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Table 1 Powder size and purity of raw material

Raw material Ti powder Ta powder Ag powder

Particle size/pm <55 <30 7~10

Purity/% 99.5 99.9 99.5
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Fig.1 Photos of samples after grinding
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Fig.2 XRD patterns of the alloy
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Fig.3 OM images of Ti-25Ta-3Ag alloy at different sintering temperatures: (a) 750 ‘C, (b) 850 C, and (c) 950 C
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Fig.4 SEM images of Ti-25Ta-3Ag alloy by SPS sintering at different temperatures: (a, d) 750 ‘C, (b, €) 850 C, and (c, f) 950 C
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Fig.5 EDS element mapping (a) and EDS spectrum (b) of Ag particle for Ti-25Ta-3Ag alloy: Ti (red); Ta (blue); Ag (green)
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Fig.6 Open circuit potential curves of alloy in Hank’s solutions
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Table 2 Open circuit potential values of the alloy

Temperature/C 750 850 950

Open circuit potential/mV -208 -185 -150
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Fig.7  Cyclic potentiodynamic curves of alloys in Hank’s

solutions
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Table 3 Fitting parameters from the cyclic potentiodynamic curve of alloy samples

Corrosion rate/ X

Temperature/ 'C Leon/*107 A-cm™ Ecor/mV 1/ 10° A-cm™ Rp/kQ-cm2 . .
107 mm-a
750 92 -738.6 492 82.0 95.4
850 1.38 -389.8 8.27 110.7 1.43
950 1.15 -269.4 0.38 3244 1.19
4 c
“ St bl g0
a ._ " . -60 F m
E 2t IN;'I-5 3 £H4or .f AAA..N
= R > x Lo
N R N i 20} > Lo
-1t = gro.si" " . 10°k . 750C o m 750C
[N \ 1 . ® 850C
0 1 ° 850°C 0
l T 2 3.4 5 lh A 950°C A 950°C
0 ) 7/X10° Q-em’ ) . 10° . . . " L - — — ) = v s
0 2 4 6 8 10 10" 10 100 100 10° 10* 107 100 100 10 10" 10" 10" 10
20/% 10° Q-em? Frequency/Hz Frequency/Hz
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Fig.8 Electrochemical impedance plots of the alloy in Hank’s solutions: (a) Nyquist plots, (b) Bode impedance plots, and (c) Bode phase

angle plots
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Fig.9 Electric equivalent circuit
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AU, EM R A b T AT 2R R, (2
FESELL TiO, JEAAFEAE; Ta 4f iU 45 S REA T 27.5 F
25.6 eV 4b, WoR R EELIE S Ta & L+S5 ARG
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* 4 SEMHE Hank’s

A1 Ag 3d iS5G Ref T 373.4 F1367.3 eV AL,
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Table 4 Electrochemical impedance spectroscopy fitting values of alloy samples in Hank’s solutions

Temperature/  CPEy/x10™"! n Ry/ CPE,/x107"" n Ry/x10° RJ/ 10
X
C pF-cm? x10° Q-cm’ pF-cm? Q-cm’ Q-cm’ “
750 7.5 0.92 11 4.7 0.81 1.2 18.7 9.4
850 1.8 0.94 3.2 4.1 0.85 1.9 17.3 1.3
950 1.6 0.99 4.2 2.1 0.87 2.9 13.4 3.2
» Sk Ti2p 32 b
5 3
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g 57.5F £ 3t
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. . . . 7.00 . . . . . . 1L . . . . .
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K10 &R IR XPS Ot
Fig.10 XPS spectra of the passivation film on the alloy surface: (a) full spectra, (b) Ti 2p, (c) Ta 4f, (d) Ag 3d, and (e) O 1s
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Microstructure Evolution and Corrosion Behavior of Ti-25Ta-3Ag Alloy via Spark
Plasma Sintering

Chen Xinghu, Zhang Junmin, Yu Yongquan, Chuan Dingze, Liu Jinkun, Yan Tingting, Chen Qinghua
(Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Biomedical Ti-25Ta-3Ag alloys were prepared by spark plasma sintering (SPS). The microstructure, morphology and phases of
the alloy were characterized by XRD and SEM. The effects of sintering temperature on the electrochemical corrosion properties were
investigated in artificial simulated body fluid (Hank’s solution) by open-circuit potential, potentiodynamic polarization and
electrochemical impedance spectroscopy. The results show that there are a phase (irregular polygon), martensite a” phase (needle) and S
phase (platelets) in the sintering product of Ti-25Ta-3Ag, and the elemental Ag (white particle) precipitates at the grain boundary.
Electrochemical experiments show that the corrosion resistance of the alloy is improved with the increase of the sintering temperature. The
excellent corrosion resistance of the alloy in Hank’s solution is attributed to the fact that Ag addition in the alloy improves the corrosion
potential as well as Ag precipitates at the grain boundary; due to the high corrosion resistance of Ag, the grain boundary is less prone to
corrosion. On the other hand, the passivation film formed on the surface of the alloy consists of TiO, and Ta,Os oxides, low ionic oxides of
Ti and Ta as well as metal Ag precipitations, and the films bond tightly with the substrate, whose stability and protection are enforced.

Key words: titanium alloy; spark plasma sintering (SPS); electrochemical corrosion
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