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ACTIVITY OF Ni-P CATALYST FOR THE DEHYDROGENATION OF METHYLCYCLOHEXANE
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The Ni-P catalyst prepared by reduction of Ni3(PO4)2 in hydrogen
promoted selectively the dehydrogenation of methylcyclohexane to tolu-
ene. The repeated reoxidation-reduction of the catalyst resulted in an

increase in dehydrogenation activity.

The Ni-P binary catalyst is known to have a characteristic selectivity for the
hydrogenation of various organic compounds%_3) In the previous paper?)
ported about the activity of Ni-P catalyst for the hydrogenation of butadiene. How-
ever, the study on the dehydrogenation has not been reported. The present report
describes the activity of the Ni-P catdlyst for the dehydrogenation of methylcyclo-
hexane (MCH) .

The Ni-P catalyst was prepared by the same method described in the previous
paper?) That is, the alumina-supported sample containing about 20 wt% Ni3(P04)2 was
prepared by the wet mixing method, which entailed the respective slurries of pow-
dered Ni3(PO4)2 and alumina sol(Nissan Kagaku Inc.,Alumina Sol Type 200). The sam-
ple dried at 110 °C was sieved to collect a 20-30 mesh fraction that was calcined
in air at 600 °C for 2 hr. The resultant sample was reduced to obtain the Ni-P cata-
lyst with hydrogen at the spcified temperatures. In order to characterize the Ni-P
catalyst, three kinds of catalysts were used: the Ni(1l0 wt%) on Sioz, Ni (15 wt%) on
A1203 and the Pt(0.5 wt%) on A1203. The silica- or alumina-gﬁpported Ni catalyst was
in which Ni(OH)2 was

we have re-

prepared by the same method described in the previous paper:
precipitated from a solution of Ni(N03)2 with an aqueous solution of ammonia in the
presence of a suspension of carrier hydogel. The Pt on A1203 catalyst was supplied
from Nippon-Engelhard Inc.These three catalysts were calcined in air at 500 °C for
2 hr and were reduced before use with hydrogen at 500 °C for 4 hr. The catalytic
tests were carried out with a conventional pulse-reaction apparatus by use of hydro-
gen as a carrier gas. The procedures for the catalytic activity measurements and for
the analysis of the reaction products were practically the same as those described
in the previous paper§)
In Table 1, the activity and the selectivity of the Ni-P catalyst are compared
with those of Ni and Pt catalysts. Both the activity and the selectivity were almost
constant during the repeated sample injections for all the catalysts. Besides the de-
hydrogenation, metallic Ni promotes the dehydro-demethylation and the hydrocracking
reactions leading to a considerable formation of benzene and methane. There was no
appreciable difference in the selectivity between the Ni on SiO2 catalyst and the Ni
on A1203 catalyst, although the activity of the former was somewhat higher than that
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Table 1. Comparison of Ni-P catalyst with Ni and Pt catalysts for the
reaction of MCH

Catalyst weight(W): 0.21 g, Flow rate of H, carrier gas(F): 30 ml(NTP)/min=

2
0.083 mol/hr, Sample size in liquid of MCH injected(Sl): 2 yl/injection.
‘ Reaction Eractional Selectivity for thr reaction
Catalyst tempera- coversion
ture of MCH Dehydro-b) Dehydro—de-c) Hydro- a)
(°C) genation methylation cracking
Ni-P on A1203a) 300 0.21 1.00 — —
400 0.85 1.00 —_— —_—
Ni on SiO2 250 0.48 0.75 0.23 0.02
300 0.94 0.17 0.47 0.36
Ni on Ale3 250 0.27 0.82 0.15 0.03
350 0.87 0.24 0.39 0.37
Pt on A1203 250 0.35 1.00 — —_—
300 0.97 1.00 —_— —_—

a) the catalyst was reduced with hydrogen at 600 °C. b) toluene formation.

c) benzene formation. d) methane formation by hydrocracking of MCH.

of the latter. In contrast to metallic Ni, Ni-P selectively dehydrogenates without
any other reaction, similarly to the Pt catalyst commercially used in the platfor-
ming process. This platinum-like selectivity of the Ni-P catalyst was quite similar
to the partially sulfurated nickel catalyst reported in the previous paperg)

Influence of the temperature of catalyst preparation on the activity of Ni-P
catalyst is shown by the curve 1 in Fig. 1. The activity is beginning to emerge when
Ni3(PO4)2 is reduced with hydrogen at temperatures near 350 °C, and increases with
rise of temperature, passes through a maximum at about 600 °C, and then slightly de-
creases at 700 °C. These results were obtained when the time interval of catalyst
reduction was kept constant for 4 hr. But, the catalyst activity was scarcely affe-
cted by changes in the time interval of catalyst reduction ranging from 1 to 5 hr.
The selectivity of the Ni-P catalyst was entirely independent on the temperature of
catalyst preparation, giving toluene alone.

The kinetic measurements were carried out with the Ni-P catalyst prepared at
600 °C. The conversion data were approximately expressed by the first order kinetics.
The rate constants, k(mol/g-cat hr) were calculated by Eqg.(1l).

k=—2 1 (1)
(W/F) 1 - x

where W/F is the time factor used as an indication of contact time in the pulse re-

actor and where x is the fractional conversion of MCH. Arrhenius plot for the rate
constants was shown by the straight line 2 in Fig.l. The apparent activation energy
was found to be 15 kcal/mol.

A characteristics of the Ni-P catalyst was that the dehydrogenation activity
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Fig.l.Influence of the tempera-
ture of catalyst preparation
on the activity of Ni-P cata-
lyst and Arrhenius plot for
the rate constants.

1l : conversion of MCH vs. tem-
perature of catalyst pre-
paration.

( Reaction temp.:350°C, W:
0.21 g, Si: 241 )

2 : log k vs. 1/T plot.

( Temperature of catalyst
preparation: 600 °C )

Fig. 2. Effect of the repeated
reoxidation-reduction treat-
ments on the activity of Ni-

P catalyst.

1 : catalyst prepared at 400 °C.
: catalyst prepared at 600 C.

969



970 Chemistry Letters, 1976

increased by the repeated reoxidation-reduction treatments of the catalyst. The ca-
talyst was reoxidized with the air pulse and then was reduced with the hydrogen ca-
rrier gas ( this procedure was subsequently referred as the redox treatment). The
experiments of the catalytic reaction of MCH and the following redox treatment of
the catalyst were repeated at 350 °C. The increase in the activity is shown in Fig.
2 as a function of the integral amount of oxygen injected, where k’/k indicates the
ratio of the rate constants obtained before and after the redox treatment of the ca-
talyst. The catalyst selectivity of the Ni-P catalyst was entirely unchanged even
after the redox treatment had been done. Figure 2 shows that the redox treatment of
the catalyst is allowed to increase in activity about 5 times for the catalyst pre-
pared at 400 °C and about 1.3 times for the catalyst prepared at 600 °C, respective-
ly. In the cases of Ni and Pt catalysts,there was no such enhancement of the activi-
ty observed with the Ni-P catalyst. The increase of activity of the Ni-P catalyst by
the redox treatment was irreversible. This enhancement of the dehydrogenation acti-

vity may be attributable to new active sites of Ni0

formed by decomposition of ni-
ckel-phosphorus solid-solution or nickel-phosphides in the Ni-P catalyst, as sugge-
sted by the fact that the amount of CO uptake on the Ni-P catalyst increased with

the redox treatment.
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