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Catalytic activity of ferric oxide was evaluated in

the oxidative dehydrogenation of n-butane. The apparent
activation energy determined in the kinetic region was
37.7 kcal/mol. The activity of this oxide was undetect-
able up to 430°C. Reaction product distributions are
shown as functions of temperature in the range of
430-650°C.

KaTanuTuueckyw aKTUBHOCTb OKHMCH xene3a (III) M3MEDPSIH
B OKMCIIMTENIbHOM JeruapupoBaHUd H-O6yTaHa. Kaxymasacs
2Hepruss akTHBauuu paBHa 37,7 KKajan/Molb. AKTHBHOCTDb
OKHCJla He Y[OaJloCb OOHapy&uTb BIUJIOTb 10 430°C. Pac-
npejeieHue MpoAYKTOB peaKUMH NpeacTaBIeHO B 3aBUCHMO-
CTH OT TeMIepaTypbl B HHTepBalle 430-650°C.

INTRODUCTION

As part of a continuing study on n-butane oxidative de-
hydrogenation (OXD) reaction over different oxides, the activity

and kinetics on ferric oxide have been investigated.
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RESULTS AND DISCUSSION

The apparatus, operation conditions and detailed procedur-
es have been described earlier [1,2].

The reactor was packed with ferric oxide diluted with
quartz. The total BET surface area of this oxide was determi-
ned to be 10.08 mz/g.

The reaction over ferric oxide can only be detected above
430°C, where the total n-butane conversion is 0.2%. This tem-
perature is significantly greater than that obtained with nickel
oxides (200-300°C) [2] but little lower than that with quartz
(500°C) [11.

Since in this study it was necessary to use high tempera-
tures due to the low activity of the oxide, the product com-
position is the result of three kinds of reactions that can be
present under these severe conditions, namely: dehydrogenation
(butenes and butadiene), combustion (carbon dioxide and small
quatities of CO) and cracking (ethylene and propylene). Data of
total butane conversions and yields in dehydrogenation, crack-
ing and combustion products, as functions of temperature are
shown in Fig. 1b.

The reaction is more selective to C4 olefins at low con-
version (low temperatures) while the selectivity to combustion
products passes through a maximum at approximately 580°C. Crack-
ing reaction becomes significant at 530°C and increases rapidly
with temperature. The yields of Cy olefins and co, tend to reach
a maximum at temperatures around 650°C. Cracking becomes the
main reaction at temperatures above 600°c.

The temperature dependence of the specific rate is given,
in Arrhenius coordinates, in Fig. la. As can be seen, the lin:
shows a breaking point in the region of 550-560°C. It must be
stressed that the cracking reaction is already significant at
these temperature conditions (Fig. 1lb). The Arrhenius parameters
in each of the regions (low and high temperature) are:

430-550°C E_=37.7 kcal/mol; log A = 3.29
560-640°C E_=19.7 kcal/mol; log A =-1.47
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1. (a) Arrhenius plot. Conversion of n-butane
(=-=-) and yields (———) in total C4 olefins (o),
combustion (o) and cracked products (A4)

The orders of the reaction with respect to oxygen (m) and

butane (n) partial pressure were determined at 510°¢c and 570°

(Fig.

2), with the aim to compare reaction order results in

the absence (510°C) and presence (570°C) of the cracking reac-

tion.

=
T =

The

510°C
570°¢

The reaction orders are :

1.05
0.33

1.311
1.28

apparent activation energy reduces to one half of the

value at low temperature, which we could therefore, ascribe to

intraparticle diffusion limitation, as was postulated on nickel
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Fig. 2. Dependence of the reaction rate on oxygen (a) and

n-butane (b) partial pressures

oxide [ 2]. But in this case, as the change in product distribu-
tion is very important after the breaking point temperature,
possibly due to the cracking reaction, it can be assumed that
the difference in the kinetic behavior of the system is the
result of the interaction of two phenomena: an intraparticle
transport limitation and a change from the low to the high tem-
perature reaction mechanism, as was found for the oxidation of
hydrocarbons [1]. This is also confirmed by taking into account
the reaction orders and the pre-exponential factors in the twoc

regions.

CONCLUSION

Ferric oxide is a very stable catalyst under the condi-
tions used here. Its activity remains almost uniform for long
times even under severe conditions. Selectivity in C4 olefins
is low due to the cracking reaction, which is significant at
the high temperature conditions where the catalyst was active.

In the region of 550-560°C a sudden change is observed in
the activation energy which can be explained by the combined

effect of a change in the reaction mechanism and intraparticle
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transport limitations. A correlative change in the product dis-
tribution on the effluent reactor stream was also noticed.

It can be concluded that the activity of ferric oxide is
significantly lower than that of nickel oxide but a little
higher than that of quartz. This is in agreement with the ap-

parent activation energy values over these oxides [1,21.
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