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Abstract— The 4 step-2bed process(Process 1) using Skarstrom cycle, 5step-2bed process(Process 2) using product-
pressurization and purge step, 3step-3bed process(Process 3) using product-pressurization, and 6step-2bed processes
(Processes 4, 5, and 6) using pressure-equalization were compared in terms of recovery and productivity versus oxygen purity.
Feasible operation region was studied with relation of feed velocity and pressure. Process 2 yielded the highest productivity in
the feasible operation region. However, only low purity product was obtained. For high purity, Process 3 was mostly the best.
As for recovery, Process 4 including pressure-equalization step yielded the highest one. For air PSA, flow direction from product-
end to product-end during pressure-equalization step was most desirable. For all processes, recovery increased with pressure in
the low pressure range and decreased above pressure ratio of five, indicating that the optimum operating pressure existed.
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- Processl (4STEP-2BED )
Bed! FPZ AD cT8p PG
Bed2 cTeD PG
- Process2 ( SSTEP-2BED )
Bed1 AD() | ADWy | cTBD | PG | PPZ | (D)
Bed2 PG | PPZ | (D) | AD®) | AD) | cTED
- Process3 ( 3STEP-3BED )
Bed! AD [e2s:1) PPZ
Bed2 cT8D PPZ AD
Bed2
- Processd ( 6STEP-2BED )
Bed1 AD() | DPPE() 8D PG PZPE() | FPZ
Bed2 PG PZPE() | FPZ AD() | DPPE() 80
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- Process5 ( 6STEP-2BED )

Bed1 AD(I) DPPE(I) BD PG PZPE(II) FPZ B

Bed2 PZPE(Il) DOPPE(I)
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- Process6 ( 6STEP-2BED )
Bed1 AD() | DPPEQH) | 8D PG | PZPE(N | FPZ
Bed2 PG | PZPEQN) | FPZ DPPE(IH 8D
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where

FPZ=Feed-Pressurization PPZ=Product-Pressurization

AD=Adsorption CTBD=Countercurrent Biowdown

PG=Purge DPPE=Depressurization during Pressure-Equalization

ID=ldling PZPE=Pressurization during Pressure-Equalization
Dimensionless step time=1 for each step

Fig. 1. Six different processes compared for air separation.

A b AR Fozieh. A F 34 2004 48T B
7he #4947 7 A2 WreiA glesl ADI A9
dF7E AA7IAZ BRFAR e dAlol= ADIDlAE 244
£ A7t ARl Bd Fe 9] ;e FIsbA 7)Y AgEt
37 3dMe AE5A Aate] o]l FAol HAA 3] sl
4] AD AR idling<HA7E 2815l Qick. 34 4, 5, 62 7184
A Atelge 2ot HFEIHA] FrAle] BEuge] wef el
A Aol F HHFERA Z1Ae] BFe] TA 4 AFET
A AFETE, 34 St AFETIN TR, 34 62 AF
FTE AFETE, 48YTE YE8sTE PP A A
Ase AR 7 A HHTEEE 6 F2irke 1Ay
Wk Fig. 29} 3t}

3. HMEAL 3FERUY
PSATHE AALEAL] AsidE B BASAA T 24

DR FATLA 5 e o] 71 A ge] WastA ") F3
s <bellA] Ak Aol whE 7)Ab) Ak FEdss) ok A



27182 PSA 307

Columnl Column2

DPPE(I)

R R T

Fig. 2. Gas flow direction during pressure-equalization.
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Table 1. Adsorption isotherm coefficients and mass transter coeffi-

cients
Real value
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K, (m bfatm ™) ky(sec )
N, 0.380 0.180 1.44
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Fig. 3. Infeasible range of operating conditions.
(a) Umin vs Ph, (b) Umin+P vs Ph.
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Fig. 4. Purity vs. recovery of oxygen at pfratio=0.0.
(a) Process 2, (b) Process 3, (c) Process 4, (d) Process 5.
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Fig. 5. Purity vs. recovery of oxygen at Ph=3.
(a) pfratio=0.0, (b) pfratio=0.1, (c) pfratio=0.2, (d) pfratio=0.3.
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Fig. 6. Purity vs. recovery of oxygen at Ph=5.
(a) pfratio=0.0, (b) pfratio=0.1, (c) pfratio=0.2, (d) pfratio=0.3.
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Fig. 7. Purity vs. recovery of oxygen at Ph=8.
(a) pfratio=0.0, (b) pfratio=0.1, (c) pfratio=0.2, (d) pfratio=0.3.
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Fig. 8. Purity vs. recovery of oxygen at Ph=10.
(a) pfratio=0.0, (b) pfratio=0.1, (c) pfratio=0.2, (d) pfratio=0.3.
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Fig. 9. Purity vs. productivity of oxygen at Ph=3.
(a) pfratio=0.0, (b) pfratio=0.1, (c) pfratio=0.2, (d) pfratio=0.3.
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Fig. 10. Purity vs. productivity of oxygen at Ph=5.
(a) pfratio=0.0, (b) pfratio=0.1, (c) pfratio=0.2, (d) pfratio=0.3.
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Fig. 11. Purity vs. productivity of oxygen at Ph=8.
(a) pfratio=0.0, (b) pfratio=0.1, (c) pfratio=0.2, (d) pfratio=0.3.
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Fig. 12. Purity vs. productivity of oxygen at Ph=10.
(a) pfratio=0.0, (b) pfratio=0.1, (c) pfratio=0.2, (d) pfratio=0.3.
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Fig. 13. Bed concentration profiles of N, in the gas phase during ad-

sorption step at cyclic steady state for Processes 4, 5, and 6
(Ph=3, pfratio=0.3, ufeed=1).
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: constant in Langmuir equation {atm ']

: gas phase concentration [moles/cm’]

: mass transfer coefficient of component [sec™']

: constant in Langmuir equation [mol/g atm]

: adsorbate concentration in solid phase [mol/cm’]

T B R KA

: pressure in the column [atm]

po :reference pressure [atm]

ph : high pressure in the column {atm]

pl :low pressure in the column [atm]

P :dimensionless pressure [-]

Ph : ph/p, [-]

q :adsorbate concentration in solid phase {mol/g]

Q : dimensionless adsorbate concentration in solid phase [-]

313
R, :gas constant [82.06 cm’ atm/g-mole - K]
t :time [sec]
t, :reference time [sec]
u :interstitial gas velocity [cm/sec]
U : dimensionless interstitial gas velocity [-]
y :mole fraction of heavy component in gas phase [-]
y; :y in feed gas [-]
z : distance in axial diraction [cm]
7 : dimensionless distance in axial direction [-]
azlojla 2At
€ :column void fraction [-]
A :defined by Eq. (15) [-]
€ :defined by Eq. (15) [-]
p, : partial density of adsorbent [g/em’]
T :dimensionless time [-]
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