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Introduction
 The CFC-115 has been used for refrigerants, e.g. R-502, an azeotropic blend of CFC-115 and HFC-22.  Because it has a high ozone depletion potential(ODP) and a green house potential(GHP), a study on the recovery of CFC-115 becomes important[1-2].  The recovered CFC-115 can be converted to pentafluoroethane(CF3CF2H, HFC-125), which is one of the promising substitutes for the CFC-115.   But only little work on the adsorption equilibrium of CFC-115 on activated carbons and on the hydrogenation of CFC-115 over Pd/C catalyst has been done so far[3-5].   In this work, the Pd/C catalyst was studied whether it could be used as the adsorbent and the catalyst for recovering CFC-115 and hydrodechlorinating it simultaneously.  The equilibrium studies for the adsorption of CFC-115 on the Pd/C catalyst and the activated carbon powder were carried out.  Hydrodechlorination of CFC-115 over the Pd/C catalyst was also investigated. 
Experimental
1. Preparation of Pd/C catalyst

   The activated carbon powder was supplied from Aldrich.  The 5% Pd/C catalyst was prepared by the conventional impregnation method with aqueous PdCl2 solution at ambient temperature.

2. Adsorption

   CFC-115 was supplied from Elf Atochem and had a purity of 99.99%.   The adsorption isotherm was measured by a volumetric adsorption apparatus.  The adsorption equilibrium data of CFC-115 on the activated carbon powder and the Pd/C catalyst were obtained between 298.15 K and 373.15 K. The absolute errors between the experimental data and the calculated values were estimated[2,4].  The BET parameters, Vm and C, were obtained from the BET plots of P/(V(P0-P) vs P/P0. 

3. Catalytic reaction
   The hydrodechlorination of CFC-115 over the Pd/C catalyst was carried out at atmospheric pressure in a fixed-bed reaction system[2-3]. The reaction conditions were fixed at a reaction temperature of 573 K, a molar ratio of reactants of CF3CF2Cl/H2=0.5, and a space velocity of 180 cc g-cat-1 h-1.  The reaction product was analyzed after removing of acids.   The gas chromatograph(TCD) column was used Porapak Q (3.2mm. O.D. ( 2m L. ) and Supelco-5 (3.2mm O.D. ( 2m L.) connected in series.

4. Characterization
   A volumetric sorption analyzer was used to measure the BET surface area.   The dispersion(or Pd percentage exposed) was defined as D =(H/Pd)irr on the assumption that the surface stoichiometry of irreversibly adsorbed atomic hydrogen is unity[6].  The mean particle size of Pd was determined by using the chemisorption data and a transmission electron microscope image [6].  Characteristics of the activated carbon powder and the Pd/C catalyst are summarized in Table 1.
Table 1.  The characteristics of activated carbon powder and Pd/C catalyst.

Property
Activated carbon powder
Pd/C catalyst

BET surface area (m2/g)a
Pore volume (cc/g)

Mean pore diameter (Å)

Dispersion (H/Pd)irrb
Mean particle size of Pd (nm) 

            by H2 chemisorption

            by TEM
      1098.0

      0.418

      53.53


  982.52

  0.446

  57.88

  0.208

  5.64

  5.35

a.  measured by nitrogen adsorption., 

b.  measured by hydrogen chemisorption.
Results and discussion

1. Adsorption equilibrium of CFC-115 
   The BET isotherms for CFC-115 on the Pd/C catalyst and the activated carbon powder gave a good representation within 5% and 8% absolute error, respectively.   Table 2 lists BET parameters for the adsorption of CFC-115 on these two material.  It showed that the adsorption capacity for CFC-115 on the Pd/C catalyst decreased about 10% compared to that on the activated carbon powder.  It is consistent with BET surface area of these two material (Table 1).   It was found that the equilibria of CFC-115 on the Pd/C catalyst could be interpreted well by the BET equation.  It was suggested that the Pd/C catalyst can be used as an effective adsorbent for the recovery of CFC-115. 
Table 2.  BET isotherms parameters for CFC-115 adsorption on activated carbon powder and Pd/C catalyst.

Adsorbent
Temperature

T ( K )
Monolayer uptake

Vm ( cc/g )
BET constant

C  

Activated carbon 
Powder
298. 15

318.15

348.15

373.15
85. 70

80.49

    69.09

  59.34
410. 98

    362.85

367.02

395.11

Pd/C catalyst
298. 15

318.15

348.15

373.15
      76.05

71.94

61.92

53.19
438.33

347.50

403.75

373.15

        2. Isosteric heat of adsorption of CFC-115
           Figure 1 shows the isosteric heats of adsorption for CFC-115 on the activate carbon powder and the Pd/C catalyst.   It is recognized that the isosteric heat of adsorption increased with the increase of adsorption.  A similar behavior was observed in the adsorption of CFC-113 on activated carbons [7], and in the adsorption of CFC-11, CFC-12, CFC-13, and CFC-113 on zeolites[8].   Kobayashi et al.[8] reported that this unusual phenomena was interpreted by terms of the interaction between the adsorbed molecules.  The isosteric heats of adsorption of CFC-115 on activated carbon powder are approximately of the same order of magnitude as the heats of condensation(3.494kcal/mol)[9] and are primarily due to physical forces.   The isosteric heat of adsorption on the Pd/C catalyst revealed more increase at high surface coverage above ( =0.6 and it needs further investigation.

3. Catalytic reaction on Pd/C catalyst

   HFC-125 is a main product in the hydrodechlorination of CFC-115 over the Pd/C catalyst.  When HFC-125 reacts with hydrogen, many other F-H exchange products can be produced : HFC-134a(CF3CFH2), HFC-143a(CF3CH3), HFC-152a (CF2HCH3), HFC-161(CFH2CH3), and ethane.   In this work, HFC-125 was produced with more than 99% of selectivity.  Only HFC-134a and HFC-143a were observed in a little amount, and HFC-152a and HFC-161 were not detected.   The conversion and the selectivity for hydrodechlorination of CFC-115 over the Pd/C catalyst are shown in Fig. 2.   It was found that the Pd/C catalyst is an effective catalyst for manufacturing HFC-125 by the hydrodechlorination of CFC-115. 
Conclusions
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   The adorption equilibria of CFC-115 on the Pd/C catalyst and the activated carbon powder can be represented well by the BET equation.   The isosteric heats of adsorption of CFC-115 on the Pd/C catalyst are primarily due to physical forces.   By the hydrodechlorination over the Pd/C catalyst, the CFC-115 was converted to HFC-125 with more than 99% of the selectivity.   It was suggested that the Pd/C was the effective adsorbent for recovering CFC-115 and the effective catalyst for manufacturing HFC-125 from CFC-115. 
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Fig. 1. Isostric heat of adsorption on   Fig. 2. Conversion and selectivity in

activated carbon powder and Pd/C    the hydrodechlorination of CFC-115

catalyst.                              over Pd/C catalyst.                                      
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