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Characteristics of Catalytic 2-Propanol Dehydrogenation
under Boiling and Liquid-film Conditions

Hajime YATABE, Hideaki OGINO, Tomoyuki FUKUSHIMA and Y asukazu SAITO

In order to improve the thermal efficiency of 2-propanol / acetone / hydrogen
chemical heat pump system, enhancements of the conversion for 2-propanol
dehydrogenation with carbon-supported metal catalysts in liquid-film states were
investigated. The amount ratio of solid catalyst to liquid substrate was an important factor,
because not only the rates of hydrogen evolution but also the total conversions were
influenced sensitively and tremendously under boiling and refluxing conditions. The
equilibrium conversion of 12.7 % at 90 C was surpassed easily as the consequence of
reactive distillation and nonequilibrium nature of liquid-film conditions for catalytic
2-propanol dehydrogenation.
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Catalyst : Pt-Ru/C (1:1, 20 wt%, 75 mg) prepared from K,[PtCl,] and RuCl,

initial solution : 2-Propanol (O : 0.5mi, A : 0.6 ml, [J: 0.7 m) in a Schienk flask (50 m1)
Reaction conditions : External heating at 90 'C without stirring
Bar sign : The level of equilibrium conversion (12.7 %) caiculated from AG at 90 C

Fig.1 Conversion of 2-Propanol Dehydrogenation with Ru-Pt/C Catalyst
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Catalyst : Pt-Ru/C (1:1, 5 wi%, 63.2 mng) prepared from K,[PtCl,] and RuCl,

Initial solution : 2-Propanol ((3: 0.4 mi, O: 0.5 ml, A: 0.6 mt) in a Schienk flask (50 m)
Reaction conditions : External heating at 90 °C and cooling at 5 'C without stirring
Bar sign : The level of equilibrium conversion (12.7 %) calculated from A& at 90 °C

Fig. 2 Conversion of 2-Propanol Dehydrogenation with Ru-Pt/C Catalyst
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Catalyst : Pt-Ru/C (1:12, 5 wt%, 100 mg) prepared from K,[PtCI,] and RuCl,

Initial solution : 2-Propanol ([3: 1.2 mt, O: 1.3 ml, A: 1.4 mi) in a round-bottomed flask (200 ml)
Reaction conditions : External heating at 90 'C without stirring

Bar sign : The level of equilibrium conversion (12.7 %) calculated from AG" at 90 °C

Fig.3 Conversion of 2-Propanol Dehydrogenation with Ru-Pt/C Catalyst
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Catalyst : Pt-Ru/C (1:1, 33 wt%, 90 mg) pepared from K,[PtCi,] and RuGl,
laid in a Schienk flask (50 mi)

Reaction : Catalyst immersed in various amounts of 2-propanol
under boilong and refluxing conditions (heating at 90 °C for 1h)

Fig.4 2-Propanol Dehydrogenation with Catalyst in Liquid-Tilm State.
Conversion as a Function of Substrate Amounts
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Catalyst : Ru/C (5 wt%, 100 mg) prepared from Ru(NO,); by impregnation (Nikki Kagaku)

Initial solution : 2-Propanol (0: 1.5 mi, A: 1.6 mi, O: 2.0 mi) in a round-bottomed flask (200 mi)
Reaction conditions : External heating at 90 ‘C for the catalyst dipped in the solution
Bar sign : The level of equilibrium conversion (12.7 %) calculated from AG® at 90 C

Fig.5 Conversion of 2-Propanol Dehydrogenation with Ru/C Catalyst
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Catalyst : Ru/C (5 wt%, 100 mg) prepared from Ru(N0,); by impregnation (Nikki Kagaku)
Initial solution : 2-Propano! (0: 1.5 ml, A: 1.6 ml, O: 2.0 m!) in a round-bottomed flask (200 m!)
Reaction conditions : External heating at 90 ‘C for the catalyst dipped in the solution

Fig.6 H, Evolution from 2-Propanol of Various Amounts with Ru/C Catalyst
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Catalyst : Ru/C (5 wt%, 100 mg), prepared from Ru(NO,), by impregnation (Nikki Kagaku)
Initial solution : 2-Propano! (1.7 ml) in a round-bottomed flask (200 m1)
Reactlon conditions : External heating at 90 C without stirring

Fig.7 Langmuir-type Plot of 2-Propanol Dehydrogenation
with Ru/C Catalyst
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Catalyst : Pt-Ru/C (1:12, 5 wi%, 100 ng) prepared from K,[PtCl,] and RuCl,
Initial solution : 2-Propano! (1.3 mi) in a round-bottomed flask (200 m!)
Reaction conditions : External heating at 90 “C without stirring

Fig.8 Langmuir-type Plot of 2-Propanol Dehydrogenation
with Ru-Pt/C Catalyst
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