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The invention relates to a method of manufacturing a
single crystal body of a compound which is capable of
being sintered.

Tt is known to manufacture single crystal bodies by
melting the relative compound and, during cooling, tak-
ing such measures that the particles of the solidifying melt
arrange in a particular manner with respect to each other.
This may occur, for example, by inducing the crystal-
lization in the nielt with a “cold finger” which usually
comprises a small seed-crystal. It is also known to heat
the powder of the compound in question in the flame of
an oxyhydrogen blowpipe, the powder being taken along
by the inner pipe of the blowpipe. The powder is caught
on a refractory rod and solidifies to form a single crystal
body. In these cases, the method is carried out at the melt-
ing temperature of the pure compound. Naturally, the gas
atmosphere should be adapted to the equilibrium of the
compound at this temperature. In connection with the high
melting temperature, this is often hard to realize, as a
result of which some compounds decompose entirely at
the melting temperature.

Alternatively, methods are known which are carried
out at a temperature lower than the melting temperature
of the pure compound. The melt contains, in addition to
the pure compound, one or more other compounds which
are active as fluxes. This method may be used in those
cases in which a suitable flux exists for the compound
in question. In addition, special measures should be taken
to influence the nucleation and to check uncontrolled
nucleation. '

The invention relates to a particular method which is
also carried out below the melting temperature of the
pure compound. It is based on the recognition of the fact
that a controlled recrystallization takes place if a thin
layer of powdered particles is applied on a monocrystal-
line substratum and sintered.

In the method according to the invention, a layer of at
most 200 microns, preferably -at most 20 microns, of a
powder of the compound. in question or of substances
which form the compound in-question on heating having
a particle size of at most 5 microns, is provided on a single
crystal body and heated to a temiperature which lies in
the recrystallization temperature range of the compound
in question. The method is carried. out below the melting
temperature since the recrystallization temperature range
lies below the melting temperature. The recrystallization
temperature range lies between %2 and %5 of the absolute
melting temperature. A temperature in this range is some-
times termed Tamman temperature. With this method, the
particles of the powder recrystallize according to an
ordered pattern as a result of the monocrystalline substrate
on which it is provided. The thickness of the layer is at
most 200 microns to prevent arbitrary recrystallization
from taking place in part of the applied layer. Good results
are obtained with a layer thickness of at most 20 microns.
The particles of the powder are on the substrate in an
arbitrary orientation. The ordered growth turns out to start
from those particles of the powder which, as far as the
crystal orientation is concerned, are rationally linked with
those of the substrate. The particle size of the powder
should be at most 5 microns for the powder to be reactive.
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So the compound is not applied in an atomic or molecular
form but in the form of small crystalline powdered
particles. The powder may consist of particles of the com-
pound in question. Then the method according to the in-
vention substantially comes to a recrystallization with
a controlled nucleation of the recrystallization nuclei.
The powder may also consist of substances which form
the compound in question on heating. In this case, both
a reaction and an ordered crystallization take place. The
powder is applied on a single crystal body. The composi-
tion of this body may be equal to that of the body to be
manufactured but it may also have a different composi-
tion and even a crystal structure which differs from that
of the single crystal body to be manufactured. In this latter
case, a sufficiently large difference should exist between
the interfacial surface energy with respect to the substrate
with oriented and non-oriented particles of the powder
50 as to form recrystallized orientation nuclei. The powder
layer may be provided on the substrate in various manners.
It may be effected in the form of a suspension, after which
the substrate with the suspension layer are heated. It is
also possible to provide a thin powder layer immediately
on a heated substrate by blowing the powder on it by
means of a gas stream.

In this manner, thin monocrystalline layers are formed
which can easily be separated from the substrate. To
obtain single crystal bodies having a larger thickness, the
method according to the invention is repeated several
times.

Compounds, of which single crystal bodies can be
manufactured by means of the methed according to the
invention are, for example, BaTiO; and NiFe,Oy. Since
it is very difficult to obtain a single crystal body of NiFe,0,
according to a known method, use is made according to
the invention of a signal crystal body having a magneto-
plumbite structure, for example a body of a composition
BaFe;s01 or a single crystal body having a different
hexagonal crystal structure, for example a body of a com-
position BaCogFe 007,

In order that the invention may readily be. carried into
effect, it will now be described, by way of example, with
reference to the accompanying drawings and the ensuing
examples.

FIG. 1 diagrammatically shows an apparatus which
may be used in the method according to the invention.

FIGS. 2, 3 and 4 show intensities of an X-ray diffrac-
tion pattern of bodies manufactured according to the
method according to the invention.

FIG. 5 shows the intensities of an X-ray diffraction
pattern of a known body.

EXAMPLE I

A mixture of NiCOs and Fe,O; in a ratio of 1:1 was
ground for 16 hours in ethyl alcohol in a ball mill and
then another 16 hours in a vibrating mill. After drying,
a suspension in amyl acetate with approximately 0.25%
nitrocellulose was made of the powder. Of this suspension
a 20 micron thick layer was coated on the (G001) face
of a single crystal body of SrFe;504y, which, after drying,
yielded a homogeneously distributed layer of powder
particles on the surface of the single crystal body. This
was heated in oxygen for 15 minutes at 1250° C. Of this
product an X-ray diffraction pattern was made which, in
addition to the refiections of the basal plane of the
SrFeq50;4 single crystal, also showned the (111), (222),
(333) and so on reflections of the spinel lattice of NiFeO,.
The method was repeated several times. After five times,
the X-ray diffraction diagram invariably showed only the
(111) reflections of spinel and those of the basal plane of
SrFe; 5044, from which it appears that the layer of NiFe;O4
formed is monocrystalline or that it has a very pro-
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nounced orientation with the (111)-axis parallel to the
hexagonal c-axis of the substrate crystal,

EXAMPLE II

By means of the apparatus diagrammatically shown in
FIGURE 1, small portions of a powdered mixture of
NiCC; and FegO; in a ratio of 1:1 where applied on the
(0001) face of a single crystal body of BaCo,Fei50.7,
which was at a temperature of 1325° C. The tube furnace
1 contains the said single crystal body 2. On the one side,
the aluminum oxide tube 3 extends in the furnace so that
it nearly touches the single crystal body 2. By means of
a connecting limb 4 the tube 3 is connected to the glass
tube 5 having two branches. The glass container 6 con-
taining the powder mixture 7 of NiCO; and Fe,Os is pro-
vided in the one branch. The tube 8 which comprises a
magnetic shutter 9 and a flow meter 18 extends in the
vessel 6 in the powder mixture 7. The other branch of the
tube 5 comprises a magnetic shutter 11 and a flow meter
12. A stream of oxygen was blown through the tube 8
at a rate of from 5 to 10 liters/min. which caused eddies
in the container 6, as a result of which the powder was
more or less fluidized and the smallest particles were con-
ducted into the tube 5 over such a distance that they
were blown on the single crystal body 2 at a rate of from
10 to 15 liters/min. by a stream of oxygen supplied to
the other branch of the tube 5. The furnace temperature
was 1325° C. By controlling the magnetic shutters,
powder was blown on the single crystal body for 2 seconds
every 10 minutes. 0.2 to 0.4 mg. of the powder mixture
were applied to the surface of the single crystal body
which had an area of 0.5 x 0.5 cm.2. This method was
repeated many times. The results are shown in FIGURES
2, 3 and 4 which are X-ray diffraction patterns after 14,
68 and 106 operations respectively. In the figures the in-
tensity I of the refiections of a MoKa radiation is plotted
in an arbitrary unit as a function of a deflection angle 24.
From the increase of the ratio of the intensities of the
(111) spinel reflection and the basal reflections of
BaCoyFe 4047 it may be concluded that an ordered spinel
layer is formed on the single crystal substrate. The orienta-
tion follows from the absence of all reflections other than
those of the (111) plane. In FIGURE 4, the peak of the
(333) line falls outside the plane of the drawing. For
comparison, FIGURE 5 shows the reflections of a body
constituting of NiFeqO,, in which the particles are arbi-
trarily present. Single crystal bodies obtained in this
manner and having thicknesses of from 100 to 300 microns
could be detached from the substrate,
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The same result was obtained in a method in which
the mixture of NiCO; and FeyO; was replaced by a
powder of NiFeyO,, which was obtained by heating the
powder mixture of NiCC; and Fe,Op at 1000° C. and
grinding the reaction product in alcohol in a ball mill
for 16 hours and in a vibrating mill for 8 hours and then
drying it. '

What is claimed is:

1. A method of manufacturing a single crystal body of
MiFe,0, comprising the steps of applying a layer of
powder NiFe,O, not exeeding 200x« in thickness and com-
posed of particles not exceeding 5x in diameter on a
monocrystalline substrate of BaFe 301y, and heating said
layer to a temperature between Y2 and %5 the absolute
melting temperature of NiFe,O, to thereby recrystailize
the particles into a monoecrystalline layer.

2. A method of manufacturing a single crystal body of
NiFe;O, comprising the steps, applying a layer of NiFe,0,
powder not exceeding 200u in thickness and composed of
particles not exceeding 5u in thickness on a monocrystal-
line substrate of BaCosFe;s0sy, and heating said layer
to a temperature between Y2 and %4 the absolute melting
temperature of NiFey,O, to thereby recrystallize the
the particles into a monocrystalline body.

3. A method of manufacturing a single crystal body of
NiFe,0O, comprising the steps, applying a layer of NiFe,0,
powder not exceeding 200y in thickness and composed of
particles each having a diameter not exceeding 5u on a
monocrystalline substrate of SrFe;»0jy, and heating said
layer to a temperature between %2 and 24 the absolute
melting temperature of NiFesO, to thereby recrystallize
the particles into 2 monocrystalline body.
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