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Effects of Ni and Mo on Critical Conditions for Crevice Corrosion of Low

Alloy Titanium

Takanori KIDOH and Shigeo TsuJikawa

Synopsis :

Critical conditions to repassivate growing crevice corrosion in terms of electrode potential, Er, tempera-
ture, Tr, and NaCl concentration, Cnacy, r, were determined for metal/metal-crevice of ASTM Grade 12
(G12Ti) and Ti-z(=0~2%)Ni-y(=0~0.4%) Mo alloys.

G 12 Ti with 0.8%Ni and 0.3% Mo has more noble Eg values than commercially pure Titanium (C.P.Ti)
and this tendency is more enhanced in lower concentrations of NaCl solutions. G 12Ti is predicted to be
resistant to crevice corrosion in solutions containing as high as 9% NaCl at 100°C, which is markedly high-
er than 1% NaCl or less as the highest concentration for C. P. Ti to be resistant at the temperature.

Eg value for Ti-xNi-yMo alloy depends almost on Ni content. Sufficiently noble value of Eg is attained
for the alloys with Ni contents over 0.2%. The beneficial effect of Ni could be explained from formation of
Ti,Ni which works as Pd does in Ti-0.15 Pd alloy.

Cnaci, r depends not only on Ni content but also on Mo content. It decreases with increasing Mo content
in the range from 0 to 0.1~0.2%, above which Cn,c), r increases with increasing Mo content. This shows
beneficial effect of Mo combined with Ni. Based on the results of Ti-xNi-yMo alloy, characteristics of
G 12 Ti are found to be accounted for approximately through its contents of Ni and Mo.

Key words : low alloy titanium; corrosion resistance; crevice corrosion; alloying element; nickel;

molybdenum ; ASTM Grade 12.
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Table 1. Chemical compositions in wt% of the Ti
alloy specimens used.
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(Ti-0.8 Ni-0.3 Mo, UL, 1)G12T1) ix, ﬂﬂfj(ﬂ/ﬂ&ﬁﬁ*% i’ - 8% 8827 88(1)8 8882
TEEICERSL E3NDY, K, £ CPTi c _ 040 00 0’006 0. 000
B L -ERBREECE DT 5 IBARRSN T, g 32 om0k &% &%
. L . . 8 0.2 0. . ) .006
GI2Ti B L OEEED Ni & Mo 2 &4 A& ICoWTK 5 0 B 0 00e 000
10 1.04 — 0.06 0.009 0.005
Wb DOTHA. 11 0.96 0.10 0.10 0.006 0.007
12 1.01 0.20 0.05 0.008 0.004
~ ol gr o g owm o gm o
2. R B H & 15 2.01 = 0.06 0.006 0.005
- i 16 1.95 0.19 0.10 0.008 0.006
2-1 #A 17 0.82 0.29 0.13 0.004 0.005
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Fig. 1. Relations between crevice corrosion cur-
rent and electrode potential for Grade 12 Ti in 25%
NaCl solution at different temperatures, which
were obtained in Er measurement procedures.
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Fig. 2. Effect of temperature on Ep for metal/
metal-crevice of Grade 12 Ti as compared with that
of C. P. Ti in 25% NaCl solution.
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Fig. 3. Relations between crevice corrosion cur-
rent and electrode potential for Grade 12 Ti in
different concentrations of NaCl solutions at 100°C.
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Fig. 4. Relation between Er and NaCl concentra-
tion in solutions at 100°C for Grade 12 Ti as com-
pared with that for C. P. Ti.
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Fig. 5. Crevice corrosion map in terms of temper-

ature and NaCl concentration for metal/metal-
crevice of Grade 12 Ti as compared with that of
C.P. Ti

Metal/Metal-Crevice ;
o5l 25% NaCl, 100°C Exin mV.5CE
|\ -400
04 NN N =410
| -410 _
- 03 _560 . ~400%) * 420
c\; o H . .
§ 0.2} -s10 440 -410 _35.0
0.1+ -420e
L
-490
o B
OF i o /-mﬁ 380
. 1 1 L 1 1
0 05 10 15 20

Ni%, x

Fig. 6. Repassivation potential values in mV ws.
SCE in terms of Ni and Mo contents of the Ti
alloys.
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3-2 Ti-xNi~-yMo 82D BABEE{LEMG
Table 1 iZ/R§ No2~16 DEED Ex % 100°C ©
25% NaCl KA P THE L7, #FE% Table 2 12F &

Table 2. Summary of repassivation conditions for
the Ti alloys determined in terms of electrode
potential (Eg), temperature (Tg) and NaCl concen-
tration (C;, Cy).

No. Alloy Ep(V.SCE) Tg(°C) C; (wt%) Cp (wt%)
1 |C.P.Ti —0.46 50 0.75 0.40
2 | Ti-0.1Mo ~0.49 50 0.14 0.067
3 | Ti-0.2Mo —0.51 50 0.029 0.022
4 | Ti-0.3Mo —0.50 50 0.051 —

5 | Ti-0.4Mo —0.46 50 3.1 2.4
6 | Ti-0.2Ni —0.42 50 1.5 0.90
7 | Ti-0.2Ni-0.2Mo  —0.44 50 0.90 0.43
8 | Ti-0.2Ni-0.3Mo  —0.41 50 3.5 1.5
9 | Ti-0.2Ni-0.4Mo  —0.40 60 14 6.7

10 | Ti-1Ni —0.41 60 4.2 3.0

11 | Ti-1Ni-0.1Mo —0.42 60 0.32 0.25

12 | Ti-1Ni-0.2Mo —0.41 50 0.72 0.19

13 | Ti-1Ni-0.3Mo —0.42 50 1.5 1.3

14 | Ti-1Ni-0.4Mo —0.41 50 5.4 3.2

15 | Ti-2Ni —0.38 60 4.8 1.5

16 | Ti-2Ni-0.2Mo —0.38 50 0.69 0.37

17 | Grade 12 —0.40 50 10 9.0

18 | Grade 12* —0.36 60 14 9.2

19 | Grade 12%2 —0.33 50 14 9.2
% : No. 17+600°CX0.5h, WQ %2 : No. 17+600°CX4 h, WQ
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Fig. 7. Variations of Eg for Ti-xNi-yMo alloys
with Ni (a) and Mo (b) contents in 25% NaCl solu-
tion at 100°C.
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Fig. 8. Repassivation temperature values in °C
for Ti-xNi-yMo alloys in terms of Ni and Mo con-
tents.
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Fig. 9. NaCl concentration for repassivation,

Cnacl, r» in wt% for Ti-z Ni-yMo alloys in terms of
Ni and Mo contents, which exists between the two
values, C, (upper) and C,(lower), in a parenthesis
at each data point.
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Fig. 10. Variations of Cnacy, g for Ti-xzNi-yMo
alloys with Ni (a) and Mo (b) contents.
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Fig. 11. Relationship between Cy,c) g and Eg for

all the Ti alloy specimens (No. 1~17).
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