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Surface Hot Shortness due to Copper in IF Steel and Effect of Boron and Phosphorus

Chihiro NAGASAKI, Hiroshi UCHINO, Koji SHIBATA, Kentaro ASAKURA and Masaharu HATANO

Synopsis : In recent years, the promotion of recycling of steels is desired from the viewpoints of effective usage of resources and restraint of CO, emis-

sion. When steel scrap containing copper is used, surface cracking occurs during hot rolling process, which poses a serious problem. Copper-

enriched phase is formed at the steel/scale interface through selective oxidation of Fe during heating for hot working. The copper-enriched

phase liquefies at the temperature beyond 1356K and penetrates into austenite grain boundaries to cause surface cracking by liquid embrittle-

ment. This phenomenon is called surface hot shortness due to Cu. In this research, effect of C on the surface hot shortness and effects of B

and P on the hot shortness of an IF steel are investigated using steels containing 0.2% Cu. The susceptibility to the hot shortness of an IF

steel is larger than that of 0.1% and 0.5% carbon steels. Addition of boron and phosphorous in IF steel is effective on the suppression of sur-

face hot shortness in IF steel. The reasons for the effects of carbon, phosphorus and boron were discussed from the viewpoints of the effects

of these elements on the amount, the shape and the penetration easiness of Cu-enriched phase.

Key words : recycling of steel; tramp elements; oxidation; liquid embrittiement; Cu-enriched phase; penetration.
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Table 1. Chemical compositions of the steels used (mass%).

C Si Mn P S Cu Ti B Al o) N
IF 0.001 <0.01 0.16 0.001 0.001 0.21 0.040 <0.0001 0.040 0.003 0.0011
IFP 0.001 <0.01 0.16 0.10 0.001 0.20 0.043 <0.0001 0.044 0.003 0.0008
IFB 0.001 <0.01 0.16 0.002 <0.001 0.22 0.042 0.0009 0.042 0.003 0.0010
IFPB 0.001 <0.01 0.15 0.10 <0.001 0.20 0.044 0.0007 0.042 0.003 0.0013
0.1C 0.098 <0.01 0.16 0.001 0.001 0.21 0.043 <0.0001 0.040 0.003 0.0014
0.5C 0.47 <0.01 0.15 0.001 0.001 0.22 0.039 <0.0001  0.042 0.004  0.0008
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Fig. 3. Mass gain by oxidation in LNG combustion gas.
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Fig. 4. Load-elongation curves at 1373K and at 2.8X
1072s™" in LNG combusion gas.
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Fig. 5. Susceptibility parameters to embrittlement Ep and
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Fig. 6. Optical micrographs in the vicinity of the steel/scale interface at 1373K; a) Steel IF, b) Steel IFP (0.1%P), ¢) Steel IFB
(9 ppm B), d) Steel IFPB (0.1%P-7 ppm B), e) Steel 0.1C and f) Steel 0.5C.
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Table 2. Effects of boron, phosphorus and carbon on factors in the surface hot shortness.

Steel Additive Cu-enriched phase Penetration of Cu-enriched Y grain size
element phase into grain boundaries
Amount Morphology
IF steel B Slight decrease No change Effective in restraint No change®
IF steel P Decrease Film-like —block Effective in restraint Decrease!'4
0.2% Cu steel C Decrease Film-like —block Effective in restraint Decrease!®
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PAMBATMT 5 & ARSI R REE I LAKT
5,

(6) SHIZBEPEHMT S & ST K R R EME K
TH50i1%, HERRTFLX—-DOKT & B AmT L
F—-DBEMzL38DELERENS,

(7)) REBPHALLBAPCIFFIZPARML 28B4,
RlAREMERZEAK T XL 3HED 1212, ZheD
RNy RN EENELSTEHZLEHRINS,

(8) MDRFEH BT L S ORI MK
M4 BSEEIHL TRV,
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