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Introduction
  Carbon tetrachloride is used primarily as a chemical intermediate in the production of the refrigerants Freon 11 and 12. Freon 11 and 12 are also used as solvents, in plastic and resin production, as foam blowing agents, and previously as aerosel propellants. Carbon tetrachloride has also been used as a general solvent in industrial degreasing operations and as an industrial solvent for cable and semiconductor manufacture. And most of the total production of chloroform is used to produce fluorocarbon-22 which is used as a refrigerant and as an intermediate in the manufacture of tetrafluoroethene which then may be polymerised (PTFE). Chloroform is also used in the production of dyes, pharmaceuticals and pesticides (EHIS, 2001). Carbon tetrachloride and chloroform are a toxic pollutant of air and water. It damages the liver and the kidneys, the central nervous system and the heart. Large doses have a narcotic effect. Therefore, the proper recovery of volatile solvent vapors from industries has multiple purposes such as the reduction of production cost, energy saving, and the environmental protection. 

 Adsorption of VOCs from air has been studied for several decades. The adsorption method would be an efficient and economic technology for recovering solvent vapors at low concentrations (Ruddy et al., 1993). 

To design the adsorption facilities, thermodynamic data on adsorption equilibria is very essential over a wide range of temperatures. However, the lack of information in the previous studies concerning adsorption of carbon tetrachloride and chloroform on activated carbon at various temperatures was observed. Hence, this study investigated the adsorption equilibrium of carbon tetrachloride and chloroform on activated carbon at 300, 310, 320 and 330K. 

Experimental Section

 Materials and reagents. The activated carbon (Norit type Sorbonorit B4) was used as the adsorbent in this study. Prior to use, the samples were kept in a drying vaccum oven at 423K for more than 24 hours to remove impurities. The adsorbates investigated were carbon tetrachloride and chloroform. The purity and manufacturer of each adsorbate are as follows: carbon tetrachloride, 99.5% (Junsei Chemical Co.); chloroform, 99.0% (Junsei Chemical Co.). All chemicals were used as received without further treatment. 

Gravimetric apparatus. The adsorption amount of solvent vapor was measured by a quartz spring balance, which was placed in a closed glass system. A given amount of carbon particles were placed on the dish, which was attached to the end of quartz spring. This system was vacuumed for 12 hours at 10-3 Pa and 250oC to remove volatile impurities from the carbon particles. The pressure of the system was measured using a Baratron absolute pressure transducer (MKS instruments type 128). Equilibrium experiments were carried out at four temperatures of 300, 310, 320, and 330K respectively.
Results and Discussion
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The adsorption equilibrium data of two chlorinated solvent vapors on activated carbons were obtained at 300, 310, 320, and 330K with pressure up to 7 kPa for carbon tetrachloride and 4.9 kPa for chloroform. The adsorption isotherms obtained for the investigated systems were found to be of Type I according to the IUPAC classification. Figure 1 shows the adsorption equilibrium isotherms of carbon tetrachloride and chloroform on activated carbon at various temperatures. The different models have been used to correlate experimental equilibrium data of carbon tetrachloride and chloroform on activated carbon. In this study, two kinds of adsorption equilibrium models were used.

  Due to its simplicity in form and its correct behavior at low and high pressures, Toth equation is popularly used for heterogeneous adsorbents such as activated carbon. (Valenzuela and Myers, 1989):
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(1)

When the parameter t is unity, the Toth equation reduces to the famous Langmuir equation. Therefore, the parameter t is said to characterize the system of heterogenity. The thermodynamic consistency test of the isotherm equation used is also very important. The Toth equation is an empirical equation, which has the Henry constant at low pressures and approaches the saturation limit at high pressures.

  The Dubinin-Astakov (DA) equation applied so far works reasonably well in describing adsorption equilibria of many vapors and gases such as organic vapors onto microporous activated carbon. DA adsorption equation can be described using the following form (Yun et al., 1998)
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   Figure 2. Henry’s constant of adsorption for 

          various temperatures
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where W is the volume that has been filled when the relative pressure 
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, W0 is the total volume of the microporous system, 
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 is the affinity coefficient(where 
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=1 for the reference vapor), E0 is the characteristic adsorption energy of adsorption for a reference vapor, 
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describes the surface heterogeneity, 
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 is the adsorption potential, and V0 is the liquid molar volume. In this study, carbon tetrachloride was chosen as the reference vapor since it has a polarity similar to those of the adsorbates. The liquid molar volume was calculated using the modified Rackett equation.
  It is valuable to evaluate the Henry’s constant since it has been used as a criterion of the adsorption affinity. By using the Toth isotherm equation, the Henry’s constants were calculated and plotted in Figure 2. Although the calculated Henry’s constants were extrapolations based on the isotherm used, this procedure could be used to discuss the adsorption affinity. As shown in Figure 2, the order of adsorption affinity is carbon tetrachloride, chloroform, and this result is identical with the order of the isosteric heat values at zero coverage for each adsorbate.

In general, when an adsorbent adsorbs one or more adsorbates, the adsorption heat is usually generated since all adsorption processes are exothermic. Eventually, the heat evolved affects the adsorption performance considerably. If the adsorption system were very ideal which follows the Langmuir isotherm, the heat of adsorption would be independent of the amount adsorbed. However, it would not be true for most adsorption processes because adsorbents have energetically heterogeneous surfaces. As a useful thermodynamic property, the isosteric heat of adsorption has been generally applied to characterize the adsorbent surface. The isosteric heat of adsorption is evaluated simply by applying the Clausius-Clapeyron equation if one has a good set of adsorption equilibrium data obtained at several temperatures.
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Figure 3. Saturation volume of activated carbon for carbon tetrachloride and 

        chloroform at various temperatures

  By the DA equation, the total micropore volume of adsorbent, W0, was determined. Figure 3 indicated that the effective saturation capacity of the activated carbon. The effective saturation volume was approximately 385 cm3/kg. It was noted that the value found using DA equation was similar in the case of using BET equation.

Conclusion

  The adsorption equilibrium data were obtained for the pure vapors at 300, 310, 320, and 330 K with the pressure up to 7 kPa for carbon tetrachloride and 4.9 kPa for chloroform, respectively. In the analysis, the Toth was employed to determine the thermodynamic properties such as isosteric heats of adsorption and the Henry’s constant. By calculating the Henry’s constant, it was found that the order of adsorption affinity is carbon tetrachloride, chloroform. In this study, the Dubinin-Astakov equation was useful to estimate the total micropore volume of the activated carbon from the experimental results. 
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Figure 1. Experimental and Toth isotherms of two solvent vapors on activated carbon 


        at 300, 310, 320, and 330 K  
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