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ABSTRACT: The work aims to prepare WC reinforced iron matrix composite by laser additive manufacturing technology, and
characterize and test its microstructure and properties to provide technical theory and technology reserve for subsequent
preparation of large volume laser additive. Tungsten carbide powder with a mass fraction of 10% was added to prepare tungsten
carbide-reinforced iron matrix composite layer on the surface of 40Cr steel by laser additive manufacturing. The microstructure,

mechanical properties and variation rules of laser additive manufacturing layers were analyzed by X-ray diffraction (XRD),
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metallographic microscope (OM), scanning electron microscope (SEM), hardness tester, abrasive wear machine and

electrochemical workstation. The laser additive layer and matrix had good metallurgical bond. The phase composition of the

laser additive manufacturing layer included a-(Fe,Cr), Fe,C, Fe,W and Fe;B. The microstructures of the surface layer,

sub-surface and middle layer were fish-like dendrites, and there were hard particles around them. With the increase of surface

distance, cellular crystals appeared in the bottom layer. The grain size of sub-surface was the smallest and even and had the

highest hardness of 1057HV, 4.2 times as much as that of 40Cr steel matrix. The middle layer had the lowest wear rate of

0.29 mg/mn1’, the best wear resistance, the highest self-corrosion potential of —205.86 mV and the best corrosion resistance. The

corrosion rate in the bottom layer was the slowest, and the passivation current was 0.1865 pA/cm®. The added tungsten carbide

particles react with Fe-based powder to form Fe,C and Fe, W, forming the second phase reinforcement, which improves the wear

resistance, corrosion resistance and hardness of the matrix. The sub-surface layer of the additive manufacturing layer has the

highest hardness, while the middle layer has the best wear resistance and corrosion resistance.

KEY WORDS: laser additive manufacturing; tungsten carbide; second phase reinforcement; microstructure; microhardness;

wear resistance; corrosion resistance
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Tab.1 Fe30A powder composition and its content
wt.%

Ni Cr B Si C Fe

32.0~39.0 12.0~14.0 2.0~3.0 1.2~2.0 0.5~0.7 Bal.
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Fig.1 Macrostructure of the samples: a) single additive sample; b) multi pass lap additive sample
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Fig.2 XRD patterns of different additive manufacturing layers
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Fig.4 Macro-morphology of different additive manufacturing layers: a) surface layer;
b) sub-surface; ¢) middle layer; d) bottom layer
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Fig.5 High magnification image of sub-surface
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Tab.2 EDS analysis results

wt.%
Location Fe Cr C Si w B
A 66.78 3.02 23.10 192 5.18 0
B 67.24 458 2151 159 5.08 0
C 53.49 3.05 20.75 137 4.04 1730
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Fig.7 Wear loss of different additive manufacturing layers
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Tab.3 Self corrosion potentials and corrosion current
densities of different additive manufacturing layers

Jeon/ (A -cm %)

Different layers of the alloy E(/=0)/mV

Surface layer —497.777 89.73
Sub-suface —430.049 11.48
Middle layer —205.860 5.912
Bottom layer —322.011 0.1865
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