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Influence of Water Vapor on Surface Hot-shortness of Cu—Sn Containing Steel

Masaharu HATANO and Kazutoshi KUNISHIGE

Synopsis : This paper describes the influence of water vapor on the surface hot-shortness of 0.3%Cu-0.05%Sn containing steel, mentioning the compar-
ynop pap p g g p

ison of the hot-shortness in water vapor containing atmosphere to that in the air. Surface hot-shortness was assessed by measuring the num-

ber of surface cracks occurring in the hot-deformed specimens after 1250°C heating in x%H,0~1%0,-bal.N, (x=0, 10, 20, 30) atmosphere.

The microstructure at the scale/steel interface was closely observed by optical microscopy and SEM. Structural analysis of scale was also

made by X-ray diffraction and EPMA.

The number of surface cracks increased with an increase in the water vapor content, and the width and depth of surface cracks increased as

well. The hot shortness observed in specimens subjected to 20-30% water vapor occurred more severely than that for the specimens heated

in the air, although the amount of scale for the former specimens is less than that for the latter.

Discussion about the severe hot-shortness in water vapor containing atmosphere was given in terms of the flatness of scale/steel interface

and Cu (Sn) enriched liquid alloys precipitated on Fe,SiO, at the interface.
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Table 1. Chemical composition of steel (mass%).

C Si Mn P S Cu S Nt Cr Al N
0.046 0.02 0.33 0.026 0.006 0.33 0.05 0.02 0.03 0.039 0.0055
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Fig. 1. Experimental conditions for investigating hot
workability.

00 IREEL, o hAERFETEALL, TORK,
1250°C INE % O M AL O BRI T ¢/ L 2 KmEIh %
FAARBHIZ, KRB T11500C, SABOFRER AT -
THEERETEH L, ZORKPIZHIT 2 FRARED
L, AT TOEERRE RO & FETOMEREZZERE L T
BIRL 72, HERBRE OMLEIZZ ZTRT L, ZhE
EALiRER N AT 5, X 512, AMEBIRERF (3 ArSRH
ST ooecicmE L, OFAME0.01s7, T AER
40% DBIRZEN A N A 72, Z 1 & BARN CHA BB EA SR
ERRY 5. 0 SR LB BB AR T O T ER O FKifl
BRRAEREEA B L RAKENEE RAEINFES 2L —
W BEMMEE (L - —F oy M 1YMS2) (2K DENE
L7,
KEEROBIGIECE U 2R EIE, BLAER & v
T, (B & 2EEMME) / (BLaio R okr
Lk, AT —LOKERIZEBENERMRNE -1,
2 — LURTR O W RS S & 2 MBIER & X BRI &
B2 — DM AT - 7o XERIHT 213, BRALalBR
BIZER LA =&y 94 v &—"THHl - fitiik, ©
DA THAE Lk AL 72, BhoRERE %5
CuR Sn DAL EEN A H N5 72012, Hlllg & ko Rk
VL% O MLk A SEM  (GE A RITE T BT JEM6400) 12K D

FMNCEE L EPMA (BT ~A 207+ 54%—) T
UK AT 24T - 726
3. R

3.1 1250°CHI#EDENICRIFTRKEROZE
BRI T BN B ERIC & 0 185 o RER L hE5 1k
K ERH D S & Fig. 212789 . 1%0,-bal.N, 55 Pl & T
1250°C L% . K& 1150°C, 55 %R ERFE U 22k BR iy
ZIETHEHALAR S AL -, i, KRETRE Y 10%
25 30% D FEHEZ D T 1250°C IS MELL , KR 1150°C, 5
SRS U B I R BN AR S e, K3
RIEED 10% 725 30% D ERIZED , KEVWEINAE
KEHERNES NS, B TEE L ZERE, 5URTE
123 L CHEETH - 72,

L o— 4 — B A FL O CHIE U 22 ek EIAUE & Kl

1%0:2
-bal.N2

10%H20
-1%02
-bal.N2

20%H20
-1%0:2
-bal.N2

30%H20
-1%02
-bal.N2

Air

Smm

Fig. 2. Appearances of surface cracking of Cu-Sn contain-
ing steel at different H,O contents, which is de-
formed to a strain of about 40%.
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Fig. 3. Surface cracking width and depth of Cu-Sn con-
taining steel which was held for Smin at 1150°C
in air after heating at 1250°C for 30min in
x%H,0-1%0,~bal.N, (x=0, 10, 20, 30) atmo-
sphere.
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Fig. 4. Mass gain of Cu-Sn containing steel which was
held for 5min at 1150°C in air after heating at
1250°C for 30 min in x%H,0-1%0,~bal.N, (x=0,
10, 20, 30) atmosphere.
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Fig. 5. Optical micrographs of scales of Cu—Sn containing steel which was held for 5 min at 1150°C in air after heating at 1250°C
for 30 min in x%H,0-1%0,-bal.N, (x=0, 10, 20, 30) atmosphere.
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Fig. 6.

Optical micrographs of scale/steel interface of Cu—Sn containing steel which was held for 5 min at 1150°C in air after heat-

ing at 1250°C for 30 min in 30%H,0-1%0,-bal.N, atmosphere and in air.
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Fig. 7. Composition of scales of Cu-Sn containing steel

which was held for Smin at 1150°C in air after
heating at 1250°C for 30min in x%H,0-
1%0,-bal.N, (x=0, 10, 20, 30) atmosphere.
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Fig. 8. Back scattered electron image and X-ray images of the scale/steel interface of Cu-Sn containing steel which was held for 5
min at 1550°C in air after heating at 1250°C for 30 min in 30%H,0-1%0,—bal.N, atmosphere.
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Fig. 11. Schematic illustration of the Cu(-Sn) concentra-
tion at the scale/steel interface of Cu—Sn contain-
ing steel after heating at 1250°C in 30%H,0—-

1%0,-bal.N, atmosphere.



BT, 1250 T Y it g AT — L gk
REAHFEHIZ R S 72012 Co-SniB LA ED 2 7 — Lo
PR HIHI N5, & 612, HIgRRIIZ M L 72 Fe,Sio,
ERE U7 SHBEOSWTIEICIIERD Cu-SniR{L & &
AElEHFHONS, KEKIZLBMEIIL, ThoimiHEDf
FHizky, HEERAEITHERERD Co-SniB LS ME -2

ENFERTHELZEEFEL NS,

ATHROIZ 30T, K& 1250°C MIZL % DI IE . Fe-Cu
RHEX 70 & 2 L T, Mgk~ BEHNZEA U 72 Cu
(S SR RIZHRH E LT, BRTHZEI2KD%E
A4 52 a7, ZOERDFERIZRKMSA, KEX
MEAER DT HNEE, H->T, KRMEADOEAIZIIKL
T, RAEKNEL T ZK RBP4 B RIS, gk
Rl AL & Fe,Si0, & F ik & L 7= SHIRE D& Wi O
ERIZED . BRI Cu-SniIBL A AR LT 1D

12D < Sl L 7=,

5. #&

AFZETIE, Cu—Sn & A H OB LB HHFEERIZ &
D, 1250°C MIFELT% O & # A2 KIE T RZEZURH O %
BIZOWTHNS, KERIZL B 27 — LS EL &5
WA, REARBENEE OBIRIZOWTERE L, 55
NfERELLTIZRT,

(1) #ldud, 1250°CHIELRE D K ZE KURIE D 10% 7 6
30% A0 LHIZE D EH L, KEMES & D FeD#EIR
LIz KB EXD e b ET, 2000 LD
KEGMEM TIEREVENLEIHL 72,

(2) REXEAMEAMTIE, DN EGILVEEL TE
Y550 . ILf»i??lﬁ]@.uiEf’Pi KB, AT —

LFNEEIZ X —LNTELE 7=,

(3) A7 —iEdEid. KESUZLD FeORDIENE
< 7 1) Fe,0, 8D MK 25 - 720 20% LL KRS
Bpcid, A7 - oNEMl, R I Fe,Si0, 23 E K
L7, 5k, KEKMETIE, KEMBDOGA 12
LT, EOBERT Vv v L CBRILAEIT L7222 & AR L
TWa3,

(4) KZTMBEMIZIR L T, KFELKMEMTIE. 2

7= HBEREOMM A SN TFEEHTH - 72, Th

L BFERT AN E T e KERON LA

43

Cu, Sn & FOZMAFNE KIE T AR D 8

12Xk BREARE L TnWB &L,

(5) KEVHEINATEE L 722 20% Ll EOKFELINESA D
A, Cu-Snift A 43, MR IZARK L 72 Fe,Si0, M
[RU Ik F S a AN

(6) 1250°C DRFINERIZ B LT, 1250°C D AKZEX

MEREA RN LB A 25 L 2 BRNE . 2 — L/ Hbgk
B A2 7 B 72912 Cu-SniL A ED 2 7 — L hiAD
PEFR A I & e, & 2z b BR R I 4 U 7= Fe,Si0, & Ttk &
U 72 HNZ A D Cu-Sn L A & 25| 2 FH 5 M- # R,
HOEE RN Cu-SniBILA SN S FH L 272 & il L 7=,

B#IZ, KRXOERIZH D, BIOKRER &R
TR TOBALIZBIL TEH4 L Qi v i REE T E
(BR) #EAIEMMFERT B LICEE L2 EEsRL
7,

X 73

1)y K.Born: Stahl Eisen, 73 (1953), 1268.

2) A.Nicholson and J.D.Murray: J. lron Steel Inst., 203 (1965), 1007.

3) LL.May and L.M.Schetky: Copper in [ron and Steel. John Wiley &
Sons,Inc., New York, (1982), 45.

4) bFrTIUL Ay OGBS
(1997), 10.

5) H.Yamauchi, M.Miwa and H.Kobayasi: Bull. Iron Steel Inst. Jpn., 4
(1995), 378.

6) Y.Mizukami: Trans. Soc. Instrum. Control Eng., 36 (1997), 691.

HENZR ] R T

7) BkR2 Ty T RO LTSI A ‘/ AR 303Nt e W B (]
WMt ARSI S . HHC (1996),

8 ) N.Imai, N.Komatsubara and K. Kumshlgc ISIJ Int., 37 (1997), 217.
9) N.Imai, N.Komatsubara and K.Kunishige: /SL/ Int., 37 (1997), 224.
10) M.Hatano, K.Kunishige and Y.Komizo: Tetsu-to-Hagané, 88 (2002),
142.

S.Maeda and Y.Satou: CAMP-ISIJ, 11 (1998), 1067.

Y.Kondo, M.Kameda and Y.Takagi: CAMP-ISIJ, 13 (2000), 1104.
K.Shibata, S.J.Seo, M.Kaga, H.Uchino, A.Sasanuma, K.Asakura and
C.Nagasaki: Mmu Trans. JIM, 43 (2002), 292.
Hrlf BUW)’L‘ AR 9

1y
12)
13)

14) K PHITEYI N

¥ HARSE Y lE . (1990), 110

15) K.Nagata, N.Sata and K.Goto: Tetsu-to-Hagané, 68 (1982), 1694.

16) A.Muan and E.F.Osborn: 3488012 513 2 @b oo M-ty 1
W WL (1971), 62.

17) M.Fukumoto, S.Hayashi, S.Maeda and T.Narita: Tetsu-to-Hagané, 85
(1999), 878.

18) S.Nishizawa, K.Kurokawa and H.Takahashi: CAMP-IS1J, 15 (2002),
1100.

19) KW aEHE D Bad oy HPCEE AL WL, (1986),
103.

20) K.Oikawa: Tetsu-to-Hagané, 68 (1982), 1489.

T.Fukagawa, H.Okada, Y.Maehara and H.Fujikawa: Tetsu-to-Haguné,
82 (1996), 63.

T.Kajitani, M.Wakoh, N.Tokumitsu, S.Ogibayashi and S.Mizoguchi:
Tetsu-to-Hagané, 81 (1995), 185.

665 EEE



