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The oxidative dehydrogenation of n-butane on nickel
oxide catalysts and on natural quartz, used as cata-
lysts”diluent, were studied. It is assumed that oxygen
ions from the oxide lattice participate in the initial
step of the reaction.

HUccnepoBanu OKHCIHTENbHOE geruapupoBaHHe H-O6yTaHa Ha ka-
Tann3aTopeé OKHCH HHMKells M Ha NPUHPONHOM KBapue, MCHNOJb3y-
€MOM B KauecTBe pa3baBuTess KaTalu3aTopa. ﬂonaram‘, 4To
HOH KHCJIOpOJda M3 MaTpHUbl OKHMCJla NMPUMHUMaEeT YuyaCTHE B HHU-
LUHDPpYWIlEeH CTYNEeHH peakKlHH.

INTRODUCTION

Oxidative dehydrogenation (OXD) has significant thermo-
dynamic and process condition advantages as compared with the
conventional dehydrogenation process in producing olefins and
diolefins. For this reason, increasing attention has been
directed to it recently [1-3 1. _

A redox mechanism, initially proposed by Mars-van Krevelen,
was postulated to explain experimental results obtained for
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the catalytic OXD of propylene [4] and butene [5,6].

The production of diolefins by the OXD of alkanes is not
generally successful, due to the low reactivity of these com-
pounds [7-11]. The yield of butene and butadiene was always
very low, independently of the catalyst used [12-14].

The study of n-butane OXD on different first period transi-
tion metals oxides was carried out, with the aim to correlate
reaction parameters with the thermodynamic properties of the
oxides. In this paper, a study of the OXD of n-butane on
nickel oxides is presented. Since the oxides used as catalysts
have to be diluted in natural quartz, kinetic results in the

absence of metal oxide are also presented.

EXPERIMENTAL

The reaction was studied in a tubular reactor of 9 mm
diameter mounted vertically inside a controlled electrical
heater. In the absence of metal oxide compound, gquartz par-
ticles 60/80 mesh were used. In the experimental runs with
the metal oxides, a bed of "black" nickel oxide (Merck) di-
luted with quartz in a ratio 1.2:1, was used. The BET surface
area of the oxide was 3.75 m2/g [15]. The reactant gas mixture,
high purity oxygen and nitrogen, and 94% volume n-butane, was
passed downward through the reactor at a fixed total flow rate
of 215 NTP ml/min.

The reactor was operated under differential conditions.
Thus, the reaction rate V was directly obtained from the
n-butane conversion (x) as:V=FB-x/S, where FB is the n-butane
flow rate and S, the mass or the catalyst surface area charged

in the reactor. The reaction rate V may be expressed as:
_ m _n
V =k Py Py
where k is the rate constant, m and n the order of reac-

tion and Po and Py the partial pressure of oxygen and n-butane
respectively.
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RESULTS AND DISCUSSION

(a) Natural Quartz. The reaction rate is detectable starting

from 400°C and the butane conversion overcomes 0.1% only after
the temperature exceeds 500°C (Fig. 1b). A linear regression
analysis of experimental data (Fig. la) leads to the values of
the Arrhenius parameters shown in Table 1.

Carbon dioxide, C4 olefins and unreacted butane were the
main products present in the effluent gas up to 55°C, while
cracking products (ethylene and propylene) were formed, besides
carbon dioxide and C4 olefins, at temperatures above 600°C.
Thus, the reaction orders determined at 550°C and 614°C are
shown in Table 1.

There can be seen an important change in the reaction orders
obtained at low and high temperature. This effect may be due
to a chanée in the mechanism of the reaction at different tem-
peratures, which leads to the different product distribution
observed. Nevertheless, the reaction order in n-butane (n), at
low as well as at high temperature is always larger than unity,
suggesting a poor or no surface coverage by the hydrocarbon.

Table 1
Arrhenius parameters (space velocity of n-butane 2170 h_l,
C4H10:02:N2=20:15:65 mol %) and reaction orders

Arrhenius parameters reaction orders
Ea log A T in oxygen in butane
(kcal/mol) (°C) ) (a)
Quartz 43.6 4.60 550 1.30 3.40
614 0.50 2.64
Nickel Oxides
Series A 14.7 -1.29 - - -
Series B(LT) 19.4 -0.03 360 0.29 0.53
Series B(HT) 10.3 -3.02 420 0.41 0.28
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Fig. 1. (a) Arrhenius plot; (b) Conversion of n-butane

(b) Nickel Oxides. The "black" hydrous

2O and Ni203-H20,

It starts to decompose at temperatures

producing Ni203-2H as

stable up to 410-430°C in the presence

With the purpose of studying this oxide in its

nickel oxide loses water
it is heated [16,17].
of 340°C, but it is

of oxygen [18].

initial

state, a series of runs have been carried out at temperatures

between 200°C and 500°C (Fig. 1, Series A). The reaction exo-
thermicity is very high and the pressure drop through the bed

increases rapidly as the reactor temperature reaches 413°C.

After this series of experiments the catalyst was "regenerated"

by circulating an oxygen-nitrogen mixture at 450°C. This treat-

ment produces an important bed temperature increment, whose

magnitude cannot be attributed to coke

combustion, but rather

to a reoxidation process; suggesting that during the Series A

runs,

tually to metal as was found by Pilipenko et

the catalyst was reduced to a lower oxide (NiO)

and even-

al. [11]. During

this treatment, the pressure drop diminished until it reached

values near the initial ones.

With the reoxidized catalyst, a second series of runs was
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Fig. 2. Yields of combustion products ) and total

C4 olefins (----) as a function of temperature.
C4H10:02:N2=20:15:65 mol %

carried out between 340-500°C (Fig. 1, Series B). After this
series, the oxygen-nitrogen mixture at 450°C and also at 540°C
was circulated. No heating effects were observed, indicating
that, in this case, the catalyst has not been reduced. At this
point, X-ray diffraction data confirm that the nickel was pre-
sent as NiO, by repeating all the experimental runs with this
catalyst, between 320-450°C, results in complete agreement with
that of Series B were obtained (see Fig. 1).

In the Arrhenius plots for Series B, a sharp change in the
slope of the line is observed for temperatures greater than
400°C, suggesting a severe internal diffusion limitation effect
on the reaction rate or a change on the reaction mechanism.
Arrhenius parameters as well as reaction orders for Series A
and Series B, at low (LT) and high temperature (HT), are summar-
ized in Table 1. When the internal diffusion transport affects
the chemical kinetic process, the activation energy can be
reduced to half the true value and the order of reaction can,
be (m+l)/2 for the limiting reactant and n/2 for the other
[19,20 ]. Surprisingly, in this case, these figures are met.

The reaction poducts detected over both nickel oxides,
were CO2 and C4 olefins (butenes, butadiene); cracking as well

as other oxygen-containing compounds were absent (see Fig. 2).
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Small amount of CO was observed at temperatures greater than
400°cC.

The black nickel oxide is more active than NiO (Fig. 1b).
Nevertheless, in both cases, a similar product distribution
was obtained, which changes only slightly with temperature
(Fig. 2).

CONCLUSION. Due to the low butane conversion on natural quartz,
even at high temperature, it can be regarded as a good dilut-
ing agent for the catalysts.

The black hydrous oxide and NiO accelerate the butane 0XD
(Fig. 1b). On NiO there is an important transport limitation
effect when temperature is greater than 400°C. The changes
observed in the reaction rate for temperatures lower and higher
than 400°C cannot be attributed to a modification in the mec-
hanism of reaction, as in the case of oxidation reaction, due
to the fact that the product distribution remains almost the
same in the long temperature range investigated (Fig. 2).

It can also be argued that the oxygen responsible for
initial hydrogen atom abstraction from n-butane is an oxygen
ion from the oxide lattice [21]. The higher activity of "black"
nickel oxide, compared with NiO, is possibly due to the great-
er instability and lability of the lattice oxygen responsible
for the reaction.
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