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Correlation between Bond Order Based on Electron Theory and Active
Corrosion Rate for Ti-based Alloys Attacked in HCI Solution
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Synopsis :

In order to understand alloying effects on the corrosion resistance of titanium, polarization curves were
measured at 343K in 10 mass% HCI solution with various Ti-M binary alloys (M= Al, Nb, Ta, Zr, Hf, Fe,
V, Cr, Mo, Co and Ni). The results were interpreted using an alloying parameter obtained by a molecular
orbital calculation. The parameter is the bond order (Bo) which is a measure of the strength of the
covalent bonds between titanium and alloying elements. It was found that alloys containing the elements
with higher Bo values showed a lower critical anodic current density in the polarization curve and hence
higher corrosion resistance. It is likely that the Bo is a convenient parameter for describing the corrosion
rate of titanium alloys in a acid environment such as a hydrochloric acid.

Key words : corrosion of titanium alloys; polarization curve; molecular orbital calculation; bond order
(Bo) ; critical anodic current density ; hydrochloric acid.
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Table 1. Chemical compositions and parameters
of Ti-M binary alloys.

Alloy (at%) Structure Bo d (eV)
Ti hep , 3.513 2.447
Ti-10Zr hep 3.531 2.495
Ti-10 Hf hep 3.528 2.500
Ti-2 Ta hep 3.517 2.449
Ti-2Nb hep 3.519 2.447
Ti-10 Al hep 3.492 2.422
Ti-2 Al “hep 3.509 2.442
Ti bee 2.790 2.447
Ti-22V bee 2.793 2.133
Ti-11 Mo bee 2.820 2.394
Ti-12Fe bee 2.773 2.270
Ti-12Cr bee 2.789 2.331
Ti-8 Co bee 2.769 2.316
Ti-8 Ni bee 2.760 2.309

Table 2. Conditions of heat treatments of hcp
Ti-M binary alloys.

Composition (at%) | Holding temperature (K) Holding time (ks)
Ti 1093 3.6
Ti-10 Zr 1003 7.2
Ti-10 Hf 1073 3.6
Ti-2Ta 943 7.2
Ti-2 Nb 943 7.2
Ti-10 Al 1173 7.2
Ti-2 Al 1173 7.2
atmosphere : vacuum atmosphere : Ar
temperature : 1003K temperature : 1003K

holding time : 7.2ks holding time : 1.8ks

furnace water
cool guench
‘RT. R.T. R.T.

Fig. 1. Condition of heat treatment of bce Ti-M
binary alloys.
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Fig. 4. Bo-Md lines drawn for various bee Ti-M
binary alloys.
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Fig. 5. Anodic polarization curves of pure Ti and
hep Ti-based binary alloys in 10%HCI at 343 K.
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Fig. 6. Change of critical anodic current
densities, I with Bo for hep Ti-M binary alloys.
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Fig. 7. Change of the corrosion rate with Bo for
hep Ti-M binary alloys.
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Fig. 8. Anodic polarization curves of bec Ti-
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