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Mo-V-Te-Nb metal oxide catalysts prepared by hydro-
thermal synthesis and heat-treated in N, at high tem-
peratures (600-700 °C) show high activity and selectivity for
the oxidative dehydrogenation of ethane to ethene. Yields of
ethene of 75% have been obtained at 400 °C on the best
catalysts.

The oxidative dehydrogenation (ODH) of short chain alkanesis
an interesting alternative way for olefin production. In the ODH
of ethane, the reaction conditions and the type of mechanism
strongly depend on the catalytic systems:1 (i) non-reducible
catalysts (i.e. Li/MgO based) operating at reaction temperature
higher than 600 °C;24 and (ii) reducible metal oxides, working
a reaction temperatures lower than 550 °C.1-3 |n the last case,
Mo-V—Nb based catalysts appear to be one of the most
promising materials at reaction temperature lower than 450
°C.56 Thus, ethane conversions of 73% with selectivity to
ethylene of 71% were reported using Sb-containing Mo-V-Nb
mixed oxides.b

Recently, Ueda et al. proposed the hydrothermal synthesis of
Mo-V-M-O (M = Al, Fe, Cr and Ti) catalysts.” These
catalysts (heat-treated at 410 °C for 2 h in a nitrogen stream)
presented relatively high selectivities to ethylene and acetic
acid, but at arelatively low ethane conversion (yieldsto partial
oxidation products of 10.5% were reported).

High-throughput synthesis and screening methods have been
recently used to develop new catalytic systems for oxidation
reations.8 In this way, it has been reported that MoV TeNb
mixed oxides are one of the most selective catalysts for the
ODH of ethane.® We report here the catalytic performance of a
Mo-V-Te-Nb oxide, prepared hydrothermally, and how the
heat-treatment temperature of catalyst strongly influences its
catalytic behaviour during the oxidation of ethane to ethylene.

MoVTeNbO cataysts were prepared by a hydrothermal
method using vanadyl sulfate, niobium oxaate, ammonium
hexamolybdotellurate and water with a Mo:V : Te:Nb atomic
ratioof 1:0.36:0.17:0.12.° The gelswere autoclaved in Teflon-
lined stainless-steel autoclavesat 175 °C for 60 h. Theresulting
precursors were filtered, washed, dried at 80 °C for 16 h and
heat-treated in the 500—750 °C temperature interval during 2 h
in N»-stream. X-Ray diffraction has been used to identify the
crystalline phases of catalysts.10.11

The catalystsweretested in afixed bed quartz tubular reactor,
working at atmospheric pressure, at temperature ranging from
340 to 400 °C. The flow rate and the amount of catalyst were
varied in order to achieve different ethane conversion levels.
The feed consisted of amixture of ethane-oxygen—helium with
a molar ratio of 30:10:60 and 30:30:40. The catalytic tests
refer to steady-state conditions; no deactivation was observed
over about 120 h time-on-stream. A blank run showed that
under our reaction conditions the homogeneous reaction could
be neglected.

T Electronic supplementary information (ESI) available: Fig. S1: XRD
pattern of sample heat-treated at 650 °C before (a) and after (b) the catalytic
tests. See http://www.rsc.org/suppdata/cc/b2/b204037a/
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The catalytic results for the oxidative dehydrogenation of
ethane on MoVTeNbO catalysts heat-treated at different
temperatures are summarised in Table 1. Ethylene, CO and CO»
were the main reaction products. However, oxygenated prod-
ucts other than COy were not observed. The catalytic results
presented here show selectivities to ethylene higher than those
obtained on the corresponding ternary (Mo-V-Nb-O or Mo—
V-Te-O) catalysts. Moreover, the catalytic performance of
these catalysts strongly depends on the temperature used in the
heat-treatment. Thus, the yield of ethylene increases with the
calcination temperature showing a maximum for the sample
heat-treated at 650 °C. However, higher temperatures favours
the achievement of less active catalysts. Since similar surface
areas were observed for these catalysts (6-8 m2 g—1), the
catalytic behaviour could partialy be related to the nature of
crystalline phases of catalysts.

Fig. 1 shows the variation of the selectivity to ethylene with
the ethane conversion obtained during the oxidative dehydroge-

Table 1 ODH of ethane at 360 °C on MoV TeNbO catalysts?

Ethane Selectivity (%)
Heat-treatment conversion
temperature? (°C) (%) CoHa CcO CO,
550 26.1 93.8 37 25
600 29.4 94.4 34 2.2
650 49.0 94.3 35 22

88.5¢ 80.8 124 6.8
700 38.0 95.3 2.8 19
750 16.3 95.7 25 18

a Conventional flow reactor, integra reactor mode; C,Hg: O,:He molar
ratio of 30:10:60 (W/F = 70 gcx h molc,~%). b Catalyst heat-treatment
temperature. ¢ C,Hg: O,:He molar ratio of 30:30:40 (W/F = 70 Qea h
molc,~1) and a reaction temperature of 400 °C.
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Fig. 1 Variation of the selectivity to the main reaction products, i.e. CoH,
(V, O) and CO, (¥, W) with the ethane conversion obtained during the
oxidation of ethane on a MoV TeNbO catalyst (heat-treated at 650 °C).
Experimental conditions: 340400 °C temperature interval; CoHg: O,: He
molar ratio of 30:10:60 (V, ¥) or 30:30:40 (I, W).
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nation of ethane over the sample heat-treated at 650 °C. From
these results, yields of ca. 75% with selectivities to ethylene of
85% have been achieved. These yields of ethylene are higher
than those reported in the literature patent on Sb-containing
MoV Nb based catalysts.¢ On the other hand, space time yield
(STY) of ethylene of 286 gc,n, kQear— h—1 can be obtained at
400 °C and a CoHg: O,: He molar ratios of 30:30:40.

Fig. 2 showsthe XRD patterns of samples heat-treated in N,
in the 500-750 °C temperature interval. The sample obtained at
the lower temperature show a sharp diffraction peaks at 26 ca.
22, in addition to a broad peak at 27.2 characteristics of
Anderson-type heteropolyanion units (Fig. 2(a)).7 The samples
heat-treated at temperatures higher than 550 °C present new
crystalline phases, as a consequence of the solid state reaction.
Thus, the presence of TeMosO;s and/or TeMo04O;3,
(M00.63V0.07)5014, NDp,0eM0p.910280 and MoOs can be pro-
posed (Fig. 2, spectra b—d).t In addition to these, the peaks
observed at 20 = 22.1, 28.2, 36.2, 45.2, 50.0° can be related to
the presence of a new crystalline MoV Te and/or MoV TeNb
phase.1! The presence of apeak at 45.1°, in addition to a small
peak at 28.2 in the sample heat-treated at 500 °C could indicate
the incipient formation of this new crystalline phase at low
temperature. In the sample heat-treated at high temperature
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Fig. 2 XRD patterns of MoVTeNbO catalysts heat-treated at different
temperatures: (a) 500; (b) 550; (c) 600; (d) 650; (e) 700 and (f) 750 °C.
SymbOIS. MoOs (A), TeMosO46 and/or TeM 04013 (D), (M 00_93V0_07)5014,
(@), Nbp oM 09910280 (O), VOM0oO, (M) and the new crystalline phase
(A) (ref. 10).

there is a decrease of the intensities of some of the most
important reflections with the appearance of new reflections
related to the presence of VOM0O, (Fig. 2(f)). On the other
hand, no changes in the spectra presented in Fig. 2 were
observed for the catalysts after the catalytic tests.

Since the XRD patterns of these catalysts show changes
depending on the heat-treatment temperature, it can be
concluded that both the ethane conversion and the selectivity to
ethene increase with the calcination temperature in a parallel
way than the formation of the main of crystalline phases. The
high efficiency of these catalysts could be related to the
formation of a (V, Nb) substituted 6-Mos014 phases!2 or a
MoOs _ «(V/ND),O14,13 which seem to be favoured in the
600700 °C interval .14 On the other hand, one of therolesof Te
ions could be related to the elimination of non-selective Mo-
containing crystalline phases (i.e. MoO, and related com-
pounds, proposed in Te-free MoVNbO mixed oxide cata-
lysts>12) favouring the formation of inactive alkane oxidation
phases, i.e. TeM0sO;6 Or the new MoVTe and MoV TeNb
crystalline phases.1! This hypothesis is speculative and con-
firmation will require detailed investigations, athough it does
explain the specificity of these catalysts in the ethylene
formation.

In conclusion, MoV TeNb metal oxide catalysts, prepared by
hydrothermal synthesis and heat-treated at high temperatures
(500-750 °C) in N, present selectivitiesto ethylene higher than
80% at ethane conversions levels higher than 80%, operating at
relatively low reaction temperatures (340—400 °C). Therefore,
highly crystalline MoV TeNbO catalyst is an alternative for the
ethylene synthesis using a low-cost feedstock such as ethane.

Financia support from DGICY T, Spain (Project PPQ2000-
1396) is gratefully acknowledged.

Notes and references

1 TeMosOs (JCPDS: 31-874); TeMo40.,3 (JCPDS
(M0 e3V007)s014 (JCPDS:  31-1437);  Nbg0oM00.0102 80
27-1310); MoO3 [JCPDS, 5-508]; VOM00O, [JCPDS: 18-1454].
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