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Introduction
Adsorption is a process by which material accumulates at the interface between two phases. These phases can be any of the following combinations: liquid-liquid, liquid-solid, gas-liquid, and gas-solid. The adsorbing phase is called the adsorbent, and any substance being adsorbed is termed as an adsorbate. Adsorption onto solid adsorbents has great environmental significance, since it can effectively remove pollutants from both aqueous and gaseous streams. Due to the high degree of purification that can be achieved, this process is often used at the end of a treatment sequence. Activated carbon, the most popular adsorbent, has been traditionally used for the removal of odors, taste and colors which are caused by trace pollutants. The carbons are often used as adsorbents in air purification and solvent recovery processes and purification processes. Activated carbon has a variety of applications in the chemical process industries. Activated carbon can be described as an amorphous form of graphite, with a random structure of graphite plates. The structure is highly porous, with a range of cracks and crevices reaching molecular dimensions. Solvent recovery via carbon adsorption has been regarded as a logical consideration for any industrial process exhaustion sizable quantities of valuable solvent. Probably, the experimental equilibrium isotherms are most important to judge the feasibility of the adsorption process for a given application. Those are also useful for the selection of the most appropriate adsorbent and the preliminary determination of adsorbent dosage requirements. Moreover, the isotherm plays a crucial role in predictive modeling procedures for analysis and design of adsorption processes and facilities. A gravimetric method using a quartz spring was applied to study the adsorption equilibrium and kinetics in gas/solid systems. This experimental technique has been used many times in the gas/solid system for equilibrium studies and for kinetic studies. The gravimetric method is a well established technique for obtaining adsorption equilibria of pure gases and vapors. On the other hand, apparently little is known about the gravimetric measurement of adsorption equilibria of gas mixtures, even though this method is readily accomplished in comparison with other experimental techniques. In the gravimetric procedure, the total amount of adsorbate at constant temperature and gas composition is measured directly with a microbalance while increasing the gas pressure from zero to a stipulated final pressure. An important advantage of using the gravimetric technique to determine mixture adsorption equilibria is that the high sensitivity of a microbalance makes it possible to work with small amounts of adsorbents (0.1g), which means that the adsorption equilibrium can be achieved quickly. Usually, for laboratory studies of equilibrium and rate behaviors, experiments are conducted through gravimetric, columnar, or diffusion cell reactors. Although the experimental procedures are relatively simple, complex mathematical expressions must be solved numerically to obtain the rate parameters. The use of a gravimetric differential reactor allows the simultaneous determination of rate and equilibrium information and simplifies the mathematical solutions. 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 operating conditions. Moreover, equilibrium isotherm of pure species adsorption system is perhaps fundamental information for the dynamic simulation of adsorbers.

Theoretical Model 
The adsorption rate is controlled only by the effective intraparticle diffusion coefficient. A differential reactor offers an advantage over traditional methods (such as completely mixed batch or long columns) in terms of mathematical simplification. While other methods use numerical solution to estimate effective diffusivity, analytical solutions are easily obtained with a differential column reactor. To derive the fundamental equations for the process, it is assumed that the system is isothermal, that there is no resistance from sorption-desorption at the active sites, and that the velocity is high enough to render external mass transfer resistance negligible. The differential reactor assumption requires that the influent and effluent solute concentration be nearly the same. Assuming monodispersed spherical adsorbent particles and that equilibrium is represented by a Freundlich isotherm, the following set of equations is obtained from mass balance:
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If surface diffusion is assumed to be the main internal transport mechanism, simplification of Equation (1) yields:
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If 
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is constant, the system of Equations (3), (5), (7), and (8) can be integrated:
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Experimental

Usually, Laboratory studies for equilibrium experiments are conducted through a geometric reactor. A gravimetric method using a quartz spring was applied to study the adsorption equilibrium and kinetics in gas/solid systems. This experimental technique has been used many times in the gas/solid system for equilibrium and kinetic studies.
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Adsorption amounts are measured using a quartz spring beam. 0.1g of activated carbon in quartz basket is ventilated to remove impurities within the activated carbon at 603.15K for approximately 4 h by using a vaccum apparatus installed with a rotary pump and a vacuum pump. Adsorption amounts are measured at respectively different temperature of 298.15K, 323.15K, 373.15K. The adsorbent is sorbonorit B4 and the adsorbates are benzene, toluene, methanol in the experiments. The properties of the adsorbent is listed in Table 1. and that of the adsorbates are shown in Table 2. The adsorption data were collected using a high-pressure microbalance, (MKS instrument, inc. made in the USA). A schematic diagram of the apparatus is shown in Figure 1. The thermostat bath surrounding the adsorbent was maintained at the required temperature within 
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. The adsorption equilibrium at one point of an isotherm was usually attained within 40-60min. The adsorbent(0.1g) was dried and degassed. The temperature was increased at a rate of 10
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 to remove impurities of the adsorbent and held constant at this value for 4 h. Mass difference by adsorption is directly calibrated by a digital gage.  
	A: Quartz spring
	B: Displacement meter
	C: Adsorbent basket
	D: Heater

	E: Valve
	F: Vaccum pump
	G: N2 trap
	H: Solvent container


   Figure1. Schematic diagram of equilibrium apparatus

Table 1. The properties of adsorbent.  Table 2. The properties of adsorbates.
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Properties
	Sorbonorit B4

	Manufacture
	Norit Holland

	Adsorbent type
	Carbon pellet

	Surface area(m2/g)
	1170

	Micropore area(m2/g)
	1074

	Micropore volume(m2/g)
	0.45

	Mean pore size

(angstroms)
	32.1

	Bulk density(g/cc)
	0.43

	Solid density(g/cc)
	0.72


Results and Discussions
Isotherms for benzene, toluene, methanol and ethanol at 298.15K, 323.15K and 323.15K are shown in Figures 2-1, 2-2, 2-3, and 2-4. At high-pressure region, the adsorption amount of benzene is higher than that of toluene. Experimental kinetic curves are shown in Figure 2-4.
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Figure 2-2.Isotherm of Toluene at 298K, 323K, 373K





Figure 2-1.Isotherm of Benzene at 298K, 323K, 373K


























Figure 2-4.Experimetnal kinetic curve of benzene 














Figure 2-3.Isotherm of Methanol at 298K, 323K, 373K
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99.5%�
Jusei chemical�
�
Toluene�
92.14�
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7.87�
99.9%�
Carlo erba reagent�
�









_1027948891.unknown

_1028037137.unknown

_1028037183.unknown

_1028471987.unknown

_1028472051.unknown

_1028472069.unknown

_1028037197.unknown

_1028037170.unknown

_1027949018.unknown

_1027949144.unknown

_1027949253.unknown

_1027948919.unknown

_1027948570.unknown

_1027948846.unknown

_1027948868.unknown

_1027948742.unknown

_1027948208.unknown

_1027948251.unknown

_1027947983.unknown

_1027150866.unknown

