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Catalytic cracking of CH3Cl on copper-based phases

inactive for the direct synthesis in addition to covering the active sites leading to deactivation.

Introduction

80 years after the independent discovery by R. Müller and E. G. Rochow, the direct synthesis reaction, given in eqn (1), remains the most common method for the synthesis of organosilicon compounds. [1][2][3][4][5][START_REF] Kalchauer | Handbook of heterogeneous catalysis[END_REF][START_REF] Clarke | [END_REF] Si(s) + 2 CH 3 Cl(s)  (CH 3 ) 2 SiCl 2 (g) (1) It is an important industrial process with a high amount of silicones produced per year (2.4 million metric tons in 2019) [START_REF]Silicones market[END_REF] with major applications such as construction, electronics, transportation, medical, personal care and others. 5 Therefore, the optimization of the silicones production via the increase of production yield is crucial as well as better energy efficiency and raw materials utilization and lower greenhouse gas emissions. For the direct synthesis, silicon powder is mixed with a copper-based catalyst [1][2][3][4][5] and gaseous CH 3 Cl in a fluidized bed reactor at temperature and pressure ranging between 280-350 °C and 1-10 bar. [START_REF] Kanner | Catalyzed direct reactions of silicon[END_REF][START_REF] Voorhoeve | Organosilanes: precursors to silicones[END_REF] The nature of the copper precursor strongly influences the catalytic performance and promoters such as Zn, Sn, Al and P contribute to increase the activity, stability, and selectivity toward chlorosilanes 5,[START_REF] Clarke | [END_REF][START_REF] Voorhoeve | Organosilanes: precursors to silicones[END_REF][START_REF] Gordon | [END_REF][12][13][14][15][START_REF] Olakangil | Effect of phosphorus and silicone purity on the coke formation and reaction kinetics in the Direct Synthesis[END_REF] (mostly desired dimethyldichlorosilane, but also methylchlorosilane, trimethylchlorosilane, methyldichlorosilane, dimethylchlorosilane and tetramethylsilane). Even if impressive performance levels are reached, there are still some undesired reactions. Besides disilanes (CH 3 ) x Si 2 Cl 6-x (x=2-6) formation, the direct synthesis also suffers from a side-reaction of CH 3 Cl cracking and formation of compounds such as CH 3 and Cl species, early evidenced by surface science studies, [START_REF] Franck | [END_REF] as well as liquid and solid hydrocarbons (coke). Two types of coke, designated as  and , were identified from temperature-programmed oxidation (TPO) and thermogravimetric analysis (TGA). 15,[START_REF] Olakangil | Effect of phosphorus and silicone purity on the coke formation and reaction kinetics in the Direct Synthesis[END_REF][START_REF] Rethwisch | Effect of Phosphorus on the coking of contact mass containing high purity and technical grade silicon[END_REF] coke is preliminary formed and converted into -coke which covers the surface, thereby blocking accessibility to sites of the direct synthesis and reducing the productivity of (CH 3 ) 2 SiCl 2 . Thus, coke is partly responsible for the mass deactivation. 15,[START_REF] Rethwisch | Effect of Phosphorus on the coking of contact mass containing high purity and technical grade silicon[END_REF][START_REF] Kraus | [END_REF] Some papers pointed out that metal-based phases such as metallic Cu catalyses the CH 3 Cl cracking. 1,15 As the mechanisms involved for the direct synthesis and CH 3 Cl cracking are poorly known, it is hard to draw proper conclusions about the role of metallic Cu and establish an overview of the cracking reactions occurring during direct synthesis.

This present work aims at determining the stoichiometry of CH 3 Cl cracking on Cu and CuCl. In a first step, it is investigated without Si (no (CH 3 ) 2 SiCl 2 formation) in order to focus only on the side-reaction of cracking. Cu and CuCl were supported on carbon black and silica, to study the CH 3 Cl cracking with and without carbon, respectively. Presence of carbon was reported to accelerate the deactivation 15 but the synergy between copper-based phases and carbon has not been studied yet, to our best knowledge. In a second step, it is determined whether the reaction of CH 3 Cl cracking identified in the first step occurs during the direct synthesis performed at lab-scale, using CuCl and Cu as copper precursors.

Experimental methods

Preparation of supported catalysts

The copper precursors were either supported on carbon black (Vulcan 3 purchased from Cabot) or on silica (SiO 2 -432 purchased from Grace Davison). The carbon black Vulcan 3 was chosen as support because it is made of disordered graphite as well as the coke recovered from the direct synthesis (see the Raman spectra in Fig. S1 of the supporting information). Textural properties of the two supports are reported in Table 1.

They were mostly mesoporous with a pore size in the range 10-100 nm for carbon black and 5-18 nm for SiO 2 . 

Experimental conditions for the CH 3 Cl cracking tests without Si

The CH 3 Cl cracking tests were performed in a fixed-bed reactor (internal diameter:

1 cm) at 4 bar (similar to the direct synthesis) and 400 °C. Even though the direct synthesis is performed between 280 and 350 °C at the industrial scale, [START_REF] Kanner | Catalyzed direct reactions of silicon[END_REF][START_REF] Voorhoeve | Organosilanes: precursors to silicones[END_REF] the temperature was increased to enhance the CH 3 Cl cracking activity and, thus, be able to compare the different prepared solids. Note that at 400 °C, the thermal cracking is negligible. [START_REF] Blaser | [END_REF] The mass of catalyst ranged between 0.75 and 1.00 g, with particle size between 50 and 400 microns.

Before each test, the reactor was flushed under 100 mls.min -1 of Ar at atmospheric pressure while the temperature was increased from room temperature to 400 °C with a rate of 5 °C/min and maintained under Ar for 1 h. The Ar flow was then stopped and CH 3 Cl/Ar (10/90) was mixed with N 2 , with respective flows of 5.22 and 3.18 mls/min.

As the height of the catalytic bed was 3 cm (volume 2,36 ml), the contact time was 17 s.

The catalytic measurements started after 2 h on stream and lasted generally for 12 h or more. The reactor was finally flushed with 100 mls.min -1 of Ar for 2 h while the temperature was decreased to room temperature.

During the reaction, the output gases N In addition to the gases, the selectivity to coke deposited on silica was determined by elemental analysis of carbon. Concerning the carbon black support, the determination of the selectivity to solid carbon was tricky as it required a discrimination between the carbon from the support and the carbon from coke produced by the CH 3 Cl cracking. Even though several methods were tried, none of them were accurate enough to properly conclude. Thus, no selectivity to solid carbon was determined with carbon black.

The selectivity to a A product was calculated by eqn (2):

(

) 2 
where F(A) output corresponds to the A molar flow at the output of the fixed bed reactor , n(C) to the number of carbon in the product A, F(CH 3 Cl) input and F(CH 3 Cl) output to the CH 3 Cl molar flows at the input and output of the fixed bed reactor, respectively.

The HCl selectivity was determined for the whole reaction on Cu/C sample using an acid trap loaded with NaOH and by measuring the pH value before and after reaction:

the trap contained 200 mg of NaOH (Carlo Erba, 480507, ≥ 97.0%) dissolved into 500 mL of de-ionized water. The pH of this solution determined with a pH-meter was around 12. At the end of the reaction, all the OH -ions reacted and the pH of the final solution was acidic. Therefore, the HCl concentration in the trap was determined based on eqn (3).

[ ]= [ + ] +[ -] (3) with: 
The CH 3 Cl consumption rate (mol.s -1 .g Cu -1 ) was calculated by eqn (4):

where X(CH 3 Cl) is the CH 3 Cl conversion, F(CH 3 Cl) is the CH 3 Cl molar flow at the input of the fixed bed reactor (mol.s -1 ) and m Cu is the mass of Cu in the supported phases (g).

The consumption rates were determined for copper supported catalysts with the data at 10-12 h. To calculate the activation energy, several tests were carried out at different temperatures with fresh catalyst and only the CH 3 Cl conversion at the beginning of the reaction was considered to minimize the deactivation impact.

Experimental conditions for the direct synthesis performed at lab-scale.

A semi-batch stirred-tank reactor was used to perform the direct synthesis at 300 °C 

Characterization tools

X-Ray Diffraction (XRD)

Samples were crushed and sieved below 50 μm before XRD analyses to avoid preferential orientations. Poly(methyl methacrylate) supports were used to analyze masses in a D8 Advance 25 (Bruker) diffractometer. The X-ray source, used with a power of 1.75 kW, was composed of a tungsten cathode and a copper anode. The K α ray of Cu was selected with a Ni filter. The acquisition conditions were as follows: from 4 to 80° with a step of 0.02° and 0.5 s of counting per point. The crystallite size was determined measuring the integral breath of bands and applying the Scherrer equation [START_REF] Scherrer | Bestimmung der Grösse und der inneren Struktur von Kolloidteilchen mittels Röntgenstrahlen[END_REF][START_REF] Langford | Scherrer after Sixty Years: A Survey and Some New Results in the Determination of Crystallite Size[END_REF] for all the peaks of a same compound. It led to a range of crystallite size which is given in the present work.

Inductively Coupled Plasma (ICP)spectroscopy

Supported Cu phases were dissolved into H 2 SO 4 + HNO 3 heated at 350 °C for the carbon support and H 2 SO 4 + HNO 3 + HF for the SiO 2 support. An ICP-OES Activa (Horiba Jobin Yvon) spectrometer was used to perform the analyses.

X-Ray Fluorescence (XRF) spectroscopy

The XRF analysis was performed with an Epsilon 4 (Panalytical) instrument using an Ag source. The Cu calibration was done using a mixture of metallic Cu and Si with a Cu weight content ranging between 0.5 and 3.5 wt%.

Transmission Electron Microscopy (TEM)

A JEOL 2010 Lab6 instrument was used for the TEM analysis with an electron voltage of 200 kV and a resolution of 0.14 nm. This microscope contains an EDS Link Isis system. The sample was put on a titan plate with a carbon film before measurements.

Elemental analysis of carbon (C)

The C analysis was performed with a Flash 2000 (Thermo Scientific) Organic Elemental Analyser. 2 mg of sample was put in a tin crucible before calcination at 1800 °C. The amount of CO 2 formed by oxidation of carbon was determined by TCD.

Textural properties

The N 2 -adsorption desorption technique was used to characterize the textural properties of supports. The BET, BJH and t-plot methods were applied to determine the specific surface area, the distribution of pores size and the micro-porosity, respectively.

Results and Discussion

Silica supported catalysts

Cu/SiO 2 and CuCl/SiO 2). No in the conversion values (and hence in the CH 3 Cl consumption rates) nor selectivity values was observed (Fig. 3 and Table 2).

The following catalytic reaction was suggested from the selectivity values:

CH 3 Cl  ½ C + ½ CH 4 + HCl (5) 
It is however reminded that the selectivity to HCl was not determined for the samples supported on SiO 2 . The cracking of CH 3 Cl on Cu or CuCl has already been reported before 1,15,[START_REF] Kraus | [END_REF] but without proposing a stoichiometry for the reaction contrarily to the present work, to our best knowledge. XRD was performed on the used Cu supported phases and it appeared that metallic Cu tends to turn into CuCl, while CuCl remains unchanged, as shown in Figures 1c andd, respectively. The crystallite size of CuCl ranges between 20 and 50 nm. Note that Cu 2 Cl(OH) 3 present in fresh CuCl/SiO 2 disappeared upon reaction which allowed to rule out its catalytic role. The conversion of Cu into CuCl, has already been reported in the conditions of the direct synthesis when reacting with CH 3 Cl. [START_REF] Kalchauer | Handbook of heterogeneous catalysis[END_REF][START_REF] Kraus | [END_REF] Then, CuCl forms the active phase Cu 3 Si by reaction with Si. Jokilk et al. [START_REF] Kraus | [END_REF] studied the cracking of CH 3 Cl on Cu without Si and reported the chlorination of Cu into CuCl, as given in reaction eqn (6):

CH 3 Cl (g) + Cu (s)  CuCl (s) + C (s) + CH 4 (g) + H 2 (g) (6) 
Several reactions leading to CuCl formation from Cu are reported in Table S1 with the corresponding free Gibbs enthalpies: eqn ( 6) is not the most thermodynamically favorable with Δ r G°(400 °C) = -81.8 kJ/mol while eqn ( 7) is more favorable with Δ r G°(400 °C) = -259.0 kJ/mol:

2CH 3 Cl (g) + Cu (s)  CuCl (s) + 2C (s) + HCl + H 2 (g) (7) 
Based on the previous results, CuCl is an active catalytic phase for the CH 3 Cl cracking according to eqn (5). This is an important result since CuCl is one of the Cu and became close to the conversion of the support alone at the end (Figure 2).

In the opposite, the CH 3 Cl conversion of CuCl/SiO 2 was stable around 6% for the whole reaction (Figure 2). Therefore, the coke formed by the CH 3 Cl cracking on CuCl supported on SiO 2 is not significantly active for the cracking. No diffraction peaks were observed for the Cu/C and CuCl/C compounds after reaction under CH 3 Cl flow (10 h and 16 h, respectively). However, ICP measurements did confirm the presence of Cu with a weight content ranging between 2.8 and 2.5 wt.% (Table 2) while their initial contents, before CH 3 Cl cracking, were 3.0 and 3.9 wt%, respectively. The decrease in copper content may be explained either by the deposit of C and Cl on the support or by the fusion/sublimation of a copper-based phase. No Cucontaining crystalline phase was detected by XRD probably because Cu was too dispersed as confirmed by the TEM image provided in Figure 5, where Cu clusters smaller than 2 nm were observed. However, it was not possible to know from TEM whether the Cu-based phase was CuCl or metallic Cu. 5 show a low amount of extracted Cu after testing (10 h for Cu/C and 16 h for CuCl/C) meaning that

Carbon black support

Cu was mainly at the metallic state at the end of the reaction. As metallic Cu is the main phase at the end of the reaction, it may be thought that CuCl turns into Cu during the cracking, while Cu remains unchanged. However, XRD analysis performed on a Cu/C sample after 2 h and 30 min under flow and displayed in Figure 3c, shows that Cu first turns into CuCl. For longer time on stream, XRD did not show any peaks which means that the copper phases are amorphous. However, selective extraction of Cu/C after 10 h of CH 3 Cl cracking revealed that CuCl was reduced again into Cu (Table 5). Similarly, the amount of CuCl present in CuCl/C decreased after 6 h to the benefit of metallic Cu (Table 5).

These observations can be explained as follows and are schemed in Figure 6 for CuCl/C: at the beginning of the reaction (t=0), the crystallite size of the copper-based phases supported on black carbon were large (larger than 30 nm) leading to a weak interaction. When present, Cu turns into CuCl by reacting with CH 3 Cl, similarly to Cu/SiO 2 . CuCl is progressively dispersed on carbon black due to its high mobility at 400 °C. The interaction between CuCl and C allows CuCl reduction into Cu while carbon black chlorinated by redox mechanism. showing that the chlorination of carbon black can be done by CuCl alone. However, the high Cl content at the end of the reaction suggests that it is also chlorinated by reaction with CH 3 Cl in addition to the redox mechanism with CuCl. To our best knowledge, the reduction of CuCl by carbon black has not been reported to give metallic copper and chlorinated carbon. This is an important result since Cu is not much active for the direct synthesis. [START_REF] Clarke | [END_REF] It means that coke deactivates the reaction by forming metallic Cu particles in addition to covering the active sites.

Comparison of the copper-based phases supported on SiO 2 and on carbon black

The CH3Cl consumption rates of Cu/C and CuCl/C are around 5 times higher than the CuCl/SiO 2 one (Table 2). As the copper phase present in the first two compounds was metallic Cu contrarily to CuCl in the last one, a higher catalytic activity of metallic Cu than CuCl can be assumed. However, it could also arise from a higher Cu dispersion on the carbon black support (Cu particles are not detected by XRD) leading to a higher number of active sites.

To determine whether the difference in the consumption rate was due to the particles size or the nature of the Cu active sites, TEM images of Cu-nano/SiO 2 were recorded before and after the CH3Cl cracking. They are reported in Figure S3 and the corresponding histograms, displayed in Figure 7 revealed that the particles size was around 3 nm before reaction (as expected) and remained similar after cracking. Because of this small size, the nature of copper crystallite could not be determined by XRD.

However, ICP analysis after extraction revealed that the final supported phase was CuCl evidencing transformation of Cu into CuCl nanoparticles during reaction.

The CH3Cl consumption rate of Cu-nano/SiO 2 was 50 x 10 -7 mol CH3Cl/s/gCu, which is much higher than the one of Cu/SiO 2 but similar to the rates obtained for Cu/C and CuCl/C (Table 2). This suggests that the difference of rates between the two supports was not due to the nature of the final copper phase or a support effect but was mainly due to the particles size. 

CH 3 Cl in the Direct Synthesis

In the previous part, eqn (5) was identified as the reaction of CH 3 Cl cracking on both Cu and CuCl particles, without Si. In this part, the direct synthesis was performed with Si and Cu precursors (Cu or CuCl) to determine if eqn (5) does occur. It must be noted that no promoter was used.

No significant MCS activity nor CH 3 Cl cracking was observed when only metallic Cu and Si micrometric powders were mixed. This may be due to the absence of promoter, usually used to disperse the Cu phase. This result does not mean that Cu is not active for the cracking since it is largely reported to catalyze the reaction [START_REF] Franck | [END_REF] but it means that the number of active sites available for the cracking is not high enough to measure a significant activity. Therefore, the cracking reaction could not be studied for metallic Cu. On the opposite, mixing CuCl and Si micrometric powders led to a steady activity around 85 g MCS /kg Si /h, as plotted in Figure 8. The molar ratio was also determined by recovering three times the Si + CuCl mass during the reaction, by determining the amount of solid carbon from C elemental analysis and the amount of CH 4 formed by micro-GC. The evolution of this cumulative ratio (Figure 8), shows that it was around 1 throughout the reaction, which is consistent with eqn (5). Therefore, one can conclude that the cracking reaction of CH 3 Cl, established on nanometric supported phases, takes place during the direct synthesis as well, when micrometric CuCl is used as copper precursors.

It should be noted that the DS is usually performed with promoters such as Zn, Sn, P or Al. 5,[START_REF] Clarke | [END_REF][START_REF] Voorhoeve | Organosilanes: precursors to silicones[END_REF][START_REF] Gordon | [END_REF][12][13][14][15][START_REF] Olakangil | Effect of phosphorus and silicone purity on the coke formation and reaction kinetics in the Direct Synthesis[END_REF] Their influence on the CH 3 Cl cracking was not studied here because only the cracking on Cu-based phases was addressed. However, they could act as catalysts for the cracking and reactions, different from eqn (5) could happen during the direct synthesis. For example, Al is reported to increase the coke formation, but no chemical equation was proposed. [START_REF] Kraus | [END_REF] The evolution of CuCl precursor was studied by XRD. As CuCl and Si have very close XRD patterns, it was not possible to determine if CuCl was consumed during the reaction. However, XRD diffractograms, plotted in Figure 9, evidence the formation of metallic Cu throughout the reaction in agreement with the evolution observed for CuCl/C compound. The selectivity values can be explained by the reaction CH 3 Cl (g)  ½ CH 4 (g) + ½ C(s) + HCl (g). This reaction occurs for the direct synthesis performed with Si and CuCl as well.

Conclusions

The evolution of the supported Cu and CuCl phases shows that Cu turns into CuCl by reacting with CH 3 Cl. This phase is stable without carbon. However, CuCl easily disperses on carbon black leading to strong interactions where CuCl is reduced into Cu and C is chlorinated. This is an important breakthrough as it reveals an original effect of coke: it reduces the copper phase, leading to metallic Cu inactive for the direct synthesis. The reduction of CuCl into Cu was observed during the direct synthesis as well.

  and 4 bar. The powder mass composed of 210 g of Si and 7.3 g of Cu or 11.3 g of CuCl (3.5 wt% of Cu in the mixture) was introduced in the reactor before the reaction. The reaction bed masses were sampled twice during the reaction and were fully recovered at the end of the reaction. CH 3 Cl was continuously introduced in the reactor. Each hour, output gases were condensed in a cold trap or sent to a GC bag for the not-condensed gases. They were then analysed by a 7890B GC (Agilent Technology) equipped with HP1 and PERMABOND silane columns.

  2 samples were analyzed by XRD before the reaction of CH 3 Cl cracking. Figure1aet b display their diffractograms confirming that the desired phases were obtained. However, Cu 2 Cl(OH) 3 , probably formed by reaction of CuCl with ambient water vapor,5 was observed as minority phase for CuCl/SiO 2 . The ranges of crystallite size for the Cu and CuCl phases were 37-45 nm and 50-60 nm, respectively.

Figure 1 :Figure 2

 12 Figure 1: XRD diffractograms of a) Cu/SiO 2 and b) CuCl/SiO 2 before CH 3 Cl cracking, c) Cu/SiO 2 and d) CuCl/SiO 2 after CH 3 Cl cracking. The diffraction peaks were indexed with the patterns ICDD PDF 01-017-4610 for Cu, 04-016-8161 for Cu 2 Cl(OH) 3 , 04-005-9333 for CuCl.

Figure 2 :

 2 Figure 2: CH 3 Cl conversion for Cu/SiO 2 , CuCl/SiO 2 and C/SiO 2 compounds and SiO 2 support.

  The CH 3 Cl consumption rate is obtained using the conversion values at 10-12 h and normalizing by the mass of copper, determined by ICP on the support after reaction.

  Cu/C and CuCl/C samples were analyzed by XRD before CH 3 Cl cracking: the diffractograms displayed in Figure3confirmed that the desired phases were obtained with, however, traces of CuO and CuCl 2 .2H 2 O for CuCl/C. The crystallite size of supported Cu and CuCl was ca 30 nm (bulk CuCl had a crystallite size higher than 80 nm).

Figure 3 :

 3 Figure 3: XRD diffractograms of a) Cu/C and b) CuCl/C before CH 3 Cl cracking and c) Cu/C after 2 h and 30 min on stream. The diffraction peaks were indexed with the patterns ICDD PDF 01-017-4610 for Cu, 01-089-2529 for CuO, 00-033-0451 for CuCl 2 .2H 2 O, and 04-005-9333 for CuCl.

Figure 4 :

 4 Figure 4: CH 3 Cl conversion for Cu/C and CuCl/C compounds and black carbon support.

Figure 5 :

 5 Figure 5: TEM image of Cu/C compound after CH 3 Cl cracking.

Figure 6 :

 6 Figure 6: Evolution of the crystallite size and the weight content of Cu and CuCl in CuCl/C under CH 3 Cl flow.

Figure 7 :

 7 Figure 7: Histograms, based on the measurement of hundreds of particles, of the particles size of Cu-nano/SiO 2 before and after CH 3 Cl cracking. The supported phase after reaction was CuCl.

Figure 8 :

 8 Figure 8: MCS activity (in blue) as function of Si conversion and cumulative (CH 4 )/Csolid molar ratio (in red) for the direct synthesis using CuCl as copper precursor.

Figure 9 :

 9 Figure 9: XRD diffractograms of Si + CuCl masses during the direct synthesis at 1, 3 and 10 h. The diffraction peaks were indexed with the ICDD references 04-006-2527 for Si, 01-017-4610 for Cu and 01-084-6026 for FeSi 2 .

CH 3

 3 Cl cracking, known to occur during the direct synthesis, was studied on CuCl and Cu crystalline phases supported either on carbon black or silica support without adding Si and in the direct synthesis with Si, using Cu and CuCl as copper precursor. It appeared that both CuCl and Cu catalyse the CH 3 Cl cracking with similar reaction rates.

  

Table 1 :

 1 Textural properties of the carbon black and SiO 2 supports.

	mls.min -1 of 10%H 2 -Ar.
	CuCl was provided by Aldrich (ref. 1027390250, > 97.0wt%). As it is not soluble
	into water, it was mixed with the support and heated up to 400 °C, close to the CuCl
	melting point of 430 °C21 to melt and disperse it on the support. Note that its crystallite

Metallic Cu was supported by incipient wetness impregnation of CuCl 2 .xH 2 O (purchased from Alfa Aesar, ref. 10698, 99.999wt%) using water as solvent, followed by drying at 100 °C and reduction at 550 °C for 2 h under 100 mls/min of H 2 /Ar (10/90). Nanoparticles of metallic Cu were also supported on silica, based on a protocol reported elsewhere: 20 0.95 g of Cu(NO 3 ) 2 .5H 2 O (Acros Organics, ref.405855000, 98wt%) and 0.60 g of anhydrous K 2 CO 3

(Acros Organic, ref.198040010, ≥99wt%) 

were solubilized into 10 and 20 ml of deionized water, respectively. 100 ml of deionized water were introduced in a 250 ml round bottom flask and heated to 65 °C. When the desired temperature was reached, 2.5 g of SiO 2 was introduced and the Cu and K solutions were manually introduced by syringes maintaining the pH of the solution between 7 and 7.5. The solid was then filtered, washed with water and dried under air at 85 °C overnight. The sample was oxidized and then reduced at 400 °C for 4 h under 100

Table 2 :

 2 Selectivity to solid C, CH 4 , H 2 and HCl and CH 3 Cl consumption rate on Cu supported compounds at 400 °C.

  the direct synthesis at industrial scale,5 and, to our best knowledge, CuCl has not been reported to catalyze the CH 3 Cl cracking. However, it cannot be excluded that coke formed during the cracking is active as well. To test this hypothesis, the C/SiO 2 compound was prepared by selective extraction of CuCl in CuCl/SiO 2 after reaction. This solid which contained negligible amount of Cu (see part 2) was evaluated for the CH 3 Cl cracking: the conversion below 4% at the beginning of reaction decreased

	(wt%) content Final Cu precursors used for compound Fresh	Solid C CH 4 Selectivity (%)	H 2	HCl	x 10 -7 (mol CH 3 Cl /s/g Cu ) a consumption rate CH 3 Cl
	Cu/SiO 2	3.1	51	46	< 2	-	8
	Cu-nano/SiO 2	0.6	45	51	3	-	50
	CuCl/SiO 2	3.0	52	36	2	-	8
	Cu/C	2.8	-	47	< 2	87	40
	CuCl/C	2.5	-	48	< 2	-	55

Table 2 ,

 2 suggest that the reaction eqn (5) occurs using both the fresh Cu/C and CuCl/C compounds. It is reminded that selectivity to coke was not successfully determined.

Table 5 :

 5 Contents of total Cu, Cu extracted by HCl and metallic Cu for Cu/C and CuCl compounds after different times on stream.

	Supported phases	Total Cu	Cu content extracted	Metallic Cu
	after CH 3 Cl cracking	content (wt%)	by HCl (wt%)	content (wt%)
	Cu/C (10 h)	2.8	0.2	2.6
	CuCl/C (6 h)	2.8	1.1	1.7
	CuCl/C (16 h)	2.5	0.1	2.4