
� 49�    � 4�                                   ��������	                                 Vol.49, No.4 

2020�      4�                        RARE METAL MATERIALS AND ENGINEERING                        April 2020 

 

�����2019-09-27 

���	����	
��
�51922004�51874037� 


��
��  ����1992��������
��������� !��� 100083�"#$010-82377286�E-mail: panyu231@163.com 

 

��������	
��
��������� 

 

�  �������  ��	�
���
�������� 

(��
������ 100083) 

 

�  ��%&'()*(+,-./0123453678�PCS�9:��;<,=>
?@:A��BCDEDF

+�G4���H I PCS JKLM+�G4��JN'OPQRSTU)<VQ�2WXYZ-[�\]J^_`

abSPcd$efghij?@k%l PCSijm Ti,cn�oONB��BC<VpJ'q�rpBCJ Ti-1.0% 

PCS�stuv�wx�G4��J'stuv9 0.21%~0.24%�Wy&mz{|}J CP-Ti~��0.36%~0.41%�b�R

S<Vp�PCS��u��� Ti�2:A���� TiC�����u���2p�� Si�����m Ti�2bPCSJK

LM Ti�2J\]�odWJ���f�{ 1200 �/2 hRSBCJ Ti-1.0% PCSG4��TU��� 98.4%�����

9 37.1 HRC�� E�9 544 MPa�¡¢E�9 650 MPa�£¤¥9 14.5%�r¦4\]§¨Wy©m CP-Ti~�b 

����+�G4��ª,=>
ª3678�PCS�ª[�\] 

�������TG146.23        ������A        �����1002-185X(2020)04-1345-07 

 

���������	
��
�������

���������������� !"#$%&

'()*)+�,-./�0'12�34

[1-5]

56"7

89:;<=>)*)+.?�@ABC7DEF1

2GHI��	��
J�KLM�NOPQRS�

�TU7VW���XY�Z[\:)*)+12S

]^_�`'TU5"G�a���bcdefgh

�ij��kl�12m�������n��o�p

efgh�	
��q
���r������7XL

s)*)+34t�BCuv�EF12wx

[6-9]

5g

hy	�kl�12z{�y	|� TiC�TiBJ SiC

�

[10-13]

7}b TiCgh�~�����Jv����

�7��p Tik|��������7�"#�s�

8 αJ α+β�kl�12t�K�y	�wx

[14-17]

5

�x�y	��cd�'��VW�]N�7}b�

�y	�gh�B���7��Gk|b����7

�������7�]�y	��pk|B��&"

��	�K�5��7��Ss�K cdy	�X

¡Lsij����kl�12�¢£5 

89:¤¥�x¦§'ef¨©|���ijg

hy	�ªkl�12�N�P«R¬��­®¯

°5}±��§'¨©|���²
�­G�ªk|

b±³�Ly	�gh5´µy	�ghpk|��

����7���¶O·¸�y	�������


v���� ¹7�P��ªkl�12v����

�KNº5»¼7ef¨©|����	�½'X¡

G¾¿12|ÀbÁÂ&'5Castellan �Ã

[18]

Ä Cu

b]dÅkef���7�'ÆÇÈ�N�ijR�

�ef�y	Ékl�127}bÊ]R 30 vol%�

���Ë712�ÌÍq
Î 1050 MPaP�Â 3000 

MPa5Terauds�Ã

[19]

Ï 2.5 vol%��ÅÐÑÒPSZÓ]

d Mg�ªk|b7ijR��ef�y	Ôkl�1

27}ÕÖ	
�× MgP� 65%5Daoush �Ã

[20]

Ä

AlbÊ] SiCN����±³�L SiCJAlNy	�7

`12�ØÙ
Jq
ÚÛP�5��7PCS ½sx

¦�ÜÝÅµef¨©|���127GÞrßàá

�â­ã� SiCJäÒCÓ7;<r
�å�7â­ã

�æp�ªk|±³�Lefy	�7D12�	


J�ç��ÚÛ�èé½'5êëìí¼îïð§'

PCS
�­±³�Lñ�M�� SiC� !7�'Æ

ÇÈ�±³�LN�ijRòó�ghy	 316L k

l�12

[21,22]

7`12�Úóq
Jôõ	
�öP

�R 75%J 50%7èéK�÷�ÚÛ56"»¼Ï}

&'(����øùúû�üý5þ�������

���ìx	�i
<ÆÇ���BC����ì7

"
� PCS ���-��.�á�G�Æ�OMLx

��Ü�����7á�æDÆÇ���ij�/b

��y��x���i½'

[23]

7��êøù.½��



«1346«                                           ¬o
­���?V                                          � 49� 

Tá��5 

s�7ê���Þ������ÆJ PCSs±27


�ÆÇÈ�.�±³ij�	�nghy	�kl

�127øùR PCS�cdD12���K�� E

ØÙ��/�k|Úóí!Jv����"#$%5 

��������

��'±2Æs&'�����Æ7(+�)�

ª12�*+,P«7ÆÇ�Ý-ÒI-�.ÓÞ(

0.15%7��L��� 1 /05PCS (>1234�

P«7}�5s6789|7:��D�;I-s

1000~1500 g/mol7<�r
s 203~210 =5 

l�12�ij>T�?@A�B��ij

PCS@Ti l�ÆÇJC�DE- Eijl�12i

F5G¨Ï 2 g � PCSH( 500 mL Ib76ËJ

d 300 mL�KLÑ7MvNO 1 h` PCSPQR­

(KLÑ5;ËÏ��RSTdU*VWXb7YÏ

200 g�±2�Æ]diL�RSb7Z[ PCS�Ê

]-s�����ÆI-� 1.0%7MvNO 1 h�`

����56ËÏ IÎVWXb\Q7]H(á�

r^_`a750 =]
NObKLÑPQcB7dá

iÁ 1.0% PCS@Til�ÆÇ5Ïl�ÆÇed<fg

�C�DELM7Evs 200 MPa7ZE��s 90 s5

6ËÏiÁ��hH(iº`bG�×jkZlßg

� E7jkm-s 500 mL/min7¨� 5 =/min�

årAn@AårÂ 1000 =7;Ë� 2 =/min�å

rAnopårÂ Er
7;ËZr��s 2 h7}

 Er
s 1100~1300 =7;`CqËiÁ Ti-1.0% 

PCSl�12iF7rstus Φ35 mm×50 mm5�

�7Ï\��������ÆÒHDH TiÓ	vg�C

�DE� E7�'�¦.�wÁ CP-Ti iF7½s

D�rF5 

�'x�yz{|�}~ÒFTIR-8400SÓDÆÇ

g�EF�}��'�Ð��}~ÒONH-2000Ó�-

rs��Ý-�§' Archimedes����-rs�Ù


��' JSM-6480LV ���^;Úó�ÒSEMÓJ

Tecnai G2 F20���^;Úó�ÒTEMÓ5�ÆÇM

��í!M���' Link-860�|~ÒEDSÓ�}í

!��L���' Dmax-RB ����� X ����

~ÒXRD7Cu Kα7λ=0.15406 nmÓg����}��

' HDI-1875 �q
���rs��Íq
��'^

�����ÜÏij�����L M6 ��Ö���

�rÖ���G INSTRON ��12��Üag�7

�¦rs�� 5  ]\}:�¡7¢MAns 0.002 

s

-1

7�rÕÖ	
�ôõ	
J£�n(}./&v-

&¢¤�¥�5 

��������


��

������


¦ 1 s±2�����Æ��§�¼Ë�ÆÇM

�5¦ 1as\¡��§��ÆÇM�7Î¦á�¨Q7

�����ÆsY$©Mª7�O{¸7:�h«


s 30 µm5¦ 1bs 1.0% PCS@Til�ÆÇM�7l

�ÆÇMªY$©7�O¬­7®�¯Ú��ª{°5


� TEM M��}7gx±5�Â PCS G�Ægh

�OMLx�²³��7PQ�´µR�Æ5 

¦ 2� HDH TiÆJ 1.0% PCS@Til�ÆÇ�x

�{|5
�D�5�á�¨Q7��( HDH TiÆ7

1.0% PCS@Ti l�ÆÇ�x�¤�aQ¶R C-H 

(2950 cm

-1

)�Si-H (2100 cm

-1

)�Si-CH

3

 (1250 cm

-1

)�

Si-CH

2

-Si (1020 cm

-1

)J Si-C (820 cm

-1

)�·¸¹5" 

 

 !""#$%#&'($)*�"

Table 1  Chemical composition of hydride-dehydride Ti 

powders (ω/%) 

Ti O C H N 

>99.50 <0.15 0.015 0.028 0.008 

 

 

 

 

 

 

 

 

 

 

® 1  :�()*(+,ij|}¯°,=±² 

Fig.1  SEM morphology of the HDH Ti powders (a); SEM (b) and TEM (c) morphologies of the 1.0% PCS@Ti composite powders 
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® 2  HDH Ti,- 1.0% PCS@TiG4,=Jµ¶·¸ 

Fig.2  FTIR spectra of HDH Ti powders and 1.0% PCS@Ti 

powders 
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Table 2  Oxygen contents of samples after sintering at diffe- 

rent temperatures (ω/%) 

Materials 1100 � 1200 � 1300 � 

CP-Ti 0.36 0.38 0.41 

Ti-1.0% PCS 0.21 0.23 0.24 

 

 

 

 

 

 

 

 

 

 

 

® 3  RS¹�M CP-Ti- Ti-1.0% PCSJTU�-��J^_ 

Fig.3  Influence of sintering temperature on the relative density 

and Rockwell hardness of the CP-Ti and Ti-1.0% PCS 

composite 
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® 4  1200 �RSBC CP-Ti- Ti-1.0% PCSJ XRD®¸ 

Fig.4  XRD patterns of the CP-Ti and Ti-1.0% PCS composite 

sintered at 1200 � 
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® 5  ºxRS¹�BC CP-Ti- Ti-1.0% PCSJYZ±² 

Fig.5  SEM morphologies of the CP-Ti (a, c, e) and Ti-1.0% PCS (b, d, f) composite sintered at different temperatures: 

(a, b) 1100 �, (c, d) 1200 �, and (e, f) 1300 � 
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® 6  1200 �RSBCJ Ti-1.0% PCSG4��J��nu� 

Fig.6  SEM morphology (a) and EDS mapping of the Ti-1.0% PCS composite sintered at 1200 �: (b) Ti, (c) C, and (d) Si 

 

 

 

 

 

 

 

 

 

 

 

 

® 7  ºx¹�RSBC CP-Ti- Ti-1.0% PCSJ 

¢¤\] 

Fig.7  Tensile properties of the CP-Ti and Ti-1.0% PCS 

composite sintered at different temperatures 

 

 

 

 

 

 

 

 

 

 

 

® 8  1200 �RSBC CP-Ti- Ti-1.0% PCSJ»¹¢¤�[

-�¼½¾ 

Fig.8  Room temperature tensile stress-strain curves of the CP-Ti 

and Ti-1.0% PCS composite sintered at 1200 � 

 

 

 

 

 

 

 

 

 

® 9  1200 �RSBC CP-Ti- Ti-1.0% PCSJ¢¤¿À±² 

Fig.9  Fracture surface morphologies of the CP-Ti (a) and Ti-1.0% PCS (b, c) composite after tensile testing 
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Microstructure and Mechanical Properties of Polycarbosilane 

In-situ Reinforced Titanium Matrix Composites 

 

Pan Yu, Li Weibin, Lu Xin, Yang Yucheng, Liu Yanjun, Hui Tailong, Qu Xuanhui 

(University of Science and Technology Beijing, Beijing 100083, China) 

 

Abstract: The in-situ reinforced titanium matrix composites were fabricated using low-oxygen hydride-dehydride (HDH) Ti powders and 

polycarbosilane (PCS) via a powder metallurgy method, including solution-assisted wet mixing and pressureless sintering. The effects of 

PCS addition on the oxygen inhibition, sintering densification, microstructure and mechanical properties of the composites were 

investigated. The results show that the solution-assisted wet mixing process makes the Ti powders coated with PCS, which can effectively 

control the oxygen contamination. The oxygen content of the fabricated Ti-1.0% PCS (mass fraction) composite is 0.21%~0.24%, much 

lower than 0.36%~0.41% of CP-Ti. During sintering, the pyrolysis products of PCS can react with Ti matrix to in-situ synthesize TiC 

particles, while Si element is dissolved in matrix. The incorporation of PCS can improve the mechanical properties of the Ti matrix. The 

Ti-1.0% PCS composite sintered at 1200 °C for 2 h possesses the best mechanical properties, with a relative density of 98.4%, a Rockwell 

hardness of 37.1 HRC, a yield strength of 544 MPa, an ultimate tensile strength of 650 MPa, and an elongation of 14.5%. Therefore, the 

composite is obviously superior to CP-Ti in comprehensive performance index. 

Key words: titanium matrix composite; powder metallurgy; polycarbosilane (PCS); mechanical properties 
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