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Abstract — The dynamic characteristics of adsorption using an adsorption bed packed with Li-X zeolite (UOP) were
studied through the breakthrough experiments of H,/CH, (90:10 vol%), H,/CO (90:10 vol%) and H,/CO, (80:20 vol%)
mixtures. Effects of feed flow rate (6.24~10.24 LPM) and adsorption pressure (6.1 bar~10.1 bar) in the Li-X zeolite bed
with 2.7 cm of inside diameter and 80 cm of bed length were observed. The smaller feed rate or the higher operating
pressure, resulted in the longer of the breakthrough time and the breakthrough curve have tailing due to temperature
variance in the bed. The adsorption dynamics of the Li-X zeolite bed were predicted by using LDF model with feed flow
and pressure dependent diffusivity. The prediction and experimental data were analyzed with a nonisothermal, nonadi-

abatic model, dual-site langmuir (DSL) isotherm
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Table 1. Characteristics of Adsorbent

Li-X Zeolite (UOP) Value
Type Sphere, VSA-10
Nominal pellet size, [mesh] 8~12
Bulk density, [g/cm?] 0.592
Pellet density, [g/cm’] 1.30
Specific surface area, [m%/g] 563.03
Micro pore volume, [m?/kg] 227.584
Average pore diameter, [nm] 225

Vent
10 @
< >
Vent

Fig. 1. Schematic diagram of adsorption dynamics experiment apparatus.
A. Adsorption bed 5. Pressure transducer
T. Thermocouple 6. Back pressure regulator(BPR)
1. Mixed gas 7. Mass flow meter(MFM)
2. Check valve 8. Wet gas meter
3. Mass flow controller(MFC) 9. Mass spectrometer
4. Solenoid valve 10. Vacuum pump
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Table 2. Characteristics of adsorption bed

Value
Bed length, [cm] 80
Inside diameter, [cm] 2.7
Outside diameter, [cm] 34
Wall thickness, [cm] 0.35
Heat capacity of column, [cal/gK] 0.12
Density of column, [g/cm?] 7.83
Internal heat transfer coefficient, [kJ/sm’K] 3.85E-02
External heat transfer coefficient, [kJ/sm’K] 1.42E-02
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Table 3. Operation Conditions of Experimental Runs 7
Run mixture gases Flow rate [LPM] Pressure [bar] 6

Run 1 H,/CO, 8.24 8 _

Run2 H,/CO, 10.24 8 25

Run 3 H,/CO, 6.24 8 £

Run 4 H,/CO, 8.24 10 g 4

Run 5 H,/CO, 8.24 6 £

Run 6 H,/CO 8.24 8 33

Run 7 H,/CO 10.24 8 £

Run 8 H,/CO 6.24 8 o 2

Run9 H,/CO 8.24 10 <,

Run 10 H,/CO 8.24 6

Run 11 H,/CH, 8.24 8 0

Run 12 H,/CH, 10.24 8 0 5 10 15 20

Run 13 H,/CH, 6.24 8 Pressure [bar]

Run 14 H,/CH, 8.24 10 Fig. 2. Adsorption isotherm on Li-X Zeolite at 303.15 K; 4, CO,; H,

Run 15 H,/CH, 8.24 6 CO; A, CH,; @, H,; —, DSL model.

Table 4. Dual-Site Langmuir isotherm parameter and heat of adsorption of CO,, CO, CH, and H,

Component k; [mol/g] k, [1/bar] ks [K] k, [mol/g] ks [1/bar] ke [K] Q, [cal/mol]
CO, 5.79E-03 3.16E-04 2728.21 3.76E-04 1.77E-30 19950.6 12560
Cco 1.36E-03 6.25E-02 540 2.00E-03 1.44E-06 3404 8220
CH, 9.40E-04 1.55E-12 7750 2.90E-03 9.00E-04 1330 6450
H, 2.83E-04 4.68E-07 3398 1.55E-06 4.34E-44 7227 4170
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Fig. 3. Effects of the mass transfer coefficient for binary system on the breakthrough curve at 8.24 LPM and 8.1 bar (a) H,/CO,, (b) H,/CO, (c)

H,/CH,.
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Table 5. Mass transfer coefficient to feed flow rate and adsorption

pressure
Pressure Flow rate 0
[bar] [LPM] k; [1/5] Aq,/%
CO, 8.1 6.24 0.01 0.280
CO, 8.1 8.24 0.03 0.734
CO, 8.1 10.24 0.04 0.284
CO, 6.1 8.24 0.03 1.610
CO, 10.1 8.24 0.03 0.880
Cco 8.1 6.24 0.08 0.245
(60) 8.1 8.24 0.07 0.083
(€(0) 8.1 10.24 0.08 0.124
(€0) 6.1 8.24 0.06 0.083
(60) 10.1 8.24 0.08 0.125
CH, 8.1 6.24 0.05 0.065
CH, 8.1 8.24 0.05 0.173
CH, 8.1 10.24 0.05 0.078
CH, 6.1 8.24 0.05 0.573
CH, 10.1 8.24 0.05 0.071
_ 100 (QE.‘C[)_Q[’I‘(:‘)Z

Aq,/[%] = —N-z....._...é?;;_...

NEe] SRl oSS eizle] kg Wit oleld o

£ 2Rl FabAlsh FAtel A o] e 2

o2 ghebEs, 13).

H,/CO,, H,/CO, Hy/CH 2] oAl F571A€] aafrdel &
OFAHA] A |zte] S0l UREAR] ANk KT 10.24 LPM
~8.24 LPM2| THAI7EA}7} 8.24 LPM~6.24 LPM2] A|Z12R.TH}
O A2 & 7 Sk oS F3A Ule] = ARkS arefst
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CO4(733 sec) w02 FFpA|RIo] F7psloitt, S35 heabdi el
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Z g2 e] Fefel] ool G AL A (4= Ak S 27,

@
CoN. |, 1-gAq, (14)

€ Ac;
C,

olefgt sfbIe] Ajol= CO,2 F2FE P el CO, CHell BlEl 2
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Fig. 4. Effect of Feed flow rate on breakthrough curves for binary
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A, : cross sectional area, [cm?]
C : concentration of adsorbate, [mol/g]
C, : initial concentration of adsorbate, [mol/g]
C : gas heat capacity, [cal/g]
C,, : particle heat capacity, [cal/g-K]
C : bed wall heat capacity, [cal/g-K]
D, : mass axial dispersion coefficient, [cm?%/s]
h : heat transfer coefficient, [cal/cm?-s-K]
i,j :component i, j
k,~kg : dual-site Langmuir isotherm parameter
k : mass transfer coefficient, [1/s]
K, : effective axial thermal conductivity, [cal/cm?®-s-K]
: pressure, atm
: equilibrium moles adsorbed, [mol/g]

P
q
q, : maximum equilibrium moles adsorbed, [mol/g]
q : volume-averaged adsorbed phase concentration, [mol/g]
q"  : equilibrium adsorbed phase concentration, [mol/g]
R : gas constant, [cal/mol-K]

Rz : bed radius, [cm]

: particle radius, [cm]

: Reynolds number, p,u(2R /1

Sc  : Schmidt number, WD,,p,

t : time, [s]

T : temperature, [K]

T, : ambient temperature, [K]

T, : wall temperature, [K]

u : interstitial velocity, [cm/s]

u, : initial interstitial velocity, [cm/s]

y : mole fraction in gas phase

z : axial position in a adsorption bed, [cm]
J2|A 2K}

€ : interparticle void fraction

€, : intraparticle void fraction

g, : total void fraction

pg : bulk density, [cm*/g]
P, gas density, [em®/g]
p, : particle density, [cm¥/g]
p, : bed density, [cm’/g]
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