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Abstract—The simulation of pressure swing adsorption(PSA) process for recovering highly pure CO, from flue gas
was performed. Seven different processes including blowdown, pressure equalization, rinse and/or evacuation step were
compared to obtain optimal process. In this study, bed dynamics was considered for the better simulation result. Activated
carbon was used as an adsorbent. Pressure equalization contributed to increase the recovery and purity by preventing CO,
loss at blowdown and redistributing the components in the bed. And also, rinse, recycling the product gas recovered at eva-
cuation step, conduced to increase the purity by readsorbing highly concentrated CO,. Especially, pressure equalization
step combined with rinse step plays a key role in improving the performance of process because of minimizing the con-
centration of N, in bed and increasing pressure difference between the bed pressure and atmospheric pressure. Maximum
purity was about 97 % and recovery at that point was about 55 %.
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Fig. 1. Equilibrium isotherms of CO, and N, on activated carbon.
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Fig. 2. Schedule of various processes.
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Fig. 3. Pressure equalization methods.
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Table 1. Boundary conditions of each step
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Step Direction Concentration Temperature Pressure Velocity
Pressurization +) ydt, 0)=y; T(t, 0)=T, P=P(t) u(t, L)=0
Adsorption +) yit, 0)=yg T(t, 0)=T, P=P, u(t, 0)=u,,
Blowdown +) P=P(t) u(t, 0)=0
&) P=P(t) u(t, L)=0
Evacuation +) P=P(t) u(t, L)=0
Pressure depressurized ) P=P(t) u(t, L)=0
equalization S) P=P(t) u(t, 0)=0
pressurized +) y{t.0)=yg, T(t, 0)=Tk, P=P(t) u(t, L)=0
O yit. L)=ye, T(t, L)=Tg, P=P(t) ut, 0)=0
Rinse +) ¥ty 0)=Y et T(t, 0)=Ts, P=P(t) u(t, 0)=uy;
P=P,
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Table 2. Properties of adsorption bed and operating condition

Adsorbent amount[g} 563.93
Bulk density, p,[g/cm’] 0.47
Bed porosity, € 0.4
Heat capacity of adsorbent, C,[J/g/K] 1.05
Heat capacity of gas. C,[J/g/K] 0.9942
Pressure, Pg/P,/P,{atm] 0.1/1.0/1.5
Particle size[mesh] 8-12

Table 3. Langmuir parameters and heat of adsorption on activated

carbon
Parameter CO, N,
t,(mmol/g) 23.944 7.052
t(mmol/g) ~0.0517 ~0.0106
ty(atm ") 2.1265x107° 42169x107*
t(K) 1588.315 1680.038
AH(kJ}/mol) 24.103 16.928
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Fig. 5. Isosteric heat of adsorption.
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Fig. 7. The effect of direction on blowdown step.
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Fig. 9. The effect of blowdown on pressure equalization.
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