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Abstract

Negative thermal expansion (NTE) materials exhibit volumetric contraction characteristics as tem-
perature rises. When combined with conventional positive thermal expansion (PTE) materials, they
can effectively counteract issues such as circuit board deformation and component detachment
caused by thermal expansion in traditional materials, thus becoming key materials for enhancing
the stability of electronic devices. This study employed a magnetic field-assisted dynamic self-as-
sembly method to prepare MnCoGeSi/epoxy resin composites with preferred grain orientation. Us-
ing instruments such as scanning electron microscopy (SEM), X-ray diffractometry (XRD), and vi-
brating sample magnetometry (VSM), the crystal structure, microstructure, and thermal expansion
properties were investigated. The results revealed that the obtained MnCoGeSi/epoxy resin com-
posite exhibited a giant NTE effect, with a linear thermal expansion coefficient as high as -1587.6 x
10-6/K. Notably, the material does not contain rare earth or other precious metal elements, making
it promising for applications in microelectronics, precision instruments, and related fields.
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Figure 1. Preparation process of MnCoGe1-xSix composite material
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Figure 2. M-T curves of MnCoGe1—Six (x = 0.12) under an external field of 1 T
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Figure 3. Thermal evolution of lattice parameters of MnCoGeo.ssSio.12 alloy
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Figure 4. XRD patterns of MnCoGeo.ssSio.12 original powders and MnCoGeo.ssSio.12/epoxy composites
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Figure 5. X-ray computed tomography of MnCoGeo.ssSio.12/epoxy composite: (a) dual-phase image, (b)

MnCoGeSi phase, (¢) epoxy phase
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Figure 6. Thermal expansion behavior of MnCoGeo.ssSio.12/epoxy composite
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