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Abstract — Dynamic characteristics of adsorption using a layered bed packed with activated carbon and zeolite SA in ratio of
50:50 were studied through the breakthrough experiments of H,/CO(70:30 vol%) and Ho/CH,(70:30 vol%) mixtures, Effects
of adsorption pressure and feed flow rate on the breakthrough curves in the layered bed were observed. The higher adsorption
pressure or the lower feed flow rate, the longer the breakthrough time became. Since breakthrough curves in both binary sys-
temns had fail due to temperature variance in the bed by the heat of adsorption, the energy balance should be applied to the sim-
ulation of adsorption dynamics. In the layered bed, each binary mixture showed the specific characteristics of concentration
and temperature wave fronts in each layer, As a result, the contiguration and ratio of adsorbents in the layered bed will play an
important role in obtaining the high purity product.
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Table 1. Vatues of LDF coefficients, w;

R - 229 - olas}

Table 3. Characteristics of adsorbents and adsorption bed

Activated carbon Zeolite SA
CH, 0.195¢s™") 0.147(s™
Co 0.1506s ™) 0.063(s™
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Table 2. Isotherm parameters for activated carbon and zeolite 5A

ky k ks ky ks kg
Activated carbon
CH, 2386 005621 3478E-3 1159 1.618 —248.9
cO 3385 009072 2311E4 1751 3053 —6544
Zeoltte 5A
CH, 5833 -0.01192 650764 1731 0.8197 53.15
CO  i1.8454 -0.0313 0.0202 763 38235 -9313
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Adsorbent Activated carbon Zeolite SA
Type Granular Sphere
Normal pellet sizejmesh] 6-16 4-8
Average pellet size, R [cm] 0.115 .157
Pellet density, p,[g/em’] 0.85 1.16
Heat capacity, C,[calig - K] 0.25 022
Particle porosity, ct|-] 0.61 0.65
Voidage of adsorption hed, g[-] 0.433 0.357
Total void fraction, /-] 0.78 0.77
Bed density, pglgicm’] 0.482 0.746
Adsorption bed
Length, L{cm] 100
Inside radius, Rg,[cm] 1.855
Outside radius, Rp,[cm] 2.123
Cross sectional area of columm, A, [cm] : 3.343
Heat capacity of column, C, feal/g - K} .12
Density of column, w[g/cm?] 7.83
Internal heat transfer coefficient, h,-Ica]/cmszec] 9.2 107
External heat transfer coefficient, h(,[callcmszec] 34107
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Fig. 1. Schematic diagram of apparatus for breakthrough experiment.
MFC : Mass flow controller  MPFM: Mass flow meter
PT  : Pressure transducer BPR. : Back pressure regulator
RTD : Resistance temperature detector
CV : Check valve




ol F3gls H/C0% H/CH, 3 554 200

A3E] 10cm, 30cm, 50cm, 75cm A& RTDPt 100E S8
o & g &g 24y, ©el 4ol pressure gaugeS, L]
At shdol] pressure transducer® AAFHATH #t Fof 4F
FEFe s E¥7AE 5317 ¢85 MFCimass flow controller)
R Rao)] dAegen, ] 43S dAsH A7 9
3| electric back pressure regulators 43T (product end) -l A
31t 5 wet gas meter(Sinagawa Co)2 TF9 FHE 2l
sk, 49 PES 2, 4, /% T delge At w=
HFeld Ao 3 ARIzE slrh

HiER Eote] 7|3 248 AEAHTETE] mass spectrometer(Bal-
zers QuadstarTM 42175 AM-Sled dAATE o2 BHaigivt

g e R

4. MEZ W DE

4-1. 70| 22 g
10ame] 4% dHEZM 2484 FE7149] 58 2Rl o
F4g2] AFE Fig. 29 39 Uit B BelM e #4522 £

105
0 4.5 LSTPImin
O 6.8 LSTPimin
F 100 & 9.1 LSTPhmin
= -—— Predicted
2 85
o
g 90
=
8
C B5:-
Q
g
£ 80
2
.
S 75
3
= P
w70
85 1 | | 1 | 1
0 200 400 600 B800 1000 1200 1400
Time [sec]
Fig. 2. Effect of feed flow rate on breakthrough curves for Hy/CO sys-
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Fig. 3. Effect of feed flow rate on breakthrough curves for H,/CH,
system at 10 atm.
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Ay :cross sectional area of the wall [cm?)

B : equilibrium parameter for Langmuir-Freundlich model [atm™)
c; : T component concentration in bulk phase [molfem’]

C,p Gy C, gas, pellet, and wall heat capacity, respectively [cal/g K]
D, : effective diffusivity defined by solid diffusion modet [em¥isec]
D, : axial dispersion coefficient [cm*/sec]

-AH  :average heat of adsorption {cal/mole]

k : parameter for LRC model

K : proportionality parameter for LDF model [- ]

K; : axial thermal conductivity [cal/cm sec K]

L : bed length {cm]

P : total pressure [atmy]

P,, P, :final adsorption and desorption partial pressure, respectively
[atm]

P. : gritical pressure [atm]

g, 9%, g : amount adsorbed, equilibrivim amount adsorbed and average
amount adsorbed, respectively [mol/g]

[\ : equilibrium parameter for Langmuir-Freundlich model {mol/g]

T s radial distance in pellet [cm]

R : gas constant [cal/mol K}

RP : radius of pellet [cm)]

Ry Ry, inside and outside radius of the bed, respectively [cm]

6t s time and stoichiometric breakthrough time, respectively [sec]

Ty Tp : final adsorption and desorption temperature, respectively [K]

T : temperature of atmosphere [K]

T, : critical temperature [K]

T, T, :pellet or bed temperature and wall temperature, respectively
(K]

u s interstitial velocity [cm/sec)

W, : wave velocity for concentration front [cm/sec]

\ : mole fraction of species j

z ; axial distance in bed from the inlet [cm]

J2jola

£ £, : voidage of adsorbent bed and total void fraction, respectively

[-]
Py Po P P, ga5 density, pellet density, bulk density and bed wall
density, respectively [gfem’]
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