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Abstract — Adsorption dynamics of ethane/ethylene mixture gas and desorption dynamics during the displacement
desorption with propane as a desorbent in the column filled with faujasite adsorbent were investigated experimentally
and theoretically. The simulation that adopted heat and mass balance and an ideal adsorbed solution theory (IAST) for
the multicomponent adsorption equilibrium well predicted the experimental breakthrough curves of the adsorption and
desorption. At the adsorption breakthrough experiments, roll-ups of ethane increased as the adsorption pressure increased
and the adsorption temperature decreased. During the displacement desorption with propane in the column saturated
with ethane/ethylene mixture gas, almost 100% of ethylene was obtained for a certain time interval. The adsorption strength of
the desorbent greatly affected the adsorption and re-adsorption dynamics of ethylene. The re-adsorption capacity for eth-
ylene has been greatly reduced when iso-propane, which is stronger desorbent than propane, was used as desorbent. It
was found from the simulation that the performance of the displacement desorption process would be superior when the
ratio of (q,<b)c,;,/(q,%b)c,y, wWas 0.83, that is, the adsorption strengths of ethylene and the desorbent were similar.
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Table 1. Parameters used in the simulations

Physical properties of bed and adsorbents

Bed inner diameter (cm) 2.5
Bed outer diameter (cm) 34
Bed porosity ) 0.36
Particle density (g/em’) 1.08
Particle diameter (cm) 0.3
Density of wall (g/em’) 8.0
Heat capacity of gas (cal/mol-K) 73
Heat capacity of adsorbent (cal/g'K) 0.22
Heat capacity of wall (cal/g'K) 0.11
Total bed length (cm) 40
Mass and heat transfer coefficients

h,, (cal/cm’sK) 1.0x10~
U,, (cal/cm?sK) 2.0x107*
k(,‘2H6(Sil) 0.4
Keor(s™) 0.3
Kesr(s™) 0.3
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Fig. 1. Schematic diagram of apparatus for breakthrough experimental.
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Fig. 2. Adsorption isotherms of ethane, ethylene and propane on
faujasite zeolite at 313.15 K.
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Fig. 3. Adsorption isotherms of ethylene at several temperature on
faujasite zeolite.
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Table 2. Langmuir isotherm parameters and heats of adsorption
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Fig. 4. Effects of adsorption temperature on breakthrough curves for
C,Hy/C,H, system at 1500 mmHg (feed flow rate; 2000 ml/
min, temperature: 313.15 K, 353.15 K).
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Fig. 5. Effects of adsorption pressure on breakthrough curves for
C,H/C,H, system at 353.15 K (feed flow rate; 2000 ml/min).
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orbent flow rate; 1500 ml/min, desorbent: 100% propane).
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Table 3. Langmuir isotherm parameters

Temperature (K) ~ q, (mmol/g) b (I/mmHg) (q,<b)c,r,/(q,<b)csrr,
C,H, 3.01 0.024
313.15 ‘ 0.59
C;Hy 243 0.05
C,H, 2.80 0.0049
353.15 ‘ 0.42
C;Hy 2.05 0.0159
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Fig. 7. Effects of different desorbents on the desorption curves from
the column saturated with 14 vol% C,H¢/14vol% C,H, gas

mixture (temperature: 353.15 K, pressure 1500 mmHg, des-
orbent flow rate: 1500 ml/min).
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Fig. 8. Breakthrough curves of ethane, ethylene from the column
saturated with different desorbents at 353.15 K, 1500 mmHg
(feed flow rate: 2000 ml/min).
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Fig. 9. Effects of saturation capacity (q,) of desorbent on the desorp-
tion of ethylene and ethane. (desorbent flow rate: 1500 ml/
min, temperature; 353.15 K, pressure: 1500 mmHg).
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Fig. 10. Effects of Langmuir constant b of desorbent on the desorp-
tion of ethylene and ethane. (desorbent flow rate: 1500 ml/
min, temperature; 353.15 K, pressure: 1500 mmHg).
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Fig. 11. Effects of Langmuir constant b of desorbent on the adsorp-
tion breakthrough curves of ethane, ethylene from the col-
umn saturated with desorbents at 353.15 K, 1500 mmHg
(feed flow rate: 2000 ml/min).
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a, a, : Langmuir parameters, a;[mol/g], a,[mol/g-k]
a, : cross-sectional area of column wall[cm?]
b, : Langmuir isotherm parameterfmmHg™]
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C : gas phase concentration[mol/m?]
Cpe : heat capacity of gas phase[cal/mol K]
Cps : heat capacity of particle[cal/g-K]
C : heat capacity of wall[cal/gK]
d, : diameter of particles[cm]
(-AH,), : heat of adsorption of component i[cal/mol]
h,, : heat transfer coefficient at inner column wall[cal/cm?s-K]
k; : mass transfer coefficient of i th component[1/s]
L : bed length[cm]
p : Pressure[mmHg]
q; : equilibrium amount adsorbed of ith component[mol/g]
q; : amount adsorbed of i th component[mol/g]
Qg : saturation amount adsorbed of ith component[mmol/g]
R, : gas costant[cal/mole-K]
R;, R, :inner and outer radius of column[cm]
T : gas phase temperature[K]
T, : column wall temperature[K]
Tp : temperature of feed[K]
t : time[s]
u : superficial velocity[cm/s]
i : mole fraction of ith component[—]
z : axial distance in bed from the inlet[cm]
: dimensionless length
J2[o|A 2K}
€ : bed void fraction
Pq : gas density[g/cm’]
Pp : particle density[g/cm’]
P : column density[g/cm?]
n : gas viscosity[cP]
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