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PARTIAL OXIDATION OF ETHANE OVER K,Mo00, /SiO,
AND POTASSIUM PROMOTED MoO; /SiO, CATALYST

A. ERDOHELY], F. MATE and F. SOLYMOSI

Reaction Kinetics Research Group of the Hungarian Academy of Sciences and Institute of Solid State
and Radiochemistry, University of Szeged, P.O. Box 168, H-6701 Szeged, Hungary

Received 5 November 1990; accepted 27 December 1990

Silica supported K,Mo00, and potassium-promoted MoO, were used as catalysts for the
partial oxidation of ethane in fix-bed continuous-flow reactor at 770-823 K using N,O as
oxidant. The main products of the oxidation reaction were ethylene, acetaldehyde, CO and
CO,. Addition of various compounds of potassium to the MoO, /SiO, greatly enhanced the
conversion of ethane and influenced the product distribution. The highest rate and selectivity
for acetaldehyde formation was found on a K,MoO, /SiO, catalyst.

Keywords: Ethane oxidation, acetaldehyde production, oxidation with dinitrogen oxide, silica
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1. Introduction

The selective oxidation of alkanes is one of the most important catalytic
reactions for the production of valuable oxygenated compounds. The vyields of
these compounds depend sensitively on the nature of the oxidant and also on the
composition of the catalyst. As regards the oxidation of ethane, higher yields of
partial oxidation products were achieved when N,O was used instead of O, [1-6].
The performance of the various catalysts was influenced by the nature of the
support, and by the presence of a small amount of alkali metal salt [5,6]. The
effects of such alkali metal additives depend sensitively on their state and on the
mode of preparation of the promoted catalyst. An interesting type of promoted
catalyst is produced when the promotor and the catalyst form a compound which
in most cases exhibits a different structure and a different reactivity. The
advantage of this approach is the intimate contact between the promotor ions and
the catalyst. Such a contact is virtually impossible to ensure by any method
involving their deposition on the large area of support material.

Recently, we found that the use of KVO,; on a silica support produced a
catalyst that was more active, selective and stable in the partial oxidation of
ethane than the potassium-free or potassium-promoted V,0;/SiO, catalyst [5,7].
The primary aim of the present work was to examine whether the use of K,MoO,
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catalyst leads to any advantageous features in the oxidation of ethane as com-
pared to the use of pure or alkali metal-promoted MoO, catalysts.

2. Experimental

The oxidation of ethane was carried out in a fixed-bed continuous flow reactor.
The reactor consisted of a quartz tube (20 mm id.X 130 mm) which was
connected to a capillary tube (2 mm i.d.) so that the products could be rapidly
removed from the heated zone. Generally, 0.7-0.8 g of sample was used as
catalyst. The reacting gas mixture consisted of 20% of ethane, 40% of the oxidant
N,O, and He as diluent. The flow rate of the reactant was 50 ml/min. Analyses
of the exit gases were performed with a Hewlett-Packard 5750 gas chromato-
graph.

The catalysts were prepared by impregnation of a silica support (Cab-O-Sil)
with a basic solution of ammonium paramolybdate or K,MoO, to yield a
nominal 2 wt.% of MoO,. When the catalyst was promoted with potassium, a
solution of a potassium compound (K,SO,, KNO, or KOH) was added to the
solution of ammonium paramolybdate before impregnation. The ratio of the K
ion to the Mo ion was the same as in the case of K,MoO,. K,MoO, was
prepared by the method of Retgers [8]. After impregnation the catalysts were
dried and calcined in air at 870 K for 5 hours.

For characterization of the catalysts, we determined the BET areas, the number
of acidic sites of the samples, and their reducibility. Some of the data relating to
the above-mentioned measurements are listed in table 1.

The BET surface area of K containing MoO,/SiO, is greatly decreased except
the K,SO,-promoted sample. As no such change was observed for KOH-doped
or KNO,-doped, but MoO,-free SiO,, it seems likely that solid-phase reactions
occurred in the samples, producing different polymolybdates or heteropoly-
molybdates [9-13]. This was manifested in the reducibility of the catalysts (fig. 1).
Whereas the temperature-programmed reduction of MoO, /SiO, started at 770 K,
the reduction of all other samples, again with the exception of K,SO,-doped
catalyst, was observed even at 630 K.

3. Results and discussion

The oxidation of ethane on MoO,/SiO, catalyst occurred at 823 K. In
harmony with the results of previous investigations [2,3,5,6], acetaldehyde, ethyl-
ene, CO and CO, were the main products. Small amounts of CH, and C,
hydrocarbons and traces of C,H;OH were also detected. The initial conversion of
ethane was about 4-4.5%. The conversion and the rates of product formation
slowly decreased in time (fig. 2). A steady state activity was attained only after
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Fig. 1. Temperature-programmed reduction of different catalysts. Heating rate was 40 K min~?, the
flow rate of N,(90%)+ H,(10%) was 40 ml min ~}. The amount of catalysts was 0.3 g.

several hours. At this stage, the conversion of ethane was about 1%, the selectivity
of acetaldehyde formation was about 21% and the selectivity of ethylene forma-
tion was higher, at 31%. The overall selectivity for acetaldehyde and ethylene was
less than that reported by Mendelovici and Lunsford [3] (they used 1.65 g of
catalyst and the flow rate of the reactant was 45 ml/min), which is probably due
to the lower space velocity used in-the present work.

The addition of the various potassium compounds to the MoO,/SiO, greatly
enhanced the conversion of ethane (fig. 2). The marked increase in the activity
can not be attributed to a change in the surface area of the catalyst, as the
addition of KOH or KNO, to MoO; significantly lowered the BET area of the
MoO,/SiO, sample (table 1).

The potassium compound additives influenced the product distribution of
ethane oxidation: the selectivity of acetaldehyde production decreased, while that
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Fig. 2. Conversion of ethane (A) and rate of acetaldehyde formation (B) on different catalysts at
823 K.

of ethylene formation (with the exception of KOH-doped samples) increased
(table 1). A small amount of methane (2-4%) was also produced on the K-promo-
ted catalysts. This behaviour is in contrast with the characteristics of V,Oq
catalysts, where the addition of the same potassium compounds increased the rate
of acetaldehyde production by a factor of almost 6-7 {5,7].

Different features were observed for the supported potassium molybdate
(K,Mo00,/Si0,) catalyst. In this case we obtained the highest initial specific rate
for ethane oxidation (taking into account the BET areas), and the highest rate
and selectivity of acetaldehyde formation (table 1). In contrast, the production of
ethylene was the lowest.

Variation of the contact time on K,Mo0O, /SiO, showed that a higher selectiv-
ity for acetaldehyde production could be attained at higher space velocities. An
increase in this parameter by a factor of 3 by increasing the flow rate from 25



234  A. Erdbhelyi et al. / Partial oxidation of ethane over K, MoO, / SiO,

ml/min to 75 ml/min (the amount of catalyst was 0.69 g) enhanced .the
selectivity of acetaldehyde formation from 12% to 28% and decreased the conver-
sion from 6% to 2.8%. This feature was the same when the amount of the catalyst
was varied. This result clearly indicates the occurrence of secondary reactions of
acetaldehyde, particularly at high contact times. The space velocity change did
not influence the selectivity of ethylene formation.

The effects of the reactant concentrations were determined on a K,MoO,
sample pretreated with the reactant gas mixture at 823 K. With increase of the
C,H concentration from 5% to 20%, the CH,CHO production increased and the
CO, formation decreased, but no change occurred in the production of ethylene.
When the N,O concentration was increased from 10% to 60%, the conversion of
ethane and the selectivities of ethylene and acetaldehyde formation decreased,
but the selectivity of CO, formation increased.

In conclusion, we can state that the addition of potassium compounds to MoO,
greatly increased the rate of ethane oxidation; this is most probably connected
with the enhanced formation and reactivity of Mo®*—O~ sites which play an
important role in the oxidation [3,14]. The species Mo®*~O~ can be formed in
the reaction of N,O with. reduced centers Mo’*, the formation of which is
facilitated in the presence of alkali metal salts (fig. 1). Additionally, it is necessary
to take into account the occurrence of solid-state reactions in MoO,/Si0O,,
producing various oxometalate species, such as polymolybdates, paramolybdates,
molybdosilicic acid, etc. [9-13]; the molybdosilicic acid exhibited high activity in
the oxidation of methane [10]. However, at high calcination temperatures these
species were destroyed and the activity of the catalyst decayed [10]. As the alkali
metal compounds possesses higher thermal stabilities, this feature may also
contribute to the favourable influence of the promotion with alkali metal salts.

As regards the product distribution, the K,MoO, catalyst exhibited striking
behaviour, which differed from that of the alkali-doped and undoped MoO,
samples, as it promoted mainly the formation of acetaldehyde. This means that
on K,MoO, the reaction

2Mo** + C,H;-0"+ OH™= CH,CHO + H,0 + 2Mo’"

is favoured (very probably due to less numbers of acidic sites) as compared to the
reaction

which yields ethylene and requires acidic sites [15].

Finally, it should be mentioned that the partial oxidation of ethane are being
investigated on other alkali metal molybdates, too. All of them are to be active
catalysts in this oxidation, and the activities and the selectivities exhibit a greater
variation with the nature of the cations.



A. Erdohelyi et al. / Partial oxidation of ethane over K,Mo0O, / SiO, 235
References

1] E.M. Thorsteinson, T.P. Wilson, F.G. Young and P.H. Kasai, J. Catal. 52 (1978) 116.
2] M. Iwamoto, T. Taga and S. Kagawa, Chem. Lett. (1982) 1496.

3] L. Mendelovici and J.H. Lunsford, J. Catal. 94 (1985) 37.
4

5

6] A. Erdohelyi and F. Solymosi, J. Catal. 123 (1990) 31.

1 A. Erdohelyi and F. Solymosi, J. Catal. submitted for publication.

] J.W. Retgers, Z. Phys. Chem. 8 (1891) 6.

9] S. Kasztelan, E. Payen and J.B. Moffat, J. Catal. 122 (1988) 320.

0] S. Kasztellan and J.B. Moffat, J. Catal. 112 (1988) 54.

1] C. Rocchiccioli-Deltcheff, M. Amirouche, M. Che, I.-M. Tatibouet and M. Fournier, J. Catal.
125 (1990) 292.

[12] J.-M. Tatibouet, M. Che, M. Amirouche, M. Fournier and C. Rocchiccioli-Deltcheff, J. Chem.

Soc., Chem. Commun. (1988) 1260.

[13] H. Jeziorowskl, H. Kndzinger, P. Grange and P. Gajardo, J. Phys. Chem. 84 (1980) 1825.

[14] K. Aika and J.H. Lunsford, J. Phys. Chem. 81 (1977) 1393.

[15] H. Pines and W.O. Haag, J. Amer. Chem. Soc. 82 (1960) 2741.

r

[
[
[
[
[5] A. Erdodhelyi and F. Solymosi, Appl. Catal. 39 (1988) L11.
[
{
[
[

1
1



