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Introduction
In applying carbon adsorption for treating natural water and wastewater, one often faces the difficulty that the identities and concentrations of organic substances to be removed by adsorption are unknown since wastewater encountered has a series of unidentified organic matters[1]. Therefore it is a very fundamental and important task to characterize the solution before any adsorption process is applied to the system. The characterization result supplies information on adsorption equilibrium of organic matters on carbon in designing and simulating the adsorption system for removing those contaminants from natural water and wastewater. The most common approach for characterization of unknown solutions is to group several components together as a single pseudospecies according to similarity of their physical and chemical properties. That is why a single surrogate quantity such as biological oxygen demand (BOD), dissolved organic carbon (DOC), or total organic carbon (TOC) has been used in representing the total contaminant in the target solution. The presence of a variety of substances with different adsorption affinity in an aqueous solution also requires that one must consider the competitive interaction among them after characterizing the solution into several pseudospecies. 

In this work, The simple characterization procedure depicted by Moon et al.[6] was further tested for a synthetic solution in which organic and inorganic compounds exist together. From equilibrium experiments, it was found that this synthetic solution has a sigmoid type isotherm on activated carbons. This implies that there are two different adsorption regions in a system, favorable and unfavorable, depending on the solution concentration. In this case, any conventional isotherm equation cannot be applied suitably. This unfamiliar problem can be solved using a proper characterization method.

Theoretical Modeling 

The main modification in the characterization procedure proposed by Moon et al.[6] was to assume a simple discrete distribution function to represent a number of pseudospecies with the same Freundlich exponent. Analogous to the continuous function depicted by Kage and Tien[7], the initial concentration of each speudospecies can be assigned by a binomial function in term of Freundlich constant. Furthermore the competitive adsorption between species was estimated by a conventional equilibrium theory such as the ideal adsorbed solution theory (IAST). Assuming that the individual isotherm follows the Freundlich equation with the same exponent, n,
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multicomponent equilibrium can be described by the following set of equations based on the IAST. 
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Here the superscript 0 represents its single-species state and 
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 is the total adsorption amount of the mixture. 
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 is the mole fraction of the i-th species in the adsorbed phase corresponding to 
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 is the equilibrium concentration corresponding to 
[image: image12.wmf]i

o

C

 in its single-specis state. Since the spreading pressure should be the same for all species at equilibrium as represneted by Eq. (7), it should be evaluated at a given equilibrium condition using a Newton’s method. The individual spreading pressure, 
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, at equilibrium can be calculated from Eq. (5). Once the spreading pressure for the mixture is known, the equilibrium values, 
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 and 
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, for the mixture can be calculated from the set of equations above. 

Once the exponent value is properly assigned for a given system, the characterization can be carried out straightforwardly based on a binomial distribution. Then the DOC fraction of the j-th species in the original solution may be represented as follows
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Here each species, j, is specified by a Freundlich coefficient, 
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, which is assigned by the following equation.
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where 
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 is the scale factor which represents the order of magnitude of the lowest 
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 value for the solution in question. Eq. (9) was used since the range of the 
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 value should be wide enough to cover all species, having a dense distribution at lower values. It should be noted that there is a non-adsorbable species assigned by 
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 in the binomial distribution in Eq. (8).

In carrying out the characterization of a given solution, one can use a proper optimization technique to obtain optimum results. In this work, a simplex program was to use to determine characterization results from equilibrium data obtained from different initial concentrations by minimizing its corresponding object function. The objective function, 
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, is defined as


[image: image25.wmf](

)

[

]

å

=

-

=

ND

m

m

T

Tcal

T

C

C

C

ND

F

1

exp

exp

/

100




(10)

The batch adsorption of a solution containing several unknown species was represented by a concentration density function, 
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. When the volume of the solution is V and the mass of fresh adsorbent is M, The solution and adsorbed phase concentrations, 
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 and 
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, of the i-th species at equilibrium are related by the following mass balance equation.
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The initial concentration may be given from its characterization result as follows
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where 
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 is the total DOC concentration of the solution and 
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 is the initial DOC fraction of the i-th species. 

Results and Discussion
The most interesting feature in Fig. 1 is that three different sets of data do not match together. This implies that there is strong competitive adsorption between adsorbing components on PAC. This result can be more strongly confirmed by looking at the characterization results shown in Fig. 2. To check the applicability of the characterization procedure, it was also tested for equilibrium data of the same synthetic wastewater on GAC. The results for GAC are very similar to those for PAC as shown in Figs. 3 and 4. This result implies that the procedure used here is quite suitable in characterizing the synthetic wastewater.
A simple characterization procedure proposed by Moon et al.[6] was further tested for a synthetic wastewater that contains organic and inorganic matters together in removing DOC using PAC and GAC. Even this adsorption system has a highly complex adsorption behavior, the characterization results obtained from different sets of equilibrium data are quite similar regardless of initial DOC concentration or type of activated carbon. This implies that the characterization procedure is quite suitable for the synthetic wastewater to get information on the initial distribution of DOC fraction. From the results obtained in this work, It seems that the application of the characterization procedure will be very beneficial in designing and simulating any adsorption process systematically to remove DOC from natural water and wastewater.
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Figure 4. Concentration distribution for synthetic wastewater on GAC





Figure 3. Equilibrium isotherm data of synthetic wastewater on GAC



































Figure 2. Concentration distribution for synthetic wastewater on PAC





Figure 1. Equilibrium isotherm data of synthetic wastewater on PAC
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