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Fig.1  Schematic diagrams: (a) casting equipment, (b) composite perform (single fiber), (c) composite perform 

(multiple fibers), and (d) experimental equipment 
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Table 1  Process parameters of induction heat 

t/min I/A f/kHz T/� 
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¤ 2  q°B DTA±² 

Fig.2  DTA curve of the sample 
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Fig.3  XRD patterns of Al

3

Ti/Al at different frequencies 
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¤ 4  TiAl;<º» 

Fig.4  TiAl reaction mechanism: (a) initial stage, (b) no residual Ti fiber, and (c) formation of TiAl phase 
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Fig.5  Microstructures of Al

3

Ti/Al at current frequency of 5 kHz: 

(a) overall and (b) long strip particles 
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Table 2  EDS analysis of different points in Fig.5 and 

Fig.7 (at%) 

Element Point 1 Point 2 Point 3 Point 4 

Al 74.2 98.2 75.2 96.5 

Ti 25.8 1.8 24.8 3.5 

 

Vf«���Â/2ÌÂ/@Nn ��§d¬«

®¬«V�=¯N?)*ªVf«7 Al

3

Ti 5&��

¢£7è�ª�¼![�°j�±±28�50�7

a 

b 

Micro 

zone 

Melt 

center 

Melt 

center 

c 

Primary 

titanium fiber 

Vortex 

direction 

a 

50 µm 

b 

5 µm 

Point 1 

Point 2 



¡2178¡                                          ¢£23��+,-                                           � 49� 

V�N��¯�²T~³´V�7N��@µ?��

N��-_µ���N��-7����� ¹p

¯J�VZ�¶~��¢£¼![ Al

3

Ti ��·�±

��¬¬V�(ª�V�)¸¨7Â(&hO�Al

3

Ti7

��Z��ON¹N��qf]7���-�jº¹

<5����N�7»¼½�t@N¾¿7À�ÁT&

»����7N�	-ÂÃ�J&
6��?~)*

�Ú��� 7����& 

q����Ø 6 kHz ��/]³-ef 820Ä3 

Å&��}P~Æ�ÇlP«�ÈéB(Þ 6a)ÉP}

Ê��ã�#Ik����Mk��Ët&�d[Ì

0Â(Í?# 

(1) ����kln �-����� Ti Â/�

ï/]��ª�7¼![�TiÂ/´Î��&ÏN7

Al

3

Ti ���o Al�Ti ��de���¤�õ5Á

´Î7N�ÐÑ'�»� Al

3

Ti�Ò7Ãñ���l�

²T��7Ó=N�

[11]

&JI�����ÔÕ±��

¾¿¼!���
6��Æ�Ö×��?5ÁØÙ7

Al

3

Ti���& 

(2) Al

3

Ti����ª�7¼![�� ¸¨7j

�'�¸¨	-�t���|.~Ú�t��7¤

�

[12]

�kl���i5Û�(Þ 6b)&®±��ÜÝ7

������Þ�¼!���ª�7¼![kl±/

]I�ã��ÕßN?7Ët Al

3

Ti ��àã�/

]M�& 

q��de��Ø 7 kHz��³-ef 830Ä3 Å& 
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Fig.6  Microstructures of Al

3

Ti/Al at current frequency of 6 kHz 
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Fig.7  Microstructures of Al

3

Ti/Al at current frequency of 7 kHz 

 

 

 

 

 

 

 

¤ 8   ^_��F- 

Fig.8  Process of particle refinement 
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Fig.9  Microstructures of Al
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Ti/Al at current frequency of 8 kHz 
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Fig.10  Effect of frequency on friction coefficient of sample 
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Fig.11  Effect of frequency on wear of Al
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Ti/Al composites 
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Fig.12  Surface wear morphologies of Al

3

Ti/Al composites: (a) 5 kHz, (b) 6 kHz, (c) 7 kHz, and (d) 8 kHz 
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Effect of Alternating Current Frequency on Microstructure and Properties 

of In-situ Synthesized Al

3

Ti/Al Composites 

 

Yan Yuting, Niu Libin, An Yujiao, Wang Shengya, Dang Lijuan, Yan Mengting, Fu Zhe 

(Xi’an University of Science and Technology, Xi’an 710600, China) 

 

Abstract: Using metal Al as matrix and titanium fiber as reactive source, an Al

3

Ti/Al composite was fabricated by applying induction 

heating, and the inductive magnetic field generated by the coil was used to promote the in-situ reaction rate of aluminum and titanium. The 

reaction temperature was preliminarily judged by differential thermal analysis (DTA) to be about 800 °C, and the obtained samples were 

characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and wear testers. The results show that when the 

alternating current frequency is 7 kHz, the current is 8 A, and the time is 5 min, the titanium fiber reacts with Al completely, and the 

dispersed distribution of Al

3

Ti particles are in-situ obtained, and the average size of the particles reaches 3 µm. Under the condition of 10 N 

load using air as a medium, the friction coefficient decreases first and then increases with the increase of alternating current frequency. The 

friction coefficient at the frequency of 7 kHz is the lowest value of 0.2, the wear amount is the least, and the wear resistance is optimal. 
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