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The Relationship between Ihternal Cracking and the Austenite Grain
Boundary Segregation of Sulfur Atoms in 9% Ni Cast Steels

Junichiro MURAYAMA, Hiroo OHTANI' and Yasupa OHMORI

Synopsis:

The effect of austenite grain boundary segregation of S atoms on internal cracking in 9%Ni cast steels has
been studied mainly by means of Ion Microprobe Mass Analyzer (IMMA).

Internal cracks originate at the austenite grain boundaries which are also primary dendrite interfaces.
Internal cracking, however, is not due to the formation of the grain boundary layers of low melting point
substance, but arises from the decrease in grain boundary cohesion by S segregation. The segregation of S
atoms is largely reduced by Mo addition and such an effect of Mo addition has also been discussed.
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Table 1. Chemical composition of materials used and mould shape.

Steel C Si "Mn P S Ni Mo Al N Mould shape*
A 0.05 0.14 0.80 0.005 0.015 9.53 0.01 0.005 0.005
B 0.06 0.14 0.78 0.006 0.015 9.53 0.09 0.016 0.007
c 0.06  0.15 071  0.006 0016  9.68  0.21 0021  0.007 2004 % 230h (mm)
D 0.05 0.14 0.73 0.008 0.014 9.75 0.52 0.025 0.004
E 0.04 0.10 0.59 0.012 0.009 9.40 0.03 0.014 0.006 200¢ X 30010 X 400k (mm)
F 0.04 0.10 0.59 0.012 0.009 9.40 0.03 0.014 0.006 30¢ %300 X 400k (mm)
G 0.04 0.10 0.53 0.014 0.012 9.40 0.26 0.015 0.008 200X 30020 X 400k (mm)
H 0.04 0.10 0.53 0.014 0.012 9.40 0.26 0.015 0.008 30¢% 300w X 400k (mm)

* ¢: thickness, w: width, h: height, d: diameter
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A : Steel A-D, B, C: Steel E-H
Fig. 1. The schematic illustration of the

(mm) preparation of 3 point bending test specimen.
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(a) Total crack length in ingot
Crack lengths were measured on the transverse cross
section at half height of the ingot of 200 mm diameter
(b) Brittle fracture in 3 point bending test

Fig. 2. The rerationship between total crack
length and Mo content.
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FCBRLPIELEET B EIIE MnS 0FEERR LTV 5.
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ALTED, 13E 0L MnS 8 MoxigkA L
BB Lt Eaibhb.

a:0.01% Mo b:0.21% Mo
Photo. 1. Change in fracture appear-
ance with Mo content in 3 point
bending test specimen (Dark portion :
Intergranular fracture).
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Fig. 3. An example of EPMA line analysis of
Mn and Mo across a MnS particle in steel G (0.262,
Mo, 200 mm thick sand mould).
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(a) : Steel A :
(b) : Steel B :
(c) : Steel C : (0.21% Mo)
(d) : Steel D : (0.52% Mo)

Photo. 2. Change in intergranular frac-
ture surface with Mo content in 3 point
bending test specimen.
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Fig. 4. Examples of in-depth analyses by
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Fig. 5. Effect of Mo content on the depth plifile
of %2S- intensity.
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Fig. 6. Effects of Mo content and mould thickness
on the depth profile of 32S- intensity.

Tues 0.03%Mo $RCik = » X 5 7 FLRRHTIE B
IR T,

24 32 IMMA on the fracture surfaces (steel E,
Distance from surface,nm mould thickness : 200 mm).
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Fig. 7. Effects of Mo content and mould thickness
on the depth profile of ¥Ni* and 2Mo™* intensity.
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(a) 0.01% Mo (b) 0.09% Mo (c) 0.21% Mo (d) 0.52% Mo
Fig. 8. Effect of Mo content on the starting and
the finishing temperatures for solidification.

%, Photo. 3 m LR bR B X 5K, FA—DBHISLHET
HiuE 0.26% o Mo H ¥ LT b BHEOR ST E
B BRAV. L Photo. 3 @ (a) & (b) &
BWE (¢) & (d) olrbHRLN X 5T, #HE
DEZ% 30mm L 200mm L35 L L0 THARE
Ed KECE S5 L EERAEBRSIKE By,

LHREEOHAC L FELLI BT 2 &b s,

o X 5 ieBECAE S 2 REIBRERIO 2 7 » BT,

WRDZ Lle N BE pm~F 100 pm it ic DT % &
2 HhboT EPMA T Ly ok RAai. EPMA
TRAHBETHRROERD 1 pmTH D Lo b Fik XiE

R Ao IMMA o X 5 i 5 0o B e
WIRECERD, L0 ERNAEETTROSMLE
Bexs. R Fig. 9 wrt. chIivBbhik
5y, Ni o 1 7 eff#nit 0.26% Mo ¥sinC I>TKk
BB ZTVY, BREEOEEYHR X 30
mm EOEMOEN (RHFE : 1.25~1.35) %% 200 mm
EoEasnri (R 1.10~1.20) @2t h K
E{ o T% (Fig. 9(a)~(d)). Mo @ 7 mif
Brd Ni LR 2 RBHEDIR L Cipriess 30 mm )3
T 1.7~2.2 L &< o Tk, 200mm JEiz 7o
TEHHEEIVNEL B L 1.2~1.5 wEd+5 (Fig.
9(c), (d)).
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41 BERTEA—IXTFFAMIHBITE EETEO I
5

3 7w AT IR BEEIRE O [E A/ AR D G &ILHED /rEL
CEHPOBEFORRIC X oT®RES. & —ATFF A b
LI OTERN R S, Mo, Ni e oW THE L5 &,
FhER O EH BRI A 0.02, 0.6, 0.95 L @E!9 X
TRy, BESTHESTS O 2 KB RO R
W ThkEL, BT Mo, Ni @ JECDTHS 5.
So i 7 efFHiix EPMA ciRHEEETH D0, Mo &
Ni oF—%HE&ETo FETE (Fig. 9) B#E» Mo
M/ NE I T b, i, BRERF ORI CORT
RO DTV T, BESETERO BT 2 Kk
Bk R FE L A 200 mm JEEEHE O BIELIR AL H
BoEHEoFH2 30mm Eorh kb kEIETTChH

(a) : Steel F (0.03% Mo,
mould thickness ;
(b) : Steel E (0.03% Mo,
mould thickness : 200 mm)
(c) : Steel H (0.26% Mo,
mould thickness :
(d) : Steel G (0.26% Mo,
mould thickness : 200 mm)
Photo. 3. The dendrite structures of

steels E-H.

30 mm)

30 mm)
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Mo 100
gMo 0-level \Mo 0-level
100
LNi 0-level ZNi O-level

Mo

AR [ D A
P >

500 um (2) Steel F (0.03% Mo, mould thickess : 30 mm)
(b) Steel E (0.03% Mo, mould thickess : 200 mm)

500 Mo 0-level

Ni  O-level

X (c) Steel H (0.26% Mo, mould thickess : 20 mm)
Mo 0-level (d) Steel G (0.26% Mo, mould thickess : 200 mm)

Fig. 9. Micro-segregation of Ni and Mo

«Ni_0-level in ingots (EPMA).

. L Uiehih, B 2 7 v HHHIT 200 mm &
MO T AMINEL DT 5. F2C, BHTH
VOERLIT S B A5, 200 mm [EgE o 1 500~900°C >y
WEEE 2 100°Ch- TH B LR FH L TA— AT 7
A b T JEE 1350°C ¢ 40min D&EEHESD
TNTRENLTHRD L, PHILBIERE x=1/Di(D 1k
PEECEREL ¢ V2R 13 Ni ©fy 10p#m?®), Mo C#y 5xm!®
Ligh, SR C— 7 0\b B BERIE bt e A EMN
Bohs., SOBEIA—ATFF A R COIBEEA
REWDDT, FUEHTr 2RDB E 200 pm i 3 5%
L7 efTEKBCBITEEELLRS.
42 NREFTENABE

CDX 5 7 ef@iTcd URENCA — AT+ 1 +
KR E D L REERGERE LK 1 nm Do dic
1S Ni AFBECETL, Lird, I7eEHir
MCHHEE DN I CHEC T OEAI BB D 2 &
23 IMMA Sy #i o bt (Fig. 6, 7(a)). ZoH
%% McLEaN DR R~OFERFTH® & & F B
T, A= AT F A PR THIKBRRES TSk E SR
T GEBBCE CTRECET & & 3 I8k
Lichod Exbhs IMMA CRI LS ORFRE
MIEBRBCH b DEE2 55, (Fe, Mn)-S &
LTD S EOR TR DE L TESHASHNEL L
REVETTHD, T2TEIY H, 7 2D L_ARS
Tha). ZZTERDLBER, HAETIZ Lo
T 7 ef@fiosE LR, Fig. 7(a)n X 51 Mo
DIRFTBIMEN S Z & T, Mo WS R~NEVT 5
BRO/PNI TR TH D EEHRE LTS,

—7%, #MED Mo RIS OfHKIA~D FHTA%
L<FILI:. Z0X5HEBED Mo 2k — 25541

FHRTOS DA MEILY, BEEEYBRL L T
HTERFBZE. B IR WS (D) RRCE
WTSFEFNREL D 8% (LB 2 EE T Mo 234
CHEDTLE S, Wi s Site competition HekEH
(2) MnS jg ERAEH WK IGE E U COFLETH A
5. %7, (1) o Site competition #& 2% &, SDE
BAEAREUL Mo oFh kb 1L E/NXL, o4
HEN Mo ¥/ 1 BECEATE Mo R+
DEHND HE, SO+ —2RFF 1 + o JEEk BEMN
Mo DRI DELSREWT b HEDREEMI/NX
WIS Bbhs. d0oLiHBTELE Mo £EHT
S ORFURIT B KIBCHTHE (Fig. 6) o oER
THHBATHLDOTHD. chieHL (2) ORI
HEHE U To F50 AR EREIC X 5 s
WP Febh, BEAB TS KFD e h O WA
MnS L LUTHHT 55 %t Fig. 3 o X 51 Mo %
BEAEBEBE LRV, Lichi2TC, MnS 2iFH+% 7
DIk Mo HF DA SLELL, Lird MnS o
HikBk & h7e Mo [RFREE I 50T MnS 1
TORFL Mo Diiic HEXh b bcinh. £0O
#ER, Photo. 2 X 51, Mo ¥R CIE%dl7/ MnS
NEBCHEMTHZ LD, 2OMNTHERAELLIR
DUERA — AT 14 MRTS RKF 2R Rib#i LT
CETRLZRLD MnS R It SN HHEXRNEL,
BRI EBIET 5D Titlshn A 9 tE 2 bhb.
K, FIRTOS DB & 2K REEEOR I >
WTBRRT . B0 L kb SIIEKACHERRIR L L
TERAE L L BB S A H ki MnS JiF & LThH#k
T5 LA, REHS 1om DNOFHEICE LR
AL, TOX 5 hRECE W CER CHRENERT
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286, Wbw5s, RHRED=A 7 v E 1 FOREBE
LEDREOBREHT D ENRTELTHAD. <4
7 v A4 FOFERTR VT, —#IC MnS 2 AIN ¥
Fllofmpr 3Ly EFohsL0~2, 4[E
DRETEH MnS REOHIMEOEBEEGED Hhvic.
bL, ZDXs5k=A7rwEM FREENMD AN %
NbC ot 5 R EENEHE2 -2 o X 5 W IEHK
BT HETIO ThhE ZoRTHBEO v Mo
WM OTF R HRE R E L 75X TTHB. Lol
b, B THH Mo i ko T R AHEEHL
HUte. Zhik MoS OB CHRELIc~A 7 r A F
PRI OCEET S 2 e ST 58t S1o Mo i

IO TkEL g2k EHRLTERY, SONARERND
Wl L BB BET b DLV B,

HEE, Messsr L2, RHRH LIS Tt o
D Fe FENLEFERVAULRESRE, MAOKEE
BETIES EME LTS L, SEOBEHIRLFEE
W T S RFRHE & N OIE T R RE 3 %k A B sE ©
HOEEL DT NOELEEETRTIOE L LS.
—%, Fig. 2 R@dbhcHEbhiexds Mo off
HEHR SR U X v AR ER SO X
LA DTiEvEEbRS. Tl bif, WEbIBEE
1 RC  kBHEER B RE ST B A — AT >4 PR
RoOSMRKETH Y, WERICER B S THG
FTAMMABERED bR &, FRRERME TR AE
BEh Lok Exbhb Mo OMENEEZTHB
HHTHSD.
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A E LTRET BA, FoEERE S RFORARITC
IBRFRBENOE T AREIBEINS.

3) BEw X AR, Tibb, 17 e @EITRER
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B L 50T, YA USEEENEA TS & ¢
7 e @b/ E 5.
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ez, ARSI om BEORGEH ERER
w35,
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5) #E Mo OEMIMC L b S O MFIREITIZEL
MRl R, Hil4 3 MnS 4 #HMLT % LR D
BAHNT 5. ZoEEE MnS i Mo 23 EB L7V
ZERBD, MnS AL Mo B AL ofEE
BML MnS R FOREEIHT S LELDND. O/
R, &8O MnS RIFnogdsc Licinh, Bt —
AT F A MREE VTS BEF AR ACREITT 580c 2
50 MnS RFIHEHI &b O TR AL EEST % D
TlkicvwhEEL bR 5.

x L

1) A. Prerce and J. K. Irvine: JISI, 157 (1947),
p- 336

2) A. Preecg, J. Nurring and 4. HarTLEY: JISI,
164 (1950), p. 37 '

3) T. Ko and D. Hanson: JISI, 164 (1950), p. 51

4) I. S. Brammar: JISI, 201 (1963), p. 752

5) T.J. Baker and R. Jonnson: JISI, 211 (1973),
p. 783

6) T.J. BakeEr and W. D. Harrison: Met.
Technol.,, 2 (1975), p. 201

7) H. G. Suzuki, §. NisuiMura and §. YAMAGUCHI:
Trans. ISIJ, 22 (1982), p. 48

8) D. J. ALLeEN and D. A. WOLSTENHOLME: Met.
Technol.,, 9 (1982), p. 226

9) N. P. McLeop and J. NutTinGg: Met. Technol.,
9 (1982), p. 399

10) K. Yasumoro, Y. MAEHARA, S. Ura and Y.
Omnmorri: Met. Sci. Technol.,, 1 (1985), p. 111

11) S. R. Keown: Hot Working and Forming
Processes, ed. by €. M. CeLLARS and G. J.
Pavies, The Metals Society, London (1980),

p. 140

12) J. Muravama, N. Usukr and N. FujiNo:
Chemical Physics 36, Secondary Ion Mass
Spectrometry SIMS [, ed. by 4. BENNINGHOVEN
et al. (1984), p. 95

13) AUNE=: KIRKRFE%MmAL (1978)

14) J. CurpMaN: Physical Chemistry of Steelmaking
Committee, Iron and Steel Division, Basic Open
Hearth Steelmaking, AIME (1952), p. 632

15) Spfe BTy, IUARRE, ZAHE: B ERE&B¥ 5,
41 (1977), p. 1211

16) BFFIAE, FEHE—:
(1976), p. 1053

17) M. G. SeBEL: Rev. Met. Mem. Sci., 61 (1964),
p.- 431

18) D. McLeaN: Grain Boundaries in Metals
(1957) [Oxford Univ. Press.]

19) E. DOROSCHKEMITSCH, R. KIESSLING and
C. Westman: JISI, 208 (1970), p. 698

20) H. G. Suzuki, §. NISHIMURA, J. IMamUrA and Y.
Nakamura: Trans. ISIJ, 24 (1984), p. 169

21) C. Oucui and K. Matsumorto: Trans. ISIJ, 22
(1982), p. 181

22) Y. MagHarA and Y. OuMorr: Mater. Sci. Eng.,
62 (1984), p. 109

23) R. P. Messer and C. L. Briant: Acta Metall,,
30 (1982), p. 457

BASE¥ a8, 40

— 198 —



