic sheet or in a multilayer structure.  

[0154] The multilayer structure comprises the sheet of or with the polymeric composition PC1 according to the invention as one layer. The layer could be an external layer or an internal layer. 

[0155] The other layers of the multilayer structure beside the layer made of the sheet with the polymeric composition PC1 according to the invention, can be polymer layers.

[0156] One surface of the sheet according to the invention can be at least partially grained

. Preferably this is the surface in contact with the water during use.

[0157] Still another aspect of the present invention is the use of the polymeric composition PC1 according to the invention.
[0158] The polymeric composition PC1 according to the invention is preferably used in nautical applications or watercrafts. The watercraft can comprise the polymeric composition PC1 or the watercraft can be made nearly entirely out of the polymeric composition PC1. 
[0159] The polymeric composition PC1 is the same as described before.
[0160] Still another aspect of the present invention is an object in form of a watercraft that is large parts transparent.
[0161] The watercraft according to the invention, may be a stand-up paddle, a surfboard, a wind surfboard, a body board, a kite board, a kayak, a jet ski, a multihull vessel with at least two floaters (as a catamaran or a trimaran), a boat or another watercraft. 
[0162] The watercraft according to the invention, may be a device for watersports.
[0163] The watercraft is at least partly transparent, preferably a large part of the watercraft is transparent. The transparency concerns especially that part or surface of the watercraft that is in direct contact with the water. That means the downside and the upside of this part or surface, where usually the downside is under water and in contact with the water and the upside is the opposite side to the downside. The upside can also be under the water surface, but not in direct contact with the water (is for example the bottom in the inside of a boat), or the upside can be submerged by water as the upside of a surfboard. 
[0164] Concerning the part or surface of the watercraft in direct contact with the water, when the watercraft is in the water, at least 10% of this part or surface is transparent. Preferably at least 20% of the part or the surface of the watercraft in direct contact with the water is transparent, more preferably at least 30%, even more preferably at least 40% advantageously at least 50% and most advantageously at least 75%.
[0165] Figure 1c) and 1d) shows a surfboard which is entirely or that is in large part transparent. The non-transparent parts might there to fix parts required on the surfboard, as fixtures for mast and sails, leg rope, fins or bindings.  
[0166] More preferably between 10% and 100% of the part or surface of the watercraft in direct contact with the water is transparent, even more preferably between 20% and 100%, between 30% and 100% and most advantageously between 75% and 100%.
[0167] This is shown in figures 1 and 2. In figure 1 c) to d) a large part of or nearly the entire surface of the watercraft is transparent. In figure 3 a large part of the entire surface of the watercraft that is under water is transparent.
[0168] In a first preferred embodiment the watercraft is a stand-up paddle.
[0169] In a second preferred embodiment the watercraft is a surfboard. The surfboard can be a longboard, a shortboard, a kneeboard, a bodyboard, a wakeboard or a kiteboard.
[0170] Preferably the watercraft (10) and more preferably the watercraft (10) according to the first and second preferred embodiment  comprises a cavity (20). Such a cavity (20) is shown in figure 3a.  The cavity (20) has a volume of at least 10cm3

. The cavity (20) has a volume of at most 100m3
. Preferably the cavity (20) has a volume of at least 100cm3, more preferably of at least 1000cm3, even more preferably of at least 2000cm3 and advantageously of at least 3000cm3. Preferably the cavity has a volume of at most 80m3, more preferably of at most 50m3, still more preferably of at most 20m3 and advantageously of at most 10m3.
[0171] More preferably the cavity (20) of the watercraft (10) according to the first and second preferred embodiment has a volume between 100cm3 and 100m3, advantageously between 1000cm3 and 10m3, more advantageously between 1000cm3 and 1m3 and even more advantageously between 2000cm3 and 0.5m3.
[0172] The cavity (20) does not consist of microspores that make up the volume of the cavity (20). Nevertheless the complete volume of the cavity (20) may be consisting of several divided smaller cavities (20a to 20n). The added volume of these respective smaller cavities make up the complete volume of the cavity (20). Figure 3b shows of an example of a watercraft (10) in form of a surfboard comprising three smaller cavities (20a, 20b and 20c). The smaller cavities (20a, 20b and 20c) are separated by walls (25a and 25b). The walls between the respective cavities can be made out of the thermoplastic composition PC1, but it can also be another material. The walls can be tightly sealed so that no material go pass the wall going from one smaller cavity to another cavity.  The walls can also be not sealed, for example having holes, so that material can go from one smaller cavity to another cavity. These three smaller cavities (20a, 20b and 20c) add up to the global cavity of the watercraft (10). 
[0173] The watercraft can comprise at least one lightning device. Preferably the lightning device projects the light through the downside of the watercraft into the water. The lighting device comprises at least one light source. The light source for example can be a LED. The LED might be white or colored.
[0174] The watercraft can comprise at least an audio system. 


[0175] Still another aspect of the present invention is process for making a watercraft that comprises a polymeric composition PC1, said process comprises the steps of 
a) providing a polymeric composition PC1

b) assembling the polymeric composition PC1
[0176] The process can comprise the additional step of thermoforming the polymeric composition PC1. The thermoforming can take place before or after 

the providing step.
[0177] Preferably the polymeric composition PC1 is provided in form of a sheet. The sheet has a preferably a thickness from 1 to 30mm, more preferably from 2 to 20mm


[0178] The assembling of the polymeric composition is made ………


[0179] Preferably the assembling step is made is made with the sheets described before.
[0180] Figure 3a shows a watercraft (10) in form of a surfboard made out of two thermoformed sheets (20 and 30) and assembled together at line (50). One of the sheets (20 and 30) forms the upper side and one the lower side, latter which is in constant contact with water. Between the two assembled sheets (20 and 30) is the cavity (20).
Claims

1. A polymeric composition PC1 suitable for watercrafts said polymeric composition PC1 is comprising a transparent polymer TP1.

2. The polymeric composition PC1 according to claim 1, characterized in that the transparent polymer TP1 is chosen from a polycarbonate or a (meth)acrylic block copolymers or a crosslinked (meth) acrylic composition
.
3. The polymeric composition PC1 according to claim 1, characterized in that the transparent polymer TP1 is  comprising a crosslinked (meth)acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a  weight average molecular weight Mw of between 150 000 and 800 000 g/mol.
4. Use of a polymeric composition PC1 suitable for watercrafts said polymeric composition PC1 is comprising a transparent polymer TP1.

5. The use according to claim 7, characterized in that the transparent polymer TP1 is chosen from a polycarbonate or a (meth)acrylic block copolymers or a crosslinked (meth) acrylic composition.
6. The use according to claim 7, characterized in that the transparent polymer TP1 is comprising a crosslinked (meth)acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a  weight average molecular weight Mw of between 150 000 and 800 000 g/mol.
7. A process for making a polymeric composition PC1 suitable for watercrafts said polymeric composition PC1 is comprising a crosslinked (meth)acrylic composition comprising a brittle matrix (I) having a glass transition temperature of greater than 0°C and of elastomeric domains having a characteristic dimension of less than 100 nm consisting of macromolecular sequences (II) having a flexible nature with a glass transition temperature of less than 0°C, characterized that the macromolecular sequences (II) having a flexible nature are having a weight average molecular weight Mw of between 150 000 and 800 000 g/mol, said process comprises the steps of: .
a) preparing the macromolecular sequences (II) by mixing, with the monomer(s) intended to form the macromolecular sequences (II), an alkoxyamine of general formula Z(-T)n, in which Z denotes a polyvalent group, T denotes a nitroxide and n is an integer greater than or equal to 1;

b) mixing the macromolecular sequences (II) of step a) with methyl methacrylate, and optionally a crosslinking agent, optionally at least one comonomer M and optionally at least one radical initiator;

c) mixing the composition comprising the macromolecular sequences (II) and  methyl methacrylate with crosslinking agent, optionally at least one comonomer M and at least one radical initiator, if it has not been done yet in step b);

d) casting the mixture obtained in previous step in a mold and then heating it according to a temperature cycle in order to obtain a cast sheet.

8. A process for making a watercraft that comprises a polymeric composition PC1 said polymeric composition PC1 is comprising a transparent polymer TP1, said process comprises the steps of 
a) providing a polymeric composition PC1

b) assembling polymeric composition PC1.

9. An object in form of a watercraft that is in large parts transparent, said transparent part comprises a polymeric composition PC1, said polymeric composition PC1 is comprising a transparent polymer TP1.
10. A device for watersports that is in large parts transparent, said transparent part comprises a polymeric composition PC1, said polymeric composition PC1 is comprising is comprising a transparent polymer TP1.
11. A watercraft comprising a part made of the composition.

12. The watercraft according to claim xx, characterized in that the watercraft is chosen from

Abstract

The present invention relates to 
�J’aimerai savoir une definition est une explication pour cette dimension





�Je pense que c’est ce qu’on a mesuré dans la ShieldUp ou les Nanostrength 


�Le PC et le copobloc ne sont pas réticulés ; Voir si cela reste cohérent avec la définition originale du TP1 !!!


�Le PC c’est juste pour divulgier ? On laisse tomber après ou rentre dasn plus des details ?





�Oui c’est juste pour divulguer et le protéger dans une revendication 1 large ou l’on par le TP1 transparente.


�True for this application ? 


�Non c’est p(MMAcoMAA)-p(BuAcoSty)-p(MMAcoMAA)


�Is this coherent with the bloccopolymers for this application


�Yes it is. But practically we don(t put comonomer because there is some residual BA from Felxibloc that plays the role of comonomer. 


�Cette partie vient de AM 4029 Shielup ++, c’est aussi vrai pour cette application ?





�oui


�Quelle additifs sont trnasparent, jai déjà supprimé tous qui est particules pour la diffusion du lumiere.


�Je n’en vois pas d’autres à mentionner


�Does this not influence the transparency ? How do grains (roughness) influence the scratch resistance?


�Of course graining will affect the transparency of the sheet itself but not when the surface of the grained sheet is in contact with water (( contact transparency)


Graining will improve the resistance to scratch (actually the scratches will be less visible by naked eye)


�1litre=1000cm3 ; 1m3=1000litre


�Cela me parait ridiculement petit pour faire un objet qui va sur l’eau… 


�Choisi par moi : 100m3=100 000 litres


�Nous ne sommes pas obligés de le mettre dans cette demande, et en fonction du rapport du recherche on pourrait déposer une demande de selection/amelioration. Par contre il faudrait garder cette aspect confidentielle et de ne pas parler ou divulguer rien non plus pendant le salon.  Ou on ajout ici de façon générale tous les possibilités sans rentré en détail.


�Ok pour moi


�Is there a preference ?


�Il faut distinguer 2 cas : 


1 : PC1 est une plaque plate. On la thermoforme d’abord et ensuite on l’assemble


2 : PC1 est un résine sous forme de granulé. Soit on l’extrude pour en faire une plaque plate, ensuite thermoformée puis assemblé. Soit on injecte directement la résine dans un moule qui a la forme souhaitée des parties hautes et basses du paddle , et ensuite on les assemble. 


�Defini avant, y-a—t-il des autres l’eapaseurs neccesaire pour cette application ?


�Non 


�Comment ?


�C’est à Laurent de préciser ce point. A mon avis il faut rester vague et parler de collage. 


�Cela laisse ouverte la possibilité d’utiliser du PMMA standard ou du PMMA choc. A mon avis il faut aussi protéger le PMMA dans son ensemble. 
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