여러 고분자 흡착제에 대한 톨루엔의 흡착평형

정재훈, 최대기, 김성현*, 이후근**
한국과학기술연구원 환경복원연구센터, 고려대학교 화학공학과*,카엘환경연구소**
Adsorption equilibria of Toluene on Polymeric adsorbents

Jae-Hoon Jeong, Dae-Ki Choi, Sung-Hyun Kim* and Hoo-Kun Lee**
Environment Remediation Research Center, Korea Institute of Science & Technology,

Department of Chemical Engineering Korea University*, Kael Co.**
Introduction

One of the most effective methods of controlling emissions of VOCs is adsorption. The design of adsorptive separation and purification processes requires primarily the knowledge of thermodynamic data on the adsorption equilibrium for the adsorption system of interest.  For practical applications, the adsorption equilibria must be known over a broad range of operation temperature. This information is used to calculate the operation time of a specific concentration level and to derive optimum size of adsorbers and operating conditions. Moreover, equilibrium isotherm of pure species adsorption system is perhaps fundamental information for the dynamic simulation of adsorbers[1].
Recently, some interests have been focused on the potential application of polymer 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. Such uniformity of physical properties has adsorption homogeneity and often allows regeneration under milder conditions. The feasible applications of polymeric adsorbents are to remove hydrophobic components from dilute  solutions and air streams. Moreover, one of the advantages of polymeric adsorbents is that the adsorption can occurs by weak adsorption affinity more than the other adsorbents such as activated carbons. therefore, it can be expected that the polymeric adsorbents may be used to treat solvent vapors by pressure swing operation without the addition of thermal energy for regeneration[2].
 In this study, the organic solvent considered as the adsorbates is toluene. As the possible adsorbents for VOCs treatment, three polymeric adsorbents were selected. The polymeric adsorbent samples were Ambersorb-600, Dowex optipore V493 and Sp-850. We present the adsorption equilibrium data of toluene on each polymeric resins at 273.15, 298.15, 323.15, and 348.15 K and pressures up to 2.95 kPa.

Theory

Information concerning the relevant adsorption equilibria is generally an essential requirement for the analysis and design of an adsorption separation process. For many decades, therefore, many researchers have considered adsorption equilibrium from the thermodynamic perspective and developed a number of theories for the equilibrium isotherm based on various assumptions concerning the nature of the adsorbed phase. In principle, equilibrium isotherm data should be obtained by a large number of experiments for a particular adsorbent and adsorbates of interest, but it is quite tedious or sometimes impossible that such a large number of experiments are carried out. Therefore, theoretically or empirically derived isotherm equations have been used. For pure species adsorption system, the equilibrium is established after the gas has been in with the adsorbed phase for a long time, and is represented in the general form :

f ( N , P , T ) = 0                                    (1)

In this equation, N is the amount adsorbed, P is the equilibrium pressure, and T is the temperature. For the isothermal condition, Eq. 1 can be represented by the adsorption isotherm :

N = f ( P )T   and  P = f-1 ( N )T                         (2)

 The adsorption isotherm, Eq. 2, is most frequently used in studies of adsorption equilibrium, and is represented by mathematical equations such as the Lanmuir, the Freundlich, the Sips, the Toth,  the Unilan, and the other models (such as the pore filling theory and the vacancy solution theory).

 It has been generally known that adsorption is accompanied by evolution of heat, since adsorbate molecules are more stabilized on the adsorbent surface than in the bulk phase. In addition, the amount of heat evolution by unit adsorption depends on the system adopted. Thus, information concerning the magnitude of the heat of adsorption and its transition with surface coverage can provide useful information concerning the nature of the surface and the adsorbed phase. The isosteric heat of adsorption, qst (sometimes denoted as -(H), is defined by an equation of the Clausius-Claypeyron type:
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As stated by Hill, when the surfaces are energetically homogeneous and there is no interaction between adsorbed molecules, the isosteric heat of adsorption is independent of the amount adsorbed. However, if different levels of surface energy exist and the interactions between adsorbed molecules cannot be neglected, the isosteric heat of adsorption varies with the surface coverage[3]. 

Experimental section

 Materials.  The polymeric adsorbents, Ambersorb-600, Sp-850, and Dowex optipore V493., was chosen as the adsorbent. Ambersorb-600 was supplied by Rohm and Haas company , Dowex optipore V493 was supplied by Dow chemical company. and Sp-850 was supplied by Mitsubishi chemical company. Prior to measurement, the sample was kept in a drying vacuum oven at 423K for more than 24h to remove impurities. The toluene was obtained from J.T.Baker Inc, and the purity of this material was 99.99%. 

Apparatus and Procedure. The adsorption apparatus is based on the static volumetric method. In the method, the total quantity of vapor admitted to the system and the amount of vapor in the gas phase at equilibrium are determined by appropriate Pressure, Volume, and Temperature measurements. The system pressure measurements are made by a Baratron absolute pressure transducer (MKS type 270D). Its pressure range is from 0 to 133.33 kPa, and its reading accuracy is 0.05 % within the usable measurement range. During the adsorption, the adsorption cell was placed in a water bath and temperature was maintained constant within (0.02 K by the refrigeration circulator (Haake type F3).

 To eliminate any trace of pollutants, the polymeric resins are kept in a drying oven of 423 K for 24 h. Its mass was determined with an accuracy of (10 (g and introduced into the adsorption cell. Prior to each isotherm measurement, the charged polymeric adsorbent was regenerated at 423 K under a high vacuum for 13h. An oil diffusion pump and a mechanical vacuum pump in combination (Edward type Diffstak 63/150M) provided a vacuum down to 10-3  Pa, and the evacuation was monitored by both an ion gauge and a convectron gauge with a vacuum gauge controller (Granville-Phillips type 307). The volume of the adsorption cell is determined by expansion of helium gas at the experimental temperature. Details of the equipment and the operating procedures used are described in the previous publications of Yun and Choi[4,5].
Results and Discussion

 The adsorption equilibrium data of toluene vapors on polymeric resins were obtained. Measurements were done at 273.15, 298.15, 323.15 and 348.15 K and pressure up to 2.95 kPa. Figures 1, 2, and 3 show the adsorption equilibrium isotherms of toluene on Ambersorb-600, Sp-850 and Dowex optipore V493 at various temperatures. In these figures, the experimental data are represented as symbols and isotherm fitting as solid lines. 

At the high pressure region, the order of the amount adsorbed at the same pressure is Dowex optipore V493, Sp 850, and Ambersorb 600. At the low pressure region, however, the order of the amount adsorbed is Ambersorb 600, Dowex optipore V493, and Sp 850. This fact implies that the order of the adsorption affinity is Ambersorb 600, Dowex optipore V493, and Sp 850. To correlate the experimental data of toluene-Ambersorb 600 system, the Unilan equation was employed[6].
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 where N is the amount adsorbed, P is the equilibrium pressure, and c, m, and s are isotherm parameters.

 On the other hand, to the other systems, toluene-Sp-850, toluene-Dowex optipore V493, the Dubinin-Astakhov equation was employed to describe the experimental data. It has been reported that the Dubinin-Astakhov equation has found utility in interpreting adsorption by capillary condensation or pore filling[7].
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 where W is the specific volume of adsorbate condensed in micropores at temperature T and relative pressure P*/P (P* is the equilibrium saturation vapor pressure at T), W0 is the limiting specific volume of the adsorbed space, which equals the micropore volume, N is the moles adsorbed at equilibrium, ε = △G = RT ln (P*/P), β is the affinity coefficient, V0 is the saturated liquid molar volume, and r and E0 are the specific parameters of the system investigated. As shown in Figure 4, the isosteric heat of adsorption is varied with the surface loading for sample adsorbate. This result indicates that the polymeric adsorbents used has an energetically heterogeneous surface. 
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	Figure 1. Adsorption isotherms for toluene on Ambersorb-600 at various temperatures 

:● 273K; ▼ 298K; ■ 323K; ◆ 348K; ( Unilan equation.
	
	Figure 2. Adsorption isotherms for toluene on Sp-850 at various temperatures :● 273K; ▼ 298K; ■ 323K; ◆ 348K; ( D-A equation.
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	Figure 3. Adsorption isotherms for toluene adsorption on Dowex optipore V493 at various temperatures :● 273K; ▼ 298K; ■ 323K; ◆ 348K; ( D-A equation.
	
	Figure 4.  Variation curves of isosteric heat of adsorption with respect to surface loading.
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