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This invention relates to fine particle production, and
more particularly, to an improved method of producing
materials in extremely fine particulate form as a coating
or as loose particles in a powder form.

In a number of fields, the production of materials in
the form of fine particles is particularly desirable. For
example, in the pigment art, the finest possible particle
size is ordinarily desired, and the workers in this art
have spent vast sums of money and many hours of tims
in devising various means and methods for grinding pig-
ment materials down to smaller particle sizes than were
previously obtained. In the art of making abrasives, the
abrasive action of a given compound or composition may
be altered by alteration of the particle sizes of the
abrasive materials therein; and in certain particularly
delicate grinding operations, such as the grinding of glass
lenses, etc., the abrasive action is. so delicate that ex-
tremely fine particle sizes are required. Most of the
optical grinding is now carried out using ceria powder,
and the production of this powder in fine form suitable
for carrying out this function is of great interest in this
art, As will be appreciated, numerous . other indusiries
require materials in extremely fine particulate form, and
in each of these industries, efforts have been made to
devise new methods and means for obtaining such ma-
terials in the required particulate form.

The instant invention resides in a unique improved
method of producing materials in fine particulate form
by means of a spraying process which applies materials
to a surface in the form of a crypto-crystalline coating
of extremely fine particle size. Such coating may be
readily broken down by mechanical operations such as
scraping to remove the same from the surface so as to
obtain the loose particles in the form of a powder.

It is, therefore, an important object of the instant in-
vention to provide an improved method of producing
fine particles, and improved compositions comprising the
same.

It is a further object of the instant invention to pro-
vide an improved method of obtaining a fine powder,
which comprises applying to a surface an adherent thin
crypto-crystalline metal oxide coating, and then mechani-
cally breaking down the coating and removing the same
from the surface to obtain the cryptocrystalline metal
oxide in powder form.

Other objects, features and advantages of the instant
invention will become apparent to those skilled in the
art from the following detail disclosure of preferred em-
bodiments thereof.

The instant invention consists in an improved method
of obtaining a fine powder, which comprises spraying a
solution in a volatile solvent of a metal compound that
is thermally decomposable to yield .a metal oxide against
a surface hot enough to thermally decompose the com-
pound and release discrete metal oxide particles which
impinge against the surface and to effect substantially
complete vaporization of the remaining volatile compo-
nents within the period of time from just prior to con-
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tact between the particles and the surface to substantially
the instant of contact between the particles and the sur-
face, and then collecting the particles in loose finely
divided form. The particles which impinge against the
surface may bounce off and be collected or they may
adhere loosely or securely to the surface, in which case,
they may be mechanically removed from the surface by
scraping.

One of the more specific aspects of the instant inven-
tion resides in the production of ceria coatings which
may be broken down to provide powdered ceria useful
in the grinding of lens (or the ceria may be produced
outright in powdered form, as will be explained). In
general, the instant spraying method comprises atomizing
a 1 to 20% (and preferably 1 to 10%) ceria content
cerium salt (i.e., nitrate) solution in a volatile solvent
(i.e., water) and directing the atomized solution against
a surface maintained at 400-800° F. (the lower range
of 400-600° F. being preferred sometiimes) at a rate
sufficient to impinge ceria particles against the surface
and to effect substantially complete vaporization of the
remaining volatile components within the period of time
from just prior to contact between the particles and the
surface to substantially the imstant of contact between
the particles and the surface, The particles may then
be collected, those particles which do not bounce off the
surface being scraped or otherwise mechanically removed
therefrom. The process may be demonstrated as fol-
lows:

The surfaces used in this demonstration are provided
by mild steel plates which are maintained at 700° F.
in an electric furnace. Aqueous cerium nitrate,
Ce(NO;)3.6H,0, in various ceria (CeQ,;) contents are
sprayed (using a paint spray gun) onto different mild
steel plate speciments, which are maintained at 700° F.
The technique here used for applying the coating, which
may be done at temperatures ranging from 400 to 800°
F., is that believed to be most favorable for tiie applica-
tion of an adherent ceria coating; and it involves opera-
tion of the spraying in accordance with observed re-
sults. If the spraying is too fast or too heavy, wet spots
appear on the plates and blisters and the like imperfec-
tions will result at these locations. Also, the plates
tend to cool too rapidly. If the spraying is too slow,
the ceria particles appear to form agglomerates in the
air which bounce off the plate as sand-like particles,
instead of adhering. In the instant process, it is desired
to obtain as an ultimate end product loose ceria particles
to be used in the grinding of lens. However, it has been
found that impinging the ceria particles on the surface
so as to adhere thereto produces a finer size ceria particle
than is obtained merely by bouncing the particles off the
surface. In either case, ceria powder is obtained as the
ultimate end product, as long as ceria particles impinge
against the surface. It is possible to heat the surface to
such an extent that decomposition of the entire solution
takes place so far away from the surface that no ceria
particles impinge against the surface (and the ceria par-
ticles thus formed are so fine that they are substantially
lost as dust). On the other hand, ceria particles which
adhere to the surface are those which have undergone a
minimum of agglomeration after being released from the
solution and these particles are extiremely fine. The
spraying rate may be correlated with the plate tempera-
ture so as to obtain the result falling between the two ex-
tremes of wetting the plate and of obtaining mere dust
which cannot be collected.

It will also be appreciated that an adherent ceria
coating on the metal surface has a number of other
uses such as effecting resistance to corrosion, resistance
to molten materials, electrical and heat insulation, etc.
A particularly unique use of this ceria coating is that of
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providing extremely fine ceria powder by breaking down

the coating, however.

The mechanics and theoretical considerations believed
to be involved in the foregoing reaction, as well as the
various reaction conditions, etc., are set forth in greater
detail in our application Serial No. 338,585, filed February
24, 1953, now U.S. Patent No. 2,763,569, entitled “Spray-
ing Process and Products” which disclosure is incor-
porated herein by reference and made a part hereof.
The invention described and claimed in application Serial
No. 338,585 relates to the generic coating process per
se and surfaces generally coated with the instant crypto-
crystalline layer.

In general, it is understood that the metal oxide is
present in the solution, i.e., the ceria, in a form such
that the metal atom is substantially unsolvated, or at least
weakly solvated, in the solvent system. Tt is believed
that the decomposition of the cerium nitrate takes place
immediately prior to or at the very instant of contact with
the heated metal surface of the plate, so that molecular
size ceria particles are instantly released from what con-
stituted a solution thereof. Such molecular size ceria
particles are thus impinged against the surface; and if
insufficiznt agglomeration of the particles has taken place,
these ceria particles adhere to the surface by virtue of
physical phenomena such as intermolecular attraction, as
contrasted to a true chemical bond and also as contrasted
to the formation of a fused coherent or integrated layer
of ceria adhering to the surface by virtue of its own
integration. Conceivably, only CeQ in -essentially an
ionic form is released and it acquires' another oxygen
atom approximately at the time it contacts the surface.
In any event, the ceria on the surface is in the form
of extremely minute crystals or crystallites which recent
msthods of analysis indicate are in the neighborhood of
50-200 A.; and such analyses indicate clearly that these
crystallites have sizes that are not greater than the wave-
length of visible light (i.e., 2000-3000 A.). The ag-
glomerated particles which do not adhere well and/or
actually bounce off of the surface are, of course, bigger
in size than the minimum size of approximately 50-200
A., although these agglomerates are still extremely mi-
nute particles,

Such a condition is known as “crypto-crystalline,” in
that the ceria adhering to the surface-is truly crystalline
with irregularities therein being in form (not valence, as
in the case of amorphous materials). This crypto-
crystalline ceria film is flexible and adherent coatings ap-
plied to sheet metal, by a procedure similar to that just
described, adbere firmly without cracking, etc. ‘when the
sheet metal is folded over, or if the sheet metal is heated
and then quenched.

The initial coatings applied by the foregomg pro-
cedures using a typical paint spray gun have thicknesses
ranging from as little as about ¥4 miil to as much as
about 7 mils; and the results obtained may be described
as follows:

Solution Concentra-
tion, CeOsz wt. per- Observations
cent
@) 189 e Visible white coating quickly produnced; large
particle size; relatively loosely adhermg
() 119 o Large quantltxes of relatively non-adberent
powder produced with some adherent white
material,
B 9.9 Several areas of adherent white material found
in the coating.
@ 79 Still more adherent white material present in
the coating,
[ ) I R%latw(;,ly thm coating that is not very ad-
eren!
(0 2B eeeas Several sprayings required to deposit a pale
yellow, relatively poorly adherent film.
(AT W Several sprayings were made -and the coating
7 applied is barely visible.

. It will be appreciated that the adherence of the coat-
ing may be altered by adjustment of the spraying tech-
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nique, concentration and plate temperature. It will also
be noted that using the relatively dilute concentrations
of less than 4% ceria content, the coatings applied ap-
pear to be pale yellow, whereas higher concentrations up
to about 8% ceria content will give a relatively adherent
coating which is white, and concentrations above this give
a poorly adherent large particle size white coating. The
pale yellow films applied using this technique may be
converted to a lighter white color by additional heating
which is employed to serve to partially agglomerate or
stabilize the crystalline structure, thereby increasing the
particle size. With or without the additional heating

. step, the coatings may be scraped from the plates so as
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to obtain an extremely fine loose powder Substantially
the same results may be obtamed usmg ammonium cerium
nitrate.

Cerium is. typical of the rare earth metals and it is
one of the most abundant members thereof. In the par-
ticular imstance, ceria particles are useful in certain fine
grinding processes; but the other rare earth oxides in fine
particulate form are also useful in the abrasives field.
For example, spraying with one, two and four percent
rare earth oxide content aqueous nitrate solutions of the
particular rare earth metal (Ce, Pr, Nd, Sm, Eu, Gd, Dy,
Ho, Er, Tm, Yb, and Th), results in the formation of
adherent crypto-crystalline coatings of the particular rare
earth metal oxide employed.  Also, mixtures of the rare
earth metal oxides may be deposited as well as mixtures
of one or more of these oxides with other metal oxides.
For example, a mixture of (4% ceria) aqueous cerium
nitrate and (4% chromia) aqueous chromium nitrate
was found to give a coating of superior adherence at
spraying temperatures of 400 to 600° F.; and it has been
found that each of the foregoing rare earth nitrate solu-
tions above mentioned may be sprayed at 400-600° F.
similarly to obtain an adherent coating. Coatings may
be obtained using temperatures w1thm the range of 400-
800° F.

Particularly fine particles of any of the various (poly-
valent) metal oxides may be obtained from suitable sotu-
tions of the compounds of the metal in accordance with
the practice of the instant invention. In the case of all
of such metallic compounds wherein the metallic ion
component does not have an appreciably great tendency
toward solvation, the mitrate salts may be employed
effectively at temperatures in the neighborhood of 600°
F. and within the range of about 400-500° F. to about
700-800° F.

Another feature of the invention which may be demon-
strated is that the metallic atom in the molecule that
is to be decomposed need not be in the cation and, in
the case of compounds having a volatile cation, such as
the ammonium cation, it is possible to use an anion con-.
taining the metal to be employed. Such a metal is, of
course, amphoteric. For example, it has been found

that ammonjum chromate is particularly useful in the

practice of theinstant invention and ammonium chromate
may be used in aqueous or other solvent.media in sub-
stantially the .same chromia contents as those herein-
before described for the use of cerium. salts wherein
cerium forms the cation. In like manner, chromium
nitrate salts may be wuvsed in substantially the same
chromia contents. The operating temperatures employed
are also substaantially the same. The operating tempera-
tures, as has been explained, involve those temperatures
which are required to effectively prevent any tendency
toward solvation between the solvent and.the metal oxide.
In most instances, it has been found that this particular
temperature . consideration is controlling, since the re-
maining volatile components of decomposition  usually
are removed much more readily and the most difficult
or most slowly removed component is any portion of the
solvent or other volatile materials which may tend to

form a semi-chemical bond with the metal oxide through

the phenomenon of solvation. The chromia coatings ob-
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tained using this process are black, and the extremely
fine black particles of chromia are useful as a pigment,
when scraped or otherwise removed from the surface
coated.

The technique for applying these coatings in each case
is substantially that hereinbefore described. Some metal
oxides require slightly higher temperatures than others
in order to effectively remove the solvent or effect “un-
solvation,” but the techmique of application is that just
described. In particular, the nitrates of a number of
metals have been found to be most satisfactory for the
deposition of the metal oxides therefrom in accordance
with the practice of the instant invention. Various
amines may be used and also various salts of organic
acids such as the acetates may be used. In general, the
compound which may be used is a compound soluble

10

in the solvent-medium-¢which is preferably water) ;which —

contains the metal atom and no other atoms other than
carbon, hydrogen, oxygen, and nitrogen. Although there
may be exceptions in the case of certain metals, whereby
a greater variety of compounds of these metals may be
used, it has been found that solutions of a solid oxide
forming metal, which is in solution in the form of a
compound of this metal with no other atoms in the
molecule except oxygen, carbon, nitrogen and hydrogen
are effective in the practice of the instant invention. The
solutions must, of course, have an appreciable concen-
tration (i.e., the compounds themselves must be apprecia-
bly soluble in the solutions, so as to exclude a pure car-

bonate salt but permit the use of ammonium carbonate ®

complexes such as ammonium zirconyl carbonate). It
will also be noted that all of such compounds are heat
decomposable at the operating temperature. Such com-
pounds also contain oxygen and preferably nitrogen; and
if carbon is present in such compounds, then nitrogen
and/or hydrogen are also present with the oxygen.

As previously mentioned, however, the nitrates are
most preferably used in the case of the greater number
of metals. The nitrates which may be used include those
of the metals of Group I-B (Cu); II-A (Mg, Ca, Ba
and Sr); II-B (Zn and Cd); I-A (Sc, Y and La);
III-B (Al, Ga, In and Te); IV-A (Ti, Zr and HIf);
IV-B (Si, Pb and Sn); VI-A (Cr, Mo and W); VII-A
(Mn); VIII (Fe, Co, Ni, Ru, Rh, Pd, Os, Ir); and the
rare earth metals (Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er,
Tm, Yb, Th). The noble metals form a deposit not
identified as the oxide thereof. The ammonium car-
bonate salts which may be used include Mg, Ca, Ba, Sr,
Al, Zr, Hf and Ce. In general, all these may be used
in aqueous (or alcoholic-aqueous) 1-10% metal oxide
content solutions at temperatures within the range of
400-1200° F.

In general, it will be seen that the anion employed
(whether or not it contains the metal atom) must be
thermally unstable at operating conditions, and whichever
ion (anion or cation) which does not contain the metal
atom must be thermally unstable at operating conditions.
Primarily, the metal compound is clearly unstable at the
spraying operating conditions. Also, the metal compo-
nent or ionic portion of the compound, before and after
decomposition must be substantially unsolvated, i.e., the
solvated form either does not exist or it is thermally un-
stable at the operating temperatures. . Also, the linkage
or bond between the cation and the anion is, of course,
unstable so as to permit decomposition.

Another aspect of the instant invention resides in heat

-treatment of the coating of metal oxide so as to alter

the particle size and crystal structure, for example, by
converting the material from its original crypto-crystalline
state to a truly crystalline state. For example, using a
4% zirconia content aqueous ammonium zirconyl car-
bonate and spraying the same onto a mild steel plate
heated at 400° F., it will be found that an adherent
crypto-crystalline layer of zirconia is formed on the steel.
This layer has a refractive index substantially below
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that normally reported for zirconium oxide crystals; it
is isotropic and gives no X-ray diffraction pattern. When
the zirconia coated steel is heated above 1000° F., the
pattern of stabilized zirconia gradually appears, even
though no stabilizing agent is present. When the sample
is heated to 1800° F. in gettered argon, a network of fine
cracks appears in the coating, and the monoclinic diffrac-
tion pattern is observed after 15 minutes of such heating.
In the practice of the instant invention, it is often advis-
able to heat the coating until it has a stabilized X-ray
diffraction pattern (for example, heating the zirconia
coating at 1000° F. as just described) before removing
the coating from the surface and converting it to a powder.
In its finely divided form on the surface, the rate of
agglomeration or stabilization of the pattern may be
controlled relatively easily during heating. - Also, the
crypto-crystalline particles here formed in many instances
do not possess certain properties which might be desired
in the powdered metal oxide. For example, titania is
deposited in crypto-crystalline form in accordance with
the practice of the invention so as to give a tan colored
coating, rather than the bright white titania pigment,
which may be desired. Such a titania crypto-crystalline
coating may be obtained using titanium nitrate (4%
titania content) in acid (HCI) aqueous solution main-
tained under about 352 atmosphere pressure, prior to
spraying, and using relatively low surface temperatures
of around 300-406° F. Comparable results are obtained
using titanium tetraalkoxide (wherein the alkoxide radical
has from 1 to 4 carbon atoms and is preferably ethoxide)
in an acid (HCI) aqueous solution and/or using titanium
tetrachloride in the acid aqueous solution, in each case
the solution having a titanium content equivalent to that
referred to in connection with the titaniuvm nitrate.. In
each case, the titania coating is tan; but after heating
the coating at about 1000° F. (or at a temperature less
than the fusion temperature of titania), the coating grad-
ually turns whiter and an X-ray diffraction pattern of
stabilized titania appears. In this way, it is possible to
make the smallest white titania particles which can be
made. Particles of a slighily smaller size (such as those
which are originally deposited) are not white but tan.
The white titania thus obtained is an extremely fine par-
ticulate form and is particularly useful as a white pigment.

Still another aspect of the instant invention resides
in the use of a gaseous reducing atmosphere during the
heating of the coating until it has a stabilized X-ray
diffraction pattern. Such reducing atmosphere can, of
course, be used to completely reduce the metal oxide to
the metal and the metal thus obtained will be in extremely
fine particulate form, thus making it particularly useful
for example in the making of powdered metal compacts.
However, the instant invention also contemplates the use
of a gaseous reducing atmosphere, either during the spray-
ing operation, or after the spraying operation when
heating of the coating is undertaken in order to obtain a
stabilized X-ray diffraction pattern. An example of a
use for this aspect of the invention is that of imparting
fluorescence to zinc oxide pigment particles. The general
nature of the reaction is described in detail in United
States Patent No. 2,585,461, issued to Benjamin L. Hirsch
on February 12, 1952; wherein it is pointed out that
zinc oxide pigments in particulate form may be exposed
to a gaseous reducing atmosphere such as an atmosphere
containing 28% carbon-monoxide, 3.5% carbondioxide,
66% nitrogen and 2.5% hydrogen at elevated tempera-
tures so as to impart fluorescence to the zinc oxide with-
out causing excessive agglomeration or causing darkening
of the zinc oxide by the formation of zinc sub-oxides or
zinc metal. In essence, this process involves the use
of a reducing atmosphere so as to effect a very minor
amount of reduction, but a perceptible amount, because
it causes internal strains in the crystal structure of the
zinc oxide, thereby giving the zinc oxide “reaction points”
which will convert light of a given wavelength to light
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of a slightly longer wavelength (i:e:; ultraviolet light to
blue light):: The problem. which Hirsch overcomes is
that of avoiding agglomeration by the use of silfur diox-
ide; but in the instant invention the cryptoZcrystalline
zing oxide particles, dep051ted ‘as a coating from a 4%
zinc oxide content aqueous zinc nitrate solution at a
spraying temperature of 1000-1200°. F., may undergo a
small amount of agglomeration as the X—ray "diffractiont
pattern stabilizes and while the partial reduction is taking
place to impart fiuoréscence thereto. The florescént
particles may then be removed from the surface dnd
broken down into a loose fluorescent powder. This
mechanical breaking down of the coatirig is so mild (and
so unlike actual grinding of zinc oxide; Which causées.a
loss of fluorescence therein) that there is no loss of
fluorescence during the breaking down of the coating.
Substantially the same "results imay also be obtained
using a crypto-crystalline tin oxide coating (deposited
from a 4% tin oxide content aqueous tin nifrate-stannous
of stannic-solution at a sprayifig temperature of 600-—
700° F.). In each case; the reaction corditions of Hirsch
may be employed; but the instant crypto-crystalline coat-
ings are substantially more reactive than plain zinc oxide
or tin oxide and the reducing reaction thus takes place
more readily (but those skilled in the art following the
teachings of Hirsch will readily. recognize this and .the
only precaution necessary is that of discontinuing reduc-
tion before discoloration takes pldce). Alsg, since the
crypto-crystalline metal oxide particles are particularly
reactive just as they are released from solution -and im-
pinge upon the surface to be coated, a reducing atmos-
phere’ can be used for the atmospheére in ‘which the
spraying step is carried out, in order to eﬁect an appre-
ciable amount of reduction.

Stiil another aspect of the instant mventmn resides
in the use of a gaseous atmosphere during heating of the
coating which has more drastic reducing properties; so
as to obtain a pure metal coating. As.previously men-
tioned, a reducing atmosphere such as that employed by
Hirsch can be used merely to impart partial reduction,
or a reducing atmosphere such as a substantially complete
hydrogen atmosphere may be used so- as_to effect com-
plete reduction of the mieta] oxide to the metal: . The
metal particles thus obtained may be mechanically re-
moved from the coated surfdce so as to obtain extremely
fine pigment-size particles which may be used as pure
metal pigments, or, if desired, may be used in the forma-
tion of powdered metal compacts, because of their fine
particle size. For example, a 4% nickel oxide content
aqueous nickel nitrate solution is sprayed against a glass
plate at-600° F. to.obtain a nickel oxide deposit on the
glass plate, which is black as applied. The black coat-
ing is then exposed to a slow stream of ammnionia gas at
about 950° F. and the black coating is quickly reduced
to metallic gray. The extremely high surface area pro-
vided by the minute nickel oxide partlcles here deposited
permits extremely rapid reducing action and also results
in extremely complete reducing action. , During this ac-
tion, there is a certain amount of par’ucle -growth, but
the particles. which remain are extremely fine particles
which may be used as pigments in the so-called “metal”
paints commercially available.
art will appreciate, reducing the action may be carried
out using any of the metal oxides which may be applied
as coatings in the practlce of the instant invention; al-
though the extent to which certain metal oxides resist
reductlon will determine the drastic nature of the reduc-
ing conditions required; and in: the case of difficultly re-
duced oxides, the particle growth may be appreciable
during the reducmg reaction. In general, the reducing
reaction may be accomplished using a gaseous reducing
atmosphere (e. g. Hy or NH,) at an elevated tempera-
ture (e.g. 900-1500° F.) with oxides of metals havmg a
greater E. M F. than Mn i -in the electromotlve force series.
Those' oxides of metals having an E.M.F. of Mn or
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. less (e.g. Mn, Al, Mg, Ba, Sr, Ca, etc.) are only diffi-
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cultly. reduced to the metal in a gaseons reducing at-
mosphere; whereds the oxides of metals having E.M.F.’s
greater than Mn (e.g. Zn, Cr, Cd, Fe, Co, Sn, Pb, Cu,
Bi, Sb, etc.) may be reduced. readily. to the metal in a
gascous, atrfiospheie. The noble metals (e.g. Ag, Au and
Pt) and Hg may be reduced to the oxide merely by heat-
ing in.ordinary. air; and the noble metals tend to deposit
a predominantly nietal-containing coating (with relative-
ly insignificant ‘amounts of oxide therein) in the practice
of the invention. . The “gas-reducible” crypto-crystalline
metal oxide (or predominately metal oxide) coatings may
thus be classified as oxides of metals having an EM.F.
(Volts) within the rarige of —1.0 volt (Mn having —1.075
volts) to about +0.7 volt (Hg having 4-0.748 voit):

In general, the metal oxides, and partlcularly the rare
earth metal oxides, may be obtdined in particle sizes such
that substantially all of the partlcles will pass through
a 3000 mesh screen (i.e. 4 micron size), and at least
50% of the particles will pass through a 10,000 mesh
screen (i.e.. 1 micron size). In the case of other metal
oxides, such- as those obtained from crypto-crystalline
zirconia, titania and alumina coatings, the particle sizes
are such that substantially all of the material will pass
through a 3000 mesh screen and at least 50% of the ma-
terial will pass through a 10,000 mesh screen. If, however,
the crypto-crystalline metal oxide coatings of any of the
oxides of these metals (including the rare earth metals)
are heated sufficiently to obtain a stabilized X-ray dif-
fraction pattern, then the resulting partlcle sizes are such
that substantially all of the material will pass through a
1200 mesh screen (i.e, 10 microns) and at least about
50% of the material will pass through a 3000 mesh screen.
Substantially the same results are obtained in the produc-
txon of ﬂuomscent zmc oAlde and tin ox1de partlcles,
time required to stabilize the X-ray dlﬁra__cu_on paitern.
_Other examples of rare earth metal oxides may. be ob-
tained by spraying a 4% thorium oxide content thorium
nitrate aqueous solution at 600-700° F.; a 4% prase-
odymmm ovxide content praseodymiuim mtrate aqueous
solution at 600-<700° F.; or a 4% neodymium ox1de con-
tent neodymium mtrate aqueous solution at 600—700" F.
In each case, a grayish white coating of the crypto- -crystal-
line oxide is obtained and the coating may be broken down
to obtain fine particles of the sizes just described. In
each case, the rare carth metal (thermally decomposable)
salts such as the nitrates, acetates, ammoniom carbonates,
etc. may be most advantageously sprayed at metal oxide
contents of 2-6% in aqueous solutions at 600-700° F. in
the practice of the invention.

It will be undérstood that modifications and variations
may be effected without departing from the scope of the
novel concepts of the present invention.

We claim as our:invention:

1. A meéthod of obtammg a fine powder Wthh com-
prises spraying a solution in a volatile solvent of a metal
compound that is thermally decomposable to yield a metal
oxide against a surface hot enough to thermally decom-
pose the compound and release discrete metal-oxide parti-
cles which contact and adhere to the surface as.a coat-
1ng layer, and then mechanically breaking down the coat-
ing and removing the same from thé surface to obtain
the. crypto- crystalhne meta] oxide in powder form.

2. A spraylng method which comprises atomxzmg a
1-10% ceria content cerium . nitrate solution in a volatile
solvent and directing the atomized solution againsta sur-
face maintained at 400-600° F. at a rate sufficient to im-
pinge ceria particles against the surface and to effect sub-
stantially compléte vaporization of thé remammg volatﬂe
componeénts within the period of time from just prior to
contact between thé particles and the surface to substan-
tially the instant of contact between the particlés and the
surface:

3. A spraymg memhod which comprises a;omzzmg a



2,000,244

9

1-10% rare earth metal oxide content solution in a
volatile solvent of a thermally decomposable nitrate
salt of the metal and directing the atomized solution
against a surface maintained at 400-800° F. at a rate
sufficient to impinge the rare earth metal oxide particles
against the surface and to effect substantially complete
vaporization of the remaining volatile components with-
in the period of time from just prior to contact between
the particles and the surface to substantially the instant
of contact between the particles and the surface.

4, A method of obtaining a fine powder, which com-
prises applying to a surface an adherent thin crypto-
crystalline tan titania coating, heating the coating just
until its tan color is changed to white, and then mechan-
ically breaking down the coating and removing the same
from the surface to obtain powdered titania.

5. A method of obtaining a fine powder, which com-
prises applying to a surface an adherent thin crypto-
crystalline metal oxide coating, then heating the coat-
ing until it has a stabilized X-ray diffraction pattern
in the presence of a gaseous reducing atmosphere, and
then mechanically breaking down the coating and re-
moving the same from the surface to obtain a powder.

6. A method of obtaining a fine powder, which com-
prises applying to a surface an adherent thin crypto-
crystalline zinc oxide coating, then heating the coating
until it has a stabilized X-ray diffraction pattern in

-the presence of a reducing atmosphere to impart fluo-

rescence thereto, and then mechanically breaking down
the coating and removing the same from the surface to
obtain fluorescent zinc oxide particles.

7. A spraying method which comprises atomizing a
1-10% ceria content cerium nitrate solution in a volatile
solvent and directing the atomized solution against a
surface maintained at 400-600° F. at a rate sufficient
to impinge ceria particles against the surface but insuf-
ficient to cause appreciable adherence between the par-
ticles and the surface, and collecting such particles.

8. A method of obtaining a fine powder, which com-
prises spraying a solution in a volatile solvent of a metal
compound that is thermally decomposable to yield a
metal oxide against a surface hot enough to thermally
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decompose the compound and release discreéte metal
oxide particles which impinge upon the surface but do
np;: adhere appreciable thereto, and collecting such par-
ticles.

9. A method of obtaining a fine powder, which com-
prises spraying a solution in a volatile solvent of a
metal compound that is thermally decomposable to yield
a metal oxide against a surface hot enough to thermally
decompose the compound and release discrete metal
oxide particles which impinge against the surface and
to effect substantially complete vaporization of the re-
maining volatile components within the period of time
from just prior to contact between the particles and the
surface to substantially the instant of contact between
the particles -and the surface, and then collecting the
particles in loose finely divided form.

10. A method of obtaining a fine powder, which com-
prises applying to a surface an adherent thin crypto-
crystalline metal oxide coating, then heating the coat-
ing in the presence of a gaseous reducing atmosphere to
reduce the metal oxide to the metal, and then mechan-
ically breaking down the coating and removing the same
from the surface to obtain a powdered metal.
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