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ABSTRACT A in–situ Ti–B–C–Si composite with fine TiB2, TiC and Ti–Si phase dispersed in compos-
ite was synthesized using titanium, B4C and SiC powders using hot–pressing sintering. The microstructure
and mechanical properties of the composite were observed by using X–ray diffraction (XRD) analysis, scan-
ning electron microscope and mechanical property testing. The results show that starting powder reactants
have much effect on in–situ phase content and mechanical properties in titanium matrix composites.
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Table 1 Nominal composition of the samples (%,

molecular fraction)

Sample B4C SiC Ti

Sample 1 0.2 0 balance

Sample 2 0.1 0.1 balance

Sample 3 0 0.2 balance
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Fig.1 X–ray diffraction graphs of the sintered samples

(a) Sample 1, (b) Sample 2, (c) Sample 3
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Fig.2 Compressive stress–strain curves of the samples
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Table 2 Properties of the sintered samples

Sample Compressive strength/MPa Compressive rate% Relative density%

Sample 1 1966 3.7 96.5

Sample 2 1765 8.8 99.1

Sample 3 1521 8.9 99.7
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Fig.3 BEI graphs of the samples (a) Sample 1, (b)

Sample 2, (c) Sample 3
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Ti/B4C : Ti + B4C → TiB2 +TiC (1)

Ti/B4C/SiC : Ti + B4C+ SiC →
TiB2 +TiC + TiSi2 (2)

Ti/SiC : Ti + SiC → TiC + Ti5Si3 (3)
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Fig.4 SEM graphs of fracture surface of the samples

(a) Sample 1, (b) Sample 2, (c) Sample 3



416 � � � � � � 25�416 � � � � � � 25�416 � � � � � � 25�

+���&��e_7"H4 Ti 3 B4C x�z
r*�, *2>EK!*�+���� TiB 3 TiC

" [4,6,7]"Radhakrishna 3 [4] H4 Ti &3 B4C &

�*�, 6 1350 FI '>EK*�+�!��&
� TiB 3 TiC"+ Ni 3 [6] H4 Ti 3 B4C x�z
r*�, 6 1200 F#,I 'J>EKBb[us
!Ed"5 Z 1 �Z 3 DD, H4 Ti � B4C &6
1450 FI '>EK, *�+�!��&"� TiB2

3 TiC, +t TiB2 "pjc!��m"N(AL, \

6 *�+�>E!��_7u �!"
AMEdDD, H4 Ti� SiCx�zr*�,6

1450 FI 'J>EK*�+�!��&� TiC "

� Ti5Si3 ", 3 Gu 3 [9] H4%vvT;w% (Se-

lective Laser Melting) �#*�+��������
���!Ed$a"5 , Poletti 3 [10] H4 Ti 3
SiC &�*�, 1000 F7�>E SiC ��x�3 Ti

�&��*2, + Zhang Z.F 3H4 Ti &�SiC &7
3 TiC &�*�, y{>EK��*2��[��
&" Ti3SiC3

[11]"

UZ 1 3Z 3 \_, zr*�H4 Ti &�B4C

&3 SiC &, I 'J>EK*�+�!��&�
TiB2�TiC 3 TiSi2 ", +t TiB2 ��!JKD?

Ep_[# SiC !LW, DD TiB2 ��!��w*
��K�!D4@?"D 2 DD, |*�+���/
`@C! TiB2 ��I, ÆJY�6D?]�, v�
TiB2 ��@ytli12, + TiC�TiSi2 3 Ti5Si3

">@x, JKt?"AMEdkDD, LW 2 3L
W 3 !JYXD?�pLW 1, v�LW 1 !">A

�EpLW 2� 3"">A�EDD>E&/!^^
C, ��6JY}nI5zec"LW 1 !">A�

@E, Æ*v\6 Ti 3 B4C ��[z{!*2"
4 % )

y4 Ti &�B4C &3 SiC &�*�, 4��
'J>E-56�#)*�+�����!���
���"|*�/`� B4C &I, *2xW/`�
TiB2 ��; 67I[# SiC 3 B4C !����/,

TiB2 ��!B4JKdb 1 µm"

y4 Ti &3 B4C &�*��#!�����

�ÆJY��6db 1966 MPa, [# SiC !���

�ÆJYXdb 8% 7("
* + � ,

1 Tjong S C, Ma Z Y, Microstructure and mechanical char-

acteristics of in situ metal matrix composites, Materials

Science and Engineering R, 2000, 29: 49–113.

2 LU Weijie, ZHANG Xiaonong, ZHANG Di, Microstruc-

ture and mechanical properties of in situ synthesized

(TiB+TiC)/Ti matrix composites, The Chinese Journal

of Nonferrous Metals, 2000, 10 (2): 163–169

(|z}, {{|, { |, 
��� TiC � TiB �
����

	
�~}����, ~;�}:~�~, 2000, 10(2):163–
169)

3 Dubey S, Li Y, Reece K, Fatigue crack growth in an in–

situ titanium matrix composite, Materials Science and En-

gineering A, 1999, A266: 303–309

4 Radhakrishna Bhat B.V, Subramanyam J, Bhanu Prasad

V.V, Preparation of Ti–TiB–TiC & Ti–TiB composites by

in–situ reaction hot pressing, Materials Science and Engi-

neering, 2002, A325: 126–130.

5 Lu W J, Zhang D, Zhang X N, Microstructural character-

ization of TiB in situ synthesized titanium matrix com-

posites prepared by common casting technique, Journal of

Alloys and Compounds, 2001, 327(1–2): 240–247.

6 Ni D R, Geng L, Zhang Z Z, Effect of B4C particle size on

microstructure of in situ titanium matrix composites pre-

pared by reactive processing of Ti–B4C system, Scripta

Materialia, 2006, 55: 429–432

7 Yeh C L, Chen Y L, Combustion synthesis of TiC–TiB2

composites, Journal of Alloys and Compounds, 2008, 463:

373–377.

8 Yeh C L, Chen W H, Hsu C C, Formation of titanium

silicates Ti5Si3 and TiSi2 by self–propagating combustion

synthesis, Journal of Alloys and Compounds, 2007, 432:

90–95.

9 Gu D D, Hgedorn Y C, Meiners W, Wissenbach K,

Poprawe R, Selective Laser Melting of in–situ TiC/Ti5Si3

composites with novel reinforcement architecture and ele-

vated performance, Surface & Coating Technology, 2011,

205: 3285–3297.

10 Poletti C, Balog M, Schubert T, Liedtke V, Edtmaier C,

Production of titanium matrix composites reinforced with

SiC particles, Composites Science and Technology, 2008,

68: 2171–2177.

11 Zhang Z F, Sun Z M, Hashimoto H, Abe A, A new systhe-

sis reaction of Ti3SiC2 through pluse discharge sintering

Ti/SiC/TiC powder, Scripta Material, 2001, 45: 1461–

1467.


