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Abstract - Pressure swing adsorption (PSA) process using CMS as an oxygen
purifier was developed to produce high purity oxygen over 99% with high productivity.
The cyclic performances such as purity, recovery, and productivity of PSA process
were compared experimentally and theoretically under the non-isothermal condition. A
binary (OY/Ar 95:5 vol.%) and two kinds of ternary (Ox/Ar/N; 9541 and 90:4:6 vol.%)
mixtures were used as feed gases. The developed process with the consecutive two
blowdown steps produced the oxygen with 99.8% purity and 56% recovery from 95%
oxygen containing feed. However, in the feed with 90% "oxygen, the O purity was
decreased up to 97.3%. In addition, because the cyclic performances of the suggested
process was significantly affected by the diffusion rate, the non-isothermal model with
the the modified LDF model was applied for the process simulation. The
concentration-dependent rate parameter of the applied rate model was incorporated with
the Langmuir isotherm.

Key words @ O» PSA, oxygen purification, CMS, concentration-dependent rate model,
nitrogen impurity
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Table 1. Isotherm parameters and diffusional rate constants of Oz Ar and Nz on

CMS.

Equilibrium parameters (Langmuir-Freundlich isotherm)

Equilibrium constants Oz Ar N;
k;*10°*(mol/g) 15.2675 20.4150 11.6266
k2*10°(mol/gK) -3.23 -5.30 -6.38
k3*10*(1/atm) 22900 239.7 361
ka(K) 966.09 324.55 1443.8
ks(-) 1.1869 1.646 1.6916
ks(K) -106.0 -238.2 -270.0

Heat of adsorption,
— 3300 3400 3200
— AH (cal/mol)
Adsorption rate parameters
Diffusional time
constants, Da/R; 0.015 0.000011 0.000016
(sec™
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Table 2. Characteristics of adsorbents and adsorption bed.

Adsorbent CMS
Type Sphere
Average pellet size, R, [cm] 0.157
Pellet density, p, [g/cm’] 0.90
Heat capacity, Cps [cal/g * K] 0.22
Particle porosity, a[-] 0.30
Voidage of adsorption bed, €[-] 0.297
Total void fraction, &[-] 0.508
Bed density, pslg/cm’] 0633
Adsorption Bed
Length, L [cm] 100
Inside radius, Rg; [cm] 1.1
Outside radius, Rpo [cml] 1.275
Heat capacity of column, Cyw [cal/g - K] 0.12
Density of column, w [g/cm’] 7.83
Internal heat transfer coefficient, h; [cal/cm®Ksec] 9.2x10™
External heat transfer coefficient, h, [cal/cm’Ksec] 3.4x10™
Table 3. Operating conditions.
Adsorption Feed flow rate Step time [sec]
Run No. Feed .
Pressure [sec] [LSTP/min.} (PR-AD-BD1-BD2-ID-PU)
Run 1. Binary
Run 2. *Ternary 1 20-15-5-10-25-5
Run 3. 4
Run 4. 5 20-20-5-10-30-5
Run 5. *Temary 2 20-25-5-10-35-5
Run 6. 2 20-15-5-10-25-5
Run 7. 6 20-15-5-10-25-5

* Ternary 1 (Oy/Ar/Nz- 95:4:1), Ternary 2 (O/Ar/Nz- 90:4:6)
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Table 4. Cyclic sequence and step time of PSA process.
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BED
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Fig. 3. Experimental and predicted cyclic
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: component concentration in bulk

phase (mol/cm®)
gas, pellet, and wall heat capacity,
respectively (cal/g K)

. effective diffusivity defined by

solid diffusion model (cm%/sec)

. axial dispersion coefficient

(cm%/sec)
average heat of adsorption
(cal/mole)

: parameter for LRC model

proportionality parameter for
LDF model (-)

axial thermal
(cal/em sec K)

conductivity

: bed length (cm)
: total pressure (atm)
. final adsorption and desorption

partial pressure, respectively

(atm)

. critical pressure (atm)
: amount adsorbed, equilibrium

amount adsorbed and average
amount adsorbed,

respectively (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)
: critical temperature (K)
. pellet or bed temperature and

wall
(K)

temperature, respectively

! interstitial velocity (cm/sec)
. wave velocity for concentration

front (cm/sec)

2%

o} .

e

Yi

E, &

pgypp’
OB Puyw

(1]

(2]

(3]

(4]

(5]

(6]

(7

[8]

_46_.

NYE - ol B3

: mole fraction of species i
. axial distance in bed from the
inlet (cm)

agjolA 22X}

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

: gas density, pellet density, bulk
density and bed wall density,
respectively (g/cm®)
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