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This invention relates to a smoke-producing composi 
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tion containing a dye and 1,4,- benzenedicarboxylic 
acid. The acid is useful for purging slag and solid clinker 
while lowering the steady state burning temperature of 
the composition. The coloring agent used by the com 
position does not degrade. The acid is an efficient cool 
ant for the composition and takes advantage of sublima 
tion reactions to produce the properties enumerated 
here. 

7 Claims, No Drawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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COLORED SMOKE-PRODUCING COMPOSITION 

GOVERNMENTAL INTEREST 

The invention described herein may be manufac 
tured, used and licensed by or for the Government for 
Governmental purposes without payment to me of any 
royalties thereon. 

This invention relates to an improved smoke-produc 
ing composition containing a dye and l, 4-benzenedicar 
boxylic acid. 

BACKGROUND 

In the past, colored smoke formulations have em 
ployed the use of mixtures containing a fuel, an oxidizer, 
and a dye. The principle behind the use of such formula 
tions lies in the reaction between the fuel and oxidizer, 
and the accompanying release of a large amount of 
energy during such reaction. The latter exothermic 
reaction releases the energy contained in the bonds of 
the highly structured fuel molecule as heat. This causes 
the dye component of the formulation to undergo phase 
transitions from a solid to a liquid and ultimately to a 
vapor. If the temperature of the reaction is too high 
degradation of the dye will result. 

Generally, the dye exists as a solid crystal at standard 
temperature and pressure. When heat from the cited 
reaction is applied to the solid crystal, dislocations of 
the molecule occur in the crystalline lattice. As mole 
cules of the dye become detached from the central 
lattice, a liquid is formed. As more heat energy is ap 
plied, the individual molecules of the dye begin to move 
faster and faster. The molecules, as a result, translate 
through space, rotating about the axes of the dye struc 
ture, and vibrate in many complex modes. The latter 
molecular activity is responsible for the transition of the 
liquid phase to the vapor phase. 

It is to be noted that the individual molecules of the 
dyes are subject to degradation at elevated tempera 
tures. If the molecular structure of the dyes are subject 
to forces and energies which, if great enough, cause 
cleavage of the bonds of the molecule, changes in color 
occur or loss of color properties are likely. Therefore, a 
dye material is sought which transforms from the solid 
to the vapor phase with little or no intermediate liquid 
phase. This enhances the likelihood of the dye escaping 
in the vapor phase to the atmosphere from the solid 
matrix made of fuel, oxidizer, and dye. Thus, dyes are 
sought for the composition which have the property of 
sublimation at increased temperatures and normal pres 
sures. 

Another problem in the art is the production of a 
solid residue as the smoke-producing composition 
burns. This contributes to the formation of waste prod 
ucts such as slag and solid clinkers. When such solid 
materials accumulate in the core of the munition, they 
prevent the generated gases from escaping. As a result, 
de?agration can occur which can cause injury, or result 
in a limited release of colored smoke. Further, the for 
mation of slag increases the decomposition of the dye 
vapor and may lead to a deterioration of color. It has 
been found that only a small number of dye materials 
are suitable for use in the formulations of the art because 
of the slag or clinker presence. 
What is needed in the art is a component of the for 

mulation which will absorb excess energy of the ther 
mally decomposing fuel. Also, what is needed is a com 
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2 
pound having a high vapor pressure which will aid in 
purging the core of excess slag and solid clinkers. 

SUMMARY OF INVENTION 

It is an object of this invention to provide an im 
proved composition for use in producing colored 
smoke. ' 

Another object is to provide a smoke-producing com 
position containing a dye whose function is enhanced 
by 1,4-benzenedicarboxylic acid. 
A further object is to provide an improved composi 

tion for use providing colored smoke in which the col 
oring agent does not degrade. 
A still further object is to provide an improved smoke ' 

producing composition containing 1,4-benzenedicar 
boxylic acid for use in purging slag and solid clinker. 

Still another object is to provide an improved smoke 
producing composition containing _l,4-benzenedicar 
boxylic acid which functions to lower the steady state 
burning temperature of the composition. 
Other and further objects will become more apparent 

from a reading of the following detail description. 
It has been found that 1,4-benzenedicarboxylic acid is 

an excellent additive for use in a smoke-producing com- . 
position containing a degradable dye. The cited addi 
tive has been found to be a very ef?cient coolant be 
cause it sublimes at the reaction temperature encoun 
tered in pyrotechnic colored smoke formulations. Due 
to the fact that the sublimation process is an endother 
mic process, a large quantity of energy is consumed. 
The sublimation process also produces a large quantity 
of vapor (approximately 135 00/ g) at standard tempera 
ture and presure, and this aids in sweeping the evapo 
rated dye out of the munition. It also aids to prevent the 
build-up of slag. The reduction of slag enhances the 
production of color because, in the ordinary case, pass 
ing through the hot slag of conventional pyrotechnic 
mixes has a deleterious effect on the vaporized dye. 

In general, the ingredients of the composition may be 
within the ranges indicated in Table 1. 

TABLE 1 

Improved Pyrotechnic Composition 
Material Percent by Weight 

1,4-benzenedicarboxylic acid 7 to 35 
Solvent Red Dye 30 to 50 
Sugar (Fuel) 13 to 25 
Potassium chlorate 17 to 30 
Sodium bicarbonate or 5 to 20 
magnesium carbonate 

More speci?cally, excellent results are obtained with 
the formulation set forth in the following examples. 

Preferred Pyrotechnic ComEsitions 
Material Percent by Weight 

2111M 
1,4-benzenedicarboxylic acid 30 
(Solvent Red 1) 35 
Sucrose 13 
Potassium chlorate 17 
Sodium bicarbonate 5 

@2121 
Solvent Red 1 34.5 
Disperse Red 11 6.0 
KClO3 23.0 
1,4-Benzenedicarboxylic Acid 12.0 
MgC03 12.5 

Example 3 
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-continued 
Preferred Pyrotechnic Compositions 

Material Percent by Weight 

Solvent Red 1 34.2 
Disperse Red 11 6.8 
KClO3 16.5 
Sucrose 17.5 
1,4‘Benzenedicarboxylic Acid 14.5 
MgCO3 10.5 

Example 4 
Solvent Yellow 33 35.0 
KCIO; 20.0 
Sucrose 15.0 
1,4-Benzenedicarboxylic Acid 30.0 

Example 5 
Solvent Yellow 33 38.0 
KC103 18.0 
Sucrose 14.0 
1,4-Benzenedicarboxylic Acid 30.0 

Example 6 
Solvent Red 24 31.0 
KClO3 18.0 
Sucrose 14.0 
1,4-Benzenedicarboxylic Acid 31.5 
NaHCO3 5.5 

It should be noted that the above range of propor 
tions indicated in Table l are critical. For instance, if 
the additive, i.e. 1,4-benzenedicarboxylic acid, is pres 
ent in the composition in an amount below 7 percent by 
weight, the dye will be thermally degraded, and unde 
sirable slag or clinkers will form in the core of the muni 
tion. If the cited additive is present in an amount above 
35 percent by weight, the color of the smoke will be 
exceedingly diluted by the abundance of white, opaque 
smoke produced by the cited additive itself and will 
defeat the intended purpose of the composition which is 
to produce colored smoke. Further, if the dye is present 
in the composition in an amount below 30 percent by 
weight, the colored smoke produced by the composi 
tion will be exceedingly thin. However, if the dye com 
pound is present in the composition in an amount above 
50 percent by weight, it can ignite and the ?ame pro 
duced may not be extinguished. If the fuel is present in 
an amount below 13 percent by weight, the composition 
will not ignite or produce smoke. On the other hand, if 
the fuel is present in the composition at an amount 
above 25 percent by weight, the reaction of the compo 
sition will tend to proceed at a high temperature, and 
the dye will be thermally degraded. If the cited oxidizer 
is present in the composition in an amount below 17 
percent by weight, the composition will not ignite. 
However, an oxidizer amount in the composition of 
over 30 percent by weight may lead to an explosion and 
the dye will be set on tire and will thermally degrade at 
the high temperature produced. If the coolant, NaH 
CO3 or MgCO3 is present below about 5 percent by 
weight, there will be an accumulation of acid which 
will cause the reaction rate of the composition to be 
undesirably accelerated leading to a thermal degrada 
tion of the dye. If this coolant is present in the composi 
tion in an amount above 20 percent by weight the com 
position will not ignite at all. 

It should also be noted that of the dyes in use, thermal 
decomposition limits their usefulness more than any 
other factor. It has been found that the addition of 1,4» 
benzenedicarboxylic acid permits the use of dyes that 
would not be feasible because of excess thermal decom» 
position. Further, the sublimed 1,4-benezencdicarboxy 
lic acid condenses into a dense white smoke once it is 
outside the reaction zone. The latter smoke has demon 
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4 
strated a high opacity to light in the visual region of the 
spectrum. Thus, the addition of this dense, white smoke 
increases the opacity of the smoke produced by the 
formulation. Also, the conventional coolant, NaHCOg, 
does not contribute to the actual quantity of smoke 
produced by the formulation. If a portion of the sodium 
bicarbonate is replaced by l,4-benzenedicarboxylic 
acid, the efficiency of the reaction of the fuel and oxi 
dizer is increased because additional smoke is produced 
while the 1,4 additive also serves as a coolant. In actual 
use, the 1,4-benzenedicarboxylic acid is substituted in 
the formulation for a portion of both the dye and so 
dium bicarbonate. 
The dyes which may be used in this invention in 

cluded the anthraquinone dyes and the phenylazo-beta 
naphthol dyes. The anthraquinone dyes have an anthra 
cene-dione structure with a molecular weight between 
208 to 390 grams per mole. The azo dyes are com- . 
pounds containing a tri?uoromethyl-Z-aminobenzo 
thiazole diazo component and an aniline, benzomorpho 
line or 1, 2, 3, 4-tetrahydroquinoline component. The 
dyes which are appropriate include conventional dis 
perse dyes used on polyester, polyamide, acrylic, triace 
tate and other synthetic fabrics. Those which may be 
used include dyes which may be used for transfer print 
ing on polyesters and polyamide. 
The dyes which may be used in this invention are 

listed by the Society of Dyers and Colorists in a classi? 
cation of dye materials according to chemical structure 
and include the following, viz. 

C. I. Mordant Blue 24, C. I. 60880 1,5,8-trihydroxy-2 
amino-(9, 10)anthracenedione 

C. I. Disperse Red 15, C. I. 60710 1-amino-4 
hydroxy-(9,10)anthracenedione 

C. I. Mordant Red, 11, C. I. 58000 1,2-dihydroxy 
(9, 10)anthracenedione 

C. I. Disperse Red 11, C. I. 62015 l,4~diamino-2 
methoxy-9, 10)anthracenedione 

C. I. Disperse Red, 9, C. I. 60505 l-methylamino 
(9, 10)anthracenedione 

C. I. Solvent Red 1, C. I. 12150 ortho methoxy phe 
nyl-azo-betanapthol 

C. I. Solvent Yellow 33, C. I. 47000 2-(2-quinolyl)-l,3 
indandione 

C. I. Solvent Red 24, C. I. 26105 ortho methyl phenyl 
azo-ortho methyl-azo-betanapthol 

C. I. Disperse Red 60, C. I. 60756 1,4»diamino-2 
phenoxy- (9, 10)anthracenedione 

The oxidizer which may be used in this invention is 
potassium chlorate. 
The fuels which are included in the composition of 

this invention are as follows, viz. 
sucrose, 
fructose, 
lactose, 
maltose, 
corn starch, 
dextrin, 
wheat flour, 
cellulose, and 
sulfur. 

Processing 
The ingredients of the improved composition in the 

proportions listed in Table II are individually weighed 
and added to a mixing bowl. The mixer utilized is a 
Hobart planetary gearstyle mixer. A measured volume 
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of acetone solvent (0.40 liters) is introduced into the 
mixing bowl per kilogram of dry mix. Initially, the mix 
appears as a very viscous wet slurry of the components. 
As mixing proceeds, the acetone evaporates and the 
composition has the consistency of a wet dough. Mixing 
is continued and as more acetone evaporates, the 
doughy composition breaks into chunks which then 
form smaller pellets as mixing continues. Mixing is fur 
ther continued until all visible acetone has evaporated 
and relatively dry, well mixed spherical pellets of ag 
glomerated mix are produced. The entire mixing pro 
cess can be accomplished in approximately 25 minutes 
for each kilogram of ?nished mixture when a 5 quart 
mixing bowl is used. 
The pellets are poured from the mixing bowl into 

drying trays. The mix is spread on the drying trays so 
that the mix is ?at and at a uniform level in the tray. The 
trays are placed in an oven maintained at 140° F. to 
evaporate any residual acetone. 

It should also be noted that the cited ingredients can 
be blended together as dry powders using standard 
pyrotechnic techniques. The wet mixing technique de 
scribed above is however the best of the methods nor 
mally employed. 

Loading 
After drying, the pellets are hydraulically loaded into 

grenade bodies. The load applied to the surface of the 
mix in the grenade body is about 5000 to 6000 1 pounds. 
Starter mixture is applied to the grenades, and tops are 
sealed onto the body. 
The color smokes produced by the composition of 

this invention were compared to smoke produced by 
similar formulations without 1,4-benzene dicarboxylic 
acid. This was accomplished by making the various 
pyrotechnic mixtures and forming them into grenades 
in the manner heretofore indicated. The grenades were 
then burned in a side by side visual comparison. The 
subjective evaluation of the color quality of the smoke 
produced was a reliable indication of the improved 
effectiveness and efficiency of the 1,4-benzenedicar 
boxylic acid additive.’ 
Another indication of the greater smoke munition 

efficiency is the length of ?aming time recorded during 
the burn. It was found that ?aming was reduced with 
the compositions of this invention in comparison to the 
more frequent experience of ?aming with the standard 
mixtures which only contained standard amounts of 
sodium bicarbonate in the mixtures. The improved ef 
fectiveness and efficiency of the composition of this 
invention was shown throughout the comparison. 
What is claimed: 
1. An improved smoke-producing pyrotechnic com 

position consisting essentially of: 

Material Percent by Weight 

1,4-benzenedicarboxylic acid 
Solvent Red Dye 
Fuel 
Potassium chlorate 
Sodium bicarbonate or 

Between about 7 and '35 
Between about 30 and 50 
Between about 13 and 25 
Between about 17 and 30 
Between about 5 and 20. 
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, -continued 

Material 

magnesium carbonate 

Percent by Weight 

2. The composition of claim 1 containing: 

Material Percent by Weight 

1,4-benzenedicarboxylic acid About 30 
(Solvent Red 1) About 35 
Sucrose About 13 
Potssium chlorate About 17 
Sodium bicarbonate About 5. 

3. The composition of claim 1 containing: 

Material Percent by Weight 

Solvent Red 1 About 34.2 
_ Disperse Red 11 About 6.8 
KC103 About 16.5 
Sucrose About 17.5 
1,4-Benzenedicarboxylic Acid About 14.5 
MgCO3 About 10.5. 

4. The composition of claim 1 containing: 

Material Percent by Weight 

Solvent Red 24 About 31.0 
KClO3 About 18.0 
Sucrose About 14.0 
1,4-Benzenedicarboxylic Acid About 31.5 
NaHCO3 About 5.5. 

5. An improved smoke-producing composition con 
sisting essentially of: 

Material Percent by Weight 

Solvent Yellow 33 About 38.0 
KClO3 About 18.0 
Sucrose About 14.0 
1,4-Benzenedicarboxylic Acid About 30.0. 

6. An improved smoke-producing composition con 
sisting essentially of: 

Material Percent by Weight 

Solvent Yellow 33 About 35.0 
KClO3 About 20.0 
Sucrose About 15.0 
1,4-Benzenedicarboxylic Acid About 30.0. 

7. An improved smoke-producing composition con 
sisting essentially of: 

Material Percent by Weight 

Solvent Red 1 About 34.5 
Disperse Red 11 About 6.0 
KClO3 About 23.0 
1,4-Benzenedicarboxylic Acid About 12.0 
M8CO3 About 12.5. 


