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Table 1  Specific process parameters 

No. T/{ Pressure, p/MPa t/h 

1 660 40 2.75 

2 680 40 1.5 

3 700 30 1 

4 750 30 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

­ 1  c®¯°±o¥A�²³´µ­ 

Fig.1  Stacking diagram of each component inside the sample  

 

 

 

 

 

 

 

 

 

­ 2  ij$kn'(L¶·¸¹op£º 

Fig.2  Overall microstructures of the material under different processes: (a) 660 {/40 MPa/2.75 h; (b) 680 {/40 MPa/1.5 h; (c) 700 {

/30 MPa/1 h; (d) 750 {/30 MPa/1 h 
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­ 3  Ti-Al��L¸¹op£º 

Fig.3  Microstructures of Ti-Al interface: (a) 660 {/40 MPa/2.75 h; (b) 680 {/40 MPa/1.5 h; (c) 700 {/30 MPa/1 h; 

(d) 750 {/30 MPa/1 h 
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Table 2  Thickness of Ti-Al reaction layer under different  

processes  

No. Process parameters Thickness/µm 

1 660 {/40 MPa/2.75 h 4.2 

2 680 {/40 MPa/1.5 h 6.0 

3 700 {/30 MPa/1 h 3.5 

4 750 {/30 MPa/1 h 104.5 

 

ºÂ0��±¬

[14]

�680 �8����» Al è¼�

"¡19Âµº��j¼�"���:½¾ Ti
Al

����)# 

���)�Õ�kl� 3 �¢£¿¾Ìh��u

·$cWh"�#�� 3a á 3b V �� 3b � 3a �

��)(���Àì 660~680 �"�Áh�¶· Al

�¹�µº�Â� 3aÃv¿Wu"��ª� Alá Ti

��)"�Sv���� 3a +���)�Õ.� 3b

N�	Ä9#�� 3b. 3cc: 2V �� 3c+��

��Õ��� 3bÅ�É[NÀìn~h�S���Æ

����:�Â~Õ�Â�p4 700 �"�Al�¹�

�0�Alè¼�"¯°�yÇ¶«[È»u·áWh

"�³� 3b +�¢£º���� 3c +�����³

Å#�� 3dc: 2V �� 3d+����)�Õ�

ÉÉ9pO³ 3�'¡¤����ºN[84 750 �

"�Al�¹�Ê©¤µ�AlÉ÷Ë�SÌÍ��©¿

Ti á Al ����)#[\����ÕÎ1#�\V

 �h�N½¾���Õ�ôkl�[È# 

� 4 8	
'¡¢£¤ C

f

/Al ��å�Q§c#

�� 4a
4bc 4dV$®��C

f

Q©4 Al+�±	O�

¦C§> � C

f

Ï<�¨�Â 4c +�)~�ÁÐ 

�#Ñ� 4a+VéÒde? C

f

/Al���EÝ��p

	
����²"���!Di¦C)·|+:§i

Ó4�EÝÔ���4Á'¡¢£¤�u�(40 MPa)

.WhWu"�(2.75 h)�Õ
�*(,�OÖ 3 ��

u�."�N,Sv)�×Ø?@ÂA��BCÙÚÛ

�EÝ��ë� 4b+ C

f

/Al����FG���Z�

66
ÜÝ��Þ4�Â4 C

f

ßà� Al �j+Vd

e?�<á�}â���Q�ã� C

f

/Al ���i¿

Î�©�ÂC:,©N��ä���`ë� 4d+��

Al ÁÐYQ�R C

f

�4 C

f

��Þ4³<ÜÝ$cp

Ü

[15]

�y C

f

åæ�§�U!�C

f

��ç?èé=ê#

ºN[8«h�0�1 750 �"�Al�j¹�¤µ1

Ùº�Al�j�¼�"Zë1��4�¾u·�*¤�

Al�j�¼��©�. Ti®�³8èé����)�

y �C� Alèì �í~��îï C

f

á Al���

p Al è�	&� �66
ÜÝ����Áy C

f

/Al

��®��)��iÎ�©#,��?�� 4c + C

f

�åæ�°t§�yÐç?=>�AlèKLM��+

�R³8­��y C

f

4��+�±³8OP����

�Z�66
EÝ���#�p C

f

á Al ���[T

��NÁ��[d���él�iC��,����

�G>á"��?él�*�4)·ðñ�(+Þ4

�<���Vòó9�����»<��ô)#-�

�)�����Q."�dTNo�$��`	
'

¡¤�����Q�~��«h�
u·$cWh"

�q[È���~�¤�õ�`a N,��[d�

Q���#[\�700 �/30 MPa/1 h8 ÎÂ�'¡

¢£��Â�%& ÎÂ'¡¢£¤����Q."

�Á,Oä��`# 

� 5 N������� XRD �h$c'¦[d§

c#: 3+n 3�£ áÂ 3�£ ��,)� 5fá 5g

� EDS�ö#� 5a~5dÁ��: 3��öV �4 Ti/Al

��å��i¿ Ti

5

Si

3

Ná Al

3

TiN#�4 Al/C

f

��å�

â�}~á��BCNN Al

4

C

3

N

[16,17]

á SiC

[18]

N#O+�

Si �È�?÷� Al
C øù"��*�ª Al SÚ4 C

f

���R�C

f

�±SOP�V�ú���Q#8��¢

ÆX©N�Vû"��%&'¦���§>�� EDS�

]^�`�$üý�È���±þ���� 6��# 

10 µm�

Interfacial 

reaction layer�

Ti�

Al�

a�

10 µm�

Interfacial 

reaction layer�

b�

Ti�

Al�

5 µm�

Interfacial 

reaction layer�

Al�

Ti�

c�

20 µm�

Interfacial 

reaction layer�

Ti�

d�

Al�



«3696«                                       ¬�
2'()$*                                              � 48� 

 

 

 

 

 

 

 

 

­ 4  C

f

/Al��L¸¹op£º 

Fig.4  Microstructures of C

f

/Al interface: (a) 660 {/40 MPa/2.75 h; (b) 680 {/40 MPa/1.5 h; (c) 700 {/30 MPa/1 h; 

(d) 750 {/30 MPa/1 h 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

­ 5  QB'(��L XRD­Zq»K¸¹A�£º 

Fig.5  XRD patterns (a~d) and typical microstructures (e~g)  of composite interface: (a) XRD pattern of composite; (b) the peak 

processing of 38º~39º in Fig.5a; (c) the peak processing of 44.4º~45.4º in Fig.5a; (d) the peak processing of 77.8º~79º in Fig.5a;  

(e) local interfacial reaction of composite; (f) magnification of area A in Fig.5e; (g) magnification of area B in Fig.5e 
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Table 3  EDS analysis of marked points in Fig.5f and  

Fig.5g (at/%) 

Point Ti Al Si C Phase 
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� 6  ������ EDS���  

Fig.6  EDS element mapping of the interface: (a) selected area of Ti/Al interface; (b) Al element distribution; (c) Ti element distribution; 

(d) Si element distribution; (e) selected area of C

f

/Al interface; (f) Al element distribution; (g) C element distribution; (h) Si 

element distribution  
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Fig.7  Results of bending tests: (a) typical bending stress-strain curve of composite; (b) fracture morphology of composite in lateral 

section; (c) magnification of area A in Fig.7b; (d) magnification of area B in Fig.7b 
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Fig.8  Results of compressive tests: (a) typical compressive stress-strain curve of composite; (b) fracture morphology of composite in 

lateral section; (c) magnification of area A in Fig.8b; (d) magnification of area B in Fig.8b 
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Abstract: C

f

 reinforced Ti/Al-based layered composites were prepared by the foil-fiber-foil (FFF) method combined with vacuum hot 

pressing (VHP) technology. Scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), X-ray diffraction phase analysis 

(XRD), bending test, and compression test were implemented to explore the microstructure and properties of the materials under different 

hot pressing parameters. The results show that the optimum parameters of hot-pressing process are 700 °C/30 MPa/1 h. The bending 

strength and compressive strength of the material can reach 469 and 324 MPa, respectively. The material structure is a stack of tough and 

brittle phases. This structure can effectively impede crack propagation and extension of the crack path, and absorb a large amount of 

fracture energy, thereby improving the performance of the material. Al

3

Ti and Ti

5

Si

3

 phases are formed at the Ti/Al interface, and Al

4

C

3

 

and SiC phases are formed at the Al/C

f

 interface. Si element promotes the bonding of Ti and Al, and the precipitation of the strengthening 

phase Ti

5

Si

3

, and improves the wettability between Al and C. 

Key words: foil-fiber-foil method; C

f

; Ti/Al-based layered composites; crack propagation 
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