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[57] ABSTRACT 
A process and apparatus utilizing said process, 
whereby potassium nitrate, carbon and sulfur, plus any 
other desired additive, are inserted into a jet mill 
where the particles are mixed, pulverized and ground 
in a vortex of gaseous ?uid while the vortex is moved 
through a curvilinear path, the smaller, lighter parti 
cles being centrifugally separated from the larger, 
heavier particles and then exhausted from the mill, the 
mill being constructed to decelerate the particles dur 
ing initial mixture and to thereafter accelerate them 
through the curvilinear path, and then introducing the 
particles exhausted from the ?rst mill into a second 
similar jet mill where an additional coating material is 
introduced and where the entire mixture is permitted 
to tumble and roll slowly to effect improved smooth 
ing and coating. 

8 Claims, 2 Drawing Figures 
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PROCESS FOR MIXING, PULVERIZING AND 
GRINDING BLACK POWDER 

This invention relates to the pulverization, mixing, 
grinding, coating, and polishing of the components of 
black powder, and more particularly relates to such 
treatment by the use of “jet'” or “fluid energy" mills. 
Black powder consists essentially of an oxidizing 

agent such as potassium nitrate (KNO;,), charcoal and 
sulfur, with the optional addition of speci?c additives 
for speci?c purposes, as, for example, wood ?our 
which is used to slow the burning for use in fuses or the 
like. 

In the usual preparation of the black powder, the 
three essential raw materials are ?rst pulverized sepa 
rately, then mixed and ground together, this mixing and 
grinding constituting what is called “incorporation‘”. 
After the incorporation step, resulting in the produc 
tion of what is called “meal black powder”, this meal 
powder is compacted, then disintegrated, then sieved 
and ?nally polished, the polishing consisting of round 
ing and smoothing the particles by abrasion (called 
“glazing“) and then “?nishing” which constitutes fur 
ther smoothing by abrasion during which time a coating 
of ?nely pulverized carbonaceous material such as 
graphite is applied to the particles. 
These various steps were heretofore accomplished in 

separate mills, the pulverization taking place in ball 
mills. needle mills or hammer mills and the grinding 
and mixing taking place in other ball mills or in stamp 
ing or wheel mills. These mills were used because they 
were adaptable to small batches and were relatively 
slow. This was considered necessary because the ?ne 
grinding of the carbon or charcoal made it more reac 
tive and more subject to explosion. Slower grinding in 
these mechanical mills generated less heat and smaller 
batches provided less explosive material to lessen the 
danger of explosion. Furthermore, mixing the charcoal 
and sulfur separately and then inserting the potassium 
nitrate, provided less time for the fully explosive mix 
ture in the mill. 

The aforesaid process was commercially disadvanta 
geous because of the time consumed in the painstaking 
procedure —— usually about 6 to 12 hours or even 

longer -— for the grinding of each batch during the in 
corporation step. 

It was then proposed to overcome the dif?culties and 
time consumption of the old process by eliminating the 
mechanical mills and substituting so-called “jet” or 
“fluid energy" mills, the same type of“jet" mills being 
used both for pulverization and incorporation and for 
polishing. 
“Jet" or “fluid energy” mills utilize the particles 

themselves as the abrading and grinding means. This is 
accomplished by passing a stream of high velocity gase 
ous ?uid through a curvilinear path. The particles are 
passed into the whirling stream of gas where they are 
engaged in a vortex action in which they collide and 
pulverize each other. At the same time they are whirled 
through the curvilinear path together with the gaseous 
stream. During this whirling action. the smaller. lighter 
particles are centrifugally separated from the larger. 
heavier particles and centrifugally exhausted from the 
mill While the heavier particles are returned for further 
pulverization with fresh material. It is a characteristic 
ofthese “jef‘ mills that a certain amount ofheat energy 
is absorbed by the gaseous fluid during passage through 
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the nozzles because of expansion of the gas, so that a 
cooling effect is obtained despite the heat generated by 
the pulverization and grinding. 
The aforesaid proposed method attempted to utilize 

the inherent cooling effect of the “jet” mills to speed 
up the process by pre-mixing the three essential com 
ponents prior to insertion into the mill and then contin 
uously passing a stream of the premixed composition 
through the mill, thereby avoiding the necessity of slow 
grinding and‘the use of small batches. It was supposed 
that the incorporation step could take place in the com 
pletely dry state because the meal black powder pre 
pared in this manner had no signi?cant dusting and, 
therefore, it was not necessary to use moisture to bind 
the dust and increase compressibility, nor was it be 
lieved that water was necessary for safety. It was pro~ 
posed to optionally add water to the cyclone dust col 
lector which received the meal black powder after in 
corporation, but even this was not considered really 
necessary, nor was there any conception of the amount 
of water to be added or in what manner. 

Although the above-described “jet” mill process was 
a distinct improvement over the old use of mechanical 
mills insofar as speeding up the process was concerned, 
the danger of explosion was still signi?cant because of 
the dry state of the atmosphere during incorporation, 
due to the compressed gas expansion, such dry state in 
creasing the possibility of sparking because of static 
electricity. It was, further, apparently not realized that 
the bulk of the cooling effect in “jet” mills was due not 
so much to expansion of the gases but to the evapora 
tion of moisture, if any, in the mill. The evaporation of 
the moisture, being an endothermic process, absorbs 
the heat produced by the grinding. Another thing not 
apparently realized was that the same type of“jet” mill 
cannot be satisfactorily used for both “incorporation” 
and “polishing" since the grinding effect necessary for 
the incorporation step would reduce the particles to 
useless dust during the polishing step and this would be 
so even through the load in the mill is increased and the 
pressure or velocity of the gaseous ?uid is decreased. 
In fact, if the velocity of the gaseous fluid is reduced 
too much, the centrifugal action of the mill is deleteri— 
ously affected. 

It is one object of the present invention to overcome 
the disadvantages of both the original method of pro— 
ducing black powder and the formerly proposed “jet” 
mill process by providing a process and a system for 
practicing such process which permits rapid production 
by the use of “jet" mills, but which does so in a com 
pletely safe manner and in a manner to provide a com 
pletely satisfactory and improved product. 
Another object of the present invention is to provide 

a process of the aforesaid type which is relatively sim 
ple and easy to use. 
Other objects and many of the attendant advantages 

of this invention will be readily appreciated the same 
becomes better understood by reference to the follow 
ing description when read in conjunction with the ac 
companying drawings wherein: 
FIG. I is a generally schematic view of a “jet“ mill 

system embodying the present invention, said system 
being utilized for the pulverization and incorporation 
steps used in the production of black powder. 

FIG. 2 is a generally schematic view of a “jet“ mill 
system embodying the present invention. said system 
being utilized for the polishing step. 
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in accordance with the present invention, it has been 
found that in order to eliminate any possibility of static 
electricity sparking, there must be sufficient moisture 
in the mill to provide a relative humidity (RH) of be 
tween about 85—95 percent. On the other hand, an 
overabundance of free moisture causes adhesion of the 
particles resulting in agglomeration. Such agglomera 
tion interferes with satisfactory grinding. The introduc 
tion of the water together with the raw feed is also not 
satisfactory since this induces localized adhesion of the 
particles even before the grinding takes place and hin 
ders the grinding, It is, therefore, necessary not only to 
provide the proper amount of moisture to obtain a sub 
stantially constant RH value under variable tempera 
ture and pressure conditions, but the moisture must be 
introduced into the mill in the proper manner. In other 
words, as the temperature of the air changes for the 
same pressure and other operating conditions, in order 
to retain an RH of 85—95 percent in the atmosphere of 
the mill, the quantity of water added must also change; 
the higher the temperature, the more water must be 
added into the mill. 

In addition to the above, in accordance with the pres 
ent invention, the water is introduced into the mill in 
the form of a fine spray mist with the particles of water 
or other coolant preferably in a size range of about 0.01 
to 10 microns. The amount of water entering the mill 
should be automatically metered in accordance with 
varying temperatures and pressures in the mill to retain 
85—95 percent RH. This metering can be effected by 
any standard control means which may include a valve 
device, the opening of which is varied in accordance 
with a thermostat device set in a proper area of the mill. 
Such heat~eontrolled valves are not, per se, part of the 
present invention, but any standard type may be used. 
The water is dispersed into the fine mist by any de 

sired means such as by a continuous stream of high 
pressure air causing fine atomization of the water. This 
water mist or spray is directed into an incoming stream 
of potassium nitrate which is fed into the mill sepa 
rately from the carbon and sulfur feed. The water, in 
addition to being dispersed into a ?ne mist, is prefera 
bly heated to a temperature higher than ambient, most 
preferably to a temperature between about 70° to 
100°C. This is done to permit more potassium nitrate 
to dissolve in the water mist, because potassium nitrate 
is sparingly soluble in cold water but easily soluble in 
hot water. in this respect, 100 grams of water will dis 
solve 246 grams of KNO3 at 100°C. whereas at 20°C. 
it will dissolve only 20 grams. 
The collision of the water particles in the mist with 

the potassium nitrate particles dissolves at least a por 
tion of the potassium nitrate and disperses the remain 
der so that there is created a spray of potassium nitrate, 
both dissolved and dispersed, which is directed toward 
the fed stream of carbon and sulfur mixture. As the po 
tassium nitrate-water spray passes toward the carbon 
sulfur mixture, the spray is slowed down by an ex 
panded portion in the downstack part of the mill, so 
that, upon impact, the mixing of the three components 
and the adsorption of the potassium nitrate on the car 
bon and sulfur is effected over a period of time suffi 
cient to complete the mixture and adsorption. The 
more potassium nitrate in solution, the better, because 
the solution is not only more easily adsorbed onto the 
carbon but is also more easily absorbed thereinto to ef 
fect an impregnation of the carbon. 
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4. 
The mixing of the potassium nitrate and carbon 

sulfur feed does not take place until'just about the time 
that pulverization and grinding begins. This is because 
charcoal (carbon) becomes highly activated at the in 
stant of breakage into ?ne nascent particles. This acti 
vation is especially high immediately upon breakage of 
the carbon particles while the broken surfaces are still 
rough and channeled, and therefore present greater 
areas of adsorption and retention of other materials. 
This reactivity is rapidly reduced as the surfaces of the 
carbon particles begin to heal or smoothen out. 

In addition to the above, the carbon is preferably in 
troduced in a chilled state, lower than ambient temper 
ature, and, most preferably, lower than 0°C. For exam 
ple, the carbon may be pre-cooled to very low tempera 
tures in liquid air or nitrogen. There are at least two 
reasons for this: (a) carbon is much more absorptive 
when cold than when warm; for example, a piece of 
charcoal which will absorb 18 times its volume of oxy 
gen at 0°C, will absorb 230 times its own volume at 
—l85°C. (the temperature of liquid air); and (b) the 
cold carbon and sulfur mixture will dissipate the heat 
resulting from the use of warm water in the spray di 
rected against the dispersed potassium nitrate and from 
the heat generated by the grinding action. Though 
cooling is effected by the gas expansion itself, this fur 
ther cooling action has been found most desirable. 
Although the spray has been described as water so as 

to perform the double function of moisture additive 
and potassium nitrate dispersant and solvent, it is possi 
ble to add the water by other means and to use any 
other desired ?uid in the spray. In this respect, the ?uid 
may be a coolant material where it is not desired to ob 
tain any great degree of solution of the potassium ni 
trate. 

The mixture, together with whatever additives are re 
quired, is then pulverized, mixed and ground in the 
usual manner in the “jet“ mill and the meal is passed 
therefrom into a cyclone collector or the like. From 
there it passes to a hopper where any additional mois 
ture which may be required is added. The mixture then. 
drops onto a conveyor where it is compacted. It is then 
disintegrated and sieved in the usual manner. 
The product is now ready for polishing. The polishing 

is effected in another “jet” mill, but not the same type 
as used for the incorporation. This polishing mill is 
somewhat similar to the first one but is somewhat re 
versed in that it has an expanded portion in the upstack 
part of the mill, that is, in the part of the mill down~ 
stream from the part in which admixture of the compo 
nents takes place. This is to permit the particles of the 
mixture to slow down and tumble over each other at 
the same time that they continue to travel around the 
mill. This permits smoother glazing and more satisfac 
tory coating of the particles, which are the aspects of 
this polishing operation. 
The components used in the polishing step are (a) 

the product of the incorporation, compacting, disinte 
gration and sieving described above, and (b) graphite 
or the like. The polishing operation, as described 
above, comprises rounding and smoothing the particles 
by abrasion with each other (“glazing”) and further 
smoothing and simultaneous coating with graphite or 
the like (“finishing")v Both operations are carried out 
simultaneously in the “jet” mill used for this purpose. 
The powder from the first mill and the graphite are 

introduced into the mill by adjacent feed means and 
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then passed through a ?rst portion of the mill where 
low-pressure, low velocity air streams entrain them and 
cause glazing, after which they pass through the ex 
panded portion of the upstack where ?nishing takes 
place. The ?nished particles are then centrifugally ex 
hausted from the mill to a cyclone collector, from 
where they pass to a hopper as a ?nished product. 
Referring now in greater detail to the drawings 

wherein similar reference characters refer to similar 
parts, there is shown in FIG. 1 a “jet” or “?uid energy” 
mill, generally designated 10, comprising an inlet sec 
tion 12, an upstack 14, a classi?cation section 16, an 
exhaust duct 18 and a downstack 20. The exhaust duct 
18 is connected to an exhaust outlet on the inner pe 
riphery of the mill between the classi?cation section 16 
and the downstack 20. 
The inlet section 12, upstack l4 and classi?er section 

16 all preferably combine to constitute a “tractrix” or 
antifriction, constant acceleration curveture, such as 
disclosed in US. Pat. No. 3,648,936, dated Mar. 14, 
1972, to permit most ef?cient operation and to obviate 
undue wear of the mill. The downstack 20 is made of 
expanded shape for the purpose of decreasing the ve 
locity of the particles to permit more ef?cient mixing 
thereof and a greater time for adsorption and absorp 
tion of the potassium nitrate into the carbon and, to a 
lesser extent, the sulfur particles. 
The mill 10 operates in the general manner of such 

mills, having tangential inlet nozzles 22 leading from a 
manifold 24 into the inlet section 12. 
The nozzle tips are preferably provided with non 

friction plastic liners such as nylon or the like, to de 
crease the possibility of generation of static electricity. 
The manifold 24 is connected to a source of high 

pressure gaseous ?uid, such as air, through a valve 26. 
The high pressure air. entering through inlets 22, each 
of a somewhat different tangential angle, creates a vor 
tex within the inlet section 12 because of the impact of 
the different streams of air but, at the same time, the 
vortex is propelled through the upstack 14 because of 
the tangential angles of the inlets. Raw feed particles 
entering through inlets hereinafter described, are en 
trained in the vortex and pulverize and grind each other 
at the same time that these particles are carried by the 
air through the upstack 14 and into the classi?cation 
section 16. During the passage, the lighter particles are 
centrifugally separated from the heavier particles, the 
lighter particles passing along the radially inner wall of 
the mill and the heavier particles along the radially 
outer wall. This classification is completed in the classi 
?cation section 16 and, during their descent toward the 
downstack 20, the lighter particles pass through the ex 
haust outlet to the duct 18 from where they pass to a 
cyclone dust collector 28. The heavier particles return 
through the downstack 20 to the inlet section 12, being 
admixed during this travel with fresh raw feed. 
The raw feed comprises as indicated previously, 

three essential components, namely potassium nitrate, 
carbon (charcoal) and sulfur, The carbon and sulfur 
may be fed into the mill separately or in pre-mixed ad 
mixture. the latter being preferred, As indicated in the 
drawing. a mixture of carbon and sulfur is fed into the 
mill through a hopper 30, the particles of the mixture 
being propelled into the mill by a stream of gaseous 
?uid, such as air, under pressure, such gaseous ?uid 
being shown as supplied by a conduit 32. The conduit 
32 is connected by a valve 34 to two separate, alterna 
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6 
tively utilized conduits, indicated at 36 and 38 respec 
tively. The conduit 36 leads into the manifold 24 and 
utilizes the same high pressure air (usually at room 
temperature) as is passed through the inlets 22. The 
conduit 38 is connected to a source (not shown) of 
chilled ?uid which may be a cold gas, or which may be 
liquid air, nitrogen or the like. 
The potassium nitrate is inserted separately into the 

mill, and whereas the carbon-sulfur mixture is inserted 
through hopper 30 situated below the downstack, the 
potassium nitrate is inserted through a hopper 40 situ 
ated above the downstack. The potassium nitrate is 
propelled into the mill by high pressure gaseous ?uid 
supplied by a conduit 42. The conduit 42 is connected 
through a valve 44 to the manifold 24. 
Both the inlets from hoppers 30 and 40 are prefera 

bly provided with Venturi passages in order to increase 
the velocity of their respective ?uids. 
The inlet from hopper 40 is directed at a downward 

angle so that the fed potassium nitrate moves angularly 
into the downstack. At the opposite side of the down 
stack is an inlet duct 46 connected to a source of warm 
water (not shown), the water being preferably at a tem 
perature of between about 70° to 100°C. The inlet end 
48 of the duct 46 is offset so that the water issuing 
therefrom is propelled into impact with a stream of 
high pressure air or the like issuing from a duct 50 con 
nected to a source of high pressure air or the like, 
which may be the manifold 24 or any other desired 
source. The high pressure air, upon impact with the wa 
ter, atomizes the water and projects a fine spray or mist 
angularly down toward impact with the potassium ni 
trate particles issuing from the hopper 40. As described 
above, this warm water spray not only wets the potas 
sium nitrate particles but dissolves a substantial portion 
thereof while dispersing the remainder in the spray. 
The heated spray of potassium nitrate is slowed during 
passage through the expanded downstack and mixes 
intimately with the carbon-sulfur mixture, the warm 
spray being readily adsorbed and absorbed on the car 
bon particles which are particularly activated as they 
are simultaneously pulverized. 

In ordinary circumstances, the carbon-sulfur mixture 
is fed into the mill by high pressure air or the like di 
rected from the manifold 24 through conduits 36 and 
32. However, if greatly increased absorption is re 
quired, the carbon~sulfur mixture is fed by either 
chilled or liquid gas directed from a source thereof 
through conduits 38 and 32. The use of chilled ?uid is 
also effective in cooling the heated temperature caused 
by the introduction of the heated potassium nitrate 
spray. 
Both the use of the chilled or liquid gas for the car 

bon-sulfur feed and the hot water spray for the potas 
sium nitrate feed are optional, although the use of one 
or both is much preferred in order to obtain the most 
satisfactory product with the least danger. 
When the mixture passes through the duct 18 into the 

collector 28, the gaseous ?uid passes from the collector 
28 through a duct 51 into ?lter 52 from where clean gas 
is exhausted through a duct 54 while residual powder 
passes through conduit 56 to a receiver 58. The re 
ceiver 58 also receives the separated solids from collec~ 
tor 28. The solid mixture passes to a rotary valve 60 
through which the mixture is dropped onto a conveyor 
62. While on the conveyor 62, the mixture is com 
pacted by a compactor 64. The compacted mass then 
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passes to a disintegrator and sieve for grading the pow 
ders, which mechanisms are indicated generally at 66. 
An additives, such as wood ?our or the like, may be‘ 

introduced into the mill either in admixture with the 
carbon and sulfur or through a separate feed inlet. 

It may sometimes be desirable to incorporate addi 
tional moisture into the mixture in receiver 58. This is 
accomplished through a duct 68 and gas nozzle 70 simi 
lar to those shown at 46 and 50. 
The “incorporated" product produced by the system 

of FIG. 1 is now introduced into the system shown in 
FIG. 2 for “polishing”. The “polishing” system com 
prises a “jet” or “?uid energy" mill, generally desig 
nated 100, which is, in many respects, similar to the 
mill 10 in that it has an inlet section 102 provided with 
tangential gaseous ?uid inlets 104, an upstack 106, a 
classi?cation section 108, a downstack 110 and an cx- > 

haust duct 112. However, low pressure, rather than 
high pressure air is passed through the inlets 104. A 
hopper 114, having a high pressure ?uid conduit 116 
for propelling the material into the mill, is provided 
below the exhaust duct 112, this hopper being used for 
insertion of the “incorporated” mixture into the mill 
100. A second similar hopper 118 having a high pres 
sure ?uid conduit 120 is provided below the hopper 
114, this hopper 118 being used for the introduction 
into the mill of ?nely divided graphite. In contrast to 
the mill 10, the upstack 106 of the mill 100, although 
still preferably provided with the “tractrix" con?gura 
tion, has an expanded portion while the downstack 110 
is relatively narrow. By means of this construction, as 
the mixture passes through the upstack, the particles 
are not only moving relatively slowly due to the low 
pressure air, but are further slowed down by the ex 
panded upstack 106. As a result, the particles tumble 
and roll over each other, as indicated by the arrows in 
FIG. 2. This not only prevents excessive grinding while 
permitting rounding and smoothing, but increases the 
coating action of the graphite on the “incorporated" 
particles. 
The product which passes from exhaust duct 112 into 

a cyclone collector 122 is then freed from gaseous 
?uid, which flows upwardly through duct 124, and 
passes down into receiver 126 from where it passes 
through rotary valve 128 into a container 130 for the 
?nished product. 
Although the above process and apparatus is pre 

ferred, especially with regard to the separate insertion 
of the potassium nitrate and the carbon-sulfur mixture, 
it is possible to introduce all three components together _ 
above the expanded downstack portion 20 of the mill 
10, since the expanded downstack mill will still act to 
slow the movement of the particles sufficiently to ob 
tain a good mixture and the relatively short time in the 
mill will somewhat alleviate the danger of explosion. 

It is to be noted that the mills and all other compo 
nents of the system should be electrically grounded in 
order to avoid electrostatic sparking and the conse4 
quent danger of explosion during the processing. 
The invention claimed is: 
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l. A method of making black powder which com 

prises pulverizing, grinding and blending a mixture of 
fed materials comprising potassium nitrate, carbon and 
sulfur by means of entraining said mixture in a centrifu 
gally circulating stream of high pressure, high velocity 
gaseous ?uid in a ?rst curvilinear mill, said stream com 
prising a vortex wherein the particles of said mixture 
impact each other to pulverize and grind each other 
while simultaneously intermixing, said circulating 
stream causing the lighter particles to centrifugally sep 
arate from the heavier particles, said lighter particles 
being centrifugally exhausted from said mill while said 
heavier particles continue to circulate in said mill for 
further interaction with freshly fed materials, at least a 
portion of said particles being decelerated adjacent the 
area into which they are fed into the mill to provide en 
hanced intermixture thereof, the separated particles 
which are exhausted from the mill being thereafter 

, compressed, disintegrated and sieved to form an incor 
porated mixture, said incorporated mixture being then 
fed into a second curvilinear mill having a centrifugally 
circulating stream of low pressure, low velocity gaseous 

‘ fluid forming a vortex therein, decelerating said incor 
porated mixture at that‘portion of said second mill 
which is opposed to the area into which said incorpo 
rated mixture is fed, and centrifugally separating and 

‘ exhausting the lighter particles from said second mill to 
1 form a ?nished product. 

2. The method of claim ‘I wherein said incorporated 
mixture is fed into said second mill in adjacency to the 
feed of a coating material, said incorporated mixture 
and coating material intermixing with each other and 
the total mixture being centrifugally moved through 
said portion of said second mill which is opposed to the 
area into which said incorporated mixture is fed where 
the centrifugal movement of the particles of said total 
mixture is decelerated to cause a tumbling and relative 

I rolling action thereof whereby enhanced blending and 
coating of said coating material on the particles of said 
incorporated mixture is obtained. 

3. The method of claim 2 wherein said coating mate— 
rial is graphite. 
‘ 4. The method of claim 1 wherein at least one addi 
tive is intermixed in said first mill with said potassium 
‘nitrate, carbon and sulfur. 

5. The method of claim 1 wherein said potassium ni 
trate is fed into said ?rst mill separately from said car 
bon and sulfur, the movement of said potassium nitrate 
being decelerated prior to admixture with said carbon 
and sulfur. . 

6. The method of claim 5 wherein the particles of 
said potassium nitrate are dispersed in a ?uid spray 
prior to admixture with said carbon and sulfur. 

7. The method of claim 6 wherein said ?uid spray is 
water having a temperature that is higher than ambient. 

8. The method of claim 5 wherein said carbon is 
chilled to a temperature lower than ambient prior to 
admixture with the potassium nitrate. 
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