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¾ 1  ¿ÀÁ"Â©M Ni#�jW SEMÃÄ 

Fig.1  SEM images of Ni powder particles under different  

magnifications 
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¾ 2  XYZ[\ Ni#WjVkÅ¾ 

Fig.2  Particle size classification of submicron spherical Ni 

powder 

0.01 0.1 1 10 100 1000

0

2

4

6

8

V
o

l
u
m

e
 
R

a
t
i
o

/
%

Particle Size/µm

a 

b 



� 9 �                               ���m.XYZ[\9#W¶;?Æµ@t¼|}                        �2849� 

 

#9º»m'�¼½��¯¦���#9¾�¿À�

¯9�# �ÁÂ���`Ã'Ä º»Å��w±

¹Æ§Ç�¿#9m'�qFT�9�d�#È¢È

'�GxÉÊ�mË(fcc)

[15]

*����`Ì��¯%

>�w±�h�1�ÇF9 NiC

2

O

4

¹ºh�2�²SY

M¢Ç�° Ni �Í6\/d�¡��HI9 Ni ��

#'�Í6ÎÏÐpä* 

NiSO

4

+H

2

C

2

O

4

=H

2

SO

4

+NiC

2

O

4

↓            (1) 

2

H

2 4 2

NiC O Ni 2CO→ +

                    (2) 

ÑÒ(111)x��¯9Äd¾�� Scherrer'ha 

ÓÔ��§Ç�¿#H/01�@T�90�ª«

[16]

Õ 

cos

k

d

λ

β θ

=

                            (3) 

h°�dG0�ª«�kG Scherrer¨I�Ã'Ä�B

k=0.89��βG��¯9Ã'Ä� Ö#G¶¬��θG

��×� #G¶¬�, λGÌ��ÜÐ�0.154 18 nm�* 

� 4 w±ÏT��"ª«¹§Ç�¿#m'RÎ

9Ø½*��aÙ��Ý¸¿#H�¸] 400 ^��

T��"9ÇÐE#ÝGÚÛ�250~400 ^RÎ�"�

ÂÐE#�Ü���"�9���"ª«� 45Ý74 nm

RÎbÞ¿#'] 400 ^ M��"ßEÇÐ�w>

� XRD ´�n��¯9�#È¢È|�¯Ä È¢

È�*500 ^�`���"ª«àá 125 nm*¼n³

GT��Ý¸9¿#H�l��a áâxmË�Q

[�#���ãä��4��åæçè9�é�ê�

 ��ë¾?"9UèmË�³�`ÇÐEãÝ�b

Þ¿#Ý'���é�¬��¬ì�çè�é�êß

EÅí�ÇÐEãßEÂ|��éLîï]J¸* 

�T����"ª«B§Ç�¿#RÎ9ð�

Ø½�a ñÔ%T��"ÇÐ9yd�* 

ÑÒ BurkenX%9�"ÇÐwòh

[17]

Õ 

 

 

 

 

 

 

 

 

 

 

 

¾ 3  ¿ÀOPJVM9#W XRD¾Ç 

Fig.3  XRD patterns of Ni powder at different sintering  

temperatures 

 

 

 

 

 

 

 

 

 

 

 

¾ 4  9#¡j"��OPJVWÈ®Éf 

Fig.4  Changes of grain size with the sintering temperature for Ni  

powder 
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¾ 5  lnD¼ 1/TÊË 

Fig.5   Relationship between lnD and 1/T 
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¾ 6  9ªb«VrXYZ[\ Ni#j�WÍÎ 

Fig.6  Influence of Ni

2+

 concentration on the particle size of 

submicron spherical Ni powder 

 

 

 

 

 

 

 

 

 

 

¾ 7  ¿À¬JVrXYZ[\ Ni#j�WÍÎ 

Fig.7  Influence of temperature on the particle size of submicron 

spherical Ni powder 
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Controllable Preparation and Characterization of Sub-micron Spherical Ni Powder 

with Two Step Method 

 

Zou Jianpeng, Yang Hongzhi, Liu Rutie 

 (State Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China) 

 

Abstract: With H

2

C

2

O

4

·2H

2

O as a precipitant and NiSO

4

·6H

2

O as a Ni source, NiC

2

O

4

 precursor was prepared through a coprecipitation 

method in the first step. Afterwards, highly regular sub-micron spherical Ni powders were obtained by calcination and reduction under H

2

 

atmosphere at middle temperature in the second step. Scanning electronic microscopy, X-ray diffraction and laser particle size analyzer 

were used to characterize the morphology and microstructure of Ni powder. The results show that the purity of Sub-micron spherical Ni 

powder is very well. The secondary particle of Ni powder is about 40 µm in size, which is agglomerated with a lot of 0.5 µm dispersed and 

uniform primary particles. It guarantees the excellent forming property and sintering activity. The crystallinity of Ni powder increases with 

the sintering temperature. The optimal preparing parameters are Ni

2+

 concentration of 0.7 mol·L

-1

, reactive temperature of 40 °C$and 

sintering temperature of 500 °C. Grain growth activation energy of Ni powder can be calculated as 26.9 kJ·mol

-1

 according to the 

relationship between grain size and sintering temperature and growing mechanism of Ni powder is interfacial diffusion controlling. 

Key words: two step method; microstructure; sub-micron; spherical Ni powder; grain growing mechanism 
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