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1. Introduction

 The design of adsorptive separation and purification processes requires primarily the knowledge of thermodynamic data and kinetic characteristic on the adsorption equilibrium for the adsorption system of interest. This information is used to calculate the operation time of a specific concentration level and to derive optimum size of adsorbers and operating conditions. Recently, some interest has focused on the potential application of polymeric adsorbents for separation and purification problems. One clear advantage of polymers is the ability to control their pore structure and internal surface area by varying the polymerization conditions. Moreover, one of the main advantages of polymeric adsorbents is that the adsorption can occur by weak adsorption affinity in opposition to other well-known adsorbents such as activated carbons. Therefore, it is expected that the polymeric adsorbents are useful for treating solvent vapors by pressure swing adsorption. 

2. Experimetal 

Dowex Optipore V493 was chosen as an adsorbent and supplied by Dow Chemical Co. Toluene was chosen as an adsorbate. The nitrogen gas line was divided into five branches. One was for pure nitrogen gas as a carrier and the others were connected to four branched solvent saturators. In the method, a part of nitrogen gas was fed to a saturator to load objective solvent and was mixed with the pure nitrogen gas stream. At a fixed concentration, a flow rate, and constant temperature, the solvents-laden gas stream was fed to a fixed-bed adsorption column.

During the adsorption, the concentration history 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. 

After each adsorption experiment (i.e., after the adsorption column was saturated with the feed concentration), a saturated adsorption column was regenerated for the next experimental run by admitting pure nitrogen at 393 K for 12h.

In all experimental runs, the inlet concentrations of solvent-laden gas were set at 2600, 3300 and 4500 ppm for toluene. The linear velocity to gas stream varied between 0.2 and 0.5 m/s, which is same condition as for a commercial solvent recovery system. 

3. Results and discussions

Equilibrium Isotherm

 In the present study, experimental and theoretical works have been made on adsorption of toluene by polymeric adsorbent fixed bed in an isothermal condition of 298 K. 

 If the adsorbable species exist at the trace level and the flow rate and temperature are constant during the experiment, one can calculate the amount adsorbed at a specific equilibrium concentration (inlet concentration) as follows :
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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. In Fig 1, we compared the data obtained by static volumetric method with the data obtained from the breakthrough data analysis. In this figure, the closed symbols indicate the data obtained by the static volumetric method, the open symbols indicate the data obtained from the breakthrough data analysis, and the prediction result using the D-A eqn. is represented by the solid line, respectively. As can be seen, the qualitative agreements of two different experimental techniques are found in the data. 

Column Dynamics

 A mathematical fixed bed model was used to simulate the column dynamics of adsorption of pure toluene. Typical adsorption breakthrough curves for toluene are illustrated in Figures 2 and 3. As can be found in Figure 2, the dynamic behaviors were affected by the feed concentrations. It is obvious that the high feed concentration makes abrupt breakthrough more than the low feed concentration. Besides, when the feed concentration is lower, a very long time is required for reaching the bed saturation. It is due to that the equilibrium amount of toluene on polymeric adsorbent is very high even at low concentration. In addition, the fluid velocity can also play a role in column dynamics as shown in Figure 3. As can be found in this figure, the lower fluid velocity makes the breakthrough curves more broad.  By using a mathematical model to optimize the breakthrough data of toluene with the prediction results, the values of the overall linear driving force mass transfer coefficients were obtained for various experimental conditions. By adapting a non-linear regression technique, the results were correlated with the following relationship:


[image: image2.wmf][

]

[

]

96

.

0

46

.

0

00465

.

0

u

P

k

´

=







(2)

 A comparison between the observed values of k and the values calculated from Eqn. (2) is shown in Figure 4.

 It can be used to design the VOC recovery equipment since the adsorption-based VOC treatment facilities are usually operated in pressure range of 0.2-0.5 kPa and in linear velocity range of 0.2-0.5 m/s.

4. Conclusions

 In this study, experimental and theoretical studies were made on the adsorption of toluene by polymeric adsorbent in an isothermal condition of 298 K. For the adsorption equilibrium isotherm, the isotherm measured by breakthrough analysis was compared with that by the static volumetric method. The result of the two different experimental techniques agreed well with each other qualitatively. In adsorption dynamics, by using our dynamic model to analyze the breakthrough data, an empirical correlation was suggested to the overall mass-transfer rate of toluene in a fixed bed that is charged with polymeric adsorbent. The correlation agreed with the experiment, relatively. The experimental and theoretical results will contribute to our future work on the removal of toluene from air by the cyclic operation of vacuum swing adsorption (VSA).  
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	Fig. 1.  Equilibrium isotherm of toluene on Dowex Optipore V493 at 298 K
	
	Fig. 2.  Effect of feed concentration under constant velocity
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	Fig. 3.  Effect of bulk fluid velocity under constant concentration
	
	Fig. 4. Comparisons between measured overall mass transfer coefficients and values calculated by Eqn. (2)
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