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Hydrogenation of sugars to sugar alcohols in the presence of a recyclable Ru/Al 2 O 3 catalyst commercially available
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Nowadays, the catalytic conversion of lignocellulosic biomass is the topic of many investigations.

Interesting compounds that can be produced from the carbohydrate part of lignocellulose are sugar alcohols. Hence, these products production is of prime interest due to their wide use in chemical 2 industries. They can be synthesized by the hydrogenation of sugar monomers in the presence of heterogeneous catalysts that are not always stable in water. Herein, we show that a commercial Ru/Al2O3 catalyst can be used to selectively convert first glucose to sorbitol with a yield around 97 % under optimized conditions. The reaction pathway was determined by the analysis of intermediate compounds. This catalyst was stable up to 10 reaction cycles due to the nature of the support and the Ru particle sizes. I was active in the hydrogenation of sugars such as glucose, fructose, mannose, galactose and xylose to sugar alcohols.

INTRODUCTION

Politics, socio-economic area and industrial sectors are faced with climate change and all the related consequences (reduction of biodiversity, global warming due to greenhouse gases emissions, ocean acidification, etc.) A major shift toward bio-products made from renewable feedstocks is an interesting alternative to decrease the environmental impact. A lot of research is devoted to the use of lignocellulosic biomass that can give access to a wide range of chemicals.

Among them, sugar alcohols such as xylitol, sorbitol, mannitol are of prime interest. They can be used as sweeteners and due to their moisturizer and texturizer properties, they can be applied in pharmaceuticals, cosmetics sectors for toothpaste production for instance. [START_REF] Marques | Sorbitol Production From Biomass and Its Global Market in Platform Chemical Biorefinery[END_REF][START_REF] Sahin | Xylitol, mannitol and maltitol as potential sucrose replacers in burger buns[END_REF][START_REF] Grembecka | Sugar alcohols-their role in the modern world of sweeteners: a review[END_REF][START_REF] Albuquerque | Biotechnological production of xylitol from lignocellulosic wastes: A review[END_REF][START_REF] Sreenath | Quantification of Xylitol in Foods by an Indirect Competitive Immunoassay[END_REF] For example, sorbitol was considered in 2004 by the U.S. Department of Energy as a high-value bio-based chemicals to produce alkanes by hydrogenolysis for biofuels production as well as building blocks to produce chemicals such as glycols and isosorbide. [START_REF] Werpy | Top Value Added Chemicals from Biomass: Volume I --Results of Screening for Potential Candidates from Sugars and Synthesis Gas[END_REF][START_REF] Vilcocq | Transformation of Sorbitol to Biofuels by Heterogeneous Catalysis: Chemical and Industrial Considerations[END_REF][START_REF] Bozell | Technology development for the production of biobased products from biorefinery carbohydrates-the US Department of Energy's "Top 10" revisited[END_REF] Sugar alcohols can be produced from the catalytic hydrogenation of sugar monomers (contained in the carbohydrate part of lignocellulose). Nickel-based catalysts like Raney nickel promoted or not with transition metals (Cr, Fe, Sn, Mo) were firstly study and used at industrial level for the hydrogenation of sugars to sugar alcohols. [START_REF] Van Gorp | Catalytic hydrogenation of fine chemicals: sorbitol production[END_REF][START_REF] Corma | Chemical Routes for the Transformation of Biomass into Chemicals[END_REF][START_REF] Ruppert | Hydrogenolysis goes bio: from carbohydrates and sugar alcohols to platform chemicals[END_REF][START_REF] Zada | Recent advances in catalytic production of sugar alcohols and their applications[END_REF][START_REF] Kusserow | Hydrogenation of Glucose to Sorbitol over Nickel and Ruthenium Catalysts[END_REF][START_REF] Gallezot | Glucose hydrogenation on promoted raney-nickel catalysts[END_REF][START_REF] De Carvalho | Production of polyalcohol at highpressure hydrogenation of cane sugar and hydrolyzed amides[END_REF][START_REF] Hoffer | The role of the active phase of Raney-type Ni catalysts in the selective hydrogenation of D-glucose to D-sorbitol[END_REF][START_REF] Zhang | Hydrogenation of glucose over reduced Ni/Cu/Al hydrotalcite precursors[END_REF][START_REF] Schimpf | Ni/SiO2 catalysts prepared with ethylenediamine nickel precursors: Influence of the pretreatment on the catalytic properties in glucose hydrogenation[END_REF] Thus, sorbitol is industrially produced from a glucose solution in both autoclave and trickle bed reactors at around 110-150°C. But the continuous process needs higher hydrogen pressure (100 bar against 40 to 70 bar in a batch process). [START_REF] Marques | Sorbitol Production From Biomass and Its Global Market in Platform Chemical Biorefinery[END_REF][START_REF] Kusserow | Hydrogenation of Glucose to Sorbitol over Nickel and Ruthenium Catalysts[END_REF] However, in the presence of the Ni-based catalysts, the selectivity was low due to side reactions (degradation of sugars) because of high hydrogen pressure and temperature required in the hydrogenation of sugars to sugar alcohols. Moreover, Ni catalysts suffer from a lack of stability. To avoid metal leaching, noble metals with active sites for hydrogenation of sugar to sugar alcohols have been largely investigated and more specifically Ru and Pt. [START_REF] Liu | Production of C5/C6 Sugar Alcohols by Hydrolytic Hydrogenation of Raw Lignocellulosic Biomass over Zr Based Solid Acids Combined with Ru/C[END_REF][START_REF] Ahmed | Hydrogenation of glucose and fructose into hexitols over heterogeneous catalysts: A review[END_REF][START_REF] Zhang | Heterogeneously Catalyzed Hydrothermal Processing of C5-C6 Sugars[END_REF] These metals were investigated supported on different support and it was shown that ruthenium was the most efficient in the selective hydrogenation of carbonyl to the corresponding alcohols. [START_REF] Baudel | Xylitol production via catalytic hydrogenation of sugarcane bagasse dissolving pulp liquid effluents over Ru/C catalyst[END_REF][START_REF] Besson | Conversion of Biomass into Chemicals over Metal Catalysts[END_REF][START_REF] Xu | Reductive catalytic routes towards sustainable production of hydrogen, fuels and chemicals from biomass derived polyols[END_REF][START_REF] Zhang | Efficient conversion of D-glucose into D-sorbitol over MCM-41 supported Ru catalyst prepared by a formaldehyde reduction process[END_REF][START_REF] Tathod | Towards efficient synthesis of sugar alcohols from mono-and poly-saccharides: role of metals, supports & promoters[END_REF][START_REF] Gallezot | Glucose Hydrogenation on Ruthenium Catalysts in a Trickle-Bed Reactor[END_REF][START_REF] Perrard | Highly efficient metal catalysts supported on activated carbon cloths: A catalytic application for the hydrogenation of D-glucose to D-sorbitol[END_REF][START_REF] Sanz-Moral | Synthesis and Characterization Ru-C/SiO2 Aerogel Catalysts for Sugar Hydrogenation Reactions[END_REF] Among the studied support carbon-based materials, [START_REF] Gallezot | Glucose Hydrogenation on Ruthenium Catalysts in a Trickle-Bed Reactor[END_REF][START_REF] Perrard | Highly efficient metal catalysts supported on activated carbon cloths: A catalytic application for the hydrogenation of D-glucose to D-sorbitol[END_REF][START_REF] Sanz-Moral | Synthesis and Characterization Ru-C/SiO2 Aerogel Catalysts for Sugar Hydrogenation Reactions[END_REF][START_REF] Lazaridis | D-Glucose hydrogenation/hydrogenolysis reactions on noble metal (Ru, Pt)/activated carbon supported catalysts[END_REF][START_REF] Byun | Effect of sodium propionate as a stabilizer on the catalytic activity of Pt/C catalysts for D-glucose hydrogenation[END_REF][START_REF] Aho | Structure sensitivity in catalytic hydrogenation of glucose over ruthenium[END_REF] oxides supports ( A2O3 [START_REF] Kusserow | Hydrogenation of Glucose to Sorbitol over Nickel and Ruthenium Catalysts[END_REF][START_REF] Arena | Deactivation of ruthenium catalysts in continuous glucose hydrogenation[END_REF] , TiO2 13 , ZrO2, ZrO2-Al2O3, phosphated zirconia, phosphated zirconia-alumina [START_REF] Musci | Selective aqueous-phase hydrogenation of glucose and xylose over ruthenium-based catalysts: influence of the support[END_REF] ) and silica materials (SiO2 [START_REF] Kusserow | Hydrogenation of Glucose to Sorbitol over Nickel and Ruthenium Catalysts[END_REF][START_REF] Zhang | Platinum-Catalyzed Aqueous-Phase Hydrogenation of D-Glucose to D-Sorbitol[END_REF] , SBA-15 [START_REF] Zhang | Platinum-Catalyzed Aqueous-Phase Hydrogenation of D-Glucose to D-Sorbitol[END_REF] , ZrO2 coated on SBA-15 [START_REF] Melero | Ru-ZrO2-SBA-15 as efficient and robust catalyst for the aqueous phase hydrogenation of glucose to sorbitol[END_REF] ) as well as structured supports like zeolite (zeolite Y [START_REF] Mishra | Selective hydrogenation of D-glucose to D-sorbitol over HY zeolite supported ruthenium nanoparticles catalysts[END_REF] , BEA [START_REF] Negoi | The hydrolytic hydrogenation of cellulose to sorbitol over M (Ru, Ir, Pd, Rh)-BEA-zeolite catalysts[END_REF] , H-ZSM-5 [START_REF] Sanchez-Bastardo | From biomass to sugar alcohols: purification of wheat bran hydrolysates using boronic acid carriers followed by hydrogenation of sugars over Ru/H-ZSM-5[END_REF] ) mesoporous silica MCM-48 [START_REF] Romero | Ni/MCM-48 catalysts for the effective hydrogenation of D-glucose into sorbitol[END_REF] and Linde type L zeolite-MCM41 [START_REF] Tangale | KLTL-MCM-41 micromesoporous composite as a solid base for the hydrogenation of sugars[END_REF] were investigated. In all these studies, it appears that the control of the selectivity and the catalyst deactivation are the main points that should be addressed in the synthesis of sugar alcohols. Moreover, based on the high cost of Ru the most active one, it is necessary to design an active and selective catalyst with the lowest possible cost that can be recyclable. Although, the particle size of Ru is important in the hydrogenation of sugars to sugar alcohols, a particular attention should be devoted to this parameter. [START_REF] Aho | Structure sensitivity in catalytic hydrogenation of glucose over ruthenium[END_REF] Al2O3 appears as an interesting support based on its high surface and strong mechanical solidity but it suffers form a lack of stability. Hence, Blaise J. Arena studied the deactivation of Ru/Al2O3 catalyst in a continuous pilot at 120°C, under 150-160 bar of hydrogen for the hydrogenation of an aqueous solution of glucose. [START_REF] Arena | Deactivation of ruthenium catalysts in continuous glucose hydrogenation[END_REF] They demonstrated that several compounds were responsible of the poisoning of Ru species such as gluconic acid, sulfur and iron.

In another study [START_REF] Kusserow | Hydrogenation of Glucose to Sorbitol over Nickel and Ruthenium Catalysts[END_REF] the hydrogenation of an aqueous solution of glucose in an autoclave at 120°C and at a high hydrogen pressure of 120 bar in the presence of a Ru/Al2O3 catalyst led to a selectivity of sorbitol lower than 70 % (60-65 %) in a batch process due also to poisoning of the active sites.

In order to prevent the deactivation of a Ru/Al2O3 catalyst, a newly synthesized core-shell-like sphere ruthenium catalyst, named 5%Ru/γ-Al2O3@ASMA, ruthenium nanoparticles (NPs) supported on an amino poly (styrene-co-maleic) polymer (ASMA) encapsulating γ-Al2O3 pellet support was found to be stable and 95% yield of sorbitol was obtained under 50 bar of hydrogen at 120°C for 2h of reaction. [START_REF] Zhao | Efficient Sorbitol Producing Process through Glucose Hydrogenation Catalyzed by Ru Supported Amino Poly (Styrene-co-Maleic) Polymer (ASMA) Encapsulated on γ-Al2O3[END_REF] The stability of the catalyst was due to the encapsulation of γ-Al2O3 by a polymer. Based on these studies, Ru/Al2O3 catalyst suffers from a lack of stability and leads to a selectivity lower than 70%. Thus, the search for a stable catalyst commercially available that can be used in the hydrogenation of sugars to sugar alcohols by preventing secondary reactions is still demanded.

Herein, we report the use of a recyclable commercially available Ru/Al2O3 catalyst in the hydrogenation of various sugar monomers to sugar alcohols with high selectivity. We demonstrate that Ru/Al2O3 catalyst with appropriate particle sizes and a support composed of different alumina phases was efficient in the hydrogenation of an aqueous solution of sugars to sugar alcohols. In the hydrogenation of glucose to sorbitol, under optimized conditions, a 97% sorbitol yield was obtained in a batch process in the presence of water as a solvent. Ru/Al2O3 recyclability was also demonstrated based on the control of secondary reactions that limit the poisoning of the catalyst due to the nature of the support. Ru/Al2O3 catalyst was also active and selective in the hydrogenation of various sugars such as fructose, mannose, galactose and xylose.

EXPERIMENTAL Catalytic tests and analysis

A Multiple Reactor System Series 5000 by Paar Instrument Company was used for hydrogenation reactions. In a typical hydrogenation reaction, a prepared mixture of 2 g of sugar dissolved in 18 g of ultra-pure water (10 wt. % of sugar in water) was placed in a glass vessel and 0.1 g of reduced catalyst (under H2 at 200°C for 2 h) was subsequently added to the mixture. The glass vessel was inserted in the reactor and this last was sealed and flushed by N2 three times. The experiment was started when 30 bar of H2 was introduced into the reactor (t = 0 min) at 120°C for the desired reaction time. Agitation and heater were stopped at the end of the experiment and hydrogen was removed when the reactor was cool down to ambient temperature. The catalyst was removed from the reaction media and the liquid phase was filtrated by a syringe filter and diluted in ultra-pure water before analysis that was performed with a High Performance Liquid Chromatography (HPLC). To this end a Shimadzu HPLC with a Refractive Index Detector (RID) was used to quantify sugars products. An anion-exchange column (CarboSep CHO 820-Ca 2+ 300 mm x ID 7.8 mm) was employed with ultra-pure water as an eluent with 0.5 mL min -1 flow rate.

The column temperature was fixed to 80°C.

Catalyst characterization

The catalysts were characterized by using surface area analysis and Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) for the Ru content. The structure of the catalysts was characterized by XRD, TEM, SEM, and TGA before and after catalytic test. The results and details of each technique has been provided in supplementary document.

RESULTS AND DISCUSSION

In a first set of experiments, a screening of commercial catalysts with 4 to 5 wt% metal loading (Table S1) Pt/Al2O3, Pd/Al2O3 and Ru/ Al2O3 were investigated in the hydrogenation of 10 wt.% of glucose in water to sorbitol (Figure 1) at 120°C under 30 bar of H2. The reaction was performed first in the absence of catalyst and 16% of glucose was converted but the yield of sorbitol was only 2%. The reaction media was light brown at the end of the reaction probably due to the degradation of glucose to humins. Surprisingly, Pd/Al2O3 and Pt/Al2O3 catalysts are less active than the blank test, the conversion of glucose being negligible probably due to the limitation of side reactions. Hence, the reaction media was colorless in the presence of Pd/Al2O3 and Pt/Al2O3 catalysts whereas it was light brown in the absence of a catalyst. The highest selectivity to sorbitol (80%) at a full conversion of glucose was obtained in the presence of Ru/ Al2O3.

To further investigate the catalytic properties of Ru/Al2O3, the conversion of glucose and the yield of sorbitol were plotted versus time for the reaction in the presence of Ru/Al2O3 catalyst (Figure 1). After 90 min of reaction, a full conversion of glucose was obtained in the presence of Ru/Al2O3 catalyst with a sorbitol yield of 87%. Upon prolonged reaction time (5h) no degradation of the produced sorbitol was observed showing the stability of the product under these reaction conditions. Indeed, even if a slight decrease of sorbitol yield is observed after 180 min of reaction, it is in the margin error of the analysis. One can mention that fructose was observed at the beginning of the reaction followed by the formation of mannitol after 1 hour of reaction (Fig. S1).

Fructose comes from glucose isomerization and we can assume that mannitol is produced by the hydrogenation of fructose. In order to confirm this hypothesis, a reaction was conducted starting from fructose in the presence of Ru/Al2O3 catalyst under similar conditions and the conversion of fructose reached 100% after 2 h of reaction with 40% yield of mannitol and 53% yield of sorbitol.

Moreover, a reaction was performed starting from mannitol and only traces of sorbitol, below 1%, was produced confirming that the isomerization of mannitol was not responsible of the major formation of sorbitol under these conditions in the presence of Ru/Al2O3 catalyst. Moreover, traces of iditol was observed after 1h30 of reaction due to the the high concentration of sorbitol at the end of the hydrogenation reaction that leads to the isomerization of sorbitol to iditol. 43 The reaction pathway for the hydrogenation of glucose to sorbitol in the presence of Ru/Al2O3 catalyst is thus described in scheme 1. Based on the analysis of the reaction intermediates, sorbitol can be produced through two pathways in the presence of this catalyst. One route is the isomerization of glucose to fructose that can be hydrogenated to sorbitol and mannitol. The other route is the direct hydrogenation of glucose to sorbitol. Based on the results obtained, the main pathway to obtain sorbitol under these conditions is the direct hydrogenation of glucose since only slight amount of mannitol is observed during the reaction. This catalyst is very selective to sorbitol and secondary reactions are limited.

Scheme 1. Glucose hydrogenation to sorbitol pathway in the presence of Ru/Al2O3 catalyst.

Catalysts stability is one of the most recurrent bottleneck reported in literature because of lixiviation, sintering or poisoning effects. Thus, the recycling of Ru/Al2O3 was studied (Figure 2).

The reaction was performed using similar conditions of pressure and temperature during 1h30.

After the reaction, the catalyst was recovered by centrifugation of the reaction media and it was washed several time with ethanol. Then, the solid was dried at 50°C prior to a new cycle without any treatment. We were pleased to see that there were no significant loss in conversion of glucose and sorbitol yield up to 10 cycles. After the 6th cycle, only 13 ppm of Ru was found in the reaction media by ICP AOS analysis. In order to confirm that it was a heterogeneous catalysis, the hydrogenation of glucose was performed for 30 min and the catalyst was removed. The liquid mixture was heated up to 120°C under 30 bar of H2 for 1 h and no increase in the sorbitol yield was observed. This result demonstrates that the Ru in solution is not active in the hydrogenation of glucose to sorbitol. The catalyst was characterized after reaction and was compared to the fresh catalyst. The specific surface remains similar after the reaction (around 140 m 2 /g), there is only a decrease of the pore size from 178 to 166 Å (Fig. S2 and Table S2). Hence, thermal analysis were performed and it was clear that some compounds were adsorbed on the catalytic surface after recycling (around 8%) (Fig S3). Despite the adsorption of some compounds, the catalyst was recyclable. In order to pay attention to the nature of the support, XRD analyses were performed and show no change in the crystalline structure of the support (Fig. S4) that was composed of two aluminium oxide phases. It was a gamma alumina with a tetragonal structure phase associated with a monoclinic one. The presence of the two phases can enhance the stability of the catalyst by helping to disperse the active species. From TEM analysis, it was shown that Ru particles size was almost unchanged being around 2.5 nm (Fig. S5). One interesting observation was that the Ru dispersion seems to increase during the recycling which surely helps to prevent the deactivation of the catalyst (Figure 3). Based on all these characterizations, it appears that Ru/Al2O3 catalyst is relatively stable under these conditions in the hydrogenation of glucose to sorbitol in water due to the particle sizes of Ru that is around 2.5 nm [START_REF] Aho | Structure sensitivity in catalytic hydrogenation of glucose over ruthenium[END_REF] and the nature of the support [START_REF] Musci | Selective aqueous-phase hydrogenation of glucose and xylose over ruthenium-based catalysts: influence of the support[END_REF] has an effect as reported in the literature.

This alumina support is appropriate in order to prevent strong poisoning of the catalyst by controlling the selectivity of the reaction.

The experimental conditions were then studied. First, the effect of the hydrogen pressure was investigated (Figure 4). A decrease in glucose conversion was observed at 10 bar and 20 bar surely because of a lower solubility of H2 in the reaction mixture. Higher pressure are needed (higher than 20 bar) to convert 100 % of glucose and to reach a sorbitol selectivity of 80 % when 30 bar of H2 is used and 90 % when 40 bar of H2 is used. However, the selectivity of the reaction was almost unchanged with the variation of the hydrogen pressure. Interestingly, fructose was observed for a pressure below 20 bar (around 2%) along with some traces of mannitol. For a H2 pressure a high concentration of dissolved H2 can further hydrogenated fructose into mannitol. Secondly, the influence of reaction temperature was investigated (Table 2). When the temperature was decreased from 120°C to 100°C, 100% of glucose conversion can be reached but after 2h30 instead of 1h30 at 120°C. It was interesting to see that the selectivity was higher (97%)

at 100°C than at 120°C (84%) but upon prolonged reaction time. At 90°C similar trend was observed than at 100°C after 2h of reaction. At 80°C the activity of the catalyst was too low since the conversion of glucose was only 38% after 2h of reaction. An experiment at 140°C was carried out for 1h, a total conversion of glucose was observed with a selectivity to sorbitol of 77%. From these results we can point out that 97% yield of sorbitol can be reached at a mild temperature of 100°C but after 2.5 h of reaction. The weight percentage of catalyst Ru/Al2O3 was then studied (Figure 5). A decrease of the catalyst loading from 5 wt.% to 2.5 wt.% led to similar yield of sorbitol around 85% with a full conversion of glucose. Interestingly, a further decrease of the catalyst amount to 1 wt.% led to a slight decrease of the conversion down to 91% with 90% yield of sorbitol. The reaction was thus very selective in the presence of a low amount of catalyst. These results showed that the catalyst loading can be decreased up to 1 wt.%. On the opposite an increase of the catalyst loading from 5 to 10 wt.% led to a decrease in the selectivity to sorbitol due to the formation of unknown byproducts as well as the isomers of sorbitol (mannitol, iditol). The reaction media was coloured indicating that in the presence of a high amount of catalyst some degradation reaction of glucose can occur. Thus, it is necessary to adjust catalyst amount in order to increase activity and reaction rate as well as selectivity to avoid side reactions.

This catalyst was then used in the hydrogenation of various sugars such as fructose, mannose, galactose and xylose (Table 3).

We were pleased to see that Ru/Al2O3 was also active in the hydrogenation of other carbohydrates such as fructose, mannose, xylose and galactose under the optimized conditions described before.

All monomers were converted in their respective hydrogenated products with a selectivity from 92 to 53%. Galactose hydrogenation can provide at least 60 % crystallized galactitol and its purity was confirmed by NMR 1H (Fig. S6). Only the hydrogenation of fructose led to a mixture of sugar alcohols that was sorbitol and mannitol mixture. Galactose 60

Xylose 92

[a] Full conversion in all experiments

CONCLUSION

The selective hydrogenation of sugars is still requiring recyclable catalysts that are stable in water with a low amount of noble metal. Here, we demonstrate that a Ru/Al2O3 catalyst with 5 wt% of Ru is active and selective in the hydrogenation of glucose and other sugars to sugar alcohols. This was due to the particle sizes of Ru that was around 2.5 nm and to the control of secondary reactions that limit the poisoning of the catalyst by appropriate alumina support. The catalytic amount can be decreased down to 1 wt.% with 90% yield of sorbitol in the hydrogenation of glucose. Moreover, the reaction can be performed at 100°C reaching a sorbitol selectivity of 97% for a total conversion of glucose in the presence of a catalyst that can be recyclable up to 10 cycles. Moreover, this catalyst can be applied in the hydrogenation of a wide range of sugars such as fructose, mannose, galactose and xylose.
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Table 1 .

 1 Screening of commercial noble metal catalysts for the hydrogenation of glucose into sorbitol under 30 bar H2 at 120°C for 1 h with 10 wt.% of glucose (2 g) in 18 g of water and 5

	wt.% of catalyst		
	Catalyst	Glucose conversion	Sorbitol yield (%)	Sorbitol selectivity
		(%)		(%)
	none	16	2	11
	Pd/Al2O3	3	1	33
	Pt/Al2O3	8	1	12
	Ru/Al2O3	100	80	80

Table 2 .

 2 Effect of reaction temperature for the hydrogenation of glucose into sorbitol in the presence of 5 wt.% of Ru/Al2O3 under 30 bar H2 with 10 wt.% of glucose in water.

	Temperature (°C)	Time (h) Glucose conversion	Sorbitol yield	Sorbitol selectivity
			(%)	(%)	(%)
	80	2	38	32	83
	90	2	65	63	97
	100	2	61	60	98
	100	2.5	100	97	97
	120	2	100	84	84
	140	1	100	77	77

Table 3 .

 3 Hydrogenation of sugars in the presence of 5 wt.% of Ru/Al2O3 under 30 bar H2 at 120°C from 10 wt.% of glucose in water for 2h.[a] 

	Sugars	Sorbitol yield (%)	Mannitol yield	Galactitol	Xylitol yield (%)
			(%)	yield (%)	
	Fructose	53	40		
	Mannose		84		

ASSOCIATED CONTENT

ESI contains detailed description about catalyst characterization methodology and techniques such XRD, TEM, TGA, ICP-OES, Nitrogen adsorption-desorption analysis. It also includes NMR analysis of galactitol and materials used.
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