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Effects of Pb on the Stress Corrosion Cracking of Alloy 600 in Weak Caustic Water
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The effects of lead on the stress corrosion cracking of Alloy 600 were investi-
gated in weak caustic water at high temperature by Slow Strain Rate Test (SSRT).
The extent and morphology of cracking were analyzed by Scanning Electron Mi-
croscope (SEM). The chemical compositions on the fracture surface were analyzed
by Wavelength Dispersive X-ray spectroscopy (WDX). Alloy 600 was cracked se-
verely under the condition of 100 ppm Pb, | X 10-7sec”!. PbO acted as a role of
oxidizer on the surface of Alloy 600, and IGA and SCC occurred at a low concen-
tration of PbO, while SCC only occurred at a high concentration of PbO. The
strain rate is a critical factor in this SCC test, no SCC occurred in the solution
containing 1000 ppm Pb at strain rates of S5Sx1077 and 1x10%sec’’. The
transgranular stress corrosion cracking of Alloy 600 in lead doped water may be
closely associated with the carbide morphology at a grain boundary, the lead con-
centration and the strain rate. And the transgranular cracking mechanism of Alloy
600 was interpreted on the base of the anodic dissolution followed by active slip
step dissolution.
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Table 1. Mechanical properties and chemical compositions of the Alloy 600
Sample Heat No UTS, YS, |Elongation,| Thermal Chemical composition, (wt%) :
No. ‘| (KSD (KSI) (%) [|treatment] C Si | Mn| S Cr | Ni | Ca| Al | Fe
MA at
5007
1 9.0600. 194 42 46 960°C | 0.01] 0.1 | 0.3 |(0.001] 15.4{75.1| 0.2 |0.22] 8.0
Mitsubishi .
- 10min ~
MA at
NX868
2 : ﬁio 8 97 40 50 980°C | 0.04 | 0.30 | 0.21 {0.001115.21{75.34| 0.12 | 0.22 | 8.0
7777777 i 2.25min. B
Heater Haslelloy C-276 Vessel
i Supporting rod
/Specimen
=~ ) 3 Controller
displcement  Load
k
10¢% 2 Pull rod speed
145 v/ Temperature Timer
25 / Cx
‘ N
' | I Pressure balancing 3 Data acquisition
Fe) i
‘ ‘ e ?
P \ R8.25 , —
}4—3—()——»3!5;! = Siepping 1BM PC
(Unit:mm)
Fig. 1. Dimension of the SSRT specimen. Fig. 2. Schematic of the SSRT facility.
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(b) (b)

() (c)

Fig. 3. Optical micrographs of carbide morphology Fig. 4. SEM micrographs of carbide morphology of
nf the Alloy 600MA after etching. a) 0.01% car- the Alloy B00MA after etching. a) 0.01% carbon-
bon-phosphoric acid, b) 0.01% carbon-Nital, ¢) phosphoric acid, b) 0.01% carbon-Nital, ¢) 0.04%

0.04% carbon-phosphoric acid. carbon-phosphoric acid.
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Table 2. Summary of the SSRT matrix and results
Test IS ) Test condition Resuits :7
I\?CS) aI\rInpe Material | C % Tem H Pb, Strain rate, | UTS, [Elongation,SCC ratio| Time to Crack
> PP opm) | (see) | (KSD | (%) | (%) [failure(Hrs) moie
1 0 1107 | 97 16 0 1368 | Ductile
2 100 | 1x107 | 5 12 84 365 (o
3 1 Alloy [0.01]340C | 10 1,000 1x10 104 52 0 171 Ducpiliei
4 600 1,000 5x 107 101 49 0 343 Ducniﬁe
5 10,000 | 1x107 | 53 11 99 316 IG(+TG)
6 2 0.04 5,000 1x10°8 72 36 64 100 T(L )
GagEo] 0.04%9 A $(Fig. 3-c)dle= UA HAYAAZAE, dAAg, duzdLg, F3AY F
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Fig. 5. Effect of Pb contents on the SCC
susceptibility of Alloy 6030 MA in water of pH 10
at 340°C, strain rate is 1x 10 7 sec™.
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Fig. 8. Effect of Pb contents on the stress-strain

curves of Alloy 600MA at 340, pH 10.

IGAYol el wow g FUYE] o

th 2ela Fig 7-(b)o] stA e 278 A &

f2)

gragaol ddols s wushl o & gk
vk Fig, 8o el wrel 7he] Pb 10000ppm,

Y HEE M E 43 v SCCYY S
B vk &, Pb 100ppm= el A ate} el

IGA7} g8 @25 ga oy AR of

(a)

(b)

Fig. 7. Fracture surface of the Alloy 600MA(0.01
% carbon) fractured by SSRT at 340, pH of 10,

-

Pb content of 100ppm, strain rate of 1 x 10
sec”! a) Side view of the gauge section, b) Frac-
ture surface.
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(b)
Fig. 8. Fracture surface of the Alloy 600MA(0.01
% carbon) fractured by SSRT at 340, pH of 10,
Pb content of 10,000ppm, strain rate of 1x 1077
sec”' a) Side view of the gauge section, b) Frac-

ture surface.
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Fig. 9. Stess-Strain curves of the Alloy 600MA
(0.01% carbon), pH 10, Pb content of 1000ppm.
(No SCC occurred at the strain rate of 1x 1076 5
x 107 sec™!).
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Fig. 10. Ductile-dimpled fracture surface of the
Alloy 600MA fractured by SSRT at 340°C, Pb con-
tent of 1000ppm, strain rate of 1x 10-% sec™!.
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Fig. 11. Fracture surface of the Alloy 600MA(0.04
% carbon) fractured by SSRT at 340, pH of 10,
Pb content of 5000ppm, strain rate of 1x 107 sec’!,

Transgranular cracking occurred for the specimen
with high carbon content, at fast strain rate.
a) Side view of the gauge section, b) Fracture sur-
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Fig. 12. SEM image and element map on the fracture surface of Alloy 600MA(0.04% carbon), 340°C, pH of 10,
Pb content of 5000ppm, strain rate of 1x 10 sec™ . a) SEM Image, b) Lead, c) Nickel, d} Chromium.
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Fig. 13. a) Fracture surface showing a crack arrest and a different slip plane in a grain. b) Lead-riched particles at

the front of the crack arrest.
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Fig. 14. Transgranular cracking of thermally treated Alloy 600 in water containing Pb.
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