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INTRODUCTION

Volatile organic compounds (VOCs) are major air pollutants that must be controlled under increasingly stringent environmental regulations. Chlorinated volatile organic compounds(CVOCs) are widely used in the chemical industry, including such processes as dry cleaning and decreasing operations. There are a lot of technologies commercially available for VOC abatement[1]. Among adsorption/separation technologies, the activated carbon adsorption is widely used in industry due to easy operation, low operating cost, and efficient recovery of most VOCs[2]. However it has been recognized that an activated carbon frequently encounters a few of problems such as combustion, pore blocking, and hygroscopicity [3]. As a result, alternative adsorbents have been receiving a great deal of attention. Hydrophobic zeolites are proven to be an advancement in controlling VOCs because of their advantages.
There are two well-defined porous adsorbents in the family of M41 materials, first reported by Mobil Company in 1992. MCM41 has a hexagonal arrangement of unidirectional pores while MCM-48 has a cubic structure modeled as a gyroid minimal surface. 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.
The ultimate goal of this study is for the development of an energy efficient removal/destruction process for chlorinated volatile organic compounds (CVOCs) using dual function adsorbent/catalyst media. For this purpose, therefore, we investigated the fundamental adsorption equilibrium and kinetics of CVOCs on manufactured MCM-48.
EXPERIMENTAL

Adsorption amounts and pressure are measured using a quartz spring balance and a high-pressure microbalance (MKS instrument, inc. made in the USA), respectively. The adsorption equilibrium was usually attained within 20-30min. Six different adsorbents (activated carbon, activated carbon fiber , DAY zoelite , SP850, MCM-41, and MCM-48 ) in the range of 0.5~0.1g in the quartz basket were ventilated to remove impurities within them at ~230℃ for approximately 4h by using a vacuum pump. Adsorption amounts are measured at different temperature of 20, 30, 40, 50, 60℃. The adsorbates used in this study are carbon tetrachloride(CCl4), chloroform, dichloroethane(DCE), 1,2-dichloroethene(1,2-DCA), trichloroethane(TCE), tetrachloroethane(PCE), 1·1·2-trichloro-1·2·2-trifluoroethane, and water vapor. 
RESULTS AND DISCUSSION

Adsorption Equilibrium

Figs. 1~4 show various adsorption isotherms under different experimental conditions. In general, the adsorption isotherm of CVOCs show  Type V in the IUPAC classification due to the mesoporous structure of MCM-48 and are completely reversible, in other words, no hysteresis. Almost linear isotherm are observed in the low pressure range, and the onset of pore filling can be seen as an upward swing. A hybrid isotherm of Langmuir and Sips equations with four isotherm parameters 
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 was used to correlate adsorption isotherms. 
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Fig. 1. Adsorption isotherm of TCE

Fig. 2. Adsorption isotherm of      

on various adsorbernts.

      CVOCs on MCM-48.
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Fig. 3. Adsorption isotherm of DCM.    

Fig. 4. Adsorption isotherm of 1,1,2-

trichloro-1,2,2-trifluoroethane

Adsorption Kinetics
The adsorption kinetics of TCE on MCM-48 follows a linear driving force (LDF) mass-transfer model[3]. The LDF model is described by the following equation
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where, 
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 is the rate constant. Figs. 6-8 show the kinetic profiles of TCE on MCM-48 according to the different ranges of the step depicted in Fig. 5. The solid lines are results predicted by both linear plot of 
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Fig. 5. Adsorption isotherm of TCE.

Fig. 6. Uptake profile for step1
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Fig. 7. Uptake profile for step2.

Fig. 8. Uptake profile for step 4.
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