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A biobased photo-healable thermoset coating has been developed from 4 components in only 2 steps via a solvent-free process involving an epoxy/amine reaction. Its composition includes epoxidized linseed oil and a dynamic molecule (4,4'-diaminodiphenyl disulfide) which, under UV irradiation, can be photolyzed reversibly. Compared to an analogous material without disulfide bond, this coating exhibits a lower crosslinking density and a higher elongation at break. Importantly, a 100 μm depth scratch has been significantly repaired under UV light: a photo-healable coating having both thermoplastic and thermosetting properties has thus been elaborated.

INTRODUCTION

The need to find alternatives to the non-renewable resources used in polymer chemistry has gradually become obvious. In this context, vegetable oils can be considered as a very interesting 2 option: in addition to the renewable aspect, their low cost is an important argument. These are mostly composed of triglycerides, i.e. esterification products of glycerol with mostly unsaturated fatty acids -that represent 95% of the total weight of triglycerides-and their composition is characteristic of each vegetable oil. Many studies have been conducted on such oils to develop new materials [START_REF] Sharma | Addition polymers from natural oils -A review[END_REF][START_REF] Adekunle | A review of vegetable oil-based polymers: synthesis and applications[END_REF][START_REF] Gandini | Progress of polymers from renewable resources: furans, vegetable oils, and polysaccharides[END_REF][START_REF] Bobade | Bio-based thermosetting resins for future generation: A review[END_REF] but few products are available on the market. Moreover, bio-based raw materials are rarely usable directly after harvesting or extraction, and long processes are often required to transform them into molecular building blocks. In this context, highly unsaturated oils are an exception since their native form has been used directly in coatings for a very long time, or after chemical modification (epoxidation, maleinisation, acrylation ...). [START_REF] Gandini | Progress of polymers from renewable resources: furans, vegetable oils, and polysaccharides[END_REF][START_REF] Zovi | A solventless synthesis process of new UV-curable materials based on linseed oil[END_REF][START_REF] Zhao | Photoinitiated thiol-epoxy addition for the preparation of photoinduced self-healing fatty coatings[END_REF][START_REF] Samarth | Modified vegetable oil-based additives as a future polymeric material -A review[END_REF] Unfortunately, these materials have a major drawback: they exhibit high crosslinking, so that they are difficult to process or modify once they have been damaged.

On another hand, self-repairing materials are a class of intelligent materials that have the ability to repair damages caused by mechanical wear and tear over time. The initiation of cracks and other types of damage at a microscopic level modify the properties of the materials (polymer, ceramic, etc.). Materials that can intrinsically correct the damage have a higher long service life, with, ideally, no reduction in efficiency over time due to degradation. For a material to qualify as self-healable, it is required that the healing process occurs without human intervention. The first application in coatings has been described by White [START_REF] White | Autonomic healing of polymer composites[END_REF] and involves a selfrepairing agent based on a microencapsulated monomer that, once released by cracking, polymerizes. While this method is currently the only one commercially available in the field of coatings, it is unfortunately a 'one shot' self-repair with strong limitations on lifespan. [START_REF] Pratama | Room temperature self-healing thermoset based on the Diels-Alder reaction[END_REF] Other self-healing methods activated by external stimuli (electrical, thermal, UV) have been developed. [START_REF] Odarczenko | Sunlight-activated self-healing polymer coatings[END_REF] In theory, this type of self-repair can take place ad infinitum when resting on reversible interactions such as metal-ligand coordination, hydrogen bonding, ionic interactions, ... [11][START_REF] Du | Diels-Alder-based crosslinked self-healing polyurethane/urea from polymeric methylene diphenyl diisocyanate[END_REF][START_REF] Chen | New thermally remendable highly cross-linked polymeric materials[END_REF][START_REF] Zeng | Bio-based furan polymers with self-healing ability[END_REF][START_REF] Tian | Optimization of thermal remendability of epoxy via blending[END_REF][START_REF] Yang | Self-healing polymeric materials[END_REF][START_REF] Chatani | The power of light in polymer science: photochemical processes to manipulate polymer formation, structure, and properties[END_REF][START_REF] Habault | Light-triggered self-healing and shape-memory polymers[END_REF][START_REF] Hillewaere | Fifteen chemistries for autonomous external self-healing polymers and composites[END_REF][START_REF] Hughes | Light-Healable Epoxy Polymer Networks via Anthracene Dimer Scission of Diamine Crosslinker[END_REF] To date, the wide majority of developed materials exhibiting such properties rests upon mobility of the molecules within the materials, such as in thermoplastics or gels. The challenge on coating preparation is still to have thermosetting materials that can self-heal. For this, the coatings must exhibit both thermoplastic and thermosetting features, an interesting path lying on the use of a dynamic molecule that reversibly cleaves.

In this context, disulfide compounds appear as an attractive repair system. Indeed, the homolytic cleavage of the S-S bond occurs naturally at room temperature and the resulting thiyl radicals can then be involved in metathesis reactions with other disulfide bridges (Scheme 1). [START_REF] Abaskharon | Direct measurement of the tryptophan-mediated photocleavage kinetics of a protein disulfide bond[END_REF][START_REF] Lu | Steady-state and time-resolved studies on photoinduced disulfide bond cleavage using aniline as an electron donor[END_REF][START_REF] Klepel | Dynamic covalent chemistry in aqueous solution by photoinduced radical disulfide metathesis[END_REF] However, this exchange reaction is very slow in materials in solid state. Although several chemical or physical actions (adding a basic catalyst, working in solution, under high pressure or in ball mill, increasing the temperature …) can enhanced the reaction kinetics, [START_REF] Sobczak | Dynamic covalent chemistry under high pressure: a new route to disulfide materials[END_REF] this limitation explains why most of examples of healing materials involving disulfide bridge exchanges are elastomers. [START_REF] Michal | Inherently photohealable and thermal shapememory polydisulfide networks[END_REF][START_REF] Lei | Room-temperature self-healable and remoldable cross-linked polymer based on the dynamic exchange of disulfide bonds[END_REF][START_REF] Xu | A novel self-healing polyurethane based on disulfide bonds[END_REF][START_REF] Wang | UV-triggered thiol-disulfide exchange reaction towards tailored biodegradable hydrogels[END_REF][30][START_REF] Zhang | Trapping dynamic disulfide bonds in the hard segments of thermoplastic polyurethane elastomers[END_REF][START_REF] Ohishi | Insertion metathesis depolymerization of aromatic disulfide-containing dynamic covalent polymers under weak intensity photoirradiation[END_REF][START_REF] Matxain | Design of new disulfide-based organic compounds for the improvement of self-healing materials[END_REF][START_REF] Yuan | Highly stretchable, recyclable and fast room temperature self-healable biobased elastomers using polycondensation[END_REF][START_REF] Rekondo | Catalyst-free room temperature self-healing elastomers based on aromatic disulfide metathesis[END_REF][START_REF] Chen | Rapid stress relaxation and moderate temperature of malleability enabled by the synergy of disulfide metathesis and carboxylate transesterification in epoxy vitrimers[END_REF] To the best of our knowledge, only two papers deal with thermosetting materials in which the reversible cleavage of disulfide bridges has been used to give the materials a thermoplastic behavior allowing their processing and recycling at temperatures above 200°C. [START_REF] Ruiz De Luzuriaga | Epoxy resin with exchangeable disulfide crosslinks to obtain reprocessable, reparaible and recyclable fiber-reinforced thermoset composites[END_REF][START_REF] Ocando | Dynamic network based on eugenol-derived epoxy as promising sustainable thermoset materials[END_REF] In this work, we report a thermoset material based on vegetable oil that can self-repair after surface damage by dynamic exchange of disulfide bridges by means of a relatively low temperature process involving UV radiation. 4,4'-Diaminodiphenyl disulfide was chosen as a photo-repair molecule. This symmetrical compound offers the great advantage of giving recombination products identical to the initial molecule (avoiding undesirable non-photolyzable products), thus guaranteeing a priori constant reversibility over time.

Scheme 1. Schematic representation of cleavage and metathesis within the material.

As an easily affordable and cost-effective biobased source, epoxidized linseed oil was selected to design the target material through an epoxy/amine pathway. Whereas materials based on vegetable oils often afford elastomer networks, the original integration of aromatic structures within the network, that we propose herein, should lead to materials with higher Tg and a strengthened thermoplastic feature.

Worthnotingly, a synthesis process in bulk, and without catalyst, was privileged.

The main part of this paper is in two sections. First, an experimental protocol for the elaboration of a photo-healable material from the aforementioned compounds was developed. In a second instance, the photo-repairing ability was investigated and characterized by tensile tests, and the results were compared to those obtained on a reference material with similar chemical structure but without disulfide bond.

EXPERIMENTAL 2.1 Materials

Epoxidized linseed oil (ELO), kindly provided by Traquisa, was filtrated to remove suspended particles before use. Trimethylolpropane triglycidylether (TMPTGE, Sigma Aldrich), 4,4'diaminodiphenyl disulfide (DADS, TCI), 4,4'-methylenedianiline (MDA, TCI), Priamine ® 1074 (Croda) were used as supplied. Chemical formula and physicochemical data of these compounds are collected in Scheme 2 and Table S1, respectively. Scheme 2. Chemical formula of reactants.

Methods

1 H NMR analyses were carried out on a 300 MHz Bruker spectrometer. IR spectra were measured on a Bruker Vertex 70 FTIR spectrometer in ATR mode (ATR MK II Golden Gate, Specac, Eurolabo). The ATR diamond crystal is integrated in a heating plate allowing temperatures up to 300°C. The disappearance of reactive groups was followed at 905 cm -1 (C-O deformation band of asymmetric epoxy group), 800 cm -1 (C-O deformation band of symmetric epoxy group), and at 1620 cm -1 (N-H stretching of aromatic primary amine) and 1540 cm -1 (N-H stretching of aliphatic primary amine). A reference band was chosen between 2750 and 3100 cm - 1 (C-H stretching of aliphatic group). Conversion of epoxy or amine functions was calculated as follows:

Conversion % = A A - A A A A × 100
where A 0 and A t are the area of the absorption bands at t = 0 and t, respectively.

Molecular weight and polydispersity determinations were made using of a Varian PL-GPC50 calibrated with a polymethylmethacrylate standards and equipped with a 5 µm PLgel guard column and a 5 µm Mixed-C analysis column.

Differential scanning calorimetry (DSC) analysis and thermogravimetric analysis (TGA) were performed under nitrogen atmosphere at a 10 °C.min -1 heating rate using TA Instruments devices, DSC Q2000 and TGA Q800, respectively. Dynamic mechanical analysis (DMA) was carried out using a TA Instruments DMA Q800.

Analyses were performed at a 10 °C.min -1 heating rate with frequency and strain rate set at 1 Hz and 5 µm, respectively. The average molar mass between crosslinks (M c ) was determined using the Flory's law:

G = φ RTρ M
where R is the constant of perfect gases, ρ is the material density, G' is the storage modulus measured at a temperature T on the rubbery plateau, ϕ is an empirical factor related to conversion and usually equal to 1. Measurements were repeated on 5 different specimens.

UV-visible spectra were collected using a Varian Cary 50 spectrometer. Solutions at 10 -4 mol.L -1 in methanol were analyzed. Films absorption was measured using another device with an integrating sphere (Scheme S1). The polychromatic radiation came from a 500 W Hg-Xe lamp (Hamamatsu LC8). When required, emission spectrum was limited to the 300-450 nm range thanks to an interference filter. UV lamp irradiance and radiation transmitted by samples were measured between 300 and 800 nm using an Ocean Optics USB2000 spectrometer.

Material elaboration

Photo-healable material. In a reactor A, a mixture of 52 wt-% TMPTGE and 48 wt-% DADS was heated 40 min at 100 °C under mechanical stirring until 67% conversion was reached. In a reactor B, a mixture of 41 wt-% ELO and 59 wt-% Priamine ® 1074 was heated 30 min at 140 °C under mechanical stirring until 35% conversion was reached. After cooling at 70-80 °C, 50 wt-% of reactor A and 50 wt-% of reactor B were mixed under mechanical stirring. The resulting formulation was spread on the silicone support at 80°C by means of a threaded bar. Spreading was repeated at regular time intervals for 15 minutes. After peeling, the film was kept at 80°C for 3 hours before a final phase of 100 h at 100 °C for full reaction.

Reference material. In a reactor C, a mixture of 60 wt-% TMPTGE and 40 wt-% MDA was heated 22 min at 95 °C under mechanical stirring until 67% conversion was reached. Reactors B and C were then mixed at 70-80 °C in the same weight proportion (50/50) and the elaboration of the final film was carried out in the same way as for the photo-healable one.

Photo-healing

Each tensile specimen was notched perpendicular to its main axis of symmetry and over its entire width (4.4 mm) using a home-made notching machine. The notch was 100 µm deep and 50 µm wide. Photo-healing was carried out using a 350 W Hg lamp (Oriel). The light intensity was measured at the sample level using a radiometer (Vilber Intraspec Oriel VLX-3W) fitted with a 254, 312 or 365 nm cell (Bioblock Scientific). This one was set to 5.8 mW.cm -2 at 254 nm, 142.4 mW.cm -2 at 312 nm and 137.3 mW.cm -2 at 365 nm. Each specimen, damaged or not, was placed on a thermostatically controlled metal platform at 100 °C and exposed to UV radiation for 1 to 3 h. No mechanical action was taken to bring the edges of the damage closer together.

Tensile tests were performed on 5 different specimens similarly treated. The recovery percentage of elongation at break was calculated according to the following formula:

Recovery % = ε ) * + , * , * , -ε ) * + , ε ) * + , -ε ) * + , × 100

RESULTS AND DISCUSSION

Epoxidized linseed oil (ELO) and 4,4'-diaminodiphenyl disulfide (DADS) were the main raw materials selected for use in the composition of the target photo-healable material. Two other molecules were added to the previous composition in order to modulate the medium reactivity as well as crosslinking density and absorption ability of the final photo-healable coating:

trimethylolpropane triglycidylether (TMPTGE) and a biobased aliphatic diamine (Priamine ® 1074). At last, DADS was replaced by 4,4'-methylenediamine (MDA) to synthesize a reference material without disulfide bond.

In order to impart healing properties to a thermoset material, it must be possible to transform it into a thermoplastic during the repair time and for it to regain its thermosetting character after repair. [START_REF] Kloxin | Covalent adaptable networks: smart, reconfigurable and responsive network systems[END_REF] This thermoplastic behavior can be obtained by including reversible bonds in the tridimensional structure of the thermoset network. Besides, no significant repair can take place if the exchange dynamic between macromolecular chains is not sufficient within the polymer network. [START_REF] Cromwell | Malleable and self-healing covalent polymer networks through tunable dynamic boronic ester bonds[END_REF][START_REF] Amamoto | Self-healing of covalently crosslinked polymers by reshuffling thiuram disulfide moieties in air under visible light[END_REF] This means that a repairable polymer network must ideally have sufficient reversible bonds to provide chain mobility. According to these considerations, the strategy developed for elaborating the photo-healable material consisted in synthesizing a polymer network that ideally contains a reversible link in each mesh. To achieve this objective, it was decided to systematically work at the stoichiometry in epoxy and amine functions. 1. Compositions of the studied formulations (stoichiometry in epoxy and amine functions).

Formulation

Kinetic investigation

A kinetic study was first performed to characterize the relative reactivity of the five selected reagents. Five bicomponent formulations (1 to 5 in Table 1) were prepared and heated to initiate the epoxy-amine reaction without catalyst. Conversion of each reactive group was monitored in real time by FTIR spectroscopy (Figure S3) at various reaction temperatures. Thus, the monomers envisaged to elaborate the photo-healable biobased material exhibit very different reactivity according to the nature of their functional groups. In addition, the temperature dependence of the reaction speed is highly variable from one couple of monomers to another.

This kinetic study led us to the conclusion that elaborating this material by a one-step process will lead to heterogeneous materials. Indeed, if these monomers are heated together in a same device, the two more reactive monomers (i.e. TMPTGE and Priamine® 1074 -Scheme 3)

quickly react together in a first time and the two less reactive molecules (i.e. ELO and DADS -Scheme 3) slowly react in a second time, leading to the formation of two interpenetrating networks instead of a single network. Hence, a two-step process was preferred. In this process, 3) will first react together in separate reactors before to be mixed in a second step. Scheme 3. Relative reaction speed of each bicomponent system.

Elaboration and characterization of materials

As described in the experimental section, three reactors A-C of bicomponent formulations (reactor A: 52 wt-% TMPTGE + 48 wt-% DADS; reactor B: 42 wt-% ELO + 58 wt-% Priamine ® 1074; reactor C: 60 wt-% TMPTGE + 40 wt-% MDA) were heated until an adequate viscosity for film application and nearly identical residual function rates were achieved. Thus, the heating duration of reactor A was set to 40 min at 100 °C, leading to a 67% conversion (measured by FTIR spectroscopy) and 1.18 meq.g -1 of residual epoxy functions. The same conversion and residual epoxy functions amount were obtained after only 22 min at 95 °C for reactor C. In the case of reactor B, a 30 min heating at 140 °C was necessary to reach 35% conversion, which corresponds to 1.44 meq.g -1 of residual epoxy groups.

Reactors A and B for the photo-healable material, on the one hand, reactors B and C for the reference material, on the other hand, were then hot-mixed in identical mass proportions before 16 being cast on a silicone support. Formulations were then spread out with threaded bar and oven dried up to the maximum progress of the reaction as indicated by the stagnation of the glass transition temperature of the material (Figure S9). 250 µm thick yellow films were thus obtained (Figure 3). These films are fold-resistant and have a certain ability to stretch. Physicochemical properties of these films were then characterized. For comparison, films from bicomponent systems were also prepared and characterized (Table 2). Thermogravimetric curves are presented in Supporting Information (Figure S10). Whatever their compositions, films exhibit very low polar components. In contrast, the dispersive component is higher for the photo-repairable film compared to the reference, which can be attributed to the presence of DADS. These data as well as the low polarity of the materials are characteristic of hydrophobic surfaces. As far as the thermal stability of the films is concerned, the lower degradation temperature of the photo-healable material compared to the reference material can be attributed to the presence of disulfide groups whose cleavage is known to be sensitive to temperature. 21,[START_REF] Sobczak | Dynamic covalent chemistry under high pressure: a new route to disulfide materials[END_REF][START_REF] Chen | Rapid stress relaxation and moderate temperature of malleability enabled by the synergy of disulfide metathesis and carboxylate transesterification in epoxy vitrimers[END_REF][START_REF] Ruiz De Luzuriaga | Epoxy resin with exchangeable disulfide crosslinks to obtain reprocessable, reparaible and recyclable fiber-reinforced thermoset composites[END_REF] Besides, Tg and pendulum hardness values of the photo- Tg values lower than room temperature (5°C) and therefore a soft character. Indeed, the long aliphatic chains separating the two amine functions of Priamine ® 1074 ultimately induce lower crosslinked materials compared to DADS which, moreover, bears two aromatic rings. Finally, it is noteworthy that the Tg value of the photo-healable material is consistent with that calculated by Gordon-Taylor's law, indicating a perfectly homogeneous network.

Material composition (w/w)

DMA analyses show that photo-repairable and reference films have approximately identical G' modules in the glassy state. In contrast, it can be noted that the rubbery modulus is two times greater for the reference material. This results in an average molar mass between crosslinks (Mc) almost twice as large for the photo-repairable material compared to the reference. DADS and MDA having a very close chemical structure with a chain length nearly identical, this difference can be attributed to the presence of the disulfide bridge in the photo-repairable material. Indeed, as illustrated on Scheme 4, the cleavage of the S-S bond leads to an apparent Mc higher than it would be if the bond did not cleave. Finally, tensile tests show that the photo-repairable film has a higher elongation at break and a lower tensile stress at break than the reference. This indicates a lower crosslinking density in the DADS-containing material. This also fully corroborates the DMA results and confirms the dynamic effect of the S-S bridges.

Photo-healing

Photo-healing could occur provided that the material is able to absorb the energy required for the S-S bond photolysis. Among the reagents present in composition of the photo-repairable film, DADS is mainly responsible for the absorption of UV radiation in the wavelength range between 250 and 400 nm (Figure S11). Specifically, for DADS, the effective wavelength range for the S-S bridge cleavage is between 250 and 320 nm. [START_REF] Fan | Wavelength-controlled dynamic metathesis: a light-driven exchange reaction between disulfide and diselenide bonds[END_REF] The absorption of the photo-repairable film was characterized using an integrating sphere, as described in the experimental section. Two series of measurements were carried out (Figure 4).

In the first one, the spectral irradiance was measured over the entire wavelength range of the lamp, in the presence or not of a 200 µm thick film of the photo-repairable material (Figure 4a). In the second experiment, the wavelength range was limited to 300-450 nm by using an interference filter (Figure 4b). As expected, the intensity of the transmitted radiation decreases as a result of its absorption by the film. However, this decrease is not similar in both cases. Thus, if we look at the 365 nm band, which is not efficient for the photolysis of S-S bridges, 35% of the unfiltered radiation is transmitted by the film as opposed to only 22% of the filtered radiation for which effective wavelengths for the S-S bridges photolysis are suppressed or strongly attenuated. It can then be assumed that in the absence of filter, part of the disulfide bridges has been photocleaved, whereas in the presence of filter, no photocleavage has occurred. One can assume that this transmission increase can be related to the transition from S-S bonds to S• radicals. Indeed, a thiol (or thyil) molecule exhibits lower absorbance than its disulfide dimer, as shown on Figure S12. This increase of transmission after S-S bridges photolysis is analogous to a photobleaching phenomenon that may be of particular interest for photo-repair. From the curves obtained on Figure 4b, absorbance (A) of the non-photolyzed material can be determined for each wavelength as the logarithm of the ratio of the incident (I0) and transmitted (It) intensities. Thus, for the three main emission wavelengths of the Hg-Xe lamp, A = 0.65 at 365 nm, A = 0.36 at 335 nm and A = 0.22 at 312 nm. From these values and considering for simplification that εC is invariant during reaction (and equal to 3250 m -1 at 365 nm, 1800 m -1 at 335 nm and 1100 m -1 at 312 nm), the evolution of the transmitted and incident intensities ratio can be predicted as a function of material thickness (l) using the Beer-Lambert's law: Damaged or not, specimens were therefore exposed to UV radiation under different conditions.

I I = 10 ./01
Irradiation time and intensity were optimized in order to limit a blackening phenomenon observed on films containing disulfide bridges, which can be attributed to photooxidation. [START_REF] Lemoine | Vieillissement de la matie re organique[END_REF] Photo-healing properties were then characterized by means of tensile tests. Figure 6a depicts the tensile curves obtained on undamaged (blank), damaged (scratched), and finally damaged and UV exposed test specimens of photo-healable films. Analyses were also carried out on undamaged specimens exposed to UV radiation at 100°C and on damaged specimens subjected to heat treatment alone (Figure 6b). It can be noted that the slight increase in tensile stress at break for scratched material compared to virgin material can probably be explained by a slight variation in the cross section of the specimens. break and toughness obtained in the same conditions are reported in Supporting Information (Figure S13). Compared to blank film, the damage of photo-repairable film is responsible for a decrease of almost 46% in elongation at break, 38% in tensile stress at break and 60% in toughness. For the reference, the consequences of the damage are even more pronounced with a loss of 80% of the elongation at break, 60% of the tensile stress at break and 90% of the toughness. Besides, it is noteworthy that heat treatment alone has almost no influence on these values. Thus, no healing of the photo-repairable material occurred by simple heating, i.e. no creep of material could take place, as expected for a thermoset material. It can also be noted that, after 3 h of UV at 100 °C, the elongation at break of the undamaged photo-repairable material was reduced by 14% compared to the initial value whereas the tensile stress at break was increased by 22%. A visual observation of the samples after irradiation shows a stiffening of their surface by photooxidation of disulfide bridges, which can probably explain these variations. Finally, Figure 6 clearly put forward the beneficial effect of UV exposure. Indeed, the longer the irradiation time, the higher the elongation recovery. After 3 hours of irradiation, 42% of the elongation lost after damage was recovered. The photolysis of the disulfide bridges thus allowed to increase the mobility of the macromolecular chains and to favor the involvement of thiyl radicals in metathesis reactions as illustrated on Scheme 1. This resulted in the promotion of the creep of the material and gave it a thermoplastic behavior. The same treatment performed on the reference film did not highlight this behavior, confirming the essential role of disulfide bridges for repair.

CONCLUSION

In summary, a biobased photo-healing coating that exhibits thermoplastic and thermosetting properties has been developed. This coating is easily prepared from four components in only two steps through an epoxy/amine reaction and a solvent-free process. Its composition includes epoxidized linseed oil and 4,4'-diaminodiphenyl disulfide, a dynamic molecule whose reversible cleavage can be accelerated under UV irradiation. The obtained material contains ca. 50 wt-% of biobased compounds and 24 wt-% of photosensitive molecule. Compared to an analogous material without disulfide bond, the coating exhibits a lower crosslinking density and a higher elongation at break, due to the cleavage of disulfide molecules. This cleavage was intensified by UV light and a significant repair of a 100 μm depth scratch has been achieved: a 42% increase of tensile strength has been observed in 3 hours of UV irradiation at 100°C. Unfortunately, this long duration of UV irradiation induced a photooxidation of the material surface. This process might therefore be more interesting for repairing less deeper scratches by means of lower radiation intensity or shorter UV exposition. This work paves however the way for the development of novel classes of sustainable biobased thermosetting coatings.

Corresponding Authors

*E-mail: daniela.vuluga@insa-rouen.fr *E-mail: laurence.lecamp@insa-rouen.fr

  Contact angles were determined by a GBX Instruments goniometer (Digidrop ASE). Water, ethyleneglycol and diiodomethane were used as analysis solvents. Polar and dispersive components were calculated using the Owens-Wendt method (detailed in Supporting Information). Results are mean values of ten measurements on different parts of the sample surface. Pendulum hardness (Persoz and König) was measured at room temperature with an automatic pendulum tester (Labomat Essor). Mechanical tensile tests were carried out on a Zwick/Roell Z030 equipped with a 500 N force sensor and a thermostatically controlled chamber for a temperature range of -80 to 200°C. Samples of calibrated thickness (around 250 µm) were analyzed at 31.8°C and in accordance with ISO 527-2 2012 type 1 BB: tensile test piece of 50 mm length x 4.4 mm width, initial distance between jaws: 40 mm, test speed: 5 mm.min -1 .
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  bicomponent formulations with intermediate reactivity (i.e. TMPTGE and DADS (or MDA for the reference material), on one hand, and ELO and Priamine® 1074, on the other hand -Scheme
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 3 Figure 3. Appearance of the photo-repairable film.

  healable film are in between those of the two-component materials based on DADS and Priamine ® 1074. If the presence of DADS (TMPTGE + DADS) leads to materials with a high Tg (70°C) and a rigid character, materials made from Priamine ® 1074 (ELO + Priamine ® 1074) have
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 4 Scheme 4. Schematic representation of the effect of disulfide bridge cleavage on Mc.
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 6 Figure 6. Tensile curves obtained on specimens of photo-repairable material after various
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 7 Figure 7. Elongation at break and percentage recovery of materials according to treatment.
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Table

  

		TMPTGE	DADS	MDA	ELO	Priamine ® 1074
		wt %	mol %	wt %	mol %	wt %	mol %	wt %	mol %	wt %	mol %
	1 (reactor A)	52	47	48	53	-		-		-
	2 (reactor B)	-		-		-		42	29	58	71
	3 (reactor C)	60	50	-		40	50	-		-
	4	35	49	-		-		-		65	51
	5	-		39	71	-		61	29	-

mol -1 ) e

  

					Surface properties a		
		δ d (mN.m -1 )	δ p (mN.m -1 )	γ (mN.m -1 )	Polarity (%)	Tg (°C) b	Td (°C) c
	TMPTGE + DADS (52/48) (A)	32.6		3.7	36.3	10		70	233
	ELO + Priamine ® 1074 (42/58) (B)	19.3		2.2	21.5	10		5	205
	Photo-healable material (50A/50B)	36.8		3.6	40.4	9		38	242
	Reference material (50B/50C)	19.3		3.7	23.0	16		46	275
						Elongation	Stress at	Pendulum hardness (s)
		On the glassy	On the rubbery		at break	break	Persoz	König
		plateau			plateau		(%) f	(MPa) f	(12°)	(6°)
	TMPTGE + DADS (52/48) (A)	1555 (313 K)		3.08 (413 K)	1368	n.d.	n.d.	316.6	138.9
	ELO + Priamine ® 1074 (42/58) (B) 1369 (243 K)		2.53 (343 K)	1072	66	0.5	43.4	24.3
	Photo-healable material (50A/50B) 1678 (273 K)		3.25 (373 K)	1061	177	3.7	86.4	49.2
	Reference material (50B/50C)	1608 (273 K)		6.32 (393 K)	566	70	12.3	81.1	43.7

a calculated from contact angle measurements; b measured by DMA at the onset of storage modulus G'; c measured by TGA at 5% weight loss Material composition (w/w) Storage modulus G' (MPa) d Mc (g.d measured by DMA; e calculated from rubbery plateau's modulus measured by DMA; f measured by tensile test; n.d.: not determined (brittle material)

Table 2 .

 2 Physicochemical properties of synthesized films.
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