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Synopsis: Fe-36wt%Ni invar alloy has been widely used for precision parts where dimensional change with temperature is

unfavorable. Strengthened invar alloy is in increased demand for structural members such as power cables and
electronic devices. Generally, cold-working and proper heat-treatment on, and additions of alloying elements to
invar alloy can strengthen the alloy, although these manipulations also influence the magnitude of thermal
expansion. In this study, for the purpose of developing high-strength low thermal-expansion alloy, effects of cold-
working and heat-treatment on thermal expansion and effects of additions of C and other carbide-forming
elements on strength were investigated. As a result, it was revealed that mean thermal expansion coefficient
between 50°C and 150°C decreased when Fe-36wt%Ni invar alloy was cold-drawn and increased when aged
around at 500°C. Change in positron lifetime with aging temperature infers that the increase in thermal expansion
by drawing was due to introduced lattice defects such as atomic vacancies. Reason for the increase in thermal
expansion by aging at 500°C is not clear, but inhomogeneous Ni distribution could cause the phenomenon. In
terms of strengthening, V was most effective to raise age hardness among additives which form NaCl type
carbides. Moreover, when Ti replaced one quarter of V, age hardness reached the maximum. It was due to (V,Ti)
C type carbides which precipitated more densely in the V-Ti bearing alloy than VC in the V added alloy.

Key words: invar; thermal expansion; cold-drawing; precipitation hardening; positron lifetime
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Fig.1 Thermal expansion coefficient as functions of
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Table 1 Chemical composition of the investigated alloys , in wt %.

Alloy Fe C Si Mn Ni Co \% Ti Cr
Invar Balance | 0.001 0.19 0.19 35.79 <0.01 0.01 0.001 <0.01
36Ni-VTiCr | Balance | 0.293 0.22 0.21 35.53 <0.01 0.59 0.19 0.56
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Fig.3 Variation in hardness of cold-drawn Invar alloy with
aging temperature and time.
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