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Effects of Electron Beam Scanning on Microstructure and Properties of

Melting Zone

WEI De-qiang, ZHAO Zhen-lei, WANG Rong

(Department of teaching practice, Guilin University of Electronic Technology, Guilin 541004, Guangxi)

Abstract: To improve the H13 steel working life, the method of thermal spraying is adopted to prepare
Ni60A alloy layer on the surface of H13 steel and the method of electron beam scanning is used to process the
surface alloy layer. The effect of electron beam scanning on structure and properties of substrate melting zone
and surface alloy layer of H13 steel is researched. Scanning electron microscope (SEM), energy dispersive
spectrometer (EDS), X-ray diffraction (XRD), microhardness tester and abrasion machine are used to ana-
lyze the microstructure, component, hardness, and abrasion resistance of the substrate melting zone and sur-
face alloy layer of H13 steel scanned by electron beam. The experiment results show that after the scanning of
electron beam, Ni60A alloy layer and H13 steel substrate are completely fused together and metallurgical
bonding is formed; the microstructure form of the scanned zone can be divided into four zones: melting zone,
transition zone, heat—affected zone and substrate. The structure of the alloy layer transforms from lamellar
structure to smallish dendrite and columnar crystals. The melting zone structure of H13 substrate can be di-
vided into three parts: equiax crystal zone at the upper part of the melting zone, columnar crystal zone in the
middle part of the melting zone and dendrite zone at the bottom of the melting zone. Microhardness of the al-
loy layer is from 340 to 380 HV, , and is larger than that of Ni60A alloy layer unprocessed. The abrasion
forms are mainly abrasive wear and spiccato shallow plough wear. The wear volume is very small in the whole
wear experiment and the abrasion resistance is improved.
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Table 3 Parameters of the thermal spray technology

Element C Si Mn Cr

Content 0.32-0.45 0.82-1.2 0.22-0.5 4.75-5.5

Parameters Value
Oxygen pressure/ MPa 0. 45
Oxygen flow /(L « h™") 1 000
Acetylene pressure/MPa 0.07
Acetylene flow /(L « h™) 950
Spray distance/mm 200
Relative moving speed /(mm + s) 380-400
Coating thickness/mm 0.5-1.0

Element Mo \% S P Fe

Content 1.12-1.750.8-1.2 <{0.03 <C0.03 Bal.

F2 NiOA EEMRILERS
Table 2 Chemical composition of Ni60A alloy powder
(w/ %)

Element C Si B Cr Fe Ni

Content 0.8 4.0 0.5 17.0 <C8.0 Bal.
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(a) Schematic diagram of electron beam scanning

(b) Surface morphology of scanned sample
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Fig. 1 Electron beam scanning method and the surface

morphology of sample after scanning
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Table 4 EDS analysis result of Alloy layer — (w/%)
Area Ni Cr Fe Si Other

Thermal spray
72.85 16.93 1.88 4.34 Bal
alloy layer

Electron beam scaned 69.37 16.64 5.75 4.18 Bal.
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Fig. 2 Cross section morphology of the molten pool
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Fig. 3 Melting zone morphologies after electron beam scanning
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