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Relation between Sensitization and Susceptibility to IGSCC
for Ni-Base Alloys

Myung-Kyu Ahn*, Hyuk-Sang Kwon™, and Jae-Hoon Lee**

*Dept. of Materials Eng, Korea Advanced Institute of Science and Technology
** Korea Institute of Nuclear Safety

Degree of sensitization(DOS) of alloy 600 and 690 aged at 700 T was evaluated in terms
of the standard or modified double loop(DL) EPR tests and correlated with the corresponding
susceptibility to intergranular stress corrosion cracking(IGSCC) that were determined under
condition of constant strain rate of 0.97X10°/s in deaerated 0.01 M Na;S;05 solution. The
modified DL-EPR test, performed in 0.01 M H,SO;+10 ppm KSCN, 25T, and at a scan
rate of 0.5 mV/s, was found to provide more enhanced discriminating power for varying
degrees of sensitization of alloy 600 than did the standard DL-EPR test in which testing
conditions are 0.5M H,SO,+0.01 M KSCN, 30T and scan rate of 1.67 mV/s. This result
can be attributed to both highly selective grain boundary attack and suppression of other
types of corrosion such as general corrosion and pitting in the modified EPR testing condition.
These characteristics of the modified EPR test caused the maximum DOS of alloy 600 to
be achieved in 5 hour-aging that is shorter than 10 hour-aging for the case of the standard
test.

For alloy 600, IGSCC occurred in samples aged for less than 20 hours with the susceptibility
to IGSCC increased with decreasing aging time up to 1 hour. The susceptibility to IGSCC
is found to be closely associated with chromium depleted profile across the grain boundary-
the deeper and narrower chromium depleted zone produced the higher susceptibility to IG-
SCC. Except for the case of 700 T — 1 hour aging, the DOS measured by the modified DL-EPR
test more closely paralleled to the susceptibility to IGSCC than did that by the standard
one for the same aged sample of alloy 600. This is attributed to the fact that the modified
testing condition attacked predominantly the deeply Cr-depleted region with the shallowly
Cr-depleted region unattacked. Alloy 690 aged for 1 hour at 700 C showed immunity to
both intergranular corrosion and IGSCC when tested in the same conditions applied to
alloy 600. This resulted from a removal of serious Cr-depletion problems in alloy 690 due
to its higher Cr-concentration compared with that of alloy 600.
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Table 1. Chemical compositions of alloys used(wt%)

Alloy Ni Cr Fe C Si

Al Ti Co Cu S |

600 bal 1536 7.52 0034 027
690 bal 302 92 0011 029

- - 0.76 028 0.008 -
0025 035 001 001 0033 0012
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Table 2. Testing conditions of the standard DL -
EPR test.

Electrolyte 05M H;S0:,+0.01M KSCN
Temperature 30T

Vertex potential +600 mV{SCE)

Scan rate 1.67 mV/sec

Table 3. Testing conditions of the modified DL-
EPR test

0.01 M H,S0,+0.0001 M KSCN |
Temperature 25T

Vertex potential +600 mV(SCE)

0.5 mV/sec

Electrolyte

Scan rate

Kl °ﬂ A} 23 £ DL-EPR A ¥ & &5t sdrh. Table 2%}
ztzt % DL-EPR A& 2313 7§ 415 DL-EPR
*]f’d}—ﬁ% vebdich. DL-EPR A&, A19E 3t
Ay 2 Al A A7 NS 7heted dA FAbE
w2 9A LEh A7 4T FAHanodic scan)
% g 9, FAES nhre) e A A7
pe 2a1& T g o Fab(reverse scan) i HA &
2 gslolrh. dseE FF FE(anodic scan
loop) &} HANAFU=(1,) et AL 3 —rv-(reactl-
vation loop) 9l HdAFUE() 2] Hl,
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109/s8) HYE=2 Qs gt 9%
Al atod - gbzwrabyl g whgko 7 A5
dow JFF ﬂ‘zﬂ% Ze]l 20mm ¥ 25mmE
shoich, 2 Aol AF8 € e £33
29 % 3 (saturated calomel electrode, SCE) il o
sle 2 grolch, ¥ P4 A1 F A %
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Fig. 1. Potentiokinetic curve of alloy 600 aged
(700 C/1 h) : measured in the standard DL-EPR
testing conditions.

Fig. 2. Optical micrographs showing etched struc-
tures developed on Alloy 600 after the standard
DL-EPR test ; (a) aged(700 C/1 h) and (b) aged
(700T/5h).

Table 4. Results of the standard DL-EPR test per-
formed on alloy 600 Aged at 700 T, tested in
0.5 M H;S0,+0.01 M KSCN, 30 T and at a scan
rate of 1.67 mV/sec.

Aging time(hour) L{(pA/cm®) L(uA/cm?) L/L(%)

0 7,524 760,842 0.99

1 114,526 718,736 1593

5 168,421 672,842  25.03
10 195,179 764,631  25.53
20 172,210 744,000  23.15
50 75,663 655578  11.54
100 11,789 777,684 1.52
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Fig. 3. Potentiokinetic curve of alloy 600 aged
(700 C/1 h) ; measured in the modified DL-EPR
testing conditions.
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Table 5. Results of the modified DL-EPR test per-
formed on alloy 600 aged at 700 €, tested in
0.01 M H;S04+0.0001 M KSCN, 25T and at
a scan rate of 0.5 mV/sec.

Aging time(hour) L(pA/cm?) L(pA/cm?®) L/L(%)

0 0.1 9,910  0.001

1 100.2 6,790 1.48

5 325.0 7,140 4.55
10 368.0 9,390 392
20 123.7 8,020 1.54
50 16.0 8,020 0.20
100 153 11,360 0.14

Fig. 4. Optical micrographs showing etched structures developed on alloy 600 after the modified
DL-EPR test; (a) aged(700 C/1 h) and (b) aged(700 /5 h).
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Fig. 5. Optical micrographs showing etched structures developed on alloy 690(700 C/5h) after
(a) the standard DL-EPR test and (b) the modified DL-EPR test.
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Fig. 6. Stress-strain curves of Alloy 600 aged at
700 7T, tested at a strain rate of 0.93X10%/s in
deaerated 0.01 M Na,S,0¢ and in air at room tem-
perature.
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Fig. 7. SEM and optical micrographs on the fracture surface and cross sectional view, respectively,
for alloy 600 aged(for 10 hours at 700 C), tested at a strain rate of 0.93X10®/s in deaerated

0.01 M Na;S.0s at room temperature.
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Fig. 8. Stress-strain curves of alloy 690 aged for
1 hour at 700 T, tested at a strain rate of 0.93 X
10%/s in deaerated 0.01 M Na,S.0s and in air
at room temperature.
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Table 6. Effects of aging on the IGSCC susceptibi-
lity of alloy 600, tested at a strain rate of 0.93 X
10 /s in deaerated 0.01 M Na;S.0s solution.

S]GSCC*

Aging time Efair
ging €fNazS;0s 1‘8f,NazS4Oh/

(hrs) at 700C (%) (%) e
air

0 39.85 39.75 0

39.85 6.70 0.83

5 36.80 11.70 0.68

10 36.00 12.00 0.67
24 35.70 35.50 0

100 33.50 33.70 o
rastgdd.
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Table 7. Comparison in normalized condition between results of DL-EPR tests and IGSCC susceptibi-

lity for alloy 600 aged at 700 T

Aging time(hour) CERT test Modified EPR test Standard EPR test

Siesce Sigsce. N L/L.(%) LLN I/L(%) I/I.N

0 0.00 0.00 0.001 0.00 0.99 0.04

0.83 1.00 148 0.33 1593 0.62

5 0.68 0.82 455 1.00 25.03 0.98

10 0.67 .0.81 3.92 0.86 25,53 1.00

20(24) (0.00) (0.00) 1.54 0.34 23.15 091

50 - - 0.20 0.04 11.54 0.45

100 0.00 0.00 0.14 0.03 1.52 0.06

MOTOppe, 7 CERT Tew 11 100417k 2 A &AM WotAAE o dAZ Y

\\ —» Modified DL-EPR Test )

08} [*¥  \T I Standard DL-EPR Test| 08 Ele] Aglel] et 2F9 = £EE FAFRA
vos | ; “.‘ \. o » A} ¥ 0] 7 (scanning transmission electron micros-
T \\; : " cope, STEM)& Abgste] 243 Az allshy
Foat - N 04 = o]l HE5E FX AL AT ngAdde) Y40

oz b \'\_\ 109 A A 7o) Z7hgtel whel Cro] RA L ZRE 3

4 T\ e e \\3 AR gatste] 2FNEFe] dol} Yz e 3

1 I Fadedclel A¥GT Rushdch 2 A7

0 20 40 60 80 100
Aging  time (hour)

Fig. 9. Comparison in normalized condition bet-
ween the results of EPR tests and IGSCC suscepti-
bility for alloy 600 aged at 700 C.
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