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Fig. 1 Schematic diagram of green bodies fabrication process of NiTi/surface porous Ti gradient alloy
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Fig. 2 XRD patterns of pure Ni and Ti powder and NiTi

mixed powder after milled
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Fig. 3 XRD patterns of NiTi/surface porous Ti gradient alloys

at different sintering temperatures
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Fig. 4 Optical microscope photographs of NiTi/surface porous Ti gradient alloy at different sintering temperatures: (a) 850 C;

(b) 900 C; (c) 950 C; (d) 1000 C
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Fig. 5 Interface morphology and EDS chemical composition analysis of NiTi/surface porous Ti gradient alloy sintered at 1000 C:

(a) Interface morphology; (b) EDS chemical composition analysis
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Bl RAEER 1R, RIEZFLZMALIRAFEE be s
RERTE 2P 8 TREMES, B 39.1% NS
T 35.8%, “FIFLIRH 461 um FEF] 423 um, HAE
AR, Ui B BEh IR B RA B A & R 2 fLEFLIR
AP HIFLR MmN et R, 2401
AR T B ALK N HALBR R FEITE 30%~90%- fL
FVEHTE 100~500 pm 1) 2 FLAPRNE & A A=K .

Jiriil £ NiTi/Z 1 2L Ti B6RE& MR LR R AL
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Table 1 Average pore size and porosity of surface of

NiTi/surface porous Ti gradient alloy sintered at different

temperatures
Sintering Content of Surface  Surface average
temperature/ C  NH4HCO3/% porosity/%  pore size/um
850 15 39.1 461
900 15 37.2 448
950 15 36.4 436
1000 15 35.8 423
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Porosity characterization

Bl 6 NiTi/# 2L Ti b5 & SAEA F e st I B 22 AL)Z i FLIGE 30 A AL A R AE
Fig. 6 Pore morphologies and porosity characterization of porous layer of NiTi/surface porous Ti gradient alloy at different

sintering temperatures: (a), (b) 850 C; (¢), (d) 900 C; (e), (f) 950 C; (g), (h) 1000 C
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Fig. 7 Effects of sintering temperatures on compressive
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strength and elastic modulus of NiTi/surface porous Ti graded

alloys
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Fig. 8 Multiple loading-unloading stress—strain curves of

NiTi/surface porous Ti graded alloy at pre-strain 4%
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B9 AFHFEHE Hanks ¥ 158 H BT SEM &

Fig. 9 SEM images of bone-like apatite in different materials in Hanks’ solution: (a) Compact Ti; (b) Compact NiTi; (c), (d) NiT/

surface porous Ti biocomposites
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Effects of sintering temperatures on microstructure and properties
of NiTi/surface porous Ti graded alloy by spark plasma sintering

DENG Xia"? HE Yuan-huai"?, JIAO Mei-qi"2, ZHANG Yu-qin"*?, JIANG Ye-hua'?

(1. School of Materials Science and Engineering, Kunming University of Science and Technology,
Kunming 650093, China;
2. National-local Joint Engineering Laboratory of Metal Advanced Solidification Forming and Equipment Technology,
Kunming 650093, China;
3. Engineering Technology Research Center of Titanium Products and Application of Yunnan Province,

Chuxiong 651209, China)

Abstract: NiTi/Surface porous Ti gradient alloys were prepared by spark plasma sintering (SPS) technology. The effects
and mechanism of different sintering temperatures on the microstructure, surface pore characteristics, mechanical
properties and in vitro biological activity of the gradient alloys were investigated. The results show that the gradient
alloys are consisted of NiTi, a-Ti, Ni, Ti,Ni, Ni;Ti mixed phase and gradually transforms into NiTi and o-Ti phase with
the increase of sintering temperatures. Furthermore, a stable metallurgical bonding on the internal and external interface
of the alloys could be observed. Meanwhile, the porosity and average pore size of surface porous layer is in a slowly
decreasing trend. As a result, the compressive strength of the alloys increases significantly, but the compressive elastic
modulus of the alloys changes less. Gradient alloy sintered at 1000 ‘C not only exhibits good surface pore characteristics
(35.8% porosity as well as 423 um average pore size), higher compressive strength (632 MPa), lower the compressive
elastic modulus (9 GPa) and excellent superelastic recovery strain (>4%), but also shows good in vitro biological
activity.

Key words: NiTi gradient alloy; sintering temperatures; microstructure; mechanical properties; in vitro biological activity
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