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To elucidate the thermal and magnetic dimensional stability of Cr-based Invar, the effects of various alloying elements on thermal expansion and magnetic properties were investigated. The Cr-Fe-Mn alloys
exhibit low thermal expansion characteristics near room temperature, with the addition of Mn significantly elevating the Neel temperature. Specifically, the addition of approximately 0.89% Mn adjusted the
ow thermal expansion region to be close to room temperature, while 3.2% Sn raised it to temperatures below 0°C. The average thermal expansion coefficient (CTE) of Cr-based Invar at a temperature range
petween 20 and 30°C was found to be 1.7 ppm/°C, comparable to the 0.90 ppm/°C of conventional Invar, and approached nearly zero around 50 - 60°C. Magnetic measurements indicated that Cr-based
nvar exhibits negligible magnetization compared to conventional Invars, with magnetization less than one-thousandth of Invar 36. This low magnetization results in minimal magnetostriction, making Cr-
pased Invar suitable for applications requiring both thermal and magnetic stability. Under a magnetic field strength of 796 kA/m, Cr-based Invar showed a slight contraction behavior, unlike other Invars
which expanded. This contraction is attributed to the antiferromagnetic nature of Cr, where magnetic moments align in opposite directions, leading to a net magnetization of zero.
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(a) Magnetization curves obtained from Cr-based invar, Invar 36, super Invar, and stainless invar.
(b) Enlarged view of the magnetization direction of the Cr-based alloy's magnetization curve from (a).
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Thermal expansion curves obtained from pure Cr, Cr-Fe, Cr-Mn and Cr-Co alloys. The inflection
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