
Description This invention relates to a process for the production of
metals, alloys and ceramic materials. More specifically, the invention is
concerned with the mechanically activated chemical reduction of reducible
metal compound(s) to produce 5   metals, alloys or ceramic materials. Most
metallic elements occur in nature as oxides sulphides or phosphates in ore
bodies. The refining process gen- erally involves separation of pure
oxides, sulphides and/or phosphates from the ore, and one or more reduction
proc- esses to convert the oxide, sulphide and/or phosphate to pure metal.
While the reduction process is specific to the particular element being
refined, it usually involves either a chemical 10  reaction, where the
oxide, sulphide and/or phosphate is reduced by a second, more
electro-positive element, or an electrochemical reaction driven by an
electrical potential. Chemical reduction processes frequently require high
temper- atures, with one or more of the reactants being in the gas or
liquid phase, so that sufficiently high reaction rates can be achieved. In
most conventional processes, pure metals are produced which are then mixed
with other metals to form alloys 15   using various melting and casting
techniques. In some instances, where the production of alloys from pure
metals is technically difficult or costly, it is possible to design
chemical reduction processes which start with an appropriate mixture of
metal oxides. The oxide mixture is directly reduced in a single step to the
desired alloy composition by the addition of an appropriate reducing agent
and high temperatures. Such processes include the reduction diffusion
process and the co-reduction process used in the production of rare earth
magnets. These processes use calcium as the reducing 20   agent and involve
heating to temperatures of above 1000C. An alternative process tothe
production of alloys by melting their pure constituents is known as
mechanical alloying. Mechanical alloying enables the production of alloys
from powders of the pure constituents without the need for melting or high
temperatures. The mechanical alloying process may be carried out in a high
energy ball mill. The milling action causes repeated fracture and cold
welding of the powder particles during ball-powder-ball and
ball-powder-container 25   collisions. The alloying process takes place as
an inter-diffusion reaction across atomically clean surfaces joined by cold
welding. Given sufficient time, the mechanical alloying process can produce
a true alloy at the atomic level. It has been shown that it is possible to
prepare certain alloys by the mechanical alloying process which were
otherwise impossible to prepare by conventional means. it has also been
shown that mechanical alloying can be used to produce amorphous alloys,
particularly when the elemental powders exhibit a large positive heat of
reaction, as well as intermetallic com- 30   pounds and dispersion hardened
alloys. The present invention is concerned with a new chemical reduction
process termed "mechanically activated chemical reduction" for
manufacturing metals or alloys from reducible metal compound(s). The
mechanically activated chemical reduction process is essentially an
adaptation of the mechanical alloying process. During the mechanically
activated chemical reduction, chemical reduction reactions are caused to
occur, as a consequence of the mechanical action, 35   which results in the
reduction of the metal compound(s) to the metal or alloy. The mechanically
activated chemical reduction process of the present invention also extends
to the production of ceramic materials, that is, materials which contain
one or more phases that are compounds of metals and non-metals. Thus, the
process is capable of producing products which range from pure metals and
their alloys with other metals or metalloids through to ceramic materials,
which may also include metals and/or metalloids in their compositions. 40
According to the present invention there is provided a process for the
production of a metal, alloy or ceramic material characterised in that: a
mixture of at least one reducible metal compound and at least one chemical
reducing agent, at least one of which is in particulate form, is subjected
to mechanical activation which causes deformation, welding and fracture of
the 45      particles by mechanical means so that the reducible metal
compound is reduced by the reducing agent in a reaction having a negative
free energy change to produce a metal or alloy product as a consequence of
the mechanical activation; optionally a non-metal, or a compound which
provides the non-metal, is included in the reaction mixture to produce a
ceramic material product; and/or 50      optionally at least one other
metal or a metalloid is included in the reaction mixture for incorporation
into the ceramic material or alloy product; 



with the proviso that there is no outside input of thermal energy during
the process. Thus, in one aspect of the process, a reducible metal compound
is subjected to mechanical activation in the presence 55   of at least one
reducing agent to produce a metal product. In another aspect, two or more
reducible metal compounds may be used to produce a mixture of metals or an
alloy product. Alternatively or additionally a further metal and/or
metalloid may be included in the reaction mixture so that the 2    EP 0 449
890 B1 further metal and/or metalloid is incorporated into the metal, metal
mixture or alloy product. In a still further embodiment, a non-metal, or
compound which provides the non-metal, may be included in the reaction
mixture to produce a ceramic material. Here again, a further metal and/or
metalloid may be included the reaction mixture so that the further metal
and/or 5   metalloid is incorporated into the ceramic material product. In
a particularly preferred embodiment, the mechanical activation is produced
by high energy ball milling. The term high energy milling"" refersto a
condition which is developed in the ball mill when sufficient mechanical
energy is applied to the total charge such that a substantial portion of
the ball elements are continuously and kinetically maintained in a state of
relative motion and that the energy imparted to the balls is sufficient to
cause fracture and welding of powder 10   particles during ball-powder-ball
and ball-powder-container collisions. In the high energy ball mill, solid
particles, such as, the metal compound(s), non-metal(s) or the compound(s)
which provide the non-metal(s), and the reducing agent particles are
repeatedly deformed, fractured and rewelded. When particles are trapped
between colliding balls, the force of the impact deforms and fractures
particles, creating atomically clean new surfaces. When the clean surfaces
come in contact, they weld together. Since such surfaces readily oxidize,
15  the milling operation is preferably conducted in an inert or reducing
atmosphere. The high energy ball mill may be of any suitable known type.
For example, the mill may comprise a vertical drum with a series of
impellers inside it. A powerful motor rotates the impellers, which in turn
agitate the steel balls in the drum. Such a machine can achieve grinding
rates more than ten times higher than those typical of a conventional mill.
A mill of this type, commonly known as an "attritor", is described in U.S.
Patent No. 2,764,359 and in Perry's Chemical 20   Engineer's Handbook 5th
edition, 1973, at pages 8-29 to 8-30. Alternatively, the high energy ball
mill may be a gravity dependent ball mill such as that described in U.S.
Patent No. 4,627,959. It will be appreciated that the mechanical activation
may be achieved by means other than high energy ball milling. In this
specification, the term "mechanical activation" includes any process which
causes deformation, welding and fracture of the powder particles by
mechanical means, and thus includes processes such as, cold rolling or
extrusion. 25      For convenience, in the following description, relating
to preferred aspects and features of the invention, reference will be made
to mechanical activation by high energy ball milling. It will be
appreciated, however, that the invention is not limited to this technique
and that other mechanical activation processes having the same effects can
be substituted for ball milling. The reducing agent may be solid, liquid or
gaseous, and two or more reducing agents may be used if required. With 30
solid reducing agents the reduction reaction occurs at or near the
interfaces during the compaction and welding of the metal compound(s) and
the reducing agent particles. This process continues until the metal, alloy
or ceramic material is formed. With liquid or gaseous reducing agents, the
reaction occurs as a result of the contact of fresh metal compound surfaces
created by the ball/powder collisions in the high energy ball mill with the
reducing atmosphere. The efficiency 35   of the process will depend on the
nature of the metal compound(s) being reduced and the processing parameters
used. The latter include collision energy, collision frequency, ball/powder
mass ratio, ball mass, number of balls, milling time, temperature,
atmosphere and lubricant. The addition of a lubricant or other process
control agent may enhance the environment in which the metal compounds are
reduced. The lubricant or other process control agent modifies the rates 



of fracture and welding and may act as a thermal diluent, preventing
combustion. 40      The processing parameters depend on the nature of the
materials treated and the mechanical activation employed. By way of
example, the following parameters for high energy ball milling are
preferred. Collision energy:         0.1 - 1.0J, more preferably about
0.25J 45   Collision frequency:      1 - 200 Hz Ball/powder mass ratio:
2:1 to 40:1, more preferably 10:1 to 30:1 Milling time:            less
than 72 hours, more preferably less than 24 hours 50 Atmosphere:
gaseous hydrogen or an inert gas, for example, argon or nitrogen with
residual oxygen and water contents less than 100 parts per million
Lubricant:                any inert liquid, for example, anhydrous toluene
55 During high energy ball milling, the temperature in the mill will rise
due to the heat generated by the collision proc- esses. In addition, the
exothermic nature of the mechanical reduction reaction may cause an
additional rise in temper- ature. In some cases, the reaction rate will be
sufficiently high so that self-combustion of the constituents will result
and 3    EP 0 449 890 B1 melting of the powders may occur. This
self-combustion process is known as "self-propagating high temperature syn-
thesis". The products formed during the self-combustion may be further
reduced by subsequent milling. The milling time required for combustion may
be substantially shortened by stopping the mill after an initial period of
milling, keeping the powder stationary for a fixed period of time and then
recommencing the milling process. This 5   procedure may also be used to
cause combustion to occur in those reactions where there is no combustion
during continuous milling. The process of the invention may also be used to
produce ultra-fine grain size particles of metals, alloys or ceramic
materials directly as a consequence of the mechanical activation. These
ultra-fine particles may have a grain size of 1 micron or less. 10      The
process is applicable to the reduction of a wide range of metal compounds
including oxides, sulphides, halides, hydrides, nitrides, carbides and/or
phosphates. The only limitations are that there must be a negative free
energy change associated with the reduction process. It is necessary that
the particles of solid reaction materials are fractured during the
mechanical activation to expose fresh surfaces to the reducing agent. The
fracturing may also occur as a result of the chemical reactions occurring
in the system. 15      As described above, the reducing agent may be solid,
liquid or gaseous. Candidate solid reducing agents include highly
electronegative solids such as calcium, magnesium and sodium. Suitable
liquid reducing agents include lithium alkyls dissolved in hydrocarbons,
alkali metals dissolved in liquid ammonia and sodium-potassium alloys.
Examples of gaseous reducing agents include hydrogen, chlorine and carbon
monoxide. On completion of the mechanical activation, the reducing agent
may be removed from the reaction product by 20  standard chemical means.
For example, where calcium metal is used as the reducing agent, the
resulting calcium oxide may be hydrated by reacting it with water. The
resultant calcium hydroxide may then be dissolved in a suitable solvent and
removed by filtration. In some instances, it may not be necessary to remove
the reducing elements on completion of the process. For example, the oxide
particles formed during the reaction may then form the basis of the hard
phase in a dispersion hardened alloy. 25      It will be appreciated from
the above description that the invention is not limited to the use of any
particular metal compounds or reducing agents. Furthermore, the material
being reduced or the reducing agent(s) may be either solid, liquid or gas
with the proviso that at least one of the materials is solid. The term
"alloy" as used herein refers to a metallic solid formed from an intimate
combination of two or more metals and/or metalloids. The alloys which may
be produced by the invention include those where the major element is from 



30  the transition metal group or the lanthanide series (the rare earths)
and further include all binary, tertiary and higher order alloys. Minor
additions may include metalloids or non-metals such as boron or carbon, for
example, in the pro- duction of rare earth permanent magnet materials, such
as, Nd16Fe26B8. The alloys may be single phase solid solutions,
stoichiometric compounds or consist of two or more phases where each phase
may be a solid solution or stoichiometric compound. Examples of the metals
and/or alloys which may be 35   produced by the process include copper,
zinc, iron, titanium, alpha or beta brass (CuZn), NiTi, SmCo5 and Misch
metal. The term "ceramic material" as used herein refers to a material
which contains one or more phases that are com- pounds of metals and
non-metals. Ceramic materials comprise all engineering materials or
products (or portions thereof) that are chemically inorganic, except metals
and alloys. The types of ceramic materials that may be produced by the
process of the invention include ceramic borides, carbides, nitrides and
oxides. For example, titanium boride and zirco- 40   nium carbide may be
produced by the following reactions: [err] 45      The process of the
invention may also be used to produce ceramic material superconductors, for
example as shown in the following reactions: [err] One advantage of the
above reactions is that the oxygen content of the superconductor is fixed
by the stoichiometry rather than by thermal treatment. 55      The
mechanically activated chemical reduction process described above
additionally possess a number of advan- tages over conventional processing:
1. The process allows the direct formation of substantially pure metals
from reducible metal compounds, without the 4    EP 0 449 890 B1 use of
high temperatures. 2. The process allows the direct formation of
crystalline or amorphous alloys from reducible metal compounds without
first having to process the compounds into pure metals and then combine the
pure metals to form the alloys. 3.  The process allows the direct formation
of powder products, without having to first manufacture the bulk metal,
alloy or ceramic material and then convert it to a powder form. 4. The
process allows the direct formation of ultra-fine grain size particles of
metals, alloys or ceramic material without 10      having to first produce
the metal, alloy or ceramic material and then generate ultra-fine grain
size particles. Advantages (1) to (4) are important in the case of reactive
elements and alloys, such as the rare earths, which are difficult to
produce using conventional high temperature (melt/cast or powder
metallurgy) technologies. The resulting product should be suitable for a
wide range of powder metallurgical applications. 15      The invention is
further described in and illustrated by the following examples. These
examples are not to be con- strued as limiting the invention in any way.
Example 1 20      Copper oxide and calcium were milled together using
toluene as a lubricant in an inert atmosphere (N2 gas) using a SPEX Model
8000 mixer/mill, hardened steel vial and 3 tungsten carbide balls. The
total mass of the balls was ap- proximately 24 grams and the ball to powder
mass ratio was approximately 3:1. Equal atomic masses of copper (as copper
oxide) and calcium, together with an additional 10% of calcium were milled
for up to 24 hours. Approximately 6ml of toluene was used as the lubricant.
Following milling the products of the reaction were identified by X-ray
diffraction. 25   The milling was found to cause the reaction: CuO + Ca
[err] Cu + CaO to occur progressively as a function of time. After 24 hours
milling the reaction was complete. At the completion of milling, the
calcium oxide and the unreacted calcium were removed using a standard
technique which involved hydrating the CaO by reacting with water. The
resulting Ca(OH)2 was then dissolved in dilute mineral 30  acid and removed
by filtration. 



Example 2 Copper oxide and calcium were milled together as detailed in
Example 1, with the exception that no lubricant was 35    added to the
powders prior to milling and the steel balls were substituted for tungsten
carbide. The powders were "dry" milled for various times up to 24 hours.
After approximately 10 minutes of milling sufficient heat was generated by
the exothermic heat of reaction of the reduction process, to cause
spontaneous combustion and melting of the powders. Examination of the
resulting products of the combustion process showed the presence of Cu,
CuO, Ca, CaO, [err] [err]. After milling for a further 24 hours, mechanical
reduction and alloying occurred such that the final 40   phases present
were CaO and Cu. Example 3 Copper oxide and nickel were milled together as
in Example 2. Milling caused the reduction reaction: to occur progressively
such that after 24 hours milling the reaction was complete. No evidence of
self-combustion as in Example 2 was observed. Example 4 50 Equal atomic
masses of Zn (as ZnO) and Cu (as CuO) were dry milled with 10% excess
calcium as per Examples 2 and 3. In this experiment the steel vial was
cooled to [err] and argon gas was used as the inert atmosphere. The milling
time was 24 hours. At the completion of milling, the products consisted of
the [err] intermetallic phase and CaO. The relevant reaction is: [err] 5
EP 0 449 890 B1 Example 5 Equal atomic masses of titanium (as liquid
titanium tetrachloride) and magnesium, together with an additional 15%
magnesium were milled as in Example 1 using eight stainless steel balls of
total mass 86 grams. The milling caused 5   the reaction: [err] to occur
progressively as a function of time. After 16 hours milling, the reaction
was complete. At the completion of milling one of the following procedures
was used to remove the MgCI2 and unreacted Mg from the Ti 10     In
procedure 1, the milled powder was washed in a solution of 10% HCI in water
to dissolve the MgCI2 and Mg, followed by washing in distilled water and
filtration. With procedure 2, the MgCI2 and Mg were removed by vacuum
distillation for 24 hours at 900C under a vacuum of 10-5 torr. Procedures 1
and 2 resulted in average powder sizes of approximately 0.2 and [err]
respectively. 15   Example 6 Titanium tetrachloride and magnesium were
milled together as described in Example 5, except that the milling was
carried out at a temperature of [err] by cooling the vial. At -55C titanium
tetrachloride is a solid (m.p. = -24C) and milling involved a solid state
reaction. After 3 hours milling, the reaction was complete. 20 Example 7
Appropriate amounts of [err] to form the alloy Ti-6% V-4% were milled with
15% excess magne- sium. The milling was carried out as described in Example
5 with the alloy powder being formed after 18 hours. 25 Example 8 Equal
atomic masses of zinc (as ZnO) and titanium, together with an excess 10%
titanium were dry milled as de- scribed in Example 1. X-ray diffraction
analysis showed that the reaction: [err] had initiated after approximately
5 hours and was essentially complete after 49 hours. A combustion reaction
did not 



occur. In a separate series of tests the samples were milled for 5.5 hours.
The mill was turned off for periods of time 35   between 2 and 13 hours. In
the sample held for 13 hours, combustion occurred 2 seconds after milling
was restarted. The time required for combustion increased with decreasing
holding time, such that for a sample held for 6 hours, combustion occurred
73 seconds afterthe mill was restarted. Combustion was not observed in a
sample held stationary for 2 hours. The time required for combustion after
holding for 13 hours was found to decrease with an increase in the initial
milling time; such that in a sample milled for 6 hours, combustion occurred
after 1 second; after 5 hours, combustion 40   occurred after 3 seconds
while no combustion occurred in the sample milled for 4.5 hours. Example 9
The following reactions were carried out by milling the indicated reactants
together as in Example 1. Approximately 45   8 grams of powders were used
in all tests, including a 10% stoichiometric excess of the reducing agent.
Milling times ranged from a few seconds to 48 hours. [err] 6    EP 0 449
890 B1 4CuO + 3Fe [err] 4Cu + [err] Example 10 Appropriate masses of [err]
Ba and CuO to give the overall composition [err] were milled together as
described in Example 2. After approximately 15 minutes of milling the
reaction: [err] 10  occurred by a combustion reaction. Example 11
Appropriate masses of Y, BaO2 and CuO to give the overall composition [err]
were milled together as de- 15  scribed in Example 2. After approximately
14 minutes of milling the reaction: [err] occurred by a combustion
reaction. 20 Claims 1. A process for the production of a metal, alloy or
ceramic material characterised in that: 25          a mixture of at least
one reducible metal compound and at least one chemical reducing agent, at
least one of which is in particulate form, is subjected to mechanical
activation which causes deformation, welding and frac- ture of the
particles by mechanical means so that the reducible metal compound is
reduced by the reducing agent in a reaction having a negative free energy
change to produce a metal or alloy product as a consequence of the
mechanical activation; 30          optionally a non-metal, or a compound
which provides the non-metal, is included in the reaction mixture to
produce a ceramic material product; and/or optionally at least one other
metal or a metalloid is included in the reaction mixture for incorporation
into the ceramic material or alloy product; with the proviso that there is
no outside input of thermal energy during the process. 35 2. A process as
claimed in claim 1, characterised in that a reducible metal compound is
subjected to mechanical activation in the presence of at least one reducing
agent to produce a metal product. 3. A process as claimed in claim 1,
characterised in that two or more reducible metal compounds are subjected
to 40      mechanical activation in the presence of at least one reducing
agent used to produce a mixture of metals or an alloy product. 4. A process
as claimed in claim 2 or claim 3, characterised in that a further metal
and/or a metalloid is included in the 



reaction mixture so that the further metal and/or metalloid is incorporated
into the metal, metal mixture or alloy 45      product. 5. A process as
claimed in claim 1, characterised in that at least one reducible metal
compound is subjected to mechan- ical activation in the presence of at
least one reducing agent and a non-metal, or compound which provides the
non-metal, to produce a ceramic material. 50 6. A process as claimed in
claim 5, characterlsed in that a further metal and/or metalloid is included
in the reaction mixture so that the further metal and/or metalloid is
incorporated into the ceramic material product. 7. A process as claimed In
any one of the preceding claims, characterised in that the reaction mixture
is mechanically 55      activated by high energy ball milling. 8. A process
as claimed in any one of the preceding claims, characterised in that the
mechanical activation is conducted in an inert or reducing atmosphere. 7
EP 0 449 890 B1 [err] Example 10 5 Appropriate masses of [err] Ba and CuO
to give the overall composition [err] were milled together as described in
Example 2. After approximately 15 minutes of milling the reaction: [err] 10
occurred by a combustion reaction. Example 11 Appropriate masses of Y, BaO2
and CuO to give the overall composition [err] were milled together as de-
15  scribed in Example 2. After approximately 14 minutes of milling the
reaction: [err] occurred by a combustion reaction. 20 Claims 1. A process
for the production of a metal, alloy or ceramic material characterised in
that: 26          a mixture of at least one reducible metal compound and at
least one chemical reducing agent, at least one of which is in particulate
form, is subjected to mechanical activation which causes deformation,
welding and frac- ture of the particles by mechanical means so that the
reducible metal compound is reduced by the reducing agent in a reaction
having a negative free energy change to produce a metal or alloy product as
a consequence of the mechanical activation; 30         optionally a
non-metal, or a compound which provides the non-metal, is included in the
reaction mixture to produce a ceramic material product; and/or optionally
at least one other metal or a metalloid is included in the reaction mixture
for incorporation into the ceramic material or alloy product; with the
proviso that there is no outside input of thermal energy during the
process. 35 2. A process as claimed in claim 1, characterised in that a
reducible metal compound is subjected to mechanical activation in the
presence of at least one reducing agent to produce a metal product. 3. A
process as claimed in claim 1, characterised in that two or more reducible
metal compounds are subjected to 40      mechanical activation in the
presence of at least one reducing agent used to produce a mixture of metals
or an alloy product. 4. A process as claimed in claim 2 or claim 3,
characterised in that a further metal and/or a metalloid is included in the



reaction mixture so that the further metal and/or metalloid is incorporated
into the metal, metal mixture or alloy 45      product. 5. A process as
claimed in claim 1, characterised in that at least one reducible metal
compound is subjected to mechan- ical activation in the presence of at
least one reducing agent and a non-metal, or compound which provides the
non-metal, to produce a ceramic material. 50 6. A process as claimed in
claim 5, characterised in that a further metal and/or metalloid is included
in the reaction mixture so that the further metal and/or metalloid is
incorporated into the ceramic material product. 7. A process as claimed in
any one of the preceding claims, characterised in that the reaction mixture
is mechanically 55      activated by high energy ball milling. 8. A process
as claimed in anyone of the preceding claims, characterised in thatthe
mechanical activation is conducted in an inert or reducing atmosphere.
EP 0 449 890 B1 9. A process as claimed in any one of the preceding claims,
characterised in that a lubricant is added to the reaction mixture. 10. A
process as claimed in any one of the preceding claims, characterised in
that the mechanical activation is carried 5       out intermittently. 11. A
process as claimed in any one of the preceding claims, characterised in
that the reducible metal compound is selected from metal oxides, sulphides,
halides, hydrides, nitrides, carbides and/or phosphates. 10  12. A process
as claimed in any one of the preceding claims, characterised in that the
reducing agent is a solid selected from calcium, magnesium and sodium. 13.
A process as claimed in any one of claims 1 to 11, characterised in that
the reducing agent is a liquid selected from lithium alkyls dissolved in
hydrocarbons, alkali metals dissolved in liquid ammonia and a
sodium-potassium alloy. 15 14. A process as claimed in any one of claims 1
to 11, characterised in that the reducing agent is a gas selected from
hydrogen, chlorine and carbon monoxide. 15. A process as claimed in any one
of the preceding claims, characterised in that the metal, alloy or ceramic
material 20      produced by the process has ultra-fine grain size
particles. 16. A process as claimed in any one of claims 1 or 5 to 15,
characterised in that the ceramic material product is a ceramic boride,
carbide, nitride or oxide. 25   17. A process as claimed in any one of
claims 1 or 5 to 16, characterised in that the ceramic material product is
a superconductor. PatentansprOche 30 1. Verfahren zur Herstellung eines
Metalls, einer Legierung oder eines keramischen Materials, dadurch
gekennzeichnet, 35          daB ein Gemisch aus wenigstens einer
reduzierbaren Metallverbindung und wenigstens einem chemischen
Redulkionsmittel, wobei mindestens eine dieser Komponenten Partikelform
hat, einer mechanischen Aktivie- rung unterworfen wird, die ein Verformen,
ein Verschweilen und ein Zerbrechen der Partikel durch mechanische Mittel
bewirkt, so daB die reduzierbare Metaliverbindung durch das
Reduktionsmittel in einer Reaktion reduziert wird, die eine negative, freie
Energiefnderung beinhaltet, um ein Metall- oder Legierungsprodukt als Folge
der 40          mechanischen Aktivierung herzustellen; gegebenenfalls ein
Nichtmetall oder eine Verbindung, die das Nichtmetall liefert, in das
Reaktionsgemisch zur Herstellung eines Produktes aus keramischem Material
elngeschlossen wird und/oder 45          gegebenenfalls zumindest ein
anderes Metall oder ein Metalloid in das Reaktionsgemisch zur Einarbeitung
in das Produkt aus keramischem Material oder das Legierungsprodukt
eingeschlossen wird; 



mit der MaBgabe, daB wahrend des Verfahrens keine Warmeenergie von aul3en
zugefuhrt wird. 50   2. Verfahren nach Anspruch 1, dadurch gekennzeichnet,
dal3 eine reduzierbare Metaliverbindung in Gegenwartwenigstens eines
Reduktionsmittels einer mechanischen Aktivierung zur Herstellung eines
Metallproduktes unterworfen wird. 55 3. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, *   c L         S   *    EP 0 449 890 B1 daB zwei oder mehr
reduzierbare Metaliverbindungen in Gegenwart wenigstens eines
Reduktionsmittels einer mechanischen Aktivierung unterworfen werden, um ein
Metaligemisch oder ein Legierungsprodukt herzustel- len. 5   4. Verfahren
nach Anspruch 2 odor Anspruch 3, dadurch gekennzeichnet, daB ein weiteres
Metall und/oder ein Metalloid in das Reaktionsgemisch eingeschlossen wird,
damit das waitere Metall und/oder Metalloid in das Metallprodukt, das
Metallgemisch oder das Legierungsprodukt eingearbeitet 10          ist. 5.
Verfahren nach Anspruch 1, dadurch gekennzeichnet, 75          daB
wenigstens eine reduzierbare Metaliverbindung in Gegenwart wenigstens eines
Reduktionsmittels und sines Nichtmetalls odor einer Verbindung, die das
Nichtmetall liefert, einer mechanischen Aktivierung unter- worfen wird, um
ein keramisches Material herzustellen. 6. Verfahren nach Anspruch 5, 20
dadurch gekennzeichnet, daB ein weiteres Metall und/oder Metalloid in das
Reaktionsgemisch eingeschlossen wird, damit das weitere Metall und/oder
Metalloid in das Produkt aus keramischem Material eingearbeitet ist. 25
7. Verfahren nach einem der vorhergehenden Anspr~che, dadurch
gekennzeichnet, dal3 das Reaktionsgemisch durch Hochenergie-Kugelrnahlen
mechanisch aktiviert wird. 30   a  Verfahren nach einem der vorhergehenden
AnsprOche, dadurch gekennzeichnet, daB die mechanische Aktivierung in einer
inerten odor reduzierenden Atmosphare vorgenommen wird. 35   9. Verfahren
nach elnem der vorhergehenden AnsprOche, dadurch gekennzeichnet, daB dem
Reaktionsgernisch ein Schmiermittel hinzugefOgt wird. 40   10. Verfahren
nach einem der vorhergehenden Anspflche, dadurch gekennzeichnet, daB die
mechanische Aktivierung intermittierend durchgefihrt wird. 45   11.
Verfahren nach einem der vorhergehenden AnsprOche, dadurch gekennzeichnet,
daB die reduzierbare Metallverbindung aus Metalloxyden, Sulfiden,
Halogeniden, Hydriden, Nitriden, Karbiden und/oder Phosphaten ausgewAhlt
wird. 50 12. Verfahren nach einem der vorhergehenden AnsprOche, 



dadurch gekennzeichnet, daB das Reduktionsmittel ein fester Stoff ist, der
aus Kalzium, Magnesium und Natrium ausgewAhIt wird. 655 13. Verfahren nach
einem der AnsprOche 1 bis 11, dadurch gekennzeichnet, 9
1 1111111 ID III 111111111111111 * C   L   M   S *    EP 0 449 890 B1 daB
das Reduktionsmittel eine FlOssigkeit ist, die aus in Kohlenwasserstoffen
gelosten Lithiumalkylon, in fls- sigem Ammoniak gelosten Alkalimetallon und
elner Natrium/Kalium-Legierung ausgewahK wird. 14. Verfahren nach einem der
Anspruche 1 bis 11, 5 dadurch gekennzeichnet, dal3 das Reduktionsmittel ein
Gas ist, das aus Wasserstoff, Chlor und Kohlenmonoxid ausgewahK wird. 15.
Verfahren nach elnem der vorhergehenden AnsprOche, 10 dadurch
gekennzeichnet, daB das Metall, die Legierung oder das keramische Material,
die durch das Verfahren hergestelt werden, ultra- fetne Partikel in
Komergrole aufweist. rs  16. Verfahren nach einem der AnsprOche 1 odor 5
bis 15, dadurch gekennzeichnet, daB das Produkt aus keramischem Material
ein keramisches Borid, Karbid, Nitrid oder Oxid ist. 20   17. Verfahren
nach einem der Ansprfche 1 oder 5 bis 16, dadurch gekennzeichnet, daB das
Produkt aus keramischem Material ein Supraleiter let. 25 Revendloatlons 1.
Proced6 de production d'un metal, d'un alliage ou d'une matiere ceramique
caracterise en ce qua: 30         on fait subir a un m6lange d'au moins un
compose m~tallique reductible et d'au mains un agent de reduction chimique,
dont au mains un est sous forme particulaire, une activation mecanique qui
provoque une deforma- tion, un soudage et une rupture des particules par
des moyens mecaniques de manibre a ce que le compos6 metallique reductible
soft reduit par l'agent de reduction au cours d'une reaction ayant une
variation d'energie libre negative pour obtenir comme produit un m6tal ou
un alliage en cons6quence de l'activation m6canique; 35          on
introduftfacultativement un elementnon-metallique ou un compose quifournit
l'el6ment non-metallique dens le melange de reaction pour obtenir comme
produHt une matiers c6ramique; etlou on introduHt facultativement au mains
un autre m6tal au un metallolde dans le melange de reaction pour l'incor-
porer & la matiere ceramique ou & l'alliage obtenue comma produHt; sous
reserve qu'il ny aft pas d'apport ext6rieur d'bnergie thermique pendant le
proc6de. 40 2. Procede selon la revendication 1, caracterise en ce quon
fait subir & un compose metallique reductible, une acti- vation mecanique
en pr6sence d'au mains un agent de reduction pour obtenir un metal comme
produit. 3. Proc6d4 selon la revendication 1, caracteris6 en ce qu'on fait
subir a deux composes metalliques reductibles ou 45      plus une
activation mecanique en pr6sence d'au mains un agent de r6duction utilise
pour obtenir un melange de metaux au un alliage comme produit. 4. Proced6
selon la revendication 2 ou la revendication 3, caract6rise en ce qu'on
introduHt un autre metal et/ou un metalloTde dans le m6lange de reactbon de
maniere a incorporer l'autre mbtal et/ou m6talloide au metal, au m6lange 



50      de metaux ou a lalliage obtenu comme produHt. 5. Procbd6 selon la
revendlcation 1, caract6rise en co qu'on fait subir a au mains un compose
mbtallique r6ductible une activation mecanique on presence d'au moins un
agent de reduction et d'un elbment non-metallique, ou d'un composb qui
fournit l'4l1ment non-m~tallique, pour produire une matiere ceramique. 55
6. Procedd selon la revendication 5, caract6risd en ce qu'on Introduit un
autre metal etlou m~talloTde dans le melange de rbaction de manibre a
incorporer lautre metal el/ou m6tallo~de a la matibre ceramique obtenue
comme produit. 10 0                  1111111 111111 11111 liii 11111 * C
L   N4  S    -.                        EP U 449 890 B1 7. Procede selon
lune quelconque des revendications precedentes, caracterise en ce qu'on
active m6caniquement le melange de r6action par broyage dans un broyeur a
boules a haute energie. 8. Procede selon Puns quelconque des revendications
precedentes, caractdrise en ce qu'on effectue I'activation meca- 5
nique dans une atmosphbre inerte ou reductrice. 9. Procede selon l'une
quelconque des revendications prec6dentes, caracterise en ce qu'on ajoute
un lubrifiant au melange de reaction. 10  10. Procbd6 selon P'une
quelconque des revendications precedentes, caracterise en ce qu'on effectue
l'activation meca- nique de maniere intermitente. 11. Procede selon l'une
quelconque des revendications prec6dentes, caract6rise en ce que le compose
metallique reductible eat choisi parmi des oxydes, des sulfures, des
halog6nures, des hydrures, des nitrures, des carbures 15      st/ou des
phosphates metalliques. 12. Proc6de selon l'une quelconque des
revendications prec6dentes, caracterise en ce quo l'agent de reduction est
un solide choisi parmi le calcium, le magnesium et le sodium. 20   13.
Procede selon l'une quelconque des revendications 1 a 11, caract6rise6 en
co que l'agent de r6duction est un liquide choisi parmi des alkyllithiums
dissous dans des hydrocarbures, des m6taux alcalins dissous dans de
l'ammoniac liquide et un alliage sodium-potassium. 14. Proc6de salon l'une
quelconque des revendications 1 a 11, caracterise on ce quo l'agent de
reduction est un gaz 25      choisi parmi lhydrogene, le chlore et le
monoxyde de carbone. 15. Procede solon l'une quelconque des revendications
precedentes, caract6rise en ce quo le metal, lalliage ou la matibre
ceramique produit par le procede a des particules de taille de grains
ultrafine. 30   16. Procede solon luno quelconque des revendications 1 ou 5
a 15, caractrise en ce quo la matibre ceramique obtenue comme produit est
une c6ramique de type borure, carbure, nitrure ou oxyde. 17. Procede solon
l'une quelconquedes revendications 1 ou S a 16, caractrise en ce quo la
matibre ceramique obtenue comme produit est un supraconducteur. 35 40 45 50
55    


