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CYCLIC OPERATION OF CATALYTIC CYCLOHEXANE DEHYDROGENATION/
CARBON DIOXIDE HYDROGENATION USING LaNis AS A CATALYST AND
AS A HYDROGEN RESERVOIR
—A FUNDAMENTAL STUDY FOR MEMBRANE SEPARATION REACTOR -

Yoshimitsu UEMURA, Shigeki WAKAMATSU, Yasuaki OSUMI,
and Yasuo HATATE

Cyclic operation experiments of catalytic cyclohexane dehydrogenation/carbon dioxide hyd-
rogenation were carried out using LaNis Particles as a catalyst and as a hydrogen reservoir. The
final purpose of this study is to develop a membrane separation-type catalytic reactor. Five kinds
of LaNis particles ranging from 10 to 725 #m in mean diameter were used. After a 30 minute
activation of LaNis using hydrogen at 673 K, carbon dioxide and cyclohexane were allowed to flow
through the LaNis particle bed for each 30 minutes at 673 K, alternatively. The cycle recurred 4
times. The total time of the whole operation, therefore, was 4 hours. In the case of cyclohexane
feed, cyclohexene, benzene and hydrogen were detected as products. Cyclohexane conversion in-
creased with decreasing the mean diameter of LaNis, i.e, with increasing external surface area per
unit mass of alloy. In the case of carbon dioxide feed, carbon monoxide was formed. Hydrogen
also was detected in the outlet gas. Carbon monoxide yield also increased with decreasing the
mean diameter of LaNis. To determine the amount of hydrogen in LaNis available for carbon diox-
ide reduction, carbon dioxide was allowed to flow through the alloy bed until the carbon monoxide
yield reached zero at 643, 653, 663 and 673 K, respectively.
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Fig. 1 Schematic diagram of membrane separation type reactor
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Fig. 2 Schematic diagram of cyclic operation type
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Table 1 LaNis particles used

Average Openings of
diameter [ «m] sieves used [ #m]
10(*) -
29 20-38
50.5 38-63
94 63-125
725 600-850

* . This sample was prepared by hydrogen
absorption/desorption of 20 cycles using 50.5
r#m LaNis. The size was estimated by SEM
photographs inspection.
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Fig. 4 Typical procedure of reaction experiment
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Fig. 5 Conversion of cyclohexane
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Fig. 6 Yield of cyclohexene
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Fig. 7 Yield of benzene
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Fig. 8 Hydrogen concentration in outlet gas
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Fig. 9 Yield of carbon monoxide
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Table 2 Sumary of transient hydrogenation of carbon dioxide on LaNis using hydrogen absorbed in LaNis

during cyclohexane pretreatment

Cyclohexane Transient Integrated amount of (Integrated amount
pretreatment (1) hydrogenation CO converted from Hatom supplied of H atom supplied) /
temp. time of COz(*2) CO; on LaNisX 10"  from LaNis to reduce (H atom capacity
K] [min] temp. (K] (*3) [mol] C0,%10” [mol] of 1.0g LaNis) [—]

673 90 673 7.8 15.7 11.3%X107°

673 30 673 12.0 24.1 17.4%X1078

663 30 663 5.0 10.0 7.2X107°

653 30 653 2.0 4.0 2.9X107°

643 30 643 1.5 3.0 2.2X10°

1.0g of LaNi5 (10 «m) was used in all experiments.

% 1 : Partial Pressure of cyclohexane=1.3kPa, Ar balance, Total flow rate=230cr (NTP) /min
% 2 . Partial pressure of CO,=13.2kPa, Ar balance, Total flow rate=2300ci (NTP) /min

* 3 ! Calculated from the results illustrated in Fig. 8
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Fig.11 Integrated amount of carbon monoxide con-
verted from carbon dioxide on LaNis as a
function of temperature
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