MCM-48 에서 CVOCs의 흡착동특성
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Introduction
Chlorinated volatile organic compounds (CVOCs) have been produced commercially and used for many purposes in industries. Uses outside the chemical industry include solvent degreasing in the automotive and aerospace industries, dry cleaning solvents in the garment industries, and solvent cleaning in the electronic industries. Due to the significant economic and environmental implications of disposing CVOCs, much attention has been recently directed towards cost-effective pollution – prevention techniques aimed at reducing CVOCs emissions from industrial facilities. There are many techniques available to control CVOCs emissions with different advantages and limitations. These techniques are basically classified into two different groups: (i) destruction based and (ii) recovery based (Khan et al., 2000). In a practical CVOC removal process, an ideal adsorbent is expected to have (1) a large amount of reversible adsorption capacity (large accssible pore volume), (2) no catalytic activity, (3) hydrophobicity, (4) high thermal and hydrothermal stability, and (5) an easy regeneraion property.

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.

A new family of ordered mesoporous materials, M41S, was developed by Mobil scientists in 1992 (Avelino Corma, 1997). Characteristic properties of these materials are large surface area and narrow pore size distribution. There are well-defined porous adsorbents in the family of M41S materials. MCM-41 has a hexagonal arrangement of unidirectional pores while MCM-48 has a cubic structure indexed in the space group. 

  In this study, an interesting dynamic behavior was observed in the MCM-48-TCE system. Therefore, this paper presents adsorption isotherm and modelling results on an unusual adsorption column dynamics. 

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. 

The component mass balance can be expanded for a isothermal, isobaric process to give; 
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(1)

  The overall mass balance equation is represented as follows; 
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(2)

  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) 
(4)

 These coupled parabolic second-order partial differential equations, Eqs. (1) and (4), 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. The linear algebraic equations arising from the discretized overall material balance were efficiently solved using LU-decomposition. 

Results and Discussion
Adsorption Isotherm 

Adsorption isotherm provides important information for analyzing and modeling of a given adsorption system. The adsorption amounts of TCE vapor were measured by a quartz spring balance, which was placed in a closed glass system. A given amount of MCM-48 particles were placed on the dish which was attached to the end of quartz spring and the system was vacuumed for 6 hours at 10-7 mbar and 250 oC to remove volatile impurities form MCM-48 particles. A pressure sensor measured the pressure of the system and the variation of weight was measured by a digital acquisition system, which is connected with the spring sensor.

Adsorption equilibrium data of TCE measured are shown in Figure 1. The shape of isotherm on this material shows complicated equilibrium relationships, which are distinguishable as linear and favorable types. The isotherms are type IV according to the IUPAC classification, with a steep increase between 0.2 and 0.3 relative pressure. And the capillary condensation was observed at p/po = 0.20. The last linear part of this isotherm is due to adsorption on the outer surface of the small M41S particles and interparticle voids. Adsorption equilibrium data of TCE were fitted with a hybrid isotherm. All isotherm parameters were determined by minimizing the object function, namely the average percent deviation between experimental and predicted results and listed in Table 1.

         Table 1. Adsorption equilibrium constants of TCE on MCM-48

	Parameter
	qm
	b1
	b2
	n

	Value
	4.977
	0.879
	3.214E-19
	37.07


Adsorption Column Dynamics

The performance of an adsorption-based process greatly depends upon the effectiveness of design and operating conditions. Therefore, rigorous approaches to the design and operation of the adsorption system must be used to ensure efficient applications.

Figure 2 shows the effect of TCE concentration on breakthrough curves obtained from MCM-48 columns. To investigate the effect of M41S shaped equilibrium isotherm on breakthrough behavior, several fixed bed simulations were performed at various influent TCE concentrations. The shape of equilibrium isotherm greatly influences the adsorber dynamics.

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. 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, the effluent concentration profile showed a typical 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. 
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Fig.2. Breakthrough curves at 308.15K for TCE on MCM-41





Fig.1. Adsorption isotherm of TCE on MCM-41 at 308.15 K
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