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Abstract — The effect of evacuation and rinse step on the process performance was studied using numerical simulation to
recover heavy component in a PSA process. Rinse and evacuation steps are very important to obtain heavy component as a
product. Therefore, to improve the process performance, the rinse pressure, reflux ratio and flow direction of rinse step were
selected as variables, and the performance change of process according to changing variables was investigated. Tlae effect of ev
cuation condition combined with the rinse condition was studied also. As a result, the optimum operating condition was obtained
to have maximum process performance. Increasing rinse pressure conduced to increase the recovery by increasing adsorbed
amount of CQ during the rinse step. Decreasing evacuation pressure contributed to increase the purity by increasing desorbed
amount of CQ during the evacuation step. At this point, the optimum reflux ratio was existed at certain pressure conditions.
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PR: Pressurization, AD: Adsorption, CD: Countercurrent depressur-
ization, PE: Pressure equalization, RN: Rinse, EV: Evacuation
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Table 1. Boundary conditions of each step
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Step Concentration Temperature Pressure Velocity
Pressurization it 0)=y; T(t, 0)=Tigeq P=P(t) u(t, L)=0
Adsorption ¥(t, 0)=y; T(t, 0)=Tigeq P=R, u(t, 0)=Ygeq
Blowdown P=P(t) u(t, 0)=0
Evacuation P=P(t) u(t, L)=0
Pressure equalization Depressurized it ¥)=Yeq T(t, L)=Tg, P=P(t) u(t, 0)=0
Pressurized ift, L)=Yeq T(t, L)=Tg, P=P(t) u(t, 0)=0
Rinse Pressurized, cocurrent i(tY0)=Yproduct T(t, 0)=Tg, P=P(t) u(t, L)=0
Constant pressure, cocurrent (Y0 =Yoroduct T(t, 0)=Tg, P=Rk, u(t, 0)=thr,
Pressurized, countercurrent (L)Y product T(t, L)=Tg, P=P(t) u(t, 0)=0
Constant pressure, countercurrent it =Y product T(t, L)=Tg, P=Rk, u(t, L)=upp,
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Table 2. Characteristics of adsorption bed and operating conditions 10
Adsorbent Activated carbon
Particle size [mesh] 8-12
Feed gas composition 17% CQ, in N,
Bed diameter [mm] 41.2
Bed height [mm] 900
Adsorbent amount [kg] 0.57
Bed bulk density [g/ch 0.47
Bed porosityg 0.4 =
Heat capacity of adsorbent, (J/g/K] 1.05 E
Heat capacity of gas,,(JJ/g/K] 0.9942
Adsorption pressureffatm] 15
Evacuation pressure, ffatm] 0.1
Equalization pressure,fpatm] 0.55
Time for adsorption [s] 300
Time for blowdown [s] 20
Time for pressure equalization [s] 20
Time for rinse/evacuation [s] 360 L
TE 10 16 20
i 3 \ 2 =
Table 3. Langmuir parameters and heat of adsorption used in the cal- Flow T'EtéT_ gfmr:’ﬂd o % E:::ilél
culation B <amnid|
I":l b L
Parameter co N, —| Wit (e
t; [mmol/g] 23.944 7.052 Fig. 2. The effect of flow directions on rinse step.
t, [mmol/g] -0.0517 -0.0106 Case (1): cocurrent pressurization by product, cocurrent pressurized
ty [atm™] 2.126%10° 4.216%10™ rinse, Case (2): cocurrent pressurization by product, countercurrent
ty K] 1588.315 1680.038 pressurized rinse, Case (3): countercurrent pressurization by product,
AH [kd/mol] 24.103 16.928 cocurrent pressurized rinse, Case (4): countercurrent pressurization by
*q =t T product, countercurrent pressurized rinse(Reflux ratio=0.75).

b=t exp(t/T)
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Fig. 8. Comparison of the performance curves at different rinse and evacuation conditions.
(@) R~0.1 atm, B\=1.0 atm; (b) B,~0.05atm, B,=1.0 atm; (c) B~0.1 atm, B=1.5 atm; (d) B,~0.05 atm, B,=1.5 atm. @: reflux ratio=0.6;0:
reflux ratio=0.65;w : reflux ratio=0.7;%/: reflux ratio=0.75;R: reflux ratio=0.8;01: reflux ratio=0.85;4: reflux ratio=0.9.
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Fig. 9. The effect of feed flow rate on the purity and recovery at &~=0.05 atm.

(a) feed flow rate: 7.6 SLPM,; (b) feed flow rate: 20 SLPM
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b, : Langmuir parameter [afr
G : gas concentration of component i [molfm

Cow :total gas phase concentration [molfgm
Cps  :heat capacity of adsorbent [J/g/K]
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Cyy  :specific heat of gas mixture [J/g/K]

AH;  :heat of adsorption of component i [KJ/mol]

k; : overall mass transfer(LDF) rate coefficient of component]i [s

L :bed height [cm]

(o :amount adsorped of component i on the solid phase [mol/g]

o :amount adsorped of component | in equilibrium with gas phase
[mol/g]

Om : langmuir parameter [mol/g]

t s time [s]

7] : Langmuir parameter [mol/g]

t, : Langmuir parameter [mol/g]

t3 : Langmuir parameter [atrH

ty : Langmuir parameter [K]

T : temperature [K]

Ts : feed temperature [K]

u : interstitial gas velocity [cm/s]

Ueeq - interstitial velocity of feed gas [cm/s]

Uog - interstitial velocity of rinse gas [cm/s]

Yeqi :Mole fraction of component i fed in pressurized equalization step

Vi i - mole fraction of component i in gas mixture

Yproduct- Mole fraction of component i fed in rinse step
Py : density of gas mixture [g/cth

Pouk  : bulk density [g/cr

€ : bed porosity [-]
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