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P Gm 3L B Synthesis of rare-earth monosulfides RES, (RE=Gd, Ho) compacts by
reaction sintering
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ABSTRACT

Rare-earth monosulfides RES (RE=rare earth element) with NaCl structure have various practical
and potential applications in the electronics field, such as optical devices, photovoltaics, photodiodes,
and magnetic recording devices. However, the synthesis of high-quality RES samples remains a
challenge because RE is easily oxidized, large difference between the vapor pressures of RE and S,
and the complexity of the previous synthesis methods.

In this study, we focused on rare-earth monosulfides containing Gd and Ho, on which few studies
have been done so far. Using rare-earth sesquisulfides (a-Gd»S3, 6H0,S3) prepared by the CS, gas
sulfurization process and Ho metal or GdH; as a starting material, we have succeeded in synthesizing
single-phase GdS and HoS compacts of large size that we can measure their physical properties, by
reaction sintering method using a spark plasma sintering (SPS) device. We have also succeeded in
synthesizing single-phase GdS, and HoS, compacts with non-stoichiometric ratio composition in a
wide composition range by changing the ratio of Gd (or Ho) and S as starting materials. Furthermore,
for the obtained samples, crystal structure, elemental composition, identification of impurity phases,
thermal properties and electronic properties were investigated in detail. As a result, it was confirmed
that changes in lattice constant, melting point, and electrical conductivity are closely related to the
composition ratio (x) of RE and S.

In this study, we showed that it is possible to synthesize large compacts of pure rare-earth
monosulfides with less impurities by a simpler process than the conventional method. Furthermore, it
was shown that the composition ratio (x) of RE and S in rare-earth monosulfides with non-
stoichiometric ratio composition can be controlled by changing the ratio of starting materials and we
can significantly change physical properties such as electrical conductivity by changing the
composition ratio (x) of RE and S. Therefore, the results are important for optimizing physical
properties. These results are also considered to be applicable to rare-earth monosulfides other than Gd
and Ho, which will lead to a wider range of designs for rare-earth monosulfides. It is considered to

contribute to develop materials for next-generation high-performance devices.
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