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Effect of Grain Boundary Segregation of Residual Elements Cu-As-Sn
on Intergranular Embrittlement Fracture of Low Alloying Steel

Geng Mingshan, Wang Xinhua and Zhang Jiongming
(School of Metallurgical and Ecological Engineering, University of Science and Technology, Beijing 100083 )

Abstract Effect of 0. 10Cu-0. 07As-0. 058n on segregation in solidification, grain boundary segregation in heat treat-
ment and ductility of low alloying steel (% . 0.15C, 0.36Si, 1.40Mn, 0.003S, 0.019P) at elevated temperature have
been studied by Gleeble-1500 hot simulator, scanning electron microscope and Auger electron spectroscopy. Results
showed that the segregation of Cu-As-Sn at grain boundary obviously increased the width and depth of depression of I brit-
tleness zone and raised upper limit of critical temperature of this zone; there was no-obviously Cu-As-Sn grain boundary
segregation in cost billet and there was obviously grain boundary segregation in sample tensile-strained to yield at 850 C
and in sample of hot-rolled plate, it indicated the hot deformation promoted grain boundary segregation of residual elements.
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Fig.1 Comparison between reduction of area of low alloying
steel cast slab containing Cu-As-Sn and high clean low alloying
steel cast slab
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Table 1 Chemical composition of test low alloying steel containing Cu-As-Sn and high clean steel / %

M c Si Mn ] P Cu As Sn Cr Als N 0
FCuAsFISnfk&4®M 0.15 036 1.40 0.003 ©0.019 0.10 0.07 0.05 002 0.018 00055 0.0020
_BErEasR 0.18 0.39 1.45 0.004 0.020 - - - - 0028 0.0012 0.0016
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Table 2  Analysis of fracture of low alloying steel contai-
ning Cu-As-Sn by energy dispersive X-ray spectrometer / %

BEE

% Mn Fe Cu As Sn
900 6.2268 0 80.5674 1.978 8 0 11.226 9
850 2.8796 1.2220 88.484 1 0 5.2788 2.1354

800 0.0719 2.0393 94.5123 0.7687 2.6079 0
750 0.0386 1.0855 94.8826 0.7884 1.8892 1.3157
725 0.0044 1.9465 96.949 5 0 1.0450 0.0546
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Fig.2 Fracture morphology and Auger spectrum of intergranular fracture surface of low
alloying steel containing Cu-Al-Sn: (a) sample tensile strained at 850 °C; (b) sample of hot
rolled plate
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Table 3 Analysis of cast billet tensile fracture at 850 °C and hot rolled

plate fracture by Auger electro spectrometer, low alloying steel contai-
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