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Comparison of PSA and VSA processes for air separation
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CABSTRACT : PSA and VSA processes have been used broadly to produce oxygen from ambient air in
midium- or small-sized plants. PSA and VSA processes are the separation methods which use difference
of amount adsorbed as pressure is changed periodically, but they have the differences in pressurization
and regeneration. In this study, the performance of 6-step PSA process was compared with that of
O-step VSA process with respect to purity and recovery. In addition, the effects of each step
(pressurization step, adsorption step, and pressure equalization step) on purity and recovery were
investigated. As a result, the VSA process using zeolite 10X showed better performance than the zeolite
oA P5A and zeolite 13X VSA processes in comparison with purity, recovery and productivity. And it
was enough to apply the vacuum pressure of 200 torr for the VSA, which produced over 90% oxygen
with 70% recovery.
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Table 1. Characteristics of adsorbents

Average pellet size, R,

0.115 0.1

(cm)

Pellet density, pp (g/cm3) 0.16 1.1 1.03

Heat capasity, Cps

0.32 0.27 0.32
(cal/g ® K)

0.36

0.82 0.695

Particle porosity, a (-) 0.35

.

Bed density, p» (g/cm’)

- Sphere

C BEE ]S4 - o] RS} 105

Stép time [sec]
(PR-AD-DPE-BD-PU-P
PE)

30-20-30-30-20-30

30-30-30-30-30-30
1sobaric step AD step

30-40-30-30-40-30

30-50-30-30-50-30

(20+10) real PR time + 1del
-30-30-30-30-30 time
. bar
step

PE step 30-30-25-30-30-25
30-30-30-30-30-30 |

Table 3. Operating conditions for VSA experiment

Studied

“Vanables

Remark

—
-

Vacuum Step time [sec]

Studied |[Feed flow rate
[LSTP/min.]

‘Run No. | Adsorbate pressure | (PR-AD-DPE-VU-P

[atm] PE)

' 0.32
AD step
. 0.26
el o

Vanables

40-25-25-65-25
40-30-25-70-25
40-35-25-75-25
40-40-25-80-25
Zeolite

0.40 20-30-25-50-25

0.34

10X
30-30-25-60-25

40-30-08-70-08

40-30-15-70-15

step
0.28 40-15-25-55-25
026 | 40-20-25-60-25

1.3
1.3
0.24 40-25-25-65-25
1.3
1.3

Y
-

13

S

AD step
0.22 40-30-25-70-25

Zeolite '
, 0.29 20-30-25-50-25
13X PR step
0.26 30-30-25-60-25
| 40-30-08-70-08
PE step 0.22 _
6 40-30-15-70-15
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Table 4. Comparisons of productivity between PSA
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(mmol/g ® sec)
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3 7hg Azl BE $xe] WEE Jopmgich
= 34 5% sgleted dels A FHAEF
2 Mol $E7b Z7EE S 5 Aok 7S A7
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st gtele] ajolo} A ol Qdka] WA}
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Zoj] o= PSA TR VSA FAE AEstaol
c}.

T

Aw cross sectional area of the wall (sz)

B equilibrium parameter for Langmuir-
Freundlich model (atm™) .

G component concentration in bulk phase
(mol/cm’) '

Cog, heat capacity of gas (cal/g K)

Cos, heat capacity of pellet (cal/g K)

Cow heat capacity of bed (cal/g K)

D. effective  diffusivity defined by solid
diffusion model (cm®/ sec)

Dr axial dispersion coefficient (cm®/ sec)

hy internal heat-transfer coefficient (cal/cm

K - s)
hy external heat-transfer coefficient (cal/cm



2 K - S)

average heat of adsorption (cal/mole)
parameter for LRC model

proportionality parameter for LDF model
(*)

axial thermal conductivity (cal/cm sec K)
bed length (cm)

equilibrium parameter for Langmuir-
Freundlich model

total pressure (atm)

amount adsorbed (mol/g)
equilibrium amount adsorbed
average amount adsorbed (mol/g)
equilibrium parameter for Langmuir-
Freundlich model (mol/g)
radial distance in pellet (cm)
gas constant (cal/mol K)
radius of pellet (cm)
inside and outside radius of the bed,
respectively (cm) -
time (sec)
final adsorption and desorption
temperature, respectively (K)
temperature of atmosphere (K)

pellet or bed temperature and wall
temperature, respectively (K)
interstitial velocity (cm/sec)
wave velocity for concentration front
(cm/ sec)
mole fraction of species i

axial distance in bed from the inlet (cm)

R A e O 109

£, € voidage of adsorbent bed and total void
fraction, respectively (-)

Py gas density

Pg pellet density

P bulk density

P, bed wall density(g/cm’)

0 LDF coefficient (s™)
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