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Effect of Lead in Aqueous Solutions on the Corrosion of
Inconel Alloys at High Temperature
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*Steam generator Material, Korea Atomic Energy Research Institute,
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The anodic polarization tests of the Alloys 600 and 690 were investigated to evaluate the
effect of passive film for SCC in lead containing alkaline solutions at 315C. After testing of
anodic polarization, the surfaces of the Alloy 600 and Alloy 690 were analyzed by SEM and
WDX. As the concentration of PbO increased, critical current density and passive current
densities of Alloy 600 and Alloy 690 increased. This result was thought to be due to the anodic
dissolution of constituents on the surface of the alloys by lead and lead oxide deposited on the
surface of the specimens. As a result of AES analysis, Pb was observed to enhance Cr depletion
from the outer surface of Alloy 600 and Alloy 690. SCC tests show that crack length, width
and the number of crack were increased as the concentration of PbO increased. In addition,

different cracking morphologies
concentration.

were found for

these materials, depending on the Pb
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Table 1. Chemical composition of the specimens

Element C Si Mn P S Cr Ni Mo Co Ti Cu
Alloy Al Nb B N Fe
0.026 0.33 0,83 0,007 0.001 16.81 724 - 0.010 0.36 0.010
600HTMA
0.16 - 0.0010 | 0.018 9.01
0.020 0.22 0.32 0.010 0..001 293 59.4 0.01 0.001 0.26 0.010
690TT

0.014 0.01 0.0004 | 018 10.4
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Fig. 1. High temperature electrochemical test system.
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Table. 2 Stress cormosion cracking test matrix (C-ring)

Material Test No. | Pb concentration, ppm Test condition Selution
1. Alloy 600HTMA(A)
2. Alloy 600HTMA(B)
3. Alloy 680TT 1
4, Alloy 600MA-SA 1 Mole NaOH
(1100°C /30 min) Sterss © 150+5% (Deaerated)
5. Alloy 600MA-SER of ORTYSY
(1100°C /30min—0.3'C /min. 2 5000 Temp. 315C,
to 750C then WQ) Time : 20 days
1. Alloy 600HTMA (Notch) ; o Potential  +125mV lNi/Cl)(;f
2. Alloy 690TT(Notch) (Deaerated)
1. Alloy 600HTMA (Notch) 4 2.5 Mole NaOH
2. Alloy 690TT(Notch) (Deaerated)
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(a) Alloy 600, 500 ppm Pb, pH 10

(b) Alloy 690, 500 ppm Pb, pH 10

Fig. 3. Morphologies of the precipitates on the Alloy 600
and 690 surfaces after anodic polarization test in aque-
ous solution containing 500 ppm Pb, pH 10.
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Table 3. Summary of WDX analyses.
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Fig. 4. Effect of Pb on the Cr ratio of surface oxide

formed on the Alloy 600 and Alloy 690 at 315°C, in pH
10 and for 20days.

AN 7 JHE % mute] 2AMe 7
A% Az, Alloy 60053 Alloy 690
Aot 9jzkolA Crel FFol FAE AL
@ % 3tk Fig, 49149} 7ol PbOE A



&) A InconeldHE 2] #2] 0]

tA= GPHEEEY 9% 347

5000
Alloy 600HTMA(A) —o— Background
—&— PeakSum
4500 —0— Pbdt,,(136.4)
w PbOd1,,(137.51)
@ -0 b4t ,(141.5)
=t —x— PbO4f_ (1423
S 40001 A2
(=]
&)
3500
. o4 ,,”‘/'\’J
3000 v
130 135 140 145 150
Binding energy, eV
(a) Alloy 600
5000
Alloy 690TT ¢ —— Background
—&-- PeakSum
4500 —C0— Pb4,,,{136.9)
J ~f¥be4gd1415)
w 4000 I
€ /
S 35001
30004,/
2500 T T T
130 135 140 145 150
Binding energy, eV
(b) Alloy 690

Fig. 5. XPS spectra of SCC test at pH 10 in aqueous
solution containing 500 ppm lead at 315°C and in pH
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Table 4. Summary of the C-ring tests.

Pb Result
’111160S.t Materials cor’fdeiition cone. szr,;;i%e Max. growth crﬁcl?i/ Cracking
bpm rateum/hr ratem/hr sample”
Alloy 600HTMA(A) 0.070 0.251 9.2 1GSCC
Alloy 600HTMA (B) 0.056 0.151 6.5 IGSCC
1 |Alloy 690TT 1M NaOH, 0 0 0 0 No
Alloy 600MA-SA Sterss: 150+ 0.077 0.274 107 IGSCC
Alloy 600 MA-SER | 5% of 0,020 0.035 5.7 IGSCC
Alloy 600HTMA(A) | oRTYSY 0.121 0.231 213 IG + TGSCC
Alloy 600HTMA (B) | Temp:315C 0.086 0.211 182 IG + TGSCC
2 | Alloy 690TT Time:20day | 5000 0 0 0 No
Alloy 600MA-SA potential : 0.107 0.201 122 IG + TGSCC
Alloy 600 MA-SER | 125mV 0.071 0.141 136 IG + TGSCC
Alloy 600HTMA(A) Notch ¥&o IGSCC 24
3 Alloy 690TT 10 No crack
Alloy 600HTMA(A) Notch ¥¥-of IGSCC %A
4 25M NaOH | 5000
Alloy 690TT Notch %% IGSCC + TGSCC

1) orrvs : Room Temperature Yield Sterss,

2) Total number of cracks/number of pieces(Within 1500wum)

Fig. 6. Optical micrographs showing the cross section of Alloy 600HTMA tested in
Pb and (b) with 5000 ppm Pb at
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(a) 0 ppm Pb

(b) 5000 ppm Pb

Fig. 7. Optical micrographs showing the cross section of
Alloy 690TT tested in 1 mol NaOH solution (a) without
Pb and (b) with 5000 ppm Pb at +125 mV (vs Ni} for
20 days.

7%, Fig. 7ol4 ¢} 7o) Port H7td ASdx &
go] BA&A et

Fig. 82 Alloy 600HTMAA &2 Alloy 690TT
of AdfHoR £& w7 1 mde] NaOH &4 Pb
£ 10 ppm AZMASHO AFAE BEFT k(A
# 3). (a)olM BXEo] Alloy 600HTMAE IGSCC
b GRS & & Y, Alloy 690TTS Asole
SCC7t doitx] g&-& (b)oliM BeFw gk

Fig. 95 H¢ 543 A1¥E 25 md NaOH £
o 5000 ppm Pb& H7/MNES W AHAE RAF

Fig. 8. SEM micrographs showing the cross section of
notched (a) Alloy 600HTMA and (b) Alloy 690TT in 1 mol
NaOH solution containing 10 ppm Pb at + 125 mV (vs.
Ni) for 20 days.
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Fig. 9. SEM micrographs showing the cross section of
notched (a) Alloy 600HTMA (b} Alloy 690TT in 2.5 mol
NaOH solution containing 5000 ppm Pb at + 125 mV
(vs. Ni) for 20 days.
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Fig. 10. Optical micrographs showing the cross section
of Alloy 690TT tested in {a) 1 M NaOH solution and (b)
in 25 M NaOH solution with 5000 ppm Pb at +125mV
(vs Ni) for 20 days.
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Fig. 11. Comparision of SCC susceptibility of the alloys
without Pb and with 5000 ppm Pb contaminated water at
3157C.
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