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A Study on Stress Corrosion Cracking Evaluation with Material Degradation
of High Temperature Components

J. J. Park, H. S. Yu and S. H. Chung
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Abstract

It has been reported that high temperature structural components represent the phenomenon of
material degradation according to a long term service under high temperature and pressure.
Especially, fossil power plant components using the fossil fuel and heavy oil are affected by
dewpoint corrosion of H;SO, produced during a combustion. Therefore, the service materials
subjected to high temperature and pressure may occur the stress corrosion cracking. The object
of this paper is to investigate SCC susceptibility according to the material degradation of the high
temperature structural materials in dewpoint corrosive environment-H,SO,. The obtained results
are summarized as follows : 1) In case of secondary superheater tube, the fractograph of dimple
is observed at the concentration of H,50,-5%. When the concentration of H,SO, is above 109, the
fracture mode is shifted from a transgranular fracture to an quasi-intergranular fracture accord-
ing to the increment of concentration. 2) In the relationship between [JDBTT]s and SCC
susceptibility, it is confirmed that the greater material degradation degree is, the higher SCC
susceptibility is. In addition, it can be known that SP test is useful test method to evaluate SCC ’
susceptibility for high temperature structural components. 3) When [JDBTT ] is above 17°C, tae
SCC fracture behavior is definitely observed with SCC susceptibility of above 0.4.
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Table 1 Chemical composition (wt.%)

{CMnP SLSi cr | Mo

035 | 08 | 0.050 o.oeoL

0.35 0.44

0.15 | 0.5 | 0.045 | 0.045

Steels i Spec. No. I Symbol
Carbon steel | SAI78C | A, B,C,D,F
A209
oMo | E
Ferrite TIA
* steel 21/4 SA213 G
i Cr-1Mo T22

211 | 0.96

Table 1 Mechanical properties

Tensile strength Yield strength
. No. 5 1
Steels Spec. No Symbo (MPa) (MPa)

Carbon steel SA178 C ABCDF 413 L 255
1/2Mo | SA209 TIA E 379 KL 207
Ferrite |——
steel 21/4 SA213 T22 G 413 207
Cr-1Mo
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Table 2 Service conditions

Symbol Location of specimen

Service temperature(‘C)

Service year(yr.)

A
Convection tube

Screen tube

26

390

jes)

Slope section tube

26

230

C

D Left hand side water wall tube

E 2ry superheater tube 8 520

F Right hand side water wall tube 11 300

G 1ry superheater tube 11 440
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Table 3 Results of SP test in low temperature

Symbol | Structure [DBTT]s(C) [ADBTTle(C)
de-embrittled —190
A 30
as degraded —160
de-embrittled —186
B 6
as degraded —180
de-embrittled —169
C — 8
( as degraded —161
de-embrittled -190
D 1
as degraded 189
de-embrittled -167
E 21
as degraded —146 ¢
de-embrittled —189
F 15
as degraded —174
de-embrittled —178
G 17
as degraded —161
201 Ar I, 2.0 : l 2 :HyS0,- 5%
2:H,80,- 5% _ G | | 3 : H,S0,-10%
3 : H,50,-10% 1 ' 4 :H,80,-15%
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Fig. 3 The effect of concentrations of H,SO, on the
load vs displacement for 2ry superheater tube-
as degraded

adlel A Frl Sl wel Egps Azl 7

ok,

4% volnrh At ZoEE AFE BT 4 9
th olel®h A%E Fig 59 £4273 dirldd

Fig. 4

Concentration , (%)

The effect of concentrations of H,SO, on the
behavior of SP energy for 2ry superheater
tube-as degraded

2 ¥Eol we
BG4+ Qloh,

sholl we} WA SR



1128

7l

o},
Fig. 62} Fig. 7&

ZrbaA zas)e

30 2

i
T

o) shab
7] 4] A
A g

2

=

o 11 Flg 62
Folu HeS04-5%2]
Ok EL
ol Fedol 4l oA
FE7h 10% ol 4kl
olet,
UM DH?]%EHQP

Esig ARy 4

2 o

drle

o
o o

= rlr ale

s
B g

04

ol
o

f

Fig. 72}
5%l H,S0,¢
10%3 15%¢ shul g
4 9 aeln 20%el BSOSl ol
sheish slaAsialel gael $AYATd o

al
3 0

A

o]ouq 5 =

| A

i3

s m}L‘

U A

[‘_E.,

>|
==

ol

& s
mzi
AT
4 £
hoe Ty
ook o

==

oo
\o)

o }n fo
ke

L ojo ofN

JﬁﬁﬂﬂA
wE %i%
gl 15%E A

o dz & o in

2

29

ki
)

7

o
©

(=]
o

- 1A
2:H,80,5%

3: H280 410%
.| 4:H,80,-15%
5:H250‘-20%
6:H,80 425%

SCC susceptibility
o
'S

o
[

U B n

10 15 l 20
Concentration , (%)
Fig. 5 The effect of concentrations of H,SO, on the

behavior of SCC susceptibility for 2ry super-
heater tube-as degraded

1

1
0'00 5 25 30

Flg 82 A2 7} 390Cel
Axjel screen tubeOﬂ o 5F
15%9] 2373 stol 4 o2 stF -9
A Aztelel, WA FEF HAATE
SO-15%ol 4= 715 Azl =lal

sols glef w71 gl el AN st
Algpmd AL RS wowd,

ARg-A17ke] 260
97157 HSO.-
9] A %7 SEM
<+ ¥4, H,
7 5}

%3} ol

al

= =
- o

1o
Ve A

Hol oA gl 7] A %S

(d) H,S0,-15%

(e) H,S0,-20%

[ W
1000 gm

Fig. 6 SEM micro-fractographs according to the
concentration of H,S0,



(d) H:S0,-15% (e) H,50,-20%

e
10 gm

Fig. 7 SEM micro-fractographs according to the con-
centration of H,S0O,

AgAstl Az A2 AdFwd g 2
oli= d¥H AP ATS FHF 4 Ao

screen tube= FFelgh g4l Ao
Aol 4= eh

Fig. 9+ 250Cell 41 111 9] Abgolud g 2t CHj
2l slope section tubeg] <)% 4 sto|c 24377}
o 7| Al o FE-m R AF S viae] M, §-413
Aol A4St EHﬂ*LHM 7ol ekih A sbaled
T afol & Molm olx] ofch OIH'C'* 749 FAlA
Ao d AsE wel o 7Tl 4ir dE
ol "iginiow ol4A ﬁ}f—]#‘% Hels, H,

o
SO-15%l 413 W& abd st Q) apdoe] &5l

»

L

wopoll ek ol 1129

1 : Air
2 : H,S0,(15%)
T

1.5 2.0 2.5

1
1.0
Displacement , (mm)

(b) H250,15%

Fig. 8 Load-displacement curves and SEM fracto-
graphs for screen tube in air and H,SO,-15%

9l W u}wd S ¥ o slope section tube®] 7%= quasi-
SCC ahaAg o HJeld 5 glch

Fig. 10 Gajel 1ry S/H tubes] £=x
A& d o)k, H,S0,-15%2] sk 7452
7152 BbE-w Y A Sl vl F AHskE Holm 9}

of, zelan il Sl e we a4dgEaa @
L3} g

oo I AEE Holi 9rd, w3l 2ry S/H tube

sh ol Aol EAG HgFolit, BT ol
das HY + e,



1130 )

ofy

2.0
&) . slope section tube - as degraﬁed}
1.6
— 1
ezs 1.2
g
- 0.8
0.4 —
1 Air
2 HZS,O"“EQ/Q),
0.0 L

A I
0.0 0.5 1.0 1.5 2.0 2.5
Displacement , (mm)

(b) H,S0,-15%

Fig. 9 Load-displacement curves and SEM fracto-
graphs for slope section tube in air and H,S0,-
15%

ol kel AR|~GAIZA el 7k Ag el Bt S
wAFd s Are) 7 Fusjel dsieal [4

1, 2 A3+ Fig 13

7}
gol] weh, & cishEol Fobge] whel $EYAF
ZohEe o 4+ sk o

CREAL- A

2.0, —

[6 : 1ry S/H tube - as degraded

(a) Air

(b) H.S015%

Fig. 10 Load-displacement curves and SEM fracto-
graphs for 1ry superheater tube in air and H,
S50,4-15%

-
=]
-
(8]
Eaad
~
N
_
L
U
o
ied
\op
‘_l_'
"‘u
-0
=
—
Ly
=]
%
—
i
z
N
-
—
3
°
@}
2
ox

ez ol 4ol AR AR e ghudubd ey
o] mEAAe] At LA Bogelxe) 5
Hoalated wizbeeh ol BA L A o 9
onf, aERafe] SR AFA uiztrel HrkAl
g A -G EAgie] A el ged +
olvt,

ghal, g el AMell glir wediale] zelx

: 1= Larson-Miller parameter(LMP), =



L) A A el wbE G Raled # ot 23l oA 1131

Table 4 Results of SP-SSRT for degraded materials

Symbol Location of specimens 1 SCC susceptibility Fracture behavior
0.634
A Screen tube —_ SCC
0.744
Convection tube 0.300 Quasi-SCC
|
Slope section tube 0.268 Quasi-SCC
D J Left hand side water wall tube 0.240 No-SCC
0.662
E 2 heater tub SCC
ry superheater tube 0.697
F Right hand side water wall tube 0.396 Quasi-SCC
1ry superheater tube 0.487 SCC
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