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Introduction

So far, activated carbon is the most universal adsorbent for volatile organic compounds (VOCs) controlling. But, there are some disadvantages for the application of activated carbon in that it’s flammable, difficult to regenerate high-boiling solvents, caused polymerization or oxidation of some solvents to toxic or insoluble materials, and required humidity control. On the other hand, activated carbon fiber (ACF) has uniform size and dimensions, higher adsorption capacity, faster adsorption and desorption rates than activated carbon, and ease of handling. These features can lead to reduction in the size of adsorption system and having the selectivity for adsorbed vapors. In these respects, ACF as the alternatives to make up for shortcomings of activated carbon is an excellent micro-pore adsorbent for adsorption.

Adsorption is the most effective method of controlling VOCs emission. The design of adsorptive separation processes requires primarily the knowledge of thermodynamic data and kinetic characteristics based on the adsorption equilibrium for the adsorption process. This information is used to calculate the operation time of a specific concentration level and to derive optimum size of adsorbers and operating conditions. The kinetic information, such as transfer properties in the apparatus and intraparticle diffusion mechanisms, can be extracted from the column experiments with the changeable operating variable; fluid velocity, concentration, temperature. In this regards, several efforts have been made to measure adsorption kinetic information simultaneously by analyzing the breakthrough curve data.

 This study is focused on measuring the adsorption equilibrium data and investigating the kinetic information of toluene with the fixed bed charged with activated carbon fiber at isothermal condition of 298K. 

Theory

 Prior to the dynamic experiments, the adsorption equilibrium of toluene onto ACF was measured by the static volumetric method and these equilibrium data were correlated by the Toth equation. Among the several isotherm models, the most suitable model for the calculation of amount adsorbed was the Toth equation in that it showed the minimum value of the average deviation parameter (D). 
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Using the fixed bed adsorption equipment of the isothermal condition, the amount adsorbed of toluene at a specific equilibrium concentration can be determined as well.
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where ts is saturation time, which is the elapsed time when all C reach C0 at the exit of the column.  

A mathematical fixed bed model was used to simulate the column dynamics of adsorption of toluene. In order to make quantitative prediction of the dynamic behavior of adsorber, complete solution for each step must be required. In this regard, the linear driving force (LDF) approximation model for overall mass transfer has been widely applied for dynamic modeling. The overall LDF mass-transfer coefficient is an effective lumped-resistance coefficient, therefore it is important to investigate the effects of control variables on adsorption behaviors. The effects of two control variables, such as both the bulk fluid velocity and the concentrations (or partial pressures) for toluene, were investigated.

Experimental Section

Pitch-based activated carbon fiber, Nano-10 (Nano Technics Co., Korea) was used as the adsorbent in this study. Using the adsorption of nitrogen at 77K, the BET surface area was determined by the automatic sorption analyzer (Quantachrome Autosorb-1). And other physical properties tabulated in Table 1 can be calculated by DH method. As can be seen in Figure 1, Nano-10 is the adsorbent having large pore volume at micro-pore range of pore diameter below 20Å.   

The equilibrium isotherms were measured using the static volumetric method at 298K. And to investigate the column dynamics of toluene, the isothermal fixed bed adsorption equipment as shown in Figure 2 was used in this study. The nitrogen gas line was divided into five branches. One was for pure nitrogen gas as a carrier and the others were connected into four branched solvent saturators. In this method, a part of nitrogen gas was fed to a saturator to load objective solvent and was mixed with the pure nitrogen gas stream. In order to ensure homogeneous mixing of solvent vapors with pure nitrogen gas stream, a static in-line mixer was installed at the inlet section of the adsorption column. On condition that a concentration and a flow rate are fixed at constant temperature, the solvents-laden gas stream was fed to a fixed-bed adsorption column. The inlet concentrations of solvent-laden gas were examined in the range of 1100, 2100 and 3100ppm for toluene. The linear velocities of solvent-laden gas in line were between 0.15m/s and 0.45m/s. During the adsorption, the concentration variation at the exit of the adsorption bed was monitored by a gas chromatograph (Hewlett Packard type 5890 series II) equipped with a flame ionization detector and helium as the carrier gas. A packed column (Supelco type Bentone 34) was used to separate BTX in a nitrogen flow. 

Results and Discussions
Equilibrium data of toluene at 298K measured by these two methods of the static volumetric method and the isothermal fixed bed equipment were compared at Figure 3. 

The linear driving force model is employed to calculate the overall mass transfer rate. By using a mathematical model to optimize the breakthrough curve of toluene, the value of the overall LDF mass transfer coefficient was determined. The overall LDF mass transfer coefficient can be derived from the following equation;  
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where ρp is particle density, n* is moles adsorbed at equilibrium with y*, RP is particle radius, kf is  film mass transfer coefficient, ρg is
gas density, as is particle external surface area to volume ratio, y is  the mole fraction of adsorbate in gas phase and Deff is effective diffusion coefficient.
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Table 1. Physical Properties of the Activated Carbon Fiber 

	     Nano-10

	    BET surface area, m2(g-1
	764.3

	total pore volume, cm3·g-1 
	0.4096

	    mean pore diameter, Å
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Figure 1. DH Adsorption Pore Size Distribution.
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1.    Nitrogen Gas

2.    Inlet Pressure Regulator

3.    Mass Flow Controller

4.    Control Box

5.    Solvent Evaporator

6.    In-line Static Mixer

7.    Adsorption Column

8.    Air Actuated Ball Valve

9.    Pressure Manometer

10.  Refrigerating Water Circulator

11.  Automatic six-port Valve

12.  Gas Chromatograph

13.  Chart Recorder

14.  Water Bath



Figure 2. A Schematic Diagram of Isothermal Fixed Bed Equipment.
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 Figure 3. Equilibrium Isotherm of Toluene         Figure 4. Breakrough curve of Toluene at 298K

onto Nano-10 at 298K                 
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