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Laser 3D Printing of Iron Based Bulk Amorphous Alloy Composite
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[ABSTRACT] Fe-based amorphous alloy has attracted great attention due to its excellent soft magnetic properties, high hardness,
high strength and other advantages. However, the size of Fe-based amorphous alloys prepared by copper mold casting in laboratory
and industrial fields are still small, which seriously restricts the practical application of Fe-based amorphous alloys as structural
materials in industrial fields. The laser 3D printing method provides an opportunity to solve these problems. However, according to
the current research reports at home and abroad, there are serious cracks in Fe-based amorphous alloy prepared by laser 3D printing
technology, so it is impossible to use this technology to shape large size Fe-based amorphous alloy samples. In this paper, a second
phase with better plasticity was introduced into Fe-based amorphous alloy to absorb thermal stress and prevent the cracking of Fe-
based amorphous alloy in the process of laser 3D printing, and large size Fe-based amorphous alloy composites were successfully
printed. It is found that the large-size Fe-based amorphous alloy composites formed by the above method have no macroscopic cracks
and have good formability, but microcosmic cracks are still found in the local area of Fe-based amorphous alloy. Since Cu wrapped
Fe-based amorphous alloy in the middle, these local microcracks did not expand, so it did not run through the whole material, so that
the molding property of the printed Fe-based amorphous alloy composite material was not greatly affected.
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Fig.1 Schematic diagram of laser 3D printing device
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Fig.2 Macroscopic morphology of printed samples with different

laser power
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Table 1 Combinations of single-channel multi-layer printing process parameters with different laser powers

W/ (15g'min)

FE oL PIW FHEEEE v (mm'min') | JEBEEAR d/mm Fe 1 Cuk) Cu ByImA R /%
a 1600 600 3 7.5 7.5 50
b 1800 600 3 7.5 7.5 50
G] 2000 600 3 7.5 7.5 50
d 2200 600 3 7.5 7.5 50
e 2400 600 3 7.5 7.5 50
f 2600 600 3 7.5 7.5 50

R2 TREFEMMANENREZRITHNIZSHAS

Table 2 Combinations of single-channel multi-layer printing process parameters with different amounts of copper powder

A/ (15g-min')

2 TR PIW FHEE v/ (mm-min') B EAR d/mm ; " Cu ByIMA R /%
Feky Cu ¥
a 2400W 600 3 7.5 7.5 30
b 2400W 600 3 9 6 40
c 2400W 600 3 10.5 4.5 50
d 2200W 600 3 7.5 7.5 30
e 2200W 600 3 9 6 40
f 2200W 600 3 10.5 4.5 50
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Table 3 Optimal combination of laser 3D printing process

parameters
R i S| M| BB tm
O x| FEE pm | om | we
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2400W mm/min 30% g/min 10s | 3mm

(40% Cu,50% Cu )
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Fig.4 Macroscopic morphology of samples with different process

parameters
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Table 4 Process parameters combinations for laser 3D printing of large-size metallic glasses

JFE | R PW | HAEE v (mmeminT) | R /%
a 2200 600 30
b 2400 600 30
© 2400 600 30
d 2200 600 30
€ 2400 600 30
f 2400 600 30
g 2200 600 30
h 2400 600 30
i 2400 600 30
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W/ (15g'min")

cuky Fe 1 Cu B IMARE /% HeBE A% d/mm 25

7.5 7.5 50 3 5
6 9 40 3 5
7.5 7.5 50 3 5
7.5 7.5 50 3 10
6 9 40 3 10
7.5 7.5 50 3 10
7.5 7.5 50 3 15
6 9 40 3 15
7.5 7.5 50 3 15
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Table S Atomic number ratio of amorphous materials %
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Fig.5 Microstructures of bulk amorphous alloy composite material
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Fig.6 DSC curves of bulk amorphous alloys under different

process parameters
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Fig.7 Compression curves of bulk amorphous alloys under different

process parameters
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