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The present invention relates to a method for producing 
homogeneous compositions of several elements, and in 
particular to methods and techniques for making alloy 
metal powders, ceramic-metal powders, pure alloys in 
regulus form, valloys of dif?cult to reduce materials, 
minerals, synthetic minerals and ceramics. 
The technology of producing alloy metal powders may 

be broadly classi?ed into two general types of processes, 
those which are basically mechanical and those which are 
essentially physicochemical or chemical. Mechanical 
processes, such as milling, shotting and atomizing of the 
alloy, require an alloy which has been melted or is 
in molten state. As a practical matter, this limits me 
chanical processes to metals which are miscible. Many 
important combinations of metals, such as silver and 
nickel and various metal-ceramic mixtures, cannot be 
prepared by such mechanical processes because the several 
constituents readily segregate in the molten state. Fur 
thermore, a high order of purity of the ultimate alloy 
powder is frequently not attainable in that the original 
starting materials contain impurities, such as carbon and 
silicon, which end up in the alloy. 

Included among the physieo-chemical and chemical 
methods of the preparation of alloy metal powders, are 
processes involving precipitation, electrodeposition and 
decomposition of particular compounds. Chemical pre 
cipitation methods have the advantage of producing alloys 
which cannot be made by melting but exhibit the disad 
vantage that the precipitate must be subjected to ?ltering, 
very thorough washing and drying. Apart from the seri 
ous increases in the ultimate price of the ?nished product, 
handling of voluminous precipitates for mass production 
of alloy powders is at best di?icult. Further expense is 
involved in this type of processing in that many processes 
do not make provision for recovering the chemicals em. 
ployed in achieving the precipitation. 

Electrodeposition to produce alloy metalv powders in 
volves the use of plating techniques; and for each type 
of alloy powder to be prepared, di?erent baths and op 
erating conditions must be established. These techniques 
are highly specialized, to such an extent that the produc 
tion of each alloy powder is a process in itself; and there 
fore currently only very few alloy powders are made by 
this method. 

Decomposition techniques are exempli?ed by the 
carbonyl and hydride methods, which necessarily are 
limited to those metals which can be made into carbonyls 
and hydrides. Since comparatively few metal powders 
can be prepared by these processes and the cost is com 
paratively high, serious limitations are placedv on the 
application of these techniques. 

Broadly, it is an object of the present invention to 
provide an improved process for the production of alloy 
metal powders which obviate one or more of the afore 
said dii?culties. Advantageously, the present method 
?nds application in making alloy metal powders from 
alloys of miscible and non-miscible metals; avoids incor~ 
poration- of impurities from the ‘starting materials in the 
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, ?nal products; facilitates the production of a great variety 
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of powdered materials; and allows for processing in a 
manner compatible with mass production techniques at 
cost factors which are favorable in comparison to known 
processing methods. 

Apart from the important advantages realized in the 
manufacture of alloy metal powders, the present inven 
tion makes possible the preparation of synthetic minerals, 
ceramic-type mixtures of oxides, and the production of 
alloys of'refractory metals. In each instance, the process 

q ing involves the same general steps as for the preparation 
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of alloy metal powders. Accordingly, in its generalized 
application, numerous variants will occur to those skilled 
in the art of metallurgy. 

. Still further, for the preparation of di?icult reducible 
alloys, including ferrotitanium, ferroaluminum, and beryl 
lium copper, processing according to the present invention 
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facilitates reduction at lower temperatures as compared 
to presently known methods. This brings about sub— 
stantial savings in plant equipment and material simpli? 

_- cation of processing. 
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In accordance with the generalized method aspects of 
the present invention, a homogeneous composition of 
several elements may ‘be prepared from a homogeneous 
solution of the several elements in a volatile solvent. The 
term “solution” is intended to include true solutions and 
colloidal suspensions. The solution is dried under con 
ditions appropriate to drive off substantially all of the 
volatile solvents, without causing segregation of the 
several elements. The drying action, which may be char 
acterized as “quick-drying,” forms a homogeneous mo 
lecular mixture of the several elements in solid form, 
which may be further treated to obtain a molecular mix 
ture in powdered form or a regulus alloy. 

Alloy metal powders which can be processed accord 
ing to this invention includes those alloys which can be 
reduced from a mixed oxide below the melting tempera 
ture of the alloy, and below the temperature at which one 
or more of the alloy constituents will melt and segregate 
from the remaining unreduced oxides. Examples of the 
alloys which can be made, without limitation, include 
stellites, brass, bronze, nickel-silver, silver-‘nickel alloys, 
various steels including stainless and tool steels, Nichrome, 
Monel, tungsten-molybdenum alloys, tungsten-silver 
alloys, and a variety of solder materials. 

Metal-ceramic powders, frequently referred to as. 
ceramets, may be prepared. These powders are molecular 
mixtures of metals and ceramics, which have the proper 
ties of both the metal and the ceramic, with each particle 
the same and the metal and ceramic not separable. Ex 
amples of metal-ceramic powders, without limitation, are 

' stainless steel containing 5% aluminum oxide, tungsten 
containing 1% thorium oxide, and nickel containing 50% 
zirconium dioxide. ' ' 

Included among the alloys of difficult reducible metals 
are, without limitation, ferro-titanium, ferro-aluminum, 
cupro-aluminum, ferro chrome and spiegeleisen. 

Included among the minerals which may be processed 
according to the invention are zircon and spinel; and in 
cluded among the synthetic minerals and ceramics are 
various ferrites, cements and refractory materials. 

In its speci?c aspect the present invention includes 
four main processing steps which are as follows: 

( l) A solution is made‘ of the desired elements by dis 
solving the elements, their oxides or ores, in an appro 
priate volatile solvent, such as nitric acid, sulfuric acid, 

' ammonia, or water. 
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(2) The solution prepared according to ( 1) is sub 
jected to “quick-drying.” Most of the volatile solvents 
are quickly evaporated and no segregation occurs in the 
non-volatile elements which ultimately make up the end. 

' product. The volatile solvent which evaporates oil may 
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be collected .in its original form or in a form which can 
be readily converted to the original state. The ability 
to collect the volatile solvents makes the process partic 
ularly suitable for commercial production, 

‘(3;)’ The homogeneous‘ molecular mixture: of the sev 
eral ‘elements in solid form resulting from (2) is heated 
to drive off-‘any residue of’ the volatile solvent. Once 
again the volatile by-product may be collected; in its 
OIlgiHHLSYate or in a form which can'be readily con-.. 
verted; to‘ its original state. This step is optional and 
depends uponvthe' completeness of =thevolatilization of 
the-solvent in step- (2) > 
The original elements after the further heating step 

are in a molecular mixture which is comparable 'to a 
mineral;- and' where synthetic minerals or like products 
arenbeing prepared, no further processing is required. 
However for many applications, either or both of the, 
following additional steps may be-required: 
‘(4) The solid molecular mixture of the several ele 

ments derived from step (3) -mayl_be comminuted- by 
mechanical means to the desired ?neness, and reduced 
to‘ analloy-metal powder orvceramet. 

' (5) To obtain a metal in, regulus form, those metals 
which do not segregate may be melted, or the mixed 
oxides from step (3)_ may be reduced directly to a 
molten‘metal. ’ ' 

' To facilitate a more thorough, understanding of the 
present? invention, details of each step of the present 
process willbe set forth: 

In accordance withthe‘?rst step, the preparation of 
the homogeneous solution of the several elements in the} 
volatile solvent achieve a molecular mixture of the ele 
ments.’ The useof volatile solvents in‘ achieving the 
molecular mixture. allowfortherecovery and reuse of 
megawatt. Inniany instances, the ability, to achieve a 
substantially continuous process will make.‘ the difference 
between an economically sound ‘process capable of plant 
production handponel ?ndingt only laboratory interest. 
Anion'g?the solventsnwhich are suitable: forthe ‘prepara 
tio‘n'of ‘solution, and which are commercially avail 
able aticomparatively low cost are nitric acid, sulfuric 
acid,'_ammonialandE water. ln?thxathnitrates- are most 
easily‘ decomposed, an‘dwsince most elements are, soluble 
iniynitric acid, most ofvthe illustrative examples'detailed 
hereinafterrnwillhdeal ,withbnitrate solutions; however it 
‘is, 'not‘itolébeyconstrued thatiothersolutions, ‘such as those 
of ‘sulfa and still others, "are, notequally usable in the 
present process._ Y 

_ Typicalmsolutionsfor; preparing some illustrative mix 
tures‘ in“ ace nee, ,witlr'step (1):.v arev as follows: . 

‘A1. q"Sténr?ess. steel ~. powderra solution 1 of, ferric Q and» 
nirkslsitreisaincensedsliding-nicknam-1. 

B- BrassPawnee.asolstisnsofswrrer willing-m1 
trates...‘ ' ' I 

“C- ' silyerailislielsllqysre snlution 10f; .silvenend nickel , 
nitrates I 
"D: Tungsten-molybdenum a1loys-—a ‘solution ,: of s tungg 

steelriqxisiwn? ,inslybdsnumitrioxide=in. ammonia. 
E-l-lFsrs-btit?nillmma.solutionlcontaininstitanium and 

iron sulfatesiandlfree .sulfuric1.acidr,v 
F. A-cerameticontaining stainless steel and aluminum 

oxide-.a-solutibn containing. aluminum, nickel andliron 
nitrates, chromic acid‘ and .free nitric acid. 

G. Steelf—a solution containing ferricnitrate and col 
loidal'graphite... ’ I I 

H. Zirconium. silicate-21 solution’ containing zir 
coniurn nitrate .andcolloidal silica. 

~ The solutionsprepared in accordance with (G) and 
(Hy-are not-.truesolutions; however when these solutions 
are decomposed in accordance with the -_teachings of the 
invention, the produetslwill be a near molecular mixture,‘ 
whichupon-heating will become a true molecular mix-v 
ture ‘The solution ‘according to (G)_- and (H) will be 
recognized as colloidal suspensions. _ ' 
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4 
In accordance with the second step, a homogeneous, 

easily friable solid mixture of the desired elements is 
produced; and the rest of the elements are volatilized 
in a form which can be easily converted to the original 
solvent. For example, if nitric acid is used to dissolve 
the desired elements in solution, then conditions should 
be established to recover as much nitric acid as possible, 
and not to volatilize the nitrogen of the nitric ,acid as 
nitrogen gas.‘ This step is carried out, by subjecting the 
solution to “quick-drying,” such as will occur on a rotary 
drum dryer or ?ash dryer. In.“quick-drying,’_’ the ele 
ments dov not segregate, whereas in “slow-drying” (i.e. 
pan-evaporation-to-dryness) segregation of the elements 
occur. This may be because of one compound being 
more insoluble than‘the other, or because one compound 
thermally decomposes at a lower temperature than the 
other, resulting in a non-homogeneous mixture. 

Inff‘quick-drying”v the following chemical reactions pre 
dominate: ‘ 

M (H20) 6 (N03) 2—> 2HNO3'.6H;;0_+MO‘ 
In “slow-drying” the following chemical reactions pre 

dominate: ‘ 

Thus Iimquick-drying, more of- ,the. solvent is recovered in, 
itsiroriginal - form; ,‘further, quick-drying causes the, pars. 
ticl'estol take on a sponge-like form which is easily friable; 
whereas. in slow-drying produces hard crust-like solids. 

. Examples: of the quick-drying vare as .follows: 
' (a). A,~solution containing iron. and nickel nitrates. 

chromieecid, andfree nitricacid (designed to yield an 
endproduct. of.an:18,-.8 stainless steel.) was fed dropq. 
wise; onto, a hot metalv surface_.maintain'ed. atESOO" C.' 
andjthe resultant particles were removed from the surface. 
aftergzten vseconds, The resulting solidtmixturehad. 5%. 
of.,,the,.original nitrate content-oflthe, input materiahand. 
the solid was easily friable. The evolved nitrogen was 
80%,, in“, the form of~nitric acid, with the remainder 
ofthe nitrogen in theform of lower, oxides, as nitrogen 
dioxide (N02) andnitric oxide (NO). 

(b)? A nearly neutral. (pH 5) solution of copper and 
zinc nitrates (designed to yield an end product‘ of a 
90%,copper and 10% zinc brass) was fed dropwise 
onto, ‘a hot metal surface maintained at 400° C. and-the 
resultant solid product was removed from the surface in 
ten ‘seconds. The resulting molecular mixture had 4%.‘ 
ofl'theoriginal nitrate content of theinput'solution and 
wasleasily, friable. The evolved. nitrogen Was..85% in 
the, form, of nitric acid, with, the, remainder. of the nitro 
gen ‘in; the form of lower oxides, as N02 and NO. 

’ (0) An ammoniacal solution of molybdic and tungstic 
Oxides, ‘(designed to yield an end productof an..alloy 
c0 taining 50% vM0,.and 50%, W) was fed dropyviseonto: 
afghot, metal/surface. maintained at 150° ‘C._ and the re? 
sulting particles, were, removed from the surface after ;ten. 

' f Theresulting solid mixtilre. containeinone 0t. 
iginal ammonia, and the ammonia'was; quantitatively.~ 

recovered. l 
'(d) A solution containing iron and titani1_1m.,s_ulfate_sZ 

and free sulfuric ,acid (designed. toyyieldan endproduct 
of_'a ~50% iron, 50% titanium. alloy)‘ was ‘fed. dropwise, 
onto a hot‘.metal.surfacemaintained .at. 450°, C. and; 
the particlesvwere removedlfrom. the, surface after thirty. 
seconds.‘ The. resultingsolid mixture, had 50% of: the. 
original sulfate contentrof the input?materiahqand; the. 
solid was easily friable. _'I'he'evolved,.sulfur was,80%' 
ini-the. -f0rm_;,of sulfuric.,acid, with; the .remainder; ofv the 
sulfur in the-formof sulfurdioxide (S02). - 
The third. step. completes the removal ; ofr-the volatile 

element's, and,homogenization andinteraction ofithe Ire-2 
maining: oxides. Again,. the volatile elements should be, 
in ;a 'gformnwhere,they-can- be, easily converted: .to' the; 
originalsolvenh The-pmduct from this. step-is asynthetie 
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mineral and/oi‘ ceramic; and where only these products 
are wanted, the process is completed. -In accordance with 
step (3), the product from step (2) is heated fairly 
rapidly at a temperature above the decomposition point 
of the remaining compounds; and the volatile solvent 
driven off is quickly removed from the hot zone. 
The resulting mixed stainless steel oxides and nitrates 

from step (2) (Example a) were calcined at 800° C. 
for ten minutes and the volatile elements recovered. The 
evolved nitrogen was 26% in the form of HNO‘3, 60% in 
the form of N02, and 14% in the form of NO. The 
solid product was free of nitrogen. .‘This solid con 
tinued to glow for about ?ve minutes after removal from 
the furnace, indicating an interaction of the mixed oxides. 

It is possible in this step to drive off the volatile 
solvent and to minimize the interacting of the oxides by 
rapidly cooling the product. : Such a mixture will then 
have avery reactive surface. ' ' - . ‘ ' ' 

The-product from the iron titanium decomposition .of 
step (2) .(Example a’) was heated at 800° C. for forty 
minutes and the volatile elements‘recovered. The evolved 
sulfur was all. in the form S02. The solid product was 
substantially free of sulphur. > y 1 a ' 

The product from the ammoniacal solution for tungsten 
and molybdenum‘ oxides (Example c) did not require 
calcining to drive off the rest of the ammonia because 
this was all'accomplished in step (2). ' -_ 

In ‘accordance with the fourth step, the ' synthetic 
minerals from step (3) are converted into metal powders, 
:and ceramets. This step is accomplished by heating, the 
oxides from step (3) in a rotary kiln, Heresholf furnace, 
:tube furnace or like apparatus under a reducing atmos 
phere, such as hydrogen, methane, cracked methane, or 
‘with a solid carbonaceous material. 

Examples of the reduction step are as follows: F 
Stainless steel oxides from step (3) (Example a) 'were 

heated at 1250° C. for forty—?ve minutes in a tube furnace 
under very dry hydrogen. The product had sintered 
slightly, but this ,was recti?ed .by (adding the powder to’ 
a hammer mill where disintegration of the particles to 
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their prereduction size was easily accomplished. The ' 
product was an 18-8 stainless steel powder having very 
good compacting properties and showing excellent cor 
rosion resistance to nitric acid. 1 , , _ 

Brass oxides from step (3) (Example b) were heated. 
at ‘800° C; under an atmosphere of 50% hydrogen and 
50% carbon monoxide for thirty minutes. Reduction 
was complete as determined by standard tests, such as 
those described by the Metal Powder Association. The 
powder had excellent compacting properties, good ?ow 
rate, and good apparent density. 

Stainless steel oxides from step (3) containing some 
aluminum oxide was reduced at 1350° C. for thirty 
minutes under a very dry hydrogen atmosphere. The re 
sulting powder was a stainless steel ceramet having good 
compacting and other ‘metal powder properties; after 
pressing, the ceramet exhibited good strength-at high 
temperatures. _, ' _ ' _ ‘ 

Since in many cases only a small percentage of‘the 
volatile solvent is left in the product‘after‘ step (2), it 
may be commercially sound in accordance with the pres 
ent invention to eliminate step, (3) and reduce the oxides 
directly, allowing the small amount of volatile solvent to 
be lost with the spent reduction gases. ‘ Inview ofthe 
greater reactivity of the oxides from step (2), the reduc 
tion can be completed in a shorter time; and the resulting 
metal powder shows a higher apparent density for a given 
reduction time. .i " ' 

. As an example 'of direct reduction, monel oxide was 
reduced at 900° C. for thirty minutes. The resulting 
powder ‘had an apparent speci?c gravity of 2.5 Monel 
metal powder ‘prepared by the complete process, and 
reduced at 900° C. for forty minutes, had an apparent 
speci?c gravity of 2.0. ' r ’ ' ‘ \ ' ' 
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In accordance with the ?fth step, the metal__powder 75 

6 
or the mixed oxides are converted into a metal of regulu's 
form. For example, a casting made of a stainless steel 
which consists only of iron, chromium, and nickel and no 
silicon, carbon and other impurities generally found in 
ordinary 304 stainless may ‘be required. _ 
Such molten stainless steel can be made ‘by melting 

down {the powder from step (4) in an induction furnace. 
Loss of metal in this step by oxidation can be avoided 
by maintaining a hydrogen atmosphere over the top of 
the crucible- The resulting alloy will have a high order 
of purity; and may be formulated with precisely calcu 
lated percentages of the several constituents. 
The preparation of metal powders before the making 

of metal in regulus form is not essential for the smelting 
can be direct from the mixed oxides. For example, a 
melt of brass was made by melting a small amount of 
brass in an induction furnace; and to this melt a mixture 
ofybrass oxides and carbon was added and heated. Re 
duction of the oxides took place and a large melt of brass 
resulted. The smelting need not be con?ned to an induc~ 
tion furnace, for the same could be accomplished in a 
shaft or other type of ore-smelting furnace. 
The following examples will further illustrate how the 

present invention may ‘be carried out in practice, ‘but the 
invention is not restricted to these examples. 

Example I.—304 stainless stel powder and metal in 
regulus form 

(a) 70 parts iron (i.e. Armco iron ?lings) were 
dissolved in excess nitric acid according to the following 
formula: 

(b) 10 parts nickel (i.e. turnings) were dissolved in 
excess nitric acid according to the following formula: 

(It is understood that in each reaction the N02 would 
be recovered for reox-idation and reuse in actual plant 
operation.) 

(0) 40 parts CrO3 were dissolved in water. , 
(d) All three solutions prepared by steps (a), (b) 

and (c). .were mixed, ?ltered to remove any insoluble 
impurities, and concentrated to a temperature of 120° C. 

(e) The resulting solution was “quick-dried” by being 
subjected dropwise to a metal surface maintained at 
300° C. where rapid evaporation of the water and decom-' 
position took place according to the following possible 
reactions: 

The dried product was removed from the metal in ten 
seconds. The evolved gases were condensed and recov 
ered as strong nitric acid. The evolved nitrogen was in 
the form of 80% HNO3, with the remainder in the form 
of N02 and NO. 

(f) The solid material was ground in a hammer mill 
until the particles all passed a screen of 100 mesh. This 
material had ..5-% of the nitrates when ?gures as 
F.e(NO3)3- . . . > 

' (g) The mixed oxides from step (f) were then heated 
for ten minutes at 800° C. to remove most of the volatiles. 
Practically all the nitrogen was evolved as HN03 or N02 
according to the following possible reactions: 

(h) The stainless steel oxides from step (g) were re 
duced at 125 0°' C. under a very dry hydrogen atmosphere 
for forty ?ve minutes. A slightly sintered mass resulted 
from this reduction. 

(i) The product from step (h) was fed to a hammer 
mill where the particles disintegrated to their prereduc 
tion size. .The ?nal product, 304 stainless steel powder,‘ 
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showed good strength when compacted‘ under‘ normal 
press'ure. The stainless steel powderjalso showed very 
goodcorrosion resistance to nitric vacid. ' 

I(]')' Part of the stainless steel powder from step .(i) 
was placed in a zirconia crucible of an induction furnace 
and melted'down under a hydrogen atmosphere-to a regu 
lus form, forming a stainles steel‘ alloy free of carbon and 
silicon. 

Example lI.-—'304 stainless steel-15 % A1203’ céram‘e't 
."Al_(OH)3j was dissolved in excess nitric acid according 
to the following formula: 

The resulting solution was added to a solutionv prepared 
according to steps (a) to (d),of Example I. This solu 
tionand the various intermediate products were treated 
similarly ‘to those under Example I, except that the reduc 
tionof the oxides was carried out at 1350° C. The 
resulting product, which was stainless steel with 5% 
aluminumwoxide, exhibited suitable properties for metal 
lurgical processing. 
Example Ill.—Aluminum titanate, refractory material 

51 parts aluminum oxide and 80 parts titanium dioxide 
were dissolved in excess sulfuric acid according to the 
following formulas: ' ' 

The several solutions were mixed together and the 
resulting solution was fed dropwise onto a hot metal 
surface which was maintained at 450° C. and left there 
for thirty seconds. The volatiliz‘ed sulfur was condensed 
and was found to have been in'the form of 78% H2SO4 
and 22% $02. _The dry product contained 55% of the 
original sulfates, when compared to the formulas T i(SQ4)2 
and A13(SO4)3. Thedry product was calcined at 800° C. 
for forty minutes in which time the remainderof the 
sulfur was evolved as S02 and the product Al2O3T-iO'2 
was formed. The product was then ground to the desired 
?neness. 

Example IV.—-—Tungsteiz-molybdenum alloy, 50% W, 
50% Mo 

63 parts W03 and 76 parts M003 were dissolved in 
excess aqueous ammonia and mixed. The resulting solu 
tion was ‘fed dropwise onto a hot metal surface main 
tained at 150° C. and left there for thirty seconds. The 
evolved gases were condensed and collected. The am 
monia was quantitatively recovered. The resulting solid 
product was a molecular mixture of molybdenum and 
tungsten oxides. The solid mixture was ground to minus 
100 mesh, andwas reduced in a tube furnace which was 
slowly raised from 300° C. to 1100° C. The total reduc 
tion-time was ninety minutes“ The powder, an alloy of 
50% tungsten and 5 0% molydenum, had sinteredslightly; 
whenthe powder was. added-to a hammer mill, the powder 
broke up into'its prereductionsize. 

Example V~;;Monel ‘powder 
_ 60 parts nickel turnings were dissolved inexcess nitric 

acid; 33 parts copper turnings were dissolvedin excess 
nitricacid; and 7 'parts iron turnings were dissolved in 
excess ‘nitric acid. The three solutions were mixed and 
then dropped on a metal surface which was maintained 
at 350° C. Thevsolid product remained on the surface 
for thirty seconds and was then removed.’ The solid 
product still vcontained 10% of the original nitrates. The 
solid was ground to pass through a 100 mesh ‘screen. 
The product was then calcined ati800° C‘. for" ten minutes 
afterwhich decomposition ‘was substantially complete. 
The product was reduced for thirty minutes at 900“ 'C; 
underwa-hydrogen atmosphere. A’ slightly ‘sintered‘ powder 
remained. The powder was ‘ground up in a hammer mill 
to thepr'ereductionsize of theparticles. .The resulting 

25' 

product‘was aipowdered Monel of exactly_60% Ni, 33%.. 
Cuvand 7% iron-and no other elements. The powder. 
hadrexcellent-strength when compacted under moderate 
pressures; C ' ‘ 

‘Example ~Vl.—Spinel, MgAl2O4 
78 parts<Al'(O-l_T-'I‘);;Iwere‘ dissolved in excess nitric acid, 

40Ip'aits MgO were ‘dissolved in nitric acid as follows: 
about ten parts" we'reladded to an aluminum nitrate solu 
tion-"until the‘ pH reached a value of 3'; the remaining 301 
parts‘ were dissolved‘ in a stoichiometric amount of nitric 
acid. The resulting solutions were mixed and concena 
trated to 120°C. The‘ solution was then fed dropwise. 
onto a heated metal'surfa'ce which was maintained at 
250° C. The: product remained on the surface for ?fteen: 

" seconds. The product contained about 30% of the origi 
nal nitrates; 95% of the nitrogen which was evolved'was 
recovered directly‘ as nitric acid. The product was then: 
heated at 500° C. for ?ve minutes, 600‘7 C. for the next. 
?ve minutes, and 800° C. for the?nal ?ve minutes. The 

. productnow contained no nitrogen. The nitrogen which 
was evolved‘ was'inthe form of nitric‘acid, N02 and NO. 
The product was'dens'i?ed by heating for approximately 
thirty minutes. The product-as analyzed was found to 
be spinel. " ‘ ' - 

Example VlI.--‘Aluminous cement 

aluminous cement containing 40%, CaO, 40% 
A1203, 15% Fe2O3, 5% SiO; was prepared by the follow-' 
ing steps: . 

(a) 10.5 parts iron was dissolved in excess nitric acid, 
(b) 61.3 parts A1(OH)3 was dissolved in excess nitric 

acid, . 

(c) '40 parts ‘CaO were dissolved in nitric acid; one 
portion was added to the‘iron solution until the pH rose 
to 1; another portion was added ‘to aluminum nitrate 

‘ solution ‘until the pH rose to 1; and the remainder was 
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added to a stoichiometric amount of nitric acid. 
(d) 5 parts SiOz as-a 30% colloidal solution was pre 

pared. 
(a) The solutions were all'mixed together and then 

concentrated ‘to 120‘ C. . 
(f) Thesolution was then fed dropwise onto a heated 

metal surface which was maintained at 350° C. The 
material was ‘allowed to remain on the surface for ?fteen 
seconds. The materialrcontained 35% of the original 
nitrates. , , 

(g) The product from step (e) was then heated for 
thirty minutes at a rising temperature which began at’ 
500° C and reached 800" C. after the thirty minutes. 
Substantially all the nitrates were evolved as HNO3, N03 
and NO‘; and the product contained no nitrates. 

(h) The product was ground until it all passed a screen 
of 200' mesh. 

Example VIll.-—Ferroxcube IV 
A ferrite material, which could be used for trans 

former cores and is of a composition 50% NiFeZO; and 
5 0% ZnFe2O4 was prepared by the following steps: 

,(a) 58.7 parts nickel turning were dissolved in excess 
nitric'acid. ’ 

(b) '11.7 _pa?s iron turnings were dissolved in excess 
nitric acid‘. 

‘ (c) 81.4 ‘parts ‘zinc oxide were dissolved in nitric acid; 
one ‘portion being added'to the nickel solution until the 
pH rose‘to- 1; ‘another portion _added to the iron until the 
pH rose'to 1; and the 'third‘portion in a stoichiometric' 
amount of nitric acid. 

'(d) The solutionsiwerepmixe'd and then concentrated 
to 120° C. a 

' v('e) The solution “wasi'added dropwise to a metal sur 
face 'which was maintained at 350° C. The material was 
removedvv from the hot zone vafter 'l?fte'e'n seconds.‘ The 
product has $15 % of the original nitrates left in it. The“ 
nitrogen which was evolved was 972% in the form-10f 
nitric acid, and the remainder in the'form; of lower oxides‘ 
ofénitrogen. . ' . ' 
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.1 :(j) The product was then calcined ‘for thirty minutes“ 
in a rising temperature which started at 500° C. and, 
reached 800° C. after thirty minutes. The nitrogen which 
was evolved was in the form of HNO3, N02 and some 
NO. The resulting product, a ferrite known as‘ferrox 
cube IV, had good magnetic and electrical properties. 

Example IX-Brass powder 
Ninety parts copper metal was dissolved in excessrnitric 

acid. 12.2 parts zinc oxide was dissolved in nitric acid 
by adding one portion of the zinc oxide to the copper 
nitrate solution until the excess acid was neutralized, and 
second portion to a stoichiometric amount of nitric acid. 
The solutions were mixed and concentrated to a tem 
perature of 140° C. The resulting'so‘lution was fed drop 
lwise onto a metal surface maintained at 400° C. and 
left there ten seconds. The evolved nitrogen was col 
lected and found to have been 85% in the form of nitric 
acid, and the remainder as N02 and NO. The solid 
product contained 4% of the original nitrate content. 
The solid product was then calcined at 800° C. for ten 
minutes and then reduced to a brass metal powder by 
heating at 800° C. for thirty minutes under a hydrogen 
carbon monoxide atmosphere. The resulting powder had 
good compressibility and excellent ?ow and density char 
acteristics. 

Example X .—-Zirc0n, ZrSiO4 
167 parts basic zirconium carbonate was dissolved in 

excess nitric acid. The solution was added to another 
solution containing sixty parts silica in colloidal suspen 
sion. The resulting solution was added dropwise onto a 
hot metal surface maintained at 300° C. and left there 
for thirty seconds. The resulting solid product was then 
calcined at 1000° C. for sixty minutes. The product 
was analyzed and found to be ZrSiO4. 

Example XI.—Ferr0titanium, 50% Fe, 50% Ti 
71 parts Fe2O3 was dissolved in excess sulfuric acid. 

83 parts Ti02 was dissolved in excess sulfuric acid. The 
two solutions were mixed. The resulting solution was 
then fed dropwise onto a hot metal surface maintained 
at 450° C. The material was left for thirty seconds on 
this surface and then removed. The evolved sulphur was 
condensed and found to have been 80% in the form of 
H2SO4 and 20% in the form of S02. The solid product 
still contained 50% of the sulphur when ?gured as 
Fe(SO4)3 and Ti(SO4)2. This solid product was calcined 
at 800° for thirty minutes in which time all the sulphur 
was volatilized as S02. The solid product was then re 
duced at 1600° for one hundred twenty minutes under 
very dry hydrogen. A metal product was obtained which 
was analyzed and found to be 50% Fe and 50% Ti. 
Reduction is accomplished at a temperature readily at 
tainable with gas burners or the like. Accordingly, the 
illustrative process exhibits marked advantages as com 
pared to conventional techniques which require tempera‘ 
tures of the order of 2000" 0., usually attained with an 
electric are. ~ 

Example XIl.—Ferroaluminum, 70% Fe, 30% Al 
70 parts Armco iron ?lings were dissolved in excess 

nitric acid. 86.5 parts aluminum hydroxide were dis 
solved in excess nitric acid. The two were mixed and 
concentrated to a boiling point of 119° C. The solution 
was fed dropwise onto a hot metal surface maintained 
‘at 300 C. and left there for ?fteen seconds. The evolved 
nitrogen was 98% in the form of nitric acid and 2% 
in the form of lower oxides of nitrogen. This gas was 
condensed and recovered as a strong nitric acid solution. 
The solid product'contained 31% of the original nitrates, 
when ?gured as Fe(NO3)3. The solid product was 
ground in a hammer mill and then heated in a rising tem 
perature which started at 500 C. and reached 800 C. 
after ?fteen minutes. The product contained no nitro 
gen. The nitrogen which was evolved was in the form 
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ofnitric-acid, NOzeand NO. The solid product then ' 
reduced at 1600° C. for one hundred twenty minutes 
under very dry hydrogen. The resulting metal'was an 
alyzed and found to be 70% iron and 30% aluminum. 
From the foregoing, it will be appreciated that the 

process of the present invention is exceptionally versatile 
and lends itself to the production of many and varied 
alloy metal powders, ceramic-metal powders, synthetic 
minerals, and ceramic-type mixtures. Further, the var¢ 
ious powders can be made to exacting speci?cations, with 
relative freedom of impurities. Still further, di?icult to 
reduce metals may be prepared in regulus form. Further 
variants and numerous other products may be prepared 
in accordance with the teachings of the present inven~ 
tion, as will occur to those skilled in the science and art 
of metallurgy. A latitude of variation, substitution and 
modi?cation is intended in the foregoing disclosure and 
in some instances certain features of the invention will 
be used without a corresponding use of other features. 
What I claim is: 
1. In a method for manufacturing homogeneous com 

positions of alloy metals, ceramets and ceramics the 
steps of preparing a homogeneous solution of the several 
elements in the composition in a volatile solvent including 
constituents selected from the group consisting of nitric 
acid, sulfuric acid, ammonia and water, subjecting said 
solution to quick drying to drive off substantially all of 
said volatile solvent under conditions selected to preclude 
segregation of the several elements and to assure the 
formation of a homogeneous molecular mixture of said 
several elements in solid form, further heating said molec 
ular mixture to drive off any residue of said volatile sol 
vent, and recovering said volatile solvent driven off during 
at least said quick drying for reuse. 

2. The method according to claim 1 including the fur 
ther step of treating said molecular mixture to obtain a 
powder. 

3. The method according to claim 1 including the fur 
ther step of reducing said molecular mixture to a metal 
in regulus form. 

4. The method according to claim 1 including the fur 
ther step of recovering said volatile solvent driven o? 
during said further heating of said molecular mixture. 

5. In a method for manufacturing homogeneous com 
positions of alloy metals, ceramets and ceramics, the 
steps of preparing a homogeneous solution of the several 
elements in the composition in a volatile solvent includ 
ing constituents selected from the group consisting of 
nitric acid, sulfuric acid, ammonia and water, subjecting 
said solution to quick drying at a temperature within 
the range of 150° C. to 450° C. to drive off substan 
tially all of said volatile solvent under conditions se 
lected to preclude segregation of the several elements 
and to assure the formation of a homogeneous molecu 
lar mixture of said several elements in solid form, further 
heating said molecular mixture to drive o? any residue: 
of said volatile solvent, and recovering said volatile: 
solvent driven off during at least said quick drying for 
reuse. 

6. The method according to claim 5 including the 
further step of treating said molecular mixture to obtain 
a powder. 

7. The method according to claim 6 including the 
further step of reducing said mixture. 

8. In a method for manufacturing a homogeneous 
composition of several metals, the steps of preparing a 
homogeneous solution of said several metals in a volatile 
solvent including constituents selected from the group 
consisting of nitric acid, sulfuric acid, ammonia and wa» 
ter, subjecting said solution to quick drying to drive olf 
substantially all of said volatile solvent under conditions 
selected to preclude segregation of said several metals 
and to assure the formation of a homogeneous molecular 
mixture of said several metals in solid form, heating said 
molecular mixture in a reducing atmosphere to drive oif 
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any,.i.residue.‘_of,said volatile solvent, and-recovering- said. 
volatilelsolvent. driven 01f, during at. least saidtquick :dryingl, 
for, reuse. - 

,9.,.Inl a?method for manufacturing a, homogeneous 
composition-ofseveral metals comprising thevsteps of 
preparing a homogeneous solution ofvsaid several metals 
in a..vo1atile solvent includingconstituents: selected from. 
the group, consisting of, nitric: acid, (sulfuric . acid, ammonia ~ 
and water, ,subjeeting, said solution .to, quick» drying, at a 
temperaturelin-therangeof 150"?" C. to, 450° C, to drive: 
off ‘substantially all of:said volatilessolventunder condi 
tions selectedto preclude segregation of said, several,-: 
metals and to assure the formation of’ a homogeneous 
molecular mixture of , said .several, metals .- in‘ solid @ form, , 
further heating said moleculartmixture > tor-drive: off any 15' 

5. 

10. 

12 
any residue of said svolatile solvent,ttandtrecovering :said 
volatilersolvent driven ,o? during atleast-said quick dryr-i 
ingzfor reuse. 
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