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ABSTRACT

In some rare earth compounds, valences of rare earth elements take
non—integer values, because valence values of rare earth elements fluctuate
spatially and temporally. The fluctuated valences depend strongly on the

synthesis temperature. In this study, Yb, Eu, Sm based sulfides with



valence—fluctuation characters were to study the synthesis and stability and
expected to discover new applications.

Ytterbium sulfides were prepared from CS, sulfurization of Yb,03 and then
heat treatments. Ytterbium sulfides (YbsS, and YbS) are expected to be employed
as high temperature n—type thermoelectric materials due to their large Seebeck
coefficient.

The influences of particle size and specific surface area of Yb,0; powders,
sulfurization temperature and time and CS, gas flow rate on preparation of
ytterbium sesquisulfide (YbsSs) were researched. Small particle size (< 1 um)
and large specific surface area (> 2 m?®/g) of Yb,03 are necessary for fabrication
of pure VYbyS;. Single orthorhombic 17 -Yb:S; and hexagonal ¢ —-YbsS3 were
synthesized by the sulfurization of fine Yb,03 powders at 973~1073 K and 1273
~ 1323 Kwith CS; gas flowrate of 1. 67 mL/s, respectively. Orthorhombic n —Yb,S;
transformed to hexagonal ¢ -YbyS; with increase of temperature. The heat
treatments of YbsS3 were investigated. Upon heat treatment at 1273 K for 3 hr
in Ar/CS,; atmosphere, orthorhombic Yb;S; phase underwent phase transition to
hexagonal Yb,S3 phase. Moreover, orthorhombic YbsS, was main phase after heat
treatment at 1050° C for 8 hr under Ar atmosphere and Yb,Ss; disappeared upon
prolonged (12 hr) heat treatment. Single YbsSs phase could be obtained after
treatment at 1273 K for 3 hr, or at 1473 K for 1 hr, under vacuum (~1.2X107°
Pa). Single-phase YbS with a homogeneity range of YbS; i1-1.15 could be
synthesized by treatment at 1773 K for 3 hr.

Secondly, europium sulfides were synthesized by CS, sulfurization of Eus0s.
EuS is a ferromagnetic semiconductor with NaCl type crystal structure. As this
temperature is in the proximity of the boiling point of hydrogen, EuS is a
potential magnetic refrigeration material.

The effects of Eu,0; character and sulfurization conditions on the
preparation of europium sulfides were researched. Single—-phase EusS,; and EuS
can be obtained by CS, gas sulfurization of spherical Eu,03 with larger specific
surface area and small grain size at 773 K for longer than 0.5 hr and 1073 K
for 8 hr, respectively. Moreover, EuS can be fabricated from self-prepared

needle Eus03 at 1023 K for 8 hr. The higher sulfurization temperature and shorter



sulfurization time accelerated the formation of high purity EuS. Specific
surface area of synthetics lessened with the rising of sulfurization
temperature and time. Synthetic pure EusS,; were treated under rich—sulfur
atmosphere, inert atmosphere and vacuum, respectively. Single EuS phase was
obtained at 973 K under rich-sulfur atmosphere or at 1073 K under inert
atmosphere. The stability of EusS,; during annealing is weaker than all above
mentioned conditions and the transformation finished at 873 K under vacuum of
1.2X107° Pa. The transformation of EusS,; to EuS was attributed to stability
of Eu?" at high temperature. The synthetic EuS powders were sintered under a
uniaxial pressure of 50 MPa in vacuum. The large reversible magnetocaloric
effect of polycrystalline EuS was observed, which underwent second-order
ferromagnetic to paramagnetic transition at 16.8 K. The maximum of magnetic
entropy change is as large as 6. 32 J/mol/K and the adiabatic temperature change
is 9.1 K under a vary magnetic field change of 5 T. The entropy value for
polycrystalline EuS was revised by the combination of the magnetization and
heat capacity data. The relative cooling power for polycrystalline EuS reached
69.26 and 125.39 J/mol for AH =3 T and 5 T, respectively.

Finally, non—-stoichiometric samarium monosulfide (SmSy, 0.55<x<1.2) was
synthesized from SmyS; and SmH; at 1273 K for 3 hr under vacuum. Until now,
polycrystalline SmS prepared from the direct reaction between samarium and
sulfur, has a thermoelectric figure of merit ZT ~ 0.9 with the optimal
composition SmSg 9. The influence of reaction ratio of SmsS; to SmH; on the
fabrication of SmS was investigated.

The fabrication of SmS required the mole ratio of SmyS; to SmHs above 1.
Lattice parameter of synthetic SmS increases firstly and then decreases to
saturate following with the addition of SmHs content. SmS compact was sintered
at 1373 K by spark plasma sintering. Density of synthetic SmS is about 99% of
theory density. Seebeck coefficient of n—type semiconductor SmS, decreases as
temperature rises. The absolute value is distributed between 170-280 n V- K.
The electrical conductivity of SmS, (0.86<x<1.07) decreases with temperature
increasing and shows similar temperature dependence. The surplus Sm which

randomly distributed in the SmS, (0.55<x<0.75) matrix, leads to a remarked



reduces of electrical resistivity. The optimized power factor for SmS¢ s and

SmSo. 75 can reach 1500 uW-K 2% m' at 600 K.
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