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Stress Corrosion Cracking of Steels in CO-CO,-H,O Environments

Masaki Uekapo, Kuniyasu SAka1, and Masanori KIvOSHIGE

Synopsis :

The effects of gas composition, alloying elements, cold working and heat treatment on the susceptibility
of stress corrosion cracking of mild steels, low alloy steels and austenitic stainless steel in CO-CO,H,0

environments have been investigated.

The results obtained are summerized as follows :

(1) The transgranular stress corrosion cracking occured in CO-CO, environments which are consisted

of both vapor and liquid phase.
in liquid phase.

Stress corrosion cracks initiated from pits on the surface of specimens

(2) The resistance of the killed SS41 steel to stress corrosion cracking is superior to the rimmed SS41
steel. The Cr—Mo steels containing Cr more than 9%, did not suffer from stress corrosion cracking in CO-

CO, environments.

(3) The susceptibility of these steels to stress corrosion cracking was increased with increase of hard—

ness due to heat treatment.

(4) Mild steels are more susceptible to stress corrosion cracking at 5% cold working than at other cold

working conditions.

1.

CO-CO,-H,0 BEK B 5O NE R IR,
FEIFWTIX CO-CO, BAV ARBNEREEETD
E A EHTEE LTSk R & h, Th b2t
Yo' BIA R hion ~9. —iERIe CO-CO,-HO FZH&
TR AMOENBRE U, BAEREIhTED,
REMBIVCEASPM LR RELRST VWL,
¥ DRDIGIIEAEE L Ky % & ey CO-CO,
B v A BHEF TR RS bW ERRDLRT
4N ~8),

La L, ZhHOPETE LERSET © CO-CO,
BHSTHEI TR TED, b7 5 v r EHEEHIEK
FHEETD CO, CO, FHE T THERIND Z &43H
b, chbDOFHKATIRFTACEADLETHSL LR
PbhB., 7, HEECRWTHEER e BEnI,
BN, BWHEASRTRTHY, T LOIMTOZE
DWTHRT B EBREELEDLRS.

F =T, HEBERE T o CO-CO,-H,0 FH& Tiek
A REMRE LOEASMOINEREERTOWT, %

]|

BT 5 FFESET S LOBME, BEMTRE %
SR BRTF R BT 5 DD EREIT oK.

*to, COROEHEREINDEEm Y EARE T M

wRGWTHZE L, LOBHEOFEITOV-TERE L.
2. £ B A &

HEERM & LTl D+ N8l SS 41, v & VE#l SS 41,
STBA24(21/,Cr-1Mo §H), STBA25(5Cr-1/2Mo £f),
STBA 26 (9Cr-1Mo £8) % X ¢t SUS 304 (18-8 =5
v AR AW, chboSMobERs XUk
#HE% Table 1, 2 7.

HMAE L b FAM B XOTIRAIEN (ZAM R BRI
B UkED, SREmI T AV-7c. Sh oo BNE
k% Table 3 1, zhbd i 7 effiff% Photo. 1 1
R BRI ITHIE, 1 vAr e vESERRA BRI X
b, BORO (F4 FE SS 41, v AV SS 41) 5,10,
30% oBEOTEEMAE LI D L L.

RBAOHR - % Fig. 1| wrRd. A& LT
Fig. 1 () WRTEO T 4 SHHFHTFEABRK A
Wic, BB (b)CARTEOT A 4 SEXFHITYI 0 K

B 54 £ 4 AALSHBARKCTREL WM S5 £ 7 A 7 AEAF (Received July, 7, 1980)
* )| E T3 (b)) B EFT (Technical Institute, Kawasaki Heavy Industries, Ltd.)

— 136 —



CO-CO,-H,0 FHAILK I L2MOHEARN

1543

Table 1. Chemical composition of steels used. (wt%)

Steel C Si Mn P S Cr Mo Ni
Rimmed SS 41 0.22 | <o0.01 0.46 0.019 0.010 0.022 - —
Killed SS 4! 0.14 0.18 0.70 0.020 0.007 0.020 — —
STBA 24
(21/, Gr-1Mo) 0.09 0.40 0.49 0.022 0.013 2.18 0.93 —
STBA 25
(5Cr1/, Mo) 0.10 0.38 0.45 0.022 0.004 4.87 0.54 —

" STBA 26 ‘
(9Cr-1Mo) 0.11 0.56 0.47 0.025 0.003 8.10 0.96 —
SUS 304 0.07 0.62 1.61 0.027 0.008 18.26 — 9.16
Table 2. Tensile properties of steels used. DD ZAMOBEREX (102 0.2% WH), BLOF
Tensile properties DEEREEE D 80, 60, 402 DL x4 L.
Steel 7y on £l HREFEZ, CO, CO, N, CH, % &iiRA» A%
(kg/mm?) | (kg/mm?) | (%) BThh, KB LT BEIRE (Dry), BERE
Rimmed SS41 25.8 43.1 34.7 (Vapor), ¥HIMEE (Liquid) iwic 5 X 5 1C288k Ui-.
Killed SS41 26.5 44,1 33.9 EEAEEE Y Fig. 2 WiRTLO5RA— 2 1Lv—7F (SUS
304 Y, 78 101 , BRI EESA B CIT,
STBA 94 30.6* 0.3 30.0 a o, AE )?ﬁﬁi L %E&ﬁﬁ%uﬁ%ﬁ’ﬂi » b
LHDFA—r2r—F%e—-—2) By 2HCEETL,
STBA 25 53.9 65.5 192 SB Ak 3 EER UE, RBENECrARETA
STBA 26 40 .4* 62.0 - 25.0 L. BERERRTIEZ, #— b7 vr—7OERCEY
~10°0 . H7.0~7.1) % 200 <,
SUS 304 34.5% 68.2 65.5 A% (LEA~1072-cm, p ) & 20cc An
N, 2% 30min i U, v—2 ) H 72

* g5.2 0.2% Proof stress

SRR IZAHO—MOEBREEDZB . 0
Vo REOHRERL 2.7 THD. ThHLORBRADS
%, % FE)SS 41, v A F8YSS 41 % X SUS 304
3, TORFHANEERAMEBEMC/S X 5L
#-. STBA 24, STBA25, STBA 26 13, &A% 0k
HEaERBRFOEFHRL—T A X 5 HR L.
BRI, 4 8ZERT s -2Hy, Thith

TEZERC L. o, REy223EERL, RABRE
HETHALEFTA L. FAERERER TLIRBA 2K
PIEET S L5 REEKE AR, FRDOAFE X DR
BAARFTA LI, Ik, ThODRBRF AL HA 2
rT /S 7 OCTIIEOBEZI DT D E 5 M
BREER L7-. REREINE 10, 18kg/cm2-G & L, IEX
RBEX 50°C —F & Lic. chboRBEHE2 F EHT
Table 4 T3

Table 3. ﬁeat treatment of steels used.

Heat treatment
Steel As received ,
W. Q. A. C. F. C. Q. T,
. ‘ 900° C % 30 min
Rimmed 5841 Normalized 900° G x 30 min | 900° G x 30 min | 900° C x 30 min w. Q.
. rmahz W. Q. A. C. F. C. 600° C % 60 min
Killed SS41
W. Q.
STBA 24 Annealed 930°C % 30 min
STBA 25 930°C x 30 min | 930°C x 30 min | 930°C X 30 min W. Q.
Normalized and W. Q. A C. F. C. 725° G X 30 min
STBA 26 Tempered W. Q.
Solution treated
SUS 304 ( 1 050°C x 30 —
min W. Q.
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As Received

Rimmed SS41

‘ Killecl_i_“ SS4L

STBA24

Photo. 1. Microstructures of steels used.

- 80
% Table 4. Experimental conditions.
— o Test condition A B | C D E
R
(@) smoothed bent beam specimen Cco 40 B?ég;"’e 15
— 80 Gas CO, 10 25| 20 45
“ ,CE Content CH o1
60 3 C j. 2k (VOL %) - :
s/ S o N, Balance — |Balance
a2 (b)notched bent beam specimen Ph Dry
. ) . . . aga Vapor Vapor, Liquid
Fig. 1. Dimension of stress corrosion cracking (H,0) Liquid
specimen (mm). Total Pressure 10 18
U (kg/em?G)
| % X Gas analyzer Temperature (°C) 50
. b
'.7—Mg|cave Period (h) 1 000
uml 7 o=, [ smooth,
o Lump F0] > Seqcimen Specimen smooth v-notch
0, R . (as-received)
v Materils S| e,
. condition (5, 10 30%)‘ treatment
Fig. 2. Schematic diagram of the experimental 2

apparatus.

— 138 —



CO-CO,-H,O ZH&AITH 5O HE LR

1545

Table 5. Results of stress corrosion cracking tests.

Test Condi tion A B C D E
G CO (%) 40 40 40 80 15
as .
Content CO2 (%) 10 10 25 20 45
Balance N2 , CHg -01°%
Total pressure (Kglem?G ) 10 [ 18 [ 18 [ 18718
Phase (H20) Dry , Vapor , Liquid
Asreceived |Smeoth oam|AD| A OlAD|AD
Rimmed V-notch — - —_ A B | A O
' s [OAm| AO| A~ m|l2aD]|2D
Cold work
$S41 ) 10 QAO} A O A OglAaolAO
’ 30 |[oAo|AaO|aalaolaoD
Heat . treatment - — - Am|AD
A ved Smooth [OAD | A | A O|lAD|A DO
) srrecelve V-notch — - — AO|A O
Killed s [0oAD| AD |2 O|laaola O
Cold work
SSZOI ("/o) 10 OAD A D A D A C] A D
30 A O A O A Dl ADO|AD
Heat treatment — — — AR |AD
} . ASmooth |[OAO | AD | A O]lAR|A N
As-received
STBA 24 V-notch — — — A RiA D
Heat treatment — — - AOlABR
. soth (OAO | AD| A O|laolao
STBA 25 |7V Notn | — — — |aolan
Heat treatment — — — AOQlAam
_ Smooth [OAD | AD|A DOl AO!lA O
STBA 26 As-received V~-notch — — — AQ|A DO
Heat treatment — — — A0 |A D
heoreceivaq SN [0AD | AD |A O] AD|AD
SUS 304 | As-received [T 2o T — — |ao|a o
Crack No crack
Dry ® @)
" Vapor A A
Liquid | (m}

Applied stress of all specimens : Yield stress (0.2% proof stress) of each steel in as-received

condition.
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Table 6. Effect of heat treatment on stress corrosion cracking in the CO/CO, atmosphere.

Test condition D E
Gas Cco 80. 15
Content CO2 20 45
(%) Balance N2 , CHs4~01
Total pressurelg /cr?G) 18, 18
Phase | Steel lrecised 539 [WQ [ AC[F.C|QT |redtived| ¥k |WQ | AC|F.C |QT
Rimmed SS41| & Ala|a]|a|a a VN VN BN VAN BN
Killed SS41| & ala|jalas|a P\ A | oo | A A
vapor STBA 24 7l —lal|lal|lajfa A —|lalalala
STBA 25 A — | A AL A Al & —la|lalal]a
STBA 26 A —la | a|a s A —|la|a|ala
SUS 304 A — == | A — | —|—|— |
Rimmed Ss41| W o|w|o|o|a o o |o|o| oo
Killed SS41 0 ] o n D| = a O m] w} O ]
Liquid STBA 24 = — | Oo| O o| o [ ] - | s (= O | m
STBA 25 o —| o}lo}l oo O — |m | D |Ooj|0O
stea 26 | U —| o | o| D0|Qa m) —|o|o|D|oO
SUS 304 o -l == =1 0 - = =1—1—
Crack A m No crack a O

Applied stress of all specimens : Yield stress (0.2% proof stress) of each steel in as-received condition.
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0 10mm

a) Dry phase, b) Vapor phase, ¢) Liquid phase

Photo. 2. Appearance of specimen surfaces of
rimmed SS41 after stress corrosion cracking test.
(Test condition : A, Test time : 1000 h)
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(a) optical micrograph (b) scanning electron micrograph

Photo. 3. Stress corrosion cracking of rimmed SS41 (cold work 59;) in the CO/CO,
atmosphere. Applied stress : 25.8 kg/ mm2, Test condition : A (vapor)

Photo. 4. Fractographs of stress corrosion cracking of rimmed 5541 (cold work 59;).
Applied stress : 25.8 kg/ mm?2, Test condition : A (vapor)

(b) Liquid phase

(a) Vapor phase

Photo. 5. Stress corrosion cracking of rimmed SS41 in the CO/CO, atmosphere.
Applied stress : 25.8 kg/ mm?2, Test condition : A
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AT

a) as-received, b) quenched, ¢) normalized, d) quenched-tempered

Photo. 6. Effect of heat treatment on stress corrosion cracking of STBA 24 in the CO/CO,
atmosphere. Applied stress : 30.6 kg/ mm?2, Test condition : E

J | @® crack
o Ono crack
o ° _
300
—_ [ J
>
: |
g . i
,§ 200 —8 ,O
2
/8 °
100
0 2 4 6 10 12
Cr (Wt°/°)

Fig. 3. Effects of Cr content and hardness on
stress corrosion cracking.
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