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METHOD FOR MAKING METAL COATED
POWDERS

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
making bulk quantities of metal-coated powders at low
temperatures.

BACKGROUND OF THE INVENTION

[0002] Metal-coated powders can range in size from
nanometers to microns. Metal-coated powder can be used 1n
catalysis, electromagnetic shielding, ferro-fluids, magnetic
recording, composite precursors and advanced-engineered
materials.

[0003] Metal-coated powders can be prepared by physical
vapor deposition, mechanical blending and mixing, and
chemical routes. Vapor methods are not cost effective and
can only be used to make small amounts of material.
Mechanical blending often introduces impurities into the
final product. Fluidized beds have been used to coat powders
with metals, but, as 1n vapor methods, the 1nitial equipment
1s expensive, and it 1s difficult to coat the powders evenly
and to handle powders of different sizes.

[0004] Others in the art have prepared micron and submi-
cron-size metallic powders of cobalt, copper, nickel, lead
and silver using the polyol method. These particles consisted
of single elements. Depending upon the type of metallic
precursors used in the reaction, additional reducing and
nucleating agents were often required.

[0005] Maruyama, in U.S. Pat. No. 6,033,622, described a
method for making metal matrix composites using reinforc-
ing particles coated with a metal matrix produced by chemi-
cal vapor deposition or electrochemical deposition. How-
ever, this process does not permit deposition of all types of
ferrous and non-ferrous metals and alloys, and the coating
thickness and uniformity cannot be closely controlled.

[0006] Figlarz et al., in U.S. Pat. No. 4,539,041, discloses
producing metallic powders by reducing a solid oxade,
hydroxide, or salt of a metal in a liquid phase. The solid
compound 1s suspended 1n a polyol and the formed metallic
precipitate 1s 1solated. Ong et al., in U.S. Pat. No. 5,698,483,
discloses a method of preparing nano sized powders com-
prising mixing an aqueous continuous phase comprising at
least one metal cation salt with a hydrophilic organic poly-
meric disperse phase, thereby forming a metal cation salt/
polymer gel and heat treating the gel at a temperature
sufficient to drive off water and organics within the gel,
leaving as residue a nanometer particle-size powder.

[0007] Hidaka et al., U.S. Pat. No. 5,250,101, discloses a
process for producing a fine powder with a primary particle
diameter of not more than 0.5 microns by heating an organic
acid metal salt 1n the presence of palladium, which lowers
the thermal decomposition temperature of the salt, and
thermally decomposing the organic acid metal salt 1n the
presence of the palladium.

[0008] Viau et al., in U.S. Pat. No. 5,925,166, discloses a

process for obtaining iron or 1iron-based powders by organic
liquid phase precipitation. Metal precursors are introduced
into a basic polyol or, optionally, into a simple alcohol
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solution, heating the reaction medium to obtain a metal
precipitate, and recovering and treating the precipitate to
obtain the desired powder.

[0009] Klapdor et al., in U.S. Pat. No. 5,951,739, discloses
a process for preparing nanocrystalline metal powders by
reacting halides of metals with alkali metal hydrides or
alkaline earth metal hydrides 1n an organic solvent with
continual milling.

[0010] Chow et al., in U.S. Pat. No. 5,759,230, describes
producing nanostructured metal powders and films using an
alcoholic solvent. A mixture of a metal precursor 1s heated
in an alcoholic solvent to reduce the metal precursor to a
metal precipitate, which can then be isolated, e.g., by
filtration.

[0011] Unfortunately, the presence of the additional nucle-
ating and reducing agents during the reaction may result 1n
undesirable and trapped impurities, particularly non-metal-
lic impurities, and there has not been yet devised a method
for producing powders which are evenly coated with metals
In any size desired.

SUMMARY OF THE INVENTION

[0012] It is an object of the present invention to overcome
the aforesaid deficiencies 1n the prior art.

[0013] It is another object of the present invention to form
nanostructured metal coated powders.

[0014] It 1s a further object of the present invention to
produce nanostructured metal coated powders and to pro-
duce metal alloy coatings and precursors for metal/ceramic
composites.

[0015] It is a further object of the present invention to
produce nanostructured metal coated powders and films of
metals, metal alloy s, and metal/ceramic composites.

[0016] It is another object of the present invention to
provide a method for making metal coated powders 1n bulk
ranging 1n size from nanometers to microns.

[0017] According to the present invention, metal coated
powders are produced at a relatively low temperatures by
suspending a precursor metal salt and the powder to be
coated 1n a glycol. As the mixture 1s heated, the metal 1s
reduced and precipitates as a coating onto the powders.
Suspension of the powder may be accomplished by proper
choice of glycol, powder size, combined with ultrasonifica-
tion, mechanical agitation, or stirring, or using conventional
foam bubbling. The mixture, when heated to reflux and
reduction and precipitation or growth of the metal films,
occurs 1n solution. The metal-coated powders are removed
from the solution, generally by filtration.

|0018] The concentration of the metal precursor salt, time,
and temperature of reflux can be used to control the coating,
thickness.

[0019] The process of the present invention makes it
possible to deposit more types of ferrous and non-ferrous
metals and alloys than as previously been possible, with
more control over coating thickness and coating uniformity.
This improved control could make possible several advan-
tageous improvements to a composite material’s microstruc-
ture larger mean nearest neighbor distance (and reduced
nearest neighbor distance standard deviation), and thus
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improved mechanical properties (higher proportional limit
and yield stresses, and larger strains to failure). These
generic improvements to the composite, which are indepen-
dent of the matrix and particle composition, allow more
widespread usage of composites 1n critical applications.

10020] Of the metal powders that can be used in the
present invention are any metal powder that 1s not soluble in
the glycol used at any temperature. This includes metal
oxides, borides, carbides, nitrides, silicides, and the like.

[0021] Any glycol or diol can be used, either alone or in
combination with another alcohol.

[0022] The time for formation of the metal powder
depends upon the coating thickness desired, and can range
from a few minutes to a few hours.

BRIEF DESCRIPTION OF THE DRAWINGS

10023] The FIGURE shows a La Mer diagram for forma-
tion of monodisperse particles.

DETAILED DESCRIPTION OF THE
INVENTION

10024] To make metal coated powders according to the
present invention, a metal precursor 1s mixed with a powder
to be coated and a glycol. Among the glycols that can be
used are aliphatic glycols or corresponding glycol polyesters
which are liquid at the reaction temperatures. The aliphatic
glycols can be alkylene glycols having up to 6 carbon atoms
in the main chain, or a ethanediol, a prop anediol, a
butanediol, a pentanediol, or a hexanediol, as well as poly-
alkylene glycols derived from these alkylene glycols. Other
olycols include ethyleneglycol, diethylene glycol, tri-ethyl-
ene glycol, dipropylene glycol, and polyetheylene glycols
liquid at the reaction temperatures, or glycerol.

10025] Particularly interesting polyols for use in the pro-
cess of the present mvention include ethylene glycol, dieth-
ylene glycol, tri-ethylene glycol, tetra-ethylene glycol, 1,2-
propanediol, dipropylene glycol, 1,2-butanediol, 1,3-
butanediol, 1,4-butanediol, and 2,3-butanediol. These
olycols are advantageous because of their significant reduc-
ing power, their boiling temperatures are between about
185° and 328° C., the proper thermal stability, and their low
price. Furthermore, these glycols raise fewer potential tox-
icity problems.

10026] To produce coated metal powders according to the
present 1nvention, the metal precursor or precursors are
mixed with the powder to be coated and a glycol solvent. At
the time of mixing, the glycol solvent may be either heated
or unheated. Then, the resulting mixture 1s reacted at tem-
peratures suiliciently high to dissolve, or to allow the
reaction of the metal precursor or precursors, and to liberate
the free metal as a precipitate on the powder. Generally, the
mixture 1S reacted at about 80-360° C., depending upon the
reflux temperature of the glycol. The preferred temperature
depends on the reaction system used. After the metal pre-
cipitates onto the powder, the reaction mixture 1s cooled
naturally 1n air or quenched. Because quenching provides
oreater control over the reaction time, 1t 1s generally pre-
ferred to perform natural ambient air cooling. For quenching
to be useful 1 coating a powder, the powder substrate must
be able to withstand rapid thermal changes. If the powder
cannot withstand these rapid temperature changes, then air
cooling should be used.
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[0027] The method of the present invention may be used
to form particles coated with various metal and alloys or
composites thereof. For example, powders coated with vana-
dium, chromium, magnesium, iron, cobalt, nickel, copper,
niobium, molybdenum, ruthenium, rhenium, palladium, sil-
ver, indium, tin, tantalum, tungsten, osmium, iridium, plati-
num, gold or alloys therof, or metastable alloys containing
these metals as primary constituents. The precursor form of
the metal depends upon the metal itself. Generally, the
precursor may be any metal-containing compound that,
under the reaction conditions, can be reduced to the elemen-
tal metal. Typical precursors include metal acetates and
hydrates thereof, metal chloride and hydrates thereof, metal
nitrates, metal oxides, metal oxalates, metal hydroxides, and
acids, including the desired metal as part of an oxyanion
(e.g., tungstic acid) and salts of such acids (e.g., sodium
tungstate and potassium hexachloroplatinate). The best pre-
cursors to use for the formation of metal-coated powers will
depend upon the metal selected. For best results, the metal
precursors used 1n the present invention should be substan-
fially soluble 1n the reaction mixture.

[0028] Typical metal precursors include metal acetates
and hydrates thereof, metal acetylacetonates, metal chlo-
rides and hydrates thercof, metal nitrates, metal oxades,
metal oxalates, metal hydroxides, and acids, including the
desired metal as part of an oxyanion (e.g., tungstic acid) and
salts of such acids (.e.g., sodium tungstate and potassium
hexachloroplatinate). The best precursors to use for produc-
ing nanostructured metal.; coated powders depend upon the
particular metal selected. Typically, to provide nanostruc-
tured materials, the precursors used 1n the present invention
should be substantially soluble 1n the reaction mixture.

[0029] The powders that can be coated by the process of
the present invention include metals and ceramic oxades,
borides, nitrides, and carbides. The particle size of the
powders to be coated ranges from about 0.1 to about 1000
microns.

EXAMPLE 1

Co Films

[0030] Cobalt coated powders can be used for magnetic,
structural, electronic, and catalytic applications. This polyol
process can achieve nanostructured cobalt films formed on
boron carbide.

[0031] Two grams of B,C was added to a solution of
cthylene glycol and 6.0 grams cobalt acetate. The solution
was brought to reflux, about 185° C., for two hours and
allowed to cool to room temperature.

[0032] This reaction was repeated using 1,2-propane diol
as the solvent rather than ethylene glycol

EXAMPLE 2

Cu Films

[0033] Copper-coated alumina powders formed by this
method.

10034] 'Two grams of alpha-form alumina, —325 mesh, as
added to a stirred solution of ethylene glycol and 6.99 grams
copper acetate. The solution was refluxed for two hours at
185° C., cooled to room temperature, and filtered.
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EXAMPLE 3

Co-Coated Powders 1n the Presence of a Magnetic
Field

10035] Example 2 was repeated except that two magnets
were placed around the flask.

[0036] The choice of powder or film can be controlled by
the selection of the proper synthesis conditions to favor
cither nucleation or growth, respectively.

10037] FIG. 1 is a LaMer diagram showing formation of

monodispersed particles. At phase I, prenucleation, nuclei
form. At phase II, nucleation, particles form. At phase III,
crowth, films form. Growth 1s a function of concentration of
atoms 1n solution, time, and temperature.

|0038] The crystallinity and phase of the prepared mate-
rials was confirmed by X-ray diffraction. Analysis of as-
prepared materials by SEM and TEM demonstrated that the

particle sizes were 1n the nanometer range.

0039] Powders can be coated with refractory metals and
their alloys such as tungsten, molybdenum, rhenium, and
tantalum. If the oxides of these metals are chemically stable
under the reaction conditions used, they cannot be reduced
to form coatings on powders. Therefore, the precursors of
these refractory metals should be chosen to avoid the
formation of such stable oxides or their stable intermediates.
Generally, the precursors of refractory metals should be salts
or acids, rather than oxides or hydroxides, including the
desired refractory metal or metals. Acids and salts including
the oxyanion of the desired refractory metal or metals,
however, may be preferred.

[0040] Unlike the process disclosed in Chow et al., U.S.
Pat. No. 5,759,230, 1n which there 1s no nucleating agent, the
present invention implicitly contains a nucleating agent, 1.¢.,
the powder which 1s to be coated. The metal which 1is
reduced 1s coated onto the powder to produce a powder-
coated metal. However, as in Chow et al., there 1s no
requirement for a catalyst, so that the resulting coated
powders are free or essentially free of impurities that would
deleteriously alter their properties.

[0041] If desired, surfactants and/or dispersants may be
added to the reaction mixture to avoid the agglomeration of
nanoparticles. If a highly pure product 1s desired, these
surfactants and dispersants should be essentially free of
insoluble materials, or capable of being burnt out of the final
product. Where a surfactant i1s used, the best choice of
surfactant depends upon the desired metal. Steric stabiliza-
tion using a nonionic surfactant (e.g., a high temperature
polymeric surfactant) is preferred, since 1onic surfactants
may undesirably alter the pH of the reaction system during
reduction of the metal precursor. If desired, however, a
mixture of 1onic and nonionic surfactants can be used.

10042] The pH may influence the method of the present
invention. For example changing the pH during the reaction
may be used to alter the solubility of the reaction product in
the reaction mixture. If a constant pH 1s desired throughout

the reaction, the reaction mixture may be modified to include
a buffer.

10043] During the reaction, the reaction mixture may, but
need not be, stirred, or otherwise agitated, for example by
sonication. The effects of stirring during the reaction depend
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upon the metal coating to be produced and the energy added
during stirring. Stirring during production of magnetically
coated materials would most likely increase agglomeration,
in which case the use of a surfactant would be beneficial.

[0044] The method of the present invention can also be
used to produce nanostructure composite metal coatings on
powders. As defined herein, a composite metal film includes
at a a least one metal first component and at least one other
component that 1s intentionally included in amounts that
significantly enhance the desirable properties of the film or
powder. The other component 1s usually, but not necessarily,
another metal. Where the other component 1s a metal, the
metal may be any metal, not just those metals that could be
deposited as a pure coating according to the present 1nven-
tion. Throughout the present specification and claims, the
term “alloy” applies to mter-metallic compounds and solid
solutions of two or more metals. The term “composite”
applies to phase-separated mixtures of a metal with at a least
onc other component. Where the other component of the
coating 1s a chemically stable ceramic, the present invention
provides a powder coated with a metal/ceramic composite.
Generally, a metal/ceramic composite includes at least 50
volume percent metal, 1n the form of a single phase material
or an alloy. Throughout the present specification and claims,
the term “composite” includes alloys and metal/ceramic
composites.

[10045] To produce complex coatings on powders accord-

ing to the present invention, at least one precursor for the at
least one metal component and at least one precursor for the
other component or components of the coating are combined
in the reaction mixture before heating the mixture to the
reaction or re-fluxing temperature. Otherwise, the process
proceeds as described above to make single metal coated
powders.

[0046] In producing composite coatings according to the
present invention, the 1nitial molar ratios of the components
to each other may not be reflected in the final product.
Additionally, the ability of precursors of the components to
atomically mix in the reaction solution does not assure that
the components will form a composite substance final coat-
ing material. For this reason, the correct starting ratios of the
precursors of each compound for any composite substance
must be determined empirically. The relative reduction
potentials of each component can provide some guidance in
making this empirical determination.

[0047] The process of the present invention makes it
possible to produce larger quantities of metal coated pow-
ders than conventional techniques, while achieving better
chemical homogeneity because of mixing of the constituents
at the molecular or atomic level. Additionally, the chemical
route used does not require expensive processing equipment,
and the production cost 1s relatively low.

[0048] The solvent used in the process 1s recyclable, and
the coating thickness can be controlled by selecting the
synthesis conditions to favor either nucleation or growth.

[0049] The process of the present invention can be used to
deposit magnetic materials as well as non-magnetic mate-
rials. Additionally, the process can be used to deposit single
clements, alloys, or multi-component elements.

[0050] The powder feedstock can be of any size and shape.
In particular, powders having a particle size ranging from



US 2004/0055419 Al

about 0.01 micron to about 1000 microns can be advanta-
ogeously prepared according to the present invention. These
coated particles can be used to make particulate-reinforced
composites.

[0051] The foregoing description of the specific embodi-
ments will so fully reveal the general nature of the mnvention
that others can, by applying current knowledge, readily
modify and/or adapt for various applications such speciiic
embodiments without undue experimentation and without
departing from the generic concept. Therefore, such adap-
tations and modifications should and are intended to be
comprehended within the meaning and range of equivalents
of the disclosed embodiments. It 1s to be understood that the
phraseology or terminology employed herein 1s for the
purpose of description and not of limitation. The means and
materials for carrying our various disclosed functions make
take a variety of alternative forms without departing from
the invention. Thus, the expressions “means to . . . ” and
“means for . ..” as may be found 1n the specification above
and/or 1n the claims below, followed by a functional state-
ment, are intended to define and cover whatever structural,
physical, chemical, or electrical element or structures which
may now or in the future exist for carrying out the recited
function, whether or not precisely equivalent to the embodi-
ment or embodiments disclosed 1n the specification above;
and 1t 1s itended that such expressions be given their
broadest interpretation.

What 1s claimed 1s:
1. A method for forming a metal-coated powder, com-

prising:

mixing a precursor of at least one metal and the powder
to be coated with a glycolic or diol solvent to form a
reaction mixture;

and refluxing said reaction mixture so that the glycolic or

diol solvent reduces said precursor to the metal over
time to produce powder coated with said metal.

2. The method according to claim 1 wherein the precursor

of a metal 1s selected from the group consisting of metal
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salts, hydrates of metal salts, acids including said metal as
part of an oxyanion, salts of said acids, and mixtures thereof.

3. The method according to claim 1 wherein the precursor
of the method 1s selected from the group consisting of
oxides, borides, carbides, nitrides, and silicides.

4. The method according to claim 1 wherein the powders
have a particle size from about 1 nanometer to about 100
microns.

5. The method according to claim 1 wherein said metal
precursor 1s selected from the group consisting of metal
acetates, metal acetylacetonates, metal oxides, metal chlo-
rides, metal nitrates, metal acetate hydrates, metal chloride
hydrates, and metal nitride hydrates.

6. The method according to claim 1 wherein said metal 1s
selected from the group consisting of tungsten, molybde-
num, rhenium, and tantalum.

7. The method according to claim 1 wherein said reaction
mixture 1s reacted at a temperature at which said metal
precursor 1s soluble 1 said glycolic or diol solvent.

8. The method according to claim 1 wherein said glycolic
or diol solvent 1s selected from the group consisting of
cthylene glycol, propylene glycol, tetracthylene glycol, and
mixtures thereof.

9. The method according to claim 1 wherein the metal
precursor 1s present 1n said reaction mixture at a concentra-
tion of about 0.001 to about 0.10 M.

10. The method according to claim 1 wherein said gly-
colic or dial solvent is selected from the group consisting of
aliphatic glycols, polyalkylene glycols derived from alky-
lene glycols, glycerol, and mixtures thereof.

11. The method according to claim 1 wherein the glycolic
or diol solvent has a boiling temperature between about 185°
C. and about 328° C.

12. The method according to claim 1 wherein the powders
are coated with vanadium, chromium, magnesium, 1iron,
cobalt, nickel, copper, niobium, molybdenum, ruthenium,
rhenium, palladium, silver, indium, tin, tantalum, tungsten,
osmium, platinum, gold or alloys thereof.
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