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Introduction

 Volatile organic compounds (VOCs) are among the most common pollutants emitted by many industrial chemical plants such as coating, spray painting, dyeing, and polymer processing. Because of their high vapor pressure, VOCs can evaporate easliy into atmosphere and have been implicated as a principal fator to photochemical smog, which can cause haze, damage to animal and respiratory problems to human. In that VOCs are major contributors in air pollutant, control of VOCs from a bulk gas stream by an adsorption processes a common engineering practice. Adsorption is the most effective mathod of controlling VOCs emission. It’s surface phenomenon; therefore, the total surface area with respect to pore size and volume might determine its effectiveness ina particular application. In general, activated carbon is the most universal adsorbents for VOCs control and solvent recovery. But, there are some disadvantages for the application of activated carbon in that they are flammable, are difficult to-regenerate-high-boiling solvents, promote polymerization or oxidation of some solvents to toxic or insoluble materials, and require humidity control.

 Compared with activated carbon, activated carbon fiber (ACF) has uniform pore size and high electric conductivity, heat resistance and inflammability under high temperature over 500℃, higher adsorption capacity than granular activated carbon, and ease of handling. Therefore, it’s expected that the ACF adsorbents are efficient for treating organic solvents in designing a solvent remove and recovery process.

 In this study, the adsorption equilibrium isotherms of toluene and trichloroethylene on ACF at 298K, 323K, 348K are performed. As an adsorbent, two kinds of ACFs were selected ; Nano-1000 and KF-1500. 

Theory

 The adsorption isotherm equations used in this study were the Langmuir, the UNILAN , the Toth, the Dubinin-Radushkevich (D-R), and the Dubinin-Astakov (D-A)  The mathematical forms of these models are as follows:

        Langmuir
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In order to find the isotherm parameters for each adsorption system, two parameter estimation techniques were applied. These methods include a least-squared fitting method and the so-called Nelder-Mead simplex pattern search algorithm. In addition, the following objective functions were used in this work:
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Besides, the deviation parameters (DN, DP) on equilibrium amount adsorbed and pressure were utilized to compare the correlation results with experimental data.
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where k is the number of experimental data.

Materials and Methods 

 Materials. Activated carbon fiber, Nano-1000 and KF-1500, were selected as adsorbents. Nono-1000 is supplied by Nano Technics, KF-1500 by Toyobo. Nano-1000, which has BET surface area of 1000 m2/g, is pitch-based activated carbon fiber. KF-1500 has BET surface area of 1530 m2/g. Prior to experiments, the adsorbents were kept in a drying vacuum oven at 393K for 24h to get rid of impurities. Toluene and trichloroethylene were obtained from J.T Baker Inc. and the purities of these materials were 99.99%.

 Methods. The adsorption apparatus is based on the static volumetric method. In the method, the total quantity of vapor admitted to the system and the amount of vapor in the gas phase at equilibrium are determined by appropriate pressure, volume, and temperature measurements. The system pressure measurements are made by a Baratron absolute pressure transducer (MKS type 270D). Its pressure range is from 0 to 133.33 kPa, and its reading accuracy is 0.05 % within the usable measurement range. During the adsorption, the adsorption cell was placed in a water bath and temperature was maintained constantly within (0.02 K by the refrigeration circulator (Haake type F3). The volume of the adsorption cell was determined by expansion of He gas at the experiment temperature.

Results and Discussion

 In this study, the adsorption isotherm data for toluene and trichloroethylene on activated carbon fiber at 298K, 323K, and 348K were measured at 3.8 kPa for toluene and 6.5kPa for trichloroethylene. Figure 1 and 2 show the adsorption equilibrium isotherms of toluene and trichloroethylene on activated carbon fiber at various temperatures. For practical applications, the adsorption equilibrium data should be represented by mathematical equations. In this work, five equilibrium isotherm models were considered to correlate the experimental isotherm data. Among the models, the Dubinin-Astakov (D-A) equation has been regarded as a suitable isotherm for the adsorption of gases and vapors by microporous solids such as ACF. 

 Some thermodynamic properties, such as Henry's constant (H), second virial coefficient in adsorption (B1S), and isosteric heat of adsorption at limit of zero coverage (
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The D-R and the D-A equations, however, do not have limiting quantities since those are originally derived from empirical basis, while the other models are consistent thermodynamically and have analytic quantities.
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  Figure.1 Equilibrium Isotherms of         Figure2. Equilibrium Isotherms of 

         Toluene at 298, 323, 348K         Trichloroethylene at 298, 323, 348K 
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