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INTRODUCTION

   This paper discusses the effect of organic and inorganic contents of wastewater on the removal of dissolved organic carbon (DOC) by powder activated carbon (PAC). Each single component of organic compounds in the presence and absence of inorganic compounds was described using the mathematical model through a series of isotherm and batch experiments. Batch experiments on PAC adsorption were conducted with three different types of PAC. The synthetic wastewater used was prepared by a known quantity of organic and/or inorganic compounds. The removal efficiency of DOC in synthetic wastewater was studied to mathematically describe the overall adsorption isotherms. The determination of the kinetic and equilibrium parameters for the target organic compounds in synthetic wastewater and the effect of inorganic compounds on DOC adsorption were studied. The experimental results showed that (i) wood based PAC produced the better effluent quality in terms of DOC; (ii). the DOC adsorption capacity of organic compounds decreased due to the presence of existing inorganic compounds; and (iii) the adsorption remove DOC dominantly at the early stage of batch experiments; (iv) the simultaneously biodegradation (of a first order reaction) is essential for the simulation results due to biodegradation was observed along with adsorption after 2 days of batch experiments. 
TEHEORETICAL APPROACH

ADSORPTION MODELS
   The Freundlich model was employed satisfactory to describe the experimental data, instead of more complex models used to describe equilibrium isotherms. Freundlich isotherm although is empirical, it is often used in practical situations. It is especially useful to describe unfavorable adsorption. 
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In a vessel,  the mass balance for a batch adsorption can be written as follows: 
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Where V is the volume of the vessel, W is the amount adsorbed. The amount adsorbed on solid phase, 
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, is in equilibrium with the surface concentration, 
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The initial conditions are
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Where 
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 is the equilibrium concentration and 
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 is the biodegradation time.

A quantitative representation of uptake rate of adsorbate requires the solution of appropriate intraparticle diffusion equation. Most of the adsorption processes use pore, surface and combined diffusion model. However, those diffusion models are appropriate because the wastewater consists of number of organics. Therefore, LDFA(Linear Driving Force Approximation) was used in this study to predict experimental data and equilibrium amount in equilibrium state. The LDFA equation, a lumped parameter model, is simple. Here, it is assumed that the uptake rate of adsorbate by a PAC grain is linearly proportional to a driving force, defined as the difference between the surface concentration and the average adsorbed-phase concentration.

EEFECT OF BIODEGRADATION 

The kinetics of the TOC reaction rate can be expressed as
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Here for simplicity and practical reasons, first-order reaction kinetics is assumed. where 
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 is the amount of the first-stage DOC remaining in the water at time 
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 and 
[image: image18.wmf]r

 is the reaction rate constant. Integrating equation (6),
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where 
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C

 is the DOC remaining at time (i.e., the total or ultimate first-stage DOC initially present).

EXPERIMENTAL

In this study, three different types of activated carbons (wood based, coal based and coconutshell based) were used in this study. The organic removal by batch adsorption system was evaluated in terms of DOC. Equilibrium parameters were determined by 8 hour isotherm tests. After the bottles were agitated for 8 hours, duplicate samples were taken from each bottle, filtered through 0.45 mm filter, and analyzed for DOC. The amount of each component on the carbon at equilibrium was calculated from the mass balance equation as follows. Where 
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 is the weight of adsorbent (g) and 
[image: image23.wmf]V

 is the volume of adsorber (L).
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Where 
[image: image25.wmf]M

 is the weight of adsorbent (g) and 
[image: image26.wmf]V

 is the volume of adsorber (L). DOC adsorption kinetic parameters were determined by batch experiments. All samples of batch experiments were analyzed for TOC using UV-Persulfate TOC analyzer (DOHRMANN Phoenix 8000). Batch kinetic tests were conducted in well-mixed jars (1 L) filled with the synthetic wastewater to obtain information of diffusion and removal of DOC by PAC.
RESULTS AND DISCUSSION

 Figure 1 presents the equilibrium isotherm for each organic compound in the synthetic wastewater in the presence and absence of inorganics. As can be seen from Figure 1, the DOC adsorption capacity of organic compounds decreased because of the presence of existing inorganic compounds.
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It also showed the adsorption is the predominant mechanism for the removal of DOC during the early stage of batch experiments. Figure 2 shows the observation of both biodegradation and adsorption after 2 days of batch experiments. Hence, the necessarily of simultaneously biodegradation of a first order reaction assumed between organics compounds and inorganic compounds is significant for the simulation results from the modellings used. The biodegradation was higher with the lower concentration of organic (Figure 3). As can be seen in Figure 4, the biodegradation did not occur when only two organic components were used.
CONCLUSIONS

   The performance of wood based PAC is better in removing DOC compared to the two other kinds of PAC. The biodegradation of organics started to occur in 8 hours. This effect is higher in low concentration (less than 5 ppm). Biodegradation was explained from the first order coefficients depending on concentrations. From equilibrium isotherm results, the unfavorable isotherm was observed. The presence of glucose and yeast in synthetic wastewater is a major reason for that phenomenon. The adsorption mathematical model incorporating with the first order biodegradation can simulate well the experimental results.
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Fig. 4. Biodegradation of binary organic compounds, three compounds with inorganics or without inorganics





Fig. 3. Equilibrium isotherm of synthetic wastewater at different initial 


concentrations.











Fig. 2. Long term batch experiments (50 hours) at different organic concentrations





Fig. 1. Equilibrium isotherm of each components with and without inorganic compounds in synthetic wastewater 
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