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Introduction

Metal-based catalyst preparation is always a challenging area, especially in the tailoring of materials in order to get active, selective and recoverable metal catalysts. Heterogeneous metal catalysts (in supported or bulk versions) are interesting candidates for the three conditions mentioned above [START_REF] Van Deelen | Control of metal-support interactions in heterogeneous catalysts to enhance activity and selectivity[END_REF]. For the supported metal NPs, as much the active phase as the support are crucial to get an efficient catalyst with well-defined properties.

Halloysite nanotubes (HNTs) are a form of natural clay, mostly found in New Zealand, France, USA, China, Australia, Mexico and Brazil [START_REF] Massaro | Past, Present and Future Perspectives on Halloysite Clay Minerals[END_REF]. These non-toxic nanomaterials present a tubular morphology and general formula Al 2 (OH) 4 Si 2 O 5 ⋅2H 2 O, in which the octahedral gibbsite Al(OH) 3 sheet forms the positively charged inner surface, while tetrahedral SiO 4 forms a negatively charged outer surface in water, in the 2 -8 pH interval [START_REF] Bretti | Thermodynamics of Proton Binding of Halloysite Nanotubes[END_REF][START_REF] Veerabadran | Clay Nanotubes for encapsulation and sustained release of drugs[END_REF].This anionic outer surface allows good metal ionsupport interactions for a good dispersion of the active phase during the catalyst preparation to get high catalytic activities and selectivities [START_REF] Wei | Activity of manganese oxides supported on halloysite towards the thermal catalytic oxidation of formaldehyde: Constraint from the manganese precursor[END_REF].

Among the different methods described in the literature, the in situ chemical reduction, i.e. chemical reduction of a metal precursor solution in the presence of HNT, affords well dispersed metal nanoparticles onto the support [START_REF] Liu | Silver nanoparticle supported on halloysite nanotubes catalyzed reduction of 4-nitrophenol (4-NP)[END_REF][START_REF] Stavitskaya | Ruthenium-Loaded Halloysite Nanotubes as Mesocatalysts for Fischer-Tropsch Synthesis[END_REF][START_REF] Nedolivko | Effect of the ruthenium deposition method on the nanostructured catalyst activity in the deep hydrogenation of benzene[END_REF][START_REF] Glotov | Nanostructured Ruthenium Catalysts in Hydrogenation of Aromatic Compounds[END_REF][START_REF] Glotov | Ruthenium Catalysts Templated on Mesoporous MCM-41 Type Silica and Natural Clay Nanotubes for Hydrogenation of Benzene to Cyclohexane[END_REF][START_REF] Chudakov | The Influence of Ruthenium Nanoparticle Size on the Activity of Benzene Hydrogenation Catalysts[END_REF][START_REF] Glotov | Nanoreactors based on hydrophobized tubular aluminosilicates decorated with ruthenium: Highly active and stable catalysts for aromatics hydrogenation[END_REF]. Silver nanoparticles were immobilized on HNT by the dispersion of the aluminosilicate in a silver nitrate solution followed by the silver ion reduction using sodium borohydride [START_REF] Liu | Silver nanoparticle supported on halloysite nanotubes catalyzed reduction of 4-nitrophenol (4-NP)[END_REF]. More recently, by the same procedure, ruthenium nanoparticles supported on HNT were prepared as heterogeneous catalyst for the solvent free benzene hydrogenation [START_REF] Nedolivko | Effect of the ruthenium deposition method on the nanostructured catalyst activity in the deep hydrogenation of benzene[END_REF][START_REF] Glotov | Nanostructured Ruthenium Catalysts in Hydrogenation of Aromatic Compounds[END_REF][START_REF] Glotov | Ruthenium Catalysts Templated on Mesoporous MCM-41 Type Silica and Natural Clay Nanotubes for Hydrogenation of Benzene to Cyclohexane[END_REF][START_REF] Chudakov | The Influence of Ruthenium Nanoparticle Size on the Activity of Benzene Hydrogenation Catalysts[END_REF][START_REF] Glotov | Nanoreactors based on hydrophobized tubular aluminosilicates decorated with ruthenium: Highly active and stable catalysts for aromatics hydrogenation[END_REF].

In order to improve the properties of HNT as a support, surface functionalization or formation of a composite with organic components such as polymers [START_REF] Kausar | Review on Polymer/Halloysite Nanotube Nanocomposite[END_REF][START_REF] Sadjadi | Biocompatible starch-halloysite hybrid: An efficient support for immobilizing Pd species and developing a heterogeneous catalyst for ligand and copper free coupling reactions[END_REF][START_REF] Jia | Morphologies, crystallization, and mechanical properties of PLA-based nanocomposites: Synergistic effects of PEG/HNTs[END_REF], surfactants [START_REF] Cavallaro | Hydrophobically Modified Halloysite Nanotubes as Reverse Micelles for Water-in-Oil Emulsion[END_REF], dendrimers [START_REF] Sadjadi | A novel magnetic heterogeneous catalyst based on decoration of halloysite with ionic liquid-containing dendrimer[END_REF] or carbon materials [START_REF] Sadjadi | Combination of carbon nanotube and cyclodextrin nanosponge chemistry to develop a heterogeneous Pd-based catalyst for ligand and copper free C-C coupling reactions[END_REF] have been developed. Cyclodextrins (CDs), cyclic oligosaccharides that are composed of six (-), seven (-) or eight (-) -D-glucopyranose units connected by -(1,4)-linkage [START_REF] Crini | Review: A History of Cyclodextrins[END_REF], are interesting candidates due to their polyfunctionality. They are known as capping agent during metal nanoparticles synthesis [START_REF] Noël | Cyclodextrin-based systems for the stabilization of metallic(0) nanoparticles and their versatile applications in catalysis[END_REF][START_REF] Del Pozo | Catalytic efficiency of macrocyclic-capped gold nanoparticles: cucurbit[n]urils versus cyclodextrins[END_REF][START_REF] Gannimani | γ-Cyclodextrin capped silver nanoparticles for molecular recognition and enhancement of antibacterial activity of chloramphenicol[END_REF], but also as precursors of carbon materials [START_REF] Shen | The effect of carbon precursor on the pore size distribution of mesoporous carbon during templating synthesis process[END_REF] and, thanks to their cavity, as molecular shuttle for bringing the hydrophobic substrate close to the metal particle dispersed in water [START_REF] Mhadgut | A metal nanoparticle-based supramolecular approach for aqueous biphasic reactions[END_REF]. Taking into account the above properties, metallic nanoparticles immobilized onto HNT where -cyclodextrin (-CD) had different roles at different steps of the catalyst preparation have been synthesized and their catalytic performances evaluated in various reactions [START_REF] Sadjadi | Pd nanoparticles immobilized on the poly-dopamine decorated halloysite nanotubes hybridized with N-doped porous carbon monolayer: A versatile catalyst for promoting Pd catalyzed reactions[END_REF].

Surprisingly, the effect of chemically modified cyclodextrins on the catalytic activities of metallic NPs immobilized onto HNT and dispersed in aqueous medium has never been studied. This is all the more surprising as it is well known that the chemically modified cyclodextrins can greatly increase rates and chemoselectivities of reactions catalyzed by water soluble organometallic complexes in aqueous-organic two-phase systems [START_REF] Hapiot | Recent breakthroughs in aqueous cyclodextrin-assisted supramolecular catalysis[END_REF].

We report hereby the influence of various native and chemically modified cyclodextrins on the catalytic activity of HNT immobilized ruthenium NPs in aqueous medium. For this purpose, we synthesized Ru NPs by chemical reduction of ruthenium (IIII) chloride in the presence of a commercial HNT using sodium borohydride as reducing agent. This material was characterized and evaluated in the catalytic hydrogenation of long chain alkenes in aqueous medium in the presence of cyclodextrins bearing different functionalized groups (Table 1). The catalytic activity was optimized playing especially on the nature of the cyclodextrin. The catalytic system was tested for the hydrogenation of fatty acids methyl esters (FAMEs) and vegetable oils which, to the best of our knowledge, have not been studied with Ru_HNT. Frères (Lestrem, France). RaMe-β-CD was purchased from Wacker Chemie AG whereas RaMe--CD was synthesized according to a procedure described in the literature [27].

HPTMA--CD and HPTMA--CD were synthesized and purified considering a previous procedure reported in the literature [START_REF] Deratani | Sébille, 2-hydroxy-3-trimethylammoniopropyl derivatives of cyclomaltoheptaose as phase-transfer catalysts[END_REF]. CM--CD synthesis was adapted from a previous procedure [START_REF] Satomura | Preparation of carboxymethyl derivatives of pnitrophenyl α-maltopentaoside as substrate of α-amylases[END_REF].

Characterization techniques

Transmission Electron Microscopy (TEM) was performed on a Tecnai microscope (200 kV).

The sample into powder was deposited onto the carbon coated copper grid.

X-ray diffraction (XRD) measurements were performed using a Rigaku ULTIMA IV diffractometer equipped with Cu anticathode, Soller slits to limit the divergence of X-ray beam and a nickel foil filter to attenuate the CuKβ line. XRD patterns were recorded in the range of 10-80° (scan speed of 0.15°/min) using the Bragg-Brentano configuration.

ICP optical emission spectrometry was performed on an iCAP 7000 Thermo Scientific spectrometer (Les Ulis, France). For the quantification of ruthenium loading, 10 mg of the Ru_HNT were introduced in 25 mL of aqua regia and then heated to 180 °C under microwaves during 10 minutes. The resulting solution was finally diluted with pure water up to a final volume of 50 mL. The amount of ruthenium incorporated in the material was determined using an external calibration with a ruthenium ICP standard solution without any prior treatment.

Thermogravimetric measurements (TG) were performed using a simultaneous TGA/DSC 3+ instrument from Mettler Toledo coupled with a computer having STARe software.

Approximately, 15 mg of the sample was heated in an open 70 μL alumina crucible from 40 to 800 °C (10 °C min -1 ) under air at a flow rate of 20 mL min -1 .

Fourier transform infrared spectroscopy (FTIR) experiments were carried out in the 4000-400 cm -1 region with a spectral resolution of 2 cm -1 using a Shimadzu IR Prestige-21 spectrometer equipped with a PIKE MIRacle diamond crystal.

Synthesis of HNT supported Ru NPs

One gram of HNT was dispersed in 18 mL of HPLC water. A RuCl 3 solution (19.8 mg in 12 mL of HPLC water) were added to the previous solution and the mixture was stirred under vigorous stirring during 30 minutes. A freshly prepared sodium borohydride solution (7.6 mg in 10 mL of HPLC water) was quickly added and the resulting suspension was kept under vigorous stirring during 18 h. The solid was centrifugated and washed several times with distilled water until the filtrate is chloride free (confirmed via AgNO 3 test). The solid, denoted as Ru_HNT, was then dried at 90 °C during 24 h.

Catalytic test

1-hexadecene hydrogenation has been performed using a stainless steel autoclave Parker-Autoclave Engineers containing a glass vessel which was charged with 12 mL of water, 100 mg of Ru-HNT catalyst and 4 mmol of 1-hexadecene. Hydrogen was fed to the system at constant pressure up to 10 bar. The mixture was heated up to 30 °C with a thermostated oil bath and stirred at 1000 rpm. Conversions and selectivities were determined by GC analysis.

A Varian 3900 gas chromatograph, equipped with a CP-Sil-5B (30 m × 0.25 mm x 0.25 µm) and a flame ionization detector using decane as external standard was used. Practically, 0.5 mL of a catalytic test sample was mixed with 1 mL of chloroform containing 10 mg of decane as the external standard. After stirring and decantation, the organic phase was analyzed by GC.

One test was performed in 12 mL of cyclohexane, instead of water. The procedure is the same but, for the analytical part, 1.0 mL of the sample was mixed with 10 mg of decane.

One test was performed without solvent. 100 mg was taken and solubilized in 1 mL of chloroform with 10 mg of decane.

FAMEs and vegetable oils hydrogenation experiments have been performed using a stainless steel autoclave Parker-Autoclave Engineers containing a glass vessel which was charged with 12 mL of water, 6 mL of ethyl acetate, 100 mg of Ru-HNT catalyst and 0.8 mmol of substrate. Hydrogen was fed to the system at constant pressure up to 10 bar. The mixture was heated up to 30 °C with a thermostated oil bath and stirred at 1000 rpm. Conversions and selectivities were determined by GC analysis for FAMEs. A Shimadzu GC-17A gas chromatograph (Shimadzu GC-2010 Plus) was used equipped with a polyethylene glycol capillary column (30 m × 0.25 mm × 0.25 μm) and a flame ionization detector using decane as the external standard. The injector temperature is 250°C, the detector temperature is 270°C.

Vegetable oils conversions were determined by 1 H NMR. The organic phase was separated and the aqueous phase was washed several times with ethyl acetate. Ethyl acetate was then evaporated and the organic sample was solubilized in CDCl 3 .

Results and Discussion

The HNT supported ruthenium nanoparticles were synthesized by chemical reduction of an aqueous solution of RuCl 3 with an excess of sodium borohydride (2.5 molar equivalent of NaBH 4 per ruthenium) in the presence of the HNT support (Figure 1). After centrifugation, washing and drying, a grey solid was obtained. and was found to be 0.6 wt%, close to the theoretical value (0.8 wt%).

The catalytic activity of the Ru_HNT was first evaluated in the hydrogenation of 1hexadecene, chosen as a model of a highly hydrophobic substrate (Table 2). Catalytic tests were performed at 30 °C under 10 bar of hydrogen with 100 mg of Ru_HNT (8 µmol of ruthenium) and 4 mmol of 1-hexadecene (substrate/metal ratio of 500). We evaluated the catalytic activity of the solid during the hydrogenation of hexadecene towards hexadecane in different media. No isomerization product was obtained, whatever the catalytic system. After 90 minutes, less of 1% of 1-hexadecene was converted into hexadecane in solvent-less conditions or in cyclohexane (entries 1 and 2). When the reaction is performed in water, 12% of hexadecane are converted (entry 3). This improvement can be explained by a better dispersion of the solid catalyst in water [START_REF] Lisuzzo | Colloidal stability of halloysite clay nanotubes[END_REF]. In order to improve the catalytic activity of our system, cyclodextrin was added at the beginning of the reaction. In the case of -CD additives, only HP--CD improved the Ru_HNT activity in comparison with the CD-free test. Catalytic results are indeed lower or comparable with -CD, HPTMA--CD and RaMe--CD. In the case of -CD derivatives, addition of HP--CD or RaMe--CD had a notable beneficial effect on the catalytic activity, especially in the case of RaMe--CD (entry 10). The above results clearly showed that both the nature and the size of the cylodextrin had a deep influence on the catalytic activity of Ru_HNT.

Knowing that long chain alkenes have great affinity to CD cavity, the behaviour of 1hexadecene/water mixture in the presence of CDs but without HNT has been studied, by preparing a dispersion of 1-hexadecene (1 mmol) in a 33 mM cyclodextrin aqueous solution, which corresponds to the same ratio than those of a catalytic test (Figure 2). After ten minutes of vigorous stirring, a white solid, more or less well dispersed, was observed for -CD and HPTMA--CD. For the others, no white solid was obtained. The solid was attributed to the formation of a water insoluble inclusion complex between 1-hexadecene and -CD or HPTMA--CD and can probably explain the poor catalytic results obtained with -CD and HPTMA--CD (3 and 9 % respectively). Indeed, this solid hinders the good adsorption of the 1-hexadecene on the ruthenium particles surface.

The dispersion of Ru_HNT in a mixture of water and 1-hexadecene has also been studied in the presence of cyclodextrin derivatives. The effect of -CD and HPTMA--CD was not investigated due to the solid precipitation and the conditions were similar to those of catalysis (Figure 3). Except for the CM--CD, the decantation of the solid catalyst occurred within 30 minutes for all CDs. The singular behaviour of this anionic cyclodextrin can be explained by repulsive interactions between the negatively charged support and the anionic cyclodextrin solution. It is interesting to note that more or less solid catalyst stays after stirring at the interface between the aqueous and the organic phases in the absence of CD or in the presence of some CD derivatives. Unfortunately, no clear correlation between the catalytic activity and the solid catalyst amount at the interface could be found. This amount seems to grow up in the case of RaMe--CD, where the highest catalytic activity has been obtained. On the other hand, a modest activity was observed for the cationic HPTMA--CD with very few Ru_HNT at the interface layer. Finally, in the case of HP--CD or HP--CDs where there is no catalyst in the interface, much better catalytic activities than in absence of cyclodextrin were obtained. From this study, it clearly appears that dispersion of the heterogeneous catalyst into the aqueous phase and/or interface is not a key parameter to obtain high reaction rate and selectivity. In fact, the reaction rate seems to be correlated to the surface activity of the CD derivatives.

Except RAME--CD, the higher the surface activity of the CD derivative is, the higher the reaction rate is. This result is in line with that reported in aqueous organometallic catalysis assisted by CD derivatives [START_REF] Hapiot | Recent breakthroughs in aqueous cyclodextrin-assisted supramolecular catalysis[END_REF].

According to these preliminary results, we decided to keep the randomly methylated -CD (RaMe--CD) as the standard mass transfer agent. This catalytic system (Ru_HNT+RaMe--CD) was optimized by modifying the solid catalyst and the cyclodextrin amounts.

Catalytic tests were performed at 30 °C under 10 bar of hydrogen, but with different amounts of Ru_HNT (Figure 5). According to the kinetic monitoring, the catalytic activity rationally increases with the increase of Ru _HNT amount. An induction period can be observed which is typical with ruthenium based heterogeneous catalysts [START_REF] Koopman | Induction effects in liquid phase hydrogenation catalyzed by ruthenium on carbon[END_REF].

The influence of the amount of RaMe--CD was studied keeping 100 mg of solid catalyst (Figure 6). According to the experiments, a small amount of RaMe--CD (5 molar equivalent per ruthenium) is enough to notably enhance the catalytic activity of Ru_HNT. An increase in the cyclodextrin amount led to the catalytic activity increase. It can be noticed that the slopes of the different curves are similar, but the start of conversion deeply depended on the RaMe--CD amount.

After these optimization steps, we decided to extend our study to bio-sourced alkenes, such as fatty acids methyl esters (FAMEs) (Table 3). The catalytic system is efficient whatever the substrate, for the hydrogenation of terminal double bonds or internal ones. The best catalytic activity was obtained for methyl undecenoate (terminal double bond) with a complete conversion within 45 minutes. This result can be explained both by the chain length and the terminal position of the double bond.

For the three other FAMEs, the chain length is the same (C 18 chain) and the double bonds are internal. The conversion of methyl ricinoleate is notably higher than the two others. This can be explained by the better solubility of this substrate in water.

Gratifyingly, we found that the corresponding triglycerides of methyl ricinoleate and oleate (castoir oil and triolein respectively) and Jojoba oil can also be hydrogenated with the Ru_HNT/ RaMe--CD catalytic system (Figure 8). As expected, the catalytic activities are lower than those of free fatty methyl esters. Glyceryl trioleate conversion seems much harder than for castor oil. The same tendency was observed above, for the corresponding fatty acids esters and can be attributed to the better solubility of castor oil. Surprinsingly, Jojoba oil got the same behavior than methyl oleate despite its lower solubility in water. This difference is probably due to a cyclodextrin effect which partially hinders the substrate solubility.

Conclusion

The catalytic activity of ruthenium nanoparticles immobilized onto halloysite nanotubes has been evaluated in the hydrogenation of fatty acids methyl esters derivatives and vegetable oils in aqueous medium. Using 1-hexadecene as the model substrate, it appeared that both the nature of the substituent of the cyclodextrin and the size of the cyclodextrin deeply influenced the catalytic activity of the solid catalyst. The best activity improvement has been obtained

with RaMe--CD. This high efficiency can be attributed to the high surface activity. After optimization steps, this solid catalyst showed good catalytic activity whatever the substrate under mild reaction conditions (30 °C, 10 bar of hydrogen).
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 1 Figure 1. Synthesis of Ru_HNT material
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 21 Figure 2. 1-hexadecene dispersion in cyclodextrin aqueous solutions. Conditions : 1-hexadecene (1 mmol), CD (0.1mmol), water (3 mL)

Figure 3 .

 3 Figure 3. Photographs corresponding to the dispersion of Ru_HNT in the presence of 1hexadecene in different cyclodextrin aqueous solutions at different times. Conditions: 20 mg Ru_HNT, additive (40 mol), 1-hexadecene (0.4 mmol), H 2 O (4 mL).
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 5 Figure 5. Influence of the Ru_HNT NPs amount on its catalytic activity for 1-hexadecene hydrogenation. (Reaction conditions: X mg Ru_HNT, RaMe--CD (400 mol), 1-hexadecene (4 mmol), hydrogen pressure (10 bar), temperature (30 °C), stirring rate (1000 rpm), H 2 O (12 mL)).

Figure 6 .

 6 Figure 6. Influence of the Rame--CD amount on the Ru-HNT catalytic activity for the 1-hexadecene hydrogenation. (Reaction conditions: 100 mg Ru_HNT, RaMe--CD (8X mol, X molar eq/Ru), 1hexadecene (4 mmol), hydrogen pressure (10 bar), temperature(30 °C), stirring rate (1000 rpm), H 2 O (12 mL)).
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 8 Figure 8. Evolution of the conversion triglycerides in the presence of Ru_HNT under 10 bar of hydrogen (Reaction conditions: 100 mg Ru_HNT, RaMe--CD (0.4 mmol), substrate (0.8 mmol), hydrogen pressure (10 bar), temperature (30 °C), stirring rate (1000 rpm), H 2 O (12 mL), AcOEt (6mL)).

  

  

Table 1 .

 1 Name, abbreviation and chemical structure of chemically modified cyclodextrins

	Name	Abbreviation	n	Functional Group (%)
	-Cyclodextrin	-CD	6	H (100%)
	Randomly Methylated Cyclodextrin	RaMe--CD RaMe--CD	6 7	CH 3 (60%) or H (40%)
		HP--CD	6	
	2-Hydroxypropyl Cyclodextrin		CH	

2 CH(OH)CH 3 (

  

				20%) or H (80%)
		HP--CD	7	
	(2-Hydroxypropyl)	HPTMA--CD	6	CH
	trimethylammonium			
	Cyclodextrin			

2 CH(OH)CH 2 N + (CH 3 ) 3 Cl -

  

			(5%) or H (95%)
	HPTMA--CD	7	CH

2 CH(OH)CH 2 N + (CH 3 ) 3 Cl -

  

								(16%) or H (84%)
	Carboxymethyl--Cyclodextrin	CM--CD	7	CH 2 COO	-	Na	+	(22%) or H (78%)
	2. Experimental Section							
	2.1. Chemicals and reagents						
	Ruthenium chloride hydrate was purchased from Strem Chemicals Inc. Halloysite nanotubes,
	sodium borohydride, HP--CD, HP--CD, 1-hexadecene, Jojoba oil (from Simmondsia
	chinensis), methyl oleate, methyl linoleate, methyl ricinoleate, glyceryl trioleate were
	purchased from Aldrich. Castor oil was purchased from Alfa Aesar, while methyl
	undecenoate from TCI (Shanghai) Development Co., Ltd. HPLC water was purchased from
	Honeywell (CHROMASOLV-PLUS). -CD and -CD, were kindly supplied by Roquette

Table 2 .

 2 Hydrogenation of 1-hexadecene in the presence of Ru_HNT NPs[a] 

	Entry	Solvent	Additive	Conversion (%) [b]	Selectivity. (%) [b]
	1	(-)	(-)	<1	>99
	2	cyclohexane	(-)	<1	>99
	3	H 2 O	(-)	12	>99
	4	H 2 O	Native--CD	3	>99
	5	H 2 O	HPTMA--CD	9	>99
	4	H 2 O	RaMe--CD	13	>99
	6	H 2 O	HP--CD	53	>99
	7	H 2 O	HPTMA--CD	16	>99
	8	H 2 O	HP--CD	42	>99
	9	H 2 O	CM--CD	7	>99
	10	H 2 O	RaMe--CD	78	>99
	11 [c]	H 2 O	RaMe--CD	75	>99
	12 [d]	H 2 O	RaMe--CD	77	>99

[a] Reaction condition: Ru (8 mol), additive (400 mol), 1-hexadecene (4 mmol), hydrogen pressure (10 bar), temperature

(30 °C)

, stirring rate (1000 rpm), solvent (12 mL), reaction time (90 min). [b] conversions and selectivities were determined by GC analysis. [c] Ru_HNT from a 4 gram-batch. [d] Ru_HNT from a 8 gram-batch.

Table 3 .

 3 Chemical structure of bio-based long chain alkenes. Evolution of the conversion of fatty acids methyl esters in the presence of Ru_HNT under 10 bar of hydrogen. ((Reaction conditions: 100 mg Ru_HNT, RaMe--CD (400 mol), (0.4 mmol),

		Fatty Acids Methyl Esters	
	Methyl undecenoate	Methyl ricinoleate	Methyl linoleate	Methyl oleate
		Oils		
	Jojoba oil [a]			
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Castor oil [b] Glyceryl trioleate [a] mixture of fatty acid alkenyl esters with different lengths; [b] oil containing min 85 mol% of ricinoleate functions.

Contrary to the 1-hexadecene hydrogenation product (hexadecane), the saturated FAMEs are in solid form in our reactions conditions (30°C). In order to solve this problem, all the next experiments have been performed in the presence of a co-solvent, i.e. ethyl acetate (Figure 7).