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Fig.1  Schematic for fabrication process of surface porous

Ti-13Nb-13Zr gradient alloy
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Fig.2 XRD patterns of surface porous Ti-13Nb-13Zr gradient

alloy at different sintered temperatures
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Fig.3 Optical micrographs of the matrix for gradient alloy sintered at different temperatures: (a) 950 °C, (b) 1000 °C, (c) 1050 C,

(d) 1100 °C, (e) 1150 °C, and (f) 1200 C
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Fig.4 Optical micrographs of interface in the gradient alloy at different sintered temperatures: (a) 950 C, (b) 1000 C,
(c) 1050 C, (d) 1100 °C, (e) 1150 °C, and (f) 1200 C



= 4018 -

W S EA RS TR

50 %%

K 5
Fig.5

Pore Frequency/%

Pore Frequency/%

K6
Fig.6 Statistical frequency of distributed pore size of the porous layer at different sintered temperatures: (a) 950 ‘C, (b) 1000 C,
(c) 1050 C, (d) 1100 °C, (e) 1150 °C, and (f) 1200 C
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Interface morphology (a) and EDS line scanning (b) of porous gradient alloy sintered at 1150 C
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Table 1 Porosity, average pore size, and roundness of surface

porous gradient alloy sintered at different sintered

temperatures

Sintering  Surface’s Surface’s  Surface’s Inner’s
temperature/ porosity/ average pore average average pore

C % size/um  roundness  size/um
950 40.5 379.6 0.594 28.0
1000 38.7 365.1 0.579 28.3
1050 36.8 354.2 0.566 26.7
1100 35.4 351.4 0.557 26.4
1150 34.7 340.9 0.549 25.6
1200 29.4 293.7 0.517 22.1

Kl 7 AFRPRGEE T 22758 K fLEE SEM By
Fig.7 SEM images of porous framework and hole wall in surface porous gradient alloy sintered at different temperatures: (a) 950 C,
(b) 1000 ‘C (c), 1050 °C, (d) 1100 C, (e) 1150 °C, and (f) 1200 C
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Fig.8 Effect of sintering temperature on compressive strength and

elastic modulus of porous Ti-13Nb-13Zr gradient alloy

Bl9 ZALEAE A S Hanks VAR 14 d J5 SEM B8 A
Fig.9 SEM images of surface porous Ti-13Nb-13Zr gradient alloy after soaking in Hank’s solution for 14 d



511

X JB%E: Ti-13Nb-13Zr R 1 2 FLERRE & 4 10 % K 1 REWF 7T <4021 »

*2 OMREE FLHE S ETE Hank’s FRPIRBERE S A TS B HY EDS T4 R

Table 2 EDS Analysis results of point A and point B of surface porous gradient alloy after soaking in Hank’s solution in Fig.9 (at%o)

Point Ti Nb Zr Ca P 0 Na Mg Cl
A 55.77 4.69 3.75 2.55 12.34 4.65 16.25
B 4.34 - - 18.13 10.86 56.66 4.93 - 5.08
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By, IRFE R X SR AR B I TR AR A 3 IR, A
WA I R BRARTEAZ D . IXRBAAE 1150 C il
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Study on Fabrication and Properties of Surface Porous Ti-13Nb-13Zr
Gradient Alloys

Liu Long*, Zhang Yugin*?, Meng Zengdong?, Jiang Yehua'
(1. Kunming University of Science and Technology, Kunming 650093, China)
(2. Engineering Technology Research Center of Titanium Products and Application of Yunnan Province, Chuxiong 651209, China)

(3. First People’s Hospital of Yunnan Province, Kunming 650032, China)

Abstract: The intermediate dense and surface porous Ti-13Nb-13Zr gradient alloys were fabricated by spark plasma sintering (SPS). The
effects of sintering temperature (950~1200 °C) on the microstructural evolution, interface bonding, surface porosity, mechanical properties
and in vitro mineralization properties of gradient alloy were investigated. The results show that the a-Ti phase decreases and the g-Ti phase
increases with the gradual increase of the sintering temperature in the gradient alloy, then the structure is gradually continuous and
uniformly distributed, the grains are refined, and the interface between the intermediate matrix and the porous layer is continuously
transitioned well formed with metallurgical bonding. The porosity of the surface porous layer decreases and the average pore diameter
descends. The compressive strength value of the gradient alloy firstly increases and then decreases with the increase of the sintering
temperature, while the compressive elastic modulus value slightly changes. Based on the above analysis, it shows that at the sintering
temperature of 1150 °C, the fabricated surface porous gradient alloy not only has good mechanical properties (compressive strength 893
MPa, compressive elastic modulus 16 GPa), but also has suitable pore parameters (porosity 34.7%, average pore diameter 340.9 um) and
excellent bone-like apatite forming ability together with in vitro mineralization performance.
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