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(a, b) 1130«

(c, d) 1160 C

(e, f) 1190 C

(g, h) 1220

El Fe-Cr-B-CEEHEFRISENEHAROME
Fig. 1 OM images showing microstructures of the Fe-Cr-B-C alloys after rapid cooling from
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Fig. 2 Quantitative relationship between rapid cooling initial
temperature and eutectic boron carbides area fraction
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Fig. 3 XRD spectra of the Fe-Cr-B-C alloy after rapid cooling from
1160 C

(a) 1130 °C

%%N " %g% FDUNDRH-’

*1 B4 (b) PARTIBELHEDSHER S TEE
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Tab. 1 Quantitative EDS analysis results of the chemical
compositions at point A and point B in Fig. 4 (b)
at.%

i B C Cr Mn Fe Nb Ti

AR 5.9 203 261 01 476
B/ 165 336 6.0 71 339 29

63.0 0.9, EBERSERINBENTS, MERICEE
SFE T

F29|H T Fe-Cr-B-CEEHBREIIREFTNTEE
EFHa RIS ERIEF MR ERO T B M4
EE. i, EANEMEEEN TRHENSEXE
NS, HPML 160 CHIARSENRS; Mk
REINREXN RSN EMERE KB BERN,

F2 AREPAEIBREI MK Fe-Cr-B-CA & E AT
U HEBRNENBMUERERE (HV)
Tab. 2 Average micro Vickers hardnesses ( HV ) of the
matrix and eutectic boron carbides in the Fe-Cr-B-C alloys
corresponding to different rapid cooling onset temperatures

IRJEIC Sk DAL I i
1130 7384+ 245 890.6 + 54.4
1160 961.8 + 44.8 910.7 £ 48.5
1190 937.8 +49.2 889.6 + 98.4
1220 862.2+48.8 906.8 + 58.3

(b) 1160 C

(c) 1190 C

E4 MFHRRS BRI LR SRSEM-BSE E &
Fig. 4 SEM-BSE images showing morphologies of the eutectic boron carbides after rapid cooling from

(d) 1220 <C
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Fig. 5 EDS spectra of the precipitates at point A (a ) and point B (b ) inFig.4 (b)
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the Fe-Cr-5.C alloys MEEBHAESR, BERSRKRENFS, B
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Fig. 7 Impact fracture morphologies of the Fe-Cr-B-C alloys after rapid cooling from
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(a) 1130 C

(c) 1190 °C

®3 MAEIREFRRLEHFe-Cr-B-CAEEEMRAIG
Tab. 3 The average weight before and after wearing,
weight loss, and weight loss rate of the Fe-Cr-B-C alloys
after rapid cooling from different temperatures

B JEBETg EBURlg KRERYG KRTEE%
1130 702633 701562 01071 0.152
1160 683110 682244  0.0866 0.127
1100 693128 691975 01153 0.166
1220 682336 680799 01537 0.225
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791 160 CHIERAERHK . XiiiBFe-Cr-B-CEEE
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3 e
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Fig. 8 Crack propagation characteristics near the impact fracture surfaces of the Fe-Cr-B-C alloys after rapid cooling from
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Effect of Rapid Cooling Initial Temperature During Solidification Process
on the Strength-Toughness and Wear Resistance of Fe-Cr-B-C Alloy

ZHAO Guang-di*, MA Long?, YU lJiang-cheng’, AN Zhi-yi®, HAN Si-ying', YU Zhen-ming', WANG Chu-jin*
(1. School of Materials and Metallurgy, University of Science and Technology Liaoning, Anshan 114051, Liaoning, China; 2. Power Plant
Equipment Research Institute, Beijing Electric Power Equipment Factory Co., Ltd., Beijing 102401, China; 3. School of Materials Science
and Engineering, Shenyang Aerospace University, Shenyang 110136, Liaoning, China)

Abstract:

Fe-Cr-B-C alloy is a new type and low-cost wear-resistant alloy. The alloy prepared by the permanent mold
casting process with a relatively fast solidification cooling rate possesses higher hardness and excellent wear
resistance, and has the potential for direct use in the as-cast state. In order to explore how to make the sand
cast Fe-Cr-B-C alloy have excellent wear resistance in the as-cast state as well, the influence of the rapid
cooling initial temperature (1 130-1 220 °C ) during the solidification process on the microstructure,
hardness, impact toughness and wear resistance of the alloy was mainly investigated in this project. The
results show that the matrix of Fe-Cr-B-C alloy after rapid cooling treatment was lath martensite, and network
boron carbides consisting of eutectic [y+(Fe, Cr),(B, C)] and trace fine Nb(C, B) were formed. As the initial
temperature of rapid cooling increased from 1 130 °C to 1 160 °C , there was no significant change in the area
fraction of boron carbides; As the temperature continued to rise from 1 160 °C to 1 220 °C , the area fraction
of boron carbides gradually increased. As the initial temperature of rapid cooling increased, the Rockwell
hardness of Fe-Cr-B-C alloy first increased and then decreased, and the highest Rockwell hardness of HRC
63.0 + 0.9 was achieved after rapid cooling from 1 160 °C . However the impact absorbed energy continuously
decreased and the wear resistance first increased and then decreased. The wear weight loss rate was the
smallest and the wear resistance was the best when the initial temperature of rapid cooling was 1 160 °C. . The
effect of rapid cooling initial temperature on the wear resistance of Fe-Cr-B-C alloy is mainly related to the
supersaturation of the martensitic matrix and the precipitation of boron carbides.
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