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ABSTRACTS

Microstructure and Electrochemical Properties of Biomedical
Ti-xNb-ySi Alloys

Bi-Ryong Kim

Advisor : Prof. Je-Man Koh, Ph. D.

Dept. of Metallurgical & Materials
Engineering

Graduate School of Chosun University

As biomedical metal materials implanted directly in human body, for the
purpose of developing Ti alloys which are excellent at corrosion
resistance, biological stability and biocompatibility in human body,
moreover, similar to human body in mechanical dynamic properties, I
studied by adding Nb, Si to Ti respectively that are biologically stable
element. In order to investigate the microstructure and electrochemical
properties of biomedical Ti-xNb-ySi alloys were melted by using a vacuum
furnace(vacuum arc melting system, SVT, KOREA) and then homogenized for
24hr at 1050 C. The samples were cut and polished for microstructure and
corrosion test. The microstructures were conducted by using optical
microscope(OM) and scanning electron microscope(SEM). The corrosion
behaviors were investigated using potentiosat(EG& Co, 263A) in 0.9%
NaCl solution at 36.5+1C

As Nb was increased by 20 %, 40 % respectively at the Ti-Nb-Si alloy, a

+ (3 phase and [3 phase were molded. As a result of X-ray diffractometry



analysis, the peak of matrix [3 phase was appeared high, and it could be
confirmed that there is a peak of a-martensite phase, which the strength
is low relatively. In addition a (301)face peak of ® phase could be
confirmed at Ti-20Nb-0.2Si alloy, but ,when Nb content was increased, the
peak of o phase wasn’t observed. A value of hardness was measured that a
+ B type Ti-20Nb alloy was 457 HV and 3 type Ti-40Nb alloy was 312 HV on
the average according to the investigation of electrochemical corrosion
behaviors at 36.5x1 C, 0.9 % NaCl electrolyte, the more Nb content
increased, the more corrosion resistance increased, and [3 phase Ti-Nb
alloy is more better in the part of corrosion resistance than a + [3

phase,

_Iv_
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Table 1. Properties of titanium and other metals,

. Electric
Melting . , Thermal
Density|Poisson’s| conductivity
Metal point . conductivity
(g/cm') ratio (against
(C) (cal/ent/s/C/cm)
Cu %)
Titanium 1,668 4.51 0.34 3.1 0.041
Ti-6A1-4V | 1,540 0.30
4.42 1.1 0.018
alloy -1, 650 -0.33
Al 660 2.70 0.33 64.0 0. 487
Al alloy
476-638 | 2.80 0.33 30.0 0.294
(7075-T6)
Fe 1,530 7.86 0.31 18.0 0.145
1,400
STS304 8.03 0.29 2.4 0.039
-1,427
Cu 1,083 8.93 0.34 100 0.923
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Fig. 1. Schematic phase diagram of titanium and a stabilizer elements.
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Table 2. Composite of alloy for biomedical application.

Stainless steel

Co-based alloys

Ti-based alloys

thermomec
wrought
cast hanicla wrough Ti-6A1
Alloy Co-Ni-Cr- *CP Ti
STS316 STS316L | Co-Cr-Mo | Co-Cr- |Co-Cr-W-Ni -4V
Comp. Mo (F67)
(F75) Mo (F90) (F136)
(F562)
(F799)
0.0025
C 0.08max | 0.03max | 0.35max | 0.35max | 0.05-0.15 0.08max | 0.10max
max
Mn 2.00max | 2.00max | 1.00max | 1.00max | 1.00-2.00 | 0.15max
0. 030max | 0. 030max 0. 040max
S 0. 030max | 0. 030max 0.030
Si 0.75max | 0.75max | 1.00max | 1.00max | O.40max | 0.15max
Cr [17.0-19.017.0-19.0(27.0-30.0(26.0-30.0| 19.0-21.0 |19.0-21.0
Ni [12.0-14.0/12.0-14.0| 1.0max | 1.00max | 9.0-11.0 |33.0-37.0
Mo 2.0-3.0 | 2.0-3.0 | 4.0-7.0 | 5.0-7.0 9.0-10.5
N 0.10max | 010max 0. 25max 0.05max | 0.0bmax
Cu 0.50max | 0.50max
W 14.0-16.0
Fe bal. bal. 0.75max | 1.5max 3. 00max 1.00max | 0.25max | 0.50max
Co bal. bal. bal. bal.
H 0.0125max
0.13max |0.30-0.40
Al 5.5-6.5
vV 3.5-4.5
Ti 1. 00max bal. bal

* CP Ti : Commercially pure Ti

_10_
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Fig. 2. Biological safety of metals.
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a material exhibiting passive anodic behavior‘w.
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Table 3. The conditions of corrosion test in this study.

Potentiodynamic test

Electrolyte
Working electrode
Counter electrode

Reference electrode
Scan rate
Temperature
Frequency range
A.C amplitude

Point

0.9 % NaCl
Sample

High dense carbon

SCE
1.66 mV/s
36.5¢1 C

~—

- 21 -
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Fig. 10. OM showing surface morphology of Ti-20Nb-0.2Si(a), and
Ti-40Nb-0.2Si(b).
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Fig. 11. SEM showing surface morphology of Ti-20Nb-0.2Si(a), and
Ti-40Nb-0. 2Si(b).
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Fig. 12. The results of micro-vickers hardness on TiNbSi alloys.
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Fig. 13. Anodic polarization curves of Ti-Nb-Si after potentiodynamic

test in 0.9 % NaCl solution at 36.51 T
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