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[Abstract)

Evaluation of Corrosion Resistance of Ti-Zr-Nb-Pd Based
Alloys for Biomedical applications by Electron Theory

Jong-Hyun Jung, Gum-Ju Sun
Dept. of Dental Lab. Technology, Kwangju Health College

In order to understand alloying effects on the corrosion resistance of Ti-(10~20)%Zr-(2~8%)Nb-
0.2%Pd alloys, polarization curves were measured at 5%HCI solution. The results were interpreted
in terms of two parameters obtained by the molecular orbital calculation ; one is the bond order(B.)
and the other is the metal d-orbital level(Ms). B. is a measure of the strength of covalent bonds
between titanium and alloying elements. Ms is correlative with the electronegativity of elements. It
was found that increasing of Zr and Nb with higher B, values showed a lower critical anodic
current density in the polarization curve and hence higher corrosion resistance. On the other hand,
increasing of Zr and Nb with higher M. values showed a higher corrosion resistance.

« Key word : corrosion resistance, polarization curves, bond order(B.), metal d-orbital level(M.),
critical anodic current density
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(Table 1) Chemical compositions of the specimens{wt,%)

: E!eméhts . : N
S Zr Nb Pd Ti
Aﬂoy systems ,, ' : , :

Ti-10%Zr-4%Nb~0.2%Pd 9.80 4,26 017 Bal,
Ti-15%Zr-4%Nb~0,2%Pd 14.70 3.80 0.16 Bal,
Ti-20%Zr—-2%Nb~0.2%Pd 9.1 2.23 0.19 Bal,
Ti~20%Zr—4%Nb~0,2%Pd 19.42 412 0,18 Bal,
Ti~20%Zr-8%Nb—0.2%Pd 18.30 7.61 0.18 Bal,
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{Fig. 1 Comparison with the anodic polarization
curves for annealed Ti-(10~20)%Zr—
4%Nb-0.2%Pd alloys; (a)Ti—20%Zr—4%Nb—
0.2%Pd alloy, (b)Ti-15%Zr~4%Nb—0.2%Pd
alloy and (c)Ti~10%Zr—4%Nb~0.2%Pd alloy.
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{Fig. 2y Comparison with the anodic polarization

curves for annealed Ti—20%Zr—2" 8)%Nb—
0.2%Pd alloys; (a)Ti~20%Zr-8%Nb—0.2%
Pd alloy, (0)Ti—20%Zr-4%Nb-02%Pd and
(C)Ti~20%Zr-2%Nb~0.2%Pd alloy.
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(Table 2) Values of metal d~orbital energy level Me
and bond order B- for binary Ti alloy*

> Me/eV**
athep) Ti | Blbee) Ti )
Ti 3513 2.790 2447
zr 3696 3086 2934
Nb 3767 3099 2.424
Pd - 2208 | 0347

* Morinaga st al, 1988
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(Fig. 3»& 310K, 5% HClolA &A% Ti-
(10~20)%Zr-(2~8)%Nb-0.29Pd TF2] L}
Boxte] BAE vehd A2A (Fig. 3= a
(hepyde) BE, Fig. 30+ flcode] Bz
ALt A @ A g A BF 5% HCIOA &
R Iee AR B 710 WA 4SS
22

38_tpstxinrigerex)

{a} afhep)Ti

.87 4

®10%2r, A%ND

0,85

1§%2Zr. 4%Nb @

003 -‘ 20%2r.2%ND® g 20025, 4%ND

20%2Zr, 8%Nb @

Critical Anodic Current Density, I, /Am?

T u —
353 354 355 336 357

Compositional Average of Bond Order, E'o

2.08

b} plbockTl

® 10%2r, 4%Nb

15%2s. 4%Nb @

003 20%2r. 2%Nb ®

Critical Anodic Current Density, c'chAm'2
N
E

& 20%2r, A%MNb
20%2r, 3%Hb &

282 283 284 285 286 287 2.88

Compositional Average of Bond Order, B,

{Fig. 3) Relationship between the critical anodic
current density(k+) and the compositional
average of bond order(Bs), estimated by
using B for hep Tile) and bee Tilb).
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