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Vanadium oxide-silica catalysts can effect the partial oxidation of methane to  formaldehyde with extremely high 
activities and the space t ime yield (STY) can reach a value in  excess of 800 g kg-lCat h-1; bare silica also shows 
appreciable STY value up to  ca. 300 g kg-lCat h-I.  

Efforts to bring about the partial oxidation of methane to 
formaldehyde or methanol continue to attract considerable 
attention. Catalytic behaviour is usually described in terms of 
conversion per pass of methane and selectivity to formal- 
dehyde. In many cases an inverse relationship between these 
parameters is observed.' Yields per pass calculated from the 
two parameters are not infrequently found to be less than 

about 2-3Y0.2 Less attention has been given to specific 
catalytic activity expressed in terms of observed rate of 
formation of (formaldehyde + methanol) per unit mass of 
catalyst per unit time. This activity-space time yield (STY)- 
and yield per pass have in fact led to some confusion.3 Thus, 
catalysts appear to exert a beneficial effect on STY3 but not 
necessarily on yield per pass. In this communication we report 
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Table 1 Partial oxidation of methane on Si02 and 5% V205-Si02 catalysts 

HCHO HCHO 
Reaction CH4 conv. Yield Selectivity (YO) space time 
tempera- per pass per pass yieldlg 

Catalyst masslg ture1'C /mol% (%) co2 co HCHO kg-lcat h-1 

Si02 
0.05 550 
0.05 600 
0.05 650 

5% V205-Si02 
0.05 520 
0.05 550 
0.05 600 
0.05 650 
0.01 650 
0.50 650 

0.01" 
0.036" 
0.110" 

0.015" 
0.038" 
0.151" 
0.521" 
0.0780 

13.56 

0.0079 
0.027 
0.069 

0.010 
0.023 
0.072 
0.182 
0.037 
4.73 

10 
7 

14 

31 
37 
38 
14 
15 
14 

11 
18 
23 

1 
2 

14 
51 
37 
51 

79 
75 
63 

68 
61 
48 
35 
48 
35 

33.9 
116 
304 

45.9 
100 
318 
793 
819 
760 

~~ 

a Batch reactor, differential reactor mode; recycle gas flow rate, 1000 NTP cm3 min-1. b Conventional flow reactor, integral reactor 
mode, gas flow rate, 500 NTP cm3 min-l 

Table 2 Comparison of STY values for different catalysts 

Reaction HCHO 
tempera- STYlg 

Catalyst tureI'C Oxidant kg-lCat h-l Ref. 

V205/Si02 
V2051Si02 
Mo03ff e203/Si02 
HPMoISi02 
no catalyst 
BeOlB2O3/Si02 
CdFeIZnO 
V2051Si 0 2  
Mo-Sn/Si02 
Mo03/Si02 

Si02 
Si02 
Si02  
V205/Si02 
V205/Si02 
V205/Si02 

MgO 

600 
600 
600 
570 
625 
600 
750 
600 
700 
650 
750 
680 
600 
650 
600 
650 
650 

5.40 
22.8 
20.9 
27.5 
156 
24 
75 
77c 
80 

102d 
270 
77.7 

116' 
304' 
318= 

76W 
793-819" 

5 
6 
6 
7 
2 
8 
9 

10 
11 
12 
13 
14 
This work 
This work 
This work 
This work 
This work 

a HCHO + CH30H. Yield quoted is gHCHo l-l, h-1. Yield quoted 
is gHCHo 1-lcat h-l calculated according to procedure outlined in ref. 
1. Yield quoted is gHCH0 l-lcat h-1. Differential reactor mode with 
external recycle and condensation of HCHO. f Integral reactor mode. 

on the activities of certain vanadium-silica catalysts which, in 
terms of STY, appear to be the most active systems so far 
documented for the partial oxidation of methane. Even the 
bare silica shows appreciable activity expressed in terms of 
STY. 

Vanadia-silica catalysts have been prepared using silica 
type Si4-5P (Akzo product). Vanadium is introduced by 
incipient wetness impregnation with a basic (pH 11) solution 
of ammonium metavanadate. The impregnated samples were 
dried at 90 "C for 24 h and then calcined at 650 "C for 16 h. The 
final catalyst contained 5% V2O5. 

Catalytic experiments have been performed using a specific- 
ally designed batch reactor, described elsewhere,4 provided 
with an external recycle pump and a liquid product condenser 
placed downstream of the reactor and maintained at -15 "C 
which traps the oxygenated products and prevents their 
further oxidation, or a conventional flow reactor. The reactors 
permit operation in differential (quasi zero conversion per 
pass) or integral mode, respectively. In both cases the reaction 
mixture consisted of 18.4 vol% CH4, 9.2 vol% 02, 18.4 vol% 
N2 (as an internal standard for gas chromatographic analysis) 
and 54 vol% He with a total reaction pressure of 1.7 bar (1 bar 
= 105 Pa). 

Appropriate blank runs have shown that, under our 
experimental conditions, the contribution of the gas phase 
reaction up to 650 "C is negligible. Catalytic data are reported 
in Table 1. 

The results indicate that formaldehyde selectivity falls with 
increasing reactor temperature with a concomitant increase in 
CO selectivity, but that, overall the space time yield of 
formaldehyde rises. Comparison of the sets of data obtained at 
650 "C for operation of the reactor in differential and integral 
mode clearly shows comparable product selectivities and 
formaldehyde STYs. 

Table 2 compares STY values obtained for Si02 and 5% 
V205-Si02 catalysts with those reported by others. 

As can be seen from Table 2 our Si02 samples give 
remarkably high STY values, but the activity is enhanced in 
the case of V20s-Si02 catalysts. The activity of the bare Si02 
is likely due to some specific surface sites possessing donor 
properties to activate molecular oxygen. We have proposed 
elsewhere15 that the enhancing effect of V2O5 can be 
attributed to the increase in the number of such specific sites 
on the catalysts capable of chemisorption of oxygen and of 
such a nature that formaldehyde is produced as a partial 
oxidation product. 

The formation of formaldehyde as a partial oxidation 
product over silica is not a new finding.1.4 However, in 
general, silica is not associated with such high activities as 
reported here, though specific silicas examined by Guliev 
et a1.16 also seem to exhibit comparatively high rates and 
selectivities. It must be emphasised that not all silica samples 
are equally active, with 'pyrolytic' or 'fumed' silicas being very 
much less active than 'precipitated' silicas.4.14 However, the 
present work clearly demonstrates that the relatively high 
activity of silica type Si4-5P previously noted for reaction 
temperatures of 520 "C is at the higher temperature of 650 "C 
remarkably high in absolute terms (STY basis). What is also 
apparent is that the high values of STY associated with Si02 
and V205-Si02 catalysts are not confined to the use of a 
reactor system with external recycle incorporating a condensa- 
tion unit for removal of formaldehyde, since use of a reactor in 
an integral mode leads to essentially identical space time yields 
and selectivities (Table 1). It might otherwise have been 
inferred that the high STY values could be obtained only if 
methane conversions per pass were extremely low (C0.2 
mol%). In fact the high STY value has been seen for methane 
conversion per pass of 13.5 mol% . 

In absolute terms, the high STY values reported here are 
comparable with those associated with copper-based commer- 
cial catalysts used for the synthesis of methanol from carbon 
monoxide and hydrogen mixtures.17 The only comparable 
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STY values so far reported for direct partial oxidation of 
methane appear to be those obtained by ICI workers on Moo3 
containing catalysts but at high pressures (ca. 50 bar), high 
methane: 0 2  ratios (ca. 30: 1) and low (ca. 2-3 mol%) 
methane conversion levels.18 

Further investigations aimed at elucidating more precisely 
the nature of the sites responsible for the high rate of 
generation of formaldehyde on Si02 and V205-Si02 catalysts 
are in progress. 

The financial support of this work by the Consiglio 
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11’ and Minister0 Universith e Ricerca Scientifica e Tecnolog- 
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