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Fig.1-1 Flowchart of this investigation
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2.2 KB
2.2.1 HEMBE LCEBR 3
AFERTHA
LMl Table 2-1 Chemical composition and mechanical properties of steel tested
. Chemical ition (mass%) Mechanical ies *
H,i@ ﬁ ﬁ % ﬁﬁﬁ Material emical composition (mass echanic propemes
C|Si [Mn| P S Y.P (MPa)|T.S (MPa) | EL (%) | R.A (%)
ﬁﬁﬁ S45C( ¢ S45C 0.45]0.17(0.780.027 | 0.017 335 705 26.6 49.6

* JIS Z 2201, T.P No. 4

16 mIII) -6\ ﬁﬁfﬁ



O— M TH %, Table 2-1 ITZ DILFHHRR EBHIHEE Z/R 9o RANDE Z

B2 AME L THRBRICHE L 7o,
AFEERTHWI AR

KDY — +RBEEE

OANBIX%Fig. 2- 1(a)

2. € OFFBKRHX

ZXbhcRd . AR

2. 1dm*A— b+ V—7

AICEABR 2 3% iE L

Bk Z#95dn® /hOFi R

TRRIEIE5EREE

OFKBEIEE LI, D

O B DIl & FE I

e i Fig. 2-1 SSRT apparatus

v HICEREOER (a) General view of SSRT apparatus,

5z (Nz) : &%ﬁx (02) (b) Schematic diagram of refreshed water loop SSRT
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12HThH B, BILEIRORERERR. X#WEHrEZ AW TR Lic. #ERMSD 2 0
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WAL, TR NI L HI128.3X10 s 1AL E LTIT» 208, —80F'A
HEOEELARNT 57010134, 16 X107 7s 1 ~8.3x 10 6 s 1 it &AL L 7= EER
biT- 70

2.2.3 TGSCC BXEEFBDOHEE

ARERF OWMWHIOSEN BIEE Tld. RBRSEAFIC K > TFSP LFHEN 5 S CCHRA
7$TGSCC B DS OABMBICEFEEL TH LN B, TDHI%Fig 2-3 (@) (UE
) < (b) (EAHED B (A DA TR,

(a) fracture surface (b) sideview (c) magnification of A

Fig. 2-3 Typical example of Fan-Shaped Pattern on the SEM photographs of
S45C specimen tested in 8 ppm O2 water at 245 °C
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Temperature (°C)
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S45C, As Received, Hv 210
L Pressure 8.3 MPa, Strain Rate 8.3 x107s™ -
- 35.4
C — 8ppm — z :
—80F 77 02 = J48¢
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- v O] e Q 43.6%
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40F 424
30 F bboiiag L g s g K 4 Tl [ (T (N T E 1 .8 (¢) vV, 288 °C, 0.2 ppm (d) V7,288 °C, 0.2 ppm
350 400 450 500 550 600
Temperature (K) Fig. 2-5 The fracture surface of smooth and

rough specimen tested in 0.2 ppm

Fig. 2-4 Effect of surface roughness of specimen
O2 water at 245 and 288 °C

tested on time to failure
245 CTI38 BL W 0.2 ppnD W31 H55~68HERT THMT L TV B35, 288 CT
128 ppn TlI45~H2E TR L TW A DIk LT 0.2 ppnTlE80~90Mf & B
1> TW3, L LEEM FEOEIC K BRICRZI L ERTALONITVE VL
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(a) V'V, 245 °C, 0.2 ppm (c) V'V, 288 °C, 0.2 ppm

(d)vv7, 288 °C, 0.2 ppm

(b) WV, 245 °C, 0.2 ppm

Fig. 2-6 The fractured side surface of smooth and rough specimen
tested in 0.2 ppm O2 water at 245 and 288 °C
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Fig. 2-9 S45C tested in 100 °C water at various DO environments.
(a) Load-Elongation diagrams, (b) Comparison among the fracture
surfaces of specimens tested at 8, 2, 0.2 and 0.007 ppm O2
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Fig. 2-10 S45C tested in 150 °C water at various DO environments.
(a) Load-Elongation diagrams, (b) Comparison among the fracture
surfaces of specimens tested at 8, 2, 0.2 and 0.007 ppm O2

Strain (%)

0 5 10 15 20 25 30
L] L] 1 I T L} LI I 1 1 LI I 1] T L] T I L] T L] L} I LI} ) T
S45C, As Received, Hv 210, Pressure 8.3 MPa
Strain Rate 8.3 X107 s™
1200+ 473 K(200 °C), DO= 8, 2, 0.2& 0.007ppm
3 800
1000 ) i
B Ti=71.8h .
L R.A=20.4 % i
~800 - FSP=7.9 l/o 1600
E’ r 8 ppm 0.007 ppm |
= - T=70.9h T=91.8h
- 600 - RA=222% R.A=37.0 %-
g i FSP=11.6% FSP=0% _| 400
3 [ T: Time to failure, h : :
400 - R.A: Reduction in area, % figgTh a
B FSP:FSP-SCC area, % R.A=23.3 % 1200
B FSP=18.7 %
200 e
(a) 0 1 Ll 1 l Lt L.l l Il 1 1 I L1 1 1 I iy 1l l L ill 1 ] 0
0 1 2 3 4 ‘
Elongation (mm)

Stress (MPa)

(b)

8 ppm,

FSP-SCC=11.6 % LL™™J

2 ppm,

1
FSP-SCC=7.9 % L

0.2 ppm, % mm
FSP-SCC=18.7 %L—1

0.007 ppm,

1
FSP-SCC=0% L

Fig. 2-11 S45C tested in 200 °C water at various DO environments.
(a) Load-Elongation diagrams, (b) Comparison among the fracture
surfaces of specimens tested at 8, 2, 0.2 and 0.007 ppm O2
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Fig. 2-12 S45C tested in 245 °C water at various DO environments.
(a) Load-Elongation diagrams, (b) Comparison among the fracture
surfaces of specimens tested at 8, 2, 0.2 and 0.007 ppm O2
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Fig. 2-13 S45C tested in 288 °C water at various DO environments.
(a) Load-Elongation diagrams, (b) Comparison among the fracture
surfaces of specimens tested at 8, 2, 0.2 and 0.007 ppm O2
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Fig. 2-14 S45C tested in 300 °C water at various DO environments.
(a) Load-Elongation diagrams, (b) Comparison among the fracture
surfaces of specimens tested at 8,2, 0.2 and 0.007 ppm O2
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Table 4-1 Chemical composition and mechanical properties of steel tested

Chemical composition (mass%) Mechanical properties *

Material
C|[Si (Mn| P S Y.P MPa) | T.S (MPa) | El. (%) | R.A (%)

SS400 {0.11{0.20/0.57]|0.011 | 0.012 341 462 32.1 71.3
* JIS Z 2201, T.P No. 4
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Table 4-2 1271 ¥ DALFHR & BBAHEE %R 7.

Table 4-2 Chemical composition and mechanical properties of steel wire used

Chemical composition (mass%) Mechanical properties *
Material

C|Si|Mn| P S |02% PS(MPa)| T.S (MPa) | EL (%)
NO65G ]0.0310.54|1.19{0.009 | 0.014 586 648 28.0

*JIS 22201, T.P No. 4

4.3 S CCREZHICEXITTHUEOZE

Fig. 4-2 [3S45CORRBRBETO. AMOFIIEMIERMEHE L bD T,
RABREE CE CHEEZEZR L. AMIBRMICHAIHI00 WPa £ F L T 3D5%0
N5, ZHIEAMAv=160) X RM (Bv=210)ict L TRAL L7z 2 & itk B,

Temperature (°C)

900}~

(MPa)

Tensile strength
\‘
o
(=]
|II|IIII|IIII|III

o]
(=]
(=)

(2]
[«
(=]

100 150 200 250 300
Temperature (QC) L) ] LR L I LB | LR DL | LI | LI
100 150 200 250 300 S45C, Pressure 8.3 MPa, Strain Rate 8.3 x107s™
rrrrrr v Tyttt _|1 v Annealed ( 950°C, 1h keep), Furnace cooling, Hv165
S$45C, Pressure 8.3 MPa, Strain Rate 8.3 x10 110 Jd6.6
Annealed( 950°C, 1h keep), Furnace cooling, Hv165 - —— Annealed 0.007 < =%
As Received, Hv 210 - As Received g =
© 8 ppm 100 O 8 ppm —6.0
— Annealed As Received A2 = = PP =
------- As Received e o2 = 905_ _554
. © 0.007 = = I _
- - = £
9 80 — —_4.8 £
Annealed 3 = 3 ~
/ \ ® 70 ~ H4.2 5
8 ek 1. &
/ 8 \g o 60F =3.6 >
8 £ _E i o
~ 50 3.0
- .8 3
50-|1|||||||l|||1|||||||||| 40:— ™ -52.4
850 400 450 500 550 600 = =
Temperature (K) goba Ly L b e d gy
350 400 450 500 550 600

Fig. 4-2 Relation between tensile strength and
temperature in annealed S45C

Fig. 4-3 Relation between time to failure and

Temperature (K)

temperature in annealed S45C

Fig. 4-3 13S45COAMAEHWVW T, D OBOBEE . RBREE L Tf OBURAR



LicbDThbB, AMERM( Fig. 2-15) LUK T B/, ERTRLIZDDT,
AMEFEBTCRMZPEM TR L. Tay MNERBAMD D TH 5, ABREEE
200 CTH 5D ORICKDTHICE LN D Sbh. 245 CTIX0.007 ppm L8 BXY
2 ppp TRKEWENTTWVWS, ZL 0.2 ppn D288 CHF—%iF. AMTH
0.007 ppm OFT — % & BIF[—DEWMEZ /R LTz, THIEZRM & EIFE—fEm &
WX %, AMIZRMICHASEIIC, RRAIOHE L8> T05b, Zhidkik
USEHRBERK L 72 1o DICTIINRELS B b D EFEZ NS, LIMLENTHhD
ABREE L. £DOETOEILIE. RMEZIFEUCFEHERLTWVWS,
TTIFEIET. S CCEEZHIIMUL., &Y PO FARILF-HEHL
TEMEiTE 3 2 &2~

Fig 4-4 B XT4-5 3. COMHEEHOWTAMZTML - DT, BEICR
MOBER SWERT/R L7z K E b AMIIRM TR SRS R & 3RE U %
ARLTWS, THIIBEEE Lic k0 EEHRBICZE{LZ LTS CCFET 52
EZ&RLS 245 CTREXEDFAKICKEY SCCHADL - EBELF VI EARL
TWw3,

Temperature (°C)

Reduction in area ratio, R

Temperature (°C) 100 150 200 250 300
100 150 200 250 300 LI L L I N B B N L L L B R L B B B BN
UL L DL L DL LA L '_7' 11 rt S45C, Pressure 8.3 MPa, Strain Rate 8.3 x1077s™"
$45C, Pressure 8.3 MPa, Strain Rate 8.3 x107's™ Annealed( 950°C, 1h keep), Furnace cooling, Hv165
Annealed( 950°C, 1h keep), Fumace cooling, Hv165 1.4~ As Received, Hv 210
1.4 as Received, Hv 210 0.2 B Annealed
- Annealed ! C ° e As Received
1.2 nneajec 1.2 ©8 ppm
=k As Received A = 2— z\Annealed A2 02
&1,0'_; ——————————————— o _§§ _ NG| 0o.2 /
5 [ 0.2 BBIOF -~~~ Bg-—-----5-- -
e o =2 C A o /
30'8 -  AsReceived U 5§ [ \\ 4
S - N [T - As Received @ 0.2
Snekb . o, e 0.8 N
050'6 C Annealed™MB < f : SR N /
< B, ; . €S T TR
C N = - I
Co4F A L0 = Z0.6F N\ 4
: Bz o TR R
0.2 ’ B 8
) TN T A O T NN S N TR NN T SN N T B S A NI B A 0.4 ||||||l|1|||||A|||l||||
350 400 450 500 550 600 350 400 450 500 550 600

Temperature (K) Temperature (K)

Fig. 4-4 Effect of disolved oxygen on the reduction  Fig. 4-5 Effect of disolved oxygen on the strain energy

in area ratio (RR: the ratio of the reduction ratio (Sg: the ratio of the strain energy in
in area in 8, 2 and 0.2 ppm O2 to that in 8,2 and 0.2 ppm O2 to that in 0.007 ppm O2)
0.007 ppm O2)

0.2 ppm D288 CTRMNIcHB T, FOHDL 0 FEICdH 90,007 ppm &1
BREICHETH S Z EE2RL TR ZDOSIN BEEATFig 4-6 (@), bIcRT,
@) 5 FIEIFSP 32K BB ShF, Ey bbb Shiio- T,



WAy 7 Fa— 8%
2 L. Hbiciiiok L TRd gl
35 REBYWEE 2 2 L T\,
Fig. 4-7 (al (b LK V(C)ids
245 CicHi BHH DS B H
% 2,0.238 K T%0.007 ppm DIIH
IRLIZBDT, 2 £0.2 ppm
ICIZBHBRICFSP 23R 5 5,

— 0. 007

20k7  imm

S45C Annealed, 288 °C,0.2 ppm, magnification of A

Fig. 4-6 SEM photographs of S45C annealed specimen
tested in 0.2 ppm O2 water at 288 °C

ppmn DHD

X Tf £%109
R T 8D
W75 %I d
2L THOFSP

1mm
L

3D oI

(a) 245 °C, 2 ppm

(b) 245 °C, 0.2 ppm

(c) 245 °C, 0.007 ppm

75\’) f:o :O)

Fig. 4-7 The fracture surface of S45C annealed specimen tested
in 2, 0.2 and 0.007 ppm O2 water at 245 °C

IR &
[ERETH - 7o

Fig. 4-8 X AMDFSP 1%
H%EZED OB LAREEIC
xf Ui & L TR
LizbDTdh b,
BERIERAM( Fig. 3-7)
IHARTPPRD LTS
. ThidAE bic L 5
bOLEZOND,

UL Z DT 550
LfERIE. RMEBIEE U
HEhThbdEVWZ 5, i

-y

Temperature (°C)

-y
o

[=]

—h
o

0
—

N

=y
o,

3

Dissolved Oxygen Content (ppm)
o

0
350

Temperature (K)

100 150 200 250 300
== '/ii—'—‘—"l:‘f'ii S E' = ﬁ =1
75.3% —]24.0%—F— 3.9%F
T =20%—F—1
[ ] | 929  \esew/ 1o%)
=10% 7
O ) \\ 7.1% 13‘.009 Y .
NS \f \.-\—/ .
S45C, Annealed
FYY AR T NN T T N SN AN N O (M | 1
400 450 500 550 600

Fig. 4-8 Variation of the SCC ratio with oxygen and temperature
((©) denotes no cracking observed, (®) denotes FSP observed,

Figures by the symbols stand for average FSP area fraction %)




COHAEH150 CUTFTIREDD ORICBWTHFSP BRAEL TOWiEh -1,
DX QMOFERIT OV TIARNS,
Fig. 4-9 (2)3 X T(b)iES45CD Q44 %

SCCoHLEW245 CT. @iEDO

=8 ppn « (b)iZ0. 007 ppm TOHSEM E

HETRT, QMO IE, Ev=576~591

ThH Y H@KITRd X528 ppn T

IR ZXSFSP ILFEPICA O 5,

% /PSP B ORI LRI R T .

XI(b) I X AR A (Bv=210)i H L T h

() 245 C.0007ppm |  (c) 288 C.02 ppm

WIZSHID LT REKENTY Fig. 4-9 The fracture surface of S45C quenched

5OBDIG, L TIOREICIIS  geeimen tegedin, 02104 0007 pom

FH N> T,

—J7. Fig. 4-9 (c)i3288 °C, 0.2 ppn®D QM TOFETH 5505, AMPRM &[H

UNo SCCE/RL7zo KITIE. KELSESNIA Yy TV Na— RAOWKTH 5

(a) 245 C.8ppm magnification of A

&b B, Temperature (°C)
_ o . 100 150 200 250 300
Flg. 4-10 ‘i - Zh b @Mgb\\ Tf S45C, DO= 8 ppm
- 3 N L $EE ) - _ Pressure 8.3 MPa, Strain Rate 8.3 X10's
KB RZIREICOVTS ppn TO o0 I_gASFleceived— 168
— - N L ——A Annealed — |
HRERLE, SHREIOICQ, o o a8 T,
RELCAMOIEI Tf #E > E | \A/°§A 1 £
= . . N g N ~— ] s
TWao Lin LRBREED 245 v 3 | o ch s
o 40f ’ 424 2
288 CLER BB LETDENIET ¢ | = E
Foobk O .- - 1.2
5T Bo QMDI00 CHEEMS Tf : ° 7
. . (o] SIS B R SR B o)
HIRRFFIIANER L T 201, Q 350 400 Terﬁggrature 5(?8 %% o

MOBER LICX B3R EEZ 5N B, Fig. 4-10 Effect of S45C as received and heat treated

=RERTEL 3200 °CCO R OFSP specimen on the time to failure
WHERIZK 8 $THH. QMDZNIZ0 ¥ THYFSP FAohiEih-7, LHL
el CORRNRV DR, BEANIC K ELOZENE S obhiz b L
Wrahn s,



Z DB OB X 25 BRItk THIE L 128558, 200 C TIZAvA600 H 5
530 i\ 245 CTIIHT0 5480 | 288 CTIEH80 A 5350 ~E#kA L L T\,
Fig. 4-1113BRE 245 C—%E

T, THCB XETHES ( SERAD) SIS
0)%3%‘:?“ ‘TD O%Em:ﬂ_:\' L f:o 120-_ Pressure 8.3 MPa, Strain Rate 8.3X10 s 1,
ORI IR, BB N s [ @ =

L B 180F
Bv200 mB X OERiLT B & Tf i3 v £

S0l SO 48 §
—hRRICAZ CHEINd %0 F7zfE— e | I
BXTHDOROEEIE Y, A =%t 10"
WETR SO 7 V—Ticbhh o e

R 100 200 300 400 500 600 700

50 'a_f&b58 1341()“2 Ppm 'Z‘zzi Vickers hardness number (Hv, 9.8N)
Tfidka <\ 0.2 IBXT0.007 ppm Fig. 4-11 Effect of disolved oxygen and Hv

on the time to failure

TIREL 53,

PLEDRSERE D THIBEX OEV QMA I b - & b  HRBRBRCHR
LAEZHTHALT 5 LB Tf RELK B Edbinote SO b
BT, AR S HA Z 12 TRALESE U 3 & TEOE WIS DAL
TEILINBbOLER NS,

44 SCCREHIZBXIZICEDOE

S XZC %@ﬁh vSS400 1‘7]' DR Temperature (°C)
: B ) ] 100 150 200 250 _ 300
oW TkE Lz, SAEBREEI $5400, As Received, Hv 126
. . v 110 3 Pressure 8.3 MPa, Strain Rate 8.3 x107's™ -56,6
150, 200, 245 B X V288 C& L7, 100;_ o 8 ppm /0% ] —;6.0
ik, 300 CORRGIT-1e  E0F 85, / N
s Fgof ©0007 © o ° JasE
Fig. 4-12i3 Tf LABRERE LD g F 2 kP
BAfr XD OBSICEEL /- b D :'2605— \o82 —;3.6§>
Thb, 245 CTIR Tf icdbo & £ 50F 4 eou
40F Jo4
bRIBENEL TS, 8 &2 Y S S T T T |7
35 400 450 500 550 600
PpPO T ‘i iﬁi‘ﬁi @ﬁ%b‘ 7} B n 5 i)“\ Temperature (K)
R Fig. 4-12 Relation between time to failure
ZHIZER ED/XF5 Y F T, 2 ppn and temperature



PDETRPEOENTVHDEEZLNS, T LTOVThODORETH288 CT
BEE—D Tf 7583, CDZ EESACOAMPRMTIEA NI - -8
R T, SACICH L T Z o#EHI288 CTDS C CREZHIEVWbDEEZ Sh i3,
Fig 4-13%6 X UFig 4-14iF. OFT AR NF—RHEICKOHTEHMLZ30
T VTN D245 CIKBVTEL E->TWVWBD, 288 CTIEDOEDS ppm TH
RELSHEL TV S,

Temperature (°C)

100 150 200 250 300 Temperature (°C)
LI L L L N L B B B 100 150 200 250 300
SS400’ AS Received, HV 126 L] 1 I ] T L] i I l. L] T T l T T T ) I LI L} 1 l T T
1.1} Pressure 8.3 MPa, Strain Rate 8.3 x107's™ §8400, As Received, Hv 126
E Pressure 8.3 MPa, Strain Rate 8.3 x107s™
. 10 - g 12F
Hh~-~ E % C
. £ = o _ B
g 209F BE1.0F oo
oS = 2y L
S 308F 85
3 _F 8908
2507 IS
o F go C
g g 0.6 E § 0.6~ -
h<osE 8,2 s L A
0.5 E 5 é ~0.4 - \8, 2
0.4F A i ®
0 35 PSS S TN NN TN TG T TN NN T NN N T N TN T SN W NN TN N 03250I - .4601 A |4510' == ISOIOI — 155|0' =L .600
350 400 Temggga wre (%JO 550 600 Temperature (K)
) ) Fig. 4-14 Effect of disolved oxygen on the
Fig. 4-13 Effect of disolved oxygen on the reduction in area ratio (RR: the ratio
strain energy ratio (SE: the ratio of of the reduction in area in 8, 2 and
the strain energy in 8, 2 and 0.2 ppm 0.2 ppm O2 to that in 0.007 ppm O2)
02 to that in 0.007 ppm Oz2)

Fig 4-15@), (bbb L (C)iF245 CTOHMHDOSEN BEE T 8, 28 X 180. 007
ppn DIEI/R LB DTH %, X(a)I L Rb)TIIFSP 23 IcA L3, X(C)T
3FSP A LNT, vy 7 v Fa— U ROEHBEA R L. 801360.5 $T&H

- 7‘:0

o
=

(a) 245 °C, 8 ppm (b) 245 °C, 2 ppm (c) 245 °C, 0.007 ppm

Fig. 4-15 The fracture surface of SS400 specimen tested
in 8, 2 and 0.007 ppm O2 water at 245 °C



Fig 4-16135EREE245 C—ET. ey

SS40p, As Reqeived

s >
V— 7Y

n

Huh s ohbd, K
5 CEN. 4560 50.1 %

e
Q,

N S45C, 518 K(245 °C), DO—S 2, 02&0007ppm
SS400 B X USA5CORMTCHOCELETE Pressure 8.3 MPa, Strain Rate 8.3X107s™
. 120} oS — {7
DRI % D O BANCR Lz, K52 S i I
| 0___:::00.007 ----- ] o=
pon DM CROBDIC LY, Tf 48 B T o 17
R0H S IR - T B0hb £ e 108
I o Japl
NBo CONOHHNS CROEBEY 2 To—— 7 |*
T BORBITEEN, BETEE T R
0 0.1 0.2 03 0.4 0.5 0.6
5 ‘: to w ]\ 0)%5_:‘1){/\0_:5/{ ]\ﬁ‘:ﬁk Carbon content (%)

- e . . Fig. 4-16 Effect of carbon content on the
Tt ELLENR—F1 8 time to failure
DEVECHMTIE Tf VL3 L
BRI Nh 3,

Fig. 4-1T71% SS400%4
S %z i Temperature (°C)
‘COFSP it & B 1 01 100 E 200 #250 300
HWroBRZERLIZD 3 i —i0sh
a ) T <
DTH 5, %1 o v 22&;11.1%&\
c 7
Fig. 3-7,Fig. 4-8 & 2 <10% =
o £\ 13.0% -
BLTH2 WM s
[}
FeLL R I N N B >
®)
T
2
2
8
a)

Ii}gi TD /J\‘\- 1 63 ENT B E RN | S ST EN NN R VRN NI [N T A g
WD 350 400 450 500 550 600
WERD25 %5z 2 Temperature (K)

> - o Fig. 4-17 Variation of the SCC ratio with oxygen and temperature
DU 7 t g yg p
bR, HoNIS i3 {(O) denotes no cracking observed, (@) denotes FSP-SCC observed,
AZCEH0.1 % %ﬂig Figures by the symbols stand for FSP area fraction %)

DRV ETHFSP 1T
4 3 2 LB S



4.5 BEMRTFIEEDS C CRESZH:

4.5 1 BEHEFOS CCRZH
BHHR TR A S AIZHARA %

Fig. 2-2 WS/R LIc~HEETEYEL
Tzo BERIET 4 VBRBEEERL
FTIVTUH AV —IV KTHRER
15 £ /min® FEIERETIT- 120
RHEER. BHEEIR130 ~
140 A, 7— 27 BFE14 V, /XX
RER140 CE L12XXTH Lk
Fio. BESKTFRONH< 7 o
KU ATig 4-18(@)ic. ERHEEL
fEZbIC. T L THRTFORX
SR Z(CNIRT .
OB FRBRFEHVWTSCC
BSZYED ENN245 °C, 8 ppnD B
B THEREIT- IR, &
A ORI T 2 A L bk
L7zo Bl E TOEIZS45CO
RMICHNRTRHSTD 22.3 B
X U24. 6B LK< 18- 7
B FOR S DAY
—IC kY U EZRI VT,
FSP D4 U 785312 D A Jrpikiy
IO BRI R ] I B
LicichThBEEZ ON D,
F S ERIE C &R
(C=0.13%) ZL bbb, 4.4 i

TRz X H1Z S C CRESZHDMENWIZHICFSP RAEL M- bDEEZ BN

$45C

(b)
400
- TIG Welded Joint
=350 S45C(Base metal )
« - No65G(Wire
°>’- 300 (e}
z _f |
g 250F P 0000 YO
C 0O,
2 20050500096 ° °f  Co¥Rao, o
£ 150F
o - Base metal | HAZ | Weld metal HAZ |Base metal
8 100F s45C No65G S45C
] o
> 50F
F ot P T N T NI A | L
0 -5 10

© "

Hardness distribution of welded joint

Fig. 4-18 Welded specimen. (a) Macrostructure,

(b) Welded joint for the SSRT specimen,
(c) Hardness distribution of welded joint

R

(b) fracture surface (c) magnification of A

Fig. 4-19 The fracture surface of welded specimen

tested in 8 ppm O2 water at 245 °C



%, ZORBRF OWEkELE X O % Fig. 4-19(), (b X TR d,
K@) oA EI M Th 5 2 & Kb)IIBHO < 7 otz g,

= DR 13S45COEETO A X 19mm D AR ICHI D H LT FERIL 7= 72 @ik

BNTTVB, FMOIBImIZEE» LN ISP 2R,

DX IR S UHEBRN wox
FEBRRL O T, R Sa —
nopcams sRenon LT
HEBO S C CRSHAHETd 31c a0
3. ZoKCcIIREETHE & Fig. 4-20 Welded joint of the SSRT specimen
bt to

7 TR TFIOPTE OALE
TO. S CCRMERAT 57 § o ST I
bic. FOMBEOEERFig 4-20 \ Weld jy
IR & DI LT L ( (@) weld meta
DIF RAFRRBRF EFESD) o RIBOD 0 25/ s
%133 m& L. ZOMFIZRIE % = 4;
Ltce SORZANSZLICEKD ©) Bond
H A Z 75 & OFEOALE TRl S — o o
BB EATHEE L - 2, g L 4;

RSB DR NEEDHLE I \ "

{c) HAZ

Fig 4-21iR 9 K 9. (a) i

2J8. (b) HEER( TRV K B weland jomt 0 ferent location
EFE3) | (¢) HA Z THARBER

N5l mOMBE( LIFTHAZ LFES) 03 FfiE Lz, JOLSBRMAERA O
VPRI T OISR T 7 ax vy F 0 7 A2iT0R U FEERE. RIEHHR
B SEHLL 2o |

45 2 RANHBRICXBABNAETODS C CESZH:
ARBRF ZHOIZARTIE. ZAZMIE EDOHEERATFSP-SCC 2’4432 &N



HeB XN 72245 X288 CTDOED 8 ppnDEREES A A EKF., SCCRED
affett & Tf 15 E M B AE1T - 720

Fig 4-2213RALETO Tf ZR
To EBEERENSATREREIIS
WTHEERZRAONITOD,
BEEBITP PRI, 2XIicH
AZ. ZL TRV FEE->TWS,
Fig. 4-18(c)k A THEEEREITIZ
IS X 2 —EHPANTRL
THEY., EERKAETHB LI
K OPPEREEs7T-bDLEE
Zbohb, CHIHLTRY R

Temperature (°C)

2(|)0 250 300
o A e R e R
Pressure 8.3 MPa, Strain Rate 8.3 x10 s '
245°C, 8ppm
__60F
£ F —— O Weld metal
— 50:_ —— A Bond
E
u).. 40 :_ LLis HAZ
3 F
® 30F
2k o
o 20F E::::rnvg
£ - D —
= 10F
ob v v v vy Laay u g giw 4
450 500 550 600

Temperature (K)

Fig. 4-22 Effect of different location of welded joint
specimens on the time to failure

HAZBECHI OB X D PPEIHES e bDEEZ ONS,

Fig. 4-2313m/NEREDEALE
IZB1F 3D O=E8ppn CRAEREE
245 ¥ X 1288 CTOWWrHID
SEN BE%/R9, 245 COHHE
SETIE. REYEICBHOLZY
Z v JINBONBN, Wit
/NEREALE Z BT L T 7,

% 7o % OB HA AR ISFSP
%96.2 % LbIhich i,
KU FBXUTHA ZoBmicks
WTh. TOFBEIcIiT TN T
N#98.8 BX UL 2 ¥DFSP
B LT,

—J7. 288 COBELRETDH
FSP 3% 6. RV FIHEICH
WTHHS.5 § DFSP I

i

g
)
IS
o
)
S

245 °C, 8ppm, Tf=22.2 h 288 °C, 8ppm, Tf=17.9 h
°
c
S
o

245 °C, 8ppm, Tf=15.7 h 288 °C, 8ppm, Tf=14.6 h
N
<
X

245 °C, 8ppm, Tf=17.7 h 288 °C, 8ppm, Tf=17.3 h

Fig. 4-23 Comparison among the fracture surfaces
of different location of welded joint specimens
tested in 8 ppm O2 water at 245 and 288 °C



B oz, U ORI O SISCOBRERT I TREZRBHAEDOTI-DH A Z DL,
BRHFORELBO-HIEDLHD, HAZDS C CEEHIHREAE & 13X
_“-(“éé : &b“bb\’) f:o

46 %5

T2 AE U CSAsCRM 28Ul L TR S 22 b 8B a L. CERK
F&E7 SS400%fH ] L 723581 WCFSP-SCC ERS2Yhic b XX 8P Rt L
Tzo I LICSACOTBRBRRT (28) DBEESRE. YUV FBIUHAZoZhZh
(DFSP-SCC BZHic>WTHEK L 7,

DI ohi&Res28d s LU TOX5i1ci8 5,

(1) BEEF LMD os BERAMICHART, FHABRERELEBET LI, LHLE
AW & ZEALERIZIZIER U Th - 712,

(2) S45COBEIS T L &ESZAMDFSP-SCC STkt #875% Lic X 2L Tl
W COMMICERIEID S OO, KV HPOTALXILF W THET S LT
IE[E CERIZER Lz, 855 E LMIcBWTHFSP-SCC DRENRA LN, TDZ
ED OB E LiIck 258 LIc X >TH S C COBMIcRY EZRRIA SNV
bDEWZ B,

(3) SASCOBEAMICHE W T HFSP-SCC DIk A Sz, BEAMTOWME T
DORfIE. 200 CETTRVORBANIK X AB(LOEELEI NS, LI L
245 ~288 CLEL BB LZAMBEIUER T LM EHNRTZOENIEILIE-T
Wito CHIIBAMOBER Ui kX 28R EZTTRIL L. &EBIC Tf PR K-
bDEEZ OGNS,

(4) CEODENSSA00 M THFSP DFELEH200 ~288 CREICEVLTHEX L
fzo LML 288 CICiE B ERESIHIBD TR BTz, ThoDIE XV RER
DD ILIRFRMODFSP-SCC ST 2RI T I E 5 O LRI his,

(5) SA5CERHM & U - ta TS0 Y — FMABRR THREBRZIT- IR 1B
—HERORERF T3 BAETRUNA ORI T L 7o 7 OB X TORRIZ
RNEHEBEXIRHD - THL 8- 7,

(6) TABRTIBAALE TOFSP-SCC EZH% RSB TR L 72o B#. H



AZ. RV FBXUCEDODIRWIAESERICH245 °C, 8 ppn icBWTHT M
335 BFSP R iz, L LEZEBERTHOHA ZOKXBELYA S
NS o tzlzd. ThoDORABE CORIHICAXEERTD oI - 7o,



o3 SCCORELZTOHEBERIEDOHIE LK
51 3

ISHBARBNEREICIE. ¥ — MABREOMICED T BIEPLEREER S 555,
Y — MR IIE R CIME T X AR HD 5. L LK. ZHOFERA %
FRCHBRTX VI &P, RS BRCEHEBE TNV EDRENH 5,

Bk U7l TORL. PR 3. ¥ — MEBEOWDW 2Bk
ORBRA M SEHONIEEHTH 5,

S CCORAENRT-LAE. WNHOTAHEHTRINIA—TDEITREI T
WBDM Ey MRVOFAET 500 ARERHORRILEEIRWOERL. 20
BRI, dBWVIIT T v 7 OFRELXUOHEEE. EORENSELT 00
15 LR OFRF S TRIARHTH DEETEXI,

L LIhoDIEEFHONMNCTEIEN. SCCOAN=_XLDRIHDNT
RZOBILOIDICEHEEIEIETHBLELONS, IOSTZRELBRIT. AR
ZRPTELET S, WbWA A Y —F 7 F(Interrupted) REBREITH T Lick
D, BENORETH B LEEZILNS,

Z I CHIZEE TIREBONIZARNS S CCORA T B84 L. R LSSt
TA 7 —5 7 VRBREIT- 100 L CEZBRERRERIT 2720, ThZh
OEMTHB XY TE OBV T HEREHEICL T 1 V5 —F 7 MROD
FED VT AE( HERBHRIROIRY) ZEA T

AETRIDEH>RLTAS V7 —F 7 FMBRZITW. FBRA K obhizEy
F 7T v 7 BRXUOCRABEIROERZ ROSE &b, B8 L, /2
NoEHHIEBEI LItk S CCORLLEZDHBED A 71 = X LDRIHZ RS
2o

5. 2 HEMEL X UEESHH:

{EFMEHIEIRET b % 38 7o 1S B B R S45C( ¢ 16mm) ZFW o,
Table 5-1 2% OALEMBR E B E 2R 4 AP TORSIES45C-AL L.
PHABEZTOSCEXFIL 120

A % —5 7 MRERIHIRD L 512 S CCHFRAE LTIV, No SCCORBRSA: L



L 245 °C, 0.007 ppm %. S C CO4: U AHERELAICE—EE T8 ppn 2 85E
Lize 1% —5 7 LEUTARIT BEICELXE T,

Table 5-1 Chemical composition and mechanical properties of steel for interrupted test

Chemical composition (mass%) Mechanical properties *

Materiali
Ci(Si|Mn| P S Y.P (MPa)| T.S (MPa)| El. (%) | R.A (%)

845C-A |0.45(0.17(0.67]0.013| 0.007 423 708 21.0 50.9
*JIS 22201, T.P No. 4

FEDVT HIET 2T THRRET->120b, B THRZEILL, A— Y
L —7ADHEEDH100 CUTFREAT Licob, BB ZHI LZoXREIAER L
2Ey MRSy VRTHNCSIN B L1z, 2o, SR EECA— 2
L—7hic[ERc oS Gk 615X3 mt)E AN, FOETIER L 728
AL RO 2GS U oo & 7B LRI D BRI ICIIBRSH I D fthic BT BE 1: b
Wizo BALBIBEDRHEIZ DWW TR XEREHEE. Fric @R X Rk A /M L <E
ELTz. RBRA KRB L BRRIROFig. 2-2 &[E—TdH 0. FEHiL8.3 WPa
(85 kgf/ ai) « O HEEEIE8.3X107 s 1 CH B,

53 SCCoO3x4
531 Evw bORENSGT S v 7 NOHEERIE
TR EHICSCC

Elongation (mm)
5 10

RO, £ YD PN Sk S
. . S45C-A, As Received, Hv 189, in air(c 2 = 423, op = 708 MPa)
-g— A IR )[,;F.__J:h%}ﬁﬁ L \-(:qu Pressure 8.3 MPa, Strain Rate 8.3X10~7s™
518 K(245 °C), DO=8,2,0.280.007 ppm
flid 3L, 245 CTHDOR o 1000
IKE>TRESEDMBIE  goof -y g E i
o x
SHIOT = -3 = | 4600 =
b‘ﬂﬁ bb\‘bfAﬂTL‘5o m400_°'0~2 T
. § [ :’s;?;&s'glgr:r:a % _’T‘_Eﬂ'{‘m Ja00 S
Flg. 51 {3S45C-AD RH % n 200k FaPat1% :
= I TERoen Tedre ?ﬁ%ﬂ'ﬂ’“ 7200
HWT, 245 CTDOEERZE ) S sk AT DI N
(b X B e B2 5 g 0 5 1g (15) 20 25 30
- EEIcE o h train (%
. - Fig. 5-1 Stress-Strain curves as a function
B0 AR BRI of dissolved oxygen content
ALIZbDTH B,



i3 D O 248 DT & £ DML 515 5 1/ FSP B¥H=RZFSP (%) &L LT
RLTVW3, K58 BXU2 ppm & Tf EFSP BHEFHNZIIE L TH D 0.2
ppn Tl Tf D LELSED, FSP EH/NEI KL ->TW 3B, 0.007 ppm Tl Tf
358 BLU2 ppm D 2£5LL ETH Y. FSP fHIZ0 Th b, ZhidFig 2-12(3)
DABRE245 COHD L IRIFE UM ZRL. S C COFeH:ENo SCCHSHFIC
HobhTwhab,

Fig. 5-2 (2) X (bIIcS45C-AD R
T« 245 C. 0.2 ppm OBEHEIDSEN E
HERT. ZODORTIIFSP BEFHEA
IR RY 5 B,

ZDESITS CCHEL BEHTD

(a) fracture surface ,450¢ 2 ppm (b) Sideview

Fig. 5-2 The fracture surface of S45C-A specimen

£ ¥ —5 7 FRERIZ. Fig. 5-1 1R tested in 0.2 ppm O2 water at 245 °C
98 ppm DA0. SHFR THMT
L7zieh U‘T&ﬁ%gﬁ Elongation (mm)
0 0.4 0.8 1.2 1.6 2.0 2.4 2.8
] N <3 <3 T L L} L] T 1 I T T T I T T L] l T 1) L] ] T T T I T T 1
<I:' L‘ IE!] L%#T&ﬁi -( Intelrrupted SSRT
. S45C-A, As Received, Hv 189
CDH%FEEOD Uﬂ'é%%g &% 800  Pressure 8.3 MPa, Strain Rate 8.3X1077s~" J1000
. . . [ 245°C(518 K), 8ppm D
KDY TROTHEIRR  Topl u —  Jeoo
VH—STILTH > 2 | regon o goed® 20 H8| oo
AT —T FLTITH o Region 2% RA, 24.3h 1600 2
e - Baoor i 13
ze ZOAVH—5FFL & (o100 400 §
- 200 -— 5°h %: Interrupted strain Fsp-%%%‘f’/zacture:
7—: B%@ ()‘j—@“ & H%Plfﬂé - g;ﬁ/" h: Interrupted time T=40.8h | 200
[ {0'3% | ]
z _ - dhy o by by e ey 10
Fig. 5-3 I Rl X ORA) 0 2 4 6 8 10 12 14

— _ Strain (%
Trlizo T4 V59— rain (%)

7 b LIcOF HOFH%E
Region I 7 HRegionlVE T
X5 L1z (5.3.2Taf) o 978bb. U9 AEHBREREDO%) 5#3%E T%Re
gionI. #¥4.5%F TH . #11.2% = T%IMH XU ZDHOBW F T%RegionlV
& Lz,

DA 5 =5 VRRICBWVWTIR. 245 C—ESXMTY — FABREIT- 12D
THEHN, A= I V—T2ZFEN6245 CETHRE FRIEB02H/E. 24

Fig. 5-3 Interrupted SSRT results



5 CTHIELT100 CLAFIC T B H5hT 3 Reflid W ho A v 4 —F 7 FdBk
KBV THHEBELTED . JORMMICELZBERbEEh TV S,

PFE L hiRIc oW TR~ 3,

Fig. 5-3 /R L7cOA490.3 § , 1 MDA 7 —5 7 FABR( IE/1#978
¥Pa)T.  CIKHABRAFZEIICE y L TWo, TOHEBRBOREF DB~
7 0'BEE%Fig. 5-4 I, & HICSEN BEZ%TFig 5-5 (@) XTbIRd .

Fig. 5-5 OX|(@)idik
BAh#B . BEDY
SWieEFDHODT,
RAKE P LIcITZ
SSINEREEEITEL
TH LIS,

Bb)id X ' 33 %40
ALbOT, EHL
X SHBEHOLT
WBDHA LN,

ESARE D F-3 6 DB >
FIE L N Y
PHERREICIEH D
BRI B HNIEW,

Fig 5-6 (@)X T(b)
3. TOIV 82k
S TR Wb LD
SEM BEHET, K(@)Ti
BRFPRIc S THAML
2By FOABRA 2
WKRELTVWB I &R
B 6B, -X(b)iE
Ey bR LIZDD

245 °C, 8 ppm, Interrupted strain=0.3 %

Fig. 5-4 Macrostructure of interrupted specimen

245 °C, 8 ppm
Interrupted strain=0.3 %

(a) side surface (b) magnification of pit

Fig. 5-5 SEM views of interrupted specimen

- ]
(a) %:tirrgbigigéinz()ﬁ o, Loading direction (b) magnification of pit

Fig. 5-6 SEM views of interrupted specimen after descaling



Ty HoMKIFATOVWAZ ERDINS, /.20 E y FMIEMAIILIHTIC
PPRFIESFAICREISIE L 1S > TERL TW3, TOE Yy FoR4R. OFAH
0.72 %, 2.4 WigBXTOFANL5 %5 h BOA 0¥ —5 7 FABRTHZITEEE
LA LN TLTOTAHLL § T TOE Y MNEICIRHAKIE 7 5 v 7 ids oh
ino Too T DOEBABRFFRIOLHE L5 [HRISPEM L. Ey POERICE y
FERRAIC LIPS Ty 705, sliARCEAICEEL TS b0RA6h0
B5XHIE-7,

Fig. 5-7 (@)% L TU(b)
ICO9 A3 %, 10h &
TOREBRFT ISR DER
§5tR DSEN BEHZI/RT
@iz Dy M
SINKIET T B3
HEL. PPEELTL
00RH 605, XbFZDIWANERT . 7T v 7 35 [ARICIITESIC,
Evy FOANEATOEDNDN S, FIMTDOLBRI/DIIVERFICH 12 558
FOMFTEOHD RIS TIRE Y MNINIKB T T v 7 RA LT,

CDEHIBT Ty 7. SERIEAVBEML T LIV EY FUIRE L
BoRE, RELEZBDEEZONS, ZOEOSERIEIZ. Kb 5#4300PaT
doTo

Fig. 5-8 (). (LT
(€)iX200 °C, 8 ppm D&
HtcEohiz. Ev bO
Wil K UREZEE L
72bDTh 5,

M(@)i33kER = VI L
7= 7 ol <. KO
N—F 4 MBS A LN O :
3, Evy FOhoREL Fig. 5-8 Voids and microcrack in the pit

245 °C, 8 ppm, -~ I
(a) Interrupted strain=3 % Loading direction () magnification of crack

Fig. 5-7 SEM views of interrupted specimen after descaling




759717274 bBLUN—F4 FZ2XBIEHERLTED. MNNEhZR
LT3, Kbty MEGgom»bT/hEWIrar J v 7 DS SicfilmDiEk
ZRLTWS, ZOMEE O—54 1) OHIEVLWAWVWLDIIEA VYA FTH B,

27077y 7OFRIIRELTHA/NIVES F RV HD) S
KA VZA PO FIIBRLTWS, T LTRSS FOERRICED A 71 MiC
BEREL T3, FAKEIE Y FOEROKIKTH B, TORIFITIEI 7
ORA FRZEFRELTWB, TORA R T 274 b—X—F 4 bPRRAF I
NR—F4 FHDT =254 b—tA & A MERIFEL TOi,

hoDHRLVAT, Ey FOREDIRIZT 54 F—1—F 4 MRS
FUR—F4 PO T 2514 b—k AV F A MERDEHITH B EHWVZ 3B,
FNCE) LD BT RX=F 4 PHICE Yy MIVEICREINBEL. T0%EA V51 b
W79 IDRETBEESITHB I LD -1,

5.8.2 75 v 7 DL
Fig.5-9 @34 4 —5 7 FABRTUOTHHA.5 % 16h BOBOT, Tho
v PERKICLIEA DT F vy 7035 5B OBEMEIITE y POATEITAE
LTV 3,
X(b)i3 MR D O35
#11.2 %, 37. 4hD b D
T, ABH i LT
Bda779v 70V
— ISR ER bR
e L. a8 LISy

= Fig. 5-9 SEM views of interrupted specimen after descaling
LIERLTWS, £ tested in 8 ppm O2 water at 245 °C
Wi OZR S Gl btk
BLTW:, DX
IZ7 7 v 7 OmEgER,
HAEBFAE LETH > S10d 22 E. B

bIEAZ LTS5, Fig. 5-10 The fractured side surface of S45C specimen
tested in 8 ppm O2 water at 245 °C

a) Interrupted strain=4.5%  <«—— () Interrupted strain=11.2 %
Interrupted time=15 h  Loading direction'  Interrupted time=37.4 h

L




COERE LTz 5y 7 DRE LR, SR OB A RSB/ NI {18 |
ZFicl+ 3 b0EELI LN B,

Fig. 5-10I3B AR RHOSEN EETH 508, 77 v 7 ORHITERA
IR TAX K T bORE LB o, 5EEVMTICEVBEOLTI Ty 7
LIE-7bDEEZEZI OGNS, MhO/NILB T Ty 713, CHODHRREEZEZLS
h3, 7L CARFBETHOAEDOFSP BiEid. CORELILT T v 7 OBIET
O, ZOT Ty IHBEMELVFSP BJFERINTICSCC 2 LicbD LEEZ
b b,

7 o ORFEFig 5-11IRd . R@iRd Bz Bf5L17 5 v 7 DL
Bhic X > T LB Td %, b3 Z4»_EEfd S Bz b O TEA.
ETI2AEMO & 5 ISFSP NABRA A TA o 5, K(C)iIRIbDLMTD -
T 9 7 &ALz bD T, ISP BHABRF OBEI FHICE T L TWB3D08bh 5,
M(Q)IZX(b)D FiERelRE Az bDTH M. T ZIKbKXIEFSP A ohsb, £
T DREWETHBEy FORBNRKAIOX S ICCHIcHA LN S, K(€)idCHD
kT, HBRHFOZFRMNSANEEY FTHO, Thho 7Ty 708 EELIED
DEEZONDE, CDEIICT Ty 7iIZiE. Ey FhotERE LB RSHITA
Shtze X()I3BEH P IRERDIEHREWEIEDOSEN BEETH 505, WEET 1+ T
WHZRL TV, ThoDRNS 2 T v 7 OFlEEDITVIEED O/
BRI Al RSB R IC B > /- 2 L ER X B,

(a) fracture surface (b) sideview (c) magnification of A

(d) magnification of B and FSP (e) magnification of C (f) magnification of D

Fig.5-11 The fracture surface of S45C-A specimen
tested in 8 ppm O2 water at 245 °C




Pl EDFSP-SCC izHo\»

Region 1 I I v
testing (h) 1 ' 2.4 ' 5 10 15~37 40.8
D "L Ew bD s s
BEEEN S E Y b Strain (%)| 03 1 0721 1.5 3 45~112| 122
) 1)
RENOHEBNICESXT (Sﬁl";:l; 78 1 160 1 280 430 500~ 600
)
> L H onset of microcrack . | growth and
@1@&% ~ %ﬁ‘-’]'ﬂ" 5 2: Surf.a.ce onset of pits | increase of inside and outside a propagation fracture of
condition | pits pit of crack crack
1

Table 52 ME SN b,

Table 5-2 Interrupted test in 8ppm O2 water at 245 C

TS b LRGN 1 Bl (RWIEHT) BEOERKMT. KEO Ty b
FH: L (Region 1 OBEER) « £ D%k SEHEREE OLTIIEMRESIT) ¥ To
MIEEy FOZHFEE LT 2(Region 1) o
ZOBINN EOTHHRERIE & biHmU . SRERBIEGHR10ERTFEEE <5 iRt
. BRAS( ZETHE S M fili=4230Pa )i B OFIA3NPaic ZE L . {0 9° B 1%
mEIticEy FOENMS I 70l 5y 753584 LY 5 (Region TOBIR) «
LTRELII T v 7B BULEET 20, KEBIKKEDIZ7al Ty
KIEHEPRREIDZDOI 7075y 7H8E L (Region ) « ThoHkEL
I AEEZITORZ LB ZRICHEBICRE 2D TH 5 (Region IV) ,
Fig. 5-12iTable 52 THON/IEy MRV T v 7 OHEEREL. ABRH O
HERADNSHIEZOBEABTRLIZBDTH B,

ZZTD
Region I @
. 4
TIKEy b
B0);°3 10
EENS S
haZeh

v

Region 1 il 1]
after descaling
Cross _—_.a= = /=~ A Y Y \ / }adure
section X x pit and microcrack A
pit pit crack
Surface % OB - Q AN # i %

propagation

fracture

Fig. 5-12 Schematic diagram of TGSCC mechanism

OB TRMBRBAERE . BIEBEEBIENE S - TH- L E y M OFRL: LRELHE
f193bDEEIOND, I OFKHTO DA V5 —F 7 M RBRF OAE
3. B L EZRP 2S5 GREBEZEL This

KPR SHhOBLEEICBDN., HFICOTATHEXh TV Z
LERLTVWS, THIZOVWTRKHE TR,



5.4 SCCIicBXIFTTHAMBILEIRDE
S XIZS CCoxH:

Elongation {mm)
5 10

0 15

A A E: / 9
L AL 5{%{&1&245 C No SCC, Interruplted SSRT, S45C-A I
=g As Received, Hv 189, in air(c o = 423, og = 708 MPa)
<D OEj)‘O 007 Ppm Pressure 8.3 MPa, Strain Rate 8.3X1077 s~
~ 800l 518 K(245 °C), 0.007 ppm 1000
TDA 4 —77 b - :
T 0l Js0o0
= ° = Q600 13% % i =
EBrXiT0wEy b5 = L 43h S0n 1. 2
o L 6 Js00 =
v & OFEDEHED X 1 %
o L °/?1 : IIntterrup,:eg ts.train Jago S
N = 1 : Interrupted time .
= No SCC fracture ]
Uz OBALBIR OB 200t o5 T
. _ : =89.1h ]
Zi1otce A V7 —3 0....n....1....1....1;...1.'...0
0 5 10 15 20 25 30
- ~» i ()
7 FRROUV T A LI Stain (%)

] Fig. 5-13 Interrupted SSRT resultes of S45C-A
% Fig. 5-13IC Pl =

DRHITR LI, KIS CCA L THMTL7T=89.1 h ZAkic, TDRHPD4 F
DOTH( i) THREBREA V¥ —5 7 b L. AR 2HUE UEBEAREE Y B
P 7T v 7 OREL & UREREASRIREEZSEN B8 L7,

Fig. 5-14@)E X LIV A%1. 05 %, 3.5 htEDSEN BEH%Z/Rd, M(2)idilkk
FERH LU0
BED b O TR IZAER
Frase it - Tk
134 —ERHN A S
h3, KKK

R c soas

BRE® D b DO THBT (a) before descaling Loa:ing—dir:ction (b) after descaling

WCRELKEE Y FHEA Interrupted strain=1.05 %, Interrupted time=3.5 h

ER - Fig. 5-14 SEM views of S45C-A interrupted specimen
AEICRIEL TY tested in 0.007 ppm O2 water at 245 °C

BZONBEDL B, £ IOy MIMEHRNHETIRESE LTS > TV,
Fig. 5-15(a), (BXFE)NIA ¥ —F 7 FRBROVF A6 %, 20h 8. UF 5
#713%, 43h %35 L OO AH18%, 60h OB ZHUE LicE £ & FERE®R
DIREEDSEM EEH%A7/RT o

M@DOTA#K6 % Tl Fig. 5-130 55 [RIBNDHI610 HPa & 0, » EBEX
TOTHBEICHOENIRD b ONRA L5, KEZRVIGERN TIIE y %GR



Hohiz, LOLZDEIT5. 3.1 JHTHR/8 ppm DHDICH L THIEL, 75
v 732l H 600,

Mb)@ & » Eic 0B L, #13% ODRXBOTAEZFI-bDT, K
EOHENEZEHO L TOW 200 HEICA 65, L URERZE L HBRA iz
BUVEY MASNE DD, 5l5RIGBING[HRHEX 05 ZEIZ TOLBICH 0D
573 Ey PRAPRHBRAERICYZ 7 v 7132 Aohidb,

X(C)iZ DT A818 ¥ D THI(b)D T NITHARTX SIZEIED., ko kX < %)
NTVBEDHRBHONDB, [FEIRFCKEERE L AR OREICIZE Yy FEZ Dk
Bicbdhic s Iy 78BN DE, LI L. TDF7 5y 7 3REIERDOD OES ppn
DEHCE Y FALSDARELI-HO TR ZHOTIROWH( 29) BX U
— DOy PO SFHELTWEEITH -7, RO D OE8ppnDA ¥ —5 7
FRAROBREHK T 5 L. By bORENSEINT/DIE . £ O S EIE
fcBEITLTVB 00

D OEAVLIS S At |2
B\l FEko é
bomtEEcEbh |
TWAIHTIRIE O

EEZ N, T
DT FEDA (TAEERE | hnh 0 1
5 —5 7 MBRF O oy |t o e

Iz 13 ﬁj_*,‘ Fig. 5-15 SEM views of S45C-A interrupted specimen
B, BirLI tested in 0.007 ppm O2 water at 245 °C
5 T8 ppn DL

after descaling

DHBEERTOVT~  |§8
TEEEEL TV
CHRRBAIcAERL (b

7-BALEZIEAY8 ppm &
0.007 ppn Tl3EL S

ZEERELTVWA,

. - - Fig. 5-16 The fracture surface of S45C-A specimen
Fig. 5-16(a)icNo SCC tested in 0.007 ppm O2 water at 245 °C

(a) fracture surface (b) magnification of A (c) magnification of pit




THElT L 7B ORI E R T, B0 X & — MBEERbIC. % 7zKI(C)ic 138
HEEOEy b2Rd, COEy MIREROTATyIRRIG/HH (LTARD
PRI XINT, PPRHEOLTWARDATI Sy 7 ELTERLIZDODTRE
WEEZ SN, TROLBHKNIIEy FEREELAEDOTRIEL . BHD5(|%R
AEIC BT A5 EBIME Licbo b,

5.4 1 HBBLEEDEE
AFEDFER, $TIRBRIZESCE Y MO 77 v 7 DEREERE X
UFSP BEHIOERRICIED O& & OBYR THER T KT DBIRA. Bd THEEIIHE]
ZRLTVB I ENREZ OGN, JDRHATHTRERBZBEOR: 2R L1,
BALZBEORE X, X S Lsvten toscam i oo saross 1om

B A W CRET Lo e
FEd KRB EEUA— ;gk |

0.60 ‘I’MM |

My L—ThicoB Lkl | on | Ml wﬁmﬁm ka¢kmﬂ
—*ﬂﬂzo)ﬁﬁﬁ%%fﬁh\ 1000 20.0 0.0 60.0 80.0 1[,:8_2.,03

] 33- 664
11 o RS 7 209 ‘ l Hematite
TiT-> 120 BERD 2 0 H:D 1::: | _ || P R i _
= : Fe301
ﬂﬁ‘:\ %K%ﬁf&ﬂ%ﬁﬁ §§f§ | l ‘ ! Magnetite 19- 629
. . O ’ . l
> 20.0 40.0 . - )
ﬁ% &: L f:%ﬁxﬁ@ﬁ& 138:8 0 60.0 BD' 0 150 DFE
0.9 Matrix 6= 696

- 20.0
;gf t)ﬁﬁ " \f:o — hliﬁﬁ’\ (a) 20.0 40.0 60.0 I ao.ol 100.0
ﬁﬁg'é Xﬁ%Mﬂ’é ﬁ“ lp 2 LSample: 1774(SHr) File: 95104A.RD 05-0CT-95 10:20

B LOBEER LT | 15

BT X B B 5 A5k gﬂmt

<. BAERORBHED | 18] Mkl kmﬂw meummﬂ

micEg T EENT B ’m T
VBT L BHEXE CuKe |, we e
RV, BEEIZ30 kv, B i D ’m. | M T
BHIT100 mA L L7z, 1§§§ | | ] " Ma::: 1:0:,5
Fig 5-11@QBLTOIES | @ =0 % e e

C Co¥H:4 5245 C, 8 ppn Fig. 5-17 Example of X-ray diffraction analysis
tested in 8 ppm O2 water at 245 °C



DB TA v 5 —F 7 MRBRZIT - IeIRER Z 2 0 TXHREHT U 7oR5R
9. K@)idFig. 5-3 hOUF5H490.72 %, 2. 4 W& T, KXV HH1.5 %,
5 h #oHlERHEERT, mKEL< MY v 7 X(Matrix, Fe, HH) . </ x%
A b (Magnetite, Fes0s, AFMEFESR) BXLUNT Y 1 | (Hematite, Feo0s, LT
HEFES) PRI TV, KPR 07 AKX LIb)IEX@)IC AT
HOA Y bOE—-7550L &L BOFIKMOE -7 I3MEL I8->TW3, Zhid
BALZEOREBROMNIEAL 3EL 55, —HRIE@DOMOD E— 27 2135
13 - FcE IR R ORE RO KSR L XA L T . ZoXIEHM
FEEEDLDhZEAEEL TV Eicb kB EEbhi,

Fig. 5-18i%S C CoRA:

10 2 | Sample: 1931¢3.5Hr> File: 95104C. RD 05-0CT-95 10:34

L75W245 C, 0. 007 ppn® 5% ‘1 ”
|
|

BESEHTCA vy —5 b | i “
HEREAT - THURERL % 2 | o b | & |

e

|

o.80 4 Jﬂ ]'\
. | i
0.20 g J Lowdl g, ‘ Yy L oy *Il\ﬂmwi,_ﬂ / \“»‘.j',, ‘_JA[,‘M%_J}

9 }‘i.‘ts: Xﬁlﬁ]ﬁ L f:%%% 1009 20.0 0.0 60.0 80.0 TS

Fe203
33- 664

600

9. Fig 5-13thO ¢4 (i , l| || Hemaie

#1.05 % 3.5 hEOREIT i .
ORERERERT RS |53 T e e
HEIMO AR S hT U e e
W3, THiEZDOENIIEZ Fig. 5-18 Example of X-ray diffraction analysis

tested in 0.007 ppm O2 water at 245 °C

SEABESAREEDO. 007 ppm
TRRDURBIVDISVW-DIRIEMOANRERLI-bDEEZL SN B,

oD LD, JORBEEHTRRBRIKERBIEMOANRER LTSS
ERbho T,

Fig. 5-19(2)% & UNb)ixS45C, RM CHEREEE245 °C, 2 ppnDBBESH: T TR
FARHI AR U 7o AL B I8 7% d i X R ik 2 W CIElE L 7cd§ i %R 4, cho
ORI X OO AR ZE. ThTh0.3 FEE0.5 EORMETANI
HOT, HEIT 558 (Counts) 2 E— 7 TRLI:BDTH 3,

M@)id X&%0.3 ETAHIE 3 I LickVBXTEOBELEL L-boT
H0. KbI0.5 EOLDT0.3 Biclh L TAHAEEL 5 Licky, < b



v 7 ZDEEA
Bl LEbDTH
3. ZXICIZEAL
W DR H(1/10)
PRI TWA,
COREHKT B
Z Lok EKhl
DALY 2 HEE
3H5IENTES,
TIEbbX(@)Tid
MREEH100 THH
BHxh. HbT
3100 T
MY v 7 DK
XhtzZ Licky
RINMALEIIHT
Y. TOHEHTD
H2BIIMTHS
ZEBDbBE, Ih
= by X%
HAEER L THBE
ABiEHT. WiE
M ERL B,

LK

## KRESULTS JF Znd SERRCH MSTLH wer

Sampls Neme :

Hematite |

Peak search result
Intensity Unil = CPS
No.  2-THETA INT.  WIDTH 4 1710
1 38.760 260 . 2.6%6 100
2 50.500 95 2,097 40
. 3 520440 213 20025 91
S L
‘Y\"f
stshdand o Nl )
o, Soeth I\ J
.1|J\hwmjr\u "I"W'M' e ] Hudea by l\ it l'”.{\-':”ﬁ"’“ m}v\hq;«\mm ‘\l\.’v"s‘*‘“n(fufn‘ﬁﬂkrl’w"\;-'f“&vww"-:iﬂ"\‘:
18.83 e.38 39.903 13.30 2.33 &3.20 76.33 33.28 3s.23  104.13
190622 Fe3
Magnetite | | I
[ L L
33gE Fe2 03 1
Hematite | \ I T T S W
695 Fe
Matrix(S45C) l | |
(a)
¥ x RESULTS OF 2Zrnd SEARCH MATCH ##x
Sample Hame @ R114  .5° ( File rame : E2
5K
Peak search result
Intensity Unit = CPS
o No.  2-THETA . w9 1710
o 1 38.760 293 aee 2,696 67
i = 2 50.520 143 2.096 33
3 52.480 436 ass 20023 100
i
e,
e el ]\» , l,,
shanees) ottt W, A, 4
' Mt IM{ i | bt \u.l » k\,‘, o/ Vi \IMA\wa,\;‘@.‘,\,ﬁ\.z\u\wg\m
13.33 22.92 32.32 13.93 53.32 53.38 73.03 33.00 93.00  102.13
19623 Fe3 M
Magnetite [ | | [
! ! L N
‘ 33388 Rz 33 1

) Matrix(S45C)

Fig.5-19 Example of X-ray diffraction analysis

Table 5-3 Results of X-ray diffraction analysis and TGSCC fracture
for the specimens after SSRT test
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F L%

eMPp-|100°C (373K)|150°C (423K)|200°C (473K)|245°C (518K)| 288°C (561K)
ppm

8 O * O* o+ ®MH ® MH

2 O X O * OMF:OCH) | @O MH oM

0.2 O x OM @ * C,0MH OM,H
0.007 O * OM OM OM oM

Table 5-3 1579
&rhoEfidNo SCC

(O:No SCC @: TG SCC

X: Not detected *: No analysis

M: Fe30s4 H: Fe203
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