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Catalyst Study on Liquid-phase Dehydrogenation of Cyclohexanes for
Thermo-regenerative Fuel Cell
—— Liquid-phase Dehydrogenation of Cycthexanes by Carbon-Supported

Noble Metal Catalysts —
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Liguid-phase dehydrogenaticn of cyclohexanes with suspended noble
metal catalysis yielded aromatic hydrocarbons and molecular hydrogen
exclusively under boiling and refluxing conditions. Retardation effects of aromatic
addends, fit well to a Langmuir-type rate equation, were especially large for those
which exhibited facile simultaneous hydrogen transfer. The catalysts suitable to
the benzene-hydrogenation electrode and to the endothermic dehydrogenation
reactor are essentially important in the newly-proposed thermo-regenerative fuel

cell system.
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Fig. 1 Standard Gibbs Free Energy Change of Hydrogenation /
Dehydrogenation Couple as a Function of Temperature
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Fig. 2 Thermo-regenerative Fuel Cell with Hydrogenation / Dehydrogenation Couple
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Table 1 Dehydrogenation of cyclohexanes with suspended noble
metal catalysts under boiling and refluxing conditions ?

Catalyst Substrate Temp. H,/mmol Arom. compd. / mmol
Pt/ Carbon Ethylcyclohexane 132°C 23.93 7.75 (Ethylbenzene)
Pt/ Alumina o 13.04 ”

Pd/ Carbon ” 9.22 3 18 ”
Pd/ Alumina ” 3.67 1.25 "
Rh / Carbon o 2.59 0.98 ”
Rh / Alumina ” 1.96 0.78 "
Ru / Carbon ” 0.15 0.06 ”

Ru / Alumina ” 0.04 0.02 o
Pt/Carbon  1,2-Dimethylcyclohexane 127 °C 13.20 4.20 (0-Xylene)
Pt/Carbon  1,3-Dimethylcyclohexane 122°C 13.12 3.79 (m-Xylene)
Pt/ Carbon  1,4-Dimethylcyclohexane 122°C 12.78 3.78 (p-Xylene)
Pt/ Carbon Methylcyclohexane 100 °C 4.59 1.42 (Toluene)
Pt/ Carbon_  Cyclohexane 81.7°C 1.89 0.48 (Benzene)

a) Catalyst concentration : 0.2 mmol metal /100 ml; reaction time : 24 h -

BArOmMEs L ORICEBICEAT S, 24 BEIRSHEOKEZEREERUSEBAR
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Catalyst : Chloride precursors, adsorbed and reduced with NaBH4 on carbon (5 wt%)
/éf%-f*,% I~k Reaction conditions : Boiling and refluxing (132 °C) in ethylcyclohexane (100 ml)
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Fons B TE Fig. 3 Catalytic H, Evolution from Ethylcyclohexane
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Neat (%), or m-xylene(QO), o-xylene(®), p-xylene ((1),
toluene (M), benzene (A ) and ethylbenzene ( A ) added.

Solution: Ethylcyclohexane(100 ml) with ( A 0.5 ml and B 2 ml) or without additives.
Catalyst: Pt / Carbon (0.2 mmol-metal, 5 wi%) 0.78 g.
Reaction conditions: Boiling and refluxing (132 °C).

Fig. 4 H, Evolution from Ethylcyclohexane with or without Additives



32 FHEERILEEWMICLS
IFLS ANty R
KEFHEFRILRICOMEE

AIRERRERICH 5
CoOBERIEEMETML
THE BAIIRT LD
(CKRFEERRERET L.
FEMENZUHhEZNWELE.
TOMREKED 7. T
FNE N
LI > OREFEDRIE. 45
B LWV, FMBEEERILES
WMOWT hIZDONTH.
Langmuir BLERES(F 3) T
L BETESIEND
o 7=(35),

1.4

1.2

v''/mmol h

A e

200
aromatic additive / mmol dm

m-xylene(0), 0-xylene(®), p-xylene((]),
toluene (M), benzene(D), and ethylbenzene(A).

Fig. 5 Effect of Aromatic Additives on H,

Evolution Rates from Ethylcyclohexane

v =k /(1 + K[Addend])
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Hydrogen Transfer to Them from Ethylcyclohexane

Table 2 Hydrogen Evolution Retarded by Additives and

Additive K /107> mmol”! dm? kT /102 n'g!
ethylbenzene 33.7 —
benzene 22.9 27.4
toluene 21.8 46.2
p-xylene 10.6 3.33
o-xylene 5.34 1.39
m-xylene 3.34 6.67

Solution: Ethylcyclohexane(100 ml) with additives(0.5-2.0 ml)
Catalyst: Pt/ Carbon (0.2 mmol-metal, 5 wi%) 0.78 g
Reaction conditions: Boiling and refluxing (132 °C)
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Fig. 6 Rates of Hydrogen Evolution and Hydrogen Transfer
from Ethylcyclohexane with Suspended Metal Catalysts
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