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Environmental Factors that Influence the Susceptibility of Line
Pipe Steels to External Stress Corrosion Cracking

Synopsis :

Komei KASAHARA and Taisaku SATO

Stress corrosion cracking (SCC) susceptibility of X60 line pipe steel was evaluated by means of the slow
strain rate technique (SSRT) as well as the static load technique (SLT) in four environments, i.e., NaOH,
Na,CO4;-NaHCO;, Ca(NO,), and SO,, that were found potentially to cause SCC by the potentiodynamic
polarization screening tests on 25 chemical species present in the soil. The results obtained are summarized

as follows ;

1) SCC in NaOH could be produced at temperatures above 40°C, at stresses above 30 kg/mm? and
at potentials between —880 and —1 230 mV vs. Cu-CuSO,.
2) SCC in Nay;CO4;-NaHCO, could be produced above 15°C, above 42 kg/mm? and between —650

and —875mV.

3) SCC in Ca(NO,), could be produced above 30°C, above 5 kg/mm? and between +1 120 and —480

mV.

4) The minimum concentration required to produce SCC was 5% for NaOH and 0.5 N for Nay,CO4—

NaHCO,.

5) A saturated SO, solution was found to promote transgranular stress corrosion cracking in X60 line

pipe steel at ambient temperature.

6) The SCC potential region indicated by SSRT in terms of reduction in area was in good agreement

with that by SLT in terms of time to failure.
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A4 7L, API 5LX-X60, X65 %0 Nb 3T

LK LT, BERTHIEIZRTWH LD, EERE
MAD X52 RETHD, HHEMHCD, BRIZFEIG
NEATERICTID 712% L L, RESHFARER 40°C
ELTwHORK LT, BEXE TR Thth 40%, 30°
CLLTWDEWS XO7ENDD, T Bl R
LK EITRI DTV B D, FOWMEEELEEER
TERVCATEEM L EZ bhb., 2 TR T, T
BHRASL 751 v SCC R RIFTHRIERTFOME, &
MR EMEORE, WHRTFOFELRAERN, EEMT
SHE Lisks T2 ik b, Bikoid o B EOHFEE
O RMEEIIRER B D Z L EIE L. ATz odhn
5, HiTFHEHE 1 751 v SCC g+ BERTFO
BB O\ TaHRN5,

2. R B A E

2-1 gt

H#E3RH1T, RS 600 mm, P/ 13.5mm o API Spec.
SLX-X60CR (HEHEIE) 51 v-31 FTHME C, =01t
2p it Table 1 @iRT &K THS.

2:2 THRRBomAERRBRA & Ui, FEihEs
HEMFE 10mm, £X 15mm OFEHERBRLI 2 H
L, ZO—chR L oT) — VLT 7 v vBITH
BEED AT, =R+ UBEoEfRk L. Mot 4/0
= 2 ) —fie X AEEMLES, b0, 7Tt vk
HiRE &M L.

—%, 2.3 ThX% SCC RBAARA L LT, &
AR S, PITWER 3mm, DO/HLHELRE 6 mm,

B UC#m L BT ok, BEIS U CEE % i3
cliwkbh SCC EEZMLHEA L, RBcH L. ik
RBCFL 2T, RBRH OPITILUNDE Y 2T 7 v v
BlEVHETF o — 7 T 7 e VEIF - PR A GCTESHIC
SERE L, P oWTIE, 4/0 =2 ) —Kic X A5EEH
HEF, b, 7 Vi XA T R,
2.2 HEAEICKSD SCCRBER I/ Y-V IRBR
SCCHEA 7Y — = v /7R, HBEM #H5[H-
FVvYa ARy PERAWT, 1000mV/min, ¥ X0,
16.7mV/min ORFFEECERLTh SMBEEL LD,

Table 1.
steel tested.

Chemical composition of line pipe

Chemical composition (%)

Spec. Grade
C Si Mn P S
X60
API 5LX  controlled 0.14 0.36 1.19 0.028 0.014
rolled

P

1: Teflon cell, 2: test piece. 3: Instron-type tensile test
machine, 4 : condenser, 5: cooling water,6 : Pt auxiliary
electrode, 7: N3 gas, 8: thermocouple, 9: heater, 10:
Luggin probe, 11 :salt bridge, 12: reference electrode.

Fig. 1. Schematic of the SCC test cell.

Wi D s B active-passive transition FEHZIC T s
Bhicdoi SCC oMY HT 5 BELTH5FE
Tfrote. BEE, Fig. 1 o X545 7w vEREL
L VICERER AN, WFAZRv -2ty — 1A%
Ao Tiing £2°C K Lok, sk, BE»
LOREER, BROBHREHENE LT, #iE 99.9% 0
EEI A%, 8L 100ml/min TR XIAALK. BAE
B LTk, SFTHREMR (SCE) %%\ Hg-HgO
FBAEEZ A, A RKELIEB 2N UCEE L. B8
TN BAITEIE Cu-CuSO, EAREL A Ak U7,
2:3 SCC BRI MAMAR

SCC HBkix, FEAREEYL 10-3~10-7 s A ED A
vA b e vRIBEEREM X B EBZGHEEY: (Slow St-
rain Rate Technique, LJF SSRT), 7t bz, LA
=l 10:1 v -k SCC REMw L AHHEE
(Static Load Technique, LJF SLT) it X b {570t
B2z SSRT, SLT 3tz Fig. 1 o A% flL, RE
BRI UTCHE, PV A2y PRI BEBHT
i, 5WE, RFvyaAzxy ik hEBMN T
ML TITo7z. SSRT w X% SCC REZM:D 8K & L
Tik, SCC B SSRT REETHELhBRKY (R.
A.solution) &, FFKED YY) a2 vt 1 AT R,
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Aoi) &0 O H) #HVWAZ ER L. —F,
SLT k% SCC RZH:0IE L LT, WEEEs
Buwsz it Lz

3. HBHERBIUEER

3-1 SCC BRWDRIY—=vT

SCC #5[Xfz L5 % BEOBEIX LIV 2D
DBBH. HDLAbLhTOWBREMD SCCREL L
Tix, OH-, CO;-/HCOs~, NOs~ %R REMTH B
2, FEE>T, NaPO», CHyCOONH,, Ca
(OH),» &3 9 A bieiiz bh, ML TEELD
HEEZORTWA., L2 TARRTRES, Z<K—#
W7c LB, EEEZRY, BREAEK, ENZFLEL+L
BEroBlIhicz tobs 25 ofbEfconwT, B
PRSI X B A2 ) — = v 7RBET ok, RBREE
LHEER~100°C F T L. ToORR, B L 250
L54E, Bl BBM7 ve=va, BEE» Y v 4, 8§
B, Wi VYA, BV YA, BB vE=Y
&, FAWBF PV VA, BT vE=Y A, EHLE]
Pk, WM 18k, BIM2KEF VYL, T VB
Table 2. List of chemicals that survived poten-
tiodynamic polarization screening tests by provi-

ding sweep rate dependent potential shifts of ac-
tive-passive transition.

Chemicals Concentration Temperature Potential SCC range
(N) “Cc) (mV vs. Cu-CuSQOy)
K;C;04 H,;O 3 30 4255~ —275
(HN,)2C204 H,O 3 70 —120~ 550
HCOONa 3 70 +625~ —365
NH,CH;COO 3 70 —425~ —545
NaH,PO,4 2H,0 3 70 — 150~ —580
Ca(NO3)» 10 90 + 1120~ —480
NaOH 5 90 —880~~ 1230
NazCO3-NaHCO3 /1 90 —650~ —875
SO, saturated 20
Ca(OH), saturated 90 + 700~ +600
+10?
Potential SCC range
—_——
+10 |
Lo 1000 mV /min
N
< 2
€ R
:‘ 0l r g
§ I 6.7 mV/mm/\_.
£ 0
5 |
0. § /
g
-1

-1000 -800 * -600 -400

Potential , mV vs. Cu-CuSOa
Fig. 2. Potentiodynamic polarization curves for
X60 showing the potential range over which SCC
occurs at 90°C in IN Na,CO;+4 1IN NaHCO,.

FY A, RE, RIEA Vv, KEEF Y T A, K
ik oy s, REEE/ERBIE, MBIV T L,
W7 ve=va, BRIV A, REBILY T A,
HHiEE, 7 v AgEMBEKRO 5%, Table 2 wRL
10 BOBRBENEMIFE EERFHED D D active-passive
transition 7R L. FOhis LRER S 0% Fig. 2
1T, SutcLIFFE B3 (3, O X 5 IBALiRE EREK
DD 5 BEFHIBNICEA, BERS IR
@ active-passive transition JH{EK TH 2T, 12K
WS RO BIREE & DRI ) 2K ZWEMFR
T, e O AT CIRBEMEAET CE 528, M
TILEEN PE S hT\w5 &5, SCC DR AR
ST A UERBEIN T RE/ 7, Th% SCC OaffHd:
YETAHABREB SR LTIWVWELTWS, L,
DX S BREMNRTEERFED D 5 5 EEE)L, SCC
DABEHFTEIHOTHTAFHETEILTLEDD 27
Wiesd, EEAITAE 0 SCC FHERTEIhORE LT
BT HLENSD. T CTAHETIE, 950°C, 2h R
M HKBEAN LT SCC EEZMEZRDI-FABR A 2 A v
T, SLT R, SSRT REA% 1T\, LOMEREITOT.
REAERLIL, Table 2 iR L7z SCC OO B B E
(AR ZIFFROME & L. TORRE, OH-, CO;-/
HCO;~, NO;-, SO, » 4 BB CHZE 7 SCC 1D &
ni-n, flio 6 BEF ClIEhoRAETFED bhicho
7=. Photo. 1 13, A THWHTHLMI I Tz SO, i
1% SCC LR LICbDTHA., ZhbifEolk
fED 5+, NaOH r Na,CO,/NaHCO, |3, 51 v
A TR T Z ST X AART AR RES S D
b, ¥z, NOs~ Xk P& T hdMAy THH D,
BEha T 525, 8O, 13, HECEGThAEL & LTI
BB TH Az, LIFTix, NaOH(LLF OH %),
Na,CO,;/NaHCO; (LLF CO3 %), & X0, Ca(NOy),
(LLF NO, B) o 3BEBr oW T H LI K Tr2&

Photo. 1. Transgranular stress corrosion cracking
observed on a X60 quench and tempered line pipe
steel of Hv 330 tested by SLT in a SO, solution
(saturated, 20°C) (x200x2/3).
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Fig. 3. Stress-log endurance curves for X60 line
pipe steel at 90°C in IN Na,CO;-1N NaHCO,
(-725mV vs. Cu-CuSOy), 35% NaOH (-1075
mV), and 5N Ca(NQOyj), (-275mV).

[ I A

Fig. 3 11, EEMHEHE SLT X hRDBhET-
WHEFEIOBGR TH S, Mo X s, WTFhoREL T
AR T5 & &% iR TIn I -BE R AR 2 7R
L7z Te¥s, COy RD ZiFANRE T Moy, 5]
EWMI0 9% BERISHD 140%) H4o EhoFe
500h % BN ORENDD bhisholcticd, G
NEFEFRE 3.0 0 60°VEIRRY D REox HBkh %
HAWTRDIH D THD. OH e CO, RD X577
A ) WRE A BT B REM D SCC ik, BRI
BEOIRNPDBEL IR THE29Y, X60 0T AR
F¥MoEE, TERAGE CO; Z2TiX 42 kg/mm:?
& 100%YS #4, OH %k, 30kg/mm? 2\ 5 X 5
T 72%YS MY isoTwB, —JF, BEAh#D SCC
WML, FHARE IMCE2RDE W X 5 T,
CO; Zxfilic k5 &, SCC RAETRAILTL, ZTA
REFHOLR I D K 30kg/mm? (25%YS) Xis
DT 5.
3.2 SLT & SSRT DHE

Fig. 4 13, OH % SCC oEfrikFEM%, SLT »
SSRT CHEHR L-ERERLICLDOT, SLT off
BRI HWEER, SSRT ORI TR LTHS. W
ISR UBMEAR T SCC REMOEEVERLT
¥y, MPEORIGRIIFEEFCRCEFSIS LN TE S
A, TEREFEINS SCC BAED B W xiiko 7o
DIRR LML EET DD DRBRFEE VS BAEL BT
B EETENDS. Tivbb, SLT 12, SCCERZHN
BV S BILEREOENFD F FHREEROX% LcoT

RA/SSRT

08

06

R.A solution / R.A_oil
Time to failure , h

04

- 600 -800 -1000 -1200 -1400
Potential , mV vs. Cu - CuSOs
Fig. 4. Comparison of the SCC test results for
X60 obtained by SSRT with those by SLT in 35
% NaOH at 90°C. SSRT at 10-8s-1 and SLT
at 31kg/mma2.

1.0

"’\

[eX1od

R.A.solution / R. A oil

0; NO3
B I o i .
-1500 -1000 -500 0 +500 +1000 +1500
Potential , mV vs, Cu-CuSO4

Fig. 5. Potential range for SCC of X60 line pipe
steel in various environments determined by SSRT
tests at 90°C.

Hh KD difsd CEEmie SCC KISt olsiEs &
250, BREMIMEL eb b, BERERIAZIREL LS
7o, BRAZEYBECHERD D Z ENTLTH LWEGT
7, WETLHBREVCRBRREEYES. chieR LT,
SSRT iz X% SCC EZHoEE TtH5 Ky ik, &
B o3k % 58l SCC Bz o B b3 5 IR &M
Uk, SLT ofif Lo it bdb Wbtk 5,
SCC REZFUOEBHRBOM TS Bh Tk, ok
B, 37BN EHOBEOHER LG
HIs s, BREGEYERT, L VEBCEETSE
EMRTESL, X5z &b, WFTIE, -5
SSRT X b SCC BIMxwTH Lic L.
3-3 BUOKE
Fig. 5 12, SCC BEMRIETEMOBE LY /R LI
LD ThDH. Had, KK SCC EALHEIZ,
90°C OH (35%NaOH) :
—880~—1230mV vs. Cu-CuSO,
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80°C CO,(IN Na,CO,-IN NaHCO,) :
—650~ —875

100°C NO, (5N Ca(NOy),) : + 1120~ —480
Th5H. ZD X5, NOy oo SCC 1 3)JK#Ei7s BALHH
BichiooTnss, OH &, CO; % SCC 11, +h
ZHIE 350mV, 225mV @ = < v BAEBICRE X
5. BErRrY® 3, X 52 &0, CO; %1 —670~
—770mV, OH Z : —950~—1050mV }\~5 g%
WELTWADS, THIIAROER I D Ao,
7z, BERRY® I, D —~2D H v — FHETE D
=1 #1870, AT OfERRoRs. &
L, BIRTH2KEORE T, FEEENKETSIER
NEZELTWB e EE L bh, WEEEOEMT
B HESFEEEY 23389 bhi:. SCC BALFARIL,
BTHIRND X5 BFRBRE, RECI v EBETELRTS
2, BAEBECIIGEAEEEIRI. L, BA
NEOBINI L >THEO SCC BZHEED D &,
SCC BArfAEY, HCHEBMMCEND, flxiE OH
RTIX, —700mV TLERARETL I D, &
D X5 SCC BMHERAZMECTLDI, che, &
MREFREIE LicBED 5 4 Vi1 T OBRRER » OBIES
EHEREBELERZFEOTL L1 LIty bicvs. B
BREEYETDHS 1 v 1 TOBEEBRS IR E 71,
—1000~—1350mV, ¥#EBIEFFR SEEM (L8 X
DT EARRI 7o WEEMEA D 5 Br) 13 —850~
—1000mV THBH0 52, [ L0 TR &% i
LTI BREEEEZTOCWBHED, NO; £Zo SCC
ZLOUDHZERFETHY 2. chiex LT, OH
% SCC pRABMERIL, BEA LILEEBT B
REMBERNC 52401 ADTLEDTW B8, SCC
A DO &ML I BB ECRBEDLD L e
LAEEMEA B D, iz, CO; & SCC o FeA: B/ IR
b, TOBRMNEFEHRBMBEBIC 1D T\ 5% 7z
®, BREBEOFLL, BEHABBOKESOEA
ik, BEE L WO Z LTS, 2D ko b,
BFTitEs LT OH %+ CO; & SCC monTi
FEnz 5. ' .

Photo. 2 i3, CO; ZRDOBEDEINTERE & B o BE
ThHsH. OH £, NO; RTIX, WThoBM € B\
THRAHhOAL R Shi-DrR LT, CO, ZATIiL,
—650~ —875mV o SCC FATBMERD 5 4, BT
DEWEE (=700~ -750mV) TR RE R, B2k
DIE\NER (—650~—675mV 35 X 8 —775~—875
mV) ciBNER, FAZOBRBRER IR NER LB
RENDBEE VLS X5, EhBEBCEERL R b h

Photo. 2. Micrographs showing the influence of
potential (mV vs. Cu-CuSQ,) on the propagation
of stress corrosion cracks in X60 in an 1N Na,CO,
+IN NaHCO, solution at 80°C, 10-6s-1,
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/ @~ NO; AR 100°C
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;s
im
i
i
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R.A salution / R.A.oil

,z —a— OH AR 90<C
- /,-‘; s OH WO 90°C
‘/ e —-4— OH WO 40T
o . e i ) ‘
107 1076 107 1074 1073

- -1
Strain rate , sec

Fig. 6. Effect of strain rate on the SCC susce-
ptibility of X60, as-received (AR) and water qu-
enched (WQ), in 1IN Na,CO,;-1N NaHCO; (-720
mV), 35%NaOH (-1075mV) and 5N Ca(NO;),
(275mV).

5. 2N(NH,),CO; Rz oW THBOELE & 17 2 7
SutcLIFFE 531, SCC BN 4EIKROT Sl » v — F
PIEAFER CRANEhEBE L, LRI NEL 1
Kcholk LTWwAA, Photo. 2 Tk, #55KEME
HORNAEI ZZR Lad SCC BAEFEHOF TR LR
TWHEBRREE DTS, —F, SCC EZHrED -
KFEAMEL, WThoBRERCLEA—AT 4 PR
Eh ot L.
34 EHEEOEE

Fig. 6 %, 10-3~10-7s-1 & kit 5 BLEE
& SCC RZH:oBREZT AN T T#H L KBEALMI
DNTHRILDTH D, BEREENDHD VL (ERRA
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BLEE) REB L SCC RZMENBNIGD, BARE
PN e B O TRZHIZ S FH — T & i X o0l
m oGy i) LTws, T AhEEHo ERBA
FBLEEL, NO; Rk 10735t &, OH R, CO; %
Ti% 1075571 B E o> T\w5b, Fig. 6 @i, OH Rz
BT 5 KEAM O SCC RZH: L BELAEE, REORRK
HRLTHAHN, thEFTANREIHLOLEND,
KA L SCC REZEHLFTED, 1HTREREXR
WEDOT T SCC 3R AET B L, BED 50°C KT
T5EN - T EBLEEMUAN ZHFTBE LTI
D, EEAEEOTTWE SCC R bl eoT
WA ERELMATHD. Kim® F 2\ 3 Buand 3,
SSRT i X h SCC REZ M DESEE R % T 5
L, TR AT, FEKT HERBOBMRERE L HNERR
LEE L OFRAVCEELT, (DRARZHEYRTE
REENDH DT, TORHTIIRZEEIMESUFEE ) —
THRTHE, (2)BAREEOET L{ERZUI EE
D, HBIABELEEUT CTRELEEC I HT—E L
CHED)SFEHI—FTE2HIBED 208 B LT
20, SROBER, WThoRELHFTHELL T
5.
Fig. 7 13, SCC RZMDOBLEERFEMEZEME D
BfgcRiboT, B OH RThs. 4, BEY
90°CIEELTEL % &, Fig. 6 ORI L FHEX
haish, BREEI BOCHTILRZHELSE2, SCC
RAEBMER, FARSZELRTEMCEELZELR

s ZofE: CO; RTd4<RULTH%. Fig. 6
ror i'-—cracking range ——,:
08 ‘\
E 06|
&
: 0.4}
oz2r o
3x10 " sec™
O )

-800 S0 1200 -1400
Potential , mV vs. Cu/CuSOaq

Fig. 7. Effect of strain rate on the SCC suscep-

tibility of X60 line pipe steel in a 359,NaOH

solution at 90°C as a function of strain rate.

A OH AR
1 — Crack A OH WQ
|' . - C03 AR
1o w-- *

R. A . solution / R.A oil
o
3]
I

éo 40 60 80 100
Temperature , °C

Fig. 8. Effect of temperature on the SCC sus-
ceptibility of X60 in various environments. AR
and WQ stand for as-received and water-quen-
ched materials, respectively.

DERLE IR TELD L, BHEEX, SCC D&
L HE S Hh R BT A& BOBBRIGOEE & D
BoAWTRERD 2237632, SCC oxrp =X
AFDOLDITIIHEYRIEZIRVWEETS T ENTES.
3.5 REOEE

Fig. 8 1%, SCC RZHoREERF Y, FRROK
SWBMTRLERTHS. WThoRE $ EHE
SCC MEAELL ied TRARE HFLEL, £hi)
BRI Rz . BEME CHELLT
RARE R, OH RE NO; RiconwTixthth 40°
G, 30°C 2\ 5 XS IEERED T — 419 LR VL TH
Dfe, GOy REFIE 15°C L5 X3 IFEFEDF —
a0 X pd 15° BWEHRHUTOELZRLA. ks NO;
FoBE, ERMHECRET S &, ERE TIXAHRE
AL LT SCC &REx L LT O R iz, A
RBRBMTRBY T O, Fokcd, RBEELEL
FTHECONTHEAEMT —350mV (90°C) 25 —625
mV (30°C) ~ &, FREC HALT SCC EZHED
BT HRBEMITANEBT LS, S0 &k, &t
WEM T TRAREL RO 30°C 2 FED>TW5F]
HEHEABINTWASZ LERLTWA, AR LDT
MR ORZ MY mO-ROFEY, TRREERIZL
A BT, CO; RTIAE, OH RogETH 30°C
AL 10 ETFTLTWALETTHBE, EhH=0.50,5
1t CO; %, OH FRiticiy 30°C ERHA~FLTT B
, BREZENHEL TV,

Fig. 9 1%, SCC gzt oEERFEMR %, SCC B4R
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100
T SSRT
8ot
Potential
SCC range
60
|
@
H
°
g
& or
20}
“Za00 ~1000 -1200 1400
fotential , mV vs. Cu-CuSOq
Fig. 9 (a). Potential range over which SCC of

X60 in 359 NaOH occurs as determined by po-
tentiodynamic polarization tests. Solid bars show
SCC ranges confirmed by SSRT tests.

100

—T—

80

Potential
SCC range

GO’-

40

Temperature , °C

20+

ole — - .
-500 -600 -700 ~800 -900 - 1000
Potential , mV vs. Cu-CuSOa
Fig. 9 (b). Potential range over which SCC of

X60 occurs in IN Na,CO3+ 1N NaHCO,.

LEB~EED BIRT Ricdb 0T, SCC B FIRIZS
BAETRELCIDTHS. OH RoBE I, RE
DER e SCC BAFEBIZIEN 5, BSEEL
~1075mV CARETHS. hicd LT CO; Rl
B, BEO LHwoh T SCC B KL, 30°C:
~625~—~730mV, 80°C: —680~—875mV }\+5 Ik
S CEBMCHRBMAT Y7 + L, 2o LEN
5. LLESHBEMIZOBEDL —725mV CRE
Thsd. Ficik, SSRT CrEFH L7- SCC ELERD
ALTH 24, BREMAOBEFRZ OH R, CO, Ritsp
BAETL EBEREIRT V5010 LT, BEAM

No crock Crack

08

06

04

R.A solution / R.A.oil

0.2

052 05 1 2

Concentration , N

Fig. 10. Effect of concentration on the SCC
susceptibility of X60 in Na,CO3;+NaHCOj; solu-
tions of 1:1 normality ratio at 10-6s-1, —725mV
(Cu-CuS0,), 80°C.

T, 30°C o CO; RoFgAH 0mV EREAK (F
hbEEL DKL), OH Fogs 90°C T 50
mV, 50°C ¢fy 100mV Z&filicdE LTLEDTH
%. 20X, HEBAETRE Shs SCC EMEEK
IRIEEFER S DTIED Y 2.7\, BIZoHELE L TR
+4ThB.
3.6 REOEE

Fig. 10 13, CO; % SCC %#5| X T TRAREY
ko2 BT 80°C o Na,CO, : NaHCO;=1: 1 (34 &
) ®BigHh T SSRT HBETo#RYL, PREE~
SCC gkszt: (By ) oBFTHRLILIOTHS. &
DRIEEFRY BT 500, BEYEXTH pH ik
9.3 T—ETHLN, BEDET &Lic SCC BT
{EF L, 0.25N Na,CO,;-0.25N NaHCO, it
g nr H bbbt &7, 0.1N Na,COs-
0.IN NaHCO; B H T owic &8 h N » b
niclich. $6oT, SCC FATHRAEEL, 0.25N
Na,CO,;-0.25N NaHCO,; BETH 5.

Na,CO;-NaHCO; % L 5 CiEFFHEY BT 588K
e, SCC RREMIzEEofMic CO3-/HCO,- K
(fe>T pH) b kT 5. Fig. 11 13, BROLBEE
» 2 HEICHE B0 CO3- /HCO, - ha AL 38T SS-
RT KRR ToOLBRETHSD. 20O X5, 2N NaH-
CO, (pH 8.3)~0.25N NaHCO,/1.75N Na,CO, (pH
10.0) ©ix SCC 2 %4 L7chs, 2N Na,CO,(pH11.3)
T, NaHCO, 237 L 7\ IRAB Tl SCC i R4
Ligdsote. Tets, bahoo SCC RBATHEFBEER,
CO;-/HCO;~ a2 ZEX THIARETH DI

—%, OH RoBE, BEOEKT &ic SCC B4E
PR E Y, TRABEL LFHT 570 (35 : 40°
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I=— 2N No2 CO3

Potential
SCC range

10— 175N NazCO3+0.25N
NaHCO3

b— 1.5N Na2CC340.5N
NaH

pH

NaHCO3
— 2N NaHCO3
8
| x Ruptured in SSRT test
> © No failure
(.
400 -600 -800 -1000

Potential ,mV vs. Cu-CuSOa

Fig. 11. Effect of pH on the potential range over
which SCC of X60 occurs in various concentrations
of Na,CO3;+NaHCO; solution.

C—59 :70°C) SCC gz vl <fch, 5% LT
TRIERT 7 — VBB — 73R bR th. D
T, OH RO TFRREEL 5% sxl¥hah, <h
1%, BERK 59 VBRI O CREBRINICRE LR RE
&L,

4. % =)

WMTERS 1 VA1 7O mEdHD SCC 2BhIET 5
oD BEOHFERO BRBMIREX S5 Z ¥ Al
LT, X60 B L TEMRSISBME, #HHE SCC
AR, REERREE SCC HABEERL, UToBRY
87,

(1) +BEHLLBREIRIZEDHD 25 O3
D5 b, BE&o OH-, CO;-/HCO,-, NO;- offiic,
Fricie SO, WA SCC 5|2 T EhH b
s,

(2) NaOH, Na,CO;-NaHCO,, Ca(NO;), rhicis
3% X60 » SCC 1%, HEDOEM, BHREE, HE,
BEHFBCBREINSLD, ThHREVWEERCEEL
BOoTnBIcd, THEMCED 5 5BMEMEFIREKEE LT
1, UTD(3)~(5)mTLo7eRED r — A% DT
REL IO EHRT A ERBELE L bR b,

(3) NaOH wop X 60 o SCC i1, #EE 5% LI,

i 40°C Dk, &7 30kg/mm? [J |, TEfr —880~
—1230 mV vs. Cu-CuSO, ZfREXh 5.

(4) Na,CO;-NaHCO; %o SCC i3, 0.5N LLE,
15°C L I, 42kg/mm? ) |, —650~—875mV iR
EXhB.

(5) Ca(NOy), tho> SCC i, 30°C LlF, 5kg/
mm? B, +1120~—480mV Z[REI 2.

(6) BENMETT%E, SCC o4, IHEE
HEE, PROEMER, SREOCOTCREINS.

(7) SSRT 1, SCC oRARAESKHEOFERTIL,
R, M, #6£0 SLT LoAsHErbhTH
LT3,
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