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Abstract—Pressure swing adsorption process for oxygen production from air was studied by numerical
simulation to estimate product purity, recovery, and productivity. At a fixed feed rate, maximum purity exists.
In case of large feed velocity and pressure ratio, purity increases, then decreases as purge-to-feed ratio
increases. Feasible region could be found in a figure showing recovery versus purity with fixed pressure
ratio. From this figure, maximum recovery could be obtained for a given purity. Maximum productivity for
a given purity was obtained at different operating conditions. As pressure ratio increases above 5, recovery
hardly changes and productivity increases considerably.
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Fig. 14. Purity of oxygen vs. productivity of oxygen at
Py=10 and P,=1.
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Table 1. Examples of cyclic steady states for the same
purity and recovery

Purity Recovery Productiv-

Us 0 of of ity of
oxygen oxygen  oxygen
Case A 2 0316 0.75936 0.38836  3.05860
Case B 3 0412 0.75845 0.38859 3.51307
Case C 4 0.15 041101 0.60529 5.96706
Case D 5 0.23 041140 0.60508  6.64420
PH=5, PL=1
1.0 T T T T
c 0.8 -
o
o
2
§
s
=
2
°
o
W
L4
o
=
case B
o'o i L L 1
0.0 0.2 0.4 0.6 0.8 1.0
Time

Fig. 15. Changes of mole fraction of nitrogen with time
at outlet during feed step at Py=5 and P,=1.
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Fig. 16. Changes of mole fraction of nitrogen with time

Pt outlet during purge step at P,=5 and P,=1.
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Fig. 17. Changes of gas velocity with time at outlet during

feed step at Py,=S5 and P,=1.
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b :constant in Langmuir equation [atm™']
C :gas phase concentration [mol/cm]
K :constant in Langmuir equation [mol/g atm]

=

: mass transfer coefficient of component [sec™!]

L :column length [cm]

n :adsorbate concentration in solid phase

[mol/cm?]

P :p/pe

Py :dimensionless high pressure for adsorption step

P, :dimensionless low pressure for purge step

p :pressure in adsorption column [atm]

p. :base for dimensionless variables [atm]
.q(1—¢

Q :2{F) arT

: adsorbate concentration in solid phase [mol/g]

: gas constant, 82.06 cm® atm/mol K

: absolute temperature [K]

: time [sec]

: base for dimensionless variables [sec]

:vt,/L

: dimensionless feed velocity

: diemnsionless purge velocity

: interstitial gas velocity [cm/sec]

: mole fraction of heavy component in gas phase
: axial distance [cm]

N‘<<Fgcg‘*b—iﬁ-ﬂ

agjolA 2R}

¢ :column void fraction

¢ :z/L

0 :dimensionless purge-to-feed ratio
Akt

§ :pb

p, :particle density of adsorbent [g/cm®]
T it/

vy :K< 1—3) PR, T
AHXL
*  :equilibrium state
3HY X}

A :heavy component
B :light component
N  : mixture(A+B)
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