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Æ 1  d�e<�LMj�'(�bÇÈÉÊËÆ  

Fig.1  Schematic illustration of the fabrication process for the 

network Ti matrix nanocomposites 

 

������	
�


��

�����


R 2 @kª TA1 �qréR0
 NDs/Ti «�q

r�£5]R 2aK­T¬��q���8��}J~

YH 110~200 µm��¹­Ta�¬�|}`Ô���

�­®¯°±�� �5)²³Oj�´����

[23]

5

R 2 b�åæ�çèqr
 TEMµ¶5­
, }J�

�8���I�}J@ 5 nm5R 2c~2f�z�·µ?

�R0���R0
 NDs LM�®@ 0.5%� 1.5%«

�qr�H�¸|n
 SEMµ¶5]RK­T¬��

¦§&'n'�NDs�8��(��H Ti�`Ô��

¹ºq NDs -�
PM�Ti �`Ô��
 NDs »Q

»Y�¼-�¡�½�� NDs¾÷¿��H`ÔeR

2ff��]À?ÁÂRK�­TÃz�� ­ NDs ¾

÷¿}JH 1 µmÄÀ55) NDs�`Ô�~���

8�
`Ô>!åæ|}
"#�¼ NDs-��½÷

��¡�ÅÆ


[10]

5 


�


��������������


R 3�LM�� NDs-��R0
�IS�
�


 XRDR¢5]RK­T¬��S�
�KV	� 2

����Ti� TiC� Ça Ti{ NDs¤�n'��x

A TiC57ÈÉ NDs5)-�Êõ�¡�$��Q5

�R0��K�ÈË��A TiCÌ��¹ºq NDs-

�PM���Ì
��¹ºäPM�Ça TiC -�


PM5DÍ�����K���� Ti-2.0%NDs Í�

{ α-TiÎÏÐ¶ JCPDSeNo.65-9622f��8�H 38.4º 

PVA�

Ti�

Dissolving�

Filtration�

Drying�

Ti@PVA�

NDs�

Cross-linking reaction�

SPS sintering�

Network microstructure 

 Ti/NDs nanocomposites 

Stirring�

-O

-O

-O

O=C-�

O=C-�

�

�

OH 

OH 



�1070�                                      �������	
                                              � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 2  �����   

Fig.2  Morphologies of powders: (a) SEM image of the original spherical Ti particles; (b) TEM image and SAED pattern of the original 

NDs; (c, d) SEM images of Ti-0.5%NDs; (e, f) SEM images of Ti-1.5%NDs  
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Fig.3  XRD patterns of the Ti-NDs nanocomposites 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 4  1$234��567 

Fig.4  Metallography micrographs of the as-sintered samples:   

(a) pure Ti and (b) Ti-1.5%NDs 
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 5  89 NDs� 34� SEM67: EDS;< 

Fig.5  SEM images and EDS analysis of the as-sintered samples: (a) SEM image of Ti-0.5%NDs, (b, d) SEM images and EDS result of 

Ti-2.0%NDs, and (c) SEM image and EDS element mapping of Ti-1.0%NDs 

 

 

 

 

 

 

 

 

 

 

 


 6  Ti-1.5%NDs3489=>?@A� TEM67BCDEFGHI3 

Fig.6  TEM images and SAED patterns of the as-sintered Ti-1.5% NDs sample at different magnifications  

(Fig.6b is an magnification of Fig.6a) 
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Fig.7  Thermal conductivity of the composites with different 

NDs contents at various temperatures 
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Fig.8  Compressive stress-strain curves of the composites with 

different NDs contents 
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 9  89 NDs� ()���QRWX SEM67 

Fig.9  Fracture SEM images of the compressive samples with 

different NDs contents: (a) Ti-1.0%NDs and         

(b) Ti-2.0%NDs 
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Effect of Nanodiamond Contents on Microstructure and Properties of Titanium Matrix 

Nanocomposites with Network Microstructure 

 

Liu Tengfei, Zhang Faming, Wang Juan  

 (Jiangsu Key Laboratory for Advanced Metallic Materials, Southeast University, Nanjing 211189, China) 

 

Abstract: Nanodiamonds (NDs) reinforced titanium (Ti) matrix composites with network microstructures were prepared by spark plasma 

sintering technique. Spherical Ti particles were modified with polyvinyl alcohol and then crosslinked with the NDs. Finally, the NDs were 

distributed uniformly on the surface of the spherical Ti particles. The effects of ND contents on the microstructures, thermal conductivity 

and compression performance of the Ti nanocomposites were studied. The results show that TiC particles are in-situ formed due to the 

reaction between the Ti and NDs but some NDs are still preserved in the nanocomposites, the NDs/TiC hybrid reinforcements have a 

three-dimensional network distribution in the Ti matrix and the size of network is 100~200 µm. The results of thermal conductivity test 

show that the thermal conductivity of the nanocomposites decreases with the increase of the content of the reinforcing phases. The 

compressive tests show that the Ti-1.0wt% NDs composites have excellent mechanical properties; the ductility of the composites remains 

high enough while the hardness and strength are greatly improved. The fracture surfaces of the composites show that the cracks propagate 

along the network-structured boundary. The network microstructures with hundreds of microns play the role of reinforcing beams, while 

the internal matrix of the network still maintains low hardness and high ductility of the pure Ti. Eventually, the contradiction between 

strength and ductility of the Ti matrix composites is reconciled effectively.  

Key words: titanium matrix composites; network-structured distribution; nanodiamonds; thermal conductivity; compressive properties 
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