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Effect of Chromium Addition on the Corrosion Resistance of Ti-Ni-(Pd, Ru) Alloy
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: General corrosion and crevice corrosion behaviors of titanium alloys, Ti-Ni—(Pd, Ru)-Cr and Ti-Cr have been investigat-

ed in comparison with the unalloyed titanium. The specimens of the alloyed and unalloyed titanium were subjected
to conventional immersion test in hydrochloric acid solutions and a concentrated chloride solution at elevated tempera-
tures. Electrochemical properties of the alloys were also measured in order to understand the effect of chromium
addition on the corrosion behaviors.

The results have indicated that an excellent improvement in general corrosion and crevice corrosion resistance is
attained by chromium addition with nickel, palladium and ruthenium . However, a single addition of chromium
deteriorates the corrosion resistance of titanium in hydrochloric acid solutions. The corrosion kinetics for the alloys is
discussed in terms of the compositional change on the corroded surface during the corrosion process. An excellent
corrosion resistance of Ti-Ni~(Pd, Ru)-Cr alloy is considered to be originated from enrichment of palladium and
ruthenium, which is promoted by chromium addition.
corrosion resistance ; titanium alloy ; crevice corrosion ; general corrosion.
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Table 1. Chemical compositions in mass% of the
titanium alloys.

Allc Chemical composition (mass%)
oys Ni Pd Ru Cr O* Fe
Ti-Ni-(Pd, Ru)-Cr 0.41 0.01 0.02 0.14 0.06 0.03
Ti-Ni-(Pd, Ru) 0.41 0.01 0.02 — 0.06 0.03
Ti-Cr — — — 0.16 0.06 0.03
c.p.Ti (ASTM G2) — — — — 0.06 0.03
Ti-Pd (ASTM G7) — 0.17 — — 0.10 0.03

* impurity elements

Tk 54 8 A30H 2+ P 5412H 3 HZH (Received on Aug. 30, 1993 ; Accepted on Dec. 3, 1993)
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Fig. 1. Corrosion rates of the titanium alloys in
boiling 2, 5 and 10mass% hydrochloric acid
solutions.
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Fig. 2. Temperature dependence of the corrosion
rates for the titanium alloys in a 10mass?%
hydrochloric acid solution.

Table 2. Activation energies for dissolution of the
titanium alloys in 10 mass% hydrochloric
acid solution.

Activation energy

Alloys (J/mol)

Ti-Ni-(Pd, Ru)-Cr 1
Ti-Ni-(Pd, Ru) 1.0
Ti-Cr 4.7 X
c.p.Ti (ASTM G2) 7.1 X
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Table 3. Probabilities of crevice corrosion occuren-
ce for the titanium alloys immersed in a
boiling 42 mass%MgCl, solution for 100

hours.
Allovs Probability of crevice
¥y corrosion occurence (%)

Ti-Ni-(Pd, Ru)-Cr 0
Ti-Ni-(Pd, Ru) 18.9
Ti-Cr 62.4
c.p.Ti (ASTM G2) 100
Ti-Pd (ASTM G7) 0
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Fig. 3. Polarization curves of the titanium alloys,
measured in a 10mass% hydrochloric acid
solution after 10 min immersion.
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Fig. 4. Dependence of the corrosion potential of the
titanium alloys on Fe®** concentration in a
10mass% hydrochloric acid solution.

Table 4. Critical concentrations of Fe** for passiva-
tion of titanium alloys in a boiling 10
mass?% hydrochloric acid solution.

Critical concentration

Alloys of Fe** (ppm)

Ti-Ni-(Pd, Ru)-Cr 2.7
Ti-Ni-(Pd, Ru) 6.2
Ti-Cr 24.0
c.p.Ti (ASTM G2) 22.0
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Fig. 6. Corrosion potential-immersion time curves
of the titanium alloys in a 10mass% hydro-
chloric acid solutions.
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