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On heating, ammonium metavanadate (AMV) decomposes in several atmosphere- 
dependent stages. An important decomposition intermediate, ammonium hexavanadate 
(AHV), may also be prepared by wet-chemical methods and the kinetic parameters 
for the thermal decomposition of AMV and of the AHV preparation have been 
obtained. The kinetic study has been supplemented by surface-area measurements 
and by electron microscopic examination of the surfaces of reactant, intermediate 
and product crystallites. 

On the basis of the type of decomposition curve, the measured activation energies, 
and the effects of oxygen and water vapour on the decomposition rate, it has been 
concluded that in vacuum and in inert atmospheres the evolution of ammonia is 
the rate-determining step, while in oxidizing atmospheres evolution of water is rate 
determining. 

Comparison of the kinetic parameters with thermodynamic data for the decomposi. 
tion has led to suggestions as to the nature of the activated complexes involved- 

The stoichiometries of  the various stages involved in the thermal decompo  
sition of ammonium metavanadate (AMV)have been shown [1 ] to correspond to 
a decrease to V205, stepwise in the proportion of  ammonia and water, considered 
as "(NH4)20" units, from the initial composition (NH4)20 " V205 (i.e., NH4VOa) 
to the final product, V20~, in vacuum, in air, and in argon. In an atmosphere of 
ammonia reduction occurs to VO2 at temperatures up to about 400 ~ and to 
VN at higher temperatures, 500-1500 ~ The actual intermediates formed and 
their structural order are dependent upon the prevailing atmosphere [1], see 
Fig. 1. 

The decomposition is an endothermic reaction [2, 3] and, in common with 
many endothermic decompositions [4, 5], shows a high degree of reversibility 
[6]. The enthalpy changes for the decomposition have been determined and 
discussed [3] in terms of  the structural order of the intermediates and products 
of  decomposition. 

Deschanvres and Nouet [7], using mass-spectrometric methods, studied, over 
the temperature range 130-180  ~ the kinetics of  the first stage of  the decom- 
position of  AMV in vacuum, which corresponds to: 

6NH4VOa(s) ~ (NH4)2V6Ozs(s) + 4NH3(g) + 2H20(g) (1) 

& Thermal Anal. 6, 1974 



530 BROWN, et al.: T H E R M A L  DE CO MPOSITION OF NH4VOs, II 

They did not characterize their solid product structurally and, although it 
has the empirical formula of ammonium hexavanadate (NHaVzO8 as it is usually 
written), this product has been shown [1 ] to be structurally different (and will 
be referred to as AHV*) to the product, of the same empirical formula, formed 
in the second stage of the decomposition in air and in argon, and in the first 
stage of  the decomposition in ammonia (AHV). The infrared spectra and X-ray 
powder data of all of these last three intermediates correspond to those of the 
ammonium hexavanadate which can also be prepared from an acidified aqueous 
solution of  ammonium metavanadate [8]. 
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Fig. 1. Schematic representation of the course of the decomposition of AMV in various 
atmospheres 

The present study of  the thermal decomposition of AMV was undertaken to 
determine the kinetic parameters of the various stages involved in the decomposi- 
tion in various atmospheres, and to investigate the surfaces of the sample par- 
ticles using electron microscopy, in order to combine this information with the 
structural information available [1 ], in an attempt to determine the mechanism 
of  the decomposition. A structural view of the decomposition mechanism is 
presented in Part III [9]. 

Experimental 

The apparatus used has been described earlier [1]. The series of isothermal 
decompositions used to determine the stoichiometry of the various stages of the 
decomposition in vacuum and in the other atmospheres were extended to the limits 
of  temperature which stiI1 gave conveniently measurable rates of decomposition. 
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Electron micrographs were obtained using an Akashi TRS-80 instrument. 
Samples were prepared using a two-stage replication technique, pre-shadowed with 
gold and palladium at cot-a2. 

Surface areas were determined by the BET method using krypton adsorption. 

Results 

The isothermal a-time curves for all of  the stages of the decomposition in 
vacuum (where ~ is the fraction of the total mass-loss for the particular stage) 
were deceleratory throughout, as illustrated in Fig. 2, curve A, for the first stage 
of the decomposition in vacuum at 123 ~ . This type of  e-time curve will be referred 
to as "Type I". 

In the presence of a surrounding atmosphere, the decomposition curves com- 
prised an initial approximately linear region (0.01 < e < 0.6 _+ 0.1) followed by 
a deceleratory region as illustrated in Fig. 3, curve A, for the first stage of the 
decomposition in argon at 163 ~ . This type of e-time curve will be referred 
to as "Type II".  

<~'08 "~_' 06 10-- 

02 

0 l I I I 
20 40 60 80 100 Time ~rnin 

Fig.  2. A M V  d e c o m p o s i t i o n  c u r v e  - -  " T y p e  I" ( f i r s t  s t a g e  o f  t h e  d e c o m p o s i t i o n  in  v a c u u m  
a t  123 ~ C u r v e  A :  e - -  t i m e  p l o t ;  C u r v e  B :  c o n t r a c t i n g  v o l u m e  p l o t  

The usual mathematical expressions for kinetic models of  solid decomposi- 
tions [4, 5, 10 -12 ]  were tested on selected c~-time values and the contracting 
volume equation: 

1 - ( 1  - ~ ) l / a = k t +  C (2) 

was found to apply over virtually the complete "Type I"  curve (Fig. 2, curve B) 
and over the deceleratory region of  the "Type II"  curve (Fig. 3, curve C), with 
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the constants k and C, of  course, having different values for each particular 
stage and each particular temperature. 

Arrhenius plots of the rate constants, k, obtained from equation (2) and directly 
from the slopes of the linear regions, yielded the apparent activation energies, 
E, and pre-exponential factors, A, for the various stages of  the decomposition, 
which are listed in Table 1. The activation energies for the two regions of the 
"Type II"  curves were virtually identical, which suggests that the same process 
is rate-determining throughout such stages. 
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20 40 60 80 

Time ~ rain 

Fig. 3. AMY decomposition curve -- "Type II" (first stage of the decomposition in argon 
at 163 ~ Curve A: e -- time plot; Curve B: linear region; Curve C: contracting volume plot 

Self-cooling is often a problem in studying the rates of  endothermic decompo- 
sitions but the small samples used (12 mg)and  the resulting reasonable linearity 
of  the Arrhenius plots, show that any self-cooling effect is not marked. 

A sample of "recombined" AMV, prepared by reacting the V20~ decomposition 
product  with damp ammonia [6], decomposes for a second time in air at more 
than twice the rate of  the original sample. Repeated recombinations and decom- 
positions do not increase the rate of decomposition further [13]. Decomposition 
o f  the "recombined" AMV proceeds via structurally less-ordered intermediates, 
and the formation of  AHV has been suggested [6] as the point of maximum struc- 
tural order in the decomposition of AMV. This is irretrievable on recombination. 

The decomposition of the AHV sample prepared from solution, AHV~oln , 
was compared with the further decomposition of the various decomposition inter- 
mediates of the same empirical formula. The activation energies and pre-expo- 
nential factors for these decompositions under a variety of conditions are listed 
in Table 2. 
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Table 1 

The thermal  decomposit ion of AMV 

533 

Atmos -  
phere  

Stage 
Temp.  
range,  

~  

Empir ical  fo rmula  of  
product  

fo rmula  abbre-  
via t ion 

Act iva t ion  energy, 
E, k J  m o l - 1  

Region  Value 

Pre-exponent ia l  
fac tor  A, s - I  

Vacuum 

Iner t  

Oxidizing 

A m m o n i a  

1 105-- 135 
2 135-- 155 
3 165--200 

1 160--180 

2 180--210 
3 270--300 

1 150-- 180 

2 180--210 

3 260--300 

1 165--190 

2 280-- 300 
3 340-- 360 

NH4VsOs 
NH~V4Olo.5 
V205 

( N H ~ z V a 0 1 1  

NHaVaO8 
V20~ 

(NH4) 2VaOtt 

NHaVaOs 

VzO5 

NHaV3Os 

NHaV6015 
VO2 

AT* 
ABV 

A H V  

ABV 

A H V  

AHV 

cont. sphere 
cont. sphere 
cont. sphere 

l inear 
cont. sphere 
cont. sphere 
l inear 
cont. sphere 

linear 
cont. sphere 
l inear 
cont. sphere 
cont. sphere 

linear 
cont. sphere 
cont. sphere 
cont. sphere 

129 
160 

98 

138 
132 
106 
119 
120 

171 
176 
134 
131 
143 

136 
142 
335 
282 

45 x 10 ~5 

15x  10 ~5 
lOx 101~ 

1.7• 1011 

15• 1020 
12x  102o 

1.8 • 1013 

8X 1015 
1 • 1015 

Table 2 

Act ivt iaon energies and  frequency factors for the decomposit ion of each of the AHV's  
in each of the atmospheres 

Atmosphe re  E, k J  mol  - x 
Sample  of  subsequent  A, s -1 

decomposi t ion  

AHVsoln 
(prepared as in ref. [8]) 

AHVoxia 
(prepared in air) 

AHVinert 
(prepared in oxygen) 

Vacuum 
Inert  
Oxidizing 

V a c u u m  

Inert  
Oxidizing 

Vacuum 
Iner t  
Oxidizing 

120 
190 
141 

118 
153 
143 

65 
120 

92 

5.3 • 109 
5.2• 10 ~5 
1.7x 1011 

1.9 • 10 l~ 
5.1 • 10 H 
1.8x 1013 

6.2• 10 t 
9 .8x  10 l l  
1.7 • 1011 
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Pre-irradiation of AMV with gamma rays from a ~~ source to a dose of  
100 Mrad showed no detectable effect on the kinetics of the thermal decom- 
position. 

E l e c t r o n  m i c r o s c o p y  

Samples of AMV, and of the AHV prepared from solution, were examined 
before and after decomposition under various conditions. 

The original AMV, Fig. 4 (a), consisted mainly of fairly well-formed crystallites 
with smooth surfaces and edges, some intergrowth and attachment and very 
little irregular material. The crystallites of AHV Fig. 4 (b) are similar in size to. 
those of AMV but are less regular. The faces of the crystallites are generally smooth 
with some fine "needle" type growth and the edges are rounded. 

After decomposition of  the AMV sample in vacuum to V205 Fig. 4 (c), the 
basic crystalline form is retained with some smooth faces, while others show 
considerable pitting. Fracture of some of the crystallites does occur (either during 
decomposition or during replication) and the surfaces exposed are very rough. 
There is also a considerable amount of material of small particle size. 

The V20.5 product of AMV decomposed in nitrogen, Fig. 4 (d), is similar in 
appearance to that decomposed in vacuum, although the crystallites seemed less 
susceptible to fracture. 

The micrographs of the product formed on decomposing either AMV or 
AHV to V205 in air (Fig. 4 (e) and (f)) show extreme roughening of the surfaces. 
The crsytallites are well-formed and show little tendency to crumble. 

The BET surface areas of these and related samples are listed in Table 3. 

Table 3 

The surface areas of various intermediates and products 

7 
8 
9 

10 

Surface area 
Sample m~g_l 

NH4VO3 (AMV) 
V20,5 from 3rd stage in air 
V205 from 3rd stage in vacuum 
(3) annealed in air 
V.~O5 from decomposition of AHV 
in air 

V205 from decomposition of AHV 
in vacuum 

VzO~ from Hopkins and Williams 
AHV prepared from solution 
AHV from 2nd stage in air 
AHV* from 1st stage in vacuum 

0.365 
5.26 

25.9 
27. 6 
2.86 

3.20 

3.15 
1.30 
3.82 

18.58 

The structural changes during the "recombination" reaction have been dis- 
cussed [6]. 
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Fig. 4. Electron micrographs. Samples before decomposition: (a) AMV X 7100; (b) AHVsoln • 
14,200. V20 ~ product of AMV decomposition : (c) in vacuum • 21,300; (d) in nitrogen • 21,300. 
u product  of  the decomposition in air of: (e) AMV x 14,200; (f) AHVscl, ~ • 14,200 

Discussion 

The inhibiting effect of  a gaseous atmosphere on the decomposition, which has 
been shown to be endothermic [3] and reversible [6], is evident from the fact 
that  decomposition in vacuum, where gaseous products are continuously removed, 
commences at a measurable rate some 50 ~ below the temperature required for 

o r . T h e r m a l  A n a l  6, 1 9 7 4  
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the decomposition in the various gases. The shape of the isothermal c~-time curves 
is also altered from "Type I" for all stages in vacuum, to "Type II" for all stages 
in gaseous atmospheres (except the third stage of decomposition in oxidizing 
atmospheres). 

The contracting volume equation (2), which applies over the complete "Type I" 
curve and over the deceleratory region of "Type II" curves, is based on the model 
of a narrow size-range of particles (in the simplest cases spheres or cubes) which 
decompose by initial rapid coverage of the surface with product, followed by pro- 
gression of the reactant/product interface inwards, at constant rate, towards the 
centre of the particle. With continuous rapid removal of gaseous products it 
appears that this model is closely obeyed. The movement of the reactant/inter- 
mediate I interface is followed by a similar process for the intermediate/I/inter- 
mediate II interface, and so on, with little overlap of the stages. This is confirmed 
by the separation of the differential enthalpic analysis peaks [3] even at high 
heating rates (20 K min-1). 

From electron micrographs it is evident that even in the later stages of the 
decomposition the external shape of the crystallites has been maintained although 
the surface area accessible to krypton has increased by a factor of at least ten 
(Table 3). This implies that pores and/or channels have developed in the material 
during decomposition. The increase in surface area is greatest during decompo- 
sition in vacuum, and infrared and X-ray data show the disordered nature of the 
vacuum-formed intermediates. 

When the removal of gaseous product is impeded by the presence of a surround- 
ing atmosphere, the decomposition follows a different course, via more structurally- 
ordered solid intermediates. In general, it is proposed that the linear region in 
the "Type II" c~-time curves has its origin in the effect of the ordering or recrys- 
tallization process on the rate of evolution of the gaseous products. The decom- 
position is a higly reversible process [6] and so when the time during which the 
gaseous products remain close to the solid product is extended on account of the 
presence of a surrounding atmosphere, several successive recombinations and 
decompositions result in an ordered solid product. This is supported by the X-ray 
and infrared data [1 ] and the fact that the surface areas of the intermediates and 
products formed in the presence of a surrounding atmosphere are less than those 
encountered in the vacuum decomposition. 

The detailed decomposition will be discussed, as far as possible, in terms of 
stages with similar reactants and products, see Fig. 1. 

The decomposition of A M W  to ABV 

In inert atmospheres this step has an activation energy of 133kj moI -I, and 
this is increased to 176kJ tool -1 in air or in oxygen. The presence of water vapour 
in the inert atmosphere slightly decreases the rate of decomposition at a partic- 
ular temperature, but does not alter the activation energy. In moist air the 
activation energy rises to 220kJ mol- 1. The pre-exponential factors also increase. 
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The decomposition of ABV to AHV 

Once again, the activation energy for this step in oxidizing atmospheres (133kj 
tool -~) is higher than in inert atmospheres (106kJ tool-l) .  

The decomposition of AMV directly to AHV-type intermediates 

The intermediate AHV,* product of  the first stage of the decomposition in 
vacuum, and 'normal' AHV, formed in ammonia, have been shown to be struc- 
turally different [1 ] but the activation energies, 129kJ tool - I  (vacuum) and I39kJ 
tool -1 (ammonia)are  close enough to suggest that the energy requirements for 
similar processes are being represented, irrespective of  the degree of order o f  
the product. These activation energy values are similar to those for the first 
stage of the decomposition to ABV in inert atmospheres (133kJ tool -1) which 
suggest that it is only in the presence of an oxidizing atmosphere that the initial 
mechanism common to the other decomposition conditions is altered. 

The results of  Deschanvres and Nouet [7] for the first stage of the decom- 
position in vacuum are different, in several aspects, to those of the present study. 
Their c~-time curves correspond more closely to our "Type II" curves and although 
they applied the contracting envelope equation, equation (2), to their results the 
fit obtained was relatively poor. The reported temperature range over which the: 
first stage of the decomposition in vacuum occurred is also some 40 ~ higher than 
the present study. The apparent activation energy found for this stage, 129kJ 
tool -1, is, however, in fair agreement with that now reported, l l7kJ  tool -1. 

Trau [14] obtained an activation energy of  200kJ tool -1 from T G  measure- 
ments on the first stage of  the decomposition in air. Although they did not iso- 
late the ABV intermediate, Subba R a t  and Mulay [15] report an activation 
energy of 180kJ m o l - l f o r A M V  air AHV, and 1 6 3 k J m o l - l f o r A H V  air> V205 . .  

The mechanism of the initial decomposition of AMV 

The linear region in "Type II' curves, which has already been discussed in gen- 
eral terms, extends furthest (to ~ ~ 0.8) in an ammonia atmosphere, which 
suggests that it is hindrance of the evolution of  NH3 rather than of  H20, which 
influences the extent of the linear region. The activation energies for linear and 
deceleratory regions are virtually identical and it is suggested that the rate de-- 
termining step in vacuum and inert atmospheres is the evolution of NHa. 

Initial decomposition on the surface of the crystallites and along dislocation 
lines creates pores in the material; NHz and H20 diffuse to the internal surfaces 
of these pores. Once the pressure of  NH 3 in these pores and channels has risen 
to such a point that decomposition via the formation of  further pores is n o  
longer more rapid than evolution of the product gases from the external surface 
of the crystallites (in inert atmospheres and ammonia), or where the material is. 
so porous (e.g. as a result of  the extensive breaking-up of larger crystallites which 
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occurs in vacuum [7]) that there is no difference between evolution from the pores 
and from the "external" surface, then the product-reactant interface advances 
inwards into the remaining undecomposed material in the particles in the form 
of a contracting envelope. 

The increased activation energy for the initial decomposition of AMV in oxi- 
dizing atmospheres and even more so in moist oxidizing atmospheres, suggests 
that under these conditions a different process is rate-determining. It is suggested 
that this is the evolution of H20. The activation energy for the evolution of H.)O 
might be expected to be higher than that for the evolution of NH3, since the 
generation of HzO involves the fracture of strong V - O  bonds while the genera- 
tion of NH3 merely requires the fracture of hydrogen bonds. 

It is to be expected that there will be considerable interaction between partially 
decomposed AMV and oxygen as oxygen is readily chemisorbed on a V~O5 
surface (100-480 ~ [16] and the ability of the oxygen atoms in the V205 lattice 
to exchange with adsorbed oxygen or water is well known [17-19]. Activation 
energies for adsorption of oxygen on V205 of from 28 to 65kJ mo1-1, as surface 
coverage increases, have been reported [16], while activation energies for the 
exchange processes, which may be controlled by either the dissociation of adsorbed 
oxygen molecules or the breaking of V - O  bonds, were between 155 and 195kJ 
mo1-1 [18]. Such interactions in oxidizing atmospheres can well be expected to 
alter the mechanism of the AMY decomposition. V~O~ is an n-type semiconductor 
and chemisorption of oxygen is an "electron-withdrawing" process, which sug- 
gests that either the evolution of NH3 from NH~ is facilitated, or the evolution 
of HzO is hindered, by the decreased availability of electrons in oxidizing atmos- 
pheres. 

The decomposition of AHV to V205 

The AHV sample prepared from solution, AHV~oln, decomposes markedly 
slower than either of the two AHV intermediates (the products of the second 
stages in inert and in oxidizing atmospheres) under the same conditions. This is 
to be expected on account of the relatively defective structure of the decompo- 
sition intermediates. 

The activation energies and pre-exponential factors for the formation of V205 
from the various AHV intermediates under a variety of conditions, listed in Table 
2, suggest that the effect of oxygen, discussed above, is not confined to participa- 
tion during a decomposition stage, but may also be "built in" to some extent in 
a preceding stage and be noticeable during further decomposition in non- 
oxidizing atmospheres 

For each particular AHV sample the activation energy for further decompo- 
sition is least in vacuum and greatest in an inert atmosphere. For any particular 
atmosphere, the activation energy is least for AHV prepared in an inert atmos- 
phere and greatest for AHV prepared from solution. The effect of an oxidizing 
atmosphere is intermediate in both series. 
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There appear to be two main factors influencing the value of  the activation 
energy for decomposition. 

(i) the degree of structural order of the AHV sample, and 
(ii) the effect of  an oxidizing atmosphere. 
The AHVsol~ and AHVoxi d may be considered to have had a similar oxidizing 

pretreatment i.e. previous interaction of the surface with the solution in the one 
case and with air in the other. AHVi~e, t has, however, undergone no such inter- 
action in its formation. The activation energies for the decomposition in vacuum 
of  AHVsoln and AHVoxia are similar and higher than that for AHViner t. 

In an oxidizing atmosphere the above order is the same while in an inert atmos- 
phere the activation energy for the decomposition of  AHVso1~ (surface area = 
1.30 m2g -1) is greater than that for the decomposition of AHVoxid (surface 
area -- 3.82 m2g-1). Hence the hindering effect of  the inert atmosphere on the 
evolution of the gaseous products emphasises the effect of  structural order. 

The further decomposition of  A H V  in ammonia 

Further decomposition involves partial reduction of the "VzO5 units" with 
a 'final' product of  VO2 [1]. The two distinguishable stages have high apparent 
activation energies (Table 1) and are undoubtedly complex processes which may 
be explicable in terms of simpler consecutive or competitive steps [20]. 

Activated complexes 

The fact that the reverse of the overall decomposition, i.e. the reaction of  
V205 with ammonia and water to form AMV [6], takes place in a single stage 
with a very low activation energy ( 5 - 1 0  kJ tool -a) suggests that the activation 
energies for the reverse of  each decomposition stage are all low and that for 
each stage 

A H ~  c ~ E 

The values of  the enthalpy changes accompanying each decomposition stage 
have been determined [3] by differential enthalpic analysis. The measured values 
are dependent upon the sample mass and have been reported per mole of  
"(NH4)20 �9 V205". The activation energies, however, refer to a mole of  activated 
complex [21] for the particular stage. 

I f  A H  for a particular stage, based on one "(NH4)20 " V20~ unit", is scaled 
in terms of an integer n in such a way that nAH is as close as possible to E for 
the stage, without exceeding E, then n will indicate the number of "(NH~)20 " V20.5 
units" on which the formula of  the activated complex for the stage is based. 

For  the first stage of the decomposition in inert atmospheres, A H  is ~ 110kJ 
[mol(NHa)20 " V205] -1 and E is ~ 135kJ mol -~, so that the activated complex 
is based on (NH4)20 �9 VzQ. For  the second stage in inert atmospheres, AH, 
although variable, is approximately half that of  the first stage, while E is only 
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sl ightly less than  for  the  first s tage,  so tha t  the ac t iva ted  complex  is now based  
on (NH4).,O " 2V205. F o r  the  th i rd  stage A H  is very small  referred to 1 mole  o f  
(NH~)zO �9 V~O5 ( <  10kJ) while E remains  at  a pp rox ima te ly  on  the same level as 
before.  In  view o f  the values o f  AH f rom 67 to 75 kJ  [mol(NH4)20 " V205) -1 
ob ta ined  for  the decompos i t i on  o f  AHVsoln i t  was p r o p o s e d  [3] tha t  the A H  value 
o f  < 10kJ was the resul tan t  o f  an  endo the rmic  decompos i t ion  process  and  con-  
cur ren t  exo thermic  recrys ta l l iza t ion  processes.  E for  the  decompos i t i on  o f  AHV~oln 
is ~ 1 9 0 k J  tool  -1, so n g 3 and  the ac t iva ted  complex  is then o f  the fo rm 
(NH4)20 " 3V~O5. 

I t  appears  then tha t  the ac t iva ted  complex  for  each stage o f  the  decompos i t i on  
in iner t  a tmospheres  (where r emova l  o f  gaseous p roduc t s  is inhibi ted ,  bu t  inter-  
ference f rom oxygen is absent)  conta ins  one "(NH~)20 un i t "  together  with increas-  
ing p r o p o r t i o n s  o f  V20.5 and  could  be represented  as 

N H a H ,  ,V 
";o( 

N H 3 H  / "V 

The en tha lpy  change accompany ing  decompos i t ion  is app rox ima te ly  35kJ 
[mol(NH4)20]  - i  and  the energy bar r ie rs  to be su rmoun ted  are o f  the o rder  o f  
125 to 175kJ. 

The deta i led  s t ructura l  changes involved are to be discussed [9]. 
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R~SUM~ -- Par chauffage, le m6tavanadate d 'ammonium (AMV) se d6compose en plusieurs 
6tapes qui d6pendent de l 'atmosph6re. Un produit  interm6diaire important de la d6composi- 
tion est l 'hexavanadate d 'ammonium (AHV) qui peut aussi 6tre obte13u chimiquement par 
voie humide. On a pu ainsi d6terminer les param6tres cin6tiques de la d~composition ther- 
mique de I 'AMV et de la pr6paration d 'AHV. On a compl6t6 l'6tude cin6tique par des mesures 
de surface et par l 'examen au microscope 61ectronique des surfaces des cristallites du compos6 
initial, du produit  int6rm6diaire et du produit  pr6par6. 

En utilisant la courbe de d6composition, les 6nergies &activation mesur6es et les effets 
respectifs de l'oxyg6ne et de la vapeur d'eau sur la vitesse de la d6composition, on a pu 
conclure que dans le vide et en atmosphbre inerte, c'est le d6part de 1'ammoniac qui d6ter- 
mine la Vitesse de le r6action, tandis qu'en atmosphere oxydante, c'est le d6part de l 'eau. 

La comparaison des param6tres cin6tiques avec les donn6es thermodynamiqlies de la 
decomposition a permis d'6mettre des hypoth6ses sur la nature des complexes activds mis 
en jeu. 

ZUSAMMENFASSUNG - -  Beim Erhitzen wird Ammonium-Metavanadat  (AMV) in verschiedenen 
Stufen zersetzt, welche yon der Atmosph/ire abh~tngen. Ein bedeutendes Zersetzungszwischen- 
produkt,  Ammoniumhexavanadat  (AHV), kann auch durch naB-chemische Methoden her- 
gestellt werden. Die kinetischen Parameter fiir die thermische Zersetzung yon AMV und 
das AHV-Pr/iparat wurden ermittelt. Die kinetischen Untersuchungen wurden durch Ober- 
flfichenmessungen erg~inzt, sowie mit der elektronenmikroskopischen Priifung der Ober- 
fl/ichen der reagierenden Substanz, der Zwischen- und den Endprodukt-Kristalliten. 

Der Typ der Zersetzungskurve, die ermittelten Aktivierungsenergien und die Wirkung 
yon Sauerstoff und Wasserdampf auf die Zersetzungsgeschwindigkeit lassen die Annahme 
zu, dab im Vakuum und in inerter Atmosph/ire die Entwicklung yon Ammoniak die ge- 
schwindigkeitsbestimmende Stufe ist, w/ihrend in oxidierenden Atmosphfiren die Wasserent- 
wicklung geschwindigkeitsbestimmend is~. 

Der Vergleich der kinetischen Parameter mit thermodynalnischen Daten der Zersetzung 
fiihrte zu Annahmen beziiglich der Beschaffenheit der mitwirkenden aktivierten Komplexen. 

PesmMe - -  Hay~Ieli paclIaZi MeTaBa13a~iara aMMOH/elfl (AMB). Ba~KHBIM IIpOMe)KyTO~I13blM npo- 
~IyKTOM pacliajla ~IBnZeTCSI reKcaBaHaAar aMMOHH~I (AFB) XOTOp~IR Mo)KeT 6BITB noJ~yqeH xaxme 
XHMH~IeCKrlM MeTO~IOM. YCTaHOBJIeHbI IcrmeTnnecKne 13apaMeTpbI TepMopac13a)ia AMB II noJiy- 
qeHii~I AFB. Hsy~eliiie KII13eTHKII ]IO~IOYI1313JIOCt, II3Mepel-IHeM nJIOCKOCTH II 3JIeETpOHHOMBKpoc- 
KOII13qecKHM HCq/~ITa131IeM IDIOCKOCTIeI peare13Ta IIpoMeYKyTO~IHOFO IIpo~IyKra II KplicTaJIJIOB 
KOHextnoro IIpO~yKTa. 

Ha OCHOBali131I Trma KprlBOR paclia~a ycTa130BJIe13a 3HeprHa aKTIIBal1131I H 13JIHJ~131ie iffteJio- 
poaa r~ BOnnoro napa IIa CKOpOCTt, paclia~Ia. IIp13mJm I< BblBOjIy, NTO 13 BaKyyMe leI B I I I I e p T H O M  

ra3e 13~I~IeJIeHne aMMHaKa ~B~I~IeTC~ olipe~IeJIarOlnrlM maroM CI<OpOCTrI, a B oKncJImOlIIe~ aTMOC- 
~epe B~i~eJierme BojIsi orlpe)ieJinmmli~ ~axTop. 

CpaBneHrle KIIrleTII~ecKIIX napaMeTpoB c TepMoJIIIIIaMII~ecx~IMrI )Ia13rmlMii IIIpliBeJIO K IIpe~I- 
nonoTKe131inM OTHOCHTeYIHO IIpHpo~J,i BKZIIOHeHHBIX a~TH13npoBannJ~Jx KOlVlTLrIeKCOB. 

2* I .  Thermal AnaL 6, 1974 


