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Well developed thin plates of V205 with a large contribution of the (010) face to the surface area were found to be 
about 30 times more active for CO-oxidation than agglomerates of needle type V205 without predominant exposure 
of this face. 

Although the surface V=O species located on the (010) face of 
V205 have been considered to be active sites in several 
oxidation reactions,l their role in CO-oxidation is still a 
subject of controversy. Kera2 pointed out the high activity of 
the (010) face for CO-oxidation. In contrast, Mori et aZ.3 
suggested that surface defects such as steps, kinks, or 
vacancies exhibit a much higher activity for CO-oxidation than 
the surface V=O species located on the (010) face. Their 
conclusion was based on the results of a comparative kinetic 
study which involved the determination of the surface V=O 
species by using the rectangular pulse t e c h n i q ~ e . ~  Here, we 
report another kinetic approach to assign the role of the sites 
located on the (010) face for CO-oxidation. 

Our study was based on the investigation of the CO- 
oxidation rates on two vanadium pentoxide samples of 
different grain morphology, i. e. with different contributions of 
the (010) planes to the surface area. Sample A consisted of 
thin well developed plates of V205 with the large faces 
corresponding to (010) planes; sample B contained poorly 
defined agglomerates of needle type grains. Scanning electron 
micrographs and X-ray diffraction results showing the mor- 
phology of similarly prepared samples have been reported 
elsewhere.5 Sample A was obtained from pure ammonia 
metavanadate which was heated for 2 h at 700 "C and 
subsequently allowed to cool in the oven. Sample B was 
commercially available V205 supplied by Fluka AG, Switzer- 
land. The Brunauer-Emmett-Teller (B.E.T.) surface areas of 
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the fresh samples as measured by krypton adsorption at 77 K 600 550 560 T / O C  450 

were: sample A,  0.37 k 0.02 m2 8-1; sample B, 1.54 _+ 0.05 1.1 12 1.3 1.4 
m2 g-1. Calculations were based on a cross-sectional area of 
19.5 A2 for a krypton atom. The surface area of sample B was 

trast, the surface area Of A decreased to o.068 m2 g-l 
during the first hour on stream accompanied by a d ~ r e a s e  in 
activity. Kinetic measurements were started after steady-state 
activity was attained, i.e. after the surface area was practically 
constant. 
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Practical1Y 'Onstant throughout the measurements. In 'On- 
Figure 1. Arrhenius plots of kinetic data measured with thin plates 
(sample A) and needle type agglomerates (sample B) of V205. 
Different symbols in each line represent data collected in two 
repetitive runs. Using r = ko.e-E/RTICO], for sample A: E = 133 & 6 
kJ mol-1, In ko = 19.8 2 0.9; for sample B: E = 132.5 f 5.5 kJ 
mol-1, In ko = 16.3 f 0.75. 
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Assuming no surface roughness, we estimated for the fresh 
sample A an average V205 plate thickness of about 2 pm from 
the measured B.E.T. surface area; this plate thickness agreed 
fairly well with the plate thickness observed by electron 
microscopy. 

Kinetic measurements were performed in a differential flow 
reactor under the following conditions: 500-600 "C; partial 
pressures: CO, 1 kPa; 02, 1.2 kPa; diluent gas N,; total 
pressure, 100 kPa; total flow rate, 110 cm3 min-1 (s.t.p.), 
catalyst load, 1 g; particle size, 120-250 ym. Under these 
conditions, conversion never exceeded 5 % .  The concentra- 
tions of CO and C 0 2  were measured by i.r. analysers at the 
reactor inlet and outlet, respectively. Catalyst samples were 
heated in air to 600 "C before kinetic measurements were 
started. Reported reaction rates are steady-state values. 

The reaction was found to be first order with respect to CO 
and zero order with respect to 0, for both samples in the given 
temperature range. A similar behaviour has been observed by 
Roozeboom et aZ.6 for supported monolayer and bulk V2O5- 
catalysts. Reaction rate constants were calculated using the 
rate equation: r = k [CO], which after integration over the 
fixed bed yields the relation: In (c/co) = -kSt. Here, r is the 
reaction rate referred to the surface area; co and c are the CO 
concentrations at the reactor inlet and outlet, respectively; S is 
the specific surface area; and t the mean residence time in the 
catalyst bed. 

Figure 1 presents the Arrhenius plots of the measurements 
performed with sample A and B. Note that both samples 
exhibited the same activation energies; however, the pre- 
exponential factor ko was about 30 times larger for the well 
developed plates (sample A) than for the needle type 
agglomerates (sample B). This indicates that the number of 
active sites per unit surface area was about 30 times lower on 

sample B. Finally, it should be emphasized that well devel- 
oped plates prepared by melting and subsequent controlled 
cooling of sample B exhibited about the same B.E.T. surface 
area and specific activity as the plates prepared from ammonia 
metavanadate (sample A). This confirmed that the observed 
difference in the activity of samples A and B should be 
attributed exclusively to their different morphology. 

In conclusion, our kinetic measurements indicate that the 
active sites (probably V=O species) located on the (010) face 
of V2O5 play an important role for CO-oxidation. Thin plates 
of V205 exposing predominantly the (010) face were found to 
be about 30 times more active than needle type agglomerates 
without preferential exposure of this plane. The higher 
activity of the V205 plates is attributed to their larger 
number of active sites (V=O) per unit surface area. 

Thanks are due to the Swiss National Science Foundation 
for supporting this work. 

Received, 14th December 1984; Corn. 1753 

References 
1 Y. Kera and K. Hirota, J .  Phys. Chem., 1969,73,3973; D .  J .  Cole, 

C. F. Cullis, and D. J.  Hucknall, J. Chem. SOC., Furuduy Trans. I ,  
1976, 72, 2185; G. C. Bond, A.  J. Sgrkhny, and G .  D .  Parfitt, J .  
Cutul., 1979, 57, 176; M. Akimoto, M. Usami, and E. Echigoya, 
Bull. Chem. SOC. Jpn., 1978, 51, 2195. 

2 Y. Kera, Bull. Chem. SOC. Jpn., 1977, 50, 2841. 
3 K. Mori, A. Miyamoto, andY.  Murakami, J .  Phys. Chem., 1984, 

4 A.  Miyamoto, Y .  Yamazaki, M. Inomata, and Y. Murakami, J .  

5 A. Baiker and D .  Monti, J .  Cutul., in the press. 
6 F. Roozeboom, A. J. van Dillen, J .  W. Geus, and P. J .  Gellings, 

88,2735. 

Phys. Chem., 1981,85, 2366. 

Ind. Eng. Chem., Prod. Res. Dev. ,  1981,20, 304. 




