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The effect of passive film on corrosion of metals and alloys in a static corrosive environment has
been studied by many researchers and is well known, however few studies have been conducted on
the electrochemical measurement of metals and alloys during cavitation corrosion conditions, and there
are no test standards for electrochemical measurements ‘During cavitation’ conditions. This study used
commercially additive manufactured(AM) pure titanium in tests of anodic polarization, corrosion potential
measurements, AC impedance measurements, and repassivation. Tests were performed in 3.5% NaCl
solution under three conditions, ‘No cavitation’, ‘After cavitation’, and ‘During cavitation’ condition.
When cavitation corrosion occurred, the passive current density was greatly increased, the corrosion
potential largely lowered, and the passive film revealed a small polarization resistance. The current
fluctuation by the passivation and repassivation phenomena was measured first, and this behavior was
repeatedly generated at a very high speed. The electrochemical corrosion mechanism that occurred
during cavitation corrosion was based on result of the electrochemical properties ‘No cavitation’, ‘After
cavitation’, and ‘During cavitation’ conditions.
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ELECTROCHEMICAL APPROACH ON THE CORROSION DURING THE CAVITATION OF ADDITIVE MANUFACTURED COMMERCIALLY PURE TITANIUM

Table 1 Manufacture condition of additive manufacturing specimen gtk 71ol Sl Adsoltt. o2 &l AnlEo]d A&l
B 71 R WA &4 ko) Ao, 1718
Laser power 460 W o} HrhE A =R [21-25] % EFEE B 9
Travers speed 0.85 m/min o] FinlHlo]A H-2 T ST E=olvt FHulH ol F-24
] A & AC-YIEAE 543t ol 243 QT
Powder feed 2.0 g/min wEb B oA elA s AE71a [26, 27] 0.5 AxE
Powder feeding gas 2.5 L/min CP-Ti & A &g+ o 7 A}Lg3lo] Fn]go)Ad = 12 ¥
Airtight 10 Limin S 374 =7, = ‘No cavitation’, ‘After cavitation,

71231 ‘During cavitation’ stellA] A7|3ea o g =
Using gas Ar gas Aeta 1 S AT e 71xste] 7|58k sfu o] F-
21 719+l diste] =3kl

Table 2 Chemical composition of CP-Ti (wt%)
O =]1=¢]
C o N H Fe Ti 2. '—1:’13':'

0.01 0.176 0.009 0.0023 0.098 Bal. 2.1 947 =2
B o Me= Azt W2l o F A %2% Commercially
Pure Titanium (CP—Ti) & AFHE-3to] A& 2T}
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Fig. 1 Schematic diagram of the cavitation corrosion tester.
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Fig. 2 Dimension of Test specimen; (a) Specimen and screw thread, (b) Overview.
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Fig. 3 Effect of cavitation condition on anodic polarization behav-
ior of additive manufactured CP-Ti in deaerated 3.5% NaCl sol-
ution at 25C.
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Fig. 4 Effect of cavitation condition on passive current density
of additive manufactured CP-Ti in deaerated 3.5% NaCl solution
at 25°C.
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Fig. 5 Effect of cavitation condition on potential change by cav-
itation at each 30-minute intervals of additive manufactured CP-Ti
in deaerated 3.5% NaCl solution at 25C.
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Fig. 6 Effect of cavitation condition on potential change at con-
tinuously 2 hours cavitation of additive manufactured CP-Ti in
deaerated 3.5% NaCl solution at 25T.
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Fig. 7 Effect of cavitation condition on AC-impedance of additive
manufactured CP-Ti in deaerated 3.5% NaCl solution at 25°C.
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Fig. 8 Effect of cavitation condition on the polarization resistance
of passive film obtained from AC-impedance measurement of ad-
ditive manufactured CP-Ti in deaerated 3.5% NaCl solution at
257C.
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Fig. 9 Effect of cavitation condition on the repassivation behavior
of additive manufactured CP-Ti in deaerated 3.5% NaCl solution
at 25°C.

7HH]Eﬂ°V‘1°ﬂ - Tuke] AgS dotrr] flE AC—
A HAE ZA3}Fo] Fig. 7l Nyquist plot2.2 YERHS]
o}, vjete] OU]EV\ E-2J0] ‘No cavitation’ > ‘After cav—
itation’ > ‘During cavitation’ =22 IA| 7+438Fit}. Fig.
74 LERH Nyquist plote B9S2 Randle 314 =2
< o] &3l Rp#ks 73t Fig. 8ol YERIIUTE Rpék2 No
cavitation’ > ‘After cavitation’ > ‘During cavitation’ $=2
B2 A= AL galsten).

Fig. 9= 7] Eo] el mE A5t £ 58 S350
LFERAATE No cavitation” AEfell A= F A o 2 F5¢)
Hurs A= AS B 4 U2, During cavitation’
Aol = F-wH 99e] s eh AR-s e st ol =t

ZHeha WA 02 MASHE 2 $ET 5 Y9tk ol

314

BEM G b W 0 e e
Wt STRD g el B =T
T B e VI

o

OSEp— ]

B -:u.--\n 1

(©)
Fig. 10 Surface changes with cavitation corrosion time of additive
manufactured CP-Ti in deaerated 3.5% NaCl solution at 25C;
(a) Omin(x500), (b) 120min(x500), (¢) 120min(x5000).
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Fig. 11 New cavitation comrosion mechanism; (a) Increasing surface area after cavitation corrosion, (b) Formation of unstable passive
film after cavitation corrosion, (¢) Formation of unstable passive film and repeated destruction of passive film during cavitation comrosion.
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