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Introduction
  Because of their environmental significance, removal of volatile organic compounds (VOCs) from a bulk gas stream by an adsorption process a common engineering practice. Activated carbons are the key elements in a number of control technologies designed to remove and recover VOCs from a bulk gas stream.  A particularly common application of carbon adsorption is solvent recovery.  For this purpose, activated carbon fiber has been used because of its attractive features, e.g., higher rate of adsorption, higher amount of adsorption than those of granular activated carbon, and ease of handling.

  Among VOCs, benzene derivatives that escape through leakage during operations are harmful to the environment and human health.  In order to design the adsorption facilities, thermodynamic data on adsorption equilibria must be known over a wide range of temperature.  However, there appears to be relatively little information in the literature concerning adsorption of benzene and toluene on activated carbon fiber at various temperatures.  In this regard, the present study is devoted to the measurement of adsorption isotherms of benzene and toluene on activated carbon fiber at 298, 323, and 348 K.  In addition, it should be noted that the data presented were obtained as a part of a continuing study of adsorption of aromatic VOCs on microporous solid (Yun and Choi, 1997).

Experimental
  The activated carbon fiber (Toyobo type KF-1500), in felt type, was used as the adsorbent in this study.  The physical properties of the activated carbon fiber can be found elsewhere.  Prior to measurement, the sample was kept in a drying vacuum oven at 423 K for more than 24 h to remove impurities.  The benzene and toluene were obtained from J. T. Baker, and the purity of these materials was 99.9%.

  The experimental apparatus used was a static volumetric type.  Total quantity of gas admitted to the system and the amount of gas in the vapor remaining after adsorption equilibrium was established were determined by appropriate P-V-T measurements.  The system pressure measurements were made using a baratron absolute pressure transducer (MKS type 690A13TRA) with a high accuracy signal conditioner (MKS type 270D).  Its pressure range was from 0 to 133.33 kPa and its reading accuracy was (0.05% within the useable measurement range.  During adsorption, the adsorption cell was placed in a water bath and the temperature was maintained constant within ( 0.02 K by a refrigerated circulating thermostat (Haake type F3).  The experimental temperature was measured with a T-type thermocouple.

  To eliminate any trace of pollutants, the activated carbon fiber was kept in a drying oven at 423 K for more than 24 h.  Its mass was determined with an accuracy of (10(g and the fiber was introduced into the adsorption cell.  Prior to each isotherm measurement, the charged activated carbon fiber was regenerated at 473 K under a high vacuum for 12 h.  An oil diffusion pump and a mechanical vacuum pump in combination (Edward type Diffstak 63/150M) provided a vacuum down to 10-3 Pa and the evacuation was monitored by both an ion gauge and a convection gauge with a vacuum gauge controller (Granville-Phillips type 307).  The volume of the adsorption cell was determined by expansion of helium gas at the experimental temperature.  Details of the equipment and the operating procedures used are described in the previous publication of Yun et al. (1998).

Results and Discussion
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Adsorption of gases and vapors by microporous solids has attracted much attention because of its great practical importance in the fields of gas separation, gas purification and environmental problems.  The design of adsorption facilities requires primarily a knowledge of thermodynamic data on the adsorption equilibria.  This information is used to calculate the operation time of a specific bulk concentration level and to derive the optimum size of adsorbers and operating conditions.  Furthermore, infor-mation concerning the relevant adsorption equilibria is an essential requirement for the process simulation.
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  In this study, the adsorption isotherm data for benzene and toluene on activated carbon fiber at 298, 323, and 348 K were obtained at pressures up to 8.7 kPa for benzene and 3.4 kPa for toluene, respectively. The adsorption equilibrium isotherms of benzene and toluene on activated carbon fiber at 298 and 348 K are shown in Figures 1 and 2.  
  At high pressure region, the adsorption amount is higher for benzene compared with toluene.  At low pressure region, however, the adsorption amount is higher for toluene compared with benzene, implying that the adsorption affinity is higher for toluene compared with benzene.

For practical applications, the adsorption equilibrium data should be represented by mathematical equations.  Adsorption of gases and vapors by microporous solids such as activated carbon fiber, can be described by the equation of Dubinin and Astakhov (Stoeckli et al., 1982).  It has been reported that the Dubinin-Astakhov equation have found utility in interpreting adsorption by capillary condensation, or pore filling (Stoeckli et al., 1982; Agarwal and Schwarz, 1988).
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(1)

where W is the specific volume of adsorbate condensed in micropores at temperature T and relative pressure P*/P (P* is the equilibrium saturation vapor pressure at T), W0 is the limiting specific volume of the adsorbed space, which equals the micropore volume, N is the moles adsorbed at equilibrium, = G = RT ln(P*/P),  is the affinity coefficient, V0 is the saturated liquid molar volume, and r and E0 are the specific parameters of the system investigated.

  For the nonpolar and weakly polar adsorbates, the adsorption interaction is strongly dependent on the polarizability of the molecules.  Since the polarizability of a molecule is approximately proportional to the molar volume of the saturated liquid, the affinity coefficient can be expressed as (Noll et al., 1989)
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where V0ref is the saturated liquid molar volume of the reference vapor.  In this study, benzene vapor was chosen as the reference vapor.  To calculate the saturated liquid molar volume, the modified Rackett equation was used (Reid et al., 1986).
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  The parameters of the Dubinin-Astakhov equation were determined from the best fit to the experimental data and they are summarized in Table 1 along with the average absolute deviation parameter D.  The solid lines in Figures 1 and 2 denote the calculated adsorption isotherms from Dubinin-Astakhov equation.  As can be seen, the agreement of the experimental data points with the calculated isotherms is excellent.  The correlation by the Dubinin-Astakhov equation has a great utility in that it can provide a determination of the total micropore volume of the adsorbent.  As shown in Figure 3, the total micropore volume can be estimated according to the Dubinin-Astakhov equation and its value is approximately 625 cm3 kg-1. 

Conclusion
  The adsorption equilibria for benzene and toluene at 298, 323, and 348 K were measured on activated carbon fiber at pressures up to 8.7 kPa for benzene and 3.4 kPa for toluene, respectively.  The experimental equilibrium data were satisfactorily correlated using the Dubinin-Astakhov equation, which is a fundamental theoretical relation for describing the filling of micropores.  In addition, the Dubinin-Astakhov equation was used to determine an estimate of the total micropore volume of activated carbon fiber from the measurements.
Table 1. The Dubinin-Astakhov Equation Parameters and Physical Properties of Benzene and Toluene on Activated Carbon Fiber (KF-1500)

T / K
W0 /

cm3 kg-1
E /

kJ mol-1
r

V0 /

cm3 mol-1
100D

Benzene
298.15
624.5
14.86
2.654
1.000
89.74
1.305


323.15
665.7
15.11
2.077
1.000
92.43
1.984


348.15
760.4
14.20
1.636
1.000
95.43
0.803

Toluene
298.15
623.5
15.86
3.328
1.190
106.8
1.143


323.15
628.1
17.62
2.646
1.187
109.8
0.899


348.15
676.6
17.88
2.058
1.184
113.0
0.787
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Figure 2. Adsorption isotherms for toluene on activated carbon fiber (KF-1500) at 298 and 348 K: (, 298 K; ▼, 348 K; —, Dubinin-Astakhov equation.





Figure 1. Adsorption isotherms for benzene on activated carbon fiber (KF-1500) at 298 and 348 K: (, 298 K; ▼, 348 K; —, Dubinin-Astakhov equation.





Figure 3. Saturation volume of activated carbon fiber (KF-1500) for benzene and toluene at various temperature: (() 298 K, benzene; (() 323 K, benzene; (▼) 348 K, benzene; (△) 298 K, toluene; (○) 323 K, toluene; (▽) 348 K, toluene.
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