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INTRODUCTION

Increasing concern over surface water pollution by pesticides has been voiced in recent years. Major sources contributing to this pollution include surface run-off from agricultural land, direct application, domestic usage, industrial waste and large-scale total weed control operations on industrial sites, railways and road verges. 2,4-Dichlorophenoxyacetic acid(2,4-D) , 2,45-Trichlorophenoxyacetic acid (2,4,5-T) are a class of manufactured chemicals that do not occur naturally in the environment. The most commercially important 2,4-D, 2,4,5-T are used in making dyes, wood preservatives, explosives, insect control substances, and other chemicals, and as a photographic developer. 2,4-D, 2,4,5-T enter the air, water, and soil during its manufacture and use. It may be formed from reaction of other chemicals in the air. It may also enter the environment through landfill and storage tank leaks, or accidental spills during manufacture or transport. The amount of 2,4-D, 2,4,5-T ingested that causes harmful effects varies among people. Increased basal metabolic rate, increased sweating, a feeling of warmth, weight loss, and increased heart rate, breathing rate, and body temperature have been observed in people who swallowed as little as 1 mg/kg/day  for short or long periods of time. Among the several currently known physical, chemical, and biological method for wastewater reuse, adsorption is one of the key processes that determines the distribution and fate of organic pollutants in the environment. The available literature pertaining to the adsorption process used in wastewater treatment primarily deals with activated carbon. Recognizing the economic drawback of activated carbon, many investigators have studied the feasibility of using cheap, commercially available materials as potential adsorbent. Activated carbon possesses a large capacity for adsorption of organic matters, due to its large surface area and porosity. Pore structure, in terms of surface area and pore volume, is an important property of activated carbon products, which determines the performance of the carbon during adsorption. Investigations reported in the present paper deal with the equilibrium studies, adsorption dynamics for removal of 2,4-D, 2,4,5-T from the aqueous phase. 

THEORY  

A surface diffusion model with external mass transfer resistance was selected in this study because of its simplicity and adequacy in describing adsorption of 2,4-D and 2,4,5-T from aqueous solution on a activated carbon. 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 spherical adsorbent particles, 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:
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Figure 4. 

Comparison of breakthrough curves of 

2,4,5-T as a function of velocity. 
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The solute mass balance in the liquid phase is:
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The adsorption isotherms of each species were represented by the Sips equation The system of partial differential equations were numerically solved. Eqs. (1) and (2) were first discretized using an orthogonal collocation method . By this method, the second-order partial differential equations are reduced to a set of first-order ordinary differential equations. The resultant equations were simultaneously integrated using an integrating package, LSODI of the International Mathematics and Science Library(IMSL).
EXPERIMENTAL
Prior to experiments, all carbon particle were boiled in distilled water for 24hr and washed in distilled and deionized water to remove impurities. After drying in a oven at 103-105oC, the carbon particle was passed through 16 mesh and retained on 20 mesh. The properties of activated carbon are listed in Table 1. 

Equilibrium experiments were carried out by contacting a given amount of sorbent with  2,4-D, 2,4,5-T solution and keeping in a constant temperature shaking incubator. After equilibrium was reached, the concentration of 2,4-D, 2,4,5-T was analyzed using a ultraviolet-visible spectrophotometer (Shimadzu, model 1601) at 283, 289 nm, respectively. The adsorption capacity of the activated carbon was calculated from the material balance. Kinetic experiments for the determination of internal diffusivities are conducted under the condition of 400 rpm in a batch system.

Dynamic adsorption experiments were carried out in a glass column of 0.01m diameter and 0.10m length, which was packed with activated carbon. The column was lined with a water jacket to maintain a uniform column temperature.  The flow rate was regulated by a precision pump. The solution was introduced downward into the column. 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  DISCUSSIONS

As illustrated in Fig. 1, adsorption amounts of 2,4,5-T on activated carbon is greater than that of 2,4-D at 298K. The experimental data are well correlated by Sips equation. Fig. 2 shows experimental and simulated data for 2,4-D on activated carbon in batch adsorber. The pore diffusion model shows satisfactory prediction of concentration decay curve. Figure 3. shows the effect of bed length on adsorption of 2,4-D on activated carbon. The experimental 

Table 1. Properties of a activated carbon.

	Property
	Values
	Units

	Particle diameter
	1.015 x 10-3
	m

	Particle density
	772.906
	kg/m3

	BET surface area
	1112
	m2/g

	Average pore diameter
	26.14
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	Total pore volume
	7.24 x 10-4
	m3/kg


results show that the breakthrough curve has sharper shape when a shorter column used. Figure 4. shows that the breaktime was shorter when a higher flow rate was employed on fixed bed. Usually, the intraparticle diffusivity is believed to be independent of flow rate. However, the breakthrough curves were found to be steeper at higher flow rate as shown in Figure 4. This phenomenon is attributed to external film mass transfer resistance. This resistance is smaller when flow rate is higher, so that the length of mass transfer zone is reduced and a sharper breakthrough curve is generated. 
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Figure 1

. Adsorption isotherms of 2,4-D and 2,4,5-T 

on Activated carbon at 298K.
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Figure 2.

 

Batch adsoption of 2,4-D on AC at 298K.
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Figure 3.

 Comparison of breakthrough curves of 2,4-D 

as a function of height. 
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Figure 4. 

Comparison of breakthrough curves of 

2,4,5-T as a function of velocity. 
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