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Claim

1. Process for direct nitriding of metal of relatively low
metting point with the aid of a nitrogen-containing gas, characterised in
that a powder of at least one of the said metals is mixed with a
refractory powder, this mixture in bulk is heated under a flow of
nitrogen-containing gas at approximately atmospheric pressure until the
start of a rapid and exothermic nitriding reaction of the said metals,
the temperature at which this reaction proceeds being generally higher
than that of the melting point of the said metals and being controlled by
means of said flow of mitrogen containing gas so as to self-maintain the
nitriding reaction until the metallic powder is completely nitrided and
to avoid any apparent trace of melting, in order to obtain a highly
porous solid mass without mechanical strength which is easy to grind and
is based on metal nitrides or metal oxynitrides.
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Process for Direct Nitriding of Metals of Low Melting
Point

The following statement is a full description of this invention, including the
best method of performing it known to me/us:-
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PROCESS FOR DIRECT NITRIDING OF METALS OF
LOW MELTING POINT

!

TECHNICAL FIELD

The invention relates to a process for direct
nitriding of metals of low melting point, that is to say
usually meltable at a temperature below their nitriding
temperature, leading to the production of nitrides or of
nitrided products such as oxynitrides or oxycarbo-
nitrides: It is applicable, for example, to the produc-
tion of Al nitrides or Mg nitrides.

PRIOR ART )

The nitrides of metals of low melting point, such
as Al, are generally obtained by a carbonitriding reac-
tion ofﬁoxidés;‘for example alumina, at high temperature.
Such a reaction, which is generally endothermic, consumes
enérgy and usuélly proceeds at about 1700°C in continuous

- furnaces or furnaces for batch operation. In order to

obtain a pure product, these furnaces are often complex
with very sharp temper;ture profiles with a view to
obtaining a complete conversion and to preventing second-
ary reactions. The invéstments are therefore significant
and the cost prices high.

It is for this reason that the Applicant has
turned to the development of a process by direct
synthesis.

However, direct nitriding of <this type, for
example using Al and N, as starting materials, is very
difficult. In fact, it must be carried out at a tempera-
ture higher than the melting point of Al and, although
the metals in powder form nitride fairly readily in the
solid state, they are very difficult to nitride in the
liquid state: no simple technical solution is krown for
carrying out the direct and total nitriding of a liquid
metal.

D TION OF THE INVENTI

The invention i a process for direct nitriding
of finely divided metals of relatively low melting point
with the aid of a nitrogen-containing gas, characterised
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in that a powder of at least one of the said metals is mixed with a
refractory powder, this mixture in bulk is heated under a flow of
nitrogen-containing gas at approximately atmospheric pressure until the
start of a rapid and exothermic nitriding reaction of the said metals,
the temperature at which this reaction proceeds being generally higher
than that of the melting point of the said metals and being controlied by
means of said flow of nitrogen containing gas so as to self-maintain the
nitriding reaction until the metallic powder is completely nitrided and
to avoid any apparent trace of melting, in order to obtain a highly
porous soltd mass without mechanical strength which is easy to grind and
is based on metal nitrides or metal oxynitrides.

The metals which are the subject of the present invention are
generally those having a melting point which is lower than, or close to,
the temperature at which they are nitrided by a nitrogen-containing gas.
However, by extension, the invention may also relate to metals having a
melting point higher than their nitriding temperature; inasmuch as
direct nitriding of said metals gives rise to local overheating leading
to local melting phenomena of the metal, the latter would then not be
further nifrided and would be found in the metallic state in the finail
nitride, in order significantly to modify the grade (purity) thereof.

The nitrogen~containing gas used may be nitrogen, ammonia or
hydrazine, on their own or as mixtures, or diluted with an inert or
reducing gas.

The invention therefore comprises mixing a metal powder with a
refractory powder which is non-fusible or has a melting point located at
sufficiently high temperatures relative to the temperature of the
nitriding reaction.

This pulverulent mixture is first brought to a temperature such
that, under a stream of nitrogen-containing gas and at a pressure close
to atmospheric pressure, the nitriding reaction starts at Teast at one
point in the batch. This reaction generally starts at a temperature
higher than the melting point of the metal; it is rapid and exothermic
and coritinues by itself

STA/1754d
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without external supply of heat being necessary; such a
supply of heat, may, however, be useful in order to
improve the homogeneity of the said reaction. The pres-
sure may, however, be close to but higher than atmos-
pheric pressure in order to prevent any return of para-
sitic air into the reaction chamber or to promote the
rise in temperature of the starting mixture.

Although the temperature obtained at the start
of, or during, the reaction is usually higher than that
of the melting point of the metal, no apparent melting
effect of the said mixture is observed if there is a
correct proportion between metal and refractory.

As the nitriding reaction is rapid and exo-
thexrmic, and in order to prevent it becoming violent
(which would be to the detriment of the quality of the
product obtained), thHe reaction temperature is generally
controlled by adjusting the flow rate of the nitrogen-
containing gas. It is sometimes essential to restrict the
reaction temperature in order to prevent it reaching the
dissociation temperature of the nitrides formed.

The stream of gas may pass over the mixture in
the furnace, or preferably percolate through the latter,
which makes it possible to prevent coalescence of the
particies during the reaction.

The product is obtained in the form of nitrides
mixed or combined with the refractory support. It is in
the form of a highly porous solid mass which is
agglomerated to a greater or lesser extent and has no
mechanical strength. The pore volume largely exceeds 50%
and the pore diameter depends on the particle size of the
starting powders; it may range from 1 um to more than
200 ym. The bond between the particles is not very
strong, which makes it possible easily to reduce the said
mass to powder form, for example by simple crumbling or
easy grinding.

The metals which are particularly worthwhile for
direvt nitriding according to the invention are more
particularly Al, Mg and 81 (this metal being capable of
undergoing local melting during its nitriding) and more
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generally the alkaline earth metals, but also their
alloys or their mixtures, in particular those which can
be melted at low temperature.

‘The refractory support must have a geometric
surface Which is sufficiently large and wettable by the

‘liquid‘métal which it is desired to nitride. For this

reason it is essential that it is in the form of a more

or less fine powderx.

Its chemical nature must be chosen such that it
does not react with the metal to be nitrided. On the

~other ﬁand, the nitride formed during the reaction may

combine with the refracto:y support to give a compound
which is non-fusible under the reaction conditions, such
as, for example, the Oxynitridesm

: Thus, it is possible to use all types of. refrac-
tory supports, for ‘example refractory oxides such as

- Al,0;, MgO, Ca0, SiO, and dolomite,... or their compounds,

nitrides (such as AlN and 8i,N,), carbides, borides,
oxynitrides, oxycarbides; oxycarbonitrides and their
refractory mixtures.

) The said ‘refrdctory support generally has a
particle size of less than 600 um; the particle size of
the metal to be nitrided usually does not exceed 2 mm and
is preferably less than 1 mm. The particle size may be
larger the lower the melting point of the metal to be
nitrided; for example, Al particles may be up to 1.2 mm,
whereas it is preferable not to exceed 0.16 mm in the
case of Si, which melts at a very much higher tempera-
ture.

The proportion 6f metal particles relative to the
finely divided refractory support may vary within a wide
range. It may very low, for example 1%. On the other
hand; it is imperative to prevent any apparent melting by
restricting the proportion of metal to a maximum value:
1t is diffieult to exceed 2/3 for the ratio metal/(metal
+ support}. In fact, beyond this value there is a risk of
apparent melting of the batc¢h, which causes nitriding to
stop and gives & mixture of nitride and non-nitrided
metal as the end product, which is not the desired aim.
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The choice of refractory support depends on the
nature of the end product which it is desired to produce.

Thus, without any restriction being implied,
various occurrences may be mentioned:

- when the metal powder to be nitrided is in the presence
of a refractory support consisting of a powder of its
oxide, a simple oxynitride is finally obtained (for
example Al in the presence of Al,0, gives AlON and Mg in
the presence of MgO gives the mixture Mg,N,+MgO...);

- when the metal powder is in the presence of an oxide of

another metal a double oxynitride is obtained (for

example Al in the presence of Mg0O gives an oxynitride
of the MgAlON type, which may be regarded as a2 AlON
spinel, a solid solution of ALN in MgO);

- when the metal, K powder is in the presence of its own
nitride, a nitride is obtained which may be of high
pti::ity (fo}: example Al in the presence of AlN); and

~ when the metal powder is in the presence of a mixture
of oxide and carbide it is possible to obtain an
oxycarbonitride of a single metal or of different
metals;, etc. -

: It is thus possible to obtain nitride-based
compounds of all types: mixed nitrides when the refrac-
tory suﬁport is a nitride of a metal other than the metal
t¢ be nitrided, mixed nitride/carbide or nitride/boride
compounds, but also compounds obtained from a support
wifich is a non-fusible mixture of refractory powders.
o It is thus found, surprisingly, that the metals
which are difficult to nitride in the liquid state (in
particular Al and Mg) are capable, according to the
invention, of nitriding completely even at temperatures
higher than their melting point on condition, as has
already been stated, that the metal powder to be nitrided
is dispersed in the finely divided refractory solid which
has a solid and inert surface of sufficiently large area.
The palverulent products gbhtained according to the invention,
whether they are nitrides c¢ombined or mixed with the
tefractory support, may then be subjected to melting, for
example electrothermal melting. This is particularly
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valuable in order to complete the combination of the
mixture or mixtures obtained with the refractory support
or supports with a view to obtaining, for example, a
homogeneous product. The oxynitrides are very suitable
for this electrofusion to give products which have good
properties, for example good resistance to corrosion at
high temperature, etc.

The process according to the invention generally
gives rise to a self-maintained nitriding reaction which
does not require external supply of energy, which makes
it economical.

It is also seen that the process according to the
invention makes it possible, by means of a simple tech-

nique, to obtain a wide variety of nitride-based products
‘or to obtaine nitrides having a purity which depends only

on the purity of the consumable starting compounds. This
is highly valuable, in particular for the easy production
of pure AIN in large amounts.
EXAMPLE 1

This example illustrates the production of a
simple oxynitride. °

100 kg of alumina in powder form having a
particle size of less than 100 um were mixed with 30 kg

‘of aluminium in powder form having a particle size of

less than 1.2 mm. ThiS‘mixture was placed in a leaktight
furnace, degassed under vacuum and then heated under a
nitrogen pressure of 1 at.

Nitriding starééd at about 700°C and the nitrogen
pressure was maintained at 1 at in order to promote the
rise in temperature of the batch. Although the reaction
is exothermic; heating of the furnace was maintained,
which enabled a temperature of 1750°C to be reached at
the end of the operation.

At the end of the operation, 145 kg of a slightly
solid homogenecus porous mass consisting of AlON were
recovered. This mass was remelted in an arc furnace
provided with a vessel of the *water jacket" type and no
evolution of gas was observed in the bath. The molten
product was cast and cooled. Analysis showed that it is
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indeed an aluminium oxynitride containing 10.1% of
nitrogen.

EXAMPLE 2

This example illustrates the production of a
double oxynitride.

40 kg of an aluminium powder (average particle
size about 1 mm) and 60 kg of ground magnesia powder
having a particle size of less than 250 um were mixed.

‘The mixture was slightly agglomerated, in the form of

133_'-{;.; pellets, in order to facilitate handling. These
pellets were introduced into a furnace, degassed and
heated up to 960°C under a nitrogen atmosphere at atmos-
pheric preséur’e. After the "start of 'niti'iding, the
temperature rose to 1680°C. The complete operation took
45 minutes. At no tJ.me was apparent melting of the batch
observed. o

The porous product obtained contains a mixed
oxynitride MgAlON. ’ '

An identical expériment was carried out without
agglomerating the starting mlxture- the same product was
obtained in the form of a solid mass which was easily
ground in the form of a powder having a particle size of
about 200 to 300 um. ‘

This example illustrates the production of the
same product by another variant of the process.

A mixture of 38 kg of Mg in powder form (paxticle
size between S50 and 10C ,mj} and 68 kg of an alumina
powder (particle size less than 100 um) was prepared,
which was converted to agglomerates. The latter were.

‘heated up to 700°C under a nitrogen atmosphere, nitriding

then started and the temperature was limited to 1100°C by
adjusﬁing the nitrogen flow rate. Nitriding was complete
within 30 minutes.

The agglomerates obtained comprise a mixture of
Mg,N,, Al,0; and mixed oxynitride MgAlON.

in the same way, the non-agglomerated starting
mixture led to a friable porous solid.

€
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EXAMPLE 4

This example illustrates the production of pure
AlN from a simple mixture of powders.

A mixture comprising 40% of Al powder having a
particle size of less than 1 mm and 60% of AIN powder
having a particle size of less than 600 um, previously
obtalned by a carbonltrldzng process, was prepared.

This mixture was introduced into an electrically
heated furnace of small dimensions, which was brought
progressively to 1300°C under a stream of nitrogen; the

“direct nitridingrreacticn of aluminium suddenly started

at this temperature, giving rise to a significant rise in
temperature in the batch up to 1700°C. _

The cenversiod of the aluminium to nitride was
complete and rapid- the batch obtained is agglomerated
without any trace of melting being observed and was
reduced to powder form by gentle grinding.

E!AHPLE 5 .

This example illustrates the production of AIN
from agglomerated powders.

The starting material was a AlN powder, obtained
in Examplefé, having a particle size of less than 600 um,
mixed with the Al powder from Example 4 in the same
proportion. '

This mixture was agglomerated and then heated
under a nitrogen atmcsphere as above.

Nitriding started at 1200°C and a temperature of
1680°C was then reached.

The conversion was complete and rapid.

'Repeatinggthis operation, without agglomeration,
using Al assaying 99.9% and nitrogen free from O, enabled
AIN assaying 99.8% and less than 0.1% of non-combined Al
to be obtained.

EXAMPLE 6

This example illustrates the production of AIN in
an industrial furnace.

6.8 t of a pulverulent mixture of the same nature
and proporxtions as in Example 5 was introduced into a
furnace hawing a chamber of large dimensions under a
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nitrogen overpressure. The batch was heated with the aid
+£ a graphite resistcr submerged in the said mixture.
The reaction started locally and then extended to
the entire batch, heating being stopped.
The AlN content of the product obtained is 99.3%.
EXAMPLE 7
This example illustrates the& production of a
metal (Si} nitride which can be the subject of local
melting during its direct nitriding. Direct nitriding
according to the prior art and according to the invention
will thus be compared.
a) according to the prior art:
180 kg of 0-160 um .silicon in powder form were pres«
pared, from which a 50 kg fraction was taken, which
was heated in a furnace under a nitrogen atmosphere.
By controlling the nitrogen supply so as net to exceed
about 1350°C, a sintered mass of Si,N, was obtained
containing about 6% of Si which had not reacted and
having xﬁicrospheres » mainly located in its centre.
These microspheres are due to local overheating and
melting during the reaction.
Thus, although in principle the melting point of
silicon was not reached, local melting, which has the
consequence of incomplete nitriding of the silicon, is
nevertheless observed.
b) according to the invention:s
The second 50 kg fraction of Si powder was mixed with
25 kg of Si,N, powder, obtained by grinding the outer
zones of the mass obtained above and free from free
I
¢ “fhe nitriding operation on this mixture was carried
out under conditions identical to those of the preced-
ing operation.
At the end of the operation, the agglomerated mass of
8i,N, obtained contained less than 0.1% of free Si,
even in the central zone of the mass.
EXAMPLE §
This example illustrates the nitriding of a
mixture of metal (Al+Mg) powders on & support of gréund
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magnesia powder.

535 g of a ground magnesia powder having a
particle size of less than 630 um were mixed with 72 g of
magnesium powder having a particle size of 50-300 um and
54 g of aluminium sprayed to form spheres approximately
1.2 mm in diameter.

The whole was placed in a leaktight furnace under
2 nitrogen pressure of 1 at; the flow rate may be con-
trolled by means of a valve. The nitriding reaction
started at about 600°C and the nitriding temperature was
maintained at 1000°C by adjusting the nitrogen flow rate.

At the end of the operation, 715 g of a slightly
sintered powder were recovered, in which all of the
metals were nitrided and which contained a double oxy-
nitride MgAlON (as in Examples 1 and 2), but also Mg;N,,
ALN and a mixture of the oxides (MgO, Al,0,) which had not
reacted with the nitrides.

This powder was remelted by electromelting in
order to obtain an electromolten mass consisting of
oxynitride MgAlON. '

EXAMPLE 9

This example illustrates the use of a complex
refractory support (dolomite),

610 kg of a ground calcined dolomite powder
having a particle size of less than 630 uym and containing
61% Ca0 and 37% MgO were mixed with 66 kg of a calcined
and ground magnesite powder of the same particle size and
111 kg of aluminium granules having a particle size »f
about 1.2 mm.

This mixture was agglomerated and then placed in
a leaktight furnace under nitrcgen pressure.

_ The nitriding reaction started at about 960°C.
Heating of the furnace was controlled with the aid of the
nitrogen flow rate so as to obtain a reaction temperature
of the order of 1700°C.

The product obtained after removal from the
furnace was in the form of a porous solid mass weighing
842 kg and consisting of a triple oxynitride of Ca, Mg
and Al, which was easy tc crush to obtain agglomerates,
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which were also porous.

This mixture in its original non-agglomerated
form was also treated under the same nitriding conditions
and a porous solid mass was obtained which was easily

5 ground in order to convert it to a powder.
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The claims defining the invention are as follows:

1. Process for direct nitriding of metal of relatively low
melting point with the aid of a nitrogen-containing gas, characterised in
that a powder of at least one of the said metals is mixed with a
refractory powder, this mixture in bulk is heated under a flow of
nitrogen-containing gas at approximately atmospheric pressure until the
start of a rapid and exothermic nitriding reaction of the said metals,
the temperature at which this reaction nroceeds being generally higher
than that of the melting point of the said metals and being controlled by
means of said flow of nitrogen containing gas so as to self-maintain the
nitriding reaction until the metallic powder is completely nitrided and
to avoid any apparent trace of melting, in order to obtain a highly
porous solid mass without mechanical strength which is easy to grind and
is based on metal nitrides or metal oxynitrides.

2. Process according to claim 1, characterised in that the metals
have a melting point Tower than or close to the temperature of their
direct nitriding reaction.

3. Process according to claim 1, characterised in that the metals
have a melting point higher than their nitriding temperature but show
Tocal melting phenomena due to focal overheating during the nitriding
reaction.

4. Process according to either of claims 2 or 3, characterised in
that the metals are Al, Mg, Si, their alloys or their mixtures.

5. Process according to any one of claims 1 to 4, characterised
fn that the refractory powder is inert with respect to the metals and
belongs to the group comprising refractory oxides or their compounds,
nitrides, carbides, borides or refractory mixtures thereof.

6. Process according to any one of claims 1 to 5, characterised
‘n that the particle size of the refractory powder is less than 600 pum
and that of the metals to be nitrided is less than 2 mm.

7. Process according to any one of claims 1 to 6, characterised
in that the nitrogen-containing gas is pure nitrogen or nitrogen diluted
with a neutral or reducing gas.

8. Process according to any one of clatms 1 to 7, characterised
in that the amount of metals in the starting mixture does not exceed a
maximum content, relative to the refractory powder, above which apparent
melting of the mixture fs observed.
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9. Process according to any one of claims 1 to 8, characterised
in that the starting mixture comprises a metal and its nitride in order
to obtain a nitride of high purity.

10. Process according to any one of claims 1 to 8, characterised
in that the starting mixture comprises a metal and a refractory oxide in
order to obtain a simple or mixed oxynitride depending on whether the
oxide 1s, respectively, the oxide of the metal or that of a different
metal. " '

11. Process according to any one of claims 1 to 8, characterised
in that, depending on the nature of the starting metal or metals and
refractory or refractor1es, mixed nitrides or mixed compounds containing
n1tr1des are obta1ned

12. Process aﬁcord1ng to any one of claims 1 to 17, characterised
in that the products,obta1ned are subsequently remelted,

13. “Processrfor direct nitriding of metals of relatively low
me]ting point with the a1d of a n1trogen -containing gas, substantially as
hereinbefore described w1th reference to any one of the Examples

14. The product of the process of any one of claims 1 to 13,

DATED this NINETEENTH day of JULY 1993
Pechiney Electrometallurgie

Patent Attorneys for the Applicant
SPRUSON & FERGUSO#
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ABSTRACT

PROCESS FOR DIRECT NITRIDING OF METALS OF
LOW MELTING POINT

Process for direct nitriding of metals of rela-
tively low melting point with the aid of a nitrogen-
containing gas, characterised in that a powder of at
least one of the said metals is mixed with a refractory
powder, this mixture is heated under an atmosphere of
nitrogen—coﬁtaining gas at atmospheric pressure until the
start of a rapid and exothermic nitriding reaction and
this reaction, which proceeds at a temperature generally
higher than that of the melting point of the said metals
withoutﬂagparentamelting being observed, is allowed to
énoceed until all of the said metals have been consunmed,
inworder?to¥pbtain~a highly porous solid mass which is
easy to grind and is' bas=d on metal nitrides or metal
oxynitrides, N
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