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Fig.1  Schematic diagram of sample fabrication process of 

surface porous NiTi gradient alloy 
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Fig.2  XRD patterns of surface porous NiTi gradient alloy at 

different sintering temperatures 

50 µm 

500 µm 

20 30 40 50 60 70 80

 

I
n
t
e
n
s
i
t
y
/
a
.
u
.

♣ 

 

650 �

700 ��

750 �

800 �

∗∗

∗ 

♣ 

    ∗  

    ♣

     ∗

 ♦

 ♠

♦

•

 ♦

 • 

 ♠

 ♥ 

  • 

 • 

♦

♥ 

∗ Ti         ♣  Ni     ♦ Β19′ (NiTi)

♥  Ni

3

Ti  ♠ Ti

2

Ni   • B2(NiTi)

2θ/(°) 



� 1�                      �  �<eSPSAB NiTiGHIJMNO
KVWXY'^�_`��                    ¾373¾ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Á 3  ��?@PNÆ NiTiGHIJMNO
K
lURVWÈÉ 

Fig.3  Optical micrographs of surface porous NiTi gradient alloy sintered at different temperatures: 

(a) 650 �, (b) 700 �, (c) 750 �, and (d) 800 � 
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Fig.4  SEM-BSE micrographs of the matrix of surface porous NiTi gradient alloy sintered at different temperatures: 

(a) 650 �, (b) 700 �, (c) 750 �, and (d) 800 � 
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Fig.5  Porous framework and hole wall feature of surface porous NiTi gradient alloy sintered at different temperatures: 

(a) 650 �, (b) 700 �, (c) 750 �, and (d) 800 � 
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Fig.6  Average pore size and the porosity of surface porous 

NiTi gradient alloy sintered at different temperatures: 

(a) surface porous layer and (b) inner part 
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Table 1  Average pore size and the porosity of surface 

porous NiTi gradient alloy sintered at different 

temperatures 
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Inner’s average pore size/µm 7.2 6.8 5.3 4.5 

Surface’s average pore size/µm 333 320 296 417 
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Fig.7  Effect of sintering temperatures on compressive strength 

and elastic modulus of surface porous NiTi gradient alloy 
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Fig.8  Stress-strain curves of loading-unloading compressive 

tests of porous surface NiTi gradient alloy 
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Abstract: The effects of different sintering temperature on the microstructure, microstructural evolution, surface porosity and mechanical 

properties of porous surface NiTi biomedical gradient alloy were investigated. The results show that the gradient alloy originally consists 

of complex Ti, Ni, Ti

2

Ni, Ni

3

Ti mixed phase; then it gradually transforms into NiTi phase with a little Ti

2

Ni, Ni

3

Ti phase with increasing of 

the sintering temperatures. The cracks and defects at the interface between the matrix and the porous layer are gradually reduced and a 

stable metallurgical bonding is formed. The inner and outer grains are refined continuously, but the higher sintering temperature leads to 

the porosity fusion of the porous layer, resulting in the damage of the gradient structure. The porosity and the average pore size of surface 

layer decreases slowly. The compressive elastic modulus of the alloy changes with the sintering temperature slightly, while the compressive 

strength shows a significant increase trend. Compared with bulk NiTi alloy and porous NiTi alloy, the prepared gradient alloy has good 

interface bonding and surface pore characteristics, high compressive strength and low elastic modulus; it also has excellent super-elastic 

properties. 

Key words: NiTi gradient alloy; sintering temperatures; microstructure evolution; surface pore characteristics; mechanical properties 
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