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Study on Material Factors that Influence the Susceptibility of
Line Pipe Steels to External Stress Corrosion Cracking

Synopsis :

Komei KASAHARA and Haruhiko ADACHI

Material factors that might influence the susceptibility of buried line pipe steels to stress corrosion crack—
ing (SCC) were studied by means of the slow strain rate technique (SSRT) of SCC tests in carbonate-bi-
carbonate (CO,) and caustic alkali (OH) solutions which had been identified as the environments that

could produce SCC on buried steel pipelines.

The results obtained are summarized as follows :

1) Possible SCC potential ranges for as-received line pipe steels in OH and CO, were —880 to —1 230

mV and —650 to —875 mV vs. Cu-CuSO,, respectively, and were independent of types of steel.

2) SCC susceptibility of every line pipe steel changed in a decreasing order of STPY 41>X42>

X65CR>X60CR>X65QT.

3) Effect of rolling direction on the SCC susceptibility was weld metal>C>L for STPY 41, while
C>L>weld metal for the rests, both in a decreasing order of susceptibility.

4) Effect of heat treatment on the SCC susceptibility was water quenched >annealed >as—received > -
quenched and tempered, in a decreasing order of susceptibility.

5) Activation energies for the growth of stress corrosion cracks in CO,; and OH were almost the same
with those of crack-tip dissolution, which lended strong support to the suggestion that the controlling pro—
cess in SCC of line pipe steels in CO, and OH was crack-tip dissolution.
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Table 1. Chemical compositions and mechanical properties of line pipe steels tested.

Chemical composition (%) 0.2% proof Ultimate tensile Elongation Reduction Hardness

Spec. Grade Thickness stress strength of area

(mm) C Si Mn P S Nb (Mpa) (MPa) (%) (%) (HV)
API 5LX X65QT 12.5 0.11 0.29 1.37 0.015 0.003 0.032 457 571 31.2 79.6 185
API 5LX X65CR 12.5 0.17 0.38 1.32 0.014 0.009 0.028 453 567 34.0 79.3 180
API 5LX X60CR 13.5 0.14 0.36 1.19 0.028 0.014 0.021 432 566 29.9 76.6 176
API 5LX X42 12.7 0.27 0.40 1.22 0.025 0.015 tr. 350 476 29.4 68.1 152
Jis STPY41 12.7 0.19 0.31 0.72 0.023 0.019 tr. 342 464 30.5 75.4 143
JIS SGP 12.7 0.08 tr. (.32 0.010 0.017 tr. 262 393 32.6 73.0 133

Photo. 1.

mm OHEFHRRFE R TERNTOD S, $E
IR U TEBEANEES K LR S 0B E A T o Ltk b
SCC BZMEHAS L, RBRC LI, i, BERC
Bd2Bh & LT, BHEBAR LA—v 1 xDb 0
CHRESBOAEY X 5 CEET S SER LS 0,
RO, 16 mm ofESRIC, BEERE, BWER, Ao
3ONINE D X 5B L EACERT AN HERL
b0 2BEYAB L. REBRTEL>T, RBFO
BTSN D% 77 v VBT o — T L F 7 R
VLY — VT — 7 G TESICEN T 5 —F,
TEHCOWTIE, 4/0 = 2 ) —$0C X 2 REML LD, 7
BT, 7t VICXABiIEY L. t¥s, LFT
3 FRCETDIRWER D BT A DY) LR R v
Auwsbz bt s,
2.2 SCC 55

SCC BB, BAREEE 1073~10-7s-1 KA ZED A
VA b e vEIB [RGB X 5 KEBL FEEY (Slow
Strain Rate Technique, ) F SSRT) iz L 527
RBCL, BREFTLART 7 e vEEEl w19 %
W, RBENCIGUTHEXET VY a Az PRI DE
ELET, BEETA) 22, VY D EEBHTIC
HEL T2t SCC BBEE LT3, BEBFASKT
WBEFA L7 SCC % {7-6T BIE: HEIAh

1:X65QT : 2: X65CR, 3: X60CR, 4:X42, 5: STPY4l and 6 : SGP
Microstructure of line pipe steels tested (X 100).

T\3%, IN Na,COy-IN NaHCO; %% (LLF COs)
29, B XUV 35% NaOH #y (LUF OH)? i o\
FeHHL, h#ot-»ic, 5NCa(NOy), % (LIF
NO;) R RICINL 2. RBOMEARE LT, B
DY B E LT HE 99.99% OmipsE®in 2%,
¥ L% 100ml/min TR ¥ A%, BEOBEL, +— 3
A BB ERFRAA e — 2 EEFWT £2°C ity
L7z, SSRT iw k% SCC RBgi:oigE L LTk, B
& 1T, SCC ko SSRT RBRCELh sk (R.
A. solution) &» FIGRED vV 2 v A4 AT Y
(R.A. o) Eolx AT

3. HBRERBLUEER

3-1 gAfEL SCC Rt

Fig. 1, Fig. 211, £hZh, CO; %, OH Rick
5 &MED SCC RZH: Ky M) 2BEMEKEEOB
FrDEBLICLDOTHS. KL, Hiokwic, X
52 1 o\~T Battelle Columbus Laboratories (LT
Battelle)® 287 R (7o LA ZIERRERIE) & —
BCRLTH5B.

%3 CO3 RTH 52, Battelle H3PEMTHRERT 0 I
CHEBLUTEHRE LR X52 o SCC Bz fEEIZ, 82°C,
2.5x 1078571 ¢ —690~—250mV vs. Cu-CuSO, (L}

— 106 —



FAvAL7AROIENBEARNLBERCRETHREFORE

1473

| Crocking B
J range 'j
Lot 1 10
]
08 08 o,
w0
- »
3 3
< 2
@ 06F 06 _
> 5
3 -
<t ~
o x
o4l =3
W
—e— X60CR
o2r et xe5CR 2
-_—a— X42
——0— x52%
——tr—— SGP
" . — . 0
0700 -800 -900 -1000 -1100 -1200 -1300 -1400
Potential , mV vs. Cu/CuS0a
Fig. 1. Effect of potential on the susceptibility

of various line pipe steels to SCC in 1IN Na,CO,-
IN NaHCOj; at 80°C. SSRT at 10-6s-1.
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Fig. 2. Effect of potential on the susceptibility
of various line pipe steels to SCC in 35%NaOH
at 90°C. SSRT at 10-6s-1,
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Fig. 3. A comparison among various line pipe
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Fig. 6. Effect of heat treatment on the suscep-
tibility of X60CR line pipe steel to SCC in vari-
ous environments.
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Fig. 7. Temperature dependence of the stress cor—
rosion crack velocities and the peak current den-
sity obtained from fast-sweep-rate polarization
curves for a X60CR line pipe steel in Na,CO,-1N
NaHCQO; and 359%NaOH solutions.
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7-. Bovyp® 3, CO; %» SCC it 82°C TEd #ML
W EBRNTWBH A3, Fig. 7 Tk, 90°C X AUGEBEE
B UDTEY, ZhaBEMT TS ABRORR
DB 107857 LW S BERFEED T T2k d DT
B57,C0; ROBZWDTA OH FRorh b d
ml, i, FREBEEDIRE SHETW325, 10775t~
UTFeies &ilind s, hix, CO; Rix 10-6~10-7
s O TRAOERZEE R TOCHL, OH Rixzh
X0 BB ZMO 27235, BEEDOTTH
SCC B THBHB1DTH 5.

4. & =
WS A v A FEHED L SCC b T e

Xh T\ % NaOH, Na,CO,-NaHCO, kst SSR-
T/SCC RER%ETT\, HENN SCC W RIETHEL R
LR, M CiRBETRIRDZEXDH DD, KEMLL
T X 5 fBRA2 D5 2 E0HB L.

(1) SCC EfrfAsMfEC X 53E—ET, AR
#cit, OH B —880~—1230mV, CO; % —650~
—875mV “Ch 5.

(2) AR #o» SCC gZt:o FFlik, STPY 41>
X42> X65CR> X60CR>X65QT Th%.

(3) EEFAOEZL, STPY 41 TlIBE#ESE>
C>L ThHoth, fLoMETIE, C>L>BELBT
Hotk.

(4) BB X 5REZWMOFTNE, KEEAM> B
FLM>ZAREEMS>EARLEDS S LY THOT.

(5) SCC %Z#Ez4# XX, NOy>CO;=0H =,
BREMOFFILFE U ThH k.

(6) OH %, CO; % SCC o XZUEROERL=
F X = PNEWCEREIED T h E A v~ ThHol
Eb, ZhboFRD SCC 1, ¥HLWRCET HHBR
RGO ERECTHEEIRTHWE30EEZL RS,
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