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Table 1  Experimental parameters for preparation of 

ammonium paramolybdate microspheres by spray 

drying 

Feed rate/mL·h

-1

 

Drying temperatureª 

� 

Concentration of 

ammonium 

paramolybdate/g·L

-1

 

200 150 20, 40, 60, 80 

50, 100, 150, 200 150 20 

200 150, 200, 250, 300 20 

ú�ûü©ª��� ¡}Í�-2 ¡ 2 ~*
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« 1  =>?@OPQRSNR¬\e 

Fig.1  SEM images of ammonium paramolybdate precursor 

microspheres: (a) spherical shell with holes and       

(b) spherical shell with crackle 

a 

b 

2 µm 
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« 2  ¯°=>?@{|}l�8 OPQRSNR¬\e 

Fig.2  SEM images of precursor microspheres prepared from ammonium paramolybdate solution with different concentrations: (a) 20 g/L, 

(b) 40 g/L, (c) 60 g/L, and (d) 80 g/L 

 

 2  234� 2�56+,-789: 

Table 2  Range of particle size corresponding to the 

microspheres in Fig.2 

Concentration of 

ammonium 

paramolybdate/g·L

-1

 

20 40 60 80 

Range of particle 

size/µm  

0.8~3.7 1.4~6.7 1.1~7.4 0.8~8.3 

Ï±ú�ûü�¾�¾o����Ö×�Ø�¦m�

¬ �H7 ¡���
���¾�m¼¬m�

uíÉ �Ö×�°±DÏ��%�<�x�)�¯

 ¡�ÜÝÞ�H7 ¡���6
�©ÌÃ���

-�@�fg�u�À±�¾�m¼�u����Ð

���Ï��ª¯¸Ñ�� ¡oj���¾��¾

��Í[Ý�S��ÒÓ��½Ï��¾ÔH¼²Õ 
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10 µm 
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c 

d 
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« 3  ¯°�7���8 OPQRSNR¬\e 

Fig.3  SEM images of precursor microspheres prepared at different feed rates: (a) 50 mL/h, (b) 100 mL/h, (c) 150 mL/h, and (d) 200 mL/h 

 

 3  234� 3�56+,-789: 

Table 3  Range of particle size corresponding to the 

microspheres in Fig.3 

Feed rate/mL·h

-1

 50 100 150 200 

Range of particle 

size/µm  

0.8~5.7 0.7~4.0 0.8~4.0 0.8~3.7 
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« 4  ¯°DEFGkl�8 OPQRSNR¬\e 

Fig.4  SEM images of precursor microspheres prepared at different temperatures of spray drying: (a) 150 �, (b) 200 �, (c) 250 �, and 

(d) 300 � 

b 

10 µm 
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c 

d 

b 

10 µm 
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d 



©3966©                                       �/�	67®¨                                              � 49� 

 4  234� 4�56+,-789: 

Table 4  Range of particle size corresponding to the microspheres 

in Fig.4  

Drying temperature/� 150 200 250 300 

Range of particle 

size/µm  

0.8~3.7 0.9~5.3 0.9~6.6 0.7~3.3 
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« 5  ¯°±²®³�WXYB8 ¥´NR¬\e 

Fig.5  SEM images of powders calcined and reduced under 

different heating processes: (a) process (1), (b) process (2), 

(c) process (3), and (d) process (4) 
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« 6  ¯°±²®³�WXYB8 ¥´N XRD«µ 

Fig.6  XRD patterns of powders calcined and reduced under 

different heating processes 
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« 7  £�qqr��oWXYB8 >¥NR¬\e 

Fig.7  SEM images of molybdenum powder thermally reduced at 

800 � for 2 h in pure hydrogen atmosphere 
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Preparation of Ammonium Paramolybdate Microspheres by Spray Drying and 

Their Calcination Reduction Process 

 

Rong Wan, Cao Qigao, Dang Rui, Zhao Panchao, Chen Kunkun, Zhang Bosheng, Meng Hanqi 

(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China) 

 

Abstract: Hollow ammonium paramolybdate precursor microspheres were prepared from ammonium paramolybdate solution by spray 

drying, and they were calcined and reduced to square or spherical molybdenum. The morphology of the ammonium paramolybdate 

precursor microspheres, and the morphology and composition were studied after calcination and reduction of ammonium paramolybdate 

precursor microspheres. The effects of reduction temperature, heating process and atmosphere on the reduction of ammonium 

paramolybdate precursor microspheres were also investigated. Results show that as the concentration of solution increases, the particle size 

of microspheres becomes bigger, pit number in the surface increases, and the agglomeration phenomenon becomes more obvious; with the 

increase of feed rate, the particle size of microspheres decreases a little, and the number of pits in the surface decreases; with the increase 

of spray drying temperature, the particle size first increases and then decreases, while pits in the surface increase evidently in number; at 

the temperature of 800 °C, the square or near spherical molybdenum can be obtained by hydrogen-argon mixer reduction, while the 

spherical molybdenum can be obtained by pure hydrogen reduction. 

Key words: ammonium paramolybdate; spray drying; hollow sphere; molybdenum powder 
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