669.14-462: 620.193.4: 539.375: 669.788: 620.194.2 >79—A 65

418 SA4 3L THEDKFES(h

FHBW WEKRHER oRYy %k BN H
; IR 18 teBE 0 X

L B YU —HRABRETFTICE T B4 1 7OKREFRBEL, RBEILLBALL
KEGFESBNEY L MBOREC 7 2L LTHEL TAESCH (RABHN) 2EY, Tor A
ErEERZBERE LA 6ERT 2, COoMsRABETORBEMATOTNLIRLS  HHRE
HREERELORE & L TP cBAS N ZEXRSERCT > TAERLLEVCRECZ>TV 3
RO, KEFEBEOERBCEIARSIC N (AMHN) OBF2L6 TLEIHEE LA,
AUy 7 —HABRETORKFEBECTY, LCBR~LEREEBOR 26, GBHREMATO T LI
ﬁm%ﬁﬂﬂn@Mﬁ@bu%MMMmQ74/n47®%nim§$<ﬁGmﬂﬂm@&ﬁﬁénf
B, %ﬂ@@hfﬂﬁﬁmwﬁémbfﬁ@ﬁu&6n5m$&<nuﬁ%@%nkﬁ«rwé<
ZTOEb Y OWEERIZ—BICRERCEL LV DT,
COBEE dilﬁjﬁﬁ,& ( 1L (Internal Blistering & E o7z
Koot ) 50
ww$<nu%%én5w&ﬁ@®&%.%@mi
ANBRCRETEERTFORE, &6 kESH

U\\\
Cl

. N Fig. 1. Pressure relaxation by plastic deformation
NEHOEF M v THMBBEROELFH#F TICE of internal blisters.
. p.is the pressure of hydrogen molecules precipitated within
D TAIZ, ) the cracks
2. SAVIRATOKRELEHEOEH FA v FTDIKRFC L BHEEE, ECR 2 KES

(B EVICKAEREE AH0B 2B D ANOFTOLN DI L L oTHERT 2, COKES
CND ST REL C cH 2 & &FICid, SR MOTIIT TS Ch & BRREADOH O F LV BRI
ko TRAENG, o005 nowonRs CRelcn T ERRCH 2 BE8EANE, COBE
b, SCNRMOBMIG NI REEKSER ERCL > TENT 2L 4TE 2, COILORMOMB
@#$<n**®ﬁﬁ159’u@ﬁﬁ#ﬁbﬂénékﬁﬁﬁﬁfﬁﬁénéxr/7ﬁﬂnkga
(Fig.2") EATOKES CNOMEOBREEL e HL

CRnvy, Fig.30ZmRT &
S ENCER T I
BoTs, COHE, &
(NDOEb D idhE b EW
LA Fig.2 EXHE
Thd, LTI NDOR , ,
RO B 1239 TICHFT S Fig. 2 stepwise extension of

1 Fig. 3 Stacked array of
| internal blisters

; e . ' : internal blister array
HENTELSZY, SN observed in immersion formed in test under
DELVOLNREHKE O seress, 02 07049

S LD TH 2D 4
<nmﬁuu&&hZWt¢éa%nmibfLn@¢@r&<ntvL%OaC“ﬁﬁa%”&rbT
DHRCET 3 KRBRBELRO L AT 0L 5 85 Db, WRAREGE > 2B E T 5 T4
B, COMBIEIRRNT L T80, oo TR ECR~<NEECE ) EES MM
BERABRF L CIEH TORROMEFHc XT3 EEEHMLTR




" 79—A 66 e '
2 EBHE WEBIES A v A 7HOAP T 51X X42~XT70EE L # C, EMAKZ
7254 =54 b (PTEDT) 508 R7 =71 1A 500 o .

4 A L

ThB. ERERACIRREOEN, ¥ - v- CEEEENL 0%
BIUCTERASMO»GENE, 2EZITPIIE 72 5S4 b e —3 2008 Lo C
1 MEB> 63 TEAMEER DT, PoRBRL LFERFEC~ Lo y
0.1%, Si=0.25%, Mn=1.30%, Nb=0.05%, A D By~ bemsy |8
12 C~0.0 5% Si=0.3%. Mn—=1.5%, Nb=00 7%, M0o=030% T 3, % 20| Fév?f'7f7~§
KEBEBBEAFMOL: O EHEF B ABABESRIL ¢ |
CRERBET ok, EHERROKERMIBRES LVEER 3 g
WAL D, BRALET  BRAE 5 % H,80,+ 10mg/1 NaAsO,, & °f * T 1
EMEMBE smA ol RBAANE dm (FE) x5m () ® £ 8| oy L ova
FHRA CEEEATMCH ) BLE L0, EHERROBMBL 3| o 4 09l
CRERBRAEANED T ECBSIBY TR (BERB) 2 o, T 98 ]
BoKES (N (RSN EREIBFEKRE (UST:Fig6 e

| - -
0 5 10 15 20 25 30

j&ﬁE) xXh j{?@to %ﬁ%*élﬁlﬁqﬂcﬁfﬁénéﬂi?@ﬁik LT, Sulfur Content, S (1072%).
HEstk 4 5°CIC 72hif -7z KErombians HABZY Y VP Fig.4 Dependence on sulfur content

of time to failure in constant

“‘%&J Fﬁﬁ%&mﬁ:ﬁl“ﬁﬁbﬂ- bDERD, 2 % No TERDLT, load test under hydrogenation
3. EBHEREHLUER ‘ )
3.1 miﬁﬁmﬁﬁru&&?%¢s BHEBOY R <Ak S g4 voi g FHo KKHiR

BEEIE, ANEME (CERETCHY - Mo SE MBSO REICKERT 2, 3.1 TRIDXA FTDOKFRFEK
BRI RETMH S SEROBR2HE 3, PLEC O O TEMERBROBEKRKE t, ©SFFEK
FeRorfERe Figd oRTY CoRictnig, RESEREE 0007% BECE LT tpRRS

noi, —hHPL, PI&® 100 ‘ v
As rolled {Tempered
6L\‘iALH®S’%ﬁ§7E Pl s A . ; . Test Piece
80 — Al o . ' i :
0001 %EE 4 T{& <T5¢L : Ingot centre-bottom A
) Immersion time : 24 to 96 h $
SEB RS, TRAL NI S , ]
[ N
AOELSERLBONTE - s .
D ’ * ﬁﬁéﬁl& " < J: % K% * o Projected Image of Defects B
20 & in C-type Scanning UST b
2L NDEL T RHE T oo _|o© ; ¢=Mected~eal>mjectedon Plate Plane “
Bz DB NEY 0Ll o oeel B® ol frea
0 0.5 1.0 15 20 25
}B:{ﬁ#ﬁ“ﬁ]ﬁ‘Kﬁ‘rK THBHD No {(ml/100g) Fig. 6 To illustrate ¢ b
N Fig. 5 Influence of tempering on the extent appearing in Fig. 5 .
LEZLN D, of internal blistering,- ¢, and N, PP ng v E: R
3.2 HLBOE A5 (R OH RO Kie (KFE ; P

%Afﬂﬂ@ﬁ@ﬁﬁ@ﬁ@@&)#¢é<T&K%ﬁﬂ
Th, W%A(ﬂﬁk?&ﬁ@?ﬁﬁﬂk&&b?é.

Kie<p (8 CE ) B (1)
BT (- L 0 K {cof, &5\ 5 cRBERORREL D ®
7oas o CHEED L DKERARVGEER ST D2D0LELDL = . -
(a) as rolled (b) tempered )
NnNdo < DEEE ‘(Qéﬁ% (R OE‘Z) EDITE BT TH Do Fig. 7 Appearance of martensite islet, M', '
k  P=s<{HAE 2 c=sihV1X, =R CROSHREYRLT 7 724,51 As influenced by tempering




R T

*79—A 67

BELSEE  PIMLAIHOKRLMREHKL, s N
ZOHROFEREZEL THL S, Figs »TORERT, < i NICE P
ORICINIEBRLBHRIZA IHTRELLAPIHTRS 3 o [on [sastor
0, Fig.s g3 Fig.6 CHMENZRT, RBHEON 3 o il
B NEREOBRTH B, AL HE@DONLHROFE £ os T vt Fompres s
RS BABHCRD 6N B EREBR~ 17 v+ b Mo TR -
EENGIRCH DT L Fig T CRUCHABBESCIVHE oy

680 80 100 120

FEOFOoN B, OB FERLICE > THEBTRE > T, Corrosion rate. (mdd)

v, Fig8 R LBAREEBHERRIEAEDR DL, Fig. 8 Influence of tempering on corrosion
ERERLCIVABABTAOROK 2 LRE2HRD and N,
fhic, ABEXRH CTHEBAEBINZ2 LA T OEEKFZEREEN 2] R W .
PESBLS e TOIHRLBRTEL, PIHOBE, AT ow j%
MGFEOZELA—F1 b« AYVFOREDLDEA Y Fdh ] 7
CRATOMEAMLT b5 X VRSBV D LTSNS, § /

s £UQ THR cnoOMMBEC LY, BRE 2 5

BL 7 > TNDEDE F2—HBo shios, AFSL N © 02 /
KgrELCETsesppRu@BoonRL o120 | A 5_

33 EEMIAEEETOBOMESLUNCRIETES O ——o—t— e ——=
TEREOE BB~y 7 -y AMHOEERTORE Corrosion rate (md
B — s L Lfﬁtﬂﬂa)’ﬁﬁio‘i,Uj(iﬁl,‘:&‘f?%géﬁ~i; Fig. 9 Relavt]'v.on between corrosion rate and
KOWBER <, BREEFEHT N () 03%Cu (ID ;06 Mo for Cu or Cu-i bearing steel
% Cr(IVa) 5 0.08%Bi (Vb); 0.2%Ni iz & DMKEITLHR (0.02% 2 ——— , ; ’
Rh,0.08%Pd %54 (2 PL) A X CNDEZHL CET Eﬁ%mmm% &
TOHRE S ORKTH Do (b 002%Ti(Va): 002%Ger 5 [[&h Kol

VW Z 0.2%Sn(IVh) i3 & B REHR ER T, (©032%% ToAl  Sos for /]

0.5% £ TOY W2 : 008%ETDZr H5THIAVD 5 509 71

0.8% % T Si (IVb) :008% % ToTa (VA 04%E TOMo, o, A7

002% £ TCOW(VIa) % i LEBRERA LRSS LD B .,/
BORMMEERL, MELETH 008%E ToCon s g gttt
IRBREID L ECOMBREES AVANSE SR Soresenwe e
onsmIRILETS 3. 2 ko naenkmR T NLIELII
DHREEAIBESA 20 CASHARMCEL TRML D bearing steel

HEESLETHS L (03/mﬁﬁﬁmnhwuw%mﬁﬁﬁkiom%%b<%kéﬁ%(eO&Tu
BHM (PL)~oONIOHEM MRS LENoDHAEELLLT I Lt 5, AHHEMC X 3No DWA I
Fig. 9% Fig. 10SRENTV 3 L5, BAREEOBAOBRTH 2 EEZEXTIOHELIE,

3.4 A NEHCRETHEDEK O P& W2 TR T 2 D B b IF S DB F
RO AT - f&%ﬁﬁwioﬁkﬁfé(‘éé 51267‘;klffékﬂtifﬁﬁ?tﬂTnfikﬂféUJécvﬁt-zi(fdt

DPVITAD V(BT 2 RO KRB TFHES 2 o0, KM IEE 2 ME S ST 3 53 2 L~z (1)5%
PHRENNE D ) OWPEH o TRETFAHNCRRT 5. # AEOMb > LA KO Eb ) (<

Xk 650°%C, 3045%%
skkk BEXE930C, 3 055%H; QT 9'3'0C, 304, 650C, 3 0H%%
skokkk D=KROIMEYK, k=+Frv~vEH T-BGEEE




*79—A 68
100 .
Table 1 Separate and combined influence of Ti
and REM on immersion test results for
- industrial steel(a) :
>
- / pH=46 Alloyed Composition{(b) Immsesion Test Results(c)

60 0O Base H Code . .
g . Cu Ti Ce S No C-Scanning UST
< ® Ti REM
- . o Cu PI155 0.21 - N 0.002  0.64 ml/100g considerable

40 © CuTi H PI173 0.20 0.026 - 0.002 1.18 appreciable

. u PI160 0.21 - 0.005 0.002 1.55 moderate
¢ @ Cu REM PI178 0.21 0.012 0.006 0.002 0.83 none
® Cu Ti REM PI150 0.20 0.024 0.005 0.002 1.27 inappreciable
20 : Cu Ti REM i : : ; ent; iti
o ] W?(h’high Ti (2) Machined from steel pipe corresponding|to ingot centretop position
> ::vli‘thTihBiMSKO o1 (b) in weight percent
ig! .
o (¢) Transducer. frequency 1OMHe
o 2 4 6 8 10 12 .

N (mi/100g)

Fig. 11 Separate and combined influence of Cu, Ti_
and REM on the extent of internal blistering, -
¢, and N, for laboratory-prepared steel
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Table 2 Change in composition and shape of non-metallic Table 3 Results of immersion test and constant
inclusions caused by addition of Ti and REM " .“'load test for Cu-W, Ti and/or REM bearing
laboratory-prepared steels

Composition 155 173 160 178 150 »
e Nb-Cu Nb-Cu-Ti Nb-Cu-Rem | Nb-Cu-Ti-Rem | Nb-Cu-Ti-Rem Alloyed Composition(2) Immersion Test (<) L@
Code .
== MnS Cu W Ti REM S No(®)  C-Scan UST ¢
oaLag. ALO, Ch © ® @ @ . ° - F
PLCF10 - - - - 0.001 0.70/0.99 reflected < 70 h
"’ ALO, | Numerous A few ) A few A fow Moderate PLCF11 0.25 0.02 - - 0.001 < 0.1 none < 70
@ Mns ‘ : : PLCF34 ~- = -0.012 - 0.003 '1.25/1.73 reéflected < 70
- REM-S-O {b) _ _ A M ‘PLCF35 - - 0.029 - 0.003 1.67/2.14 reflected < 70
G ao, | T | T PLCF36 - - - 0.012 0.003. 2.20/3.69 reflected < 70
N PLCF40 ~ - 0.016 0.011 0.002 1.25/1.67 reflected < 70
@ REM-Sp,) - A few - Numerous’ Numerous PLCF37 0.24 0.01 0.015 -. 0.001 < 0.1 none . :200/400
REM-S-0 PLCF38 0.27 0.01 0.033 - 0.001 < 0.1 none <70
Nb-C . PLCF21 0.25 0.01 0.010 0.012 0.003 < 0,1 none > 400
Q- Tt - Numerous - A fow A fow PLCF22 0.24 0,01 0.030 0.026 0.002 - < 0.1 none < 70
(a) Figure in circle denotes relative quantity of the elongated inclusion (a) in weight percent (c) UST transducer. frequéncy = 5MHz
(b) some times accompanied by MnS, not elongated (b) in ml1/100g steel (d) Constant load test, ¢ = 0.700
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