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In this research, there are two main parts works, first is based on melamine glyoxal resin without formaldehyde used, and the modification of it use for wood industry adhesives. The other part is the preparation of environmentally friendly adhesives and non-isocyanate polyurethane(NIPU) from biomass-based (sugar, protein, tannin, etc.).

Wood composites such as plywood and particleboard were used for easuring the performance of adhesives, and more possibilities applications of them such as coating effect of several crosslinkers on the curing temperature and bonding properties of NIPU was also studied. Research on more application about NIPU have also been conducted, for example, coating and rigid foams.
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Résumé

Dans cette recherche, il y a deux parties principales : la première est basée sur la résine mélamine-glyoxal sans utilisation de formaldéhyde, et sa modification pour qu'elle soit utilisée comme adhésifs pour bois. La deuxième partie concerne la préparation d'adhésifs écologiques et de polyuréthane non isocyanate (NIPU) à partir de biomasse (sucre, protéines, tanins, etc.).

Dans notre vie quotidienne, un grand nombre de produits industriels en bois sont utilisés, par exemple la table, les chaises et les armoires en panneaux de particules, les sols d'intérieurs en panneaux de fibres, etc. Tous sont généralement liés avec des résines synthétiques à base de formaldéhyde (comme l'urée formaldéhyde, la mélamine-urée-formaldéhyde). Cela pose un problème d'émission de formaldéhyde toxique lors de la production et de l'utilisation, ce qui affecte gravement la santé publique car le formaldéhyde est cancérigène. Par conséquent, il est très important et urgent de trouver une substance appropriée pour remplacer le formaldéhyde dans les adhésifs utilisés pour le bois. Ainsi, le glyoxal tiens notre attention le fait qu'il est un aldéhyde non toxique, qui possède deux sites actifs (groupes aldéhyde) pour participer à la réaction. En fait, le formaldéhyde a été remplacé par glyoxal dans la préparation de la résine urée glyoxal qui trouve des applications dans l'industries du papier et du textile. Par contre elle n'est pas utilisée comme adhésif pour bois, car la réactivité du glyoxal est inférieure à celle du formaldéhyde et les propriétés de liaisons des résines sont médiocres.

La mélamine est un réactif chimique plus réactif que l'urée, qui modifiait la résine urée-formaldéhyde et améliorait ses performances de liaison. Certes, l'utilisation de la mélamine et du glyoxal pour préparer des résines MG pour panneaux à base de bois qui répondent aux exigences de la production est devenu un bon choix. Cependant, en comme la réactivité du glyoxal n'est pas la même que celle de formaldéhyde, l'agent de durcissement conventionnel pour la résine UF tel que le chlorure d'ammonium, le sulfate d'ammonium ne fonctionne pas avec la résine MG. Une autre modification consiste à améliorer les performances des résines MG avec du 5-hydroxyméthylfurfural en tant que modificateur pour obtenir une résine HMFMG. Comparée aux résines MG non modifiées, la résine HMFMG préparée en ajoutant 5% de HMF présente une meilleure force de liaison et une meilleure résistance à l'eau. Bien que la performance de liaison humide de celui-ci ne soit pas conforme à la norme, mais de manière prévisible, continuer à augmenter la quantité de HMF permettra à la résistance à l'eau des résines HMFMG de satisfaire aux exigences de la norme.

Une autre recherche importante dans cette étude est la préparation d'adhésifs pour bois à base de matières premières issues de la biomasse. Bien que les résines synthétiques MMG décrites ci-dessus ou la résine HMFMG additionnée de HMF aient obtenu de bons effets de liaison, elles devraient être utilisées comme adhésifs pour le bois dans la production industrielle du bois, mais des produits pétrochimiques non Ressource renouvelable. Par conséquent, la préparation d 'adhésifs pour bois à partir de ressources de biomasse renouvelable est un sujet de recherche important.

Il existe actuellement de nombreuses études sur la préparation des adhésifs pour le bois à partir de matières premières issues de la biomasse, les plus courantes d'entre elles étant les adhésifs pour le bois à base de tanins, de lignine, de protéines et d'amidon. Cependant, en tant qu'adhésifs pour bois à base de biomasse, ils ont un problème commun à résoudre, à savoir une faible résistance à l'eau. La grande majorité des rapports de recherche sur les adhésifs à base de biomasse ont également pour but de résoudre ce problème. Dans la présente étude, sur la base de l'étude précédente sur les résines synthétiques MG, il a été noté que alcool furfurylique est issue de la biomasse renouvelable, pour cela des résines synthétique à base alcool furfurylique et le glyoxal (FAG) a été préparée en faisant réagir de l'alcool furfurylique avec le glyoxal, les résines alcool furfurylique-formaldéhyde (FAF) et alcool furfurylique-glutaraldéhyde (FAG') ont été également synthétisées simultanément. Le contreplaqué a été préparé pour évaluer la performance des résines.

Comme prévu, les résines FAF ont la meilleure adhérence et la meilleure résistance à l'eau, cependant le formaldéhyde reste toxique. La résine FAG présente également de bonnes performances de liaison et de résistance à l'eau (résistance au cisaillement à sec de 1,02 MPa, résistance à l'eau froide à l'eau de 1,36 MPa, résistance à l'eau de 1,46 MPa de 2h), bien qu'elles soient plus faibles que la résine FAF, mais assez répond aux exigences de la norme. Etant donné que le glutaraldéhyde a la réactivité la plus faible parmi les trois aldéhydes, les propriétés de liaison de la résine FAG 'synthétisée ne sont pas satisfaisantes.

Une autre matière de la biomasse, la protéine de blé a été réagie avec le glyoxal, puis la polyéthylèneimine a été ajouté en tant qu'agent de réticulation et avoir un adhésifs à base de protéine et respectueux de l'environnement. La résine a montré de bonnes propriétés de liaison et de résistance à l'eau, mais la viscosité est élevée, et elle ne peut être utilisé que pour le contreplaqué. De plus, cet adhésif doit être mélangé avec du PEI avant utilisation, ce qui est peu pratique à utiliser. Par conséquent, un adhésif de résine synthétique à base de protéines a été préparé. Adhésifs à base de protéines de résine polyamides obtenus par réaction de la protéine de soja avec l ' anhydride maléique, puis avec l' hexaméthylènediamine. Le contreplaqué collé obtenu présente une excellente performance, la résistance à sec atteint 1,09 MPa, la résistance à l'eau froide pendant 24h était 0,85 MPa et la résistance après 2h d'eau bouillante est de 0,78 MPa, qui sont déjà supérieures aux exigences de la norme.

Récemment, un sujet très intéressant sur la préparation de polyuréthanes non isocyanates (NIPU) pour remplacer les polyuréthanes largement utilisés à base d'isocyanates qui sont très toxique. En ce qui concerne la synthèse des NIPU, il existe deux méthodes courantes : 1) l'une consiste à faire réagir le dioxyde de carbone avec un groupe époxy sous pression et dans des conditions de catalyseur afin d'obtenir un carbonate cyclique, puis à réagir avec des damines. 2) L'autre méthode consiste à réagir des espèces de groupes o-hydroxy avec le carbonate de diméthyle, puis avec le damine également.

Dans mon étude, cette dernière méthode sera utilisée pour explorer la synthèse de NIPU avec du glucose et du saccharose et tentera de l' appliquer en tant qu' adhésif pour bois, revêtement bois / fer et mousses rigides NIPU moussantes.

Les résines NIPU ont été utilisés comme revêtements et pour le collage le bois.

Les NIPU à base de glucose ont donné des meilleures performances que les NIPU à base de saccharose. La résine NIPU à base de saccharose utilisée pour la préparation de panneaux de particules a donné des résultats intéressants. Une force de cohésion interne (IB) de 1.01 MPa et une excellente résistance à l'eau. On peut supposer que si des NIPU à base de glucose étaient utilisées pour la préparation de panneaux de particules ou de contreplaqué, donnera de meilleurs résultats que les NIPU à base de saccharose. Et l'agent de couplage au silane KH560 a été utilisé pour réduire la température de durcissement des NIPUs, ce qui a été confirmé. Mots-clés: résine, mélamine-glyoxal, composites de bois, tanin, protéines de soja, polyuréthannes non isocyanates (NIPU), colle à bois and foams were tried also. 13 1) Synthetic melamine-glyoxal resin without use toxic formaldehyde and a suitable hardener was found for it. By the modification of glutaraldehyde, a melamine-glyoxal-glutaraldehyde(MGG') resin with good performance was prepared and used for plywood production, which can replace the industrial Urea-formaldehyde resin wood adhesive. In addition, 5-hydroxymethylfurfural as a chemical reagent derived from biomass material was also used to modify MG resin to improve its bonding performance and water resistance.

2) The biomass material furfuryl alcohol was used to react with aldehydes (formaldehyde, glyoxal, glutaraldehyde) to prepare plywood adhesives. Among them, furfuryl alcohol-glyoxal(FAG) resin, which was reacted with a non-toxic glyoxal, and with a good bonding propertiesis. It's as an environmentally friendly adhesive for wood bongding. The effect of different acidity of curing agents on bonding performance has also been explored, a self-neutralizing hardener is synthesized and used.

3) Proteins, tannins were used to prepare bio-based environmentally friendly wood adhesives, and improved the bonding properties and water resistance by the addition of crosslinking agents (furfuryl alcohol-glyoxal resins, epoxy resins, polyethyleneimine, etc.). UF resins are the most commonly used resins for indoor applications, due to their low cost, short hot press time and good performance [1]. The problem of UF resins is related to their poor water resistance and formaldehyde emission, although in some cases of E1 rated resins, this problem has been greatly reduced with the reduction of formaldehyde emission, but it is still not completely eliminated. Much work has been done around the modification of UF resins and much is still ongoing [2][3][4][5].

MUF resins are an adhesives synthesized by modifying UF resins with melamine, which is superior in performance to UF resin and has better water resistance [6,7]. they are the most widely used outdoors or semi-outdoors adhesives in Europe, especially in France, Italy and Spain. However, the cost of melamine is very high, which limits its application. More research on how to reduce the cost of MUF is still ongoing. Pure MF resins are usually not used to bond wood, generally used to produce impregnated paper, veneer, etc. And the price is higher than MUF resins.

Polymeric 4,4'-methyldiphenyl diisocyanate(PMDI) is the most recent synthetic product in the field of thermosetting resins [8,9], and has important applications for insulation (thermo-insulating foams) as well as for wood-metal and wood-plastic bonding in combination with polyvinyl acetate PVA resins or other polyhydroxy materials. As an adhesive for wood panels it guarantees good external performance and short pressing times, and without formaldehyde emission, but the presence of free radicals -N=C=O is dangerous to public health. For the application of PMDI, theplant installation must be adapted and modified to avoid sticking problems with the press platens. . The PMDI consumption for particleboard, medium density fibreboard(MDF)

and Oriented Strand Board(OSB) manufacturing is constantly increasing in countries like France, Germany and Italy despite the high cost of the product (1500-2300 euros /ton), this being considered as a disadvantage.

Tannin is a natural chemical compounds of mainly phenolic nature, which has a phenolic character and thus can react with aldehydes for wood bonding or as a substitute for phenol and synthetic natural phenolic resins. Tannin adhesives are well known and used in Australia, South America, South Africa, and their use is also growing in Europe. They provide short hot press times and low or no formaldehyde emissions and acceptable bonding performance for interior or exterior panels according to the formulation used.

Wood-based panels.

With the development of science and technology, the application of wood in different environments has become more and more demanding, with the boards obtained by cutting natural wood having difficulties to meet the ever more stringent application requirements, leading, thus, to the development of wood-based panels.

The panels made from wood are mainly of four types:

1. particle boards This also makes this type of boards with a higher price. The OSB manufacturing process is similar to that of particle board with electrically heated continuous presses.

Glulam are produced in large single-stage presses and either not heated or heated by radiofrequency heating due to their large thickness. In general, plywood is produced by a sequential process: rotary cutting veneers, veneers drying, applying the adhesive, assembling, and finally hot pressing. The production of it is difficult to automate, and its hot pressing efficiency is not satisfactory as for particle board. Moreover, even the most efficient equipment can only at a pressing time greater than 30 s/mm of panel thickness. Most plywood panels are used for semi-outdoor or outdoor use and are bonded with PF or MUF resins. The production of plywood is more oriented to special products with high added value as, for example, using a precious wood veneers with beautiful wood grain on the surface layer to produce "mimic" of expensive plates, thus a decorative role. Here too a lot of research has been carried out trying to optimize the process and products to have:

-Low or no formaldehyde emission, especially for indoor products;

-Low thickness swelling in water for any outdoor application;

-Compliance with European standards of quality and environmental safety (ISO 29000 and ISO 14000)

-Fire retardant characteristics.

This can make plywood more efficient and competitive than those previously described. MF resins have good bonding properties, as well as very good boiling water resistance (in newer formulations almost comparable to phenol formaldehyde resins).

They cure fast even at lower temperatures, an additional advantage. Although the cured MF resins are hard and have good wear resistance, this hardness and brittleness makes it easy for them to crack and hence it does affect their service life.

Synthesis of melamine-formaldehyde resins.

Melamine and formaldehyde react in much the same way as urea and formaldehyde as shown in Figure 1.4, but here also with a few differences in the reaction mechanism. Compared to urea, melamine has a lower solubility in water, but because of the very high reactivity of melamine with formaldehyde, the addition and condensation reactions are faster and more complex, and a hydrophobic condensation product is formed more quickly than urea. Unlike the polycondensation reaction of urea-formaldehyde resin, condensation of a MF resin can occur under alkaline, neutral and acid conditions, while for a urea-formaldehyde resin it is only carried out under acid conditions [10][11][12][13]. During their hardening MF resins do not produce as much formaldehyde as UF resin, so in MF resins there is a high proportion of residual methylene-ether bridges.
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Tomita and Ono (1979) [10] have proposed a theory on the kinetics of reactions between melamine and formaldehyde. They found that the initial F/M ratio has a great influence on the distribution of methylolated products: with an F/M ratio of less than 3, a mixture of monomethylol, dimethylol and trimethylol melamine had been obtained. But, if the F/M ratio is higher (10 or more), hexamethylol melamine be formed. The crosslinking reaction of the MF resins requires a minimum temperature of 65 °C. In reality, MF resins can polymerize at lower temperatures by catalysis with a strong acid, but the bond is then very brittle and the shear strength of the panels bonded with it is also poor.

Furthermore, in the crosslinked structure of the MF resin, the melamine cores are bonded to each other by methylene bridges or dimethylene-ether bridges. The proportions of these two types of bonds depend on the ratio of F/M molar ratio. A high ratio promotes the formation of dimethylene ether linkages as well as higher the degree of branching.

Synthesis of melamine-glyoxal(MG) resins.

Despite that the MF resins have a lower formaldehyde emission problem than UF resins, it is still inevitable that formaldehyde is used during their preparation and thus that emission occurs during the bonded products life, which is unacceptable as the formaldehyde is now classed as toxic and carcinogenic. Glyoxal is nontoxic (LD50 rat ≥ 2960 mg/kg; LD50 mouse ≥ 1280 mg/kg when compared to formaldehyde LD50 of 75 mg/kg) and non-volatile [14,15]. Because of advantages such as its mature production technology, low cost and easy biodegradation, G has been widely used as a green environmentally friendly additive in the papermaking and textile industries [16].

The non-volatile and non-toxic aldehyde glyoxal (G) was used to substitute formaldehyde to react with urea to synthesize Urea-glyoxal(UG) resins and its uses for textiles are well known [17], However, these are low condensation resins not adaptable for wood. Successful preparation of urea-formaldehyde-glyoxal resin by partial substitution of formaldehyde with glyoxal use for bonding plywood have been the subject of several articles that showed that such resins have a good performance [18]. The problem of these latter resins is that formaldehyde, although much less, is still there. The first important success in the bonding of plywood with absolute UG resins has been achieved, and some initial acid-catalytic reactions involved in the synthesis of the UG resin were theoretically investigated by quantum chemistry using density function theory [18,19]. Furthermore, as UG resins are slower curing than UF resins, ionic liquids were shown to even solve this drawback and to be the ideal hardeners for UG resins [20].

Because of the higher reactivity than urea, melamine was used to react with glyoxal to prepare melamine-glyoxal(MG) resin and use for particleboard [21]. It was found that surprisingly the MG resin did not gel at 100 °C even in presence of a hardener(NH4Cl), Even a fast hardener, namely chrome nitrate, when used still only yielded a poorer internal bond (IB) strength for the panels can be obtained. The best IB strength result is just 0.28 MPa, far below the minimum of 0.35 MPa required by relevant standards. Nonetheless, with 13 CNMR and MALDI-TOF-MS analysis, the reaction between melamine and glyoxal was confirmed and interpreted as: 

Furfuryl alcohol

Furfuryl alcohol as an important biosourced chemical raw material, which is mainly used in producing furfural and furan resins. In addition, it is also widely used in industrial production of dyes, synthetic fibers, rubber, pesticides and casting. This chemical is usually obtained from hemicelluloses of different types from agricultural waste such as sawdust, wheat or corn and is therefore considered a natural product (Figure 1.7). The furfuryl alcohol of agricultural origin is obtained mainly from two reactions:

1) Hydrolysis of pentosans of hemicelluloses.

Several processes and starting materials are described in the literature for the production of furfural [22,23].

2) Catalytic hydrogenation at high pressure of furfural.

The catalysts generally consist of metals. Recent studies have shown the effectiveness of mixtures Co-Mo and B [24] and Cu-MgO [25].

Furfuryl alcohol is well known for undergoing a very exothermic self-condensation reaction in an acid medium in the following way:

Under strong acidic conditions, the reaction proceeds violently and releases heat, so that the process becomes self-sustaining and all furfuryl alcohol is rapidly converted to poly-furfuryl alcohol, and cured.

Furfuryl alcohol can also be converted to furfuryl alcohol-formaldehyde resins [26]:

There is even research proposing that in the curing process with strong catalysts or at higher temperatures, formaldehyde can reacts at the 3,4 positions of the furan rings of the resin to form methylene or oxydimethylene bridges as follows [27]:

Furan polymers prepared in a solvent and in a nitrogen atmosphere was helped to analyze the mechanism of polymerization of furfuryl alcohol [28]. The polycondensation reaction yielded linear and branched polymers and even to three-dimensional structures according to the applied catalysis conditions applied.

Many research works have been conducted on these materials to evaluate their resistance to heat and corrosion, and their strong non-flammable nature. Because of these characteristics, these products of are widely used in the foundry industry and in anti-corrosion metal painting. The furanic resins and phenol-furanic resins are known and used commercially, for example to bind foundry cores sand. However, furanic resins alone have not been used as wood adhesives, probably, among, others for their dark/black colour, not with standing the fact that they tend to have excellent water and weather resistance. Their main drawback, in the case of furfuryl alcohol, is the necessity to have a very acid pH for curing. While this is acceptable for certain applications it is not suitable for wood adhesives, where too low a pH and too high a residual acidity would hydrolyse the holocellulose of wood at the interface. This would cause, eventually, interfacial failure of the bonded wood joint or panel.

Tannins and tannin adhesives

Tannins are natural polyphenolic substances used by plants to protect themselves from insects and fungi. They are widely distributed in the plant kingdom [29],

therefore they are considered as the fourth most abundant material of plant-based compounds, just after cellulose, hemicelluloses and lignins [30]. The chemical structure of tannins is very variable, but always presents polyphenolic moieties. From the point view of their chemical structure, there are two main classes of tannins:

hydrolyzable tannins and condensed tannins. The hydrolyzable tannins consist of polyphenolic derivatives of gallic acid esters:

They have already been used as partial substitutes for phenol in the preparation of phenol formaldehyde resins [31,32], but this use is limited by their low reactivity with formaldehyde and other aldehydes.

Condensed tannins are made up of flavonoid units and are more than 90% of the world's commercial tannins production. They have proved to be much more interesting for the preparation of adhesives and resins due to their higher reactivity. In These compositions in different proportions affect the viscosity and reactivity of tannins. A considerable amount of research work has been conducted on the application of these condensed tannins [33,34]. They are used in many industrial applications such as: wood adhesives or leather dyes and many others [29]. Since tannins are phenolic in nature, they can react in the same way as phenols and also react well with aldehydes. Notable differences were observed in the reaction rates of resorcinol and phloroglucinol tannins A-rings with various aldehydes. In the case of procyanidins, phloroglucinol A-rings tannins, the reaction rates with various aldehydes are thus classified [START_REF] Tondi | Développement de résines de polycondensation à base de tannins pour produits industriels écologiques et innovants -Mousses rigides et produits de préservation bois[END_REF]:

For resorcinol A-rings tannins, the reactivity scale is as follows:

Protein based adhesives

Protein-based adhesives are natural adhesives using substances containing proteinaceous as the main raw material. They can be distinguished as plant proteins and animal protein adhesives. At present, the most popular research is on soy protein adhesives, because of the abundant raw material reserves and its low prices. However, their poor water resistance and high viscosity (due to secondary forces within the protein chain and between different protein chains, as figure1.9) still severely restricts their industrial has applications. A lot of research work has been carried out to solve these problems. Generally, The preparation of soy protein adhesives is mainly done first through protein denaturation or hydrolysis under acid and alkali as catalyst, then by adding some modifiers or crosslinking agents to react with it. Soy protein is easy hydrolyzed into small molecules under acid conditions, resulting in unstable bonding properties of soy protein adhesives [START_REF] Gao | The effects of thermal-acid treatment and crosslinking on the water resistance of soybean protein[END_REF]. The performance of alkali-modified soy protein adhesive is relatively reproducible and presents the best bonding effect between pH 9 to 11 [START_REF] Gao | Soybean meal-based adhesive enhanced by MUF resin[J][END_REF][START_REF] Liu | Influence of alkaline strength on bonding strength of soybean protein adhesive[END_REF]. Unfortunately, the performance of protein adhesives are not up to standard when soy protein only undergoes such a degradation treatment. Therefore, the application of some modifiers to improve the bonding performance has become a necessity. There are common cross-linking modifiers: epoxy resin, pMDI, synthetic resins (such as melamine-formaldehyde, melamine-urea-formaldehyde, phenol-formaldehyde, melamine-glyoxal), etc [START_REF] Jj | Soybean meal-based wood adhesive enhanced by ethylene glycol diglycidyl ether and diethylenetriamine[END_REF][START_REF] Luo | A new soybean meal-based bioadhesive enhanced with 5,5-dimethyl hydantoin polyepoxide for the improved water resistance of plywood[END_REF][START_REF] Luo | A high performance soy protein-based bio-adhesive enhanced with a melamine/epichlorohydrin prepolymer and its application on plywood[END_REF][START_REF] Luo | A new flexible soy-based adhesive enhanced with neopentyl glycol diglycidyl ether: properties and application[END_REF][START_REF] Luo | Toughening improvement to a soybean meal-based bioadhesive using an interpenetrating acrylic emulsion network[END_REF][START_REF] Xu Yc | Improve the performance of soy protein-based adhesives by a polyurethane elastomer[END_REF][START_REF] Chen Nr | Investigation of a new formaldehyde-free adhesive consisting of soybean flour and Kymene (R) 736 for interior plywood[END_REF][START_REF] Li | A highly water-resistant soy-based bioadhesive with 1,4-butanediol diglycidyl ether and its application on plywood[J][END_REF][START_REF] Luo | Effects of polyisocyanate on properties and pot life of epoxy resin cross-linked soybean meal-based bioadhesive[J][END_REF][START_REF] Wu | Soy-based adhesive cross-linked by melamine-glyoxal and epoxy resin[J][END_REF][START_REF] Gao | Soybean meal-based adhesive enhanced by MUF resin[J][END_REF][START_REF] Zhong | Plywood adhesives by blending soy protein polymer with phenol-formaldehyde resin[J][END_REF]. Graft modification has also been shown to be an effective method to improve the performance of protein adhesives, but the usual reaction conditions for it are very harsh. Thus, to prepare protein adhesives that do not use toxic substances such as formaldehyde, are moreover simple to prepare and also have good performance constitutes an important area of research.

Polyurethanes(PU) and non isocyanates polyurethanes(NIPU)

Polyurethanes are macromolecular polymers containing repeating urethane groups as follows:

They are obtained by polymerizing isocyanates and polyols. They have excellent performance as adhesives, such as chemical resistance and bonding properties. Their use has grown rapidly since their discovery in the 1930s. There are many types of polyurethane products such as semi-rigid and soft foams, and rigid plastic, coatings, adhesives, elastic fibers, etc. so that they are very widely used in industrial production and in daily life.

Polyurethanes can and have already been prepared for various potential applications from polyols of renewable materials, including materials such as tannin [START_REF] Peng | Synthesis and characterization of polyphenol-based polyurethane[END_REF][START_REF] Ge | A novel biodegradable antimicrobial PU foam from wattle tannin[END_REF][START_REF] Ge | Compressive Properties and Biodegradabilities of Polyurethane Foams Derived from Condensed Tannins[END_REF][START_REF] Ge | Decomposition of polyurethane foams derived from condensed tannin II: Hydrolysis and aminolysis of polyurethane foams[END_REF]and lignin [START_REF] Faruk | Continuous Extrusion Foaming of Lignin Enhanced Thermoplastic Polyurethane (TPU)[END_REF][START_REF] Hatakeyama | Advances of Polyurethane Foams Derived from Lignin[END_REF][START_REF] Liu | Improving aging resistance and mechanical properties of waterborne polyurethanes modified by lignin amines[END_REF][START_REF] Wang | Fractionation of the Biopolyols from Lignocellulosic Biomass for the Production of Rigid Foams[END_REF]. However, polymeric isocyanates must always be used in the industry to prepare polyurethanes, even if they are associated with biosourced polyols. This has already been the case with oxypropylated flavonoid tannins [START_REF] Garcia | Modification of condensed tannins: from polyphenol chemistry to materials engineering[END_REF][START_REF] García | Hydroxypropyl tannin derivatives from Pinus pinaster (Ait.) bark[END_REF],

as with many other natural polyols. In order to solve this problem, non-isocyanate polyurethanes (NIPU) which did not use toxic isocyanate as a raw material have been developed and attracted much attention. Research on this topic has also become a hot topic. Research on chemical pathways for the preparation of non-isocyanate-based polyurethanes are already available [START_REF] Rokicki | A New route to polyurethanes from ethylene carbonate, diamines and diols[END_REF], although these have recently involved vegetable oil-derived materials as renewable resources [START_REF] Nohra | From petrochemical polyurethanes to biobased polyhydroxyurethanes[J][END_REF].

Even though polyurethanes can and have already been prepared for a number of possible applications using biobased polyols from renewable materials. However, polymeric isocyanates must always be used in the industry to prepare polyurethanes, even if they are associated with biosourced polyols. In order to solve this problem, a non-isocyanate polyurethane (NIPU) which did not use toxic isocyanate as raw material was developed and attracted much attention. Research on this topic has also become a hot topic.

Many research works are available on the different reaction routes for preparing non-isocyanate-based polyurethanes (NIPU). In general, oligomers terminated by five-membered cyclic carbonate groups are used, synthesized by catalyzing an epoxy group with carbon dioxide or by reacting dimethyl carbonate with an adjacent hydroxyl group, and then react it with diamines to form polyhydroxyurethanes , such as [START_REF] Kathalewar | Non-isocyanate polyurethanes: from chemistry to applications[END_REF][START_REF] Suryawanshi | Advances in the synthesis of non-isocyanate polyurethanes[END_REF]: 

Preparation of NIPU from biological resources

There is also an approach to form an epoxy functional group from a C = C bond in a biomass oil (soybean oil, rapeseed oil, etc.) by oxidation treatment. This is then reacted with carbon dioxide (with a catalyst) to form a cyclic carbonate, and finally reacted with the diamine to give NIPUs [START_REF] Malik | Synthesis of NIPU by the carbonation of canola oil using highly efficient 5, 10, 15-tris (pentafluorophenyl) corrolato-manganese (III) complex as novel catalyst[END_REF][START_REF] Poussard | Non-isocyanate polyurethanes from carbonated soybean oil using monomeric or oligomeric diamines to achieve thermosets or thermoplastics[END_REF].

(NIPU)

Figure1.12 Preparation of NIPU from canola oil interesting performance as surface coatings in wood or steel [START_REF] Thébault | Polyurethanes from hydrolysable tannins obtained without using isocyanates[END_REF][START_REF] Thébault | Isocyanate free condensed tannin-based polyurethanes[END_REF][START_REF] Thébault | Isocyanate-free polyurethanes by coreaction of condensed tannins with aminated tannins[END_REF][START_REF] Santiago-Medina | Polyurethanes from Kraft Lignin without Using Isocyanates[END_REF]. In addition, non-isocyanate polyurethanes from monosaccharides (glucose) and disaccharides (sucrose) have been prepared and have been proven as surface coatings for wood and steel; as thermosetting wood panel adhesives [START_REF] Xi | Isocyanate-Free Polyurethane Coatings and Adhesives from Mono-and Di-Saccharides[END_REF][START_REF] Xi | Non-isocyanate polyurethane adhesive from sucrose used for particleboard[END_REF], and even with initially encouraging first results as NIPU foams [START_REF] Xi | Glucose-biobased Non-Isocyanate Polyurethane Rigid Foams[J][END_REF]. The viscosity of the adhesive liquid affects its elongation and penetration on the wood surface, thus affecting the bonding properties of wood products prepared with it.

Too high or too low viscosity of the adhesive will damage the bonding strength of it, therefore controlling a proper viscosity is important and necessary for the adhesive.

The viscosity of adhesives are generally measured by using a rotational viscometer.

The test liquid is placed in a beaker or straight cylindrical container with a diameter of not less than 70mm to accurately control the temperature of the liquid to be tested.

Solids content

The solid content of adhesive means the proportion of polymer with bonding ability in the liquid adhesives. The longer hot press time is needed to drain the solvent (usually water) for the adhesives with low solid contant, which is unacceptable because it reduces production efficiency and consumes more energy. This is a reason for some synthetic resins (such as Urea-Formaldehyde resin) need to evaporate part of water before its use.

The measurement of a resin solids content are carried out in accordance with the provisions of the national standard GB/T 14074-2006. The crucible is made of tin foil, the mass is weighed to M1, which is accurate to 0.0001 g; the sample is weighed to M2, and the mass of the sample is almost (1±0.1) g. To 0.0001 g; then, the sample is dried in a constant temperature oven at a temperature of (120 ± 1) °C for 2 hours.

After taking the sample out of the oven, it is placed in a desiccator for at least 15 minutes, and immediately its weight is taken to be M, and the result must be accurate to 0.0001 g.

The solid content is then calculated according to the following formula:

% 100 2 1 -   M M M 
Where: ω is the solid content, %; M is the mass of the dry pot and the sample after drying, in grams; M1 is the mass of the dry pot, in grams; M2 is the mass of the sample before drying, in grams.

Thermal performance analysis

As a thermosetting synthetic resin or biomass-based wood adhesive, it's very important and meaningful to study their thermal properties. In the wood industry fields, commonly used thermal performance analysis are: Differential scanning calorimetry(DSC), Thermogravimetric analysis(TGA), thermomechanical analysis (TMA), Dynamic Mechanical Analysis (DMA). Here we introduce two thermal performance analyzers used in this research work, namely DSC and TMA.

Differential Scanning Calorimetry (DSC)

The principle of DSC is to quantitatively measure the heat absorbed or released of the sample by the detector during the temperature control of the program, thus to study the thermal change of the sample. DSC can be used to analyze glass transitions, melting and boiling points, crystation time and temperature, percent crystallinity, polymorphism, heats of fusion and reactions, specific heat, thermal stability, rate and degree of cure, reaction kinetics, purity of the tested materials. For the wood adhesives, DSC has been used extensively to study the curing process of thermoset adhesives [START_REF] Amaržija-Jovanović | Thermal behavior of modified urea-formaldehyde resins[END_REF][START_REF] Barton | The application of differential scanning calorimetry (DSC) to the study of epoxy resin curing reactions[END_REF][START_REF] Amen-Chen | Softwood bark pyrolysis oil-PF resols. Part 2. Thermal analysis by DSC and TG[END_REF][START_REF] Park | Differential scanning calorimetry of phenol-formaldehyde (PF) adhesives[END_REF], as it allows intuitively master the optimum curing temperature of the adhesives, and also quantitative measurement of the heat associated with the process. By this way, the activation energy (E) and reaction rate (k) of the curing process of the adhesives can be notced. Thus the degree of cure of the adhesives can be clarified, as we all know it's one of the most important variables affecting the properties of thermosetting resins. Thermosetting resins are crosslinked through the curing process then remarkably physical and mechanical properties changed,and the bonding strength of panels reflected. TMA is used to measure mechanical properties of the sample during the program control heating process. It's widely used to characterize materials and determine transition temperatures and thermal expansion coefficients [START_REF] Gaitas | A piezo-thermal probe for thermomechanical analysis[END_REF]. For the wood adhesives, with two small pieces of veneers(such as figure1. 16), TMA allows the calculation of the Young's modulus E for each case tested. Such a measuring system has been introduced and is used to follow the progressive hardening of the adhesive with the increase of temperature and to indicate comparatively if an adhesive system is faster or slower hardening and if it gives stronger joints than another one. This is recognized by the public and widely used in adhesives test analysis [START_REF] Pizzi | Thermomechanical analysis of entanglement networks -Correlation of some calculated and experimental parameters[END_REF][START_REF] Laigle | forecast by TMA bending in UF adhesives curing[END_REF][START_REF] Zhao | Particlebord dry and wet IB forecasting by gel time and dry TMA bending in PF wood adhesives[END_REF][START_REF] Kamoun | Particleboard IB forecast by TMA bending in MUF adhesives curing[END_REF][START_REF] Lecourt | Comparison of TMA and ABES as forecasting systems of wood bonding effectiveness[END_REF].

The classical mechanics relationship between force F and deflections

f E = [L 3 /(4bh 3 )][F/(fwood -fadhesive)] E-Young's modulus L-sample length(mm) b-sample width(mm) h-sample thickness(mm)
∆f(fwood -fadhesive)-difference between defined forces in the method(N) Figure1.16 TMA operating principle

Structural analysis

Fourier Transform infrared spectroscopy(FTIR) analysis

Fourier transform infrared (FTIR) spectroscopy has a large application range, from the analysis of small molecules or molecular complexes to the analysis of cells or tissues. The design principle of Infrared or FTIR spectroscopy is based on the molecular vibrations, and infrared light energybe absorbed. And a very important point is diferent functional groups can be associated with characteristic infrared absorption bands, which correspond to the fundamental vibrations of the functional groups [START_REF] Griffiths | Fourier Transform Infrared Spectrometry[END_REF]. By this way we can probe the properties of chemical groups in the sample.

Normally, two main types of vibrations are observed in the FTIR test: vibrations along chemical bonds, called stretching vibrations, which involve bond-length changes; another is bending vibrations that involving changes in bond angles. These make the same chemical bond possibility with two different infrared absorption bands that are better help us to analyze and confirm the chemical groups.

For the analysis of wood adhesives, FTIR is a very common and effective method. By the presentation of the functional group in a special absorption band, it can be determined whether the reaction proceed, for example, in the preparation of urea-formaldehyde resin, a IR absorption peak at 1130-1150 cm -1 can be attributed -COO-stretching of aliphatic ether. This proves that the condensation reaction of the methylol urea obtained by the addition reaction of urea with formaldehyde has occurred, and the ether bond be formed [START_REF] Park | Reactivity, chemical structure, and molecular mobility of urea-formaldehyde adhesives synthesized under different conditions using FTIR and solid-state 13C CP/MAS NMR spectroscopy[END_REF].

In addition, utilized in conjunction with other analytical techniques, such as MALDI, FTIR can aid in the determination of specific chemical structures [START_REF] Ping | Condensed tannins from grape pomace: characterization by FTIR and MALDI TOF and production of environment friendly wood adhesive[END_REF]. 

Cross Polarisation-Magic Angle Spinning Nuclear Magnetic Resonance (CP-MAS 13 C NMR) Spectra

Since Schaefer and Stejskal first reported high-resolution 13C spectra of polymers in the glassy state in 1977 [START_REF] Schaefer | Magic-angle 13C NMR analysis of motion in solid glassy polymers[END_REF], significant advances in the development of "highresolution" nuclear magnetic resonance(NMR) techniques for the characterization of molecular properties of solids have occurred, and among them the CP-MAS 13 C NMR is one of most rapid developed technique. so far, this spectroscopy has been extensed into a diversity of chemical areas. For example, natural as well as synthetic polymers, resins, model membranes, coals, surface-bonded species, organometallics and other organic solids [START_REF] Schaefer | Magic-angle 13C NMR analysis of motion in solid glassy polymers[END_REF]. In the wood industry, it is not only used to analyze wood components such as cellulose [START_REF] Henuningson | A CP/MAS 13C NMR study of the effect of steam explosion processes on wood composition and structure[END_REF], but also for chemical analysis of adhesives. Many reports about almost all adhesives including synthetic resins( such as Urea-Formaldehyde, Melamine-Urea-Formaldehyde, Phenolic-Formaldehyde) and natural materials(tannins, lignin,proteins, starch, etc.) based adhesives indicates the practicality of CP-MAS 13 CNMR [START_REF] Wang | Succinaldehyde induced water resistance improvements of UF wood adhesives[END_REF][START_REF] Pizzi | Hardening Mechanisms by Hexamethylenetetramine of Fast-Reacting Phenolic Wood Adhesives-A CP-MAS 13C NMR Study[END_REF][START_REF] Zanetti | Upgrading of MUF particleboard adhesives and decrease of melamine content by buffer and additives[END_REF][START_REF] Lei | Gluten protein adhesives for wood panels[END_REF][111][START_REF] Jurinke | MALDI-TOF mass spectrometry[END_REF]. Indeed, CP-MAS 13 C NMR technique has already become a common analytical method in the field of wood adhesives.

MALDI-TOF analysis

Since the MALDI TOF instrument first appeared in 1990s, in the past few decade matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) has become one of the most powerful tools for the analysis of biomolecules [START_REF] Karas | Laser desorption ionization of proteins with molecular masses exceeding 10,000 daltons[END_REF]. However, MALDI-TOF mass spectrometric tools were not widely considered for routine applications in biological sciences at the begining. Until Karas and Hillenkamp introduced it as a principle for analysis of large molecules at 1988 [START_REF] Pizzi | Structure of resorcinol, phenol, and furan resins by MALDI-TOF mass spectrometry and 13C NMR[END_REF].

MALDI-TOF MS is a "soft" ionization techniques, during the test, the sample is embedded in the crystalline structure of small organiccompounds (matrix) and deposited on a conductive sample support plate. The cocrystals are irradiated with a nanosecond laser beam, The energies introduced are causes structural decomposition of the irradiated crystal and generates a particle cloud (the plume) from which ions are extracted by an electric field. Following acceleration through the electric field, the ions drift through a field-free path and finally reach the detector for testing. Based on the time of flight to the detector to detect the mass-to-charge ratio (M/Z).

Fragmentation of analyte molecules uponlaser irradiation can be substantially reduced by em-bedding them in a light absorbing matrix. As a result, intact analyte molecules are desorbed and ionizedalong with the matrix and can be analyzed in a massspectrometer.

Figure1.18. MALDI TOF instrument and the working principle MALDI TOF has revealed itself to be a powerful method for thecharacterization of both synthetic and natural polymers [START_REF]testing methods for wood adhesives and their resins[END_REF]. MALDI TOF very common applicated in wood adhesives, and the literature on this subject is really large enough today, so that too vast to be summarized here. However, it's convinced that MALDI is a reliable method for analyzing wood adhesives.

Preparation and testing of the panels 1.8.1 Particleboard

Panelboards are generally manufactured from wood particles bonded tightly together using synthetic polymeric adhesives. The processing includes pressing under heat for sufficient time to allow the adhesive to bond the particle's material through the curing process. The chips are placed in a glue blender and sprayed with the resin for about 1 min to obtain a homogenized mixture. The resin solids loading in particleboard does to-day range between 8% and 12% that is why 10 % based on the dry wood particles weight was used in the laboratory usually. 

Plywood

Laboratory plywood panels arecommonly used methods for detecting the performance of adhesives, and evaluated by their dry shear strength, wet shear strength to know the bonding performance and water resistance of the adhesives. The shearing strength (MPa) is given by formula:

S Fmax  
where: Fmax is the tensile strength (N), S is the bonding area (mm 2 ).

The foams and solid foams

Foams are complex materials gathering a lot of bubbles, which are consisting of the dispersion of a gas in a condensed medium [START_REF] Bikerman | [END_REF]. The formation of foams is a process that is regularly observed when in particular gases are mechanically mixed in a liquid. It's worth emphasizing that pure liquids cannot form stable foams, such as pure water, ethanol, benzene, etc. The liquid can forms a stable foam at least with two or more components. Surfactant solutions, proteins, and other water-soluble polymer solutions tend to produce stable, long-lasting foams. Foaming solutions are not limited to aqueous solutions, and non-aqueous solutions also produce stable foams.

Depending on the type of condensed medium, the foams may be liquid or solid [START_REF] Bikerman | [END_REF].

Liquid foams are used frequently in daily life: surfactant foams, shaving cream, milk foam, cappuccino or beer are very relevant examples, it seams that foams are everywhere. Solid foams are harder to find in nature. In general, they are produced from the evolution of a gas in a high viscosity liquid medium and this liquid hardened as the gas escapes. There are many solid foams examples around us in everyday life such as bread, cakes as shown in the pictures. Generally, The solid foam we are talking about is a low density foam materials characterized by their lightness and their "honeycomb" structures. In fact, according to the type of foam raw materials, foams can be divided into: organic foams (such as polyurethane, phenolic foams), metal foams, ceramic foams [START_REF] Prud'homme | Foams: Theory: Measurements: Applications[END_REF].

Foams can also be classified according to the type of cells. Open cell foams have cells that are highly interconnected by pores and their structure is therefore very permeable and light. Closed cell foams have a much higher resistance than the previous ones because the walls are not holed and therefore can withstand greater compressive forces [START_REF] Weaire | The physics of foams[END_REF]. In general, this type of foam is denser and therefore their price per cubic meter is higher.

Another classification of solid foams is based on physical properties, which can be classified as elastic foams and rigid foams. Elastic foams have the property of being deformable while returning to their original shape when the stress applied to them disappears. Among them, an interesting "memory" foams is a relatively new product and very popular, which has been used properly on the seat and seat back(Figure 1.22). For polyurethane foams, the formulation and preparation of non-isocyanate polyurethanes is an effective solution to the problem of toxic isocyanates being used.

Tannin foams

In the case of rigid foams, many studies have been initiated to use natural products for wall insulation [START_REF] Dweib | All natural composite sandwich beams for structural applications[END_REF]. Among them, tannin rigid foam is the most advanced technological innovation in this field. The first records of tannin-based foams date from the early 1970s when a basic formulation was developed in South Africa ,but these foams had severe problems, until 1994, a public record of a formulation that appeared to work well. Tannin foams have also many different developments as general rigid foam insulation. One is to imitate synthetic polyurethanes foams, so that try to react it with isocyanate by two main attempts way. The first is by reaction of benzoylation or oxypropylation to obtain modified tannins, which are used as a polyol to react with a polymeric isocyanate for preparing the foams [START_REF] Pizzi | Tannin-based polyurethane adhesives[J][END_REF][START_REF] García | Synthesis and physicochemical properties of hydroxypropyl tannins from maritime pine bark (Pinus pinaster Ait.)[J][END_REF][START_REF] Marrero | Substitution pattern elucidation of hydroxypropyl Pinus pinaster (Ait.) bark polyflavonoid derivatives by ESI (-)-MS/MS[J][END_REF][START_REF] García | Hydroxypropyl tannin from Pinus pinaster bark as polyol source in urethane chemistry[END_REF]. This is a universal approach that suitable to another natural polyphenol, lignin [START_REF] Wu | Engineering plastics from lignin. 1. Synthesis of hydroxypropyl lignin[J][END_REF]. Second way uses a very different strategy based on the reaction of the tannin with the aldehyde and formed the hydroxymethyl(-CH 2OH) groups subsequent react with the isocyanate. According to this second approach, a mixed rigid foams of phenolic-polyurethanes type have been developed by using natural tanin and furfuryl-alcohol co-treated with polymeric isocyanate to form the polyurethane foams [START_REF] Basso | MALDI-TOF and 13C NMR analysis of tannin-furanic-polyurethane foams adapted for industrial continuous lines application[END_REF]. In this system, a variety of different copolymerization oligomers have been detected, as the complex reaction types. Urethanes appear to have been formed with two flavonoid tannin sites, mainly at the C3 flavonoid hydroxyl group, but also, although less, on the phenolic hydroxyl groups of the flavonoid oligomers. And also from the reaction of isocyanate with furfural.

NH COO CH 2 O OCN

However, it's very advantageous that the reaction betwen glyoxal and furfurly alcohol with the flavonoids A ring via a methylene bridge rather than by reaction with the isocyanate groups to form urethanes. All materials appear to have co-reacted to form urethane and methylene bridges between all major components used. Thus, tannin, furfuryl alcohol, isocyanate, glyoxal and even hardener phenol sulfonic acid, formed a number of mixed species bound by different types of bridge. Even so, the program has achieved satisfactory results in testing on the continuous production line in the factory.

A chemically self-expanding rigid foam formulations based on tannin have been developed at 1994 year [START_REF] Meikleham | Acid-and alkali-catalyzed tannin-based rigid foams[J][END_REF]. These foams composed of 95% bio-materials(tannins and furfuryl alcohol), with the mechanical and physical properties comparable to synthetic PF foams. Originally, the fluid phase before foaming is composed of a tannin, formaldehyde as a hardener, both mixed with furfuryl alcohol used as a thermogenic agent by its self-polymerization reaction and its reaction with the tannin under acidic conditions. Expansion to a foam of the fluid phase is caused by a low-boiling physical blowing agent, while simultaneous cross-linking of the resinous mixture provides dimensional stabilization at the desired low density [START_REF] Meikleham | Acid-and alkali-catalyzed tannin-based rigid foams[J][END_REF]. These foams have been tested and are totally fire resistant, this being their major interest. In order to improve and enhance these tannin foams, so far, much research has been conducted to them, formulating them without formaldehyde, organic solvent as swelling agent, furfuryl alcohol [START_REF] Basso | Green, formaldehyde-free, foams for thermal insulation[END_REF][START_REF] Li | Formaldehyde-Free Prorobitenidin/Profi setinidin Tannin/Furanic Foams Based on Alternative Aldehydes: Glyoxal and Glutaraldehyde[END_REF][START_REF] Basso | Tannin/furanic foams without blowing agents and formaldehyde[END_REF]. Also made it's possible by swelling in an alkaline conditionand but only acid [START_REF] Basso | Alkaline tannin rigid foams[END_REF]. By copolymerizing tannin foaming system with synthetic resins or isocyanates, the shapes of the foams cells can be controlled [START_REF] Lagel | Development and characterisation of phenolic foams with phenol-formaldehyde-chestnut tannins resin[END_REF][START_REF] Li | Chemical modification of tannin/furanic rigid foams by isocyanates and polyurethanes[J][END_REF]. Grafting on a small proportion of the tannin with the long hydrorepellant chains to improve their resistance to water [START_REF] Rangel | Improving Water Repellence and Friability of Tannin-Furanic Foams by Oil-Grafted Flavonoid Tannins[END_REF]. More foaming methods have been studied such as heat-swelling, self-swellingor and simply inflated by mechanical agitation for use as projecting foams [START_REF] Antiago-Medina | Mechanically blown wall-projected tannin-based foams[END_REF][START_REF] Tenorio-Alfonso | Projectable tannin foams by mechanical and chemical expansion[END_REF]. In addition to rigid foams, flexible foams have also been developed [START_REF] Li | Flexible natural tannin-based and protein-based biosourced foams[END_REF][START_REF] Basso | Flexible-elastic copolymerized polyurethane-tannin foams[J][END_REF][START_REF] Delgado-Sánchez | Fire-resistant tannin-ethylene glycol gels working as rubber springs with tuneable elastic properties[END_REF].

A number of applications have been developed for these foams. Among others, open cell foams with very good acoustic insulation [START_REF] Lacoste | Pine (P. pinaster) and quebracho (S. lorentzii) tannin-based foams as green acoustic absorbers[END_REF], carbonized foams for a large number of different applications [START_REF] Tondi | Tannin-based carbon foams[END_REF], and also more recently for bone repair by osteogenesis with stem cells [146]. All of these shown a large extent beyond the limitations of foam as thermal insulation materials. The foams are used in a variety of ways, so many other applications can be envisioned also, and we believe that more applications will be developed in the future.

Non isocyanate polyurethances foams

The first appearance of NIPU was in 1957 year, Dyer and Scott reported that reacted ethylene carbonate with primary diamine to get the bis(2-hydroxyethylcarbamate), then vacuum distilled it at 150 °C in presence of cerium oxide or zinc borate as a catalyst [START_REF] Dyer | The preparation of polymeric and cyclic urethans and ureas from ethylene carbonate and amines[J][END_REF]. Even though at that time they were called polymeric urethanes, instead of non isocyanate polyurethances, but truly, this is the original NIPU. Since then, a large number of researchers have explored NIPUs.

Commonly, most of them focus on the application of NIPUs as coatings [START_REF] Figovsky | Ultraviolet and thermostable non-isocyanate polyurethane coatings[END_REF][START_REF] Figovsky | Advanced coatings based upon non-isocyanate polyurethanes for industrial applications[END_REF][START_REF] Liu | Synthesis, modification and properties of rosin-based non-isocyanate polyurethanes coatings[END_REF][START_REF] Liu | Synthesis and properties of POSS-containing gallic acid-based non-isocyanate polyurethanes coatings[END_REF][START_REF] Kathalewar | Effect of incorporation of surface treated zinc oxide on non-isocyanate polyurethane based nano-composite coatings[J][END_REF][START_REF] Wang | Investigation of non-isocyanate urethane dimethacrylate reactive diluents for UV-curable polyurethane coatings[J][END_REF][START_REF] Kathalewar | Isocyanate free polyurethanes from new CNSL based bis-cyclic carbonate and its application in coatings[END_REF][START_REF] Figovsky | Features of reaction amino-cyclocarbonate for production of new type nonisocyanate polyurethane coatings[C]//Macromolecular Symposia[END_REF][START_REF] Pathak | Non-isocyanate polyurethane (NIPU) from tris-2-hydroxy ethyl isocyanurate modified fatty acid for coating applications[J][END_REF][START_REF] Wu | Synthesis and properties of ambient-curable non-isocyanate polyurethanes[J][END_REF][START_REF] Schmidt | Isocyanate-free route to poly (carbohydrate-urethane) thermosets and 100% bio-based coatings derived from glycerol feedstock[END_REF][START_REF] Liu | Synthesis and properties of non-isocyanate polyurethane coatings derived from cyclic carbonate-functionalized polysiloxanes[J][END_REF][START_REF] Doley | Solvent and catalyst-free synthesis of sunflower oil based polyurethane through non-isocyanate route and its coatings properties[END_REF][START_REF] Mahendran | Synthesis, characterization, and properties of isocyanate-free urethane coatings from renewable resources[END_REF].

However, only some reports have tried the use of NIPUs as an adhesive [START_REF] Figovsky | Nonisocyanate polyurethanes for adhesives and coatings[C]//First International IEEE Conference on Polymers and Adhesives in Microelectronics and Photonics[END_REF][START_REF] Cornille | Promising mechanical and adhesive properties of isocyanate-free poly (hydroxyurethane)[END_REF][START_REF] Figovsky | Hybrid nonisocyanate polyurethane network polymers and composites formed therefrom[END_REF][START_REF] Figovsky | Advances in the field of nonisocyanate polyurethanes based on cyclic carbonates[END_REF].

Even more scarce is the use of NIPUs for foaming [START_REF] Cornille | Room temperature flexible isocyanate-free polyurethane foams[END_REF][START_REF] Grignard | CO 2-blown microcellular non-isocyanate polyurethane (NIPU) foams: from bio-and CO 2-sourced monomers to potentially thermal insulating materials[END_REF][START_REF] Krone | Isocyanates in flexible polyurethane foams[J][END_REF], for example the following figure from reference [START_REF] Grignard | CO 2-blown microcellular non-isocyanate polyurethane (NIPU) foams: from bio-and CO 2-sourced monomers to potentially thermal insulating materials[END_REF]: 

Objectives of this thesis

Melamine-formaldehyde and melamine-urea-formaldehyde resins and adhesives are widely used, particularly for impregnated paper surface coatings and for plywood or particleboard bonding. The problem of these resins is the presence of formaldehyde and its emission, this chemical being considered as toxic and possibly carcinogenic. In order to solve this problem,there are two approaches that can be taken, which are one of the main objectives for this thesis work.

The first one is to replace formaldehyde in some of formaldehyde based resins with glyoxal. Because glyoxal is a non-volatile, non-toxic aldehyde, wood panel adhesives based on this aldehyde are nontoxic or of much decreased toxicity. Glyoxalurea resins and glyoxal-melamine resins have already been developed but their rate of crosslinking is very slow to render impossible their use as wood panel adhesives under industrial conditions. The first task of the thesis was therefore to develop melamine-glyoxal resins (MG) and look for the correct hardener, for example, using ionic liquids that has been reported to have a good hardening effect on urea glyoxal(UG) resins. Then modify the MG resins to improve their performance and to use them as adhesives for plywood or particleboard.

The second objective of the thesis was the preparation of environment friendly adhesives based on biomass (for example sugars, tannins, proteins, etc.). The first task of this objective was to continue the modification of existing biomass adhesives and to improve their performance by addition of a crosslinking agent. The second task in this line was to prepare non-isocyanates polyurethanes (NIPU) from biomass materials. The main application of these NIPU resins was first for wood panels and particle board adhesives, and second for preparing suitable coatings adhering to metal iron surfaces or wood surfaces. Finally, the third task was to try to foam NIPUs to prepare non-isocyanate polyurethane rigid foams to replace polyurethane foams, which are very widely used nowadays. As the NIPUs forms are very new topic, especially based on biomass materials. At present, the research on foams of NIPUs are still at the laboratory level, and they are prepared under harsh conditions, such as organic solvents, pressurization, catalysts. In this work, a simple synthesis process will be used, and effective foaming methods will be probed also. Mots clés: liquides ioniques; les résines de mélamine; adhésifs pour bois; contre-plaqué; rôle des liquides ioniques; MALDI-ToF; FTIR.
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Résine de mélamine-glyoxal modifiée avec du 5-hydroxyméthyl-furfural

Xuedong Xi Mots clés: alcool furfurylique-glyoxal; adhésif à base de tanin; agent de réticulation; résistance à l'eau.

Bioadhésifs de contreplaqué de tanin par génération d'aldéhydes non volatils

par oxydation spécifique de mono-et disaccharides 

Tannin plywood bioadhesives by non-volatile aldehydes generation by specific oxidation of mono-and disaccharides

INTRODUCTION Recently, to meet new environmental standard a number of different approaches to the use of natural materials have been taken to prepare wood adhesives without the use of formaldehyde.

Among the more recent ones the use of specific oxidants of oligomeric carbohydrates in soy flour have shown particularly interesting results allowing not only the protein fraction but also the carbohydrate fraction to participate positively in the preparation of the adhesive. In this approach soy flour adhesives have been successfully prepared by treating soy flour with either potassium permanganate or sodium periodate [1]. Both potassium permanganate and sodium periodate are specific oxidants for carbohydrates reacting with adjacent vicinal hydroxyl groups to form dialdehydes [2] according to the reaction
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The aldehydes so generated react with the active sites of the soy protein leading to cross-linking and yielding wood panels presenting very encouraging internal bond (IB) strengths, especially under wet testing conditions [1,2]. The oxidation with the periodate ion, resulting in 1,2-glycol scission, is one of the most widely used reactions in carbohydrate chemistry. The mild reaction and the aqueous solvent conditions for periodate oxidation are particularly apt to use with the water-soluble carbohydrates. The development and wide application of the reaction are due to its high degree of selectivity [1].

Such approach can be used to prepare adhesives also with other natural materials, such as condensed polyflavonoid tannins, even more reactive than proteins towards aldehydes, possibly even such carbohydrate-generated aldehydes. The chemical and physical characteristics of commercial condensed tannin extracts, such as those from mimosa, quebracho and pine bark, are influenced by the notable presence of simple carbohydrates (hexoses, pentoses and disaccharides) and complex glucuronates (hydrocolloid gums) as well as oligomers derived from hydrolysed hemicelluloses when these are present in sufficient quantity, that is often the case [3,4]. The percentage of these carbohydrates in commercial tannin extracts is, in general, between 5% and 10% of the total tannin extract weight [3]. The research presented here investigates the use of the specific oxidation approach outlined above to prepare plywood adhesives without formaldehyde from condensed tannin extracts additioned with glucose to further increase the proportion of aldehydes-yielding carbohydrates. It also investigates what types of aldehydes are formed by treating glucose with sodium periodate.

EXPERIMENTAL

Preparation of the resins 10g mimosa tannin was dissolved in water to prepare a 30% solution, the pH adjusted to 10, then 5g glucose was added and stirred well, after this, 5%, 8% and 10% of sodium periodate based on tannin and glucose total solids were added and mixed to obtain TG-5, TG-8 and TG-10 adhesives. For the MALDI analysis the 10g tannin+5g glucose+ 1.5g NaIO4 mixture was placed in an oven at 120°C for 1 hour. For the plywood instead the reagents were mixed at ambient temperature for 20 minutes, then spread on the veneers and then hot pressed.

Plywood bonding

Wood veneers of 2 mm thickness of Populus tremuloides were cut into boards of dimensions 100 mm×180 mm× 6 mm. The glue spread used was of 260 g/m 2 double glue line, and the joints were hot-pressed at a pressure of 1.75 N/mm 2 and a temperature of 160℃ for 3 minutes. Three-ply laboratory panels were prepared. Three bonded panels were prepared with each adhesive combination. Each bonded joint was cut into six samples with a bonded area of 2.5 cm×2.5 cm and tested according to GB/T17657-2013 [5]. For each adhesive combination 6 samples were tested dry, 6 samples were immersed in cold water for 24 hours then tested wet, and 6 specimen were immersed in 60±3℃ water for 3 hours then cooled and tested wet. The tests were done in tension in an Instron 3300 dual column universal testing machine (Instron France, Elancourt, France) at a head rate of 2 mm/min.

Thermomechanical analysis (TMA)

The resins were tested by thermomechanical analysis according to a system already used and tested [6][7][8][9][10][11]. The samples were prepared by applying each adhesive between two beech wood plies, with dimensions of 21 mm × 6 mm × 1.1 mm. These beech resin-beech sandwich specimens were tested in non-isothermal mode between 25°C and 250°C at a heating rate of 10°C/minute with a Mettler Toledo 40 TMA equipment in three-point bending on a span of 18mmexercising a force cycle of 0.1/0.5 N on the specimens, with each force cycle of 12 s (6 s/6 s). The classical mechanics relationship between force and deflection E = [L 3 /(4bh 3 )][F/(∆fwood -Δfadhesive)] allows the calculation of Young's modulus E for each case tested. Such a measuring system has been introduced and is used to follow the progressive hardening of the adhesive with the increase of temperature and to indicate comparatively if an adhesive system is faster or slower hardening and if it gives stronger joints than another one.

MALDI ToF.

Tannin structure and reactions have been extensively researched and determined by MALDI-ToF mass spectrometry [12][13][14]. Samples for Matrix assisted laser desorption ionization time-of-flight (MALDI-TOF) analysis were prepared first dissolving 5mg of sample ofNaIO4 -treated glucose in 1mL of a 50:50 v/v acetone/water solution. Then 10 mg of this solution is added to 10µL of a 2,5-dihydroxy benzoic acid (DHB) matrix. The locations dedicated to the samples on the analysis plaque were first covered with 2µL of a NaCl solution 0.1M in 2:1 v/v methanol/water, and predried. Then 1µL of the sample solution was placed on its dedicated location and the plaque is dried again. MALDI-TOF spectra were obtained using an Axima-Performance mass spectrometer from Shimadzu Biotech (Kratos Analytical Shimadzu Europe Ltd., Manchester, UK) using a linear polarity-positive tuning mode. The measurements were carried out making 1000 profiles per sample with 2 shots accumulated per profile. The spectrum precision is of +1Da

RESULTS AND DISCUSSION

Glucose oxidation reactions MALDI ToF has been shown to be an ideal technique to follow reactions of natural polymers for different reactions and under a set of different conditions, and particularly useful in identifying the oligomers formed [4,[12][13][14]. The first three oligomers shown in the MALDI ToF spectra in Fig. 1 detailing the reaction products obtained by action of the periodate on glucose are given by the aldehyde formation by periodate (or permanganate) cleavage of C-C bonds with vicinal -OH groups of the glucose. The others are given by recombination of these species by dialdehydes aldol condensation. Aldol condensation can occur under both acid or alkaline conditions [15]. Thus, while glyoxal is formed by direct periodate cleavage of glucose (small peak at 81 Da in Fig. 1), due possibly to the acid environment induced by the periodate, the aldol condensation reaction starting from the glyoxal formed is for example:
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Thus, from the 113 Da peak onward (to the 231 Da peak and further) the series that follows derives by the progressive addition of glyoxals by aldol condensation. The species that can be seen in the MALDI ToF spectra in Figure 1 The species at 177 Da and 154 Da are due to the 2,3-dihydroxybenzoic acid (DHB) with and without Na + used as the MALDI matrix, and should not be considered for evaluation. However there are indications late on the reaction with the tannins that these peaks could be a superimposition of compounds having a different origin. Thus, there are two other reactions occurring and giving a different combination of compounds by reaction with periodate (or with permanganate). The first of these, causing also among others the peaks at 177 Da and 199 Da 1a) indicating that te possibility of the existence of branched aldehyde is probable if not certain. A third type of reaction appears also to occur due to water elimination between two aldehyde groups Where in the 523 Da (calc. 527 Da) species branching can occur and again 3 aldehyde groups are present on the same oligomer, facilitating cross-linking. In the same category is the species represented by the peak at 402 Da (exp.401 Da) without Na + . Compounds obtained by the combination of the three reactions outlined do occur, at higher molecular weights, but aldehyde groups are always present thus maintaining the reaction capacity of these compounds with the available reactive sites on the tannin. It must also be pointed out that the reactivity of the higher molecular weight aldehydes is likely to be relatively lower than that of more active, lower molecular weight aldehydes such as glyoxal and the one at 113 Da, namely OHC-CHOH-CHO. It must also be noted that all the aldehydes involved in the subsequent reactions with the tannin are also non-volatile, eliminating VOC emission.

Tannin reaction with glucose oxidation products

It also of interest to observe the products obtained by reaction of the tannin present when the glucose/tannin mixture is treated with sodium periodate. In Fig. 2 a,b,c are shown the MALDI spectra of the reaction product obtained and the peak assignements and compounds identified are listed in Table 1. The polyphenolic part of commercial mimosa tannin extract is 70% composed of robinetinidin with lesser but still noticeable amounts of fisetinidin (20%-25%) and of catechin (5%-10%). The polyphenolic part, included phenolic monomers and dimers, constitute approximately >85% of the commercial tannin extract, with the rest being approximately 6% hydrocolloid gums, 3% various minor constituents and 5%-6% residual water [3]. Minor amounts of gallocatechin (MW = 306) are also present. The molecular weight of robinetinidin and catechin are the same, rendering impossible which of the two flavonoids enter into reaction just on the basis of the MALDI spectra. One can consider that the predominance of robinetinidin indicates that it is this unit the main one reacting and forming the compounds shown in Table 1. In Table 1 the three main units are indicated as Fis, Rob and Cat, with the Gallocatechin indicated as Gall.

It is interesting to note that the main aldehydes reacting with the flavonoids are glyoxal ( OHC-CHO) and OHC-CHOH-CHO, with just some peaks in which the dialdehyde OHC-CHOH-CHOH-CHO may also have reacted, 699 Da and 394 Da, although for this latter an alternative interpretation also exists. Some aldehydes of higher molecular weight seem also to have reacted and formed bridges between two flavonoids such as for the peak at 761 Da., while others such as that at 177Da 199 Da, appear to have reacted less, and are still present in the MALDI spectra, while the corresponding 199 Da is much smaller indicating that the sodium salt of the same species has instead reacted. This does not mean that they do not react, but simply that the molecular weight of the compounds formed may be outside the range of the MALDI analysis, or that they are much slower reacting, or both. As a matter a fact the higher molecular weight chemical species formed indicate that also the aldehyde of higher molecular weight do react and do form bridges between flavonoid units, indicating that cross-linked network are formed on hardening.

A greatest number of species are formed by reaction of a flavonoid unit with one or two dialdehydes but with just one of the aldehyde groups of each dialdehyde, as for the 466/489 Da (I) and the 587/588 Da (II) ones. All these species are moreover bridged species with the some of the dialdehydes involved having reacted and connecting with two flavonoid units. These species are most abundant in the higher molecular weights range, and give an idea of how the polymers are build and how this process leads to cross-linking. In Table 1, several higher molecular weight oligomers are present in which low and high molecular weight dialdehydes have formed bridges between flavonoid units. In this respect is interesting to note that all the daldehydes identified in the oxidation of glucose can and do react with the flavonoid units and participate to the bridging of the tannins flavonoid units. This is the case for example of structures (I), (II) and (III) where the aldehyde comes from direct eaction periodate cleavage of glucose. But these same species can also be formed by reaction with aldehydes formed by aldol condensation such branched structures. A third category of oligomers are those formed by cross-linking with aldehydes having reacted with each other by water elimination, such as structures IV (923 Da) and V (1063 Da). Where structure V is bridged by aldehyde of one origin but has also reacted with an aldehyde of different origin. At the higher molecular weight the structures formed starting from 712 Da and continuing with 726 Da, 742 Da, 748 Da, 765 Da, 801 Da, 889 Da, 906 Da, 923 Da, 964 Da, 1063 Da and 1101 Da are all dimers formed by two flavonoid units linked by a dialdehyde, while the peaks at 1149 Da, 1178 Da (structure III) and 1241 Da are trimers where three flavonoid units linked by two dialdehydes. In Table 1 are given the simplified formulas of the species formed, while the corresponding structural formulas are given in the Supplementary Material. In Table 1 the each type of flavonoid unit within a reaction product is indicated as Fis (=Fisetinidin), Rob (= Robinetinidin), Cat (= Catechin) and Gall (= Gallocatechin). It must be noted that due to the identical molecular weights of robinetinidin and catechin, whenever one of Rob or Cat is mentioned in Table 1 the equal compound could be formed with the other molecule.

The tannin alone and the TG5, TG8 and TG10 resins were first tested by thermomechanical analysis (Fig. 3). The results show that TG5, TG8 and TG10 all give a higher Young's modulus than the control T, and this maximum value is reached faster than the tannin+glucose+periodate mix. The laboratory plywood results shown in Table 1 confirm the TMA analysis, with the average dry shear strength of the plywood panels progressively increasing as the proportion of NaIO4 increases from 5% to 8% and 10% of total resin solids. As regards the cold water resistance of the plywood panels after 24 hours immersion in cold water the shear strength reaches a maximum for TG8. As regards instead the resistance to hot water, after 3 hours at 63°C [5], the wet shear strength increases progressively from TG5 up to TG10.

CONCLUSIONS

Treatment of glucose with sodium periodate yields a number of non-volatile aldehydes of low and higher molecular weight obtained from the cleavage of glucose by the periodate. These aldehydes are obtained either by glucose direct cleavage or by cleavage + recombination according to a few different mechanisms. Reaction of these various aldehydes so generated with tannin extract leads to tannin cross-linking and hardening. The combination of tannin extract + glucose + periodate has been shown to be useful in the bonding of plywood panels , satisfying the requirements of the GB/T17657-2013 standard [5]. The same effects have been shown to occur by just adding to the tannin in the same proportions as used in this paper the glucose pretreated beforehand by the periodate. 3. Thermomechanical analysis graphs of Young's modulus variation of joint bonded with T, TG5, TG8, TG10, as a function of time Figure 4. Shear strength results of plywood panels bonded with the T, TG5, TG8 and TG10 adhesive resins, dry, after 24 cold water soaking and after 3 hours on hot water at 63°C. 

Adhésifs à base de glutaraldéhyde-protéines de gluten de blé pour le collage du bois

Xuedong Xi Résumé: L'hydrolysat de protéines de gluten de blé a été utilisé comme matière première pour la biomasse afin de préparer des adhésifs écologiques à base de protéines, la protéine de blé hydrolysée servant de témoin. Le glutaraldéhyde était utilisé pour le modifier afin d'obtenir un adhésif de glutaradéhyde-protéine de blé (GP). La polyéthylénimine (PEI) a également été utilisée comme agent de réticulation.

Le contreplaqué a été préparé et testé. Ses performances ont été utilisées pour mesurer les performances de collage de l'hydrolysat de protéines de gluten de blé. La Mots clés: protéine de blé; adhésif pour bois; performance de liaison; performance thermique

Introduction

Formaldehyde-based resins like urea-formaldehyde(UF) resin [1][2][3][4], melamine formaldehyde(MF) resin [5][6] and phenol-formaldehyde(PF) resin [7][8][9] are still the most widely used adhesives in wood industry. But due to the toxicity and carcinogenity of formaldehyde, bio-sourced "natural"adhesives, such as tannin-based, lignin adhesive, carbohydrate adhesives, furanic resins, protein-based adhesive and unsaturated oil adhesives have attracted the ever-increasing interest of researchers [10], and have now become a hot topic in the field of wood adhesives.

Protein based adhesives especially vegetable proteins, due to their low cost and ready availability, have been extensively studied. Among them, soy protein is the most studied of all. Its globular structure causes its reactive functional groups to be hidden within the structure, thus greatly limiting its application. It has been reported

in the literature that by mean of certain treatment methods, more functional groups can be exposed and their reactivity improved [11][12][13][14][15][16][17]. However, due to the presence of a large number of hydrophilic groups in the protein such as amino groups, hydroxyl groups, carboxyl groups, etc., the water resistance of the protein adhesives is poor. To overcome this problem, considerable research work has been carried out. One approach has been to add a highly active substance that can react with these functional groups as a crosslinking agent [18][19][20][21][22].

Polyethylenimine(PEI) is a water-soluble polymer, which is very reactive.

Moreover, it has been used to react with hydroxyl groups to crosslink cellulose for preparing paper with an improved wet strength. There are a large number of functional groups such as hydroxyl and carboxyl groups in the hydrolyzed protein adhesive, and they can combine with PEI with ease [23,24]. Thus, in the work presented here PEI was use as crosslinker for protein based adhesives to improve their bonding performances. To activate protein gelling and increase its reactivity, glutaraldehyde is used as a modifier to react with the hydrolyzed wheat protein. PEI is then used as crosslinker to obtain a good wheat protein adhesive.

Materials and methods

Glutaraldehyde(C5H8O2, 50% water solution) used are of analytical grade (AR), obtained from Acros Organics, France; Soluble wheat protein obtained fromTereos-Syral(Mesnil-Saint-Nicaise, France; Hexamethylenetetramine obtained from Acros Organics(Geel, Belgium), Polyethylenimine(PEI) bought from Sigma Aldrich(St. Louis, USA).

Preparation of protein based adhesives

In order to expose more active groups of the protein, soluble wheat protein was electron microscopy (SEM) analysis. The analysis was performed with a Hitachi Tabletop Microscope TM3000 (Hitachi HighTechnologies, Velizy, France) under vacuum, at a working distance of 6.4 mm and 15 kV acceleratingvoltage.

Results and discussion

Results of plywood performance

Plywood panels bonded with wheat protein based adhesives were prepared and 5% amount of hexamethylenetetramine based on solid protein adhesives was used as a hardener. Dry shear strength and wet shear strength after 24 hours cold water soaking and after 2 hours in boiling water of the plywood panels bonded both with the wheat protein (P) adhesive and with the glutaraldehyde-modified wheat protein (GP) adhesive are shown in the Fig 1. This shows that glutaraldehyde modification of the protein can greatly improve the bonding performance of the adhesive. The bond strength of plywood panels prepared with GP adhesive is significantly better than that of panels bonded with the unmodified wheat protein adhesive. Dry shear strength increases from 0.76MPa to 1.14MPa, an improvement of 50%. Equally, the wet shear strength shows a marked improvement also. A known drawback of vegetable protein adhesives is poor water resistance [10,17]. The wet shear strength after 24 hours cold water soaking of the plywood bonded with the GP adhesive is as high as 0.91MPa, this solving satisfactorily the pure wheat protein adhesive drawback (at 0.44MPa).

Furthermore, compared to the unmodified wheat protein adhesive, the modified GP adhesive presents good boiling water resistance, plywood shear strength after 2h in boiling water being 0.71MPa, which meet the China National Standard GB/T9846 requirements (≥0.7MPa). Many potentially reactive groups, such as amino groups, become accessible in wheat proteins degraded by complex alkali, groups which can react with glutaradehyde to improve the bonding performance of the GP adhesive. 2 shows that the GPPEI adhesive by PEI addition to the GP adhesive, presents a marked improvement in bonding performance compared to the GP adhesive alone. The wet shear strength after 24 hours cold water soaking and after 2 hours in boiling water are as high as 2.02MPa and 1.71MPa. Thus, they are higher than double that of the GP adhesive.

There is no positive effect of the addition of PEI on the protein adhesive alone as the performance of the plywood bonded with the PPEI adhesive (Fig 2 ), the wet strength being lower. The reason may be that due to the higher reactivity of PEI, the viscosity of the adhesive increases sharply after its addition, hence that the ductility and permeability of the adhesive on the surface of the wood are lower. The effect of the level of PEI addition on the performance of the GPPEI adhesives was investigated by adding 1%, 2%, 3%, and 4% of PEI on weight of the liquid GP adhesive. The results of the plywood bonded with them were tested and are showed in Fig 3 . As can be seen from the results the bonding performance decreased with increasing additions of PEI, even if the decrease is not large. In reality, the viscosity of the adhesive progressively increases with increasing proportions of PEI being added. Such an excessively high viscosity is not conducive to an easy spreading of the adhesive, thus resulting in a reduced plywood performance.

Thermal performance analysis

The thermomechanical analysis (TMA) results of the unmodified wheat protein adhesive, the GP adhesive and of GP with 3% PEI are show in Fig. 4. The results

shows that the storage modulus of the GP adhesive (3554MPa) is markedly higher than that of the unmodified wheat protein adhesive (2211MPa). This means that the GP adhesive gives a higher strength than the P adhesive [29,30]. This is also consistent with the plywood test results that shows that the GP adhesive has a better bonding performance than the wheat protein adhesive alone. After mixing with PEI the maximum peak of the storage modulus for both the PPEI and GPPEI adhesives are improved, as shown by the curves in Fig 4. This proves that PEI can enhance the performance of protein adhesives [23,24]. In addition, all these adhesives reach the highest modulus at a similar temperatures (around 130℃), but the growth rate of the modulus curve of the GP adhesive is significantly higher than that of the unmodified protein adhesive. This indicates that GP is more reactive, and that protein adhesive can be activated by treatment with glutaraldehyde. The results show that here is little difference in the curing peak temperature for all these adhesives. This means that the activation energy of curing is relatively close for them. It is also confirmed by the TMA analysis. The integrated area of the adhesive curing peak represents the extent of the exotherm during curing, thus denoting the degree of curing of the adhesive [31,32]. A larger peak area indicates a higher degree of cure. Therefore, as GPPEI is the adhesive with the largest peak (Fig. 5), this means that it achieves the most complete cure during the hot press process as the curing temperature is 180 °C. This is also one of the reasons for the excellent bonding performance of the GPPEI adhesive for plywood. 

Analysis of FTIR

The FTIR spectra of the protein-based adhesives are shown in Fig. 6.The wide peak nearby the 3300 cm -1 region in the curves of P and GP was characteristic of the O-H and N-H groups, which were then able to react with polyethyleneimine and formed C-O and C-N bonds. A peak at about 2930 cm-1 was attributed to the -CH2 group. The main absorption peaks at 1655, 1560, and 1242 cm -1 are characteristic of the amide I (C=O stretching), amide II (N-H bending or C-N stretching), and amide III (C-N and N-H stretching) [33,34]. By comparing the curves of the adhesives P and GP after modification, their peaks shapes appear to be similar, which means that the glutaraldehyde modified wheat protein adhesive does not form new functional groups.

The absorption peak at 1112 cm -1 belongs to the C-O stretching vibration from -COO-group, which weakens or even disappears in the PPEI and GPPE spectra. This proves that reactions do occur between the PEI and protein adhesive or glutaradehyde protein adhesive. Highly reactive amine groups can react with the C=O group to form a hydroxyl group. The absorption band of the disulfide bond or primary alcohol group were observed at 1055cm -1 , which means that in the PPEI and GPPEI spectra more hydroxyl groups are produced compared to the P and GP adhesives. This confirms the reactions between the PEI crosslinker and the P or GP adhesive also, and that the hydroxyl group that forms is also the reactant for the subsequent curing reaction. Under the electron microscope, the surface morphology of the cured adhesive was observed at a magnification of 250X. Many large and deep cracks can be found in the cured wheat protein only adhesive (Fig. 7,a). However, they become smaller, shallower and shorter in the glutaraldehyde modified GP adhesive(Fig. 7,b).. This means that the GP adhesive has better toughness or is more elastic and better distributed the stresses than the wheat protein only adhesive. This is also one reason why the GP has a better bonding performance than the P adhesive. With the addition of PEI as a crosslinking agent, cracks(Fig. 7,c) on the surface of the cured unmodified protein based PPEI adhesive significantly reduced compared with P adhesive(in the Fig. 7,a), but there were still long cracks. However, it is shown in (Fig. 7,d) that there are no cracks in the cured glutaraldehyde modified protein adhesive mixed with polyethylenimine(GPPEI), and it is perfect. This indicates that polyethylenimine can effectively improve the toughness or elastic of wheat protein-based adhesives, thereby improve bonding properties of its. This proves also the results of plywood performance in Figure 2. 

Conclusion

Glutaraldehyde has a good modification effect on wheat protein adhesives.

Compared with the unmodified protein adhesive (P), the dry shear strength of glutaraldehyde modified protein(GP) adhesives increased by 50%, in 24h cold water strength improving by more than 100% to arrive 0.91MPa. The effect of PEI as a cross-linking agent is obvious, which can greatly improve the bonding properties of GP adhesive. This is due to the modification of glutaraldehyde to make the reactive groups like -COOH and -OH increased, and these functional groups to react with the amine group in PEI, thus to improve bonding performance. TMA analysis showed that the glutaraldehyde-modified protein gel had a higher storage modulus than the unmodified one. The modulus of the adhesive increased after adding the PEI cross-linking agent, which confirmed the shear strength of the plywood test results.

SEM can observe that the modified GP adhesive seems has better toughness than unmodified, however, this is not enough. When PEI is added, the toughness of the adhesive is better improved, and there is no crack on the surface of the cured adhesive The increasing consumer interest in healthy and sustainable products has recently caused bio-based adhesives to become a hot topic of research. In this respect considerable research work has focused on tannins, lignins, proteins and carbohydrates [START_REF] Pizzi | Recent developments in eco-efficient bio-based adhesives for wood bonding: opportunities and issues[END_REF], Pizzi 2016[START_REF] Hemmilä | Development of sustainable bio-adhesives for engineered wood panels-A Review[END_REF]). Among the protein based adhesive, soy protein has been the first choice because of its abundant yield and low price resulting from the preparation of by-products of soybean oil (Vnučec et al. 2017). There are two main aspects of the application of soy protein adhesives in the wood industry. One is to use soy protein or degraded soy protein as an addition to traditional synthetic wood adhesives, thus to reduce the synthesis cost and formaldehyde emission. Conversely, soy protein has been used as a wood adhesives after partial hydrolysis and modifications (Pizzi 2016). However, the main limiting factor of the latter is its poor water resistance, most research work focusing now on how to improve it. The most common method is by chemical modification by adding a modifier or crosslinking agent after the soy protein hydrolysis to achieve good bonding performance and water resistance (Zhong et al.2003, Liu and Li 2002[START_REF] Sun | Shear strength and water resistance of modified soy protein adhesives[END_REF], Hettiarachchy et al.1995).

Polyurethanes are used as wood adhesives in structural glulam and fingerjointing, and their most common isocyanate precursor, namely polymeric diphenylmethane diisocyanate (pMDI) is also used as a modifier/crosslinker to improve the performance of the protein adhesives (Lei et al.2010, Stephanou and[START_REF] Pizzi | Non-emulsifiables, water-based, diisocyanate adhesives for exterior plywood, Part 2: industrial application[END_REF]. However, pMDI is toxic, and thus potentially harmful, especially during its synthesis. Another interesting modifier for protein adhesives is polyamides(PA). Polyamides have been used for improving performance of the soy protein based adhesives, and have shown a better water resistance than modifications with polyisocyanate and epoxy (Gao et al 2015[START_REF] Gui | Synthesis of a bio-based polyamidoamine-epichlorohydrin resin and its application for soy-based adhesives[END_REF]. Modified polyamides such as polyamidoamine-epichlorohydrin (PAE) were also reported as wet strength modifier for soy bean protein adhesives, the wood composite bonded with it having shear strengths comparable to or higher than those bonded with commercial phenol formaldehyde resins (Li 2004). All these modification methods need to mix the protein adhesive with the modifier before use. This makes it rather complicated when they are used for wood bonding. The work described here was thus aimed at preparing a new polyamide-based wood adhesive based on soy protein isolate itself by a convenient process but also presenting good bonding characteristics.

Experimental 2.1 Materials

Soy protein isolate by Yuxin Soybean Protein Co., Ltd(Qingdao, China), citric acid by Acros organics(Geel, Belgium), Hexamethylenediamine 98% by Sigma-Aldrich (Saint Louis, France), maleic anhydride by Sigma-Aldrich (Saint Louis, France), 98% silane coupling agent KH560 from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China).

Preparation of SPIPA adhesive

The SPIPA adhesive was prepared as follows: 80 g SPI was dissolved in 400 g of deionized water under magnetic stirring, then 53.5 g maleic anhydride was added and the mixture was heated to 60 °C for 120 min, 105 g hexamethylenediamine were then added and heated to 90 °C for another 2 h, then cooled to room temperature. The mixture was roto-evaporated at 60°C for 1 hour to eliminate the excess of water to obtain a final solids content of 45-50%, with a viscosity of around 1.2 paˑs.

Thermomechanical Analysis (TMA)

The resins were tested by thermomechanical analysis. The samples were prepared by applying each adhesive between two beech wood plies, with dimensions of 21 mm × 6 mm × 1.1 mm. These beech-resin-beech sandwiches were tested in non-isothermal mode between 25°C and 250 °C at a heating rate of 10 °C/minute with a Mettler Toledo 40 TMA equipment (Mettler Toledo, Zurich, Switzerland). They were tested in three-point bending on a span of 18 mm exercising a force cycle of 0.1/0.5 N on the specimens, with each force cycle of 12 seconds (6s/6s). The classical mechanics relationship between force and deflection E = [L3/(4bh3)][F/(fwood -fadhesive)] allows the calculation of the Young's modulus E for each case tested. Such a measuring system has been introduced and is used to follow the progressive hardening of the adhesive with the increase of temperature and to indicate comparatively if an adhesive system is faster or slower hardening and if it gives stronger joints than another one.

ATR FT-MIR analyses

All of the sample extracts were analyzed with a PerkinElmer Frontier ATR-FT-MIR provided by an ATR Miracle diamond crystal. The powder and liqueid samples were laid on the diamondeye(1.8 mm) of the ATR equipment and the contact for the sample was ensured by tightly screwing the clamp device. Each extract was scanned registering the spectrum with 32 scans with a resolution of 4 cm -1 in the wave number range between 600 and 4000 cm -1 .

MALDI-TOF analysis

Sample for matrix assisted laser desorption ionization time-of-flight (MALDI-TOF) analysis were prepared by first dissolving 7.5 mg of sample powder in 1mL of a 50:50 v/v acetone/water solution. Then 10 mg of this solution was added to 10 µL of a 2,5-dihydroxy benzoic acid (DHB) matrix. The locations dedicated to the samples on the analysis plaque were first covered with 2 µL of a NaCl solution 0.1 M in 2:1 v/v methanol/water, and predried. Then 1.5 µL of the sample solution was placed on its dedicated location and the plaque was dried again. Red phosphorous was to standardize the MALDI equipment. MALDI-TOF spectra were obtained using an Axima-Performance mass spectrometer from Shimadzu Biotech (Kratos Analytical Shimadzu Europe Ltd., Manchester, UK) using a linear polarity-positive tuning mode. The measurements were carried out making 1000 profiles.

Three-layer plywood preparation and testing

The performance of the SPIPA adhesive was tested by preparing laboratory plywood panels and evaluating their shear strength dry, after 24 hours cold water soaking, and after 2 hours in boiling water. The plywood panels of 400 mmx200 mmx5 mm were prepared for each adhesive and 2 mm poplar (Populus tremuloides) veneers. The glue spread used was of 260 g/m 2 double glue line, and hot pressing time was of 6 minutes at 1.5 MPa pressure, and temperature was 200 °C based on the consequence of the TMA traces. After hot pressing the plywood was stored under ambient conditions for 48 hours then it was cut and tested for shear strength dry, after 24h cold water soaking and after 2h in boiling water according to China National Standard GB/T 14074 (2006), China National Standard GB/T17657 (1999), and European Norm EN 636:2012 (2012).

The boards bonded with the SPIPA glue mixes with 7%(based on SPIPA solid adhesive) citric acid (CA), maleic anhydride(MA) and silane coupling agent KH560(KH) as crosslinkers to strengthen it were also prepared and tested, and named SPIPA-CA, SPIPA-KH and SPIPA-MA.

Results and discussion

Plywood performance

The results of the laboratory three layer plywood bonded with the SPIPA adhesives are shown in Table 1. The board prepared with the SPIPA adhesives show encouraging results for both dry shear strength and the wet strength, the dry shear strength is 1.09MPa, this being above the standard requirement (≥0.7MPa)(GB/T 4897. 5-20035- , EN312.2003)). Of even greater interest is that SPIPA adhesives show a good water resistance. Thus, the 24-hour cold water soak shear strength of the plywood bonded with it is 0.85MPa, and the 2-hour boiled water strength is 0.78, both values being over the standard requirements for use under wet conditions. Citric acid has already been shown to be a bond enhancer in panels adhesives (Del Menezzi et al.2018, Umemura et al.2013, Umemura et al.2012a,Umemura et al.2012b,) and silane KH560 has also been shown to be an enhancer of non-isocyanate polyurethanes wood adhesives for particleboard (Xi et al.2018). The performance of boards called SPIPA-CA, SPIPA-KH and SPIPA-MA, which bonded with the SPIPA glue mixes with 7%(based on SP-NIPU solid adhesive) citric acid (CA), maleic anhydride(MA) and silane coupling agent KH560(KH) as crosslinkers are shown in Table 1. The dry strength of all the plywood panels prepared with these adhesives are improved, and this is greatest when MA is used as the crosslinker (an improvement of 53%). MA as a crosslinking agent appears also to effectively improve the water resistance of a SPIPA adhesive, especially after the 2h boiled water test, the strength reaching 0.9MPa. The mainly reason for this is that maleic anhydride reacts with the hydrophilic functional -NH2 and -OH groups in soy protein, hence reducing the hydrophilic groups in the adhesive system. This is comfirmed by the ATR FT-MIR and MALDI ToF analysis. At the same time, the proportion of functional groups such as esters ( -COO-) and amide bonds (-CON-) increase, contributing to the improvement in bonding performance.

However, when KH560 was selected as the crosslinker, the water resistance of the plywood panels prepared with it is decreased, which may be caused by the -Si-O-bond present in the silane coupling agent. This group is more easily hydrolyzed in the presence of water, possibly resulting in a reduced water resistance of the adhesive (Xie et 

Thermomechanical Analysis(TMA)

The thermomechanical analysis traces of SPIPA adhesive alone and mixed with different crosslinkers are shown in Fig. 1. The curves of the increase of Young's modulus as a function of temperature show an upsurge starting at around 210°C. This means that curing of the SPIPA resin occurs at a high temperature as sugar based non-isocyanate polyurethanes already reported in previous literature (Xi et al.2018, Xi et al.2019). The increase of Young's modulus has been shown to correlate with the bonding strength of the adhesive (Pizzi 1998[START_REF] Kamoun | Particleboard IB forecast by TMA bending in MUF adhesives curing[END_REF], Lecourt et al.2003). Comparing the TMA curves of the four adhesives in Figure 1, it appears that SP-NIPU-MA has the highest modulus value (2600 MPa), followed by SPIPA-CA, SPIPA-KH, and the lowest being SPIPA alone, consistent with the shear test results of the plywood panels. In addition, when KH560 or MA was used as the crosslinker, the corresponding curves SPIPA-KH, SPIPA-MA start to show an increase in the Young's modulus showing a small peak at lower temperature (about 70 °C). This is mainly due to the epoxy group in the silane KH560 cross-linking agent or the maleic anhydride reacted with the -NH2 group in the SPIPA structure at a lower temperature. Since only a small amount of cross-linking agent was added, accounting for just 7% of the mass of the SPIPA solids, only a small peak is present.

Before that the TMA curves show a significant increase around 230°C in the modulus value, the overall trend of the modulus values in the TMA curves of the four adhesives decreases. This is mainly due to the decrease in viscosity of the adhesive as the temperature increases, resulting in adhesive penetration into the wood, causing softening or degradation during heating thus reducing strength. It is evident from the TMA curves that the curing temperature to be used for such adhesives is relatively higher than what common to-day for equivalent panels bonded with traditional adhesives (Lei and Frazier 2015, [START_REF] Simon | Copolymerization in UF/pMDI adhesives networks[END_REF]).

Figure1 . TMA curves of curing of SPIPA adhesives on wood.

ATR FT-MIR analyses

The FTIR spectra of the soy protein isolate (SPI), of the reaction product of the soy protein isolate with maleic anhydride (SPIMA) and of the SPIPA adhesive alone are shown in Fig. 2. The wide peak at 3274cm -1 is characteristic of the O-H and N-H groups (Lei et al.2014), which were decreased in SPIMA when compared with SPI. This is because maleic anhydride reacts with the hydroxyl and amine groups in SPI. Furthermore, comparing the SPI and SPIMA curves in Fig1, it is apparent that the strong absorption peak of primary alcohol group observed at 1074cm -1 is weakened and nearly disappears, which means that the -OHs in soy protein reacts with maleic anhydride to form a COO-bond. This is also further put in evidence by the appearance of a new peak at 1703 cm -1 , which is assigned to the an ester group (Liu et al.2008, Eslah et al.2016).

The peak at about 2930 cm -1 is attributed to the -CH2 group, which obviously is enhanced in the SPIPA sample. This is due to the addition of hexamethylenediamine increasing the proportion of -CH2-groups. The main absorption peaks at 1627, 1532, and 1236 cm -1 are characteristic of the amide I (C=O stretching), amide II (N-H bending or C-N stretching), and amide III (C-N and N-H stretching) (Lin et al.2012, Schmidt et al.2005). By comparing the curves of SPIMA and SPIPA, the peak of -COOH group at 1703cm -1 disappears, as it reacts with hexamethylene diamine.

Fig. 3 shows the FTIR spectra of the cured SPIPA adhesives with the addition of crosslinkers. First of all, the absorption peak of the OH and NH groups at 3295cm -1 has disappeared when comparing SPIPA with SPIPA-MA, SPIPA-KH and SPIPA-CA. This means that the crosslinker reacts with the -OH and -NH groups, thereby increasing the bonding strength. Peaks of C-N stretching vibration at 1556, and 1372 cm -1 are greatly enhanced by the addition of the crosslinking agent (Fig. 3). The reason is mainly because the -COOH or epoxy groups in the crosslinking agent react with the amino group of SPIPA to form a large amount of C-N bonds. This indicates that reactions between the SPIPA adhesive and the crosslinkers do occur. 

MALDI ToF analysis

Table 2 and Figs.4-7 report the MALDI-ToF results obtained for the SPIPA adhesive. It is always rather complex to determine with MALDI what occurs with proteins, due to their complex structures consisting of many different amino acids and their sequencing (Creighton 1996,Vnučec 2017). However, the presence of some single aminoacids or of fragments of sequences of aminoacids can still be observed, as well as some reaction products between the maleic anhydride and hexamethylenediamine with them. The product of one molecule of aminoacid reacted with one maleic anhydride are observed, for example, at 251Da, this being a reaction product of leucine with maleic acid that hydrolyzed from maleic anhydride, such as This is also verified by the SPIMA curve results in the FTIR analysis. Obviously, here should be also considered the possibility of further reaction with amino acid that would demonstrate the possibility of maleic acid as a cross-linking agent between two amino acid molecules. Thus the species at 340 Da (calculated as 342 Da without Na + ) could well be a maleic acid bridge between two leucines. Such as Due to the presence of carboxyl (-COOH) groups in the structure, such a type of species from amino acid react with maleic acid can also further react with hexamethylene diamine (HMD) to form an amide link, such as the species at 361Da, which can be interpreted as:

A possible branched isomer structure at this molecular weight can be also considered, namely: Despite this, both structures prove that the reaction of amino acids with maleic acid and hexamethylenediamine to obtain small molecular weight substances with amide bonds do occur.

Linear oligomers with amide linkages formed from maleic anhydride reacting with hexamethylenediamine can be also found, as for example the species at 311Da, as: Aminoacid's dimers, trimers, and even higher oligomers reacted with maleic anhydride and hexamethylenediamine can also be observed, such as 537Da,699Da in Table2. And larger-structure aminoacids react with maleic anhydride or/and hexamethylenediamine giving the species at 965.4Da, 1036Da,1550Da and 1765Da as shown in Table .2. The formation of these larger molecular structures means that polymers with many amide bonds are synthesized, this being the case of the SPI polyamides presented in this work. The existence of all these branched species shows that the reaction between soy protein with maleic anhydride and hexamethylenediamine does occur, and also produces a number of complex branched structures. Thus, hardened tridimensional networks are formed on curing, yielding good bonding results (Xi et al.2018b). 

Conclusions

Soy protein as a biomass material to prepare environmental friendly wood adhesives is a hot topic, but most of the research works are based on isolates obtained after acid or alkali hydrolysis of it, by adding cross-linking agent or modifiers to enhance bonding performances. The SPIPA resin adhesives presenting a amide structure obtained by reacting SPI with maleic anhydride and hexamethylenediamine was successfully prepared in this work. ATR FT-MIR and MALDI-ToF analysis also confirmed the occurrence of their reactions. This SPIPA presented both a good bonding performance and a good water resistance well over the relevant standard requirements of GB/T 9846-2015(≥0.7MPa), while a higher curing temperatures was required, as proved by the TMA test results. The crosslinkers used can increase the dry bonding strength of SPIPA, while the silane KH560 one reduces its water resistance. Only SPIPA-MA with maleic anhydride as crosslinker had satisfactory cold and boiling water resistance, which is improved when compared to SPIPA. These resins can then be potentially used as suitable soy protein based wood adhesives.

Revêtements et adhésifs polyuréthane sans isocyanates à partir de mono-et di-saccharides

Xuedong Xi 

3. 2

 2 Résine de mélamine-glyoxal modifiée avec du 5-hydroxyméthyl-furfural.... 79 3.3 Adhésif de contreplaqué résines alcool furfurylique-aldéhyde....................... 99 3.4 Adhésif à base de tanin réticulé par les résines époxy, alcool furfurylique et glyoxal................................................................................................................. 3.5 Bioadhésifs de contreplaqué de tanin par génération d'aldéhydes non volatils par oxydation spécifique de mono-et disaccharides...........................................132 3.6 Adhésifs à base de glutaraldéhyde-protéines de gluten de blé pour le collage du bois................................................................................................................. 3.7 Polyamides à base d'isolats de protéines de soja utilisés comme adhésifs pour le bois.................................................................................................................. 3.8 Revêtements et adhésifs polyuréthane sans isocyanates à partir de mono-et di-saccharides...................................................................................................... 3.9 Adhésif polyuréthane non isocyanate à base de saccharose utilisé pour les panneaux de particules........................................................................................ 3.10 Mousses rigides de polyuréthane non isocyanate à base de glucose biomatériau..........................................................................................................213 4. CONCLUSIONS....................................................................................................

L

  'un des premiers travaux importants consiste à explorer un nouvel agent de -2-pyrrolidone-hydrogénosulfate ([HNMP] HSO4-) s'est révélé efficace en tant que durcisseur de résine MG. Lorsque la quantité ajoutée atteint 10% (sur la base de la résine solide), la résistance au cisaillement à l'eau froide pendant 24 heures du contreplaqué lié à la résine MG était de 0,63 MPa. Bien que cela soit très proche des exigences standard (≥0.7MPa), mais pas assez. Par conséquent, il a été nécessaire de mener des études de modification sur les résines MG afin d'améliorer ses performances. Comme le montre la figure ci-dessous, deux méthodes de modification différentes ont été étudié : L'une consiste à remplacer le glyoxal par du glutaraldéhyde pour synthétiser des résines mélamine-glyoxal-glutaraldéhyde (MGG'). Depuis, le glutaraldéhyde améliore les performances des adhésifs au tanin ou même des résines synthétiques MUF. Les propriétés des résines de MGG avec différents rapports de substitution du glutaraldéhyde ont été étudiées et évaluées par la force de liaison du contreplaqué. Les résultats montrent que l'augmentation de la proportion de glutaraldéhyde, augmente viscosité de la résine MGG'. Le rapport molaire glyoxal / glutaraldéhyde qui donne les meilleures performances est égal à 4, en particulier la résistance à l'eau (2h de résistance au cisaillement dans l'eau bouillante (0,7 MPa). L'analyse structurale de la résine par MALDI TOF et FTIR a confirmé que le glutaraldéhyde a participé à la réaction et avait formé une résine copolycondensée mélamine-glyoxal-glutaraldéhyde meilleur que la résine glyoxal-mélamine.

  C-NMR, Fourier Transform Infra-Red (FTIR), Matrix assisted laser desorption ionization time-of-flight (MALDI-TOF), thermomechanical analysis(TMA), Differential scanning calorimetry(DSC) and other instruments help to analyze structures and thermodynamic properties of adhesives. The descriptions of specific works are as follows:

2 .

 2 Fibre boards (high density fibre board-HDF, or medium density fibre board-MDF)3. OSB (Oriented Strand Board) 4. Plywood panels, LVL(Laminated Veneer Lumber) and Glulam(Glued Laminated Timber) Particleboard and medium density fiberboard are the most widely used and they are used often to make furniture. The boards commonly used for indoor applications are bonded with UF resins or conversely with MUF resins for outdoor or semi-external applications. Due to the use of formaldehyde-based adhesives, the inescapable problem presented by these panels is their emission of formaldehyde, harmful to human health. Thus, there are already applications of environmental friendly adhesives such as soy protein based and tannin based adhesives for the preparation of these boards, but they are not universal. Large market usage demands on the production efficiency of the boards, and a continuous press with a large capacity can be used instead of the powerful multi-stage press installation. In Europe, the panels industry has been working on the manufacture of particleboard for high-volume (4,000,000 m 3 /year) continuous press installation.

Figure 1 . 1 .

 11 Figure 1.1. Pictures of particleboard(left) and medium density fiberboard(right) Production of oriented strand board(OSB) and glulam is increasing in worldwide, especially in the United States and Europe. Their application is mainly as external and structural boards, and they can compete with plywood and laminated wood panels for such a market sector.. Usually, OSB and Glulam are bonded with high-performance adhesives, such as PF and/or PMDI for OSB, and PRF (Phenol-Resorcinol-Formaldehyde) or one component polyurethane resins for glulam.

Figure 1 . 2 .

 12 Figure 1.2. Picture of oriented strand boards

Figure 1 . 3 .

 13 Figure 1.3. Picture of plywood 1.2. Melamine-formaldehyde (MF) resins Melamine formaldehyde resins are obtained by condensation polymerization of melamine and formaldehyde catalyzed by either an acid or a base. Their industrial production began in the early 1930s. The MF resin is white or transparent like a UF resin. Due to their adaptability, effectiveness and clear color, notwithstanding their high price, MF resins are also used for the production of decorative papers for board surfaces finishing.

Figure 1 . 4 .

 14 Figure 1.4. Synthesis reaction of an MF resin [10].

Figure 1 . 5 .Figure 1 . 6 .

 1516 Figure 1.5. Reaction of melamine with glyoxal Then, the further polycondensation reaction to obtain large molecular weight and branched structures as:

Figure 1 . 7 :

 17 Figure 1.7: Examples of natural products for producing furfuryl alcohol: corn, oats and wheat.

Figure1. 8

 8 Figure1.8 Four possible representations of mono flavonoid type structures[29] 

Figure1. 9

 9 Figure1.9 Chemical bonds in soy protein a. hydrogen bond; b. salt bond; c. hydrophobic bond; d. Van der waals force.

Figure1. 10

 10 Figure1.10 NIPU Preparation Routes Several works on this type of approach exist in the literature [65-81]. Some of the most interesting studies among them use biomass materials to prepare NIPUs by inserting an epoxy group on the molecule of the biomass material by reacting it with epichlorohydrin [82], as follow:

Figure1. 13

 13 Figure1.13 Preparation of NIPU from soybean oil Recently, research on the use of biomass to prepare NIPUs has intensified with work on their preparation from tannin or lignin-based preparation, which has shown

  Figure1.14 NIPU preparation pathway based on glucose

Figure1. 15

 15 Figure1.15 Schematic diagram of DSC Thermomechanical Analysis (TMA)

Figure 1 .

 1 Figure 1.17 Schematic Diagram of an FTIR Spectrometer

  Particleboard panels are produced to-day in Europe at a target density of 0.68-0.70 g/cm3 . The physical properties, water absorption and thickness swelling(EN 317)[116]and mechanical properties, modulus of rupture(EN 310) [117], modulus of elasticity(EN 310)[117] and internal bond strength(EN 319)[118] must also be determined for the produced particleboards. In order to ensure the accuracy of the results, multiple specimens were used to determine the modulus of elasticity and modulus of rupture (MOR), and for the internal bond strength (IB), thickness swelling (TS), and water absorption, then average values were taken for each parameter in each case.The internal bond (N/mm²) is given by this formula: is the tensile strength (Newtons), a, b are the length and width of the sample (millimeter).

Figure 1 .

 1 Figure 1.20 Bread and cake solid foams And also solid foams can be produced by curing a polymer. Latex mattresses, sofas and sports soles(Figure 1.21) made by polyurethane foam are examples of the importance of foams to our lives.

Figure 1 .

 1 Figure 1.21 Daily applications of foams

Figure1. 22

 22 Figure1.22 Elastic foams for seat and seat back Rigid foams, on the other hand, are materials that are not deformed and that find as main applications the thermal and acoustic insulation of buildings and insulation pipes. The best selling rigid foams are polyurethanes and phenolics.

Figure 1 .

 1 Figure 1.23 Commercial applications of rigid foams However, toxic chemical materials isocyanates and phenols are required for the preperation of polyurethane foams and phenolic resin foams. Proper solutions that by finding their right alternatives is very necessary and meaningful. For phenolic foams, tannins are well known as a natural phenolic substance and are widely found in plants. So it is very straightforward and convenient mind to prepare phenolics foams by replacing phenol in whole or in part with tannins. Thus a lot of tannin foam research and production work has been going on.

Figure 1 .

 1 Figure 1.24 Rigid tannin-based foam

O

  Urethanes structures are formed with glyoxal in the formulation whether it's pre-reacted or not with tannin, such as the structure as:

Figure 1 .

 1 Figure 1.25 Scanning electron microscope image of the structure of a first-generation tannin-furanic foam (left) and macro-appearance of the same (right).

Figure 1 .

 1 Figure 1.26 CO2-blown microcellular non-isocyanate polyurethane (NIPU) foams Therefore, the research and application of NIPU for foams is of particular interest. NIPU foams are, thus, a fairly new topic. Although some reports mentioned previously indicate that NIPU has successfully produced foams, this just remained at laboratory level. There appears to be little doubt that the research and production application of NIPU foams will have a future, especially environmentally friendly biomass-based NIPU foams. Therefore, in this research work, we will focus on the synthesis and foaming preparation of NIPU from biomass materials.
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 1 Adhésifs de mélamine-glyoxal-glutaraldéhyde sans formaldéhyde pour panneaux de bois Xuedong Xi, Antonio Pizzi * and Siham Amirou Résumé: la résine mélamine-glyoxal-glutaraldéhyde pour le collage de panneaux de bois a été préparée en une seule étape, à savoir la réaction de la mélamine avec le glyoxal et simultanément avec une proportion beaucoup plus faible de glutaraldéhyde (résine MGG'). Aucun formaldéhyde n'a été ajouté. Le durcissement lent de cette résine a été surmonté par l'addition de liquide ionique ''hydrogénosulfate de N-méthyl-2-pyrrolidone'' dans le mélange de colle. Les résultats de résistance du contreplaqué obtenus étaient comparables à ceux obtenus avec des résines mélamine-formaldéhyde pressées dans les mêmes conditions. L'analyse avec MALDI/TOF (Matrix Assisted Laser Desorption Ionisation/Time Of Flight) et infrarouge à transformée de Fourier (FTIR) a permis d'identifier les principales espèces d'oligomères obtenues et les différents types de liaisons formées, ainsi que le rôle multifonctionnel du liquide ionique. Ces résines sont proposées comme substituant approprié aux résines base de formaldéhyde.

satisfaisante. Le 5 - 3 . 3

 533 hydroxyméthyle furfural (HMF) a été utilisé comme modificateur pour améliorer les propriétés de la résine mélamine-glyoxal (MG) et préparé la résine mélamine-glyoxal-hydroxyméthyle furfural (HMFMG) et testé en préparant de contreplaqué. Le spectromètre MALDI/TOF (Matrix Assisted Laser Desorption Ionisation/Time Of Flight), La RMN du carbone 13 haute résolution dans les solides (rotation à angle magique et polarisation croisée CP/MAS) (CP-MAS 13C), la calorimétrie à balayage différentiel (DSC) et l'analyse thermomécanique (TMA) ont été utilisés pour analyser la structure des oligomères formés et les propriétés thermomécaniques des résines. La résine HMFMG a montré une meilleure performance de liaison du contreplaqué et une meilleure résistance à l'eau qui peut être expliqué par une énergie d'activation de durcissement de la résine HMFMG inférieure à celle de la résine MG. Mots clés: hydroxyméthyle furfural; Résine mélamine-glyoxal; Adhésif pour bois; Analyse structurelle; Problèmes environnementaux; Santé et sécurité Adhésif de contreplaqué résines alcool furfurylique-aldéhyde Xuedong Xi 1,2 , Zhigang WU 2,3 , Antonio Pizzi 1 * , Christine Gerardin 1 *, Hong Lei 2 of Lorraine, 27 rue Philippe Seguin, 88000 Epinal, France; xuedong.xi@univ-lorraine.fr; Tel.: +33-766074478 2 Yunnan key laboratory of wood adhesives and glue products, Southwest Forestry University, 650224 Kunming, China 3 College of Forestry, Guizhou University, Guiyang 550025, Guizhou, China Résumé: L'alcool furfurylique, un matériau biosourcés, est largement utilisé dans l'industrie de la fonderie et également en tant qu'additif ou agent de modification dans le domaine des adhésifs. Toutefois, il n'a pas été signalé que les résines furaniques étaient utilisées seules comme adhésifs pour panneaux de bois. Dans le présent travail, des résines alcool furfurylique-aldéhyde ont été préparées en faisant réagir de l'alcool furfurylique avec trois aldéhydes différents, à savoir le formaldéhyde, le glyoxal et le glutaraldéhyde. L'acide p-toluènesulfonique et un système auto-neutralisant acide utilisé comme durcisseurs de résine avec les différentes types de résines préparés. Le MALDI-TOF, l'infrarouge à transformée de Fourier (FTIR), la résonance magnétique nucléaire (RMN 13C) et l'analyse thermomécanique (TMA) ont été utilisés pour analyser les propriétés thermomécaniques des résines et la structure des résines et des oligomères formés. Les résultats ont montré que le formaldéhyde et le glyoxal peuvent réagir avec l'alcool furfurly en donnant des résines d'excellentes performances. Cependant, la réaction du glutaraldéhyde avec l'alcool furfurylique s'est avérée difficile, l'autocondensation de l'alcool furfurylique prédominant. L'acidité de l'agent de durcissement a une grande influence sur les performances de collage de la résine. La résine furfurly alcool-glyoxal (FAG) a également montré une bonne force de liaison et une bonne résistance à l'eau, supérieures aux exigences standard (≥ 0,7 MPa), même en utilisant un système auto-neutralisant acide comme durcisseur. La résine FAG était particulièrement bonne étant donné qu'aucun formaldéhyde n'a été utilisé. Mots clés: alcool furfurylique-aldéhyde; problèmes environnementaux; adhésifs pour le bois; acide auto-neutralisant; Les analyses thermiques; MALDI-TOF.

3. 4 FranceRésumé:

 4 Adhésif à base de tanin réticulé par les résines époxy, alcool furfurylique et glyoxal Jun Zhang, Xuedong Xi* , Jiankun Liang, Antonio Pizzi, Guanben Du, Shuduan Deng 1Yunnan, laboratoire clé des colles et produits collés pour le bois, Southwest Forestry University, Kunming 650224, Républiques populaires de Chine. 2ENSTIB-LERMAB, Université de Lorraine, 27 rue Philippe Seguin, 88051 Epinal Cedex 9, Afin de préparer un adhésif naturel à base de tanin avec une bonne résistance à l'eau, une résine respectueuse de l'environnement, à base d'alcool furfurylique-glyoxal synthétisée en laboratoire, a été développée comme agent de réticulation pour les adhésifs à base de tanin. Les résultats de la résonance magnétique nucléaire (RMN) et MALDI-TOF ont indiqué que l'alcool furfurylique et le glyoxal réagissaient dans des conditions acides et que les groupes impliqués dans la réticulation de la colle tanin-furfuryl-glyoxal (TFG) son -CH-(OH)-. Les résultats concernant la résistance au cisaillement humide du contreplaqué lié au TFG ont montré que le TFG a donné des résultats meilleurs que la résine tannin-alcool furfurylique (TF). De plus, l'adhésif TFG réticulé avec une résine époxy à 12% (EPR) présentait une bonne résistance à l'eau. Son module d'élasticité (MOE) était supérieur à celui des adhésifs tannin-alcool furfurylique-formaldéhyde (TFF), TF et phénol-formaldéhyde (PF).

  a-e are discussed as follows. The 81 Da (with Na+) peak representing glyoxal is very small indicating that this species is likely to react further. Due to direct cleavage of glucose other dialdehydes are formed, thus the peaks with Na + All of these peak taking in consideration the Na + (23 Da) used as enhancer in the MALDI ToF analysis. The species at 139 Da can be formed by direct cleavage of glucose but equally by subsequent aldol condensation of the glyoxal formed by glucose cleavage. Also by aldol condensation is the species at 231 Da (with Na + )

  superimposed to the DHB signals, is again an aldol condensation of different aldehyde fragments obtained by periodate cleavage. This reaction is for instance peaks can also be attributed to the contribution of species obtained by direct cleavage to form a species such as may increase the number of reactive groups on the molecule rendering it particularly apt to cross-linking and network formation. However such type of reaction can be confused with the signals of the DHB matrix (2,3-Dihydroxybenzoic acid) used to carry the sample for MALDI ToF analysis which has molecular weight of 154 Da +23 Da (Na+) = 177 Da. For this reason such a reaction can be looked at from the second term of the series, thus produced has molecular weight of 206 Da +23 Da (Na+) = 229 Da. Both peak at 206 Da and at 231 Da are present (Fig.

  with a flavonoid unit may be all of the same type as for (I) and (II), monomer species, or oligomer species such as (III) at 1178 Da, type as for all the species of the series 801 Da, 889 Da, 906 Da, 964 Da, 1063 Da, 1101 Da, 1149 Da and 1241 Da.

Figure 1 .

 1 FIGURE LEGENDSFigure 1. MALDI-ToF spectra of glucose treated with 10% sodium periodate at 120°C for 1 hour. (a) 50 Da to 300 Da range. (b) 300 Da to 500 Da range. (c) 400 Da to1000 Da range. Figure 2. MALDI-ToF spectra of the tannin/glucose 10/5 mixture treated with 10% sodium periodate at 120°C for 1 hour. (a) 50 Da to 300 Da range. (b) 300 Da to 600 Da range. (c) 600 Da to 900 Da range.(d) 900 Da to 1200 Da range.Figure3. Thermomechanical analysis graphs of Young's modulus variation of joint bonded with T, TG5, TG8, TG10, as a function of time Figure4. Shear strength results of plywood panels bonded with the T, TG5, TG8 and TG10 adhesive resins, dry, after 24 cold water soaking and after 3 hours on hot water at 63°C.
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  calorimétrie à balayage différentiel (DSC) et l'analyse thermomécanique (TMA) ont été utilisées pour analyser les propriétés thermiques de l'adhésif et les microstructures des adhésifs durcis par microscopie électronique à balayage (MEB). Les résultats montrent que la modification par le glutaraldéhyde peut effectivement améliorer les performances de collage des adhésifs à base de protéines de blé, la résistance liée au contreplaqué ayant été améliorée par son addition. L'effet de la PEI en tant qu'agent de réticulation est devenu évident. Il peut grandement améliorer les propriétés de liaison des adhésifs à base de protéines de blé modifiés au glutaraldéhyde. L'analyse TMA indique que l'adhésif GP modifié au glutaraldéhyde a un module de stockage supérieur à celui qui n'a pas été modifié. Le module de l'adhésif a augmenté après l'ajout de l'agent de réticulation PEI.

Fig. 1

 1 Fig.1 Performances of the plywood bonded with wheat protein adhesive and glutaraldehyde modified wheat protein adhesive

Fig. 3

 3 Fig.3 Performances of the plywood prepared by GPPEI adhesives with different addition amount of the PEI

Fig. 4

 4 Fig.4 Thermomechanical analysis (TMA) spectra of wheat protein based adhesives Differential Scanning calorimetry (DSC) was used to analysis the curing behavior of all protein adhesives, and shown in Fig 5. The results show that here is

Fig. 5

 5 Fig.5 Differential Scanning calorimeter(DSC) spectra of wheat protein based adhesives

Fig. 6 FTIR

 6 Fig.6 FTIR spectra of the wheat protein based adhesives

Fig. 7

 7 Fig.7 pictures of SEM results of the wheat protein based adhesives(a: wheat protein adhesive; b:Glutaraldehyde modified protein adhesive(GP); c: wheat protein mixed with PEI adhesive(PPEI); d: GP adhesive mixed with PEI(GPPEI))
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 7 Polyamides à base d'isolats de protéines de soja utilisés comme adhésifs pour le boisXuedong Xi1,2, Antonio Pizzi1 *, Christine Gerardin3, Xinyi Chen1,2 , Siham Amirou1 1 LERMAB, University of Lorraine, 27 rue Philippe Seguin, 88000 Epinal, France; 2 Yunnan key laboratory of wood adhesives and glue products, Southwest Forestry University, 650224 Kunming, China 3 LERMAB, University of Lorraine, Boulevard des Aiguillettes, 54000 Nancy, France * Correspondence: antonio.pizzi@univ-lorraine.fr Tel.: +33-623126940 Résumé: LL'isolat de protéine de soja (SPI) a d'abord été mis à réagir avec de l'anhydride maléique, puis de l'hexaméthylènediamine pour synthétiser des polyamides à base d'isolat de protéine de soja (SPIPA). Ses propriétés de liaison ont été mesurées en préparant du contreplaqué à trois couches de laboratoire. En outre, un agent de couplage au silane (KH560), de l'acide citrique et de l'anhydride maléique ont été ajoutés en tant qu'agents de réticulation au mélange de colle SIPA avant le pressage à chaud des panneaux. ATR FT-MIR et MALDI-ToF ont été utilisés pour déterminer les structures de la SPIPA, et une analyse thermomécanique (TMA) a été utilisée pour analyser ses propriétés thermomécaniques. Les résultats montrent que l'anhydride maléique réagit avec les acides aminés de la molécule de protéine de soja, puis avec l'hexaméthylènediamine pour former un polyamides à structure carbamate. Ceci est confirmé par les résultats ATR FT-MIR et MALDI-ToF. De plus, l'analyse structurelle indique qu'un grand nombre de structures ramifiées sont formées et se produisent dans la SPIPA, rendant possible la formation d'un réseau pendant le durcissement, garantissant les performances de collage de l'adhésif. L'adhésif SPIPA présentait une bonne force de liaison et une bonne résistance à l'eau par rapport aux exigences standard de la norme nationale GB / T 9846-2015 en Chine. En particulier lorsque de l'anhydride maléique a été ajouté en tant qu'agent de réticulation, notamment dans l'adhésif SPIPA-MA, les panneaux ont été améliorés pour leur résistance au cisaillement à sec et à l'état humide, de sorte qu'il puisse être considéré comme un adhésif pour bois à base de protéine de soja approprié. Mots-clés: SPI; Les polyamides; Adhésif de bois; Contre-plaqué; MALDI-ToF 1 Introduction

Figure 2 .

 2 Figure 2. FTIR spectra of SPI, product of maleic anhydride react with SPI(SPIMA) and SPIPA adhesive.

Figure3.

  Figure3. FTIR spectra of SPIPA and different crosslinker mixed with it.

Table 2 .

 2 Proposed oligomer structures for the MALDI ToF spectra peaks in Figs 4-7 for the SPIPA _____________________________________________________________________________ 251Da(calc. 252)= Reaction of Leucine with maleic anhydride, with Na+ 311.7Da(calc. 312)=Maleic anhydride react with Hexamethylenediamine without Na+ 340Da(calc. 342)=Maleic anhydride react with two leucines without Na+

  (calc. 361) =Phenylalanine-maleic anhydride-diamine without Na+ Or/and 375Da (calc. 374) =Dimer glutamate-maleic anhydride or diamine or/and 401Da (calc. 400) =Tryptophan-maleic anhydride-diamine without Na+ 537.3Da (calc.537) =Tryptophan-Proline-maleic anhydride-diamine+ 23 (Na+) 1765.8Da (calc. 1765) =1550+1x Proline+1x Hexamethylenediamine (with Na+)

Figure 7 .

 7 Figure 7. MALDI ToF spectrum of the SPIPA resin: 1200Da-1800Da range.

Résumé:

  Des polyuréthannes non isocyanates à base de saccharose (S-NIPU) ont été synthétisés par la réaction déjà codifiée du saccharose, le diméthyle carbonate et l'hexaméthylène diamine et elles sont utilisés pour la première fois comme adhésifs pour la liaison de panneaux de particules. Pour diminuer la température de durcissement de l'adhésif NIPU, un agent de couplage au silane a été utilisé comme promoteur de réticulation. Les performances des panneaux de particules préparés à des températures de pressage de 230, 200 and 180 °C et à des temps de pressagede 8, 10 et 12 min ont été testées. La structure des oligomères obtenus est détectée par spectrométrie MALDI-ToF. L'analyse thermomécanique (TMA) et l'analyse calorimétrique différentielle (DSC) ont également été utilisées pour analyser leur comportement. Les panneaux de particules collés avec l'adhésif S-NIPU à 230 °C a donné d'excellentes propriétés qui diminuaient toutefois avec la réduction du temps de pressage. L'agent de couplage au silane utilisé comme agent de réticulation a considérablement réduit la température de durcissement de l'adhésif et a permis d'obtenir une bonne liaison à une température de presse inférieure. Les résultats obtenus confirment que le couplage de l'adhésif S-NIPU avec un silane utilisé comme agent de réticulation peut donner des résultats suffisamment améliorés pour servir d'adhésif approprié pour les panneaux de particules, les panneaux de fibres de densité moyenne et d'autres types de panneaux de bois en particules. C'était également la première fois qu'un adhésif NIPU est utilisé pour le collage du bois. Mots clés: polyuréthanes non isocyanates; saccharose; colle à bois; panneaux de particules; MALDI-ToF 3.10 Mousses rigides de polyuréthane non isocyanate à base de glucose biomatériau X.Xi 1,2 , A.Pizzi 1 *, C.Gerardin 3 , G.Du 2 1 LERMAB-ENSTIB, University of Lorraine, Epinal, France 2 Southwest Forestry University, Kunming, Yunnan, China 3 LERMAB, Faculty of Sciences, University of Lorraine, Nancy, France Abstract: Des polyuréthannes non isocyanates à base de glucose (NIPU) ont été préparés par réaction de glucose avec le diméthyle carbonate et l'hexaméthylène diamine. Ceux-ci ont été utilisés pour préparer des mousses de polyuréthane partiellement biosourcées par réaction avec du NaHCO3 en tant qu'agent gonflant et le silane comme agent de couplage. Les mousses sont moussées et durcies par application de chaleur. Les mousses présentaient une résistance au feu très limitée, ce qui indique que, comme pour les mousses synthétiques en polyuréthane, l'utilisation éventuelle d'un ignifuge semble nécessaire. L'absorption d'eau pendant 2 heures a été utilisée pour voir si des cellules fermées ou ouvertes apparaissent. La caractéristique de son comportement de stress de stress a été effectuée. Même si la compression aplatit effectivement les parois cellulaires, la structure cellulaire est maintenue et les parois cellulaires n'ont pas été détruites. Cela indique un certain niveau d'élasticité dans les parois cellulaires des formulations contenant du NaHCO3. En effet, la macro-apparence de cette mousse confirme cette explication, car la mousse est densifiée et colle. Mots-clés: biofoams de polyuréthane, polyuréthanes non isocyanates, NIPU, biofoams, glucose, 4. CONCLUSIONS Les objectifs de cette étude est préparation et modification de résine de mélamine glyoxal sans formaldéhyde utilisé, et préparer des bio-adhésifs écologiques et des polyuréthanes non isocyanates(NIPU) à base de biomasse à partir de matériaux de biomasse. Réaliser leur application sur le contreplaqué et les panneaux de particules. Nous avons testé différents types d'assemblages avec additifs et avons obtenu les résultats suivants: Ⅰ-Pour les résines à base de mélamine-glyoxal Les résines mélamine-glyoxal-glutaraldéhyde (MGG) en l'absence totale de formaldéhyde se sont révélées capables de lier du contreplaqué de qualité intérieure et extérieure dans des conditions de presse importantes sur le plan industriel lorsqu'un liquide ionique est utilisé comme durcisseur. De petites proportions de glutaraldéhyde ont amélioré la résistance à l'eau des liaisons de panneaux obtenues. Ces résines ont montré un durcissement en deux étapes en raison de la réactivité différente des deux aldéhydes utilisés. Le rôle du liquide ionique a été capital dans la performance obtenue, son rôle ne se limitant pas à une fonction de durcisseur, mais : (i) en diminuant nettement l'énergie d'activation de la trempe des résines MGG'. (ii) En favorisant une certaine condensation aldolique limitée des aldéhydes lors du durcissement des résines MGG', même sur des sites aldéhyde pré-réagis avec de la mélamine. (iii) en provoquant la déméthylation de la lignine et en rendant ainsi le substrat en bois plus susceptible d'adhérer, et (iv) en favorisant éventuellement la réaction des groupes aldéhyde de la résine avec la lignine du substrat. Une résine mélamine-glyoxal modifiée par l'hydroxyméthylefurfural (HMFMG) peut efficacement surmonter les problèmes de performances observés avec la résine MG seule et améliorer sa résistance à l'eau. La mélamine, en tant que produit de condensation de l'urée, ainsi que l'hydroxyméthyle furfural sont deux matériaux biosourcés qui, sont associés au glyoxal non toxique, rendent l'adhésif HMFMG particulièrement écologique. Il y a deux séries de réactions entre la mélamine et l'hydroxyméthyle furfuryle observées par analyse structurale par MALDI-TOF et FTIR. Ce sont: (i) la réaction d'addition sur les groupes amino de la mélamine par le groupe aldéhyde du 5-hydroxyméthyle furfural et la condensation ultérieure engendrée par le groupe hydroxyméthylène ainsi formé. (ii) La réaction de condensation du groupe hydroxyméthyle de l'HMF avec les groupes amino de la mélamine par élimination d'une molécule d'eau. Il a été démontré que la résine HMFMG modifiée avait une réactivité supérieure et une vitesse de réaction plus rapide pendant le durcissement que la résine MG, montrant ainsi une meilleure performance de liaison du contreplaqué que la résine MG. Ⅱ-Pour les résines à base de furannique L'alcool furfurylique, ressource biologique renouvelable, est largement utilisé dans l'industrie de la fonderie, mais n'a pas été utilisé seul comme adhésif pour le bois. Dans cet article, l'alcool furfurylique a été mis à réagir avec du formaldéhyde, du glyoxal et du glutaraldéhyde pour préparer les résines d'alcool furfurylique-aldéhyde en tant qu'adhésifs pour panneaux de bois. La résine d'alcool furfurylique formaldéhyde (FAF) présente une bonne performance de liaison et une excellente résistance à l'eau et à l'eau chaude. Cependant, en raison de son utilisation, le formaldéhyde peut poser des problèmes d'émission de formaldéhyde. La résine d'alcool furfurylique-glyoxal (FAG) a également montré des résultats satisfaisants pour le contreplaqué : la résistance à sec, la résistance à l'état humide pendant 24 heures et la résistance à l'eau bouillie pendant 2h étaient de 1,02 MPa, 1,36 MPa et 1,46 MPa. Celles-ci sont nettement supérieures aux exigences standard (≥ 0,7 MPa). De plus, le glyoxal est non toxique et non volatile [31,32], de sorte que la résine FAG peut être considérée comme un adhésif plus écologique. En raison de la réactivité plus faible entre le glutaraldéhyde et l'alcool furfurylique, la résine FAG présente les performances de liaison les plus médiocres par rapport aux FAF et FAG, en particulier lorsque le système de durcisseur auto-neutralisant (1% p-TSA + 2% morpholine / acide phosphorique) est utilisé, et les propriétés mécaniques du contreplaqué collé sur celui-ci ne pouvaient pas satisfaire aux exigences standard. Ⅲ-Pour les adhésifs écologiques à base de matériaux de biomasse L'adhésif renouvelable 'tannin-alcool furfurylique-glyoxal' pour bois est synthétisé. Des proportions définies d'alcool furfurylique et de glyoxal dans l'eau ont été pré-condensées pendant 1 heure à la température ambiante dans des conditions acides. Ce pré-polymère a été ensuite mélangé avec du tanin de mimosa à 70 °C pendant 30 minutes. Les résultats de RMN 13 C et MALDI TOF ont montré qu'il y a une meilleure ténacité que non modifié, mais cela ne suffit pas. Lorsque du PEI est ajouté, la ténacité de l'adhésif est améliorée, et il n'y a pas de fissure à la surface de l'adhésif durci GPPEI. La protéine de soja en tant que matière de biomasse servant à préparer des adhésifs pour bois écologiques est un sujet brûlant, mais la plupart des travaux de recherche reposent sur des isolats obtenus après hydrolyse acide ou alcaline de celle-ci, en ajoutant un agent de réticulation ou des modificateurs pour améliorer les performances de collage. Les adhésifs à base de résine SPIPA présentant une structure amide obtenue en faisant réagir de l'IPS avec de l'anhydride maléique et de l'hexaméthylènediamine ont été préparés avec succès dans ce travail. Les analyses ATR FT-MIR et MALDI-ToF ont également confirmé la survenue de leurs réactions. Cette SPIPA présentait à la fois une bonne performance de liaison et une bonne résistance à l'eau bien supérieure aux exigences standard pertinentes du GB / T 9846-2015 (≥ 0,7 MPa), tandis qu'une température de durcissement plus élevée était nécessaire, comme le prouvent les résultats des tests TMA. Les agents de réticulation utilisés peuvent augmenter la force de liaison à sec de SPIPA, tandis que le silane KH560 réduit sa résistance à l'eau. Seul SPIPA-MA avec l'agent de réticulation l'anhydride maléique présentait une résistance satisfaisante à l'eau froide et à l'eau bouillante, ce qui est amélioré par rapport à SPIPA. Ces résines peuvent ensuite être potentiellement utilisées en tant qu'adhésifs de bois à base de protéines de soja appropriés. Ⅳ-Pour les résines des non-isocyanates polyuréthanes(NIPU) à base matériaux de biomasse Les mono-et les disaccharides peuvent être utilisé pour synthétisé des non isocyanates polyuréthanes (NIPU), avec un potentiel certain pour une application en tant que revêtements thermodurcissables à la fois pour le bois et l'acier et aussi comme adhésifs thermodurcissables pour bois. Les mono-et les disaccharides constituent un réservoir considérable de matière biosourcée d'un coût raisonnable et facilement disponible partout dans le monde, ce qui rend leur utilisation pour de telles applications une alternative industrielle intéressante. Le saccharose en tant que matériau biosourcé peut donner une résine polyuréthanes non isocyanate (S-NIPU) utilisable pour élaborer des panneaux de particules. Les performances mécaniques confirment que la résine S-NIPU a un potentiel certain pour une application en tant qu'adhésif pour bois. Elle possède d'excellentes propriétés de liaison, de résistance à l'eau et de résistance à la chaleur. L'agent de couplage au silane (KH560) peut réduire considérablement la température de durcissement de la résine S-NIPU, de manière à obtenir un durcissement plus complet à une température inférieure. De cette manière, la force IB du panneau de particules préparé à 200 °C peut atteindre 1,06 MPa. Cela fait de la résine S-NIPU une possibilité intéressante en tant qu'adhésif de haute performance et respectueux de l'environnement pour les panneaux en bois. Il a été démontré que les polyuréthannes non isocyanates à base de glucose (NIPU) pouvaient être utilisés pour préparer des mousses partiellement biosourcées, bien que ce qui est présenté n'est qu'un début. Ils présentent deux caractéristiques identiques à celles des polyuréthannes à base d'isocyanate : a) la flexibilité du réseau réticulé des ponts d'uréthane qui constitue la paroi cellulaire de la mousse, et b) la résistance limitée au feu à prendre en compte, pour les PURS synthétiques, par la nécessité d'ajouter des retardateurs de feu. Les courbes contrainte / déformation et le SEM des mousses avant et après compression ont montré que, dans l'ensemble, lorsque les cellules sont aplaties, la structure cellulaire initiale n'est pas perdue. Ceci a indiqué qu'il existe une certaine élasticité inhérente aux parois des cellules et que celles-ci ne s'effondrent pas pendant la compression.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  Un problème sérieux dans ces travaux de recherche est la température élevée de moussage nécessaire. Par conséquent, une méthode de préparation de mousses NIPU à base de glucose auto-soufflantes dans des conditions de basse température (même à la température ambiante) a été étudiée. L'acide maléique a été utilisé comme initiateur, le glutaraldéhyde comme agent de réticulation, très bien mélanger, puis rapidement soufflé et transformé en mousse à température ambiante.

	Les mousses humides obtenues sont ensuite séchées à l'étuve pour obtenir une mousse
	dure NIPU. Il convient de souligner que les mousses obtenues présentent de deux
	manières une résistance au feu très limitée, ce qui indique que, comme pour les
	mousses de polyuréthane synthétiques, l'utilisation éventuelle d'un retardateur de
	flamme apparaît nécessaire.

De plus, des NIPU à base de glucose ont utilisé pour préparer des mousses rigides. En utilisant un agent de couplage au silane KH560 en tant qu'agent de réticulation et de l'hydrogénocarbonate de sodium en tant qu'agent moussant et dans des conditions de température élevée (200 ℃ ), on a obtenu une mousse rigide de g-NIPU. Cette mousse a une bonne résistance à la pression et son comportement aux contraintes est plus caractéristique. Bien que la compression aplatisse effectivement les parois cellulaires, la structure cellulaire est maintenue et les parois cellulaires n'ont pas été détruites, ce qui indique un certain niveau d'élasticité dans les parois cellulaires.
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Résumé: Le glyoxal en tant qu'aldéhyde non volatil et non toxique, peut être utilisé dans l'industrie du bois pour substituer le formaldéhyde et préparer des résines comme mélamine-glyoxal (MG). Cependant, en raisons de faible réactivité du glyoxal par rapport au formaldéhyde, les performances de la résine MG ne sont pas aussi
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	Résumé: Il a été montré que le periodate de sodium clive le glucose par oxydation spécifique
	pour donner un certain nombre d'aldéhydes non volatils qui peuvent réagir avec les composés

phénoliques contenus dans l'extrait de tanin et conduire à une réticulation et un durcissement du tanin. Cette approche pour préparer une résine de tanin utilisable pour les adhésifs pour le bois peut être utilisée soit en traitant avec le periodate le mélange de tanin et de glucose, soit en traitant au préalable avec le periodate le glucose pour le scinder et générer les aldéhydes et ensuite pour le mélanger. avec le tanin. Les résultats obtenus avec ces deux méthodes sont identiques, mais cette dernière méthode évite l'oxydation du tanin. Les aldéhydes ont été générés soit par scission directe de liaisons glucose C-C portant des hydroxyles orientés vicinaux, soit par recombinaison des aldéhydes ainsi formés par condensation d'aldol, soit par élimination d'eau entre deux groupes aldéhyde. L'analyse MALDI ToF a indiqué que les trois types d'aldéhydes semblaient réagir avec les polyphénols du tanin. Une analyse TMA sur un contreplaqué lié aux mélanges tanin + glucose + periodate a donné de bons résultats, avec une immersion dans une eau sèche et froide pendant 24 heures et une résistance au cisaillement de 3 heures à 63 °C améliorant de manière concomitante la proportion de periodate utilisée pour l'étape d'oxydation. Mots-clés: adhésifs pour bois, contreplaqué, oxydation spécifique du glucose, bio-génération de bioaldéhydes non volatils, clivage du glucose.
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Table 1 .

 1 al.2010, Salon et al.2005, Bel et al.2008). The hydrolytic degradation is more rapid under hot water conditions, this being the reason for the SPIPA-KH exhibiting a lower boiling water strength. In the case of citric acid being used as a gluemix additive the improvement in dry strength is mainly due to the improved adhesion effect already reported by a number of authors(s(Del et al.2018, Umemura et al.2013, Umemura et al.2012a). Performance of plywood shear strength bonded with SPIPA adhesives

	Adhesives	Dry strength/MPa	Wood failure	24h wet strength/MPa	Wood failure	2h boiled water strength/MPa	Wood failure
	SPIPA	1.09±0.09	100%	0.85±0.03	85%	0.78±0.03	65%
	SPIPA-KH	1.23±0.07	90%	0.66±0.10	70%	0.55±0.07	20%
	SPIPA-CA	1.23±0.10	95%	0.75±0.04	70%	0.77±0.05	55%
	SPIPA-MA	1.67±0.12	100%	0.96±0.07	75%	0.92±0.01	85%

  Figure 4. MALDI ToF spectrum of the SPIPA resin: 50Da-400Da range.
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Adhésif polyuréthane non isocyanate à base de saccharose utilisé pour les panneaux de particules
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Résumé: Des polyuréthanes non isocyanates biosourcés (NIPU) ont été préparés à partir de mono-et disaccharides, à savoir glucose et saccharose, en réaction avec le diméthyle carbonate et l'hexaméthylène diamine. Les oligomères obtenus ont été détectés par spectrométrie MALDI-ToF, CP-MAS 13C RMN et FTIR. Il a été démontré que le NIPU, dérivé du glucose, durcissait à une température nettement plus basse que ceux dérivés du saccharose. Les NIPU obtenus ont été appliqués comme revêtements de surface pour le bois et l'acier. Les revêtement ont été testé avec le test de coupe croisée (sur acier) et les résultats était encourageantes. La NIPU à base de glucose a donné des bons résultats de revêtement de surface à 103 °C, tandis que la NIPU à base de sucrose n'a pas donné des bons résultats qu'à des températures de durcissement nettement plus élevées. Les résines saccharidiques NIPU ont également été testées en tant qu'adhésifs à joints de bois thermodurcissables, la NIPU de glucose a donné des résultats très encourageants.
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degraded under alkaline conditions [21]. 60g water, 0.2g CaO and 0.4g NaOH were added to the flask, the agitator switched on and then 20g of wheat protein was added slowly. The mixture was heated to 90℃ and kept at this temperature under stirring for 1h, then 7.5g of glutaraldehyde was added, and the reaction mixture kept for another 1h under stirring at the same temperature.

Preparation of three-layer plywood

3mm thick Populus tremuloides veneers were used to prepare three-plys laboratory plywood panels of 450mm×100mm×5mm dimensions with a gluemix spread of 300g/m 2 (dgl, double glue line). The panels were pressed for 6 minutes at 180℃ and 1.5MPa pressure. The plywood so prepared was stored at ambient temperature for 2 days before it was tested.

Dry shear strength, 24h wet shear strength and 2h boiling water shear strength of the plywood panels were tested according to China National Standard GB/T 14074 (2006) [25], China National Standard GB/T17657 (1999) [26], and European Norm EN 636:2012 (2012) [27].

Thermomechanical Analysis (TMA)

The protein based adhesives were tested by thermomechanical analysis as the reference [28]. The samples were prepared by applying each adhesive between two beech wood plies, with dimensions of 21mm x 6mm x 1.1mm. The specimens were tested in non-isothermal mode between 25°C and 250°C at a heating rate of 10°C/minute with a Mettler Toledo 40 TMA equipment in three-point bending on a span of 18 mm exercising a force cycle of 0.1/0.5 N on the specimens, with each force cycle of 12 seconds (6s/6s). The classical mechanics relationship between force and

deflection E = [L 3 /(4bh 3 )][F/(∆fwood -Δfadhesive)]

allows the calculation of the Young's modulus E for each case tested.

FTIR

To confirm the presence of relevant structures, a Fourier Transform Infra-Red (FTIR) analysis was carried out using a Shimadzu IRAffinity-1 spectrophotometer. A blank sample tablet of potassium bromide, ACS reagent from ACROS Organics, was prepared for the reference spectrum. A similar tablet was prepared by mixing potassium bromide with 5% w/w of the sample powders to analyze. The spectrum was obtained in transmission measurement by combining 32 scans with a resolution of 2.0.

SEM

All the adhesives were cured at 103°C in the oven for a whole night, then cut to pieces of 5 mm×5 mm×3 mm dimension and covered with gold before scanning GPPE1.

protein-derived plywood bioadhesives via soy protein isolate fiber self-reinforced soybean meal composites. Ind. Crop. Prod.133, 10-17. une réaction entre l'alcool furfurylique et le glyoxal. De plus, les groupes hydroxyméthyle -CH-OH-R-générés par cette réaction semblaient être les groupes réactifs conduisant à la réticulation de l'adhésif TFG. La résistance au cisaillement à l'état humide du contreplaqué TFG s'est améliorée par rapport à celle du contreplaqué TF, bien que la résistance au cisaillement à l'état humide obtenue avec l'adhésif TFG soit inférieure à celle avec l'adhésif à bois TFF. Afin de préparer un adhésif à base de tanin présentant une bonne résistance à l'eau, un EPR à 12% a été mélangé à un adhésif à base de TFG, ce qui a permis d'obtenir une bonne résistance à l'eau du La réaction de ces divers aldéhydes ainsi générés avec l'extrait de tanin conduit à une réticulation et à un durcissement du tanin. La combinaison extrait de tanin + glucose + periodate s'est révélée utile pour le collage de panneaux de contreplaqué.

Le glutaraldéhyde utilisé pour modifié la résine à base de protéines de blé appelé GP et montre des bonnes performances par rapport à la résine non modifiée (P). La résistance au cisaillement à sec des adhésifs à base de protéines modifiés au glutaraldéhyde (GP) a augmenté de 50%, la résistance à l'eau froide augmentant de plus de 100% en 24h pour atteindre 0,91 MPa. L'effet de la Polyéthylène imine(PEI) en tant qu'agent de réticulation est évident, ce qui peut grandement améliorer les propriétés de liaison de l'adhésif GP. Cela est dû à la modification du glutaraldéhyde pour faire augmenter les groupes réactifs tels que -COOH et -OH, et pour que ces groupes fonctionnels réagissent avec le groupe amine dans le PEI, améliorant ainsi les performances de liaison. L'analyse TMA a montré que la résine de protéines modifié au glutaraldéhyde avait un module d'élasticité supérieur à celui de la résine non modifiée. Le module d'élesticité de l'adhésif a augmenté en plus après l'ajout de l'agent de réticulation PEI, ce qui a confirmé la résistance au cisaillement des résultats des tests de contreplaqué. SEM peut observer que l'adhésif GP modifié semble avoir