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ABSTRACT

The PSA cycle was performed for the separation of binary gas mixture Hy/Ar
(80%/20%) using the six-step two-bed process. Adsorption equilibrium contains a LRC model
for equilibrium adsorption isotherms and a LDF model for mass transfer. Aspen ADSIM,
simulator was applied to predict the separation performance. The effect of cycle parameters
such as feed rate, adsorption pressure and P/F ratio on the separation of hydrogen has been
studied in experiment and simulation. In the results, maximize the recovery of hydrogen as a
high purity was 13LPM feed flowrate, 120sec adsorption time, Ilatm adsorption pressure and
0.1 P/F ratio in a cyclic steady-state come out since 10th cycle.
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Fig. 1 Schematic diagram of PSA process apparatus
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Table 1 Characteristics of activated carbon adsorbent

Type Granular
Nominal pellet size 6 ~ 16 mesh
Average pellet size 0.115 mm

Pellet density 0.85 g/em’
Bulk density 0.746 g/em’
Heat capacity 0.25 cal/gK
Particle porosity 0.61
Bed porosity 0.357
Total void fraction 0.77
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Table 2 Characteristics of adsorption bed.

Length, L [cm] 120
Inside radius, Rp; [cm] 2.0447
outside radius, Rp, [cm] 2.2073
heat capacity of column, C,, [cal/g-K] 0.12
Density of column, e, [g/cn] 7.83

internal heat transfer coefficient,

h; [cal/cn'- K- sec] 0.00092

external heat transfer coefficient, %, [cal/cr K- sec] 0.00034
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Table 3. Expetiment & Simulation Operating

Condition
Run H,/Ar
Feed Rate  Pressure P/F ratio

1 13 LPM 11 atm 0.1
2 15 LPM 11 atm 0.1
3 17 LPM 11 atm 0.1
4 13 LPM 8. atm 0.1
5 13 LPM 9.5 atm 0.1
6 13 LPM 11 atm 0.1
7 13 LPM 11 atm 0.1
8 13 LPM 11 atm 0.125
9 13 LPM 11 atm 0.15
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step 1 : Pressurization step (PR)

step 2 . Adsorption step at a constant
pressure (AD)

step 3 . Depressurizing Equalization step
(DPE)

step 4 : Blowdown step (BD)

step 5 : Purge step at a constant pressure
(PU)

step 6 © Pressurizing Equalization (PPE)
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Table 4. LRC isotherm parameter of Hy/Ar, Q - heat of adsorption

ki(*107) ka(*107) ka(*107)

ks ks ks O[Cﬁl/ 'mol]

Ha 7.34345 -0.013  0.932
Ar 7.176  -0.039 0.14

506.306 0.586972 154.455 2880
1698.197 -0.13873 371.7675

3281.74
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Table 5. Experiment and Simulation Result
Run Experiment Simulation
Purity [%] Recovery [%] Purity [%] Recovery [%]
1 99.42 80.68 98.95 79.33
2 97.94 82.82 98.34 82.51
3 93.20 83.86 95.70 86.64
4 94.42 84.95 93.55 87.51
5 98.16 84.00 95.06 84.30
6 99.42 80.68 98.95 79.33
7 99.42 80.68 98.95 79.33
8 99.49 79.66 99.05 78.60
9 99.53 78.37 99.23 77.30
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C concentration of adsorbate, mol | g
pe  gas heat capacity, cal/gK
ps  particle heat capacity, cal/gK

pr bed wall heat capacity, ¢a//gK

D, mass axial digpersion  coefficier?,
cm® /s

D, molecular diffusivity, cm’/s

h heat transfer coefficient, cal/cm®-s-K
i component

ki loading  ratio  correlation  isotherm

model parameter

K equilibrium constant, 9 /Co Henry's law
adsorption equilibrium constant

7 loading ratio correlation parameter

P pressure, atm

q equilibrium moles adsorbed, mol/g

9  maximum equilibrium moles adsorbed,

moll g

4  volume-averaged adsorbed phase

concentration, "0l/g
*

9  equilibrium adsorbed phase concentration,
mol/ g

0 average Iisosteric heat of adsorption,
cal/mol or volumetric flowrate, cm’ /s

¥ single particle radius, cm

R gas constant, cal/molK

Ry bed radius, cm

p  particle radius, cm
time, §

R

t

T temperature, K

Torm  ambient temperature, K

v wall temperature, K

u interstitial velocity, cm/s

Y mole fraction in gas phase
z axial position in a adsorption bed, cm
dejA 24

e interparticlc void fraction
€ , intraparticle void fraction

€,; total void fraction

Py bulk density, cm’/g
Py gas density, cm’/g
Pp particle density, ¢’ /g

Pvw  bed density, em’ [ 4
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