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Introduction
Because of their widespread use in industry, such as pulp and paper industries, and their toxicity and recalcitrance, chlorophenolic compounds constitute an important class of environmental pollutants. Chlorophenols have found as pesticides, biocides, and monochlorophenols that can be formed during the breakdown of pesticides and other chlorinated aromatic compounds. Furthermore, some of the less chlorinated chlorophenols (especially monochlorophenols) can be generated during the chlorination of wastewaters (Pritchard et al., 1987). Because of their relatively high solubility, chlorophenols cannot only contaminate wastewaters and groundwaters but also migrate within different aqueous environments (Smith and Novak, 1987). 

Ion-exchange has been the most widely used technology in various stages of the separation processes for industrial productions. Although adsorption capacities of nonionic polymeric sorbents are less than those of ion exchangers, the desorption step may be easier and faster than the case when one employs an ion exchanger. Therefore, it is meaningful to investigate the adsorption equilibria, kinetics, and column dynamics of chlorophenols-nonionic polymeric resin systems in detail. 

In this work, we investigated the adsorption and desorption characteristics of chlorophenols such as 2-CP and 2,4-DCP on a nonionic polymeric sorbent. A simple dynamic model for fixed-bed adsorbers was formulated and solved by an orthogonal collocation method.  
Theory
Among well-known adsorption isotherms for single species, the Sips equation was used to fit experimental equilibrium data. The Sips adsorption equation is represented by
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where qm is the amount of adsorption and b and n are empirical constants of the Sips equation.
In the surface diffusion model, adsorption of adsorbates occurs at the outer surface of the particle, followed by diffusion of adsorbate molecules in the adsorbed state along the pore walls inside the particle. The driving force is the concentration gradient of the adsorbed adsorbate on the pore walls. A material balance for a spherical particle results in the following mass transfer equations:
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A surface diffusion model with external mass transfer resistance was selected in this study because of its simplicity and adequacy in describing adsorption of chloropenols from aqueous solution on a nonionic polymeric sorbent. The model was developed for an isothermal adsorption column, packed with porous spherical particles. The flow pattern is described by the axial dispersed plug-flow model. Other assumptions involved in the model include isothermal condition and fast intrinsic adsorption kinetics, as well as local equilibrium between the solid-phase and liquid-phase solute concentrations at the surface of the particles. The diffusion inside a spherical adsorbent particle is described by the following equation:



[image: image4.wmf]÷

÷

ø

ö

ç

ç

è

æ

¶

¶

+

¶

¶

=

¶

¶

r

q

r

r

q

D

t

q

i

i

si

i

2

2

2




(1)

The solute mass balance in the liquid phase is:
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Experimental 

  The nonionic polymeric sorbent used in this study was XAD-1600, a macroreticular and spherical polystyrene resin cross-linked with DVB(divinylbenzene) which was supplied by Rohm and Haas Co. (Spring House, PA). The adsorbates used in this study were 2-chlorophenol (2-CP), 2,4-dichlorophenol (2,4-DCP). They are purchased from Aldrich Chemical Co. (Milwaukee, WI) and used without further purification. 

  Adsorption amounts were obtained by a batch method. Preweighed amounts of hydrated XAD-1600 were placed in test tubes containing 200ml of a solution with a known initial solute concentration. The tubes were then placed on a shaker for a period of 7 days in a temperature-controlled oven. After equilibrium, a UV spectrophotometer (Varian, model DMS 100s) was used to measure the adsorbate concentration in the solution. Wavelengths of 270, 281nm were used for 2-CP and 2,4-DCP, respectively. The equilibrium amount of solute adsorbed was then calculated by a mass balance. After adsorption, adsorbents were filtered from the solutions and then desorption amounts were obtained by a same batch method.

Adsorption experiments were conducted in a Carberry type batch adsorber. The pretreated resin particles were put inside the cage. Experiments were carried out at 500 rpm. Liquid samples were taken periodically by using an airtight precision syringe, withdrawing the solution from the vessel through the sample hole.
Dynamic adsorption experiments were carried out in a glass column of 0.01m diameter and 0.10m length, which was packed with resin particles. To prevent channeling and to enhance the flow distribution through the column, two layers of small glass beads were packed in the top and bottom regions of the column. Samples were withdrawn from the effluent line and were analyzed to get breakthrough curves.

Results and Discussion
Among well-known adsorption isotherms for single species, Sips equation was used to fit experimental equilibrium data. The Sips parameters are listed in Table 1. As illustrated in Fig. 1 adsorption amount of 2,4-DCP on XAD-1600 is greater than that of 2-CP. Fig. 1 show adsorption and desorption isotherms of 2-CP and 2,4-DCP on the XAD-1600. Experimental results show no hysteresis in the desorption of 2-CP and 2,4-DCP.

Table 1. Sips Parameters for the Adsorption of 2-CP and 2,4-DCP on XAD-1600 at 25℃.

	compound
	
	2-CP
	2,4-DCP

	XAD-1600
	qm
	30.490
	114.320

	
	b
	0.034
	0.016

	
	n
	2.141
	2.779

	
	E(%)
	0.94
	1.70


The film mass transfer coefficient of 2-CP and 2,4-DCP on XAD-1600 are 0.58 and 0.79(10-4m/sec, respectively. The effective diffusion coefficient estimated by this method reflects all kinds of mass transfer resistances inside a particle. The surface diffusion coefficients of 2-CP and 2,4-DCP on XAD-1600 are 17.5 and 10.5( 10-12 m2/s, respectively. Fig. 2 represents the experimental and simulated data for Chlorophenols in a batch adsorber. The adsorption model shows satisfactory prediction of concentration decay curves using kf and Ds.

Since the flow rate is a very important factor in fixed bed design, its effect should be checked. Fig. 3 shows that the break time appeared earlier with higher flow rates. On the other hand, the breakthrough curves were steeper with higher flow rates. In general, if the flow rate was decreased, the breakthrough curve is becoming steeper. However the results obtained here show contrary tendencies, which can be explained by two reasons, the linear single component adsorption isotherm and the film mass transfer controlling.

For nonionic polymeric sorbents, the solvent regeneration technique has been known to be superior to other methods since the attractive forces binding the solute to the resin surface are physical in nature. Fig. 4 shows desorption curves obtained with 10% aqueous solution of IPA, methanol, with only distilled water, respectively.  The effect of methanol and IPA in desorption is qualitatively similar, but vary significantly in magnitude. As shown in Fig. 4, IPA is sufficient to desorb the amount of adsorption by the same extent as methanol. 
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� LINK Excel.Chart.8 "E:\\Thesis\\Experiment\\Batch\\Batch experiment for 2CP_XAD1600.xls" "C-Conc-2CP" \a \p ���





� LINK Excel.Chart.8 "E:\\Thesis\\Experiment\\Fixed-bed\\fixed.xls" "De" \a \p ���








FFig. 3. Effects of flow rate on the 


       experimental results and model 


       predictions of breakthrough


      curves for adsorption on XAD-1600





FFig. 1. Adsorption and Desorption�       equilibrium of 2-CP and 2,4-DCP�       on XAD-1600 at 298.15K
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FFig. 4. The desorption curves for 2-CP 


       using organic solvents on � XAD-1600 




















� LINK Excel.Chart.8 "E:\\Thesis\\Experiment\\Fixed-bed\\fixed.xls" "Chart2" \a \p ���











� LINK Excel.Chart.8 "E:\\Thesis\\Experiment\\Isotherm\\Isotherm of 2CP-24DCP on XAD-1600 at 25(6.24).xls" "C-Total-XAD1600" \a \p ���





FFig. 2. Observed and Predicted uptake� curves of 2-CP in terms of� concentration on XAD-1600
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