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Introduction
Chlorinated volatile organic compounds (CVOCs) have been produced commercially and used for many purposes in industries. Trichloroethylene (TCE) is one of the VOCs measured in the U.S. EPA’s large scale. TCE is a colorless liquid with a sweet, chloroform-like ordor. Upon combustion TCE produces irritants and toxic gases, which may include hydrogen chloride. TCE is reasonably anticipated to be a human carcinogen based on limited evidence of carcinogenicity from studies in humans, sufficient evidence of malignant tumor formation in experimental animals. EPA regulates TCE as a hazardous air pollutant under the Clean Air Act (CAA) 1990 Amendments. And TCE also regulated under the Clean Water Act (CWA) Sections 301,307, and 311. TCE is a priority pollutant in final discharges resulting from steam electronic power generation. TCE is used mainly as a degreaser for metal parts. [1]

 One of the most effective methods for controlling CVOCs is an adsorption process. The main advantages of adsorption as compared with other separation techniques are its higher selectivity and relatively higher capacity for CVOCs, even at low partial pressures. In general, it has been recognized that activated carbon is the most suitable adsorbent for this application. However, there are number of problems associated with activated carbons such as combustion at high temperature, pore blocking, and hygroscopic property. To overcome these problems, various alternative adsorbents have been developed. [2] A new family of ordered mesoporous materials, M41S, was developed by Mobil scientists in 1992. MCM-41 has a hexagonal arrangement of unidirectional pores while MCM-48 has a cubic structure indexed in the space group. While nitrogen adsorption data are published in almost every paper dealing with the M41S family of materials, studies on adsorption of organics in MCM-41 and MCM-48 are very limited. [3] 

 Fixed bed adsorption has been an important unit operation for separation and purification in engineering applications. It has been realized that the shape of the equilibrium isotherm greatly influences adsorber dynamics. Park and Knabel [4] studied an adsorption system of water vapor and silica gel, that exhibits Type IV isotherm. According to their results, the equilibrium isotherm and heat effects can cause unusual dynamics in fixed bed adsorber. Recently, Yun [5] investigated the unusual adsorber dynamics due to S-shaped equilibrium isotherm. He suggested the basic shape of the adsorption isotherm influences the unusual column dynamics.

 In this work, an interesting dynamic behavior was studied in the MCM-48 / TCE adsorption system which shows remarkable capillary condensation. This system shows the highly unusual adsorption breakthorugh patterns. To investigate the effect of adsorption isotherm on the breakthrough patterns systematically, an experimental and theoretical studies were done in a fixed bed charged with MCM-48.

. 

Theoretical Model 

The mathematical model for the process is a isothermal, dynamic-column adsorption process. The model adopted here utilizes the hybrid isotherm equation and a linear driving force (LDF) rate model to simplify the diffusional mass transfer inside adsorbent particles. Ideal gas law is also applied for the gas phase. 

Mass balance:

[image: image9.emf]0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0 30 60 90 120 150 180

Time, min

C/Co

30

��

50

��

70

��

100

��


(1)

  Mass transfer rates is expressed as a LDFA model:
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The boundary conditions employed correspond to the Dankwert’s boundary conditions for the closed-closed system with no dispersion to the immediate left of  z=0 and to the immediate right of z=L.
  To represent this kind of equilibrium relationship for TCE on MCM-48 system, we was used the hybrid isotherm model. 
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 (Langmuir + Langmuir-Freundlich Isotherm) 
   (3)

 These coupled parabolic second-order partial differential equations, Eqs. (1) and (2), cannot be analytically. Therefore numerical methods have been generally employed. In this work, the coupled PDEs were first reduced to a set of ODEs by an orthogonal collocation method, and resultant ODEs were integrated with respect to time by using the subroutine DVODE. 

Results and Discussion
Adsorption Isotherm 

A lot of equilibrium isotherm models have been proposed over the years. Some of these models have gained more importance than other models due to their simplicity and easy applicability. Figures 1 shows the adsorption isotherm of TCE on pelletized MCM-48 at various temperatures. The shape of isotherm on these materials shows complicated equilibrium relationships, which are distinguishable as linear and favorable types. And the capillary condensation was observed at p/po = 0.30 in pellet. The last linear part of this isotherm is to be due to adsorption on the outer surface of the small M41S small particles and interparticle voids. The shape of equilibrium 
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Figure 1. Experimental and Hybrid isotherms of TCE 

        on activated carbon at 303, 313, and 323 K

isotherm greatly influences the adsorber dynamics. To find the isotherm parameters for each adsorption, the equations were determined using pattern search algorithm namely “Nelder-Mead simplex method”. 
Adsorption Column Dynamics

Using the hybrid isotherm, one can divided the isotherm two regions. The first is linear or favorable region that is depends on the Langmuir isotherm parameter. And the Sips isotherm parameter greatly affects the capillary condensation region. 

To investigate the influence of adsorption isotherm shape on breakthrough behavior, several fixed bed experiments were performed at various influent TCE concentrations. Typical experimental adsorption breakthrough curves with the model simulation results are illustrated in Figure2.  In this system, the breakthrough patterns were strongly influenced by the inlet TCE concentration. In the case of low TCE concentration ranges, the effluent concentration profile showed a typical  
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Figure 2. Experimental and predicted breakthrough 

        curves at various influent conditions.

proportional pattern. In the case of relatively high TCE concentration ranges, however, the effluent concentration profile reached a plateau. The length of this plateau depends on the time necessary to achieve complete filling of the pores by capillary condensation. Figure 3 shows theoretical concentration profiles in the bed for the favorable and capillary condensation region. In the low concentration region, the propagation profile tends to exhibit a constant pattern along the bed at early stage, but the profile becomes broader slowly as the concentration front moves toward the outlet at a steady velocity. At the capillary concentration region, the concentration profile starts with initial patterns similar to that of favorable region, however, it evolves to a shock wave that expands through the higher concentration range, instead of maintaining a proportional pattern.    

  Figure 3. Concentration profiles in the bed at various influent concentrations.
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Figure 4. Desorption breakthrough curves of TCE 

        on MCM-48

  In practical processes, desorption step would be very important as well as the adsorption step since it requires a great deal energy.  Figure 4 shows the effects of several temperatures on desorption profiles of adsorber saturated with TCE at a partial pressure about 5.07 kPa. Desorption profile is similar to that of adsorption curve that shows the plateau at the same temperature. With increasing regeneration temperature, the lengths of plateau was shorten gradually and the requiring desorption time was decreased greatly.  
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