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Introduction
Recovery and reuse of solvents are critical today because of not only the pollution regulations but also solvent shortage and high price.  Clearly, this area will grow in direct relation to not only the environmental concerns but also the economic concerns.  The carbon adsorber with steam regeneration was one of the methods most frequently used to remove solvent vapors.  Thermal regeneration includes hot purge and steam regeneration as well as two less common methods, external heating and temperature swing adsorption (TSA).  TSA is a two cycle fractionation process in which a feed gas flows continuously to one end of the adsorber.  The feed gas temperature is alternated between two levels.  During the cooling cycle, the effluent is rich in the less strongly adsorbed component.  During the heating cycle, the adsorbate is stripped and the effluent is thus rich in the more strongly adsorbed component.  All thermal regeneration methods depend upon the temperature functionality of the equilibrium relationship as the primary source of the desorption driving force [1,2].

Two major solvents, n-hexane and MEK, which are mainly used in many industries, are chosen and activated carbons were used as adsorbents for solvent recovery.

The primary objectives of the present work are the recovery of solvent vapors by an adsorption process and the theoretical analysis of TSA based on a mathematical model.  The present work is to simulate the sample cases about a TSA process.

Description of the TSA 

 A TSA cycle is one in which desorption takes place at a temperature much higher than adsorption.  TSA cycles are the characterized by low residual loadings and high operating loadings.  Figure 1 shows the isotherms for a TSA cycle at two temperatures. The available operating capacity is the difference between the loadings X1 and X2. In a TSA cycle, two processes occur during regeneration, heating, and purging. Heating must provide adequate thermal energy to raise adsorbate, adsorbent and adosrber temperatures, desorb the adsorbate, and make up for heat losses.  Regeneration is heating-limited when the transfer of energy to the system is limited.  Equilibrium determines the maximum capacity of the purge gas to transfer the desorbed material away.  On the other hand, regeneration is stripping-limited when transfering adsorbate away is limited.  Figure 2 shows the adsorption isotherms of VOCs on activated carbon.  To operate the TSA cycle, we need the adsorption isotherms in various temperature ranges.
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Theoretical Model 

The mathematical model for the TSA process is a non-isothermal and dynamic one.  The model adopted here utilizes the Extended-Langmuir isotherm equation and a linear driving force (LDF) rate model to simplify the diffusional mass transfer inside adsorbent particles. Ideal gas law also applies for the gas phase. 

The component mass balance can be expanded for a non-isothermal and isobaric process to give; 
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The overall mass balance equation is represented as follows; 
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The energy balance equation is given as: 
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Mass transfer rates is expressed as a LDFA model:
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The extended Langmuir isotherm model is given as follows;
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The boundary conditions employed correspond to the Dankwert’s boundary conditions for the closed-closed system with no dispersion to the immediate left of  z=0 and to the immediate right of z=L.
Results and Discussion
   For the binary mixture system of n-hexane (C1) and MEK (C2) with activated carbon, a computer simulation of cyclic TSA operations was performed.  To test the cyclic operations, we used the following adsorption isotherm parameters.

Table1. Adsorption Equilibrium parameters

Equilibrium parameters
n-hexane
MEK

qs
3.6257
4.652

b0
6.139E-03
5.005E-03

-H (J/mol)
-20017
-22500

The mole fractions of n-hexane and MEK in the feed were 0.023 and 0.015. When the effluent concentration approached to 0.3 dimensionless mole fraction of the feed, the adsorption step was instantly closed and the regeneration step was started. 

For the regeneration step, we tested cocurrent and counter-current systems.  Figures 3 and 4 show the results of counter-current and cocurrent systems, respectively.  In the case of the cocurrent system, it took so much time to regenerate the column.  However, it was easy to separate the mixture.  In the case of the counter current system, however, it was hard to separate the mixture.  But regeneration time was shorter than that of the cocurrent system.  Figure 5 shows binary concentration and temperature histories for the isothermal, non-isothermal, and adiabatic cyclic operations with the counter-current purge.  Considering the regeneration time, it may be concluded that the adiabatic system is the best among them. 
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Figure 5. Binary concentration and temperature histories for the isothermal, nonisothermal and adiabatic cyclic operation with the counter current purge

















Figure 3. Cyclic process for binary component with counter current purge.





Figure 2. Adsorption isotherms of VOCs on activated carbon





Figure 1. Thermal swing cycle





Figure 4. Cyclic process for binary component with cocurrent purge
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