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Abstract— The effect of temperature variation on the breakthrough curve in the bed packed by zeolite SA was studied
theoretically in the isothermal, adiabatic and nonisothermal-nonadiabatic systems. The HyCO(70/30 volume %) mixture
which is two major components of coke oven gas was used as a feed gas. The commercial ADSIM/SU program was used
for the simulation incorporating the mass, energy and momentum balances with linear driving force and Langmuir-
Freundlich isotherm models. The validity of nonisothermal-nonadiabatic model used in this study was confirmed by using
the nonisothermal experimental breakthrough curve obtained from the bench scale bed. The tailing of breakthrough curve
in the nonisothermal-nonadiabatic condition occurred due to the decrease of temperature profile in the small scale bed by
the feed gas. In the case of the pilot scale bed, the temperature profile and breakthrough curve under the nonisothermal-
nonadiabatic condition showed similar behavior with those under the adiabatic condition because of the adiabatic effect of
the adsorbent in the bed. Since the dynamics of adsorption bed is affected by the temperature variation in the bulk separation,
the isothermal model makes large errors predict the breakthrough curve.
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Table 1. Parameters of Langmuir-Freundlich model for components

k; K, ks kq ks ks
(mmol/g) (mmol/gK)  (1/atm) (9] (=) x)
H, 4314 -0.01060  0.002515 4582 09860  43.03
CO 5.051 -0.00905 0.001137 1617.0  0.5245 256.5

Table 2. Characteristic of the adsorption bed and adsorbent

Adsorbent
Form spherical zeolite SA
Pellet size 4-8 mesh
Average pellet size 1.57mm
Pellet density 1.16 g/em’
Intracrystal void fraction 0.29
Macropore void fraction 0.36
Average macropore radius 986 A

Adsorption bed

Bench scale Pilot scale

Bed inside radius 1.1cm 11.0cm

Bed outside radius 1.275cm 12.0cm

Bed length 100 cm 150 cm

Wall heat capacity 0.12 cal/gK

Bulk density 0.795 g/cm’

Interparticle void fraction 0.315
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Fig. 1. Adsorption isotherm of H, on zeolite 5A.
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Fig. 3. Breakthrough curves at isothermal, adiabatic and nonisother-
mal-nonadiabatic conditions under 16 atm adsorption pres-
sure and 2 LSTP/min feed rate.
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Fig. 5. Temperature profiles of H,/CO system at adiabatic condition
under 16 atm adsorption pressure and 2 LSTP/min feed rate.
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Fig. 13. Temperature profiles at nonisothermal-nonadiabatic condi-
tion(h=1.0 kJ/m’ - K).
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Fig. 14. Temperature profiles at nonisothermal-nonadiabatic condi-
tion of pilot plant under 200 LSTP/min feed rate and 16
atm adsorption pressure.

Flo] FAAL F4 S 2l B
A EARa I S

2 WAgo 2N FTHEES

3-6. Scale-up H&F

Fig. 12-14¢l] £3§t2] =7]Z pilot plant 2712 538 A$ v =
e 275 el 2AGH AT L8 BT E hehRg]
£k FA%S) 271 A8 220m, Fol7} 150cmo] o), AL
16 atm, =%]-f<-2 200 LSTP/min®] Z71-& o}-g3}aic}.

Fig. 12- 1301]/(-] Pilot Plantyt o] Faghl] LR E ¥ = v =L 1]
dol Bdg ASE A9E LEEX|e] BEs Yehit g
U\:-W_O- }\}_g_al_ 71-_9_ 7.1_‘7:._0_ _110 TL]— Z:E]TZH ,9_5‘— ]E._‘?__H]
94 U B AF REK 9 DAL AT A 3227
K24} 718} apol7} glom, FalA|zlo] 22 Fabet gl 2|
A EPA7EA) Bl eERgd 2de A A= FAR A7)
LAF 2= AIsHA Pt

Farooq#} Ruthven[25-26]2 A& F&443 z7slold 1345}

Temperature [K]

/ — — 200 sec
300 —{4.5 | —— 300 sec

——— 400 sec
500 sec

00 1t 2 3 4 5 6 7 8 910
Axial distance [m]

Fig. 15. Temperature profiles at adiabatic condition of pilot plant
under 200 LSTP/min feed rate and 16 atm adsorption pres-
sure.
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Fig. 16. Breakthroguh curves at isothermal, adiabatic and nonisother-
mal-nonadiabatic conditions in pilot plant under 200 LSTP/
min feed rate and 16 atm adsorption pressure.
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: surface area of adsorbent [m’]

: specific heat, gas phase [kJ/kmol/K], solid phase [kJ/kg/K]
: effective diffusivity [m’/sec]

: solid-gas heat transfer coefficient [kW/m*/K]

: heat of adsorption i [kJ/kmol]

s overall heat transfer coefficient [kW/m*/K]

: mass transfer coefficient (solid) [kg/m’/s]
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j=x
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MTCs
: pressure [atm]

: particle radius [m]

: time [sec]

: temperature [K]

: superficial velocity [m/sec]

: solid phase loading [kmol/kg]
: bed axial distance [m]

N X £ < - om0

: axial distance [m]

Jz2|0ja 2xt

p
£

n

: density [kg/m'], gas phase [kmol/m’]
: void fraction

: viscosity [em/g -

s]

&2t5st H36H M5z 19984 108

: equilibrium state

: gas phase
: solid phase
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