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Thermal Energy Up-grading by Use of Cyclohexane
- Dehydrogeno-aromatization

Liquid-phase dehydroganation of cyclohexanes, yielding aromatic hydrocarbons and
molecular hydrogen exclusively with suspended noble metal catalysts under boiling and
refluxing conditions, proceeded more efficiently in the reactor of liquid-film type than of
suspention type. The catalysts suitable to this endothermic low-temperature reacﬁon are
essentially important in the newly-proposed thermo-regenerative fuel cell and chemical heat
pump systems.
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Table 1 Dehydrogeno-aromatization of Ethylcyclohexane
with Carbon-supported Platinum Catalyst

Ethylcyclohexane Reactor Catalyst amount  Initial rate
ml type mmol-Pt mmol-H, h!
100 Suspension 0.2 5.24
100 Suspension 0.6 6.58
10 Liquid-film 0.2 4.38
5 Liquid film 0.2 532
5 Liquid-film 0.6 13.7
5 Liquid-film 1.0 19.5
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Table 2 Catalytic Dehydrogeno-aromatization of Ethylcyclohexane
with Carbon-supported Ruthenium-Platinum Composite Catalyst

Reactant Initial rate of H; evolution Retardation

. Reactor
Catalyst Precursor Preparation type volume constant
ml k/mmol+hledm? K Jmol!s dm?
Ru-Pt/C  Chloride Impregnation Liquid-film 5 ‘ 3510 5.85
Ru-Pt/C  Complex Dry mixing Liquid-film 5 1470 2.65
Ru-Pt/C  Chloride Impregnation Suspension 100 389 377
Ru-Pt/C Complex Dry mixing Suspension 100 4.6 46.6

Catalyst : 13.5 wt% (Ru, Pt 0.5 mmol)

Reaction conditions : Boilng and refluxing (132 C) in ethylcyclohexane under external heating at 180 “C.
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Catalyst solution: 10 wt%-Pt / C (0.5 mmol) / Ethylcyclohexane (5 ml) (Liquid-film type)
Reaction conditions: Boiling and refluxing (132 *C) for 5 h
Extemnal heating: (a)180 'C, (b)150 'C

Fig. 1 Effect of External Heating Temperature on Dehydrogenation Rates
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Table 3 Contrast between Suspension and Liquid-film Type
Reactors for Catalytic Dehydrogenation

reactor . .
item ) suspension type liquid-film type

liquid substrate large amount small amount
reatunlized for | [erionevabontion reseton, cuaporain,
temperature distribution Tex> Tear = Tiig Text > Tear > Tiiq
catalyst temperature equal to liquid temp.  higher than liquid temp.
catalyst characteristics small k & large K large k & small K
reaction rate low high
acceptable limit of low high
product concentration

*) Extemnal heat reservoir, catalyst and transferred heat are assumed to be common.
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Fig. 2 Mass Transfer on Catalyst of
Partially-Wetting State in Trickle-Bed Reactor'?
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Fig. 3 Schematic View of Suspension and Liquid-Film Type Reactors
for Catalytic Dehydrogenation
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Fig. 4 Cyclohexane / Benzene / Hydrogen Chemical Heat Pump System

Table 4 Constitution and Temperature of
Cyclohexane / Benzene / Hydrogen Chemical Heat Pump System

H, O @ Temp.

Position and state (phase)

mol / h T
Start point of dehydrogenation x (I) 0 160 40 200
End point of dehydrogenation y () 0 60 140 200
Outlet for hydrogenation 7 (g) 300 60 140 200
Start point of hydrogenation s (g) 3781 60 140 350
End point of hydrogenation L (g) 3481 160 40 350

Heat of gas-phase hydrogenation  205.735 kJ / mol x 100 mol/ h=20.6 MJ/ h
Heat of liquid-phase dehydrogenation  205.316 k1/ mol)x 100 mol/ h=205 MJ/ h
Equilib. constit. after hydrogenation  H/C/B =3481/160/40 at 350 T, 10 aim

Mass balances H 7z=3x100, s-1=3x100
C,B: x-y=%100,s-1=F100
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