
�50�    �1�                                ��������	                                    Vol.50,   No.1 

2021�      1�                      RARE METAL MATERIALS AND ENGINEERING                        January   2021 

 

�����2020-01-07 

���	����	
��
���2017YFB0306000���
�������������66271907���
������������

�� !
"�#�2019TS0102� 


��
�$%&'('1986 �)'*+',-./0'�
./�1
"2����3456789:;'<= 101407'5>?

010-60662611'E-mail: xiexingcheng@grinm.com 

 

������ WC-Co �� PIM 	
��
 

��
� 

 

���

1

����

1 

��	


1

��	�

1

��  


1

��  �

2

��  �

2

 

(1. �
./�1
"2����'<= 101407) 

(2. @�56�������ABC
"D'EF GH 610036) 

 

�  ���I�JKLMNOPQR-STUVKLWX'YZ CFX [:\]^_`abcd WC/10Co QRefGg

�PIM�hWi/4jklWmnTopq?klWmTorsthWi/uvw'xyz{]|}kz~�����'

VKLWX���j��QRrSTUP����vw'�8�L�����≥330 K�,ISTUP�����'�

�)�����QRPS�� 50.0~379.4 Pa·s'STUPS�� 2.9~9.2 Pa·s'S����G����P������

� ¡¢W£¡'QRrSTUPu^¤��� 0.2%¥¦¢ 1.8%'�� ¡¢§¨'u^¤��� 0.1%¥_¢ 1.6%'

u^¤���©ª����P����n 

����VKLWX�cd WC/10Co�hWi/�klWm 

�������TF125.3        ������A        �����1002-185X(2021)01-0160-07 

 

�������PIM�	
��
�������

�	�������	��������� !"��

#$�%"&'()�*+�	,"���


[1-3]

-.

/WC/Co01�234�5�����,2�
��


6789:;�<=>?�@AB

[4-8]

-CDEFG

HI	JK�LM�NO789PQRSTL�U4V

�W<)�XYZ�
	[\�@

[9-11]

-]^�LM�

NO7_`015�
����
OaQ�bcde�

+f�5gh�ij\[kl�mnoRSpq)01

3r�stRSTL)�XuEvw89kl

[12-14]

- 

������	LM�N�x01amyOz{

	������|}~��r�u	����

[15,16]

-

Iwai �

[17,18]

v����|}��-&'(�W��	

#$���x_�����#$����9��#$�

x��8&'(	��#$�m������g��

���3����
	������O7�����

V�������01��� }_�EF¡¢J£�

¤�¥y�¦-§¨©�

[3,11,16]

ª�«¬n­�®¯	

°±�² Boltzmann°
�J³´� PIM��-&'(

µ"��	�¶·°
��°±¸��89	¹��

���ºn»�}+-!µ"�-¼½¾�

[13,19,20]

¿�

��¶·	>?°±�|}~��r��Àª�ÁÂ

Q°±³´���-&'(µ"����Ã��EFÄ

Å�ÆÇpq¢}¸�ÀÈÉÊ	'Ë¢}ª�- 

@>?'Ì_='Ë�Í���-&'(	¹��

���ÎÏÐÑ./ WC-Co ÒÓ PIM 
��
ÔÕ

LM�N�Ö¯��)&'(×Ø	�ÙÚ�&ÙÚ

)ÛÙÚ�noµ"���	OÕ3Ü
��
¡µ

"×Ø	
��3- 

���PIM ���

01² YG10 ./ÝrÌÞßÌ1àá|&'(

â��Ã¡�WC��ãä$Ùm 0.6 µm�åØæç

èéêëìí8 îïðCo �ãä$Ùm 1 µm�å

Øñòóôõë8 îï-&'(rÄânm 63%ö

á�PW�-15%÷øù�PP�-15%AúÙ÷ûù�HDPE�

-5%üýþ��þ���DOP�-2%Ý���SA�- 

x WC�) Co��;m WC/10CoßÌ1���

�	 30 h�
���
�� 200�(�74 µm)) 320�

(�45 µm)	�-xßÌ1��)&'(������

ÌG�ß� 2 h;�01�����Äm 49 vol%-0

1��;$��� CJ50E�����G�;�����

�X�* !m Φ2.8 mm×10 mm/Φ2.2 mm×26 mm�

"# 1$%- 



� 1�                               $%&«?_`abcdWC-Co¬­ PIMhWi/PklWm                   ®161®  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¯ 1  W�X°s±¯  

Fig.1  Photos of mold cavity: (a) stationary mould fixed half  

and (b) movable mould moving half 
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Table 1  Initial conditions of PIM filling process 

Initial condition Value 

Temperature/K 298 

Pressure/ Pa 10

5

 

Velocity/m·s

 -1

 v

air

=v

1

=v

2

=0.0001 

Volume fraction φ

air

=1, φ

1

=φ

2

=0 

a 

b 
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Table 2  Boundary conditions of PIM filling process 

Boundary condition Value 

Velocity/m·s

 -1

 8.153 

Temperature/K 298 

Inlet 

Volume fraction/% φ

air

=0
φ

1

=51
φ

2

=49 

Outlet Pressure/Pa 10

5

 

Temperature/K 298 

Cavity 

wall 

Velocity No slip 
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� 2  �����  

Fig.2  3D-structure of cavity: (a) geometric model and (b) mesh  

model 

� 3  WC/10Co�
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Table 3  Physical properties of WC/10Co powder and binder 

Material 

Density/ 

g·cm

-3

 

Thermal conductivity/ 

W·m

-1

·K

-1

 

Specific heat/ 

J·kg

-1

·K

-1

 

WC/10Co powder 14.507 103

[26]

 230 

Binder 0.917 1.6

[27]

 1701

[27]
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Fig.3  Diagrams of analysis parts of simulation results: 

(a) section positions and (b) line positions 
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Fig.4  Filling processes of ultra-fine WC/10Co feedstock:     

(a) numerical simulation results (on section S

1

) and   

(b) experimental samples 
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Fig.5  Temperature distribution on section S

1

: (a) WC/10Co  

powder and (b) binder 
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Fig.6  Powder temperature distribution diagram of the front side of 

melting feedstock on section S

2

 with different Z coordinates, 

when the filling time is 0.01 s (a), 0.02 s (b), 0.03 s (c), and 

0.036 s (d) 
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Fig.7  Viscosity distribution on section S

3 

of

 

WC/10Co powder (a), 

and binder (b) at 0.01 s during feedstock filling:  
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Fig.8  Velocity distribution on section S

4 

at 0.01 s during 

feedstock filling:

 

(a) powder and (b) binder 
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Fig.9  Velocity distribution of binder and powder on line L

1 

at 

0.01 s during feedstock filling: (a) velocity distribution 

and (b) relative velocity difference 

 

 

 

 

 

 

 

 

 

 

 

� 10  )� 0.01 s?ABCD�E+8I�,�13GH L

1

6 

Fig.10  Volume fraction distribution of powder and binder on 

line L

1 

at 0.01 s during feedstock filling 
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Fig.11  Volume fraction distribution of WC/10Co powder (a) and 

binder (b) on section S

3 

at 0.01 s during feedstock filling  
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Fig.12  Velocity of powder and binder on line L

2 

at 0.03 s during feedstock filling: (a) velocity distribution and (b) relative velocity 

difference 
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Abstract: Based on the powder-binder two-fluid model, the filling process was simulated by CFX commercial software, especially for the 

ultra-fine WC/10Co round bar with large aspect ratio by powder injection molding (PIM). The results indicate that the numerical 

simulation results are almost consistent with the experimental filling process results, which proves that the hypothesis and parameter 

settings are reasonable and the two-fluid model is feasible. Also there is no great difference in temperature distribution between powder 

and binder. There is no solidification for melting feedstock, because the lowest temperature at 330 K of melting feedstock is higher than 

the vitrification temperature of binder. In addition, the great difference in the viscosity between powder and binder, which is 50.0~379.4 

and 2.9~9.2 Pa·s, respectively, is one reason for segregation. Finally, another main reason for segregation is the relative difference of 

velocity between powder and binder, which increases remarkably, for example, the velocity from gate to the die wall changes from 0.2% to 

1.8%, and velocity from gate to the for end changes from 0.1% to 1.6%. 

Key words: two-fluid model; ultra-fine WC/10Co; filling process; numerical simulation 
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