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In this work, the adsorption of cyclopentane (CP) is investigated and characterized on four activated carbons (AC) of complementary textural properties by combining characterization (pore volume, pore and particle size distributions), adsorption/desorption isotherms of CP and adsorption enthalpy measurements. On the one hand, the adsorption/desorption isotherms measured with a magnetic suspension balance have shown that between nearly 30 % to 50 % of CP adsorbed at saturation remains trapped in the ACs even after prolonged evacuation under primary vacuum. On the other hand, calorimetric/manometric measurements have evidenced that high-energy adsorption occurs at the lowest CP-loadings. Gas porosimetry before and after CP adsorption/desorption has made it possible to identify that the pore size distribution is the key parameter that controls cyclopentane trapping and that micropores smaller than 11 Å are responsible for hardly-reversible CP adsorption.

Coupling of TGA with gas porosimetry has shown that temperatures must be higher than 550 K to remove CP trapped in the ultramicroporosity.
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Introduction

Cyclopentane (CP) is an alicyclic hydrocarbon known to have several important industrial applications such as the synthesis of aerosols, rubber-based adhesives, synthetic resins and foams 1 . It is also used as a blowing agent in the manufacturing of polyurethane insulating foam instead of CFC or HFC [START_REF] De Vos | Process for Rigid Polyurethane Foams[END_REF] and is considered as a promising refrigerant due to its very low global warming potential. Another very interesting feature of CP is that it can be used to form clathrate hydrates at atmospheric pressure and not too low temperatures (< ~280 K) [START_REF] Sloan | Clathrate Hydrates of Natural Gases[END_REF] . Recent studies have shown that processes based on hydrate crystallization could potentially be used for desalination of water [START_REF] Fakharian | Desalination of High Salinity Produced Water Using Natural Gas Hydrate[END_REF][START_REF] Cha | Increasing Gas Hydrate Formation Temperature for Desalination of High Salinity Produced Water with Secondary Guests[END_REF][START_REF] Mallek | Effect of Activated Carbon Porous Particles Soaked with Cyclopentane on CP-Hydrate Formation in Synthetic Produced Waters[END_REF] . In one of these studies [START_REF] Mallek | Effect of Activated Carbon Porous Particles Soaked with Cyclopentane on CP-Hydrate Formation in Synthetic Produced Waters[END_REF] we demonstrated that using porous activated carbon (AC) particles soaked with CP significantly enhances the hydrate formation kinetics and the water-to-hydrate conversion in high-salinity waters (from 3.5 up to 16 wt% NaCl), making this combination a promising option for boosting hydrate formation in hydrate-based desalination processes for such waters. However, it was also evidenced that the final water-to-hydrate conversion should be improved since more than one-half of the CP adsorbed in the AC particles was not converted into hydrate. The present work aims at understanding this phenomenon by analyzing the adsorption/desorption of CP in AC of various textural properties. Even though several studies dealt with the adsorption of organic vapors or hydrocarbons by various adsorbents [7][START_REF] Kuro-Oka | ADSORPTION ISOTHERMS OF HYDROCARBONS[END_REF][START_REF] Wu | Measurement and Prediction of the Adsorption of Binary Mixtures of Organic Vapours on Activated Carbon[END_REF][START_REF] Do | Multicomponent Adsorption of Ethane, n-Butane and n-Pentane in Activated Carbon[END_REF][START_REF] Pupier | Effect of Cycling Operations on an Adsorbed Natural Gas Storage[END_REF][START_REF] Schindler | Transition to Henry's Law in Ultra-Low Concentration Adsorption Equilibrium for n-Pentane on BPL Activated Carbon[END_REF][START_REF] Pino | Adsorption of Alkanes in the Dense Vapor Phase on a Microporous Activated Carbon[END_REF] , on the one hand only very few analyzed the desorption of these latter and, on the other hand, CP is rarely involved. Lin and Lin [START_REF] Lin | Adsorption and Mass Transfer Characteristics of Pentane and Cyclopentane by Various Adsorbents[END_REF] investigated the adsorption/desorption of pentane and CP in various adsorbents (e.g. activated carbons, activated alumina). As a representative example, they observed that the desorption of CP in AC fibers was not complete for regeneration temperatures lower than 423 K, at atmospheric pressure. However, the precision of their weight measurements is not provided in their study and owing to the lack of uncertainty on their measurements we cannot be sure that the adsorbates are totally removed at the higher temperatures. Moreover, the factors influencing the incomplete desorption are not identified in their work. Kabanova et al. [START_REF] Kabanova | Low-Pressure Hysteresis in the Cyclopentane-Activated Charcoal System[END_REF] observed a hysteresis at low fillings for the adsorption/desorption of CP on a charcoal, at different temperatures. They found that the extent of irreversibility decreased with increasing temperature and that a high regeneration temperature (673 K) was necessary to remove all the CP under vacuum (P = 10 -2 Pa). Unfortunately, no characterization of the materials, neither before nor after CP adsorption is available in their study. More recently, Lashaki et al. [START_REF] Lashaki | Effect of Adsorption and Regeneration Temperature on Irreversible Adsorption of Organic Vapors on Beaded Activated Carbon[END_REF] investigated the irreversible adsorption of a mixture of volatile organic compounds (VOCs) typical of emissions occurring during automobile painting operations. The adsorbent was an activated carbon from Kureha, similar to one of the materials considered in the present study. They observed irreversible adsorption of the VOCs in the ultramicropores (0.5 -0.7 nm) and showed that the increase in regeneration temperature up to 673 K did not manage to remove all the adsorbates even though the blockage of the ultramicroporosity decreased. Wang et al. [START_REF] Wang | Adsorption and Desorption of Mixtures of Organic Vapors on Beaded Activated Carbon[END_REF] studied a mixture of organic compounds similar to the one of Lashaki et al. [START_REF] Lashaki | Effect of Adsorption and Regeneration Temperature on Irreversible Adsorption of Organic Vapors on Beaded Activated Carbon[END_REF] on beaded ACs. They did not characterize the blocked porosity but thanks to GS-MS analysis, they identified that the highest boiling point compounds (e.g. n-decane or 2,2-dimethylpropylbenzene) could not be desorbed even with a temperature as high as 560 K, at atmospheric pressure under a nitrogen flow.

In the present work, the adsorption/desorption of CP is investigated and characterized on four ACs of complementary textural properties by combining characterization (pore volume, pore and particle size distributions), adsorption/desorption isotherms of CP and adsorption enthalpy measurements.

The paper is organized as follows. After a description of the materials and methods, the first part of the discussion concerns the characterization of the selected materials. Then, the CP adsorption capacities and enthalpies are presented together with the "trapping" of CP after desorption. Finally, the samples are characterized after CP adsorption/desorption as a function of different factors such as regeneration temperature or CP loading process.

1-Materials and methods

1-1-Materials

Extra pure cyclopentane (purity 97 %) from Sigma Aldrich® was used. Its density, measured in our laboratory with an Anton Paar DMA 4100 M is 0.7437 ± 0.0001 g/cm³ at 293.15 K, is in perfect agreement with published values [START_REF] Assael | Measurement of the Viscosity of Cyclopentane from 210 to 310 K and Pressures up to 25 MPa[END_REF] . Four AC with different characteristics were selected for this work. Two of them (denoted as G-BAC-G70R and A-BAC-SP) are granular activated carbons furnished by Kureha®. As presented in the Results and Discussion section, the only difference between these two materials is the size of the particles, so that the influence of this property on CP-adsorption irreversibility can be investigated. Two other AC (denoted as Chem-A and Chem-D) were supplied by Calgon® as powders. The main differences between these materials and the previous ones are their pore parameters (pore volumes, pore size distributions…). The textural properties of these four AC are presented in the section Results and Discussion and summarized in Tables 1 and2.

1-2-Experimental Methods

1-2-1-Activated carbons characterization

The G-BAC-G70R and A-BAC-SP were observed with a light microscope (Nikon eclipse LV100ND) in order to determine their external morphology. Their particle size distribution was determined by laser diffraction using a Malvern® Mastersizer 2000 granulometer.

The four AC were analyzed by gas porosimetry using the Autosorb IQ from Quantachrome® with argon at 87 K as the testing probe. Before being used, they were outgassed at 473 K during 12 hours under secondary vacuum to remove any moisture and impurities within the pores of the materials.

They were also analyzed after CP adsorption/desorption with the same apparatus and the same probe molecule. In that case, only the outgassing temperatures were changed (see the section Results and Discussion for the specific chosen time and temperatures). The pore volumes, surface areas and pore size distributions (PSD) of the different samples before CP adsorption are given in Table 1 and were obtained with the QSDFT model (version : QSDFT -Ar-carbon equilibrium transition kernel at 87K based on a slit-pore model) [START_REF] Lowell | Characterization of Porous Solids and Powders: Surface Area, Pore Size and Density[END_REF] .

1-2-2-Adsorption/desorption of CP

The adsorption/desorption isotherm of CP vapor in the four AC were measured by gravimetry with a Rubotherm® magnetic suspension balance. This experimental device and the measuring principle have been described previously [START_REF] Khaddour | A Fully Consistent Experimental and Molecular Simulation Study of Methane Adsorption on Activated Carbon[END_REF] . The AC samples are purified under primary vacuum at 473 K during 12h before each adsorption isotherm measurement. The system is calibrated with helium to determine the volume and mass of the samples. As described previously [START_REF] Plantier | Water Vapor Adsorption/Desorption on Two Fully Characterized Commercial Activated Carbons[END_REF] , a homemade steam generator was implemented in this device, upstream of the adsorption chamber, to study vapor adsorption. Thus, CP vapor is generated through a 300 ml tank half-filled with liquid CP and heated to 333 K. The tank is connected to the balance through a set of 1/8 inch tubes, where a 0.025% fullscale accuracy pressure gauge is installed. The connection is also heated to 333 K to avoid condensation points. The use of micrometric valves makes it possible to introduce very small amounts of CP vapor in the adsorption chamber, thereby providing accurate measurements of the whole adsorption isotherm of CP. For the desorption isotherm measurement, the steam generator is replaced with a primary vacuum pump. The estimated uncertainties on the measured temperature, equilibrium pressure and adsorbed/desorbed CP amount are ±1 K, ±0.002 bar and ±10 -5 g of CP/g of AC, respectively. It should be noted that the magnetic suspension balance has was also used for the determination of the AC skeleton densities.

A coupled calorimetric-manometric device developed by Mouahid et al. [START_REF] Mouahid | A Thermostated Coupled Apparatus for the Simultaneous Determination of Adsorption Isotherms and Differential Enthalpies of Adsorption at High Pressure and High Temperature[END_REF] was used to measure the differential enthalpy of CP adsorption in G-BAC-G70R and Chem-A. The apparatus consists of a Tian Calvet Setaram C80 differential heat flow calorimeter coupled with a homemade manometric system operating isothermally. Further details concerning the device, the calculation of the differential heat of adsorption and the measurement uncertainty can be found in a previous reference [START_REF] Mouahid | A Thermostated Coupled Apparatus for the Simultaneous Determination of Adsorption Isotherms and Differential Enthalpies of Adsorption at High Pressure and High Temperature[END_REF] . The estimated measurement uncertainty is approximately 4%. As for the gravimetric measurements, the AC samples are purified at 473 K under primary vacuum during 12h prior any differential adsorption enthalpy measurement.

-Results and discussion

2-1-Characterization of the virgin activated carbons

The external morphology of G-BAC-G70R and A-BAC-SP presented in Appendix A-1 shows that the particles of the two AC supplied by Kureha present a regular spherical shape. Their particle size distributions are shown in Figure 1 and their mean particle diameters are indicated in Table 1.

The cumulative pore volumes and pore size distributions (PSD) of the four samples obtained from the Argon adsorption isotherm at 87 K are shown in activated carbons are essentially microporous with a PSD distributed essentially below 2 nm. The PSD of G-BAC-G70R and A-BAC-SP are identical. Hence, the only difference between these two samples is their particle size distribution, which allows us to analyze the effect of only the latter on the CPadsorption. Furthermore, the PSD of Chem-A below 11 Å is nearly the same as for Kureha's AC, while it is also more developed towards larger micropore sizes, especially with a third principal peak at 13 Å.

Figure 1: Particle size distribution of the two granulated activated carbons from Kureha

As shown in the following sections, this specificity will be interesting to investigate in order to understand the role of the AC porosity on CP trapping. Finally, the PSD of Chem-D is quite similar to that of Chem-A in the micropore region, despite a lower micropore volume. However, small mesopores with a mean diameter of 30 Å are also present which made it possible to investigate the possibility of CP trapping at such pore sizes. The porosity of the ACs was deduced from their pore volumes and skeleton densities. The textural properties (pore volumes, porosity, surface area, principal pore sizes…) of the AC are given in Table 1. 

2-2-Adsorption/desorption of CP in the activated carbons

2-2-1-Adsorption capacity and enthalpy

Adsorption capacity of the different samples was evaluated through adsorption/desorption isotherms at 303 K depicted in Figure 3. These isotherms present a typical shape of vapor adsorption in nanoporous ACs [START_REF] Lin | Adsorption and Mass Transfer Characteristics of Pentane and Cyclopentane by Various Adsorbents[END_REF][START_REF] Kabanova | Low-Pressure Hysteresis in the Cyclopentane-Activated Charcoal System[END_REF][START_REF] Lashaki | Effect of Adsorption and Regeneration Temperature on Irreversible Adsorption of Organic Vapors on Beaded Activated Carbon[END_REF][START_REF] Wang | Adsorption and Desorption of Mixtures of Organic Vapors on Beaded Activated Carbon[END_REF] with a sharp increase of adsorbed CP at low pressure corresponding to the filling of the micropores. For the highest pressures (P/P0 > 0.5), the trend can be directly linked to the PSD obtained with Argon porosimetry. Indeed, for G-BAC-G70R, A-BAC-SP and Chem-A, which are predominantly microporous, a saturation plateau is quickly obtained, while for Chem-D, which contains mesopores besides, the quantity of adsorbed CP continues to increase, corresponding to the layering of CP in the mesoporosity. Besides these equilibrium properties, the order of magnitude of CP adsorption kinetics was evaluated at 10 -2 g/min for the lowest pressures and 10 -3 g/min for the highest pressures, which are typical values of alkane vapors adsorbed on activated carbons [START_REF] Yang | Behaviors and Kinetics of Toluene Adsorption-desorption on Activated Carbons with Varying Pore Structure[END_REF][START_REF] Do | Adsorption Analysis: Equilibria and Kinetics[END_REF] (an example of MSB signal is given in Appendix A-2 in order to show how the CP-adsorption kinetics was evaluated). The adsorption capacity of the four ACs is directly correlated with their pore volume, a higher pore volume resulting in a higher adsorption capacity. The comparison of CP adsorption isotherms of G-BAC-G70R and A-BAC-SP clearly evidences that, even if it is expected due the particle size and porous volumes, particle size does not significantly affect CP adsorption capacity. This is obvious as the specific area afforded by external particle surface is negligible compared to that afforded by the internal surface (0.01 m 2 /g of AC << 1300 m 2 /g of AC) but confirms that most CP is adsorbed inside the porosity of the particles, which is a key point for the understanding of hydrate crystallization in the presence of AC particles [START_REF] Mallek | Effect of Activated Carbon Porous Particles Soaked with Cyclopentane on CP-Hydrate Formation in Synthetic Produced Waters[END_REF] . Adsorption capacities of the four samples are consistent with previous literature studies. Indeed, Lin and Lin [START_REF] Lin | Adsorption and Mass Transfer Characteristics of Pentane and Cyclopentane by Various Adsorbents[END_REF] had obtained an adsorption capacity of 0.14 g of CP /g of AC at 298 K for an AC with an average pore size of 24 Å and a specific surface area of 905 m 2 /g. At the same temperature, Kabanova et al. [START_REF] Kabanova | Low-Pressure Hysteresis in the Cyclopentane-Activated Charcoal System[END_REF] obtained 0.31 g of CP/g of AC on another AC whose textural properties are not indicated.

The enthalpy of adsorption of CP was also measured on an AC of each manufacturer (G-BAC-G70R for Kureha and Chem-A for Calgon) with a coupled calorimetric-manometric device as it informs on the interactions between the CP molecules and the surfaces of the ACs. First, the perfect agreement between CP adsorption isotherms generated by both gravimetric and calo-manometric techniques helps to conclude on the reliability of the obtained results (see Figure 3). The comparison of adsorption enthalpies in Figure 4 shows that they are similar for both systems with an average value of 48 kJ/mol. The highest values (> 55 kJ/mol) are obtained for the very first adsorbed amounts of CP (less than 0.0011 mole of CP/g of AC). These high energies are related to the interactions between CP 

2-2-2-Trapping capacity

As shown in Figure 3, CP adsorption isotherm on each AC was followed by generation of desorption isotherm at the same temperature thanks to a primary vacuum pump and a micrometric valve. For the first desorption points, i.e. at the highest equilibrium pressures (0.02 < P/P0 < 0.9), as can be seen in Figure 5a, equilibrium is reached after approximately 30 min and desorption kinetics is nearly 10 -3 g of CP /min which is rapid and typical of alkane vapor desorption from AC [START_REF] Pino | Adsorption of Alkanes in the Dense Vapor Phase on a Microporous Activated Carbon[END_REF] . However, for the last desorption points, i.e. for the lowest equilibrium pressures (P/P0 < 0.02), desorption kinetics becomes very low, around 10 -6 g of CP/ min (see an example on Figure 5b). Moreover, complete evacuation of CP is not reached even under prolonged evacuation during 24h. The low kinetics of desorption at low pressures is a consequence of CP-molecules trapping in the smallest pores of the AC. CP amounts trapped after 24h of prolonged evacuation are 0.171, 0.174, 0.144 and 0.093 g of CP/g of AC for G-BAC-G70R, A-BAC-SP, Chem-A and Chem-D respectively. This corresponds to proportions of trapped CP of approximately 45 % for G-BAC-G70R, 48 % for A-BAC-SP, 35 % for Chem-A, and 29 % for Chem-D. As already mentioned, trapping of CP in ACs has already been observed by few authors. Kabanova et al. [START_REF] Kabanova | Low-Pressure Hysteresis in the Cyclopentane-Activated Charcoal System[END_REF] obtained 8 % of trapped CP with prolonged evacuation at 298 K but under secondary vacuum.

Lin and Lin [START_REF] Lin | Adsorption and Mass Transfer Characteristics of Pentane and Cyclopentane by Various Adsorbents[END_REF] observed that trapping decreases with temperature, which may indicate that it is caused by chemisorption. From the analysis of our experimental results and literature data, we can assume that trapping is directly correlated with the PSD. First of all, the trapping rate is almost the same for both G-BAC-G70R and A-BAC-SP that have the same PSD. In addition, Chem-A, Chem-D and the ACs used by Kabanova et al. [START_REF] Kabanova | Low-Pressure Hysteresis in the Cyclopentane-Activated Charcoal System[END_REF] and Lin and Lin [START_REF] Lin | Adsorption and Mass Transfer Characteristics of Pentane and Cyclopentane by Various Adsorbents[END_REF] (which present PSD with more pores of size higher than 10 Å, i.e. a lower proportion of ultramicropores) have a lower CP-trapping capacity. The factors and textural properties influencing the trapping of CP will be investigated in the next section. 

2-3-Characterization of the ACs after CP adsorption/desorption

2-3-1-Identification of the pore sizes responsible of CP trapping

Characterization of ACs was performed with Argon at 87 K after desorption of CP and prolonged evacuation during 24h under primary vacuum. The solubility of Argon in adsorbed CP was understandably neglected. The differences of pore volumes and PSD before and after CP adsorption are illustrated in Figure 6. One can see that all the accessible pore volumes have decreased, confirming that part of the porosity remains filled with CP. The analysis of the different PSD and the comparison between the samples makes it possible to draw several conclusions. First, the quantity of mesopores (pore size > 20 Å) before and after CP adsorption/desorption is unchanged whatever the AC, showing that even if active sites are present in that type of porosity, CP can be desorbed from mesopores. On the opposite, almost all the ultra-and small micropores (pore size < 11 Å) have "disappeared" for each AC showing that CP is still trapped in these pores due to the high interactions between the fluid and the solid in such small cavities, whatever the quantity and nature of active sites. For the intermediate micropores (1.1 < pore size < 2 nm), the behavior is less general: for G-BAC-G70R, A-BAC-SP and Chem-D, CP has been desorbed as the PSD is recovered, while some micropores are still "clogged" for Chem-A.

The analysis of the AC before and after CP adsorption/desorption by gas porosimetry has given further insight into some already published studies that had observed the trapping of CP in AC, without identifying the relevant porosity. Moreover, our results are consistent with the trapping of other organic vapors evidenced and characterized by Lashaki and coworkers [START_REF] Lashaki | Effect of Adsorption and Regeneration Temperature on Irreversible Adsorption of Organic Vapors on Beaded Activated Carbon[END_REF][START_REF] Wang | Adsorption and Desorption of Mixtures of Organic Vapors on Beaded Activated Carbon[END_REF][START_REF] Jahandar Lashaki | Mechanisms of Heel Buildup during Cyclic Adsorption-Desorption of Volatile Organic Compounds in a Full-Scale Adsorber-Desorber[END_REF][START_REF] Jahandar Lashaki | The Role of Beaded Activated Carbon's Pore Size Distribution on Heel Formation during Cyclic Adsorption/Desorption of Organic Vapors[END_REF] . 

2-3-2-Influence of purification temperature on CP trapping

In order to remove the trapped CP from the microporosity, other purification conditions were applied. Hence, after the 24h of evacuation under primary vacuum, a second purification step consisting of secondary vacuum and higher temperatures (up to 573 K) was applied to the materials.

The results for G-BAC-G70R are illustrated in Figure 7. "Clogged" pore volume decreases after purification under secondary vacuum at 373 K. This is mainly due to the use of secondary vacuum rather than a higher temperature. For higher purification temperatures, under secondary vacuum, the accessible micropore volume increases gradually with temperature. However, as better illustrated in Figure 8, a temperature of 550 K under secondary vacuum is needed to entirely remove CP from the micropores. This result has been confirmed with the mass loss measured with thermogravimetric analysis (TGA) on the same sample, also presented in Figure 8. Hence, the regeneration of narrow microporous activated carbons that adsorbed CP has a high energy cost and is in agreement with the high enthalpies of adsorption in the narrowest pores (see Figure 4). 

2-3-3-Influence of CP loading process on CP trapping

The impact of the CP-loading process on CP trapping was also evaluated. As mentioned in the introduction, in the study on the impact of AC particles on the crystallization of CP hydrates 6 , the AC were imbibed with liquid CP as direct imbibition is easier to implement in an industrial process than vapor adsorption. To do so, G-BAC-G70R and Chem-A were imbibed with 0.8 g of liquid CP/ g of AC after a purification at 473 K during 12h under primary vacuum. Then, after CP-imbibition, they were subjected to the same conditions imposed for CP vapor adsorption i.e. 24h of evacuation under primary vacuum at 303 K before their characterization by gas porosimetry. The pore volumes and PSD of G-BAC-G70R and Chem-A after the two kinds of CP-loading are compared in Figure 9. The comparison of pore volumes shows that more CP remains trapped in the case of CP-vapor adsorption for both ACs, even if part of the CP introduced by liquid soaking cannot be evacuated.

Hence, CP vapor adsorption performs better in terms of adsorption capacity but CP-liquid soaking leads to a lower amount of CP trapped inside the micropores and thus to an enhanced recovery of CP after evacuation. The analysis of the PSD shows that they do not depend on the CP-loading method for pores larger than approximately 11 Å but that CP loaded by liquid soaking does not reach the narrowest micropores (pore size < 11 Å) as effectively. This may be explained by the fact that in this case the transport of CP to the ultramicropores may take place predominantly by capillary imbibition whereas for vapor-CP adsorption, the transport of CP to the microporosity takes place by vapor diffusion.

Conclusion

This paper presents the evidence and characterization of hardly-reversible adsorption of cyclopentane in four different ACs. The adsorption/desorption isotherm measurements revealed, on the one hand, that between 29 and 48 % of CP remains trapped in all the AC even after prolonged evacuation under primary vacuum. On the other hand, calorimetric measurements have established that high-energy adsorption occurs at the lowest CP-loadings. Gas porosimetry before and after CP adsorption/desorption identified that the impact of particle size on CP-trapping is negligible as expected, whereas the impact of pore size distribution is significant. Pore sizes smaller than 11 Å were identified as responsible for hardly-reversible CP adsorption. Coupling of TGA with gas porosimetry has shown that temperatures higher than 550 K are necessary to remove CP trapped in the ultramicropores. Finally, the impact of CP-loading process (vapor adsorption vs. liquid imbibition) was analyzed. It was shown that CP vapor adsorption performs better in terms of adsorption capacity but CP-liquid soaking leads to lower CP trapping inside the micropores and thereby higher CP recovery after evacuation. This result indicates that the low water-to-hydrate conversion in the presence of AC particles, demonstrated in our previous work [START_REF] Mallek | Effect of Activated Carbon Porous Particles Soaked with Cyclopentane on CP-Hydrate Formation in Synthetic Produced Waters[END_REF] , may be related to CP trapping. As both high CP storage capacity and easy CP release is necessary for the CP-hydrate formation enhanced by AC particles, the use of microporous AC with a majority of pores larger than 11 Å is recommended in keeping with the results presented here.
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 2 Figure 2. (top) Pore volumes of the AC measured by Ar adsorption at 87 K and obtained with a QSDFT model. (bottom) corresponding pore size distributions.
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 3 Figure 3. Adsorption/desorption isotherms of CP at 303.15 K on the different AC measured by gravimetry. Filled marks: adsorption; empty marks: desorption. Squares: G-BAC-G70R, circles: A-BAC-SP, diamonds: Chem-A, stars: Chem-D. Black triangles: Adsorption of CP on G-BAC-G70R measured with manometric/calorimetric device. The inset is a zoom of the low-pressure measurements. Dotted lines are guide-for-the-eyes.

  molecules and active sites and to the overlapping of CP-walls interaction potentials in the narrowest pores of the AC. As adsorbed amounts increase, adsorption enthalpies decrease to reach a constant value of 48 kJ/mol. This part of the curves corresponds to the filling of the micropores by CP and characterizes the fluid-fluid-solid interactions. The comparison with adsorption of linear alkanes on similar ACs -for which the adsorption enthalpy is around 30 kJ/mol[START_REF] Pino | Adsorption of Alkanes in the Dense Vapor Phase on a Microporous Activated Carbon[END_REF] -indicates a high affinity of CP towards ACs surface. For adsorbed amounts greater than 0.005 mole of CP/g of AC, the adsorption heat drops drastically to the value of the CP liquefaction enthalpy (approximately 29 kJ/mol 25 ).
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 4 Figure 4. Differential heat of adsorption of CP at 303.15 K on G-BAC-G70R and Chem-A measured witha manometric-calorimetric device.
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 5 Figure 5. Weight of the sample as a function of time during desorption measured with the MSB. (left):
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 6 Figure 6. (top) Pore volumes of the AC measured by Ar adsorption at 87 K and obtained with a QSDFT model. (bottom) corresponding pore size distributions. (left): Kureha ACs. (right): Chemviron ACs. Solid lines: virgin AC. Dashed lines: same samples after CP adsorption/desorption. All the results are given per gram of AC.
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 7 Figure 7. Effect of purification temperature upon release of CP from microporosity of G-BAC-G70R. (top) Pore volumes of the AC measured by Ar adsorption at 87 K and obtained with a QSDFT model.

Figure 8 .

 8 Figure 8. Mass loss (measured by TGA) and proportion of pore volume recovered by secondary vacuum (measured by Ar porosimetry at 87 K) as a function of purification temperature.

Figure 9 .

 9 Figure 9. Comparison of CP-loading method (CP vapor adsorption vs. CP-liquid soaking) in G-BAC-G70R and Chem-A. (top) Pore volumes of the AC measured by Ar adsorption at 87 K and obtained with a QSDFT model. (bottom) corresponding pore size distributions. (left): G-BAC-G70R. (right): Chem-A. Solid lines: virgin AC. Dashed lines: same samples after CP loading/evacuation.
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Light transmission (left) and light reflection (right). a) G-BAC-G70R; b) A-BAC-SP

A.2. Example of adsorption kinetics