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Abstract

In this thesis, the formation, structure, and intrinsic properties
of R; (Fe,Mo),, (R = Ce, Nd, Sm, Gd, Tb, Dy and Y ) compounds
have been systematically studied based on the review of the research
and development of permanent magnetic materials. The main cont-
ents are as follows:

1. Whether Mo can be used as a kind of stabilizing element to
stabilize the 3:29 compounds, if so, what are the contents of Mo
and the annealing temperatures.

2. Whether a simpler method to prepare the single phase
R, (Fe,Mo),s can be found.

3. Why the lowest content of stabilizing element M is different
for a different stabilizing element M in R(Fe,M),, or R; (Fe, M),
compounds.

4. The structure and intrinsic magnetic properties of R; (Fe, Mo )y
intermetallic compounds.

5. The structure and intrinsic magnetic properties of R, (Fe,Mo),N,
compound.

6. The effects of partial substitution of Ga for Fe on the struc-
ture and magnetic properties in R(Fe,Mo),, or R; (Fe,Mo),, com-
pounds.

In this thesis, a series of polycrystalline intermetallic com-
pounds R; (Fe,Mo),, (R=Ce,Nd,Sm,Gd, Th,Dy and Y)have been

first synthesized by are melting. The successful preparation of
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R, (Fe,Mo),, compounds makes it possible to study the magnetic
properties, structure characteristics and magnetic structure, espe-
cially for Y, (Fe, Mo),, compound which is for the first time to be
synthesized as the single phase 3:29 compound and makes it possible
to isolate the magnetic properties of Fe sublattice for the class of
compounds. Experimental results show that the content ot stabiliz-
ing element Mo in R, (Fe, Mo),, compounds is slightly lower than
the content of stabilizing element Ti in R, (Fe,Ti),, compounds. A
simple method has been put forward to determine the Mo content in
R, (Fe,Mo),, compounds by observing the effects of Mo on the Cu-
rie temperature T, which makes it much easier to prepare the 3:29
compounds. The rule of electronic concentration was successfully
used to explain why the lowest content of stabilizing element M is
different for a different stabilizing element M in R(Fe,A M),, or
R, {(Fe,M),, compounds.

The results of refined X — ray and neutron diffraction patterns
for Y, (Fe, Mo),, compound indicate that the R; (Fe, Mo);; com-
pounds belong to space group A,y,,. The structure 3:29 is a kind of
mixture of structure 1:12 and 2:17. The transformation relation-
ship of atomic coordinate system from structure 1:12 and 2:17 can

be expressed as following matrics:

2.2
x Y §5*
y | = -z
Sl TS

and
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The Curie temperatures and saturation magnetization of
R; (Fe,Mo),s compounds are betweeo those of 2:17 and 1:12 com-
pounds. The X — ray powder diffraction patterns on magnetically
aligned samples of R; (Fe, Mo), compounds show that all the
R;(Fe,Mo),, (R = Ce,Nd, Sm, Gd, Tb, Dy and Y) compounds are
planar anisotropy at room temperature. The ¢ — T curve, a.c. sus-
ceptibility and Mossbauer spectroscopy revealed that the spin reori-
entation from cone to plane occurred at 230 K in the Nd, (Fe, Mo),,
compound. A first order magnetization process has been observed in
the magnetization curves and SPD signal of Tb, (Fe, Mo),, com-
pound.

The interstitial nitrides retain the structure of their parent com-
pounds, but the unit cell volumes are 4. 6% ~6.6% greater. The
average moment of Fe sublattice in the R; (Fe,Mo),, N, compounds
which was obtained by studying the yttrium compound increase from
1.80 pp to 2.04 py. The Sm, (Fe, Mo),, N, nitride is the only
member in the R; (Fe, Mo),, N, compounds to exhibit uniaxial
anisotropy and its EMD is [102]. The Curie temperature T,
saturation magnetization M_ and anisotropy field at 4. 2 K of
Sm; (Fe,Mo),, N, nitride are 704 K, 152 Amzlkg and 20.5 T, re-
spectively, so it is a potential permanent magnet.

The results of refined X — ray powder diffraction show that Ga
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preferentinlly occupies 8i and 8f sites in SmFe, ,., Mo, ; Ga, com-
pounds. The partial substitution of Ga for Fe in SmFe,, ; Mo, ; com-
pounds leads to an increase of unit cell volume and a decrease of Cu-

rie temperature, saturation magnetization and the average moment
of Fe sublattice. The magnetocrystalline anisotropy of SmFe,, ,_,
Mo, ,Ga, compounds change from uniaxial to cone — plane with the
increase of Ga contents in the SmFe,, ;- , Mo, ;Ga, compounds. The
partial substitution of Ga for Fe in R, (Fe, Mo),, (R Sm and Y)
compounds results in an increase of unit cell volume and Curie tem-
perature {Ga< 0.15), but a decrease of saturation magnetization
and the average moment of Fe sublattice. The magnetocrystalline
anisotropy of Smy (Fey o6 . Moy g3s Ga, )5y compounds change from
easy plane to cone — plane with the increase of Ga contents in the
Smy, ( Fey gg6- . Moy 034 Ga, )59 compounds. The magnetocrystalline
anisotropy of Smy (Fey ggs » M0y 034 G2, )5 compounds may change
from cone — plane to uniaxial with an increase of Ga content further

in S, (Fey og5- . Mg 434 Ga, )2 compounds.

Keywords: Rare earth — Transition metal intermetallic com-
pounds; Structure; Curie temperatures; Magnetiza-

tion; magnetocrystalline anisotropy
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