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This invention relates to improved methods for pro 
ducing dispersions of ?nely divided ‘solids in air. 

Solid aerosols have previously been prepared by var 
ious methods, such as by subjecting ?nely divided solids 
to explosive bursts. Aerosols prepared by these methods, 
however, are not as uniformly dispersed as desired. In 
many cases the aerosols contain many clusters or ?ocks 
which remain undispersed due to the cohesive forces be 
tween the individual particles. The particles in such 
aerosols thus settle rapidly and are, therefore, of little 
practical value. In other cases, when the ?nely divided 
solid is stored for long periods of time the individual par 
ticles tend to pack together and when subjected to an 
explosive burst do not give uniform dispersions of in— 
dividual particles. 

This invention has as an object the provision of an 
improved method for dispersing ?nely divided solids in 
air. A further object is to provide a process for prepar 
ing improved aerosols. A still further object is the pro~ 
vision of a process for producing dispersions in air of 
?nely divided solids in which the cohesive forces between 
the individual particles are markedly reduced. A still 
further object is to provide a process for generating aero 
sols which are capable of remaining suspended in air for 
hitherto unattainable long periods of time. Additional 
objects will become apparent from an examination of the 
following description and claims. 

These and other objects and advantages are accom 
plished according to the herein described invention which 
comprises reducing the particle size of a solid material 
to less than 20 microns weight median diameter, surface 
coating the resultant ?nely divided solid with a poly 
hydric alcohol partial ester of an unsubstituted long-chain 
fatty acid acting as a surface-active agent to reduce co 
hesion between the particles, and subjecting the result 
ant surface-treated solid material to a bursting charge. 

In a more restricted embodiment this invention com 
prises subjecting to a bursting charge a closed receptacle 
containing a solid material which has a particle size of 
less than 10 microns weight median diameter and which 
is surface coated with from 0.1% to 5% of its weight of 
a polyhydric alcohol partial ester of an unsubstituted long 
chain fatty acid. 
One preferred embodiment of this invention comprises 

reducing the particle size of a protein, e.g., blood albumin, 
egg albumin, gliadin, zein, casein, or the like, to less than 
10 microns weight median diameter, surface-coating the 
resultant ?nely divided protein particles with from 
0.1% to 2% by weight of diethylene glycol monolaurate 
and subjecting the resultant surface-treated protein to a 
bursting charge in the air. 
Another preferred embodiment of this invention com~ 

prises reducing the particle size of an insecticide, e.g., 
pyrethrum, rotenone, ferric dimethyl dithiocarbamate, 
p,p'-dichlorodiphenyltrichloroethane, dodecyl thiocyanate, 
lead arsenate, calcium arsenate, sulfur, basic copper car 
bonate, barium ?uosilicate, calcium ?uosilicate, or the 
like, to less than 10 microns weight median diameter, sur 
face-coating the resultant ?nely divided insecticide par 
ticles with from 0.1% to 2% by weight of diethylene 
glycol monolaurate and subjecting the resultant surface~ 
treated insecticide to a bursting charge in the air. 

Various arrangements and selections of equipment for 
the operation of my process are possible. In a preferred 
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arrangement the particle size of the solid material is re 
duced to a weight median diameter of less than 10 
microns by any method appropriate to the particular 
material being employed. The particles of the resultant 
?nely divided solid are then surface-coated with from 
0.1% to 2% of their weight of a dispersing agent, such 
as a polyhydric alcohol partial ester of a long chain fatty 
acid, e.g., diethylene glycol monolaurate, whereby co 
hesion between the individual particles is reduced. The 
treated powder is placed in a container and then sub 
jected to the disruptive burst ‘of an explosive or to a 
burst produced by the rupture of a closed container 
charged with a compressed gas or low-boiling liquid. 
The following examples, in which proportions are in 

parts by weight unless otherwise speci?ed, are given for 
illustrative purposes and are not intended to place any 
restrictions on the herein described invention. 

Example 1 

A ball mill containing 1/2-inch steel balls is charged 
with 7000 grams of commercial egg albumin, 11,000 
grams of the organic liquid sold commercially as Atlantic 
Safety Kleen, and '70 grams of diethylene glycol mono- 
laurate. This mixture is ground for two days, the organ 
ic medium removed by distillation, and the dry residue 
disintegrated in a Mikro-Pulverizer until the particles 
have a weight median diameter of 6.8 microns, at which 
point 76% (by Weight) have a diameter of less than 10 
microns and 30% a diameter of less than 5 microns. A 
cylindrical cellophane container is charged with 2.83 
grams of this surface-treated egg albumin, a number 
6 electric blasting cap is placed in an axial position in 
the container, and the assembly placed in a chamber hav 
ing a volume of 1000 cu. ft. When the cap‘ is ?red, an 
egg albumin aerosol is obtained. Determination of the 
mass concentration of solid particles in the aerosol by the 
method described below indicates that 42%, 11% and 
2% of the theoretical amount (the total weight of solid 
originally used for the generation of the aerosol) of al 
bumin remains suspended in the air during periods of 
one to ?ve, six to ten and eleven to ?fteen minutes, re 
spectively, after the explosion. 
The aerosol is generated in a closed chamber approxi 

mately 10 ft. x 10 ft. x 10 ft. in dimensions at a point 
approximately 2 ft. below the geometric center of the 
chamber. A circulating fan placed directly below the 
aerosol generating apparatus is run at a rate which cir 
culates 1500 cu. ft. of air per minute to obtain a uniform 
distribution of the aerosol in the test chamber. This 
chamber contains a set of nine Pyrex glass tubes ?lled 
with Pyrex glass Wool carefully placed to eliminate chan 
nels without packing to the point of high resistance, each 
of which has been dehumidi?ed by drawing through it 
over an eight minute period 1.4 cu. ft. of air which has 
been dried by calcium chloride. These tubes are arranged 
in three sets of three each on a vertical frame which 
stands two feet away from the center of the floor of the 
chamber. In each set of three, one tube is placed hori 
zontally at each of three levels (1/2 ft., 5 ft. and 8 ft.) 
from the ?oor of the chamber. Each set of three tubes 
(A, B and C) is attached to a branching vacuum line 
of rubber tubing, the single end of which leads through 
the chamber to an individual stocpcock on a vacuum 
manifold. The vacuum line leads from the manifold 
through a dry test meter which is provided with dials for 
reading gas volumes in decades from 1500 of a cubic foot 
upward. The vacuum source is an air pump with capac~ 
ity of 3 cu. ft. of air per minute. A differential manom 
eter is attached to the vacuum line side of the meter so 
that the meter reading can be corrected to atmospheric 
pressure. Exactly one minute after the generation of the 
aerosol the circulating fan is stopped and ?ltration of 
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the aerosol through Set A of the ?lter tubes is begun. 
Sampling through Set A is terminated at ?ve minutes and 
Set B and Set C are used in the same way during the 
intervals of six to ten minutes, and eleven to ?fteen 
minutes, respectively, after the generation of the aerosol. 
Gas meter readings are obtained before and after each 
?lter period and manometer readings during each one. 
The ?lter tubes are again dehumidi?ed before removal 
from the ?lter positions by drawing dry air through all 
nine tubes at the rate of 1.6 cu. ft. per minute for eight 
minutes. The tubes are then removed and stoppered, 
carefully wiped with a clean chamois, and weighed. In 
calculating the mass concentration of the aerosol from 
these measurements, the volume of air passed through 
the ?lter is ?rst calculated by the formula: 

where V is the volume in cubic feet recorded by the 
meter, B is the barometer reading in mm. of mercury, 
M is the manometer reading in mm. of mercury, and V0 
is the corrected volume of ?ltered air in liters. The mass 
concentration is calculated by dividing the weight gain 
for each set of ?lters by the volume of air (V0) passed 
through the set. Blank runs made with number 6 blasting 
caps alone indicated that the explosive itself produces 
a mass concentration of 7 mmg. per liter which does 
not change appreciably during ?fteen minutes. Conse 
quently, the mass concentration determined for a solid 
powder dispersed by a blasting cap is corrected by sub 
tracting 7 mmg. per liter from the observed concentration. 

Example 11 
A cylindrical steel vessel having a volume of about 

0.5 cu. in. and ?tted with a capillary inlet for gas and 
a shear disc head is charged with 1.98 grams of surface 
treated egg albumin prepared as in Example I. The 
opening in the shear disc head is closed by discs of cellu 
lose acetate of aggregate thickness su?icient to require a 
pressure of about 700 lbs/sq. in. to cause their rupture. 
Carbon dioxide gas is admitted through the capillary inlet 
until the internal pressure ruptures the cellulose acetate 
discs and disperses the ?nely divided surface-treated pro 
tein in a single disruptive burst into a chamber having a 
volume of 1000 cu. ft. Determination of the mass con 
centration of solid particles remaining suspended in the 
air for one to ?ve minutes, six to ten minutes, and eleven 
to ?fteen minutes after the explosion, in three concordant 
experiments, indicates that, on an average, 64%, 39% 
and 27% by Weight of the particles are still suspended in 
‘the air during these respective periods of time. The cor 
responding ?gures for a control dispersion of untreated 
egg albumin dispersed by the same method are 29%, 9% 
and 7%, respectively. The settling rates of the dispersed 
surface-treated particles, calculated as described below, 
indicate that they have a particle size of about 13 microns. 
The settling law on which these calculations are based 

1s: 

dC’_ __§_11 
dz _ h 

wherein C is the mass concentration, v is the velocity 
of sedimentation calculated from Stokes law, 1‘ is the time 
and h is the height of the chamber. By combining the 
integrated form of this equation with Stokes’ formula the 
‘following expresison for the average diameter d is ob 
tained: 

wherein 1; is the coei?cient of viscosity of the gaseous 
medium, h is the height of the chamber, Ca and Cb are 
the average mass concentrations of the solid in the gaseous 
medium a and b minutes, respectively, after the burst, 
g is the acceleration of the solid body due to gravitation, 
p is the density of the solid material and t is the time. 
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Using the values 07 (viscosity of air)=1.86><10-4 poises, 
h:250 cm., g (acceleration) :981 cm. per second, the 
following expression for the average diameter D in mi 
crons is obtained: 

where Q, is the average mass concentration of solid in 
air during the period one to ?ve minutes after the burst, 
C13 is the average mass concentration of solid in air for 
the period eleven to ?fteen minutes after the burst, and 
p is the density of the solid. 

Example III 

Ten grams of zinc oxide having an average particle size 
of about 0.2 micron diameter, which is available com 
mercially as a pigment grade of zinc oxide, 50 grams of 
water and 0.1 gram of propylene glycol monooleate, are 
passed through a colloid mill until a uniform slurry is 
obtained. The resulting surface-treated zinc oxide is 
?ltered from the water, dried at 110° C. and passed 
through a Mikro-Pulverizer to disintegrate the ?lter cake 
into individual solid particles. A cylindrical cellophane 
container is charged with 2.83 grams of this surface 
treated zinc oxide and a number 6 blasting cap inserted 
in an axial position in the container. When the cap is 
?red, a zinc oxide aerosol is obtained in which an average 
(based on results of three concordant experiments) of 
77%, 29% and 15% by weight of the particles remain 
suspended for one to ?ve, six to ten and eleven to ?fteen 
minutes, respectively, after the explosion. A control 
aerosol prepared by the same method from untreated 
zinc oxide of the same particle size contains only 36%, 
16% and 12% by weight of air-borne particles during 
the same respective periods of time. 
As hereinbefore stated, my process comprises the fol— 

lowing steps: (1) comminuting a solid material until it 
has a particle size of less than 20 microns weight median 
diameter, (2) coating the surface of the resultant particles 
with a surface-active agent which reduces cohesion be 
tween said particles, and (3) subjecting the resultant 
surface-treated ?nely-divided solid material to an explo 
sive burst. Aforementioned steps (1), (2) and (3) may 
be carried out separately in the order named or steps 
(1) and (2) may be effected simultaneously as illustrated 
in Examples I and II. 

While this invention has been illustrated with partic 
ular reference to the preparation of aerosols of egg al 
bumin, zinc oxide and lithopone, it is to be understood 
that said invention is generic to all solid materials which 
are capable of being reduced to a particle size of less 
than 20 microns weight median diameter. Included 
among aerosols which may be had in accordance with 
this invention are: those of cornstarch; yeast; proteins, 
e.g., blood albumin, egg albumin, gliadin, zein and casein; 
organic and inorganic insecticides, e.g., pyrethrum, 
rotenone, ferric dimethyl dithiocarbamate, p,p'-dichloro 
diphenyltrichloroethane, dodecyl thiocyanate, lead arse 
nate, calcium arsenate, sulfur, basic copper carbonate, 
barium ?uosilicate and calcium ?uosilicate; white pig 
ments and pigment extenders, e.g., zinc oxide, white lead, 
lithopone, barium carbonate, barium sulfate, clay, cal~ 
cium carbonate and aluminum silicates; colored pigments, 
e.g., chrome yellow, basic zinc chromates, phthalocyanine 
blue, cadmium yellow, red iron oxide, carbon black and 
the like. The novel process of this invention is particu 
larly well adapted for the provision of aerosols of 
insecticides and proteins. 

It is to be understood that the ?nely divided solid 
material dispersed in accordance with this invention 
should have a particle size of less than 20 microns weight 
median diameter. Optimum results are obtained when 
said material has a particle size of less than 10 microns 
weight median diameter. By “weight median diameter,” 
as employed herein and in the appended claims, it is 
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meant that the amount by weight of the solid material 
particles having a diameter less than the speci?ed di 
ameter equals the amount by weight of said particles 
having a diameter greater than said speci?ed diameter. 
Comminution of the solid material to the required par 
ticle size can be effected by any of the several milling 
procedures known to the prior art, e.g., by pulverizing it 
in a ball mill, in an impact mill such as a Mikro-Pul 
verizer, in a jet pulverizer or high speed gas disinte 
grater such as a Micronizer, or by a combination of any 
of these methods. 
As hereinbefore stated, surface treatment of the ?nely 

divided solid material can be effected during or subse 
quent to the aforesaid comminuting operation. Surface 
treatment during the comminuting operation is preferred 
because it is more economical. The surface-active agent 
may be admixed in the dry state with the solid material or 
it may be dissolved or suspended in a liquid medium. 
When the latter procedure is followed, the solution or 
dispersion of the surface-active agent is admixed with the 
solid material, the liquid medium being thereafter re 
moved from said material by ?ltering and/ or drying the 
same. 

While this invention has been illustrated with particu 
lar reference to the use of diethylene glycol monolaurate 
and propylene glycol monooleate as surface-active agents, 
it is to be understood that said invention is generic to the 
use of polyhydric alcohol partial esters of unsubstituted 
long chain fatty acids, i.e., of an unsubstituted fatty acid 
containing at least 8 carbon atoms, such as diethylene 
glycol monolaurate, propylene glycol monooleate, gylc 
erol monolaurate, diethylene glycol monostearate and 
mannitan monolaurate. The alcohol groups of the poly 
hydric alcohol not esteri?ed by the long chain fatty acid 
may be esteri?ed with other acids, organic or inorganic, 
e.g., phosphoric acid, as in soya lecithin. Diethylene 
glycol monolaurate provides optimum dispersion. 
The amount of surface-active agent employed may be 

varied within relatively wide limits. However, said sur 
face-active agent is ordinarily applied in an amount within 
the range of from ‘0.1% to 5% of the weight of the 
?nely divided solid material being treated. Optimum re 
sults are usually attained when said surface treating agent 
is employed in an amount within the range of from 0.1% 
to 2% of the weight of the ?nely divided solid material. 

In the third, or dispersal, step of this invention any type 
of explosive ‘burst may be employed to generate the aero 
sol. The palrticular type of explosive burst selected 
will be dependent upon the particular type of solid being 
dispersed. When a solid which is sensitive to heat is 
being dispersed, it is preferred to use an endothermic 
bursting charge, ‘such as that described in Example II. 
Said endothermic bursting is broadly elfected by ruptur 
ing in the air a receptacle containing the ?nely divided 
surface-treated solid material and a ?uid which expands 
endothermally, said ?uid having a vapor pressure of at 
least three atmospheres at 25° C., being inert toward, and 
a non-solvent for, said solid material and being under a 
pressure of at least three atmospheres in said receptacle. 
When a solid which is not sensitive to heat is being dis 
persed, any type of explosive burst can be employed. 
For example, the ?nely-divided surface-treated solid can 
be enclosed with an ordinary explosive in a container 
and the explosive detonated. In another example, a mis 
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6 
sile such as a grenade or a shell containing a ?nely-di 
vided surface~treated solid and an explosive can be pro 
jected into the air by suitable apparatus, e.g., a rifle or 
a mortar, and exploded by customary means in the locality 
where the aerosol is desired. 
The process of this invention is of particular utility 

for the dispersal of proteins and solid insecticides or other 
agricultural poisons in an unusually effective form. 
As many apparently widely different embodiments of 

this invention may be made without departing from the 
spirit and scope thereof, it is to be understood that I do 
not limit myself to the speci?c embodiments thereof ex 
cept as de?ned in the appended claims. 
Having described the present invention, the following 

is claimed as new and useful: 
1. In a process of obtaining an aerosol, the step which 

comprises bursting in the air a closed frangible receptacle 
containing carbon dioxide under a pressure of at least 3 
atmospheres and a solid material that has a particle size 
of less than 20 microns weight median diameter and is 
surface-coated with from 0.1% to 5% by weight of a 
polyhydric alcohol partial ester of an unsubstituted long 
chain fatty acid. 

2. In a process for obtaining an aerosol, the step which 
comprises bursting in the air a closed frangible receptacle 
containing carbon dioxide under a pressure of at least 20 
atmospheres and a solid material that has a particle size 
of less than 10 microns weight median diameter and is 
surface coated with from 0.1% to 2% by weight of a 
polyhydric alcohol partial esters of an unsubstituted long 
chain fatty acid. 

3. The step in a process of obtaining an aerosol accord 
ing to claim 2 wherein. the solid material comprises an 
insecticide. 

4. The step in a process of obtaining‘ an aerosol ac 
cording to claim 2 wherein the solid material comprises 
a pigment. 

5. The step in a process of obtaining an aerosol ac 
cording to claim 2 wherein the solid material comprises 
a protein. 

6. In a process for obtaining an aerosol, the step which 
comprises bursting in the air a closed, frangible receptacle 
containing carbon dioxide under a pressure of at least 
-20 atmospheres and a solid material which has a particle 
size of less than 10 microns weight median diameter and 
which is surface coated with from 0.1% to 2% by weight 
of diethylene glycol monolaurate. 
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