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[57] ABSTRACT

A combustible composition for generating aerosols for
the control and modification of weather conditions
consisting of a readily oxidizable substance selected
from the group consisting of aluminum, magnesium,
alkali-metals and alkaline earth metals; an oxidizing
agent selected from the groups consisting of:

(a) sulphur and sulphur yielding compounds; and

(b) organic and morganic nitrates, alkali-metal and

ammonium chlorates and perchlorates;

the molar ratio of the oxidizable substance to the oxi-
dizing agent being between 1.5:1 and 3.5:1 and a stable
hygroscopic solid which does not directly participate in
the combustion process of the combustible composi-

~ tion, said hygroscopic solid being present in an amount

up to 40% of the total weight of the combustible com-
position, the oxidizable substance, the oxidizing agent
and the hygroscopic substance having a particle size in
the range of from —140 to +270 mesh, and a primer
initiating the combustion of said composition whereby
during combustion, a finely dispersed aerosol smoke
consisting of moderately hygroscopic condensation
nuclel, and a non-hygroscopic gas are simultaneously
evolved, said gas acting to disperse said nuclei.

11 Claims, 8 Drawing Figures
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COMBUSTIBLE COMPOSITIONS FOR
GENERATING AEROSOLS, PARTICULARLY
SUITABLE FOR CLOUD MODIFICATION AND
WEATHER CONTROL AND AEROSOLIZATION

PROCESS

Matter enclosed in heavy brackets £ Jappears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a continuation-in-part of our pend-
ing application Ser. No. 742,956 filed on June 19, 1968,

now abandoned, which was a streamline continuation of

our application Ser. No. 444,923 filed Mar. 22, 1965,

now abandoned, and which was a continuation-in-part of

our application Ser. No. 392,809 filed Aug. 28, 1964,
now abandoned.
This application is a continuation-in-part of our

pending U.S. application Ser. No. 742,956, filed on

June 19, 1968, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to combustible compositions,
consisting of or comprising: mixtures of one or more
easily oxidizable, powdered metals and one or more
powdered oxidizing agents, which mixtures are able to
generate aerosols to be employed, in particular, to
control and/or to modify weather, such as to clear fogs,
to modify clouds, to prevent hail. |

This invention relates also to the process for the
aerosolization of the reaction products of said composi-
tions realized by oxidizing said metal/s with said oxidiz-
ing agents. More precisely, the compositions of the
present invention are able to give, after ‘“giant conden-
sation nuclei” and/or *‘giant freezing nuclei” for the
purposes stated above.

This invention further relates to an aerosolization
process of various substances which are contained in
mixtures comprising one or more easily oxidizable,
powdered metals and powdered oxidizing agents, the
aerosolization being the consequence of the combus-
tion of the above defined mixtures and/or of the melt-
ing or vaporization of suitable salts embodied in the
mixtures. '

It 1s known that various inorganic and organic sub-
stances have been employed as smokes or dispersions
for ice nucleation in super-cooled clouds; among these
known substances mention is made of silver and lead
10dides as well as the carbon dioxide.

the use of suspended or dissolved, powdered or va-
porized hygroscopic substances is also known to induce
coalescence of the water drops into clouds or in fog; we
cite among these known substances, as potential
agents, the activated sodium or potassium chlorides,
that is, the sodium or potassium chlorides which show
defective crystalline lattice, caused by ionizing radia-
tions.

Various methods and devices have been used up to
date to generate aerosols from the known substances;

for example, burners fed with solutions of silver iodide
in acetone have been used, or also containers contain-
ing said substances finely subdivided which is then
dispersed by means of an explosive charge of gunpow-
der. The use of aircrafts, helicopters, aerostats and also
rockets provided with a head charged with the product
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to be aerosolized and with a bursting charge suitable to
realize the dispersion is also known for the purpose of
transporting the substances to be aerosolized and the
aerosolization devices in the atmosphere zones wherein
a weather modification is desired.

Particularly the substances used up to this time, but
also the known methods and devices for dispersing
them to control and/or modify weather, show a number

- of disadvantages.
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The silver iodide, which up to now has been consid-
ered the best artificial ice-nucleant and is the most
commonly used for this purpose, besides being consid-
erably expensive promptly decays in its nucleating ac-
tivity under the action of both light or moisture. Fur-
ther its high cost confines its employment in practice to
dispersions having very small particles i.e. particles
whose sizes are comparable with those of the colloidal
water which constitutes the clouds; as a consequence
said particles are not able to mechanically sweep away
the colloidal water of the clouds.

Many other solid, hygroscopic substances, capable of
coalescing water vapour in clouds, etc. have the disad-
vantages that the ground product, which must be finely
subdivided (about 30 microns or less) and dry to avoid
reagglomeration and caking phenomena shown by said
hygroscopic particles in the presence of low moisture
content. In particular, cumbersome apparatuses are
needed to obtain sodium or potassium chlorides or
generally speaking, alkali-metal halides provided with a
defective crystalline lattice.

Also the methods now in use to produce aerosols
present various disadvantages, since they require dis-
persing or burning devices or other bulky and/or heavy
apparatuses which in turn require special equipment
for their transport and functioning,

DESCRIPTION OF THE INVENTION

This invention provides a solution to the above men-
tioned difficulties, which are encountered in preparing,
dispersing and activating the substances for purposes of
cloud-condensation and fog-clearing. An object of the
present invention is to provide a combustible composi-
tion consisting of cheap, easy to be found and to be
employed substances suitable to be transformed into
aerosols particularly useful for weather control and/or
modification.

Another object of the present invention is to obtain
aerosol constituted by giant condensation and/or freez-
ing nuclei.

Further objects of the present invention are:

(a) the obtainment of giant, monodispersed nuclei,

that is substantially uniformly sized nuclei;

(b) the obtainment of giant, monodispersed nuclei,
whose sizes may be adjusted at will within wide
limits;

(c) to provide a method for the preparation of the
described compositions;

(d) to realize compositions of substances able to
burst or to burn at a controlled rate therefore influ-
encing respectively a limited or a wide zone of the
atmosphere;

(e) to provide devices suitable to contain, to preserve
and to burn said composition;

(f) to apply the devices, containing the composition
according to the invention, to carriers for trans-
porting them in the atmosphere zones fixed in ad-
vance;
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(g) to utilize, when suitable, the combustible compo-

sitions also as propellents for the carriers.

The above mentioned and other objects will be evi-
lent to a man skilled in the art from the following
lescription of the present invention. |

The invention, in particular relates to a combustible
omposition for generating aerosols for the control and
nodification of weather conditions consisting of a
eadily oxidizable substance selected from the group
onsisting of aluminum, magnesium, alkali-metals and
ilkaline earth metals; an oxidizing agent selected from
he groups consisting of:

(a) sulphur and sulphur yielding compounds; and

(b} organic and inorganic nitrates, alkali-metal and

ammonium chlorates and perchlorates;

he molar ratio of the oxidizable substance to the oxi-
lizing agent being between 1.5:1 and 3.5:1 and a stable
1wygroscopic solid which does not directly participate in
he combustion process of the combustible composi-
ion, said hygroscopic solid being present in an amount
1p to 40% of the total weight of the combustible com-
rosition, the oxidizable substance, the oxidizing agent
and the hygroscopic substance having a particle size In
he range of from —140 to +270 mesh, and a primer
nitiating the combustion of said composition whereby
luring combustion, a finely dispersed aerosol smoke
consisting of moderately hygroscopic condensation
nuclei, and a non-hygroscopic gas are simultaneously
=volved, said gas acting to disperse said nuclex.

Among the more suitable metals to realize the pre-
sent invention, we may indicate: Al (first of all), Mg,
alkaline metals, alkali-earth metals and other readily
oxidizable metals.

We have found that aluminum is the most suitable
metal since, besides being relatively cheap, it may be
considered inert at room temperature (this characteris-
tic is an important factor for safety in the preparation
and transportation of the described compositions), it
yields remarkable heat of combustion which tavours a
good continuity of reaction and a good aerosol disper-
sion. Moreover it is available on the market in the
suitable purity and particle size. However, magnesium,
as well as other metals highly reactive at room tempera-
ture, may be used if suitable expedients are adopted, as
for example that of incorporating and lining the com-
position granules with suitable inert and/or binding
substances. One suitable expedient to prevent hazards
is to separately heat the mg and oxidant to about 70° C.
and on mixing, they are pasted with small amounts of
melted paraffin and then amalgamated together. In
practice, the pasting (mixing) is done on the presence
of polymers which, after setting, ‘‘segmented charges”
are obtained and the ingredients are safer to handle
since the reactive, powdered mixtures are coated and
immobilized by the solid polymers.

The metals, as already indicated for aluminum, are
used in their finely divided, powdered form.

The oxidizing agents more suitable for the composi-
tions according to the present invention must prefer-
ably meet the following requirements: to be stable at
room temperature, to be easy to grind preferably hy-
drogen-free, able to react with the metal with gas devel-
opment ( particularly nitrogen) which favours aerosoli-
zation.

The oxidizing agents are preferably selected from the
following classes:
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4

(a) inorganic and organic nitrates; special mention is
made of sodium and potassium nitrates which have
proved particularly useful,

(b) sulphur or sulphur-containing substances; or also
in the following ones:

(c) alkali-metal or ammonium chlorates and perchlo-
rates; |

(d) chlorinated hydrocarbons such as carbon tetra-
chloride and chloroform,

(&) peroxides.

However, substances belonging to the chlorates and
perchlorates class which are shock sensitive, require
inert binders for safe use is mixed and packed together
with reducing agents. If mixed, we have found that
aluminum sulfide, which forms during combustion of
compositions containing powdered aluminum and sul-
fur, is a very good ice-nucleating substance. The above
mentioned oxidizing agents must be finely ground in
order to allow a regular combustion and a complete
mixture utilization.

The additives considered in the present invention are
solid, stable, hygroscopic substances, which do not
directly participate in the combustion process of the
combustible composition and are preferably inert to
the products of combustion and have prolonged activ-
ity towards water; they, besides being used as “‘conden-
sation” nuclei, also have the purpose of controlling
combustion rate, developing gas in order to favour
aerosolization, stabilizing the composition and the like;
further, they are preferably selected in such a manner
that they form active dispersions by aerosolization of
the combustile compositions during the combustion
process.

The additives are generally mixed with the composi-
tions as fine powder or can constitute the core of the
charge. Some of the additives, as hereinafter men-
tioned, must be placed in a core and kept out of direct
contact with the composition.

The most efficient additives in the present invention
are given in their order of preference selected from the
group comprising sodium and potassium chlondes,
used in particular as diluents to control the composi-
tion combustion rate, the weight percentage of the
chloride in the mixture being up to 40% of the total
weight of the combustible composition; sodium and
potassium metals when they constitute the charge core
and sodium azide. All the above quoted additives form
active aerosols during the combustion process.

We have found that compositions according to the
invention constituted by suitably proportioned mix-
tures of finely divided metallic aluminum, oxidizing
agents such as dry, finely ground sodium or potassium
nitrates and/or other inorganic substances, can burn at
rates determined by the composition of the mixture and
yield quantitatively hygroscopic aerosols which possess
a prolonged fog condensation capacity at temperatures
above 0° C.

In particular we have found, under microscope analy-
sis, that the combustion products of the compositions
comprising aluminum, nitrates, sodium or potassium
chlorides, contain aerosolized sodium or potassium
chlorides, whose crystal lattices are altered or defec-
tive; as already noted, the so altered chlorides show a
remarkable electric activity allowing their application
in weather control.

From what is above stated, it follows that the aerosol-
ization process according to the invention, provides a

new method, remarkably cheaper than that realized
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through electrical discharges or other methods, to pro-
duce activated sodium or potassium chlorides.

We have also found that if the proportion of alumi-
num powder in the above compositions is sufficiently

mgh, 1.e. for molar ratios of aluminum to nitrate of 5

about 3.5 unreacted aluminum and sodium or potas-
sium metals, resulting from the thermal decomposition
of the present salts, become incorporated into the chlo-
ride-containing aluminum oxide aerosol spherules.
After combustion of the mixture the unburned metals
slowly react with water contained in the air by attract-
ing it and releasing gas; but, since the process is slowed
down by the oxide surrounding the metal (incompletely
burned) which slowly reacts with the atmospheric hu-
midity, the hygroscopic activity of the product is
slowed down too and the action of the aerosol pro-
longed. Aerosol particles prepared in the beforemen-
tioned way, exhibit during the process of hydration a
small electric-charge, due to electron ejection, which
considerably increases their fog-coagulating power.
We have also found that the insertion into the com-

bustible composition, comprising aluminum metal and

chlornides, of a core containing a suitable substance

which yields sodium or potassium as free metals by
thermal decomposition, vastly enhances the water-fog
coagulating powers of the aerosol, since substantial
amounts of highly reactive sodium or potassium metals
are occluded in the sodium chloride containing parti-
cles of aluminum oxide. Preferably the core consists of
uncompounded alkali metal or a substance yielding
free metals by thermal decomposition. Such a ther-
mally decomposable substance is for example the so-
dium azide. The core may be a central tube containing
a substance to be dispersed by heat generated by the
reaction of the combustible composition. For example,
the core tube may consist of a glass, resin impregnated
glass fibers, a polymer or aluminum tube containing
sodium or potassium azide, the container and its con-
tents being embedded centrally in the combustible
composition, care being taken that azide salt does not
come 1nto direct contact with the combustible compo-
sition to prevent the possibility of explosion which
might occur after mixing and in particular, during des-
iccation of the charge by heat. This serves to enrich the
aerosol 1in metallic unreacted sodium or potassium.

We have also found that combustible compositions
containing for example finely divided aluminum metal,
a suitable powdered oxidizer, such as sodium or potas-
sium nitrate and a suitable amount of sulfur powder,
can yield an aerosol of low hygroscopicity but of strong
ice-nucleating action. In fact our tests have established
that aluminum sulfide, formed in the reaction acts as a
very active ice-forming substance from supercooled
water, combustible, sulfur-containing compositions,
such as above described, gave excellent results in this
sense.

The composition preparation is realized in an anhy-
drous ambient, by drying the oxidizer and the additive
and then milling them up to a very fine powder passing
tor instance through a sieve containing 140 and prefer-
ably 270 mesh; the powder thus obtained is admixed
with the powdered metal (which has been prepared as
particles having an average 20 microns diameter), in
the presence of a suitable solvent, for example acetone,
which wets the powdered substances, dissolving the fat
traces sometimes covering the components. The paste
18 then introduced and dried in containers, hereinafter
described, or it is extruded, after admixing with suitable

6

binders in suitable shapes ready to be charged into
dispositives or to be used 1in other manners as hereinaf-
ter described. The dispositives comprise: a container
able to contain and to preserve the composition, the
composition and one or more priming devices. The

-container is generally closed on one end and open on

the other; in the case that the composition has to burn
at a controlled rate, the length and the diameter of the

' container are settled respectively according to the de-
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sired duration of burning and to the amount of aerosol
to be generated per unit time. In the case that the com-
position contains a metal excess with respect to the
oxidizer, the container acts, by burning, as a shield of
the fire zone, against atmospheric oxygen so preventing
the oxidation of the metal excess.

The container may be made of suitable material inert
at room temperature, water-proof, and of a size suit-
able for the particular use, for example, tubular seg-
ments made of suitable metals or of glass-fibers impreg-
nated with suitable resins may be used. In particular we
have found that by employing thin-walled containers
made of aluminum or anticorrosive, high-percentage
aluminum, aluminum-alloy, they are burned during the
composition combustion so realizing both the advanta-
geous effects of producing other active aerosols and of
avoiding the damages caused by eventual relapse of the
container if the charge is burned aloft. A suitable con-
tainer for this purpose is a tube made of anti-corrosive
aluminum, 3.5 cm. in diameter, 1 mm. wall thickness
and 25 cm. in length, the bottom of which is welded
closed. It is to be understood that the foregoing dimen-

- sions are given by way of illustration and is not to be
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taken as a limitation since it will be apparent that other
sizes of tubes may be employed.

Similar results can be obtained also employing con-
tainers of suitable magnesium alloys; pure magnesium,
unless protected with coatings, is not suitable for this
purpose, due to its reactivity.

The container, after being charged with the paste, is
heated at a temperature suitable to solvent and mois-
ture evaporation and then is cooled. The priming de-
vice 18 then introduced and the container open-end is
tightly closed.

If a delayed aerosolization is desired, which may be
obtained with a controlled composition combustion
rate, the paste is uniformly packed in the container; in
this case the primed charge can be constituted by gun-
powder introduced above and in contact with the paste,
wherein a fuse is immersed; the container sealing may
be realized for example with a paraffin, tar or polymer
plug wherefrom a fuse emerges.

If, on the contrary, an instantaneous aerosolization is
desired, the charge in the container may be suitably
shaped, for example by shaping it suitably hollow, com-
pressed and primed with a suitable priming device.

The containers charged with dispersing aluminum
compositions and primed as described, may be used
immediately as aerosols generators, or may be safely
handled, transported and/or stored for long periods of
time, without deterioration.

The devices, prepared as above described, can be
used as follows:

(a) They can be used at suitable places on the
ground, vertically with fuse up, initiating the dis-
persion by igniting the fuse;

(b) they can be transported and ignited where de-
sired in the atmosphere, by introducing them as
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rocket-nose inorifices made in the front part of

small inexpensive rockets.

We have quite successfully tried out in the field both
of the above applications; however, any other applica-
tion means, which, under the circumstances, may be
more suitable to transport the devices in the atmo-

sphere zones where the compositions according to the
present invention have to be aerosolized, 1s equally

comprised within the ambit of the invention. For exam-
ple, the devices may be dropped or towed behind from
airplanes in the clouds and here ignited; alternatively
the compositions of the invention may be used to fill
suitable shells for mortars and then sent and 1gnited in
the clouds, with possibly a larger degree of accuracy
than could be obtained using small pyrotechnic rock-
ets.

Some interesting characteristics of the compositions
object of the present invention are shown 1n the accom-
panying drawings, which summarize in part our tests.

FIG. 1 shows the slope of the compositions combus-
tion rate plotted against the molar ratio of the compo-
nents, for loosely packed compositions constituted by
aluminum and potassium nitrate. These tests are per-
formed in aluminum cylinders of 9 mm. diameter.

FIG. 2 shows graphically the results of tests simiiar to
the preceding ones, performed on the same composi-
tions after sinterization thereof; the apparent density of
the so prepared compositions was about 1.1 g./cm®.

FIGS. 3 and 4 show the slope of the combustion rate
plotted against the percentage of the potassium chlor-
ide additive contained in mixtures aluminum, potas-
sium nitrate and potassium chloride. The mixtures of
FIG. 3 were packed in tubes of 13.7 mm. diameter,
while the mixtures of FIG. 4 were not packed and were
contained in tubes of 9 mm. diameter. The molar ratio
aluminum to potassium nitrate was of 3.5:1 in both
cases.

FIG. 5§ shows the slope of the combustion time plot-
ted against the tube length, for loosely packed alumi-
num and potassium nitrate mixtures ratio 3.5:1, con-
tained in 9 mm. diameter tubes.

FIG. 6 shows, as above, the duration of combustion
for aluminum, potassium nitrate and potassium chlor-
ide mixtures in molar ratio AI:KNO;:KCl=3.5:1:1.6
contained in 13.7 mm. diameter tubes.

FIG. 7 shows the slope of the combustion rate plotted
against the percentage of sodium chloride contained in
the mixture, for mixtures magnesium-sodium nitrate, in

molar ratio Mg:NaNQO,=8, amalgamated with 15% of

total weight of paraffin.

FIG. 8 shows the slope of the combustion rate plotted
against the percentage of sulfur in the mixture, for
mixtures of magnesium and potassium nitrate, where
the molar ratio Mg:NaNQO,;=9 amalgamated with 15%
of total weight of components of paraffin. The compo-
sitions giving the desired combustion rate or, for a
given composition, the duration of the combustion 1n
dependence of the charge length, can be selected
through the graphs shown in the figures or other similar
ones. As already said the containers diameter packed
with a given composition, determines the aerosol
amount produced per unit time.

FIGS. 1 and 2 reveal usable molar ratios ALKNO;
ranging from 1.5:1 to 3.3:1.

The present invention is illustrated by the following
examples which do not limit the same.
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8

EXAMPLE 1

A paste made of 120 gms. of powdered aluminum
metal of about 20 microns in average particle size di-
ameter, and of 100 mgs. of sodium nitrate added with
70 gms. of sodium chloride, which were ground to pass
through an ASTM standard sieve of 270 mesh X inch™,
was amalgamated mechanically in the presence of
small amounts of acetone, loaded into a tube of anti-
corrosive aluminum, 3.5 cm. in diameter, 1 mm. wall
thickness and 25 cm. long, the bottom of which was
welded closed. This was followed by stepwise desicca-
tion in a stove for a period of about 4 hours with the
temperature increasing from about 60° to 130° C. The
charge was thereafter cooled in the open, pnmed with
gunpowder and fuse, and sealed. This type of standard
charge which burned for about 30 seconds and dis-
persed about 10'° “‘condensation nuclei,” was used on
frequent occasions on static, *“‘warm’’ valley clouds in
mountains, and it brought about invariably the tempo-
rary dissipation of such clouds in a volume of half a
cubic kilometer of air, approximately. The action of the
aerosol consisted in generating relatively large hygro-
scopic particles (‘“‘giant nuclei’’) which coagulated the
fog when introduced above it. Optical “‘rainbow ef-
fects” indicating formation of large, monodisperse
droplets at the expense of the fog, could be noticed
under direct sunlight illumination of the top of the
cloud, whenever the aerosol was used. Observation of
valley-cloud dissipation were confirmed by lapse pho-
tography. ’

Charges, such as described above, were fitted as
nose-cones into small, pyrotechnic rockets of 1000 and
3000 meters vertical range respectively. These were
fired into congested cumuli, and the dispersion of the
aerosol within the cloud led to a speedy modification of
the same, often followed by local precipitation, as mon-
itored by photography from a distance and at regular
time-intervals, as well as by monitoring downwind from
the site. The above experiments were carried out at a
suitable time of the year from a mountain ridge 1500
meters high. This was about the height of the cloud-
base at the time.

EXAMPLE 2

A paste made of 100 gms. of powdered aluminum
metal, about 20 microns in average particle-size diame-
ter, and of 50 gms. of fine sulfur powder and 80 gms. of
sodium nitrate which was ground to pass through an
ASTM standard sieve of 270 mesh X inch™!, was amal-
gamated mechanically in presence of small amounts of
acetone, loaded into a tube of anticorrosive aluminum
alloy 3.5 cm. in diameter, 1 mm. wall thickness and 25
cm. long. This was followed by stepwise desiccation 1n
a stove with the temperature increasing from about 60°
to 130° C., cooling, priming with gunpowder and fitting
with a fuse, after which the tube was sealed.

Charges of this standard type were fitted as nose-
cones into small pyrotechnical rockets of 1000 and
3000 meters vertical range respectively. At suitable
times and with observation both from a distance and
downwind from the site, as well as by lapse-photogra-
phy, available, those rockets were fired into super-
cooled cumuli, preferably in groups of 2 (1000 and
3000 meters of range units), at the same time, and in
conditions of a natural, orographic up-draft. Fast glaci-
ation of the cumuli followed promptly (about 20 min-
utes) and resulted, on frequent occasions, in precipita-
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tion on the ground. Those experiments were again
carried out from a mountainous ridge, 1500 meters
above sea level. Glaciation and changes in clouds were
invariably observed from a suitable distance: glaciation
was initially localized to the zone of aerosol dispersion, 5
but it often spread, at otherwise suitable conditions,
with time over quite vaster areas of the sky. The highest
temperatures of supercooled clouds, at which success
was obtained, was of about —4.0*+1° C., in agreement
with laboratory measurements. No iodine-bearing sub-
stances were contained in charges used at any time.

EXAMPLE 3

The results of tests performed on compositions on
the base of magnesium metal are reported hereinafter. 15

The compositions were constituted by:

Coarse commercial Mg powder, of particle size:

_-__'"__"‘_—_H_———-_—_____“._______

Mesh/inch: Percent 20
_—_—
—35 all
+140 B7
+270 9
—270 4
25

NaNO; oxidizer, which was desiccated in an electric
stove for 24 hrs., at 140° C., and ground to —140 + 270

mesh, ASTM, as well as of dried NaCl additive (same
size) or fine sulfur powder.

. . _ : 30
The following is the description of some aerosoliza-
tion tests:
(a) Mixtures, with gramme-molecular ratios of:
Mg:NaNO~l10; 8; 4
35

were amalgamated at about 70° C. with 15% of total
weight of dry reagents, with fused paraffin, and packed
tightly, after cooling into tubes made of an anticorro-
sive aluminum alloy, 15 mm. diameter, 1| mm. wall
thickness and 20 cm. long. After ignition by means of a
suitable fuse, those mixtures burned very lively and at a
uniform rate of about 5 cm. X sec™!. Aerosol collected
on greased microscopic slides, was found to consist of
non-symmetrical aggregates of magnesium-oxide, of
low hygroscopicity, as well as of finely subdivided al-
kali. No occluded metal could be found in the aggre-
gates. Unlike in the case of aluminum compositions the
heat of combustion was here quite moderate, hence the
oxide was not fused and the aluminum container re-
mained intact. Lack of interaction of the aerosol with
water indicates here the absence of magnesium nitride.
(b) Mixtures, at gramme-molecular ratios of:

40)

45

50

Mg:NaNQ,=8

35
were added with sodium chloride, and amalgamated
with 15% of total weight of dry reagents, of fused paraf-
fin, at about 70° C. Those mixtures, when tightly
packed and burned in containers such as described
under (a), yielded a smoke of MgO and alkali, as well
as particles of sodium chloride; hence it is thought that
this could be a way of dispersing hygroscopic salts.
Observations, such as described under (a) showed that
here again the heat generated was relatively low.

FIG. 7 shows rates of burning of those probes, against
the percent of total weight in NaCl, of the mixture.
Lack of inter-action with water indicates here too the
absence of magnesium nitride, in the aerosol.

60

65

10

10

(¢) Mixtures, at gramme-molecular weight ratios of
Mg:NaNQO;=8, were added with sulfur powder, and
amalgamated with 15% of total weight of dry re-
agents, of fused paraffin, at about 70° C. Those,
when tightly packed and burned (with rates shown
in FIG. 8) in containers such as described under
(a), vielded a smoke of MgO and alkali, which
contained large amounts of magnesium sulfide.
The heat evolution was much higher here than in
the probes (a) and (b) as revealed by microscopic
examination of aerosol captured on greased slides
which showed a fair amount of used spherules of
magnesium oxide, which, in turn, contained co-
loured magnesium sulfide. The aerosol prepared in
this manner nucleated ice at.—9° C. Furthermore,
since the magnesium sulfide reacts slowly with
atmospheric moisture, this combination could
probably be used as a source of hygroscopic nuclei.
Combustible compositions based on Mg are quite
hghter (per unit volume) but they would generate
less heat (per unit volume) than their aluminum
counterpart.

(d) Combustion of tightly packed candles of the
three types above described, but prepared in tubes
made of an anticorrosive aluminum alioy, which
were welded closed at the bottom ext. diameter 3.5
cm., wall thickness 2 mm., and 25 cm. long, was
carrted out in order to confirm the possibility of
using larger charges in practice. The charges con-
tained approximately 200 gms. of solid mixture
each a molar ratio of Mg:NaNO;=8; 15% of dry-
solid weight in paraffin and: no additive, 20%
NaCl, and 15% S, respectively. The charges burned
fast and with rates in agreement with those mea-
sured in the laboratory, and projected burning
sparks of magnesium into the air. The same favou-
rable combustion effect was obtained upon ignit-
ing, pyrotechnically, a similar charge contaning
sodium chloride, which was sent to an altitude of
about 1000 meters by means of a pyrotechnical
rocket.

EXAMPLE 4

This example shows the results of dispersion tests
performed with various chemical substances, by means

~ of Al-NaNQ, compositions.

Up to 300 gms. of combustible composition charges,

consisting of finely powdered Al metal and of dry
NaNO; (—140 + 270 mesh/inch) of molar ratio:

Al:NaNQ,=3:1

were mechanically mixed in presence of small amounts
of acetone, and compressed into tubes made of an
anti-corrosive aluminum alloy, which tubes were
welded closed at one end, and were of 3.5 cm. ext.
diameter, 2 mm. wall thickness and 25 cm. long. A
central hole was then bored through the paste and a
core made of a tube of anticorrosive Al, 20 cm. long,
1.2 cm. ext. diameter, | mm. wall thickness, which tube
was welded closed at the bottom and tightly packed
with a dry substance to be dispersed, such as those
mentioned in the table below and sealed on the top
with paraffin, was pressed into the central void in the
charge paste, which paste was previously desiccated
stepwise in an electric stove, until 140° C. was reached.
The duration of desiccation was of 5 hours, starting
with 70° C., the charges were kept at 140° C. for 2 hrs.
The charges thus prepared were thereafter primed with
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sunpowder and fused and sealed. Charges thus pre-
»ared burned or exploded with violence, developing
rery high temperatures, whereby all metal parts and
ores underwent, by reaction with the oxidizer, com-
slete combustion or vaporization, with consequent
lispersion and transformation into aerosol smoke.
The following table illustrates test carried out; the
nethod used, or other methods derived therefrom and
il comprised in the invention field is applicable to

lispersion of various other substances as aerosols.
TABLE
No. Solid core Resuits observed and photographed

; Sodium azide Burns with great violence, aerosol con-
tains unreacted sodium,

2 Sodium chloride Burns with violence.

3 Sodium nitrite !

4 Sulfur Burns with violence, with very bright
flame.

S Ammonium nitrate  Burns with great violence.

6 lodine Burns with vioclence, violet fumes.

7 Silver iodide Burns with violence.

The present invention possesses a number of impor-
.ant advantages, in that they provide a solution to diffi-
zulties encountered in preparation, dispersion and acti-
vation of cloud-precipitating and fog-clearing sub-
stances. The use of aerosols which are generated by
zombustion or explosion of suitable combustible com-
positions, enables large amounts of active smoke to be
dispersed efficiently and at low cost, and eliminates the
use of bulky and often expensive dispersing equipment.
T'he variety of additives and possible components of the
charges, opens wide fields of application; the ease of
storage of units prepared and the possibility of using
various sizes of standard charges increases the versatil-
ity of the method. The charges are shock proof and can
be transported safely, as indicated by a 3000 mile test
in automobile, on a batch of 40 units of types described
in Examples 1 and 2.

What we claim is:

1. A combustible composition consisting of a readily
oxidizable substance selected from the group consisting
of aluminum, magnesium, alkali-metals and alkaline
earth metals; an oxidizing agent selected from the
groups consisting of:

(a) sulphur and sulphur yielding compounds; and

(b) organic and inorganic nitrates, alkali-metal and

ammonium chlorates and perchlorates;
the molar ratio of the oxidizable substance to the oxi-
dizing agent being between 1.5:1 and 3.5:1 and a stable
hygroscopic solid to be dispersed which does not di-
rectly participate in the combustion process of the
combustible composition, said hygroscopic solid being
present in an amount up to 40% of the total weight of
the combustible composition, the oxidizable substance,
the oxidizing agent and the stable hygroscopic sohd
having a particle size in the range of from —140 to +270
mesh, and a fused compound which burns initiating the
combustion of said composition, whereby during com-
bustion, a finely dispersed aerosol smoke consisting
essentially of moderately hygroscopic condensation
giant nuclei and a non-hygroscopic gas are simuita-
neously evolved, said gas acting to disperse said nuclei,
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thereby generating aerosol smoke and a non-hygro-
scopic gas which control and modify weather condi-
tions. ,
2. Combustible compositions according to claim 1, in
which the oxidizable substance is aluminum and the
oxidizing agent is selected from the group consisting ot
inorganic and organic nitrates which are stable at room
temperature.

3. A combustible composition according to claim 1 1n
which said stable hygroscopic solid is selected from the

group consisting of metal halides.

4. Combustible compositions according to claim 3 in
which the oxidizable substance is aluminum, the oxidiz-
ing agent is selected from the group consisting of so-
dium and potassium nitrates, the stable hygroscopic
solid is selected from the group consisting of sodium
and potassium chloride, and wherein the weight per-
centage of the chloride in the mixture is in an amount
up to 40% of the total weight of the combustible com-
position.

5. A combustible composition according to claim 1 1n
which the oxidizing agent, the oxidizable substance and
the hygroscopic solid are amalgamated in the presence
of a binder selected from the group consisting of or-
ganic and inorganic binders, the resulting amalgam
being enclosed within a container, thereby forming a
combustible candle.

6. A combustible composition according to claim § in
which the candle has a central core comprising a metal
containing substance capable of yielding free metal by
thermal decomposition.

7. Combustible compositions according to claim 1 1n
which the oxidizable substance is aluminum metal and
the oxidizing agent is selected from the group consist-
ing of sodium and potassium nitrates, and wherein the
molar ratio of aluminum to nitrate is in the range of
between 1.5:1 and 3.5:1.

8. A combustible composition according to claim 6 in
which the metal of the metal containing substance is
selected from the group consisting of sodium metal and
potassium metal.

9. A combustible composition according to claim 6 in
which the core has an outer casing formed of a poly-
mer. |

10. A combustible composition according to claim 6
in which the core has an outer casing formed of alumi-
num.

11. A combustible composition according to claim 6
in which the core has an outer casing formed of resin

impregnated glass fibers.
* x ¥ *
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