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Influence of Si and Ni on Surface Hot-shortness of Cu-Sn Containing Steel Heated in Water Vapor Containing Atmosphere

Masaharu HATANO and Kazutoshi KUNISHIGE

Synopsis : This paper describes the influence of Si and Ni on surface hot-shortness of 0.3%Cu—0.04%Sn containing steel heated in water vapor contain-

ing atmosphere, where the atmosphere was changed in a manner of x%H,0~1%0,-bal.N, (x=0, 10, 20, 30). Surface hot-shortness was as-

sessed by measuring the surface cracking depth occurring in the 1100°C hot-deformed specimens after 1250°C heating in the water vapor at-
mosphere. The microstructure at the scale/steel interface was closely observed and the effect of the mass gain on surface cracking depth was
investigated.

For lower than 0.01% Si steel, the surface cracking depth increased largely with the mass gain, while an addition of 0.1% Si seems to sup-
press the surface cracking, especially at increased mass gains and the change with the mass gain was small. Steels with 0.14%Ni-Si<0.01%
and 0.14%Ni-0.02%Si contained showed unexpectedly a marked surface cracking even in as low as 0.6kg/m® mass gain of

0%H,0-1%0,-bal.N, and the surface cracking decreased considerably with an increase in the mass gain.

Siand Ni were found to be favorable alloying elements for suppression of the surface hot-shortness at increased mass gains in water vapor

containing atmosphere. The mechanism of the suppression was discussed in terms of the unevenness of scale/steel interface and occlusion of

Cu~Sn—Ni or Cu-Sn enriched liquid alloy into the scale.

Key words: surface hot-shortness; Cu-Sn containing steel; Cu-Sn-Ni enriched liquid alloy; tramp elements; iron scrap; recycling.

s

HEE, WIKEELCEREMME S EOBS,» 6, $2
27y TORBK LRBAMEEN TS, LirL, gy
7w FIZEEND CuR Sn i RMABNGEEIC & 2 BRI T
HNEECRTWNY, 2259 ThLL, Cu®Sn 5B
ETBHMEETHLIATEY, ZhonEskETs2 L
BRENHETH S & 2hTn5EST,

SH-EES L, CuXsSnisiBRT 5 BB LA
Effi s ASITLETH 3 Ni&RMT 550, 27 7 gk
WA 12000CA EET 52 & THIFI X NS Z & AMEL
TV, ThETEHELIL, LROMB % IcEZHY
i 6, BUGEEIELE 7 g & 2 % 4858 L 72 1250°C fij#
BOEINIZRIZTHBROBELHA S AIZLAZ0, X5
FICMLAUERE TS, BUGIRERI 248 L - K&K EE
FHTOHBEIZE, KIABAK TOMBIZHE L TAkEN
HNNLHRTEIEERLED,

R, Cu SniTHA$ 2 &M T H Bk 7912
4 DMBITTHKONHBRET T 5, R - %M 51
Cud B TSIORMIz X DERLMH chs LD, X
SAZHIFL & I § 2 DI LB NiTRITE & SiRINE DR

HmPYERLTOS, ¥ - EESIZ, Cu, SnEEMTEA
DI EENIORMBIZOWTHE L TWES, L
MUENG, IHoKEHIKRT A TMBAEER L 7- 54125
ENTR/RTHD, LEMNZIZ, ThETEELBREL
T KA A B FHR T TOMBR BUR R D B2 & 21+
LHUEND D,

Cu® SnilBR T A2 AMIMTENOEREREIZ, 25 7t
BRIZERAERINMICERIL S h, (KBS ESBTH 2 Cu® S
WMBRBFICRILTAZ L2554, LarLiahs, &
DFERRACIZ K DA U2z bR & Slhic 3 2 B iR
Gmwhaﬁbfiﬁi%%teﬁu

AR TR, ThETEE S PRI U - BSSUsET 7
7 2 DMK BB A £ 58 L 7= B T2 5
FEODIZEDMEBETTROPELFANS, Tubb, K&
K x A OFHET T TI1250°CITEE , FOBHE ETO
FEMIIZEDAET S Cu, SnEEFDBFIUZH LT, Siv
NiZBZONCHET I aMET Lz, X610, KEROH
JBEEIZ K DA U B E & B OBRIZ RIET Si®Ni
DB DNTEEL -,

FRCISH6 S HZF P 1548 A 11 H3 B (Received on June 5, 2003; Accepted on Aug. 11,2003)

* (EREBIE Bk RARHPz
* 2 FJIK2E T (Faculty of Engineering, Kagawa University)

42

FIt (Corporate R&D Laboratories, Sumitomo Metal Industries, Ltd., 1-8 Fuso-cho Amagasaki 660-0891)



2. XBAE

IRETEEZLHFRE L 28KEE X —Z1203% Cul
0.04% Sn &M =83 T, EHNZREHIE UK VE
B TSi®Ni &2 b X - 4D H 2 AR L CARERIC
L7zo ZH 5 RSO LMK % Table 1IZ/R$, SilcH
LCidSinBEIcE S L &) 0.01% Al & Bl HH o 8
FOH 5 0.1% %2 R 22 28 fE 4 v 7z, NUSBIL T,
HNPE OB E SO0 5 0.14% = RML 728 L L /-
2D, Sii20.01%KimE 002% & Lz, Gk, SIOKE
AAETHMTONIRIZ, RRAMTRITENIZRATS
0.01% & L7z,

Fig. LICBRBMTHINHEREROHkERT. BUGME
IF & A8 U 72 K& & F & L5 HE R W (x%H,0-1%0,-bal. Ny:
x=0, 10, 20, 30)T, £ F TORBHEE 2 BH T 57201
B 25 mm ADEHREBH & FTHEE8mm, £X20
mm @ R HERE % 1050°C 2 6 28R 221 T 1250°C L2k
MELL C305RIREL, WoZzABRETTEALE, £
DO, 1250°C MR D B iR LORBML TEC % K
ANEFND HIC, KB T1150°C, 57 EOFRRRE
Ao CHOREETRELE, JTOMEFHE & BURHE
1, ERAEE LRI TORRER IV EEZE L TER
L7, SERBE OBMIIEZ 2 TRT Lz, ThER(t
REE LR35, X500, AMBIERRER I ArFFHE X0
T1100°CIZME L, OFAEE 00157, OF AR 40%
OBIEEHEMA 72, 2k BB LA EERRSRR L5
43, ZTh5EHEMNTENERRARE OFTEOREHIN
RARIES HHETBZRL, RAENES &L —F —BMSE
(V—H—7F v 7 BEMSE 1YMS82) ([CKDHEL 72,

AEBROBBRETE U -BILERE, BIRBRR & 0
T, Btz k2 EEMNE) / (BRORER) Otr

Table 1. Chemical composition of steels (mass%).

Steel C Si Mn Cu Sn Ni Al N
Si<0.01% 0.046 <0.01 0.30 030 0.04 0.01 0.041 0.0062
0.1%Si 0.051 0.10 0.30 0.30 0.04 0.01 0.040 0.0063
$i<0.01%-0.14Ni% | 0.050 <0.01 0.30 0.29 0.04 0.14 0.039 0.0066
0.02%Si-0.14%Ni | 0.051 0.02 030 030 0.04 0.14 0.040 0.0066

Heating in water vapor

containing atomosphere Holding in air Tensile deformation
1250°C,30min Strain:40‘.’4,
1150°C,5min 1100°C Smin €€ 00157
1050°C + +
in water vapor in Ar gas

of up to 30%

AC.

Fig. 1. Experimental conditions for investigating hot
workability.

ABLEERESINEIC B 5 Cu, Sn SHHHO R HFRBIIE BT si, NiORE

43

53Rz, AT —NADSIRNIZKBENEFND 2D,
Z 4 — LW & SEM  (GEFERUE TSI SE JEM6400) (S K
nEEL 72, BIhOERE 5% CuR SnDRLEER) 2N
B0, BLE L gko REHE O MR E SEMIC KD
2t EE L EDX (T 3L X —AEAIXERINE) 2
DREEOSMEREL, (LFHROERIN T -7

3. BR

3.1 SIEFPREZBAOHNCREFTHRLHEEODE
AN T BN BERRRIC L 0B hREN L IETER
HRERF OB % Fig. 21278 T, BRI, KEKREA 0%
¥ 30% % &8 1%0,-bal N, FHI U T 1250°C I f#tR, K
W 1150°C, 5 SRR T 2 BERE A2 EDTH 5,
SiA0.01%AKMMOM (LIF, Si<0.01%M&Hd %) &,
KIER LS 28 0% DERERF T & B IC R A HI N A FERE &
n, KETEE30%DRBEHICENTEESICRED
HhHERBIE N, M, 0.1% Sifiid, KEKIRE
MR0% DR TRETMIANAR S WY, KEAKRESD
30% DREF 1BV THET/ M EWEINAHR S Nz, Bl
LEhu, BIEEAEICK L CRETH - 72,
EHBRANENE X 2 BLHERIC X 0B L -#HHR % Fig.
32T, BILEIR, x%H,0-1%0,-balN, (x=0, 10, 20,

Si<0.01%
0%H:20
-1%0:2

Si<0.01%
30%H:20
-1%02

0.1%Si
0%H20
-1%02

0.1%Si
30%H20
-1%02

Smm

Fig. 2. Appearances of surface cracking of $i<0.01% and
0.1% Si steels at different H,O contents, which are
deformed to a strain of about 40%.
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Fig. 3. Change in surface cracking depth of $i<<0.01% and
0.1% Si steels with mass gain, where both steels
were heated at 1250°C for 30min in x%H,0- .
1%0,~bal.N, (x=0, 10, 20, and 30) atmosphere
followed by holding for 5 min at 1150°C in air.
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Fig. 4. Appearances of surface cracking of Si<<0.01%-
0.14%Ni and 0.02%Si-0.14%Ni steels at different
H,O contents, which are deformed to a strain of
about 40%.
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Fig. 5. Change in surface cracking depth of Si<<0.01%-
0.14%Ni and 0.02%Si—0.14%Ni steels with mass
gain, where both steels were heated at 1250°C for
30 min in x%H,0-1%0,-bal.N, (x=0, 10, 20, and
30) atmosphere followed by holding for 5min at
1150°C in air.
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Fig. 6. Back scattered electron images
of scales of Cu-Sn containing
steels which were heated at
1250°C for 30min in
x%H,0-1%0,-bal.N, (x=0 and
30) atmosphere followed by
holding for 5min at 1150°C in
air (a) and (b) Si<0.01% steel,
(c) and (d) 0.1% Si steel, (e)

30%H:0-1%0:-bal.N2

and (f) 0.02%Si-0.14%Ni steel.
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Back scattered electron image

Cu x-ray image

Fig. 7. Back  scattered electron
image and X-ray images of
the scale/steel interface of
the 0.1% Si steel which was
subjected to heating in the
severest 30% H,O atmos-
phere, but whose maximum
cracking depth was as small

Sn x-ray image

as 0.3 mm.
Si x-ray image

. e

Back scattered electron image

Table 2. Composition of Cu, Sn and
Ni enriched phases in
0.02%8Si-0.14%Ni  steels
(mass%).

Cu Sn Ni Fe

In scale* 13.2 14 205 649

Steel surface** 682 116 110 92
*Fig. 8, **Fig. 9

Cu x-ray image

Fig. 8. Back scattered electron
image and X-ray images of
the scale/steel interface of
the 0.02%Si—0.14%Ni steel
which was subjected to heat-
ing in the severest 30% H,O
atmosphere, but the steel did

Ni x-ray image

not show any cracks.

Si x-ray image

Fig. 8 & Fig. 9 TRI% X 17 Cu-Sn—Ni I2{t. &4 D EDX 4l 4, BE

BT MR % Table 212789, Fig. 8 TA 7 — L HIZB{ZR &
N7z AT SnIEE 2K < 13%Cu—1%Sn—21%Ni-—Fe D AEBRIZBOT, SIRPNIORMEBIZED, ANIZKTE
TH o7z, 77, Fig 9 THUERMH B X W= A4 TRACHEDOHEN 2L B 3RS RH I Nz, Fig.10
DFIFK L 68%Cu—12%Sn—11%Ni-Fe T - 7=,

EARERICBWTHONHEREE LD TRT, 2% 0,
BitEEOHMIZLD, O0.01%Ni-Si<0.01% 8 T 13 &
NEIDBKRELE S, D0.01%Ni-0.1%Si 8 Ti3 @ i34
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Back scattered electron image

Cu vx-ray image

Fig. 9. Back  scattered  electron
image and X-ray images of
the scale/steel interface of
0.02%Si-0.14%Ni steel
which was subjected to heat-
ing in 0% H,O atmosphere,
but whose maximum crack-
ing depth was as large as 0.6
mm.

Sn x-ray image

Ni x-ray image
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Fig. 10. Effect of the mass gain on surface cracking depth
of 0.3%Cu—0.04%Sn containing steels with differ-
ent amounts of Si and Ni content, where steels
were heated at 1250°C for 30min in x%H,0-
1%0,-bal.N, (x=0, 10, 20, and 30) atmosphere
followed by holding for 5 min at 1150°C in air.
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Fig. 11. Solidus for Fe-Cu-Ni-Sn quaternary system pro-
jected on X—Cu-Ni (X=Fe+Sn) ternary system
at 1100°C. Cu=50% and Sn=>5% were used in
this calculation.

BRERTNETH S, IhBHAEL0.14% Nifd O
FREOBEBIIFHTH Y, Cu-SnNiRLAEETEDN
Tz,

Nild Cu & FRRICBRE AR T 2 AN E LD, y-
Feh A BT 2B LBV, X512, NildCu®Snk®
ERAEHEHRTSY. TOLD, SORRBRLIZKD,
NilZ g £ IZIBL L T Cu-Sn-NiiR LA S 2R T 5.
Fig.11 {Z Fe-Cu-Sn-Ni ¢ @ FEMH AR D 3t R & X-Cu—Ni
(X=Fe+Sn)E = TCR LIZHE L ZRBRIZIDOVTRT ),
0.14% NiffiTid, $kOBIRBCICHFEOMEBRE TO Cu®®
NiEE X R CORE HIZH LW IZIF acki (Ni/Cu=0.5) L



B 140

$k& 8 Tetsu-to-Hagané  Vol. 89 (2003) No. 11

o> THEMT 5, CoRNIRE D c HDORNAR (EHE%)
157 5 LWIAD Cu-Sn-Ni LA S A BT 3, AEE
THUGR R IZHERR & 17z 68%Cu—12%Sn—11%Ni-Fe &4 13
MBI K 0 A& C22BEOMK T, 1100°CIZ BV TIRIR
AKTHBLTHENB, DFD, 0.14% NiffiTE U 7=t
DFERIZ, ZH WD Cu-Sn-NijE(L A& rgkEm I
BRLIZZEICKDEELD, BB, Nid EHI22LF
U 72356 9 Cu-Sn-Ni iRt A& O B 1 o 2812 By

LTREHELITHRETT 20BN S 5,

MK 2 Cu-Sn-NilRIL A& TEDLON R K, ik
ﬁﬁﬁ@&mﬁft%mﬁﬁﬁ?%%A‘mwﬁmﬁ
Cu-SniRftASDERAEMEL-Z itk b LT 5,
AREBIZ B O TR E S 0.6kgm* FEEDIBA, 0.14% Ni
DGR E I M T ICER L AT L, ThbB,
HEERIIE, $EOBRMALIZ K DEL X B NIy —
K%WLTU%Mg%@Md@ihﬂ¢%ﬁﬁ?5ﬁg
BN, ZTO0, HigEEEIC 2L L 72 NiAs gk
®§W%mT§ﬁuﬁmté@®m¢«®@#ﬁ%Wﬂ
LTCu-SnifbAEDAEM AR L2 #ET S, ZhiZ
SH - BEEFAMRL 72 CulR LA SO AR A BE Sn DR
CEDBIRENBEBE, §45b5BCu, SnEHEHMTSnOH
PADHILEATEI XN B Z &Y, LHPT 3,

4.2 BMLHEEBFZVEEOSI®NIICL 3 MEENHEIZNE

Bt EOBIZ& D, 01% S TREANEX BT
WM 2ME L A LA UV, 0.14% NiffidEh g X
BIHL, EHIENBEL LEBEEH -7 THOM
MICHEE T 2 503, BILEEOHM-LD | Kk RN
b L CCu-SnibAE N A r — LR I 7= 2 & C
&5, BALHEORMIC & 2 RILIMERIRIE, 1200°C 2L
LORKMETESH - EEIRR L 722 7 — )L/ Mgk R
DML S BLHIHIIR I EFRICTH H EE X B,

HIICT, KEKE#ELZHES P TMEL 7§ M
(wwmumw&ﬁ) i, KREmMEUC L T, 27 —
v/ Mgk AR 23 U CRRBIM LB ABEE L 5 2 L
EARLY, KEKEARARICK T 2BRILOBL, Higk
ﬁ@ﬁ$ﬁ%?éﬁﬁi,kﬁmﬂuwﬁbfﬁi¢%y
VA hENT & KERDOWNAILRIC & 2525
LTWwaEELT,

BB R OBMICHE S kR E O MLz RIET Si &
NiDHBIZDNWTERT S, #hDsiid, Fek b dEE
KT V¥ v LOROBETRRICERL T 5 720 NEERL
EFELRTV, KERD0.1% Siflid, ZhETELS
PRRET L 720.02% Sifil'IZ X, SiBAEW 2B I NEE
EBBL L B0 20— /g R A MME L7z % % 5
N5, Cu-SnELAEHEIE, X — L TsinElL -k
IEORBEICHFEL TWBR I L E2BEL-, BRIYD
0.02% SifiiZ & T, Si AL L 2B {binid, 1250°C Ek

IZHER L 72 Fe,Si0 2 ¥R ET2HWETH D, Zhits

48

BRMEFICHFETAZ L 2R L, KAXTIRETHER
ZD, SIRA0.1% EENDITHTEBE AL kD,
SINRLL 72 E 2 r — L ABDAF I & 5T
5%,

15, NiOBADOMMNMELDOERIZSiE BAx 2, b0

Nild, Cul[ERICERIL S hEEn =017, SoEIREELIC
LOHBREIZERET S, BINSE, Nilckh 27—

L/ EGFRE A ML 2 HR E LT, $OERER(LTH
A NIBILDO RN ER L, HSEREOBIL A A —I
BHEEEZRD, KEEED0.14% NiffiZ B 3 ML &
NilRIED AR — I & 2 gk R O R¥g—B bz o<
LHRT 5,
AEEROBACEELE L VG, 0.14% NifiD 5 520.1%
Sifhl &k D MELIFEISI RS K E B, BNTREOEEE
BRENZDIZ, HGREOMMMEA K DEEE L £ 578
EHW5 5,
4.3 R—Iv/HMHEREOMME & BEEmEIHE
Cu® SniZHEER§ 2 Maft L B LR IZH$ 5 SieNiDF
BITOWTHER L AN % Fig. 12 12737, B{LEOR

@si<0.01% steel
mass gain ; 0.7 = 1.1 (kg/m?)
FeO P~ R FeO Fe

— Liquid Cu-Sn
— e

Steel Acu X R

" Steel - .-
Maximum cracking depth
;04 — 1.7mm

20.1%Si steel  Si oxide “¢

mass gain ; 0.6 — 1.1 (kg/mz)

Liquid
. Fe.O * Cx?SndFeo‘

Steel Steel -

Maximum crackmg depth
;0 = 0.3mm

30.14%Ni-0.02%Si steel
mass gain ; 0.6 — 1.0 (kg/m?)

FeO Liquid+Solid Cu-Sn-Ni
- . . FeO
Liquid+solid Cu-Sn-Ni e ,.® o o

Steel Steel

Maximum cracking depth
;0.6 = Omm

Fig. 12 .Schematic illustration of change in the Cu(-Sn)

" concentration at the scale/steel interface of Cu-

Sn containing steels with mass gain, Si and Ni

content, where they are heated at 1250°C in
x%H,0~1%0,-bal.N, (x=0, 30) atmosphere.
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