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Abstract The corrosion resistance of laser additive manufactured (LAM) TC11 titanium alloy is studied in
hydrochloric acidic solution with immersion and electrochemical corrosion test methods. Surface morphologies
are analyzed by scanning electron microscope. The results indicate that « phase of laser additive manufactured TC11
titanium alloy contains low—content Mo element, and easily selective dissolves preferentially. In hydrochloric acidic
solution, with the extending corrosion time, the open circuit potential first decreases and then increases gradually,
and the charge transfer resistance R. sharply decreases before maintaining stability. Self—corrosion current density
Teorr iINcreases with the increase of the corrosion time. The o+ basket—weave microstructure of laser additive
manufactured TC11 titanium alloy possesses finer a phase than that of bimodal microstructure of forged alloy, and
exhibits better corrosion resistance. Microstructure of the heat—treated specimen contains higher volume fraction
and coarsening a—phase, but a slight decrease in the corrosion resistance.
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Fig.1 Microstructure of TC11 titanium alloy. (a) LAM as—deposited; (b) LAM heat—treated; (c) forged
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Table 1 Microstructure phase volume of TC11 titanium alloy

Specimen a phase /% B phase /%
LAM as—deposited 49 51
LAM heat-treated 59 41

Forged 37 63

F2 TCIERA 4 M1 EDS 45 R (it 43 4. %)
Table 2 EDS results of TC11 titanium alloy (mass fraction, %)

Ti Al Mo Zr Si

LAM as—deposited a phase 89.93 5.59 2.96 1.29 0.23
B phase 89.72 5.24 3.42 1.2 0.42

a phase 90.49 5.1 2.98 1.27 0.16

LAM heat-treated o. phase 89.54 5.58 3.23 1.48 0.17
B phase 89.08 5.37 4.01 1.41 0.14

a phase 91.57 6.02 1.01 1.51 0.19

Forged a. phase 89.56 5.23 3.32 1.63 0.26

B phase 89.21 5.1 3.87 1.56 0.26
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Table 3 Average corrosion weight loss rates of TC11 titanium alloy immersed in 1 mol/L hydrochloric acid solution containing 3.5%

NaCl for 168 h

Corrosion specimen Average corrosion weight loss rate /(g+cm™+h™")

LAM as—deposited 4.7x10°
LAM heat-treated 5.7x10°*
Forged 6.6x10™
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Fig.2 Open circuit potential-time curves of TC11 titanium alloy in I mol/L hydrochloric acid solution
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Fig.3 Nyquist of TC11 titanium alloy in 1 mol/L hydrochloric acid solution. (a) LAM as—deposited; (b) LAM heat-treated; (c) forged
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Fig.4 Equivalent circuit of TC11 titanium alloy in 1 mol/L hydrochloric acid solution. (a) Single capacitive arc;

(b) double capacitive arc
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Fig.5 Charge transfer resistance of TC11 titanium alloy in 1 mol/L hydrochloric acid solution
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Fig.6 Potential dynamic polarization curves of TC11 titanium alloy in 1 mol/L hydrochloric acid solution. (a) After 0.5 h; (b) after 168 h
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Table 4 Analysis results of potential polarization curves of TC11 titanium alloy in 1 mol/L hydrochloric acid solution

Time Corrosion specimen E, /mV E.. IV feon /(A= cm™)
LAM as—deposited 6.97 0.224 1.113x10°

After 0.5 h LAM heat-treated 6.65 0.055 1.722x10°°
Forged 7.45 0.227 1.788x10

LAM as—deposited 7.335 -0.560 1.264x107

After 168 h LAM heat-treated 7.921 -0.592 2.112x107
Forged - -0.575 2.624x107
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Fig.7 Surface morphology after polarization of TC11 titanium alloy immersed in 1 mol/L hydrochloric acid solution for 168 h.
(a) LAM as—deposited; (¢) LAM heat-treated; (e) forged
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