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´ 1  QR:Fµ¶<·J<=>100�250�400 nm�ef'89: WCy CoLM}~I WC-Co;<=I SEM`a 

Fig.1  SEM morphologies of the synthesized composite powder with a particle size of 100 nm (a), 250 nm (b) and 400 nm (c), 

and the mixed powder of coarse particle WC, Co and 20% composite powder (d) 
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´ 2  WC-Co;<=7QRYZSTºWS 60 min}~^_I»{¼½¾¿eb:cd@g´ 

Fig.2  Microstructure evolution and grain size distribution of the bulk prepared with WC-Co mixed powders sintered at different 

temperatures with a holding time of 60 min: (a) 1200 À, (b) 1300 À, (c) 1400 À and (d) 1500 À 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

´ 3  WC-Co-100 nm;<=7QRYZSTºWS 60 min}~^_I»{¼½¾¿eb:cd@g´ 

Fig.3  Microstructure evolution and grain size distribution of the bulk prepared with WC-Co-100 nm mixed powders sintered at different 

temperatures with a holding time of 60 min: (a) 1200 À, (b) 1300 À, (c) 1400 À, and (d) 1500 À 
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" 4  WC-Co-250 nm#��$%&'()*+,) 60 min -./�0�1234
��5678" 

Fig.4  Microstructure evolution and grain size distribution of the bulk prepared with WC-Co-250 nm mixed powders sintered at different 

temperatures with a holding time of 60 min: (a) 1200 9, (b) 1300 9, (c) 1400 9, and (d) 1500 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

" 5  WC-Co-400 nm#��$%&'()*+,) 60 min -./�0�1234
��5678" 

Fig.5  Microstructure evolution and grain size distribution of the bulk prepared with WC-Co-400 nm mixed powders sintered at different 

temperatures with a holding time of 60 min: (a) 1200 9, (b) 1300 9, (c) 1400 9, and (d) 1500 9 
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 6  ��������� WC������� 

Fig.6  Average grain size of WC bulks sintered at different 

temperatures 

 

 

 

 

 

 

 

 

 

 

 7  4���� 1400 1500 !"#$%�&������'( 

Fig.7  Difference in average grain size of four kinds of blocks 

quenched and held at 1400 and 1500 ! 
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 8  1500 !"#��)*+, 

Fig.8  SEM images of the bulks quenched at 1500 !: 

(a) WC-Co-100 nm and (b) WC-Co-250 nm 
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Fig.9  Dissolution rate as a function of the absolute value of 

dissolution driving force 
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Fig.10  Schematic diagram of WC grain growth in the cemented 

carbides with nano (a) and submicron (b) composite 

additives during sintering 

 

�á%��â}�-�EF§¨©&�9EF.�-

��IJK�.u�ãä45���%���]�

��.�&	
���*+0x�wx���z{

|����.1=á%��ÓÔ�O¤'(,-.Q

R�i��å/��%��EF§¨©�%.�K

�AB'(�æçá%��^.%��EFK�l�

¨è	m.u�45��	
���0,oé� 

WC��,-�ê�¸� 10u��WC-Co-100 nm

45�â}<l 9.3 µm�	
����/AB?@

Cë�456.â}-IJ��� WCMN��^�

{Î,-.���4578.ìá WC����^i

�MN)% WC���NOP�9EFÎ�æç-Ï

� WC ��t�K��@2.WC-Co 45���.

WC-Co|~�íîïèqðº��WC��,-}$

-ñò.&��Æ�ñò45��� WC��i�.

WX<�4578º WC��,-�óô� 

��������

1) õV�ìÏ� WC|! Co|�wx��z{

|~r45�ö÷.��¦ø�	
���l� 9.3 

µm�ùì�ú¾{û� 

2) x���p���z{|������45

�[.�������[Á'(�9,-ü�<�4

56.x���|~�45�ýþ'(�9,-.&

wx���|~�45���,-9[no� 

3) x���z{|���� 1400 �� 1500 �

�� � 1500 ������.45������


'(),-.���456���9,-AB'(

���78� 

4) %�� WC
�i��-�� WCæç.��

0 1 2 3

 

1500 �

1400 �

1300 �

D
i
s
s
o

l
u

t
i
o

n
 
R

a
t
e

Dissolution Driving Force/�10

6

 J·mm

-3

1200 �

a 

b 



&558&                                           '()*+,�-�                                           . 48/ 

�4578.}õ=%��EFÎ�-��K��&

MN-��NOP,-.Cwx��z{|�� WC

����9,-�Y�?@� 

 

����    References 

[1] Brookes K. Metal Powder Report[J], 2006, 61(11): 24 

[2] Li Yong(0 1), Xie Shuhua(234). Materials Research and 

Application(+,56�78)[J], 2009, 3(2): 77 

[3] Akerman J, Eriscont S. USA Patent, 6692690[P], 2004 

[4] Guo Shengda(9:;), Yang Jiangao(<=>), Chen Hao(? 

@ ) et al. Powder Metallurgy Industry(��A)-B )[J], 

2011, 21(4): 59 

[5] Zhou Xinhua(CD4), Wang Limin(EFG). Cemented Carbide 

(HIJ)) [J], 2008, 25(1): 23 

[6] Chen Xiulan(?KL), Qiu Zhihai(MNO). Chinese Patent(�

PQR), CN101974716A[P], 2010 

[7] Wu Houping(STU), Zhang Li(V F), Wang Yuanjie(EW

X) et al. The Chinese Journal of Nonferrous Metals(�P(Y

)*Z[)[J], 2010, 20(4): 701 

[8] Wu Chonghu(S\]), Nie Hongbo(^_`), Xiao Mandou(a

bc) et al. Materials China(�P+,de)[J], 2014, 33(1): 40 

[9] Bai Yinglong(fgh ), Wu Chonghu(S\] ). Materials 

Science and Engineering of Powder Metallurgy(��A)+,

iZ�-�)[J], 2012, 17(4): 502 

[10] Nie Hongbo(^_`), Wu Chonghu(S\]), Zeng Qisen(jk

l) et al. Chinese Patent(�PQR), CN102808096A[P], 2012 

[11] Zhang Qiwen(Vmn). Dissertation for Master(opqn) 

[D]. Beijing: Beijing University of Technology, 2016 

[12] Zhigang Zak Fang, Wang Hongtao, Vineet Kumar. Journal of 

Refractory Metals & Hard Materials[J], 2017, 62: 110  

[13] Liu X, Song X, Wang H et al. International Journal of 

Refractory Metals & Hard Materials[J], 2014, 43(3): 309  

[14] Li Xiaofeng, Liu Yong, Liu Bin et al. Journal of Refractory 

Metals and Hard Materials[J], 2016, 56: 132 

[15] Yoon Byung-Kwon, Lee Bo-Ah, Kang Suk-Joong L. Acta 

Materialia[J], 2005, 53: 4677 

[16] Ko Seok-Young, Kang Suk-Joong L. Journal of the European 

Ceramic Society[J], 2016, 36: 1159 

[17] Moon Kyoung-Seok, Kang Suk-Joong L. Journal of the 

American Ceramic Society[J], 2008, 10: 3191 

[18] Kang Suk-Joong L, Lee Min-Gon, An Se-Min. Journal of the 

American Ceramic Society[J], 2009, 7: 1464 

 

 

Influence of Nano and Submicron Composite Powder Additives on Grain Growth 

of Ultra-coarse Cemented Carbides and Its Mechanism 

 

Zhang Jianlong, Liu Xuemei, Song Xiaoyan, Wang Haibin, Liu Xingwei, Hou Chao 

(Key Laboratory of Advanced Functional Materials, Ministry of Education, Beijing University of Technology, Beijing 100124, China) 

 

Abstract: The synthesized WC-8Co composite powders with the particle sizes of 100, 250 and 400 nm were added to the coarse WC/Co 

powders. The mixture was sintered at different temperatures in an Ar atmosphere. The morphology, grain size and distribution of the 

sintered bulks were studied. The WC grain growth mechanism of the samples with composite powder additives at different sintering stages 

was analyzed. The result shows that the ultra-coarse cemented carbide can be prepared by WC/Co mixed powders to which the nano or 

submicron particle size composite powder additives are added. In particular, the cemented carbide with a grain size of 9.3 µm can be 

prepared by using the mixed powder with the nanocomposite powder additives as raw materials. At the initial sintering stage, the addition 

of the nano and submicron composite powders obviously increases the surface energy of the mixed powders, which is beneficial for 

promoting the growth of WC grains effectively. During the liquid sintering, the sintered bulks with the nanocomposite powder have a larger 

dissolution driving force, which causes the small grains to dissolve and precipitate on the surrounding large grains, further increasing the 

grain size of the sintered bulks. In the bulks where the submicron composite powder is added, the small grains WC are concentrated and the 

dissolution driving force is small, and the precipitation mainly occurs between the surrounding small grains, and the dissolved precipitate 

reaches a dynamic equilibrium, so that the average grain size of sintered bulk grows slowly. 

Key words: WC-Co composite powder; super-coarse cemented carbide; surface energy; grain growth 
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