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Introduction
   Volatile organic compounds (VOCs) are major air pollutants that must be controlled under increasingly stringent environmental regulations. There are a lot of technologies commercially available for VOC abatement. These techniques are basically classified into two different groups: (i) destruction based and (ii) recovery based. In a practical VOC removal process, an ideal adsorbent is expected to have a large amount of reversible adsorption capacity (large accessible pore volume), no catalytic activity, hydrophobicity, high thermal and hydrothermal stability, and an easy regeneration property. Among various adsorbents used in adsorption/separation technologies, the activated carbon has been widely used in industry due to easy operation, low operating cost, and efficient recovery of most VOCs [1]. However it has been recognized that activated carbon frequently encounters a few of problems such as combustion, pore blocking, and hygroscopicity. As a result, alternative adsorbents have been receiving a great deal of attention. 

[image: image1.wmf]a

K

   There are two well-defined porous adsorbents in the family of M41 materials, firstly reported by Mobil Co. in 1992. MCM41 has a hexagonal arrangement of unidirectional pores while MCM-48 has a cubic structure modelled as a gyroid minimal surface as shown in Fig. 1. Interesting physical properties of MCM-48 are its high specific surface area, specific pore volume, and high thermal stability. The catalytic properties can be adjusted by the incorporation of different metals (titanium, niobium, aluminum, etc.) into the MCM-48 framework. Therefore, MCM-48 seems to be a more interesting candidate as an adsorbent in separation techniques or as a catalyst support than MCM-41. Its interwoven and branched pore structure provides more favorable mass transfer kinetics in catalytic and separation applications than MCM-41 with unidirectional pore system [2,3].

The ultimate goal of our research group is for the development of an energy efficient removal/destruction process for VOCs using dual function adsorbent/catalyst media. For this purpose, therefore, we investigated the fundamental adsorption equilibrium, kinetics and column dynamics of TCE (trichloroethylene) as a model compound among VOCs on a manufactured MCM-48.                                                                  

Fig. 1. Structure of MCM-41(top) and 

MCM-48(bottom).
Experimental

[image: image11.emf]MCM-48 sample was synthesized as follows. Cethyltrimethylammonium bomide (CTMABr, C19H42BrN, Aldrich), LE-4 (polyoxyethylene lauryl ether, C12H25(OCH2CH2)4OH, Aldrich) were dissolved in Teflon bottle containing deionized water at 333 K. This aqueous solution was added dropwise to a another aqueous solution in Teflon bottle containing Ludox AS-40 (Du Pont, 40 wt% colloidal silica in water), NaOH, and deionized water under vigorous stirring. The solution mixture was preheated in a water bath kept at 313 K. The resultant gel was loaded to autoclaves, and the mixture was hydrothermally treated at 373 K for 75 h. The mixture was then filtered and washed with 500 mL deionized water. After drying at 333K for overnight, the dried solid was then calcined in air at 873 K for 10 h at a heating rate of 272 K/min. Nitrogen adsorption and desorption isotherms, BET surface areas, and BJH (Barrett, Joyner and Halenda) pore size distributions of the synthesized sorbents were measured at 77 K using a Micromeritics ASAP 2000 automatic analyzer. Prior to measurment, the samples were outgassed at 623 K for 10 h. X-ray powder diffraction data of mesoporous sorbents were collected on Phillips PW3123 diffractometer equipped with a graphite monochromater and Cu 
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  Fig. 2. Nitrogen Adsorption and Desorption at 77K.

radiation of wavelength 0.154 nm. XRD patterns were obtained between 2o and 50o with a scan speed of 1o/min. Also, particle size analyzer (France, CILAS 1064 L) were used for the determination of particle size distribution. 

Adsorption Equilibrium and Kinetics

   Fig. 3 shows the adsorption and desorption isotherms of TCE on MCM-48 at 308.15K. The solid line was correlated with a hybrid isotherm of Langmuir and Langmuir-Freundlich equations with four isotherm parameters 
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The adsorption isotherm shows a Type IV in the IUPAC classification due to the mesoporous structure of MCM-48 and is completely reversible, in other words, no hysteresis. Almost linear isotherm can be observed up to 2.5kPa. However, the onset of pore filling can be seen as an upward swing in the range of 2.5-2.6kpa. The isotherms are type IV according to the IUPAC classification. The last linear part of this isotherm is to be due to adsorption on the outer surface of the small MCM-48 small particles and interparticle voids.

Adsorption Kinetics

The kinetics of adsorption of TCE on MCM-48 was determined by using the following equation:
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where 
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 is the uptake at time, 
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 is the equilibrium uptake, and 
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 is the rate constant. Fig. 4 shows the typical kinetic profiles of TCE in the range of step 2 showed in Fig. 3. The solid lines are results predicted by both linear plot of 
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Fig. 3. Adsorption and desorption isotherms         
Fig. 4. Uptake profiles of TCE on 

of TCE on MCM-48 at 308.15K.
                
      MCM-48 in the range of step 2.

Adsorption Dynamics

Fig. 5 shows the adsorption and desorption breakthrough curves of TCE in activated carbon and MCM-48. In this study, an interesting dynamic behavior was observed in the MCM-48-TCE system. Fig. 6 shows the two adsorption breakthrough curves according to the different isotherm range.To analyze this system, we used a hybrid isotherm model and a linear driving force (LDF) rate model to simplify the diffusional mass transfer inside adsorbent particles. The solid line indicates the predicted results from a simple dynamic model. The model equations were solved by numerical technique based on orthogonal collocation on FEM (finite element method). Because it was hard to find any proper isotherm for the whole region, the hybrid isotherm was used. In this system, the breakthrough patterns were strongly influenced by the inlet TCE concentration. In the case of low TCE concentration ranges (1.76 kPa), the effluent concentration profile showed a typical proportional pattern. In the case of relatively high TCE concentration ranges (5.07 kPa), 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. We will presents experimental and modelling results on an unusual adsorber dynamics. 
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Fig. 5. Breakthrough curves of TCE on MCM-48          Fig. 6. Comparison of experimental and theoretical

and activated carbon at 303.15K.                 breakthrough curves of TCE on MCM-48 pellet.
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