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In this study, the electrochemical properties of CP-Ti (commercially pure titanium) and Ti-64 (Ti-6Al-4V)
were evaluated and the effect of hydrofluoric acid on corrosion resistance and electrochemical properties
was elucidated. Additive manufactured materials were made by DMT (Directed Metal Tooling) method.
Samples were heat-treated for 1 hour at 760 °C and then air cooled. Surface morphologies were studied
by optical microscope and SEM. Electrochemical properties were evaluated by anodic polarization
method and AC-impedance measurement. The oxide film formed on the surface was analyzed using
an XPS. The addition of HF led to an increase in the passive current density and critical current
density and decreased the polarization resistance regardless of the alloys employed. Based on the
composition of the oxide film, the compositional difference observed by the addition of HF was little,
regardless of the nature of alloys. The Warburg impedance obtained by AC-impedance measurement
indicates the dissolution of the constituents of CP-Ti and Ti-64 through a porous oxide film.

Keywords: Additivla manufacture (3D printing), CP-Ti, Ti-6A1-4V, Hydrofluoric acid, Electrochemical
properties
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Fig. 1 Effect of HF concentration on the anodic polarization behav-
ior of (a) CP-Ti and (b) Ti-64 in deaerated 20% H,SO; containing
HF at 50 °C.
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Fig. 2 Surface appearance using an optical microscope of (a~d)
CP-Ti and (2’~d’) Ti-64 after anodic polarization tests in deaerated
20% H,SO4 containing HF at 50 °C; (aa’) before test, (bb’) 20%
H,S0;, (cc’) 20% H,SO4 + 0.005% HF, (dd’) 20% H,SO4 + 0.1%
HF.
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Fig. 4 Surface appearance various pores before (a~c) and after
(a’~¢’) anodic polarization tests of Ti-64; (a) 20% H,SO;, (b) 20%
H:S0; + 0.005% HF, (c) 20% H,SOs + 0.1% HF.
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Fig. 5 Depth profile by XPS after anodic polarization test in deaerated (a, b) 20% H,SO, and (2°, b’) 20% H,SO, + 0.1% HF at 50 C;

(a, ) CP-Ti and (b, b") Ti-64.
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Fig. 6 Effect of HF on the depth profile of Tiy, of (a~d) CP-Ti after the passivation at + 1 V(SCE) for 60 min in deaerated 20%
H,804 (+ 0.1% HF) 50 °C; (a) [Ti-Ol/[(TiM)HTi-0)], (b) Ti(M), (¢) TiO, (d) TiO,, (¢) TirOs.
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Fig. 7 XPS depth profile of Fy, in the passive film of CP-Ti formed at + 1 V(SCE); (a) 20% H,SO; at 50 °C, (b) 20% H,SO, +

0.1% HF at 50 °C.
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Fig. 9 XPS depth profile of Fy in the passive film of Ti-64 formed at + 1 V(SCE); (a) 20% H,SOy4 at 50 °C, (b) 20% H,SO, +

0.1% HF at 50 °C.
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Fig. 11 Effect of HF concentration on the Rp of (a) CP-TiA and (b) Ti-64A alloy from Nyquist plot obtained at + 1 V(SCE) in 20%

H,SO; containing HF in Fig. 9.
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