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± 1  �² Ti>? Ni>_ XRD±³ 

Fig.1  XRD patterns of original Ti and Ni foils 
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Fig.2  Stacking sequence of Ti and Ni foils 

 

 

 

 

 

 

 

 

 

 

± 3  KLMN�¸¹ºu·± 

Fig.3  Diagrammatic sketch of processing parameters for hot  

pressed sintering 
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Fig.4  Back scattered electron micrographs showing the microstructures of the composites fabricated at different diffusion time: (a) 1 h, 

(b) 2 h, (c) 3 h, (d) 4 h, (e) 5 h, (f) 6 h, (g) 7 h, and (h) 8 h 
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Fig.5  Regions of EPMA quantitative analysis in the composites fabricated at different diffusion time: (a) 1 h, (b) 2 h, (c) 3 h, (d) 4 h, 

(e) 7 h, and (f) 8 h 

 

��������	
��� XRD ���� 6

����� 6������� 1 h��Ni���� !

"#$%&'()�"*+,�-. β-Ti(Ni)/Ti

2

Ni/

Ni

3

Ti0%&'()�12����3456�β-Ti(Ni)/

Ni

3

Ti�
78934:;������< 8 h��=

&'� Ti

2

Ni> TiNi�
?@�XRD�AB
&'C

DE EPMA 
&'CDFG�H"�@� 6 I���

������ 1�2�3 h�JB
���K&'�L

M��CN
 TiNi�O B2CNPCsClQCNR
 TiNi

�> B19SCNP�TUVCNR
 TiNi�"���

�WX 3 h
���K=&'� B19SCN
 TiNi�

FY)Z�@[���\ Ni
 TiNi]$ B2CN�"

\ Ti
 TiNi]$ B19SCN�����^_����

�K?@2\� Ni`a
�PNi> Ni

3

TiR�b�J

B
 TiNi Lcde�$^f
 Ti ghi Ni gh�j

Ik[��lmJBLM��CN
 TiNi�12��

a 

b 

c 

d 

e 

f 

g 

h 

100 µm 

a 

b 

c 

d 

e 

f 

20 µm 



�296�                                          1234�567                                            � 478 

��no56�Ni > Ni

3

Ti 34:pqr�Xs
 Ti

tu34vwx TiNi yz{�|}JB\ Ti 
 TiNi

y�jIk[���=~&'� B19’CN
 TiNi��

��C� Ti-Ni�`�����d��(�@jI
X

�K�\ Ti
 TiNim34�( Ti

2

Ni��|}JB�

Ti

2

Ni��d�@ TiNiy�
J�P�� 5d~5f��R� 

 

� 1  � 5���� EPMA ��	
�� 

Table 1  Results of EPMA quantitative analysis marked regions in Fig.5 (at%) 

Element contents in different regions and corresponding phases Diffusion 

time/h 

Elements 

Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 

 Ti 93.5888 67.1714 52.2829 50.0771 23.5016 3.8618 

1 Ni 6.4112 32.8286 47.7171 49.9229 76.4984 96.1382 

 Phases β-Ti(Ni) Ti

2

Ni TiNi TiNi Ni

3

Ti Ni 

 Ti 94.9275 68.2638 51.8896 49.9627 26.3089  

2 Ni 5.0725 31.7362 48.1104 50.0373 73.6911  

 Phases β-Ti(Ni) Ti

2

Ni TiNi TiNi Ni

3

Ti  

 Ti 51.6708 52.1142 68.3051 94.5861 26.9778  

3 Ni 48.3292 47.8858 31.6949 5.4139 76.0222  

 Phases TiNi TiNi Ti

2

Ni β-Ti(Ni) Ni

3

Ti  

 Ti 95.2726 67.9281 54.0543 52.1881   

4 Ni 4.7274 32.0719 45.9457 47.8119   

 Phases β-Ti(Ni) Ti

2

Ni TiNi TiNi   

 Ti 94.6148 67.9879 59.6622 51.6691   

7 Ni 5.3852 32.0121 40.3378 48.3309   

 Phases β-Ti(Ni) Ti

2

Ni TiNi TiNi   

 Ti 68.1957 51.7861 67.3896    

8 Ni 31.8043 48.2139 32.6104    

 Phases Ti

2

Ni TiNi Ti

2

Ni    
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Table 2  Average thickness of different layers after different diffusion time (µm) 

Thickness of different layers 

Diffusion time/h 

Ti Ti

2

Ni TiNi Ni

3

Ti Ni 

1 22.38 10.16 (5.08) 19.18 (9.59) 10.0 (5.0) 1.29 

2 15.19 10.88 (5.44) 29.88 (14.94) 1.58 0 

3 11.01 14.54 (7.27) 31.84 0 0 

4 8.48 24.16 (12.08) 25.42 0 0 

5 6.70 24.54 (12.27) 25.31 0 0 

6 4.24 29.86 (14.93) 25.44 0 0 

7 - 33.3 23.42 0 0 

8 0 33.9 20.0 0 0 

Notes: The data in the brackets refers to the thickness of intermetallics on each side of the interfaces. Because the diffusion process occurs 

on both sides of the interfaces, the values of the total thickness of intermetallics are twice of that in the corresponding brackets 
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Fig.6  XRD patterns of the composites fabricated at different  

diffusion time 
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Fig.7  DSC curves of the Ti

2

Ni/TiNi laminated composite 

synthesized after 8 h diffusion 
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Synthesis and Characterization of a Ti

2

Ni/TiNi Micro-laminated Composite 
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Abstract: Using alternatively stacked Ti and Ni foils, a Ti

2

Ni/TiNi micro-laminated composite was fabricated by hot pressed sintering at 

900 

o

C. The effect of diffusion time on the microstructure and constitutional phases of the composites was investigated. The scanning 

electron microscope (SEM), electron probe microanalysis (EPMA), X-ray diffraction (XRD) and differential scanning calorimetry (DSC) 

were employed to analyze the microstructure, constitutional phases, phase structures and phase transition temperatures of the fabricated 

composites. The results indicate that Ti and Ni foils are gradually consumed with the increase of diffusion time and three intermetallic 

layers (Ti

2

Ni, TiNi, Ni

3

Ti) are produced at the interfaces of Ti/Ni. When Ni foils are completely consumed, Ti atoms diffuse into Ni

3

Ti 

layers, transforming the Ni

3

Ti layers into TiNi. After Ti foils are completely consumed, only alternatively arranged Ti

2

Ni and TiNi layers 

exist. Moreover, there are lots of granular and strip-shaped Ti

2

Ni phases distributing in the TiNi layers. The A

s

, A

f

, M

s

, M

f

 and transition 

hysteresis temperature (∆T) of the composite fabricated after 8 h diffusion are 75.9, 99.2, 63.6, 45.7 and 32.5 

o

C, respectively.  

Key words: micro-laminated composite; Ti

2

Ni; TiNi; hot pressed sintering 
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