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Abstract — An experiment and simulation were performed for hydrogen separation of mixtures by PSA (pressure
swing adsorption) process on activated carbon. The binary (H,/Ar; 80 %/ 20 %) and ternary (H,/Ar/CH,; 60 %/ 20 %/ 20 %)
mixtures were used to study the effects of feed composition. The cyclic performances such as purity, recovery, and pro-
ductivity of 2bed-6step PSA process were experimentally and theoretically compared under non-isothermal and non-adi-
abatic conditions. The develped process produced the hydrogen with 99% purity and 75% recovery from both processes.
Therefore, optimal separation condition was referred multicomponent gas mixtures.
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Table 1. Characteristics of activated carbon adsorbent
Type Granular PCB

Nominal pellet size 6-16 mesh
Average pellet size 1.15 mm
Pellet density 0.85 g/em®
Bulk density 0.746 g/cm®
Heat capacity 0.25 cal/gk
Particle porosity 0.61

Bed porosity 0.357

Total void fraction 0.77

Fig. 1. Schematic diagram of 2-Bed PSA process experiment apparatus.
A Adsorption bed 7. Vacuum pump
1. Solenoid valve 8. Wet gas meter
2. Pressure transducer 9. Product tank
3. Thermocouple 10. Mass spectrometer
4. Mass flow controller(MFM) 11. Metering valve
5. Back pressure regulator(BPR)  12. Ball valve
6. Mass flow meter(MFM) 13. Mixing cylinder
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Fig. 2. Step and pressure variation in a PSA process.
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Fig. 3. Adsorption equilibrium curve of CH, onto Activated carbon:
@, 293.15 K; W, 303.15 K; A, 313.15 K; —, LRC model.
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Table 2. Characteristics of adsorption bed
Length, L|cm] 120
Inside radius, Ry,lem] 2.0447
Outside radius, Ry, lem] 2.2073
Heat capacity of column, R ” [cal/gK] 0.12
Density of column, p,, [g/cm®] 7.83
Internal heat transfer coefficient, h,[cal/cm2~ K-s] 0.00092
External heat transfer coefficient, ho[cal/cm2~ K-s] 0.00034
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Fig. 6. Ar composition breakthrough curve for binary system at 11 atm
adsorption pressure(<; 13 LPM, A; 15 LPM, O; 17 LPM,
—; simulation).
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Fig. 7. Ar composition breakthrough curves for binary system at 15
LPM feed flowrate(; 8 atm, A; 9.5 atm, O; 11 atm, —
simulation).
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Fig. 10. Concentration profile of Ar at the end of adsorption step for
binary system.
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Fig. 11. Concentration profile of Ar at the end of adsorption step for
binary system.
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Fig. 12. Concentration profile of CH, at the end of adsorption step
for ternary system.
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Fig. 13. Concentration profile of Ar at the end of adsorption step for
ternary system.
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Table 4. Condition of PSA process experiment
H,/Ar(80%/20%) H,/Ar/CH, (60%/20%/20%)
No. Flowrate Pressure P/F ratio Flowrate Pressure P/F ratio
Run 1 13LPM 11 atm 0.10 13LPM 11 atm 0.10
Run 2 15 LPM 11 atm 0.10 15 LPM 11 atm 0.10
Run 3 17 LPM 11 atm 0.10 17 LPM 11 atm 0.10
Run 4 13LPM 8 atm 0.10 15 LPM 8 atm 0.10
Run 5 13LPM 9.5 atm 0.10 15 LPM 9.5 atm 0.10
Run 6 13LPM 11 atm 0.10 15 LPM 11 atm 0.10
Run 7 13 LPM 11 atm 0.10 15 LPM 11 atm 0.08
Run 8 13LPM 11 atm 0.125 15 LPM 11 atm 0.10
Run 9 13 LPM 11 atm 0.15 15 LPM 11 atm 0.12
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A=
A, :cross sectional area [cm?]
B : Langmuir’s constant
C : concentration of adsorbate [mol/g]
C,e 1 gas heat capacity [cal/gK]
C, 1 particle heat capacity [cal/gK]
C,, :bed wall heat capacity [cal/gK]
D, : mass axial dispersion coefficient [cm?/s]
D,  :molecular diffusivity [cm%/s]
h : heat transfer coefficient [cal/cm®sK]
i : component
ki  :loading ratio correlation isotherm model parameter
K : equilibrium constant, q*/C, Henry’s law adsorption equilibrium

constant
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n : loading ratio correlation parameter

P : pressure [atm]

q : equilibrium moles adsorbed [mol/g]

A : maximum equilibrium moles adsorbed [mol/g]|

q : volume-averaged adsorbed phase concentration [mol/g]

q* : equilibrium adsorbed phase concentration [mol/g]

Q : average isosteric heat of adsorption, cal/mol or volumetric
flowrate [cm’/s]

r : single particle radius [cm]

R : gas constant [cal/molK]

Ry : bed radius [cm]

Rp : particle radius, [cm]

t : time [s]

T : temperature [K]

T,, :ambient temperature [K]

T, : wall temperature [K]

u : interstitial velocity [cm/s]

y : mole fraction in gas phase

z : axial position in a adsorption bed [cm]

J2|A0IA 2K}

€
&
&
Pr
Pe
Py
P

—

[}

: interparticle void fraction
: intraparticle void fraction
: total void fraction

: bulk density [em®/g]

: gas density [cm?/g]

: particle density [cm’/g]

: bed density [cm®/g|
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