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Abstract 

High-temperature XRD was employed to study the thermal decomposition of a com- 
mercial polyphase ammonium tetramolybdate which is composed of (NH,),Mo,O,,, /?- 
(NH,),Mo,O,, and a small amount of (NH,),Mo,O,, 2H,O. It was determined that the 
thermal decomposition reactions of the three phases of ammonium tetramolybdate begin below 
300°C following the steps: (NH,),Mo,O,,, b-(NH,),Mo,O,s and (NH,),Mo,O,, .2H,O-t 
(NH,),Mo,,% -+(NH,),Moz06, +MoO,. 

The ammonium tetramolybdate mixture decomposes to MOO, when calcined in the open 
air. When calcined in a closed system, the decomposition product MOO, is partly reduced to 
MOO,. 
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1. Introduction 

The starting material for the production of metallic molybdenum is usually 
ammonium molybdate which is converted to MOO, when calcined. The subsequent 
reduction of MOO, in two steps gives molybdenum as the final product. 
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The polyphase ammonium tetramolybdate studied is used commercially as the 
starting material for the production of molybdenum. It is a mixture consisting of 
(NH4)2M040,3, /~-(NH,),Mo~O,~ and a small amount of (NH4)2M040,3 .2H,O 
[ 11. Because the different phase components possess different physical and chemical 
properties, during the course of calcination the resultant calcination product MOO, 
will be affected greatly by the composition of the starting ammonium tetramolyb- 
date. For this reason, high-temperature XRD was employed to study the thermal 
decomposition of the mixture in the open air and in a closed system in order to 
supply a theoretical basis for the selection of suitable calcination conditions in the 
practical production process. 

2. XRD measurements 

The ammonium tetramolybdate mixture was ground and then mixed with abso- 
lute alcohol into a paste which was mounted in the sample set of a 3014 X-ray 
diffractometer, before being heated at a heating rate of 10°C min-’ in the open air 
or in a closed system which was maintained at 1 atm. The sample was kept at room 
temperature (13”(Z), and 100, 200, 300, 350, 375, 400, 425 and 450°C for 2 min 
before XRD measurements were performed. Cu Ka radiation was used and the 
sweep rate of the diffraction angle 26’ was 4 deg min’. The XRD patterns obtained 
are shown in Figs. 1 and 2 which indicate the phase developments of the ammo- 
nium tetramolybdate mixture in the open air and in a closed system. The new 
phases formed and the original phases remaining in tiny amounts are marked on 

the figures, see the captions. 

3. The thermal decomposition of the ammonium tetramolybdate mixture 

The thermal decompositions of monophase (NH,),Mo,O,, and /I- 
(NH,),Mo,O,, have been studied. When heated, (NH,),Mo,O,, decomposes at 
360°C to form MOO, [2] 

z 36o’C 

(NH,),Mo,% - Moo3 + NH,(g) + H,O(g) (1) 

The thermal decomposition of /I-(NH,),Mo,O,, begins at approx. 316”C-348°C 

[31 
-316”C-348°C 

B-(NH,),Mo,Q, ’ Moo3 + NH,(g) + H,O(d (2) 

(NH,),Mo,O,, .2H,O is essentially identical with the octamolybdate, 
(NH,),Mo,O,, .4H,O, which dehydrates without structural change at 287°C be- 
fore decomposition to MOO, [4]. 

Two intermediary phases, namely (NH,),Mo,,O,, and (NH,),Mo,,O,,, were 
also identified during the thermal decomposition of monophase (NH,),Mo,O,, 
4H,O [5]. 
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Fig. 1. The XRD patterns of the ammonium tetramolybdate mixture in the open air at different 

temperatures. A, WW,Mo@,,; 0, 8-WW,Mo,O,,; 0, WH4)~Mo,,04,; A, WH,),Mo,,O,,; 
0, MOO,. 

It can be seen from Fig. 1 that there is no chemical change or thermal 
decomposition when ammonium tetramolybdate mixture is heated at 200°C in the 
open air. When the temperature reaches 3OO”C, the new phases (NH,),Mo,,O,, 
and MOO, form in small amounts. From the XRD patterns in Fig. 1, the phases in 
the mixture at different temperatures can be identified, and are listed in Table 1. 



286 Z.L. Yin et al./Thermochimica Acta 244 (1994) 283-289 

8 

. 
n 

l- 

4 
Lu- 

t4 

15 20 25 30 35 

Diffraction angle in degrees 

L3 

i’3 

-3 

A; 

1 

40 

25°C 

00°C 

75°C 

50°C 

IOO”C 

!OO”C 

3°C 

Fig. 2. The XRD patterns of the ammonium tetramolybdate mixture in a closed system at different 

temperatures. 0, /I-(NH,),Mo,O,,; 0, (NH,),Mo,,O,,; A, (NH,),Mo,,O,,; 0, MOO,; n , MOO,. 

Their amounts can be judged according to the intensity of the main diffraction 
peaks. 

Table 1 shows that the thermal decomposition of the ammonium tetramolybdate 
mixture begins below 300°C with (NH,),Mo,,O,, as one intermediary phase and 
MOO, the final decomposition product. When the temperature reaches 35O”C, 
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Table 1 
Phase development of the ammonium tetramolybdate mixture when calcined in open air 

Phase 13°C 100°C 200°C 300°C 350°C 400°C 450°C 

(NH,),Mo,O,~ .2H,O S s s s 

(NH&Mo,O,, L L L L Tr 

B-(NH,),Mo,O,, L L L L Tr 

(NH,),Mo,,O43 s 

(NH,),Mo,zO,, L Tr 
MOO, S L L L 

Key: L, large amounts; S, small amounts; Tr, trace. 

(NH,),Mo,,O,, disappears and another intermediary phase, (NH,),Mo,,O,,, 
appears. Therefore, the mixture decomposes in the steps 

(NH&Mo40i3, B-(NH4)2M04013 and (NH&Mo40i3 .2&O -+ 

WHdJJo,~Qn + NWg) + H@(g) (3) 

(NH&Mo,4043 --+ (NHJzM~zzOEJ + NH,(g) + HzO(g) (4) 

(NH,),Mo,,O,, -+MoO, + NH,(g) + H,O(g) (5) 

The intermediary products (NH,), MO i4 O,, and (NH,), MoZz 067 formed during the 
thermal decomposition of the ammonium tetramolybdate mixture are the same as 
those formed during the thermal decomposition of (NH,),Mo,O,, . 4H20 [4]. 

Table 1 also illustrates that the small amount of (NH,),Mo,O,, 2H,O disappears 
first at 350°C via dehydration and decomposition, while (NH,),Mo40i3 and 
/I-(NH,),Mo,0i3 disappear at 400°C. All the decomposition reactions are complete 
at 450°C yielding the final product MOO,. 

In order to detect more accurately the temperatures at which the decomposition 
reactions begin or end, the reactions to equilibrium should be studied over a longer 
period of time and the XRD measurements should be performed at shorter 
temperature intervals. 

Similarly, the phase compositions of the mixture in the closed system at different 
temperatures can be identified and are listed in Table 2 from the XRD patterns 
in Fig. 2. Table 2 shows that small amounts of (NH,),Mo,,O,, and MOO, ap- 
pear at 3OO”C, which indicates that the thermal decomposition begins below 
300°C. (NH,),Mo,O,, and (NH,),Mo,Oi, .2H,O disappear at 350°C while /I- 
(NH,),Mo,O,, disappears at 375°C when only a tiny amount of the intermediary 

phase (NHJzMo22067 remains. Therefore, in a closed system the ammonium 
tetramolybdate mixture decomposes in the same way as in the open air, according 
to reactions (3), (4) and (5) with (NH,),Mo,,O,, and (NH,),Mo,,O,, being the 
intermediary products. 

The decomposition product NH,, formed by reactions (3), (4) and (5) in the closed 
system exists in equilibrium at high temperatures 

2NH 3 = 3H,(g) + N,(g) (6) 



288 Z.L. Yin et al./Thermochimica Acta 244 (1994) 283-289 

Table 2 
Phase development of the ammonium tetramolybdate mixture when calcined in closed system 

Phase 13°C 200°C 300°C 350°C 375°C 400°C 425°C 

(NH,),Mo,O,, .2H,O S S S 

(NH,),Mo,O,, L L L 

B-(NH&Mo,O,, L L L Tr 

(NH&Mo,,O,, S 

(NH,),Mo,,O,, L Tr 
MOO, S L L 
MOO, 

Key: L, large amounts; S, small amounts; Tr, trace amounts. 

The H, formed by reaction (6) can reduce MOO, to MOO, 

MOO, + H, % MOO, + H,O( g) 

Therefore, the reduction reaction of MOO, occurs 

3Mo0, + 2NH, % 3Mo0, + 3H,O(g) + N,(g) 

S Tr 
L L 

(7) 

(8) 

From the free enthalpies of MOO,, NH3, MOO,, Hz0 and N, [6], the equilibrium 
constant K of reaction (8) can be evaluated. For example, K at 400°C and 1 atm is 
estimated to be 4.69 x 102’. Therefore, the reduction reaction (8) can take place 
thermodynamically at 400°C. 

Table 2 illustrates that there is a large amount of MOO, on the surface of the 
sample at 400°C which indicates that the reduction reaction (8) can occur at this 
temperature. Accordingly, if the NH, given off during the calcination of ammonium 
tetramolybdate is not pumped out from the practical production process, the 
decomposition product MOO, will be partly reduced to MOO,. 

4. Conclusions 

The thermal decomposition of the polyphase ammonium tetramolybdate begins 
below 300°C with (NH,),Mo,,O,, and (NH,),Mo~~O~~ being the intermediary 
products. The dehydration and the thermal decomposition occur in the steps 

(NH,),Mo,O,,, P-(NHJ2M040r3 and (NH&Mo,O,, .2H@ + 

WH&MOM% + NH,(g) + H&W 

W-L),Mo,,Qn -+ WH&Mo,,% + NH,(g) + H,Wd 

W-LWb20~~ + Moo, + NH,(g) + WW 

The ammonium tetramolybdate mixture will decompose into MOO, when cal- 
cined in the open air. When calcined in a closed system, the decomposition product 
MOO, will be partly reduced to MOO,, because NH, produced during the calcina- 
tion is a reductant at high temperatures. 
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