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Mechanism for Suppression of Surface Hot-shortness in Cu Containing Ferritic Stainless Steel

Masaharu HATANO and Kazutoshi KUNISHIGE

Synopsis

: This paper investigates why Cu containing ferritic stainless steel does not exhibit surface hot-shortness even when it contains much more

than enough Cu to show the hot-shortness in mild steel. A 2.4% Cu containing 16% Cr stainless steel and a 0.3% Cu containing mild steel
were employed and they were heated up to 1250°C in atmospheres of 20%H,0-1%0,-bal.N, and 10%H,0-1%0,-bal.N, for the stainless
and the mild steels, respectively, in order to produce the same amount of scale. Their surface hot-shortness was assessed by measuring the
number of cracks occurring in hot-deformed specimens and the microstructure around the scale/steel interface was closely observed by opti-
cal microscopy and SEM.

No cracks were observed in the 2.4%Cu-16%Cr stainless steel while severe cracks were found in the 0.3% Cu mild steel although the
amount of scale for the former was nearly the same or a little larger than that for the latter. For the 2.4%Cu—16%Cr stainless steel, Cu en-
riched liquid alloys were observed in the inner scale zone and no concentration of Cu was found at the scale/steel interface. In addition, a
complicated structural zone called metal/oxide mixed zone covered the steel surface. The suppression of surface hot-shortness in Cu contain-
ing ferritic stainless steel was explained in terms of the structural characteristics of the scale/steel interface and the different diffusion rate of
Cu atoms between o-phase matrix and y-phase matrix at 1250°C.

Key words: surface hot-shortness; Cu containing ferritic stainless steel; Cu enriched liquid alloy; tramp elements; iron scrap; recycling.
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Table 1. Chemical composition of steels (mass%o).

Steel c Si
16%Cr-2.4%Cu
0.3%Cu

Mn Cu Cr Ni Al N
0072 030 071 244 162 020 0.001 0.0290
0.046 <0.01 0.30 0.30 0.01 0.01 0.041 0.0062

Heating in water vapor

containing atomosphere ~ Holding mair Tensile deformation
1250 °C ,30min
y Strain40%
5 1000-1200 °C,Smin 1100°C Smin (£:001s7)
1050 c + +
in 20%H20-1%02 X
-bal.N2 or 10%H20 m Ar gas
-1%02-bal. N2
AC.
Fig. 1. Experimental conditions for investigating hot work-

ability.
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Fig. 2. Appearances of surface cracking of

Smm

16%Cr—

2.4%Cu and 0.3% Cu steels under different heating
conditions, which are deformed to a strain of about

40%.




B 136

$% & 4@ Tetsu-to-Hagané  Vol. 90 (2004) No. 3

6 I T T l T I Ll l
5 ]
g 4 -
S 03%Cu, in 10%H,0
CEENS s .
5 -
G
° 2 A-vee- A .
k" .
< " 16%Cr-2.4%C,
2 1~ in 20%H2O\ 7]
ol a----. O----- O -0 O - o -
[ SN U B
1000 1050 1100 1150 1200
Holding temperature in air (°C)
Fig. 3. Number of cracks for 16%Cr-2.4%Cu and 0.3%

Cu steels heated at 1250°C for 30 min in atmo-
spheres of 20%H,0-1%0,-bal.N, and 10%H,0—
1%0,-bal.N,, respectively, which were subse-
quently held at various temperatures between 1000
and 1200°C for 5 min in air.
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Fig. 4. Change in surface cracking depth of the steels
shown in Fig. 3 with mass gain, where the mass
gain was varied by changing the holding tempera-
ture between 1050 and 1200°C.
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Fig. 5. Optical micrographs of scales of 16%Cr-2.4%Cu
and 0.3% Cu steels heated at 1250°C for 30 min
in atmospheres of 20%H,0-1%0,-bal.N, and
10%H,0-1%0,-bal.N,, respectively, which were
subsequently held at 1150°C for 5min in air. (a)
16%Cr-2.4%Cu and (b) 0.3% Cu.
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Fig. 6. Optical micrographs of the detailed scale/steel in-
terface structure of the 16%Cr-2.4%Cu and 0.3%
Cu steels which were shown in Fig. 5. (a) 16%Cr-
2.4%Cu and (b) 0.3%Cu.

Fig. 7. Optical microstructure of 16%Cr-2.4%Cu steel
heated at 1250°C for 30 min in 20%H,0-1%0,—
bal.N, atmosphere followed by being cooled in air
to room temperature.
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Fig. 8. Back scattered electron image of the detailed inner
scale structure of the 16%Cr-2.4%Cu steel which
was shown in Fig. 6(a).
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Fig. 10. Schematic illustrations of the structure of scales
of 16%Cr-2.4%Cu and 0.3% Cu steels which
were heated at 1250°C for 30 min in atmospheres
of 10%H,0-1%0,-bal.N, and 20%H,0-1%0,—
bal.N,, respectively.
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Fig. 11. Schematic illustration of the Cu concentration
around the scale/steel interface of 16%Cr—
2.4%Cu steel which was heated at 1250°C for
30 min in 20%H,0-1%0,-bal.N, atmosphere.
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CulR{bA&id, BILOMITIZED S LR — L 3EE
LTHEULBNBA Y - LORRE L IZA T — L hilH

52 &1Ckb. DFD, CulRbLAESNE R — L hic
WELHENE, 27 —LONHREIZFEDIS EEL S, &
B, ABA Yy — Lo CcuiRtdEEid, TOME”S

B, WEEEBIE, COBRBLEA T4 A
e T, & BILIRATE O & 5 B s e L
%5, LRMBEERE JLE L T, 16%Cr—2.4%Cu i o Hh gk R
HOTRED Cul LA EIZL > TWE D D6 W I & ik
HHORKTH S EHEZ B, 72, ko KB4
1250°C A RIZB T 7 = 5 4 FHRAAA L v 5 (Fig.
7o O CoDILEREIE, 1250°C Ik W T yFep & Ik
BLTCoaFe MDA 2RENE, 2D 78, 16%Cr-
2.4%Cufifl TlZ CuD BN DILENC & B ZHRAEI Ak
W, ZOZ e, HigEREAD CcuRb AR L TiEbx
ik LZERTcidmnwnetHE L5,
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AKEEE»S |, Cufm A 16%CrI DM bingEl:, Oz —
NDNTTNDERRIZ K BNE A r — L ipAD Cuib &%
DI, OMgkKIE»SE/ BCYRRAE D 6 & 5 14
BIEED =0 CulRMLASHEH LW Z &, OO X
M7 254 MHDZZDIZ CuDEEAND IR - ZFRAE
ANKENZ L, ZhS3HEDEMNT, HgkRmmz £k
BUEMDRIK & 72 5 Col b A ERER L B2 Th S
EYIr L 7=,

5. #

(]

KR T, ABMIENBHHRERIZCED, Culf
T154 FRAF VL ARICENTEECull & 3EHR
UG S B A & b L TAE U A R ER L 72,
03%DCu%k FIrWRRFH & LB L 226, 24% Cu%k
BLT 254 F(16% Cr)RAT ¥ L ZHD A r — LRk
FREOBMAZMIHE L, BROERK A Z% L 7=,
BoNTMERELITIORT,

(1) 0.3% Cufi2i kK LB TEIN %4 U 5 IMENE
g - BLEEOBILEHTYE, CuBHESELLEHNIZ
LHH 5 T 16%Cr24%Cuffii T2 EhE#ECAa» 5
77

(2) 16%Cr2.4%Cuffid 2 r — g, Kx\WElhx
&) Fe DM ERAL I IE L /N E B 5ILABEET S Cr &
LN S A S E A L0,

(3) 16%Cr24%CuffiDgrkEiL, < LIRIZHEEL
7o 2 — U EREUROWNEBRL & § 5 k2 & 7 51
MuEA R TR (SR BILWRARE) L&->Tnik,

(4) 16%Cr2.4%Cufilid, Cul{tAE&ANEZr —L
HIZEBEHEL, CulE kB L O NBAr — i
DF WG > 7z,

(5) Cuff16% CriflDME(LiFENL, O 7y —LDW
FADEEIZLBHEZ r — L HAD Culs b A SO
QiR RE 2 SIE, HACIEARE ) © 7 5 B s HED
72D CulREAENERE LENZ &, QRO RIS A
7 x T4 MEDZDIZCuDHEEANDYPLEL - FHIRIER A K
FNZE, ZTho3EOHEMT, A I FKimREUEN:

&
)

28

DIRE & 2% 5 Culb AN ER L B0 TH 5 &k
L7,

WRIS, RERXDERIZH 720, BubIZFE# L Tk
WERESE T (BK) AT KFE MR
HTHOBERLET,
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