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Repassivation Method to Determine Critical Conditions in terms
of Electrode Potential, Temperature and NaCl Concentration
to Predict Crevice Corrosion Resistance of C. P. Titanium in
NaCl Solutions

Fumiaki IKT and Shigeo TSUJIKAWA

Synopsis :

A concept of repassivation potential, Eg, for crevice corrosion had been developed for stainless steels.
Applicability of the Ey concept to C. P. Ti was confirmed through the corrosion test in 25% NaCl solution
at 100°C. Ep for growing crevice with penetration depth deeper than a critical depth, A*(=~12 ym), was
found to be a well reproducible electrochemical parameter which coincides with the critical potential,
VerEv, below which the growing crevice does not initiate.

The repassivation method was also applied to determine critical conditions in terms of NaCl concentration
and temperature for crevice corrosion of specimens kept at —0.2V, SCE which was more noble than Ep
and was included in the spontaneous potential range of passivated Ti in deaerated NaCl solutions measured
previously. Crevice corrosion which had been initiated in 25% NaCl solution at 100°C continued to grow
in successively diluted NaCl solutions not lower than 0.75% in NaCl concentration and to grow at succes-
sively lowered temperatures not lower than 50, 70, and 90°C in 25, 3, and 1% Na(Cl solutions, respectively.
Critical conditions in terms of temperature and NaCl concentration determined as above were confirmed
to agree with the reported results obtained by immersion tests for crevice corrosion resistance of C. P. Ti.
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Table 1. Chemical composition in wt?% of C.P.
titanium specimen used.
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Grade-2 0. 07 0.18 0. 008 0. 002 Q. 006
Ti bolt
«Ei» o
20
1 Metal/Metal
o -crevice
f -
[+ 25 !

(a) (b)

Fig. 1. Test specimen. The crevice assembly (b)
is formed by a bolt and two nuts (2), of which
top faces are disks in shape with inner and outer
diameters of 10 and 20 mm respectively, and pro-
vide metal/metal-crevice in contact with each
other.
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Fig. 2. Corrosion cell for electrochemical studies.
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Fig. 3. Procedure to control electrode potential
for Ep measurement. Rl is the initiation stage
of crevice corrosion where the external potential
of the specimen is kept at E,=—0.2 V, SCE until
current, I, attains I =500 #A. R2 is the growth
stage, where the current is kept at f5+ 10 pA for
T1min. Then the potentials are moved to less
noble direction in steps of —10mV every 10 min
in the stage R3. When the current decreases less
than I; =50 pyA the potential scanning rate is de-
creased down to —10mV/$3 min in the stage R4
until repassivation occurs.
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Fig. 4. Effect on Ey of holding time, T1, in the
growth stage R2 under constant current of [y—
500 pA.
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Fig. 5. Effect on Eg of potential scanning rate
of —10mV/S3 min in the repassivation stage R4
under fixed conditions of I5=>500 gA and 7'1-=
120 min.
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Fig. 6. Relation between Ep and maximum pene-
tration depth as an extent of preceding growth of
crevice corrosion (O, +). Ep data shown by
the closed circles (@) are the potentials where
specimens were kept and repassivated in constant
potential tests. There exists a critical penetration
depth, #*, of about 12 ym. The values of Ep
for growing crevices with penetration depths deeper
than A* do not depend on maximum penetration
depth.
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Fig. 7. Variation with time of crevice corrosion
current for specimens kept at —0.2V in the
initiation stage RI. The currents were high in
the initial stage due to HCI painted for activation,
tapering off to low values and then increased.
Time required to reproduce a current of Iy =500
A decreased with increasing numbers of SiC grit
used for surface finish of specimen crevice. It
became possible in specimens finished with g 1200
SiC without HCI painting for activation to initiate
the crevice corrosion within 1h as shown by the
data curve (----).
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Fig. 8. Effect of surface finish of nuts on FEg.
Additionally shown is that HCI painting on the
top surfaces of the two nuts makes no significant
difference in Ej values, as shown by data points
obtained for specimens finished with § 1200 SiC
with () and without (+) HCI painting.
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Fig. 9. Normal probability plotting of Ep ob-
tained in 259, NaCl solution at 100°C. The mean
value, g, is —0.461V, SCE and the standard
deviation, ¢, is 13 mV.
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Fig. 10. Variations of time to repassivation (a)
and maximum penetration depth in the repas-
sivated crevices (b) with electrode potential in
259, NaCl solution at 100°C. Growing crevices
with penetration depths deeper than A*~12 ym
can initiate at and above Vg gy =—0.50V, SCE,
which coincides with a practical lower limit of
Eg, p—30=—0.50V obtained from Fig. 9.

— 124 —




T¥RMTF 2 vy DB, RERVEAHEECKTS 997
TEZRBABERLBOBEARHRBLEL L5 RE

KRBT, BAPRBEE coREEMANIE ERL
Ky, BREISI F=12um 22 2 5. Tihbb hfx
12pm 23X FRARECHATLIBERARES, 1 22
HTEXERBREBERT S IWRETETH L, RN
TEFRWARAED FTRAEM Verey=-—-0.5V, SCE
THY, Thixkekoic Er OB TRAMEC—
BLTWDHELED.

’e%s, Fig. 10 offlilicnRm LB LD S HEMD
0.0V & +0.2V CTXIFRBIEOTIORT
TEFRRIE bALOL. ZTOLIEBMKTE
TEpgeb3 5 B4, 0°C {580 NaCl god Mo
304 48Y, NO,- % & 1p5E{E ¥ #-11 25°C1Y oo NaCl #%
> 18Cr-8Ni DI A THLR A LD LBEUTHS .
3.5 Er & pH SOBF

HCI %7213 NaOH %fp% T 25% NaCl Xk%&&ED
pH #2E © 5~11 O HEL, 100°C < Er %
BIE L. BRTO Ep BIEH/ %o pH 28 5.2/5.0,
9.6/9.6, 11.0/11.4 n=3%(% % Er=~~-0.46V Lich,
oK pPH CKRELILWZ E b2t ok,
HCI, NaOH o\ ha bz fsv B0 pH 2ER
T 5~6 BETH DL,

3.6 &rh NaCl JREr )R

3-8 THBTHIOK, TEER/ROBMEMBEIEE
25~0.75% o NaCl g CRETHS. = DEERMA
» NaCl gh Gl LAz Er & NaCl L OBfR%
Fig. 11 ©Ri3. 3%, 0.75% NaCl b3+ 38
Ar FE XRDBENTELIDORLD, 25% NaCl
% T 16~20h T FPAEETRR I A Ll
DREREE NaCl gz L, 20h FIF LB Er
MEBECEAL. RPhoEERIE 25% NaCl gk
% Er (BRfE —0.461 V) 57 —2¥ 19 0ELY
o, BPSFECI Y RDILLDTRATEINS.

-0.2
TilTi-Crevice
X */ NaCt, 100°C
-0.3f
o
W -0.4
z ° ™3
& o
_0_5_
Er (V,SCE )=-0.366-0069 log X (wt %)
_Qs 1 1111Lu|_ Lol A1 b
0.1 1 10 100

NaCl Concentration, X (%)

Fig. 11. Relation between Ep and NaCl concen-
tration in NaCl solutions at 100°C.
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Fig. 12. Relations between crevice corrosion cur-
rent and external potential in 259 NaCl solution
at different temperatures, which were obtained in
Er measurement procedures.
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Fig. 13. Effect of temperature on Ep.
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Fig. 14. Changes of crevice corrosion current
against immersion time from specimens kept at
—0.2V in successively diluted NaCl solutions at
100°C. Crevice corrosion continued to grow in
solutions of NaCl concentration not lower than
0.75%, and resulted in repassivation in 0.4%
NaCl solution.
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Fig. 15. Changes of crevice corrosion current
from specimen kept at —0.2V in 25% NaCl
solution at successively lowered temperatures.
Crevice corrosion continued to grow at tempera-

ture as low as 50°C and resulted in repassivation
at 40°C.
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Fig. 16. Crevice corrosion map in terms of tem-
perature and NaCl concentration for metal/metal-
crevice of C.P. Ti in NaCl solutions. Limiting
conditions in temperature and NaCl concentration
indicated by the arrows obtained from repassivation
method constitute reasonable boundary denoted by
the dashed line with respect to the former results,
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