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[57] ABSTRACT 

Free ?owing powders such as for ?ame spray applica 
tions are produced by agglomerating ?nely divided 
material, classifying the agglomerates to obtain a de 
sired size range, entraining the agglomerates in a car 
rier gas, feeding the agglomerates through a high tem 
perature plasma reactor to cause at least partial melt 
ing of the particles, and collecting the particles in a 
cooling chamber containing a protective gaseous at 
mosphere, wherein the particles are solidi?ed. 

2 Claims, 2 Drawing Figures 



3,909,241 US. Patent Sept. 30,1975 



1 
PROCESS FOR PRODUCING FREE FLOWING V 

POWDER AND PRODUCT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an improved process for ob 

taining free flowing powders, and more particularly re 
lates to a method of forming substantially spherical, 
dense particles from agglomerates of ?nely divided par 
ticulate material, and also relates to the resultant prod 
uct. 

2. Prior Art 
Free ?owing powders are useful in a variety of appli 

cations in the ceramic and metallurgical arts, such as in 
the formation of powder compacts, in casting and in 
coating operations, such as ?ame spraying. 

Metallic and ceramic ?ame spray‘ coatings are fre 
quently applied to various articles to impart properties 
such as hardness, wear resistance, good lubricity, cor 
rosion resistance, improved electrical properties or 
perhaps simply to build up a used part which has worn 
below usable tolerances. 
Powders for ?ame spraying are desirably uniform in 

size and composition, and relatively free ?owing. Flow 
ability must be suf?cient for the powders to be uni 
formly transported to and injected into the ?ame. In 
general, the ?ner the powders, the poorer the ?ow 
characteristics. Although considerable advances have 
been made in powder feeding equipment, powders less 
than about 40 micrometers generally do not ?ow well 
enough for general use. 
The ceramics and powder metallurgy industry have 

used various agglomeration methods in order to make 
free ?owing powders of normally non-?owing small di 
ameter powder particles, usually involving use of an or 
ganic binder to promote formation of the agglomerates. 
Because of their larger sizes and relatively lower sur 
face area the agglomerates have improved ?ow proper 
ties. Unfortunately, such agglomerated product also 
has a lower apparent density than the beginning partic 
ulate product. This property is the weight of a given 
volume of uncompacted, loose powder, and is impor 
tant in ?ame spraying in that the weight of the coating 
being deposited depends on the weight of the volume 
of powder which the ?ame gun feeder will accept. In 
addition, the agglomerated product has a larger mean 
particle size than the beginning material. This is impor 
tant in that when considering two materials of compa 
rable size ranges, the one having the smaller mean par 
ticle size gives a denser, smoother coating. Strength is 
often improved with denser coatings and smoother 
coatings require less ?nishing by grinding or machin 
ing. 
Flame spray powders having high apparent densities 

have been made by atomization of molten material. 
However, atomization processes are characterized by 
low yields of particles within the desired size range. 
Furthermore, powders of refractory material are diffi 
cult and costly to produce by atomization techniques 
primarily because of their high melting points. 

SUMMARY OF THE INVENTION 

The invention is directed towards a method for pro 
ducing free ?owing powders including the steps of en 
training these powders in a carrier gas, feeding them 
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through a high temperature reactor at a substantially ’ 
uniform ?ow rate so that interparticle contact and 

2 
coalesence is substantially avoided and at a feed rate 
such that at least the outer surfaces of a substantial 
number of particles are melted during their time of ex 
posure to the high temperature zone of the reactor. 
After passing through the reactor, the particles are then 
cooled at a rate suf?cient to solidify at least the outer 
surfaces of the particles prior to their contact with a 
solid surface or with each other. 
Because they were melted while entrained in a car 

rier gas, the solidi?ed particles are substantially spheri 
cal, have smooth surfaces and thus have excellent ?ow 
ability. In addition, the solidi?ed particles have the 
same general size range as the starting material, but, 
depending on the porosity of the starting material, may 
have a smaller mean particle size, due to densi?cation 
during melting. This densi?cation is advantageous in 
that it leads to increased ef?ciency in coating opera 
tions. 
The free ?owing powders of the invention are pri 

marily useful in coating applications, such as ?ame 
spray applications, but are also useful in other applica 
tions where ?owability, apparent density or fine mean 
particle sizevare important considerations. 

In accordance with a preferred embodiment, materi 
als in ?nely divided particulate form (less than about 
40 micrometers) are agglomerated such as by spray 
drying in a slurry with a binder, and classi?ed to obtain 
a desired particle size range. At this stage, the agglom 
erates are porous, irregular in shape and have a rough 
surface. They are then processed as above resulting in 
conversion to smooth, substantially spherical particles, 
to make powders having apparent densities of 40% of 
theoretical density or more of the material. If the ag 
glomerates consist of more than one type of particle, of 
more than one metal or ceramic or a combination 

thereof, these materials will react or alloy together dur 
ing melting, to produce prealloyed powders or homoge 
neous composite particles. , 
Bene?cial chemical reactions may also be carried out 

during melting. For example, by introducing hydrogen 
into the hot zone or by mixing carbon into the starting 
powder material, oxides may be reduced to low levels. 
Addition of carbon or boron may be used to form car 
bides or borides. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a photomicrograph of an agglomerated mo 
lybdenum powder produced by spray drying and used 
as a feed material for the process of the invention. 
FIG. 2 is a photomicrograph of the feed powder of 

FIG. 1 after having been fed through a high tempera 
ture plasma reactor and cooled in accordance with the 
invention. 

DETAILED DESCRIPTION OF. THE INVENTION 

For a better understanding of the present invention, 
together with other and further objects, advantages and 
capabilities thereof, reference is made to the following 
disclosure and appended claims in connection with the 
above-described drawings. 
The invention may readily be employed with any in 

organic material having a melting point above 500°C 
including elemental metals, alloys, pure or mixed ox 
ides, borides, carbides, nitrides, etc., cermets, or mixed 
systems of the foregoing. Of particular interest for coat 
ing applications are refractory materials having a melt 
ing point above 1800°C and including the refractory 
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metals tungsten, molybdenum, chromium, tantalum, 
and niobium and their alloys and any of the borides, 
carbides and nitrides with or without any of various 
modifying additives known or used commercially to en 
hance one or more properties of these materials. Exem 
plary of such modi?ed materials are the cemented 
tungsten carbides containing up to 30% cobalt. 
Where the beginning particle size of the powder is 

below about 40 micrometers, the ?owability of the 
powder is in general insufficient to permit readily en 
training them in a carrier gas and feeding them through 
the high temperature reactor. Thus, such particles 
must normally be agglomerated. Such agglomeration 
may be by any technique known to the art such as 
forming powder compacts followed by crushing these 
compacts or mixing the powder with a binder in the 
presence of moisture. However, agglomeration by 
spray drying is in general preferred for its ?exibility 
and economy of operation on a production scale. The 
particular conditions under which the slurries are 
formed and spray dried are well known, and are not a 
necessary'part of this description. A detailed descrip 
tion thereof may be found for example in US. Pat. 
No. 3,617,358, issued Nov. 2, 1971. 
Depending upon the application envisioned the spray 

dried agglomerates may be classi?ed, usually by 
screening, in order to obtain a desired particle size dis 
tribution, for example, within a range of about 60 mi 
crometers and preferably 80% within a range of 30 mi 
crometers for flame spraying applications. 
While practice of the invention only requires a reac 

tion zone temperature above the melting point of the 
highest melting component of the material being pro 
cessed, it is preferred to have a temperature at least 
above the vaporization point of the lowest vaporizing 
component of the material to enable a relatively short 
residence time in the reaction zone and consequently 
to enable processingyof large quantities of powders con 
veniently. _ 

The means for achieving such high temperatures can 
be any of several commercially available types, but a 
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plasma flame reactor has been found to be convenient ‘ 
due to its temperature capabilities, its atmosphere ?exi 
bility, and simplicity. Details of the principles and oper 
ation of such plasma flame reactors are well known and 
thus are not a ncessary part of this description. Com 
mercially available plasma ?ame reactors are equipped 
with powder feeding means, some of which rely upon 
gas entrainment, and these have been found satisfac 
tory for the practice of the invention. 
Of course it is unnecessary that all particles melt 

completely, since melting of the outer layer of the par 
ticle will result in some degree sphericity, surface 
smoothness and densi?cation. Furthermore melting of 
only a certain fraction of the particles will nevertheless 
result in substantial improvement in flowability of the 
powder. By way of example, for plasma ?ame reactors 
having temperature capabilities between 10,000°F and 
30,000°F it has been found that powder feed rates of 
from 1/2 up to 30 pounds per hour result in substantial 
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4 
improvement in ?owability of the final product. How 
ever, for optimum improvement in ?owability a powder 
feed rate of from V; to 15 pounds per hour in the above 
temperature range is preferable. 
Although unnecsaary to the practice of the invention, 

a narrow size distribution ‘may nevertheless be pre 
ferred because under set melting condition particles 
above a certain size range do not melt completely, and 
particles below a certain size may be heated to the va 
porization temperature. 
The melted particles must be cooled at a rate suffi 

cient to solidify at least an outer layer of the particles 
prior to their contact with a solid surface or with each 
other, in order to maintain their sphericity and particle 
integrity. While any of several known techniques may 
be used to achieve this result, it has been found conve 
nient to feed the at least partially melted particles, 
while still entrained in the carrier gas, into a liquid 
cooled chamber containing a gaseous atmosphere, 
which may be reactive or protective, depending upon 
the nature of the product desired. The chamber may 
also conveniently serve as a collection vessel. The size 
distribution of the starting material is substantially re 
tained in the ?nal product, while the mean particle size 
may be up to 50 percent smaller, depending upon the 
porosity of the starting material, due to the densi?ca 
tion caused by melting. 

Several examples are now presented to illustrate vari 
ous modes of carrying out the invention. 

EXAMPLE 1 

Molybdenum powder is agglomerated by spray dry 
ing an aqueous slurry of 70 without solids molybde 
num, 2 without Carbowax 6000 (tradename for a com 
mercially available polyethylene glycol binder) and 
0.25 without polyvinyl alcohol. The slurry is fed 
through one inlet of a two fluid nozzle into a commer 
cially available spray dryer at a rate of 4 gallons per 
hour (1 14 pounds of slurry per hour) while heated air 
is fed into the other inlet. Inlet air temperature is 400°C 
and outlet air temperature is 165°C. 
The spray dried powder is ?red for approximately 7 

hours at 1000°C to remove the organic binders and to 
strengthen the agglomerate particles. The ?red powder 
is then separated into size fractions by screening. The 
size ranges obtained are —100 + 200, -—l70 + 200, 
~—200 + 325 mesh, and —270 + 325 mesh, Standard 
U.S. Sieve. 
Each size fraction is fed separately through a com 

mercially available plasma torch into a water cooled 
collectiontank. A mixture of 126 cubic feet per hour 
of argon and 70 cubic feet per hour of hydrogen is fed 
to the plasma torch. The torch power is about 28 KVA. 
Nitrogen gas is fed to a powder feeder at a rate of 7 
cubic feet per hour to entrain the powder and then is 
fed through the torch. The nitrogen provides a non 
reactive atmosphere as well. 
The product collected is then examined. Product size 

and yield information is shown in Table I. 

TABLE l 

Induction A/Hz Plasma 
Spray Dried Mo 

Feed Size 

Feed Weight (grams) 
Run Time (mins.) 
Feed Rate (lbs/hr) 
Torch Power (KVA) 

-—l 0()+2()() —l 7()+20() —2()0+3 Z5 —270+3 25 

616 267 980 572 
90 40 75 61 

27.4 24.5-26.3 28.8 28.2 
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Table l-Continued 

Induction A/H2 Plasma 
Spray Dried Mo 

Product Wt.(grams) Wt. (grams) 
W1. "/1 Wt. "/2 

+200 80 16.8 2 0.8 
—200+325 333 70.1 170 69.7 
—325+400 27 5.7 40 16.4 
—400 35 7.4 32 13.1 

TOTAL 475 I 00 244 100 

Wt.(grams) Wt.(grams) 
Wt’?! Wt.% 

+270 25 2.5 3 0.6 
-270+325 442 43.4 39 7.9 
-—325+400 267 26.2 1 13 23.0 
—400 285 28.0 337 68.5 

TOTA L 1019 100 492 100 

The effect that melting has on densifying the particles 
is shown by the decrease in particle diameter. The 
—100+200 mesh feed drops to 83% below 200 mesh. 
The —270+325 mesh feed decreases to 91.5% below 
325 mesh. Measurements on apparent density show an 
increase from 1.8 g/cc for the spray dried feed to 5.4 
g/cc for the product. Flow by a Hall Flowmeter accord 
ing to ASTM speci?cation 8213-48 in which the time 
for 50 g to ?ow through a standard ori?ce is measured. 
Flow for the spray dried feed is 41 seconds and for the 
product is 11-12 seconds. Scanning electron micro 
graphs of the spray dried and ?nal products are shown 
in FIGS. 1 and 2, respectively, for the —200+325 mesh 
fraction. 

EXAMPLE ll 

Spray dried, agglomerated molybdenum feed is pre 
pared as indicated in the ?rst example. It is classi?ed 
by screening and the —200+325 mesh fraction is fed 
into a commercially available resistance are plasma gun 
attached to a collection chamber, at‘ a rate of 1.4 
lbs/hr. gun current and voltage settings are 500 amps 
and 28 volts. Argon is used for the powder feed carrier 
gas at 0.7 cubic feet per hour and for the plasma gun 
at 28 cubic feet per hour. The resultant product has an 
apparent density of 5.3 grams per cubic centimeter and 
a ?ow time of 14-16 seconds. Microscopic observation 
shows a small fraction, about 3 percent, of particles 
which appear to be unmelted. These are readily re 
moved by air classi?cation. The remaining 97% prod 
uct has an apparent density of 5.6 grams per cubic cen 
timeter and a ?ow time of 10-11 seconds. A screen 
check of the product shows the following distribution 
of sizes in weight percent: 

—200+27O 13.2% 
—27()+325 47.3% 
—325 39.4% 

EXAMPLE III 

A Mo-34 weight percent Ni powder is prepared by 
spray drying a slurry of molybdenum powder with a 
carbonyl source nickel. The powder is spray dried and 
?red as in Example I, classi?ed and the —200+325 frac 

-tion passed through the induction plasma gun. Gun 
power is about 20 KVA. Nitrogen as the carrier gas is 
fed at the rate of 7 cubic feet per hour, and argon as the 
plasma gas at the rate of 126 cubic feet per hour. 
Spherical, free ?owing Mo-34 Ni alloy powder is 
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formed, having an apparent density of 3.44 grams per 
cubic centimeter and a Hall ?ow of 21 seconds for the 
—270+325 product. 

EXAMPLE IV 

A Mo-15 weight percent W powder is prepared by 
spray drying molybdenum powder as a slurry with 
water and binder and ?red as in Example I. The spray 
dried and ?red product is classified and fed to the 
plasma gun. Argon as the carrier gas is fed at the rate 
of 0.8 cubic feet per hour and as the plasma gas is at 
28 cubic feet per'hour. Gun current is 550 amps and 
gun voltage is 28 volts. The product is a Mo-15W alloy 
powder with an apparent density of 6.22 grams per 
cubic centimeter and a ?ow time of 9 seconds for the 
—325 mesh fraction. 

EXAMPLE V 

Ni-15 atom percent Mo (Ni-22.4 weight percent Mo) 
and Ni-l 5 atom percent W (Ni-35.6 weight percent W) 
powders are made by slurrying molybdenum and tung 
sten powders with the appropriate amounts of carbonyl 
source nickel. The binder is 2% Carbowax 6000 dis 
solved in water. Instead of spray drying, these powders 
are agglomerated by drying in trays and then passing 
the resulting cake through a 20 mesh screen. This pow 
der is then ?red at 1 100°C for about 1 hour to remove 
the binder and further classi?ed by screening. The 
—200+325 mesh fraction is fed to the plasma gun to 
give dense, free ?owing alloy powders. 
While there has been shown and described what are 

at present considered the preferred embodiments of 
the invention, it will be obvious to those skilled in the 
art that various changes and modi?cations may be 
made therein without departing from the scope of the 
invention as de?ned by the appended claims. 
What is claimed is: 
1. A free ?owing ?ame spray powder consisting es 

sentially of substantially spherical particles of an inor 
ganic material having a melting point above 1800°C, 
the powder having an apparent density of at least 40% 
of the theoretical density of the material and a particle 
size distribution within the range of about 60 microme 
ters, the powder characterized by particles having sub 
stantially smooth nonporous surfaces and by a Hall 
?ow within the range of from about 9 to 21 seconds. 

2. The powder of claim 1 in which the inorganic ma 
terial is selected from the group consisting of molybde 
num, tungsten and their alloys. 

* >1‘ * * >1< 


