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Table 1 Parameters of 304 stainless steel mesh

Sample  Mesh number Dp/pum Dw/pm Vi %
S1 60 300>300 110 38.7
S, 100 160160 80 46.3
S3 200 74%74 50 53.7
S4 300 50>50 40 58.1

Note: Dp-hole in the side, Dy-diameter of the wire, Vivolume

fraction of stainless steel
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1 sealed cabin, 2 induction cup, 3 plunger rod,
4 shot sleeve, 5 mold, 6 stainless steel skeleton
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Fig.1 SEM image of stainless steel mesh (a), manufacturing of the 3D metal skeleton (b), diagram of entire-process-vacuum high

pressure die casting (HPDC) equipment (c), Zr-based BMG/stainless steel skeleton interpenetrating phase composites (d)
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Fig.2 XRD patterns of 304 stainless steel mesh/Vitl BMG

composites
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Fig.3 SEM images of the 304 stainless steel mesh/Vitl BMG composites: (a) Si, (b) Sz, () Ss, and (d) Sa4, (the inset shows the interface

between Vitl matrix and stainless steel mesh)
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Fig.4 TEM images of the 304 stainless steel mesh/Vitl BMG composites S; sample: (a) bright field TEM images at the interface (the

inset shows a diffraction spot in stainless steel mesh), (b) martensite structure in stainless steel wire, (c¢) HRTEM image of Vitl

metallic glass (the inset is the corresponding diffraction spot), (d) HRTEM image of the interface between Vitl metallic glass and

stainless steel mesh
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Fig.5 Quasistatic compressive stress-strain curves of Vitl and
304 stainless steel mesh/Vitl BMG composites at room

temperature
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Table 2 Mechanical properties of Vitl BMG prepared by
HPDC in this study, 304 stainless steel mesh/Vitl

BMG interpenetrating-phase composites

Sample Vi 1% Rmc/MPa &l%
Vitl BMG - 1575 2.3
S1 38.7 1517 3.42

Sz 46.3 1457 3.89

Ss 53.7 1616 10.46

S 58.1 1412 3.32

Note: Vi-volume fraction of stainless steel, Rmc-fracture strength,

&-fracture strain
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Fig.6 SEM images of fracture surface of the 304 stainless steel mesh/Vitl BMG composites: (a) S1, (b) Sz, () Ss, and (d) Ss
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Fig.7 SEM images of side surface of the 304 stainless steel
mesh/Vitl BMG composites: (a) S; and (b) Ss
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Fig.8 Mises stress diagrams of two-dimensional finite element model of BMG composites with different volume fractions under 2%

compression deformation: (a) Si, (b) Sz, (¢) Ss, and (d) S4
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Fig.9 Relationship between maximum Mises stress, shear stress
and wire diameter spacing of BMG composites under 2%

compression deformation
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HPDC Forming and Mechanical Properties of Stainless-Steel Skeleton Reinforced
Zr-Based Bulk Metallic Glass Composites

Gao Wangjun'?, Zhai Jiting"?, Zhang Weiwen'?, Yang Chao?, Zhang Tao®, Li Weirong®, Li Yangde®, Liu Lehua*?
(1. National Engineering Research Center for Near-net Forming of Metal Materials, South China University of Technology,
Guangzhou 510641, China)

(2. Guangdong Key Laboratory for Processing and Forming of Advanced Metallic Materials, School of Mechanical and Automotive
Engineering, South China University of Technology, Guangzhou 510640, China)

(3. Institute of Eontech New Materials Co., Ltd, Dongguan 523662, China)

Abstract: 304 stainless steel skeletons were introduced into Zrs;2TiizsCuizsNiwoBess (Vitl) bulk metallic glasses (BMGs) by high
pressure die casting (HPDC) technique under high pressure and with large filling rate to create BMG/stainless steel composites.
Furthermore, the effects of stainless-steel volume fraction on the microstructure and mechanical properties were studied. The results show
that the stainless steel skeleton in the HPDCed composites is uniformly distributed in the metallic glassy matrix and displays metallurgical
interface with the Vitl BMG. The mechanical properties test indicates that the plasticity of the brittle Vitl BMG is significantly improved
with the introduction of stainless steel skeleton. As the mesh number of stainless steel increases (corresponding to the increase of the
volume fraction of crystalline phase), the plasticity of composites displays an increasing trend. However, when the mesh number exceeds
200, there are some deteriorations in mechanical properties due to the unfilled porosity defects in the composites. When the volume
fraction of crystalline phase is about 53.7%, the fracture strain of composites reaches the maximum value of about 10%, which is much
higher than that of Zr-based BMG composites toughened by traditional stainless steel fibers. The analysis of the toughening mechanism
shows that the brittle-ductility transition of the HPDCed Vitl BMGs mainly results from high efficiency suppression of shear band
propagation by metal skeleton, which promotes the proliferation and initiation of shear bands and reduces the localization of macroscopic
plastic deformation, as well as the reduced stress concentration due to decrease of mesh number. This study provides new insights for the
design and preparation of BMGs composites with excellent mechanical properties, and has important engineering value for application of
BMGs.

Key words: bulk metallic glass composite; high pressure die casting; mechanical properties
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