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Abstract— Based on temperature swing concept arising from forced periodic variations in feed conditions, a theoretical
study of a novel catalytic reactor system is carried out, in which adsorption and reaction occur simultaneously. In order to
evaluate the performance of a temperature swing adsorptive reaction(TSAR) process for various operating conditions, the rig-
orous dynamic model of the reactor is developed and dynamic simulation is performed. In the application of the concept
suggested in this paper, the dehydrogenation process of methyl-cyclohexane(MCH) to produce toluene is employed and
the conversion and energy consumption is calculated. The results are compared with the case of isothermal equilibrium
reaction. For the whole range of investigation, it is examined TSAR process is superior to an isothermal equilibrium reac-
tor in the sense of a conversion and energy saving. In the consideration of the results of this study, TSAR process can pro-
vide a means for the effective utilization of a waste heat source for reaction heat and for feed gas preheat; periodic catalyst
regencration; the generation of optimal temperature for the improvement of a conversion; and reaction enhancement for
theoretically limited reactions.
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Table 1. Physical properties and conditions for the dynamic simu-

lation

Quantity Value Units
Cpe 28 J/mol-K
Cpe 920 JkgK
d 0.0254 m
D, 1.0x107* m’/s
K, 0.3 J/m-K-s
k, 0.1
Kk 1.0x1072
L 1.0 m
m, 3.5x1077, 1.7x107°, 0.0 mol/Pa-kg
R 8.314413 J/mol/K
T, . 473.15 K
Teea 463.15 K
Tegen 493.15 K
Yo 120 s
tregen 120 s
v, 0.8 m/s
€, 0.35
g, 0.55
AH, -5.0%x10% —9.0x10% 0.0 J/mol
AH, 3.5%x1077 J/mol
Os 750 kg/m®
P, 60 mol/m’

Table 2. Constant values of reaction rate and equilibrium coeffici-

ents
Coefficient Values

K, 2.141x 10
K, -1.301x10*
K, 2.374x10°¢
K, -2.802
K; -2.16x10*
K, 1.3933x 10
K, ~1.45%107?
Ky 2.552x10°°
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Fig. 2. Conversion of TSAR and steady state flow reactor.
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Table 3. Conversion and energy consumption at given t,,~120s, t,..,
=120s and T,,=453.15K with various T,,.,

TedK) T X Kot I, I,

45315 45315 0240  0.196 1224 0486
47315 0287 0236 1217 0681
49315 0338 0284 1188  0.842
51315 0388 0335 1157  0.953
53315 0440 0.389 1130 1.040
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Table 4. Conversion and energy consumption at given t,~120s, t,,,
=120s and T, ,~463.15K with various T,

TedK)  ToegerK) Xove Ko I, I,
46315 45315 0.270 0.217 1.243 0.370
473.15 0.318 0.262 1215 0.582
493.15 0.368 0311 1.185 0.739
513.15 0.421 0.364 1.154 0.856
533.15 0.476 0.420 1.133 0.945

Table 5. Conversion and energy consumption at given t...=120s, t,,.,
=120s and T,..=473.15K with various T,,,..

TredK) Teeen( K) X ave Xequil L L

473.15 453.15 0.298 0.239 1.244 0.277
473.15 0.348 0.287 1.214 0.489
493.15 0.401 0.339 1.183 0.648
513.15 0.455 0.394 1.154 0.769
533.15 0.514 0.452 1.136 0.861
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Fig. 6. Ratio of conversion (x,,./X.,,;) for various steam temperature.
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93¢ TA5HE 00 Table 6] Sokslgich. olwf £ julele
718 2A(T,.~463.15K2} T,,=493.15K) H4staich. T3 37
Azksk AA F7) A2 B} 445, 5 AAAZE )7 27}
Y43 ABgo] Z715%T). ol BE Lx9) AMAI] Zrhat



Yra B0l e PP AT LE F7] A 2] 115

Table 6. Conversion and energy consumption at given T,.~=463.15K,
Treeer=493.15K and t,,,,=240 s with various t./t,...

teed(S) Yeealtoyce Xave Kequi L I,

240 0.2 0.661 0.496 1.332 0.252
0.4 0.436 0.355 1.226 0.559
05 0.368 0.311 1.185 0.736
0.6 0.317 0.276 1.151 0.937

0.8 0.243 0.223 1.091 1.091
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: feed concentration of component i [mol/m’]

: gas phase molar concentration of component i [mol/m’]

: heat capacity of the gas phase [J/mol-K]

: heat capacity of the solid phase [J/kg-K]

: reactor diameter [m]

: effective dispersion coefficient [m’/s]

: axial thermal conductivity coefficient of the bed [J/m-K-s]

: equilibrium coefficient

: reaction rate coefficient

: overall mass transfer coefficient for component i [s ']

: reactor length [m]

: adsorption isotherm gradient for component i at reference tem-
perature [mol/Pa-kg}

BrErrapepp oy

: adsorption isotherm gradient for component [mol/Pa-kg]

~ B

: pressure in the bed [Pa]
q; :solid phase concentration for component i [kg/m’]

g, :equilibrium adsorbed phase concentration of component i [mol/kg]
R :universal gas constant [J/mol-K]

r :rate of reaction [J/mol-s]

T :bed temperature [K]

T : feed temperature [K]

T.... : temperature of regeneration medium [K]

t  :time coordinate [s]

toa :one cycle time [s]

t« :duration of feeding step [s]

tren : duration of regeneration step [s]

v, :superficial velocity of gas in the bed [m/s]
z  :axial coordinate [m]

Jz2j0la 2x}

€, :interparticle void fraction

g, :interparticle void fraction

AH, : heat of adsorption [J/mol]

AH, : heat of reaction [J/mol]

P, :bulk density of the bed [kg/m’]
p, :density of the gas phase [mol/m’]
v; :stoichiometric coefficient
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