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Abstract The present study prepared molybdenum trioxide (MoO3), the most important intermediate of molybdenum metal,

by using a fluidized bed reactor for the thermal decomposition of ammonium molybdate (AM) in the presence of an air flow.

During the process of fluidizing the sample inside the reactor, the reaction time and temperature were optimized with a close

analysis of the X-ray diffraction (XRD) data and with thermogravimetric analysis (TGA). In particular, the temperature level,

at which the AM decomposition is completed, is very important as a primary operating parameter. The analysis of the XRD

and TGA data showed that the AM decomposition is almost completed at ~350 oC with a reaction time of 30 min. A shorter

reaction time of 10 min. required a higher reaction temperature of ~500 oC with the same air flow rate to complete the AM

decomposition. A sharp rise in the decomposition efficiency at a temperature ranging between 320 and 350 oC indicated a

threshold for the AM decomposition. The operating conditions determined in this study can be used for future scale-ups of the

process.
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1. Introduction

Molybdenum (Mo) is known as a metal of distin-

guished properties making it a unique additive for pro-

ducing non-corrosive steel of enhanced hardness.1-3) The

conventional technique for the production of molybdenum

trioxide (MoO3), the most important Mo intermediate,

particularly from molybdenite concentrate (MoS2) is as

follows; (a) the roasting of the sulphide to oxide, (b) the

dissolution of the oxide in ammonia solution, (c) the

precipitation of ammonium polymolybdate (APM), and

(d) the decomposition of APM to MoO3.
4) While these pro-

cesses had been extensively studied in numerous research

works, Chakraborty et al. most recently reported the

benefits of the fluidized bed against the static bed for the

decomposition of APM, which was experimentally syn-

thesized from technical grade MoO3 and ammonia

solution.4) They presented an efficient preparation process

of MoO3 from APM in a fluidized bed reactor working

non-isothermally at a lower temperature and in a lesser

reaction time compared to a static bed reactor; a tem-

perature of 310 oC and a reaction time of 20 min

compared to 500 oC and 12 h in a static bed reactor.

Meanwhile, Zhoulan et al. studied the kinetics of the

thermal decomposition of ammonium molybdate (AM) by

using thermogravimetric analysis (TGA) and differential

thermal analysis (DTA) in an operation with the tem-

perature continuously increasing.5) They calculated the

weight of the released compounds from the percentage

loss in TGA curves during the decomposition. In addition,

Mann and Khulbe reported the electron spin resonance

(ESR) study on MoO3 obtained from the thermal decom-
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position of AM.6) Different ESR signals were detected

according to the reaction temperature between 250 and

450 oC.

Inspired by those previous research works,4,5) we opti-

mized the isothermal decomposition of AM in a fluidized

bed reactor by using TGA measurement supplemented

with X-ray diffraction (XRD) analysis. The relationship

of the reaction temperature and time, two primary operating

parameters, was examined upon the completion of AM

decomposition. The optimized data are expected to be

used for future scale-up of the process as key design bases.

2. Experimental

2.1 Apparatus and Procedure

Tests were performed on a lab-scale fluidized bed unit

as illustrated in Fig. 1. It is composed of two functional

units: air feeding unit with pressurized air container (1),

regulator (2), valve (3), and flow meter (4), and a lab-

scale fluidized bed reactor (inner diameter = 20 mm and

length = 1.2 m) (7) with heating unit (8), thermocouple (9),

and pressure sensor (10). AM ore samples (6) were loaded

in the bottom part of the reactor (7) with the air fed to

fluidize the samples through a 20 mm perforated gas dis-

tributor (5).

In a semi-batch type process, AM ore samples (98

wt%, POSCO M-TECH, Korea) were placed inside the

tightly closed lab-scale fluidized bed unit. The particle

size of as-supplied AM ore samples used in the tests was

in the range of 10-230 μm, and the bulk density was

1.783 g/cm3. The heating process followed and when a

desirable reaction temperature was reached, the injection

of air was initiated. The temperature range was confined

between 270 and 500 oC and the sample amount was

150 g. The flow rate of air as fluidizing medium was fixed

at 3 L/min, which corresponded to a superficial gas

velocity of 0.16 Nm/s, about 4 times the minimum fluid-

izing velocity. Upon the reaction being terminated, the

samples were analyzed by XRD and TGA measurements.

Detailed description of TGA measurements is also

explained elsewhere.7)

2.2 Characterizations

To measure the surface morphologies of the as-supplied

AM sample and its decomposed products, the scanning

electron microscopy (SEM, ITACHI model S-4700, Japan)

was employed. Then, the crystal structure change of AM

samples with respect to the reaction temperature was

examined by XRD (RIGAKU, model D/MAX2500, Japan)

analysis and supplementary TGA measurements were

carried out with a TGA analyzer (Perkin Elmer, TGA7

Pyris1, USA). TGA measurements were made for the as-

supplied AM sample and its decomposed products with

respect to the reaction temperature to calculate the weight

loss during the decomposition. 

3. Results and Discussion

3.1 Decomposition Efficiency 

The thermal decomposition of AM was studied in detail

by Shaheen and Selim.8) When heated, their DTA curve

presented endothermic peaks with minima located at 115,

160, 235 and 280 oC, corresponding to the following

decomposition steps:

(NH4)6Mo7O24.4H2O → (NH4)4Mo5O17 → (NH4)2Mo4O13

→ (NH4)2Mo14O43 →  (NH4)2Mo22O67 → MoO3 (1)

Fig. 2 shows the TGA curve of the as-supplied AM

sample. It is observed that the AM decomposition is pro-

gressed with the evolution of water and ammonia in two

steps before the formation of MoO3 as a final product.

The first one is located between 150 and 240 oC with a

weight loss of 8 %, and the second step is between 290

and 360 oC with a weight loss of 9 %, and so the total

Fig. 1. Schematic of experimental apparatus. Fig. 2. TGA curve of the as-supplied AM sample.
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weight loss is 17 %, as shown in a plateau region ap-

peared at above 450 oC. Thus, the decomposition effi-

ciency of a sample at a certain temperature, T, was

calculated according to the following equation:

Decomposition efficiency = (Mass fraction remaining in

TGA curve at T − 83)/17 × 100 % (2)

3.2 Temperature Effect

To evaluate the effect of reaction temperature on the

decomposition of AM samples, tests were carried out by

fixing the reaction time at 30 min and the air flow rate at

3 L/min. As shown in Figs. 3 and 4, TGA data demon-

strate that the decomposition efficiency increases with the

temperature rise. However, a sharp increase of decom-

position efficiency was observed in the temperature range

between 320 and 350 oC, indicating a threshold for the

AM decomposition. Meanwhile, a very high decom-

position efficiency of over 90 % was obtained only at

350 oC. It means that the reaction time could be reduced

with the reaction temperature set to over 400 oC. Fig. 4

shows the comparison between our work and other

researches. Although the details of POSCO M-TECH test

using a fixed bed are not shown here, the results

demonstrate that a fluidized bed is more efficient than a

fixed bed. With a similar trend of decomposition

efficiency to the reaction temperature, the reaction time

and sample amount of POSCO M-tech test were 1 h and

30 g, respectively, a longer and smaller compared to 30

min and 150 g of our work using a fluidized bed.

Moreover, the comparison with the work of Shaheen and

Selim using a fluidized bed8) shows that we have

established a more effective fluidized bed process for

gaining a higher decomposition efficiency at a lower

reaction temperature. 

The XRD analysis results also confirmed that the AM

decomposition is almost completed at ~350 oC. As shown

in Fig. 5, the only trace of MoO3 is detected for the pro-

duct decomposed at 270 oC. However, at the decom-

position temperature of 350 oC, the MoO3 peaks are

clearly identified and the peaks of AM ore are dimin-

Fig. 5. XRD patterns for the AM samples decomposed at various

temperatures; (a) 380, (b) 350, (c) 300, and (d) 240
o

C (the reaction

time = 20 min and the air flow rate = 3 L/min).

Fig. 4. Decomposition efficiency of the AM samples with respect to

the reaction temperature (the reaction time = 30 min and the air flow

rate = 3 L/min). Other research works are compared. 

Fig. 3. TGA curves of the AM samples with respect to the reaction

temperature (the reaction time = 30 min and the air flow rate = 3 L/

min).
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ished to traces. 

3.3 Reaction Time Effect

By fixing the reaction temperature, we were able to

observe the effect of reaction time on the AM decom-

position efficiency. As shown in Fig. 6, TGA curves are

not much affected by the reaction time at the reaction

temperature of 300 oC, but the weight loss becomes greater

in a longer reaction time of 20 min as the reaction

temperature increases up to 350 oC. Fig. 7 displays the

change of decomposition efficiency by the reaction time

at a fixed reaction temperature from 300 to 500 oC. At

the reaction temperature of 300 oC, the decomposition

efficiency is not much affected by the reaction time,

being maintained at a low level of ~50 %. However, at

the reaction temperatures of 320 and 350 oC, the decom-

position efficiency is enhanced significantly as the in-

crease of reaction time from 15 to 30 min. At high

temperatures above 400 oC, the reaction time of only 10

min is just enough to gain a high decomposition

efficiency of over 90 %. At the reaction temperature of

500 oC, a minimum reaction time of 5 min results in a

decomposition efficiency of over 95 %. Yin et al. reported

that the full decomposition of APM occurred at the

temperature greater than 400 oC,9) as confirmed in our

study. 

For future design of scale-up of the process, mass

balance was established for the AM decomposition in our

fluidized bed reactor at the reaction temperature of

500 oC and the reaction time of 20 min as shown in Fig.

8. The weight fraction of the product obtained as MoO3

was 77.2 %, while the weight loss via exit gas and

carryover to bag-filter were 17.0 % and 5.8 %, respect-

ively. The amount of carryover to bag filter will be

collected and added to the final product to obtain the

weight fraction of 83 %. 

The surface morphologies of the as-supplied AM sample

and its decomposed product are displayed in Fig. 9. The

porous surface of the decomposed product clearly indicates

Fig. 7. Decomposition efficiency of the AM samples with respect to

the reaction time at various reaction temperatures (the air flow rate

= 3 L/min).

Fig. 8. Mass balance of the process at the reaction temperature of

500 oC (the reaction time = 20 min and the air flow rate = 3 L/min).

Fig. 6. TGA curves of the AM samples with respect to the reaction

time at various reaction temperatures; (a) 350, (b) 320, and (c) 300
o

C (the air flow rate = 3 L/min).
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the release of gaseous by-products during the decom-

position. 

4. Conclusions

The isothermal decomposition of ammonium molybdate

(AM) to molybdenum trioxide (MoO3) was investigated

in a fluidized bed reactor by varying the reaction tem-

perature and time. And an analytical interpretation was

supplemented via XRD and TGA measurements. Upon

the completion of AM decomposition, it required the

reaction time of 30 min and the reaction temperature of

350 oC and/or the reaction time of 5 min and the reaction

temperature of 500 oC. In the temperature range from

320 to 350 oC, a critical dependency (threshold) of the

reaction time on the decomposition efficiency was ob-

served; a sharp increase of the decomposition efficiency

with respect to the reaction time. Based on the results, the

optimal operating reaction temperature will be between

450 and 500 oC to reduce the reaction time; not too long

for high throughput and not too short for securing

operability. 

For future scale-up of the process, mass balance was

established to be usefully employed for future scale-up of

the process as design basis.
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