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Influence of AI203 support on the thermal 
decomposition of ammonium metavanadate 
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Department of Chemistry, Faculty of Science, United Arab Emirates University, AI-Ain, 
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The thermal decomposition of ammonium metavanadate (AMV) supported on aluminium 
oxide was investigated using differential thermal analysis, thermogravimetry, infrared and X-ray 
diffraction techniques. The results obtained revealed that the decomposition of AMV 
supported on alumina proceeded in three decomposition stages. Alumina was found to 
enhance only the decomposition of the intermediate ammonium hexavanadate to produce 
V20 5. In addition, the values of activation energies of the various decomposition stages were 
acc¦ by a significant decrease on decreasing the concentration of AMV. The infrared 
spectra indicated that the band corresponds to the surface site V=O strongly affected by the 
presence of AI203. Finally, an interaction between Alm03 and V206 occurred at 660~ giving 
well-crystallized AIV04. 

1. Introduction 
Supported metal oxide catalysts exhibit differing de- 
grees of catalysis depending on the kind of support and 
on the composition of the catalyst [1, 2]. Vanadium 
pentoxides supported on alumina are one of the most 
important classes of solid catalysts [3-6]. They are 
usually prepared by impregnation of an alumina sup- 
port from an aqueous solution of ammonium meta- 
vanadate. The thermal decomposition of ammo- 
nium metavanadate without support has been the 
subject of several investigations [7 10]. It has been 
reported that the thermal decomposition of ammon- 
ium metavanadate takes place according to different 
mechanisms depending mainly upon the atmosphere 
in contact with the solid [11, 12] and the presence of 
foreign ion additives [7, 10]. However, a little work has 
been done on the effect of a support on the thermal 
decomposition of ammonium metavanadate. There- 
fore, the present paper reports a study on the thermal 
decomposition of ammonium metavanadate sup- 
ported on 7-alumina. The techniques employed were 
thermogravimetry (TG), differential thermal analysis 
(DTA), infrared (IR) spectroscopy and X-ray diffrac- 
tion (XRD). 

2. Experimental procedure 
The starting materials were Analar grade chemicals. 
Gamma-alumina precalcined in air at 500~ was 
impregnated with different proportions of ammonium 
metavanadate (AMV) dissolved in doubly distilled 
water. The samples were dried in an oven at l l0~ 
to constant weight. The composition of the impreg- 
nated solids was 0.1 NH4VO3:1 A1203, 0.2 NH4VO3: 

1 AI20 3, 0.3 NH4VO3:I A120 3 and 1 NH4VO3: 
1 AI20 3. 

TG and DTA of pure AMV and various impreg- 
nated solids were carried out using a Shimadzu Com- 
puterized Thermal Analysis System DT-40. The sys- 
tem includes programmes which process data from the 
thermal analyser, with the chromatopac C-R3A. The 
rate of heating of samples was kept at 10 ~ min-1 
using an air atmosphere at 40 ml min- 1. cz-alumina for 
the DTA standard was applied as a reference. 

X-ray investigation of the thermal products of pure 
AMV and AMV supported on 7-alumina was per- 
formed with a Philips diffractometer type PW 2t03, 
applying a copper target and a nickel filter. 

IR spectra of the thermat products of pure AMV 
and AMV supported on 7-alumina were recorded 
from KBr discs using a Pye Unicam SP 2000 spectro- 
photometer. 

3. Results and discussion 
3.1. Thermal decomposition of pure AMV and 

AMV supported on alumina 
The TG and DTA curves of pure AMV and AMV 
supported on A120 3 are shown in Fig. 1 while Table I 
gives the maximum temperatures for the decomposi- 
tion stages together with the corresponding activation 
energies. Pure AMV (curve a) exhibits four endother- 
mic peaks, the maxima of these are located at 193, 224, 
315 and 685 ~ respectively. The TG curve shows that 
AMV loses weight on heating in three steps. The first 
peak, which was followed by 11.7% loss in weight, 
indicated the decomposition of AMV to the inter- 
mediate ammonium bivanadate (ABV). The second 
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T A B L E  I The maximum temperature, Tm�9 and the activation energies, E, of the decomposition stages for NH4VO 3 supported on A120 a 

Samples Ist stage 2nd stage 3rd stage 4th stage 

Tma x E Tma x E Tm~~ E Tm~~ E 
(~ (kJ mo1-1) (~ (kJ mo1-1) (~ (kJ mo1-1) (~ (kJ m01-1) 

AMV pure 193 35.1 244 5.8 315 16.4 685 22.7 
0.1 AMV: 1 AI20 3 186 7.2 229 3.6 - - 660 1.5 
0.2 AMV: 1 AIzO 3 190 19.8 230 4.1 290 1.1 660 3.6 
0.3 AMV: 1 A120 3 190 24.6 226 4.3 296 11.7 660 9.1 

1 AMV: 1 A1203 190 33.2 224 4.3 304 15.7 660 13.1 
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Figurel DTA and TG curves of (a) pure NH4VO 3 (b) 
0.1 NH4VO3:A1203, (c) 0.2 NH4VO3:l  AI203, (d) 0.3 NH4VO3: 
1 AI203 and (e) 1 NH4VO3:I AIzO 3. 
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peak was accompanied by a loss of 3.6% correspond- 
ing to the decomposition of ABV to the intermediate 
ammonium hexavanadate (AHV). The third peak, 
which was followed by 7.8 % weight loss, eorresponded 
to the decomposition of AHV to produce V20 �87 [12]. 
The fourth endothermic pe�8 maximized at 685 ~ 
was not followed by any change in weight, cotres- 
ponded to the melting of VzO 3 [13, 14]. Curves b-e 
represent TG and DTA of AMV supported on �8 
ina in different compositions. The analysis of the data 
of the thermal behaviour of different solids indicates 
some trends, and conclusions may be drawn as follows. 

1. The compositions 1 NH4VO3:I A 1 2 0 3 ,  0.3 
NH4VO3:I A1203 and 0.2 NH4VO3:1 A1203, curves 
b d, respectively, show similar decomposition stages 
to pure AMV, while 0.1 NH4VO3:I At203, curve e, 
proceeds in three steps. The percentage weight loss 
corresponding to the different decomposition stages 
increased on increasing the concentration of AMV. 

2. The maximum temperatures related to the differ- 
ent decomposition stages (Table I) indicate that A1203 
support has no effect on the maximum temperature of 
the first and second stages, while the maximum tem- 
perature of the third stage decreases with deereasing 
AMV content. These results indicate that the A1/O 3 
support enhanced the decomposition of AHV to pro- 
duce V205. E1-Shobaky et  al. [9] reported that the 
decomposition of AMV supported on alumina de- 
composed in two steps: the first step was related to 
the formation of an intermediate compound while 
the second step corresponded to its decomposition 
to V20 �87 The above results showed that the decom- 
position of AMV supported on alumina proceeds in 
three distinct steps, except for the composition 
0.1 NH3VO3:1 A1203 which proceeded in two steps. 
The intermediate steps proposed are as follows. 

158-209~ 210 236~ 
( N H 4 ) 2 0 . 1  V 2 0 5  �87 ( N H 4 ) 2 0 . 2  V 2 0 5  

1 I1 
AMV ABV 

274-327 ~ 
(NH4)20.3 V205 , V 2 0 5  (1) 

llI 
AHV 

3. The last endothermic peak located at 660 ~ was 
not followed by any change in weight and its area 
decreased with decreasing extent of AMV. This may 
characterize a phase transition of A1203 or a solid- 
solid interaction between V20 �87 and A1203. The iden- 
tification at such a change will be made by XRD and 
IR spectra, in the next part of the present investigation. 



4. Generally, the values of the activation energies of 
different decomposition stages (Table I) decrease with 
decreasing content of AMV. A noticeable decrease in E 
values was observed in case of the decomposition 
of 0.1 NH4VO3:I AI203 and 0.2 NH4VO3:1 AI203. 
This can be explained as due to an increase in the 
contact surface between the intermediate compounds 
and the support, which results in the decomposition 
being favoured energetically at the expense of the 
decomposition of the intermediate compounds. Thus, 
these results can suggest that the support which has a 
high surface area may strongly affect the activation 
energy, accompanied by the thermal decomposition of 
the solid materials. 

3.2. XRD investigation of the thermal products 
of AMV and AMV supported on AI20 3 

Fig. 2 shows XRD lines of AMV, A1203 and 
1 NH4VO3:I A1203 calcined at 500 and 670 ~ in air 
for 4h. It can be seen from these lines that the 
diffraction lines of V205 were only detected in the 
sample calcined at 500~ while A1203 calcined at 
500 ~ revealed that 6-alumina was poorly crystalline 
[15]. On the other hand, A1203 mixed with AMV 
(1 NH4VO3:I A1203) calcined at 500 ~ indicated the 
absence of a solid-solid interaction between A120 3 
and V205 at 500~ Increasing the calcination 
temperature to 670~ led to the formation of well- 
crystallized aluminium vanadate, A1VO4 [15], to- 
gether with a small portion of unreacted V205 and 
8-alumina. Therefore, an endothermic peak was ob- 
served at 660 ~ in the DTA curves (Fig. 1) of various 
supported samples due to the solid-solid interaction 
between AI203 and V205, giving A1VO,~. This reac- 
tion, proceeds according to 

6 5 0 - 6 8 0 ~  

A I 2 0  3 + V 2 0  5 ~ 2 A1VO 4 (2) 

These results are in agreement with results reported by 
E1-Shobaky et al. [9]. 

3.3. IR investigation of calcined samples of 
pure AMV and AMV supported on AI20 3 

Fig. 3 represents the IR spectra of pure AMV and 
AMV supported on alumina calcined at 400 ~ in air 
for 4 h. Curve a shows that the decomposition of AMV 
to V205 is complete. Moreover, VzOs exhibited a 
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Figure 2 X-ray diffraction patterns of the thermal products of 
1 NH4VO3:I A1203, (1) VzOs, (2) AlzO 3 and (3) A~VO 4. 
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Figure3 IR spectra of (a) AMV, (b) 1NH4VO3:lA1203, 
(c) 0.3 NH4VO3:1 A1203, (d) 0.2 NH4VO3:I A1203 and 
(e) 0.1 NH4VO3:AI203 (samples calcined at 400 ~ for 4 h). 

band at 1020 cm -1 which is assignable to the V=O 
stretching vibration [16, 17]. The band assigned at 
840 cm-1 was attributed to a combination band of 
V-O V stretching and lattice vibration. Curves b-e for 
AMV supported on AIzO 3 indicate that the composi- 
tion 1 NH4VO3:1 A1203, curve b, exhibits a similar 
spectrum to pure AMV. On decreasing the percentage 
loading of AMV, a decrease in the percentage trans- 
mission of the absorption bands occurs, reaching a 
minimum in the case of the composition 0.1 
NH4VO3:I A1203. These results are in agreement 
with the DTA results in which the area of the third 
endothermic peak (formation of V205) decreased with 
decreasing AMV content. Accordingly, the decrease in 
the percentage transmission of the absorption band 
assigned at 1020 cm- ~ can be interpreted on the basis 
of the formation of a disordered V205 phase. The 
disappearance of this band in the case of composition 
0.1NHgVO3:IAI203 (curve e) indicates that the 
monolayer was not formed [12]. Therefore, the in- 
crease in V205 content leads mainly to the accumu- 
lation and thickening of vanadium oxide and an 
increase in the surface V=O active sites [18]. 

Recently [19-22], it was found that the structure of 
the loaded vanadium species, the morphology of cata- 
lysts, and the interaction between vanadium oxide and 
its support all play a significant role in the catalytic 
activity and selectivity of V205 catalysts. In addition, 
it was reported [23] that the vanadium oxide coverage 
of the support surface was dependent on the type of the 
support and the percentage loading of V205. There- 
fore, V205 on A1203 loses its active V=O sites until the 
formation of the multilayer occurs, i.e. strong inter- 
action between V205 and the A1203 support. 
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Fig. 4 shows the IR spectra of AMV supported on 
alumina calcined at 670 ~ in air for 4 h. It can be seen 
that the percentage transmission of the band assigned 
at 1020 cm-1 corresponding to V=O, decreases with 
decreasing AMV concentration. However, the appear- 
ance of this band confirms the presence of u  in the 
XRD lines of the composition 1 NH4VO3:I A120 3 
calcined at 670 ~ (Fig. 2). A remarkable change in the 
spectra of these solids was observed in the range 
1000-500 cm-1. This change may be related to the 
formation of aluminium vanadate spinal structure. 

4. Conclusions 
The main conclusions that can be derived from the 
experimental results are as follows. 

1. The decomposition of pure AMV and AMV 
supported on A120 3 proceeds in three stages and the 
A1203 support enhances the decomposition of the 
third stage, i.e. decomposition of AHV to V20 s. 

2. The values of activation energies of the various 
decomposition steps showed a significant decrease 
with decreasing AMV content. 

3. The IR results show important evidence that the 
active surface site V=O can disappear in the presence 
of low concentrations of AMV on the A120 3 support. 

g 

g 

I I I I I I 

1600 1200 800 400 
Wove number (cm -i) 

Figure4 IR spectra of (a) 1 NH4VO3:I A1203, (b)0.3 NH4VO3: 
1 A1203, (c) 0.2 NH4VO3:I AI203 and (d) 0.1 NH4VO3:I AI203 
(samples calcined at 670 ~ for 4 h). 

Therefore, the content of V205 must be considered 
during the preparation of the supported catalysts. 

4. Aluminium vanadate can be formed by the 
calcination of V20 5 and A120 3 at 670 ~ In addition, 
its amount was found to be dependent upon the 
percentage loading of AMV. 

References 
1. C .F .  CULLIS and D. J. HUCKNALL, "Catalysis", Vol. 5 

(The Chemical Society, London, 1982) p. 273. 

2. J. HABER, in "Proceedings of the 8th International Congress 
on Catalysis", Berlin, 1984 (Verlag Chemic, Weinheim, 1984) 
pp. 1-85. 

3. K. MORI, A. MIYAMOTO and Y. MURIKAMI,  J. Chem. 
Soc. Faraday Trans. I 82 (1986) 13. 

4. G. C. BOND, S. FLAMERZ and R. SHUKRI, Faraday 
Discuss. Chem. Soc. 87 (1989) 65. 

5. K. NOWINSKA, Z. Phys. Chem. (NF) 131 (1982) 101. 
6. B. JONSON, B. REBENSTORF, R. LARSSON, S. LARS, 

T. ANDERSON and S. T. LUNDIN,  J. Chem. Soc. Faraday 
Trans, I 82 (1986) 767. 
E. A. HASSAN, A. A. SAID and K. M. ABD EL-SALAM, 
Thermochim. Acta 87 (1985) 219. 
A. A. SAID, K. M. ABD EL-SALAM and E. A. HASSAN, 
Surf Technol. 19 (1983) 241. 
G. A. EL-SHOBAKY, K. A. EL-BARAWY and F. H. A. ABD 
ALLA, Thermochim. Acta 961 (1985) 129. 
A. A. SAID, J. Thermal Anal. 37 (1991) 849. 
L. M. KOVAL, V. S. MUZYKANOV, L. N. KURINA and 
G. K. BORESKOV, Kint. Katal. 15 (1974) 1193. 
M. E. BROWN and B. V. STEWART, H. G. WEIDMANN 
(eds), "Thermal Analysis", Vol. 2, Proceedings of the 3rd ICTA, 
Davos, 1971 (Birkhauser, Basel, 1971) p. 313. 
Y. M. KASSEM, A. N. MAHDY and M. F. ABADIR, 
Thermochim. Acta 156 (1989) 211. 
Z. X. LIU, O. X. BAO and N. J. WU, J. CataL 113 (1988) 45. 
Powder Diffraction File (JCPDS) International Center for 
Diffraction Data Swarthmore, PA (1979). 
Y. KERA and K. HIROTA, J. Phys. Chem. 73 (1969) 3975. 
K. HAUFFE and K. M. ABD EL-SALAM, Ber. Bunsenges 
Phys. Chem. 82 (1978) 1321. 
M. NIWA, Y. MATSUOKA and Y. MURAKAMI, J. Phys. 
Chem. 93 (1989) 3660. 
J. HABER, A. KOZLOWSKA and R. KOZLOWSKI,  
J. Catal. 102 (1986) 52. 
G. C. BOND, J. P. ZURITA, S. FLAMERZ, P. J. GELLING, 
H. BOSCH, J. G. VAN OMMEN and B. J. KIP, Appl. Catal. 
22 (1986) 361. 
I. E. WACHS, R. Y. SALEH, S. S. CHAN and C. C. 
CHERICH, ibid. 15 (1985) 339. 
R. Y. SALEH, I. E. WACHS, S. S. CHAN and C. C. 
CHERSICH, J. Catal. 98 (1986) 102. 
M. NIWA, Y. MATSUOKA and Y. MURAKAMI, J. Phys. 
Chem. 91 (1987) 4519. 

7. 

8. 

9. 

10. 
11. 

12. 

13. 

14. 
15. 

16. 
17. 

18. 

19. 

20. 

21. 

22. 

23. 

Received 2 September 
and accepted 16 December 1991 

5872 


