
The present invention is concerned with the technical field of products
endowed with permanent magnetic properties. More specifically, the
invention concerns hydrided products of the rare earth/iron/boron type and
with obtaining pulverulent products resulting from the cycle of
corresponding hydridation/dehydridation. One interesting aspect of
permanent magnets that contain a rare earth element, and of current
research in this area, is presented in the article by Arthur L. Robinson in
"Science", Vol. 223, March 2, 1984, pp. 920-922, entitled "Powerful new
magnet material found". The article in question describes, Inter alla, a
magnetic product of formula [err] its presumed crystalline structure and
also its magnetic properties. This product does, however, have a relatively
low Curie temperature (585 K). In accordance with the invention, a
hydridation/dehydridation cycle for rare earth/iron/boron and rare
earth/cobalt/boron compounds has now been discovered which results in
original- hydrides endowed with outstanding magnetic properties which
satisfy the following formula: [err] or [err] with 0 < x [err] 5 and
preferably x [err] 0.1 where R represents a rare earth element or yttrium
and where, in the above formula, iron or cobalt can be partially
substituted by other 3d, 4d, 5d transition elements or by Al, C, Si or Ge.
These compounds have a markedly greater magnetic moment than that of the
respective unhydrided compounds.    -2- A further object of the invention
Is therefore also directed to applications exploiting the magnetic
properties of the aforementioned compounds. These compounds prove to be
especially useful in fine powder form for, notably, preparing magnetic
recording and reproduc- tion media, ferrofluids, incorporation into
elastomer and plastic compounds and the like. Yet another object of the
invention is a process for preparing the aforementioned compounds which
consists in hydriding the rare earth/iron/boron or rare earth/cobalt/boron
compounds at room temperature and at a suitable hydrogen pressure. The 



hydrogen pressure is varied according to the compound and the desired
degree of hydridation. For example, a pressure of more than 10 bars (10
x[err] Pa) and less than 500 bars (500 x [err]Pa) has proved to be
satisfactory. The compounds may be dehyrided by heating them at a tempera-
ture preferably between 150 and [err]. However, care must be taken not to
reach the decomposition temperature of said compounds  Accordingly, the
intermediates wherein 0 < x < 5 are obtained after mixing an unhydrided
compound with a hydridation compound x = 5 in the desired proportions, and
then this mixture is brought to the appropriate dehydridation temperature
in an impervious enclosure that has minimal dead volume and is capable of
maintaining the pressure. Dehydridation is preferably performed in vacuo.
After recooling, a homogenous hydride is obtained which is characterised by
a fine discontinuous spectrum and whose Curie point and lattice parameters
lie between the extreme values characteristic of the product, on the one
hand, and the hydrided product, on the other.    -3 The
hydridation/dehydridation process also enables an outstanding dehyrided
product to be obtained which is in the form of a fine powder. It should be
stressed that it was not previously possible to obtain such a product and
the importance of this fineness in the aforementioned applications is
appreciated. Typically, after grinding these products have a particle size
of between 0.2 and 3 [err], preferably between 0.8 and 1.5 [err]. The
invention is also concerned with novel unhydrided compounds with particle
sizes between 0.5 and 3 [err]. Preferably these compounds have a
hydridation degree x [err] 3, because they have excellent magnetic moments
for the appli- cations envisaged. Preferred compounds include those of
formula [err]with 0 < x [err] 5. This novel hydride is prepared by
hydriding the compound [err]  Hydriding is carried out at room temperature,
say at a hydrogen pressure of approximately 20 bars[err]. Using this
process a compound satisfying the formula [err] is obtained, characterised
by, a quadratic crystal mesh having parameters a = 0.8926 nm 



b = 1.2334 nm and with a Curie point  of [err]. The starting product of
formula [err] is itself obtained by a process similar to that described by
Sagawa in European Patent Application No. 0 101 552, following melting in a
levitation crucible and annealing. Taking into account the non-congruent
melting of compound [err] neodymium enrichment in relation to
stoichiometric composition allows, by lowering the liquid-solid equilibrium
temperature, primary iron precipitation in the course of solidification.
For this    -4- reason a mixture satisfying the overall composition [err]
is used. The material so obtained is composed to a large extent of the
[err] phase having parameters a = 0.8805 nm, quadric symmetry
[err] c = 1.2204 nm The magnetic moments expressed in electromagnetic units
(A.[err]/kg) are respectively 1) [err] obtained from the starting
composition [err] having parameters a = 0.8805 nm c = 1.2204 nm H = 2.66
tesla (300K) M = 129.2 electromag. units (A.[err]/kg) H = 15.8 tesla (4.2K)
M = 164.6 electromag. units (A.[err]/kg) H = 15.8 tesla (300K) M = 144.3
electromag. units (A.[err]/kg). 2) The hydrided preceding compound having
parameters a = 0.8926 nm c = 1.2334 nm H = 2.66 tesla (300K) M = 150.8
electromag. units (A.[err]/kg) H = 15.8 tesla (4.2K) M = 169.4 electromag.
units (A.[err]/kg) H = 15.8 tesla (300K) M = 152.4 electromag. units
(A.[err]/kg). We must emphasise that it was not absolutely clear that a
product so rich in iron can be hydrided. It was also to be feared that
hydridation would affect (or decompose) the [err]phase and hence the
magnetic properties. In fact, it was found that this was not the case and
that, on the contrary, the absorption of hydrogen produces an increase in
magnetic moment at room temperature and a reduction in the magnetic field
necessary for saturation, compared to the starting compound [err], and an
increased Curie point.  



This development of the properties is shown in accompanying Figure 1. The
magnetic moment measured from 0 to 2.66 tesla is expressed in [err] per
formula group. Accompanying Figure 2 represents the curve of magnetisation,
at the various temperatures indicated on the graph, of an [err] powder
oriented perpendicularly to the field and made into a block using araldite
adhesive. In the graph temperatures are given in degrees Kelvin and
magnetic fields in tesla units. This graph shows that the field of
anisotropy is very high at low temperature. It decreases as the temperature
rises. The results of the magnetic trial are confirmed by Mbssbauer
spectroscopy, which revealed an increase in the hyperfine fields at the Fe
sites at room temperature in relation to those measured for [err]. At the
four Fe sites distinguished under the [err]ssbauer effect, the average
rated hyperfine field ranges from 305 KOe (30.5 tesla) for [err] to 320 KOe
(32 tesla) for the hydride of the invention [err]. It should be noted that
the hydridation described above can be reversed without destroying the
[err]phase, and that the hydridation/dehyridation cycle applied to compound
[err] enables said compound [err] to be in a pulverulent form. At
atmospheric pressure the hydride begins to lose its hydrogen around [err].
However, temperatures of the order of about [err] are necessary to
eliminate the hydrogen totally in    -6- a primary vacuum ([err] mmHg = 1.3
Pa) and return to starting compound [err]. The non-congruent melting of
some [err] compounds, particularly [err], does not allow a pure product to
be obtained by melting and solidification of the mixture of the elements in
stoichiometric proportions. The material obtained is a mixture containing
very predominately the [err] phase, iron and a compound much richer in
neodymium (non-magnetic). If the foregoing mixture in solid form is
subjected to hydridation/dehydridation treatment, the fact that it is
reduced to a fine powder makes it far more reactive. Diffusion treatment of
the foregoing pulverulent product at 



around [err] allows the iron from the primary precipitation to be combined
and thus a material of far greater pureness to be obtained. The property of
forming ferromagnetic hydrides is shared by all isomorphic compounds of the
quadratic [err] compound, including solid solutions thereof obtained either
by intersubstitution of the rare earths or by partially substituting 3d, 4d
or 5d transition elements for the iron and cobalt, and various elements
conventionally used in iron substitution, such as Al, Si or Ge. This iron
substitution is total in the case of cobalt, for example resulting in the
compound [err] c = 1.18558 nm hydridation of which may result in the
formula ferromagnetic [err]    a = 0.8705 nm c = 1.1925 nm Tables I and II
below summarise the lattice parameters of some preferred compounds
according to the invention, hydrided at    -7- room temperature at a
hydrogen pressure of the order of 50 bars (50.105 Pa), and the
corresponding unhydrided compounds.    Supplemental examples: Using the
foregoing methods, the following products were obtained: 1) [err] % by
weight of fixed hydrogen : 0.37% 2)  [err] % by weight of fixed hydrogen :
0.20% 3)  [err] % by weight of fixed hydrogen : 0.15% 4)  [err] % by weight
of fixed hydrogen : 0.15% 5)  [err] % by weight of fixed hydrogen : 0.33%
unhydrided product [err]: a) = 0.8697 nm b) = 1.1969 nm Figure 3 shows the
magnetisation curves at 293 K of compounds 



[err]. Likewise, Figure 4 shows the magnetisation curves at 293 K of
compounds [err]. In both cases a very high level of magnetisation with
lower anisotropy was found.    01 7 35 8 8 * [err] [err] [err] [err] [err]
[err] [err] [err] [err] [err]    -10-
0173588 [err] [err] [err] [err] [err] [err] [err]    11 CLAIMS 1.    Novel
compounds characterized  in  that they  consist in  rare- earth/iron/boron
or rare-earth/cobalt/boron hydrides, of the formula: 5 [err] or [err] with
0 < x [err] 5 10   where R represents an element of the rare earth or
yttrium, in that in the above formula, the iron or cobalt can be partially
substituted by other transition elements 



3d, 4d, 5d or the elements Al, C, SiGe. 2.    Novel compound according to
claim 1, characterized in that it has the formula: 15 [err] or [err] with
[err] 20  in particular [err] or [err] 3.    Process for preparing the
compounds according to claims 1 or 2, characterized in that the hydridation
of the rare earth/iron/boron [err]  or rare- earth/cobalt/boron [err]
compound is carried out. 25   4.    Process according to claim 3 for
preparing the compound according to claim 2, characterized in that
compound[err]B is hydrided at room temperature and under a hydrogen
pressure at least equal to [err] and lower than 500.[err] Pa. 5.
Applications of the hydrides according to claim 1 or 2 using their magnetic
30   properties, particularly in the form of fine powder, such as the
preparation of recording and reading magnetic carriers, ferrofluids,
incorporation in elastomer or plastic masses and the like. 6.    Process
for dehydriding novel compounds of formula [err]B.H. or [err] according to
claim 1 or 2, characterized in that the compounds are 35   heated to at
least [err].    111111111111111111111111111 12 7.    Process according to
claim 6, characterized in that the heating is carried out in vacuum. 8.
Process for preparing the compounds of formula [err] where R represents an
element of the rare earths, in particular [err] or 5   [err], characterized
in that a dehydration is conducted by heating the hydrided compounds of
formula [err]with [err] to at least [err] optionally by way of a heating in
vacuum, in order to form said compounds of formula [err] in the form of a
fine powder of granulometry comprised between 0.2 and 3 [err]. 10   9.
Use of the previously obtained fine powder for preparing, recording and
reading magnetic carriers, ferrofluids, elastomer or plastic masses having
magnetic properties.    


