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Ti-6Al-4V Alloy Fabricated by Additive Manufacturing Method Using
Micro-droplet Cell and Cxitical Pitting Temperature Techniques and Evaluation
of its Resistance to Corrosion
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The resistance to corrosion of additive manufactured (3D printing) Ti-6A1-4V alloys was investigated
using micro-electrochemical tests. In terms of corrosion resistance, the acicular martensitic o' phase
in such additive manufactured Ti-6Al-4V was the focus of attention, and its behavior was distinct
from that of conventional subtractive manufactured Ti-6Al-4V. To order to identify o' phase, XRD
tests were performed and micro Vickers hardness was measured for different grains (bright and
dark grains) in the additive manufactured Ti-6Al-4V alloy. Micro-electrochemical tests were
performed to measure corrosion resistance of bright and dark grains in the additive manufactured
Ti-6Al-4V alloy with specially designed electrochemical micro-droplet cell. Critical pitting
temperature (CPT) measurement was performed to evaluate the resistance to pitting corrosion
of additive manufactured Ti-6Al-4V alloys with different volumes of o' phase and subtractive
manufactured Ti-6Al-4V alloy. The dark grains of the laminated Ti-6Al-4V alloy distributed broader
than the bright grains measured with low microhardness. The dark grains of the Ti-6Al-4V alloy,
which was rich in martensite o ', had lower general corrosion and pitting resistance than bright
grains. As the fraction of martensite o 'phase increased, the resistance to the pitting corrosion

decreased.
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Fig. 1 Experimental set-up with (a) micro-droplet cell [11], (b) the specially designed capillary micro-droplet cell and (c) the diameter

of a capillary tip.
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Fig. 2 Schematic diagram of the Flushed Port Cell [13].

()
Fig. 3 Optical microstructures of (a) the additive manufactured Ti-6Al-4V alloy and (b) the subtractive manufactured Ti-6A1-4V alloys.
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®)
Fig. 4 Retractable backscattered FE-SEM images of (a) the additive manufactured Ti-6Al1-4V alloy and (b) the subtractive manufactured
Ti-6Al-4V.
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Table 1 Characteristics of comosion resistance of the specimens in 3.5wt% NaCl solution

Potentiodynamic polarization

Linear polarization AC impedance

Tafel constant feorr Re feorr Rt corr
Ba Bc (uA/cm?) (Q-em?) (uA/cm?) (Q-cm?) (uA/cm?)
AM . 0.23 0.15 1.274 3.6x10* 1.068 1.8x10* 2.153
(dark grain)
AM 4 4
. . 0.1 0.08 0.772 5.1x10 0.373 2.5x10 0.764
(bright grain)
SM 0.12 0.09 0.301 1.7x10° 0.153 8.8x10* 0.252

% AM: additive manufacturing, SM: subtractive manufacturing
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Fig. 6 (a) Potentiodynamic polarization curves and (b) Nyquist
plots of ac impedance spectroscopy for the bright and dark grains
on additive manufactured Ti-6Al1-4V alloys with a micro-droplet
cell and the subtractive manufactured Ti-6Al-4V alloy in 3.5wt%
NaCl solution.
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Fig. 8 Optical micrographs of the additive manufactured Ti-6Al-4V alloy; (a) bright grain, (b) dark grain and (c) FE-SEM micrograph
of the pit shown at (b) after potentiodynamic polarization test in 3.5wt% NaCl solution.
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