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Oxygen Enrichment from Air with Pressure Swing Adsorption

The principle of pressure swing adsorption (PSA)

Tadao TAKEBAYASHI
Satoru MORISHITA

is described and the characteristics of the PSA process

are compared with those of the thermal swing adsorption process. Typical examples of the oxygen enrich-

ment from air by the PSA process are also given.

The properties of adsorbent such as adsorption selec-

tivity, capacity, and rate of adsorption are the most important factors in the PSA process and the dependance

of these on the air separation performance is shown graphically. Oxygen obtained by this process is used

for secondary sewage treatment and high-temperature combustion furnaces. In near future, PSA oxygen

generators may also be utilized for air conditioning as well as medical purposes.
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Fig. 1 Isotherm equilibrium of HyO on Na-A zeolite pellet
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Tabte 1 Process characteristics of PSA and TSA

PSA TSA
Fluid Gas Gas and liquid
Installation Piping and valve|Simple but regen-

Adsorbent life

Product recovery

Product purity
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generally

eration supply is
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2~7 years

90% <
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| | temperature
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Partial pressure of adsorbate

Fig. 2 Comparison of a pure pressure swing
cycle with a pure thermal swing cycle

Table 2 Comparison between PSA and TSA

(air dryer)

Process PSA TSA
Type of ZEOLUM A-4 ZEOLUM A-4
adsorbent 1.5mm ¢ pelletf 1.5mm ¢ pellet
WEig(li]sto?tf)en ¢ [900kg/bed x 2 tower|30 ton/bed x 2 tower
Cycle time 10 min/bed 24 hrs
Flow rate 3,300 Nm®/hr 3,300 Nm®/hr
Feed ”
pressure 6.7 kg/cm? G 6.7 kg/cm? G
Product o °
dewpoint —50°C —60°C>
Regeneration . 250°C
temperature -
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Fig. 4 UCC’s 3 tower oxygen gerenator!®
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Fig. 5 BOC’s oxygen generation system!?”
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Table 3 Quadrupole moment of some gases!®

Quadrupole moment

Molecule (Q/e) A2
Ar 0.0
N, 0,27
0O, <0.09
H, <0.10
CO 0.34

NO 0.28
CO; 0.65
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Fig. 6 Ca?* ion content and effective adsorption
capacity of nitrogen (25°C, A-type zeolite
pellet)1?
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Table 4 Adsorption selectivity of nitrogen and
oxygen for some zeolite adsorbents

Adsorbent a (N2/Qy)
MS 5A 2.75
MS 13X 2.36
Mordenite 2.70
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The effect of macropore volume
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Fig. 8 The effect of macro-pore volume of
adsorbent on oxygen recovery in mini-
ature PSA plant
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Fig. 9 Nitrogen and oxygen adsorption isotherm

adsorbent: Ca-A type zeolite pellet pre-
pared in authors laboratory
temperature: 298°K

Table 5 Some properties of Ca~A zeolite pellet

Shape and size 1.5mm ¢
Particle denisity 1.1g/cc
Specific surface area 21,1 cm?/cc
Packed density 0.56 cc/cc
Macro pore volume 0.46 cc/g
Watgsg%scﬁgl%% %z)lpamty 27.5 wt9
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Fig. 10 Results with miniature plant operation
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