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Abstract — A two-column six-step pressure swing adsorption(PSA) process was to study separation of hydrogen from
hydrogen and methane(60,,,%/40,,,%) binary system onto activated carbon adsorbent. The effects of the feed gas pres-
sure, the feed flowrate and the P/F(purge to feed) ratio on the process performance were evaluated. The cyclic steady-
states of PSA process were reached to after 15 cycles. H, purity increases according as the P/F ratio and pressure
increase and the feed flow rate decreases; however, H, recovery shows an opposite phenomena to the purity. PSA pro-
cess simulation studied to find optimum operation condition. In the results, 22 LPM feed flowrate, 11 atm adsorption
pressure and 0.10 P/F ratio might be optimal values to obtain more than 75% recovery and 99% purity hydrogen. In this
study was non-isothermal and non-adiabatic model considering linear driving force(LDF) model and Langmuir-Freun-
dlich adsorption isotherm considered to compare between prediction and experimental data.
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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/em’
Heat capacity 0.25 cal/gK
Particle porosity 0.61

Bed porosity 0.357

Total void fraction 0.77
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Fig. 1. Experimental apparatus of adsorption equilibrium.

A7) Aol BAstE SAAZ F2kAle) Yo ke Fakal
2ol 213-E do] BeES ARt 2ol A e
ol & thy 2529k heo] s 1 w7 7ol §-
umqu_ i::;‘d—/ulpq HHHE oﬂq gﬂaﬂoﬂ E%LﬁEL UHU]-X] 7];}%]:]_
Z HE o 7F Ao 29} elHo] AAT w2 Yo TI5S)
ki

H_l

3-3. PSA &% x| H YH

Fig. 2& 2% PSA A% A& YERA schematic diagram©] 1L
Table 2= F2He] 8 545 vehd Zloloh. FahgelA 2
ol = viAl Aol & Hho R 5 m] flte] miAl A
I FeElds e A 9 shehiate]l AASeleE SR Ay A
©] 120 cm, A& 4.1 cm, AJAO] stainless steel?] Z-do|w, 3}
APUE st A% b=m2 A6 A3t 9 Pueld £
He 1% dEs A fAs] flske] 242 MFC (mass
flow controller)?} line regulators 7o) Atk & UlF-9] o5

EEEE

o
n
[ R il

At
i
4

Fig. 2. 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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Table 2. Characteristics of adsorption bed

Length, L[cm] 120
Inside radius, R [cm] 2.0447
Outside radius, Ry, [cm] 2.2073
Heat capacity of column, C,,, [cal/gK] 0.12
Density of column, p,,[g/cm?] 7.83
Internal heat transfer coefficient, h[cal/cm*K-s] 0.00092
External heat transfer coefficient, h [cal/cm®Ks] 0.00034
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State.
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: cross sectional area [cm?]

: Langmuir’s constant

: concentration of adsorbate [mol/g]

: gas heat capacity [cal/gK]

: particle heat capacity [cal/gK]

: bed wall heat capacity [cal/gK]

: mass axial dispersion coefficient [cm?/s]

: molecular diffusivity [cm?/s]

: heat transfer coefficient [cal/cm?-s'K]

: component

: loading ratio correlation isotherm model parameter
: thermal conductivity of fluid [cal/cm?s-K]

: thermal conductivity of particle [cal/cm*s-K]

: equilibrium constant, q*/C, Henry’s law adsorption equilibrium

constant

: effective axial thermal conductivity [cal/cm®sK]

: initial effective axial thermal conductivity [cal/cm?s-K]

: loading ratio correlation parameter

. pressure, atm

: Pramdtl number [C,, /K]

: equilibrium moles adsorbed [mol/g]

: maximum equilibrium moles adsorbed [mol/g]

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

: equilibrium adsorbed phase concentration [mol/g]

: average isosteric heat of adsorption, cal/mol or volumetric flowrate

[em?/s]

: single particle radius [cm]

: gas constant [cal/molK]

: bed radius [cm]

: particle radius [cm]

: Reynolds number [p,u(2Rp)/1]
: Schmidt number [up,/D,,]

: time [s]

: temperature [K]

: ambient temperature [K]

: wall temperature [K]

257

u : interstitial velocity [cm/s]

y  : mole fraction in gas phase

z  : axial position in a adsorption bed [cm]
J2[o|A =X}

€ : interparticle void fraction

€, : intraparticle void fraction

g, : total void fraction

pp : bulk density [em’/g]
P, : gas density [em’/g]

p, : particle density [em’/g]
p, : bed density [cm’/g]

8  : parameter

¢ : parameters
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