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The paper reports the influence of additives with different chemical nature and functional

purpose (magnesium carbonate and thiourea) on the processes of generating black aerosols,

in particular, the uniformity of the combustion of compositions, the duration of intense

smoke and the density of the aerosol cloud. It is established that the addition of magnesium

carbonate (flame extinguisher) to the anthracene composition in the amount exceeding

0.2 wt.% increases the duration of combustion initiation (by 2–2.4 times) and decreases

the flame height and flash frequency. In this case, the duration of intense smoke decreases

by 6.7–11.1%, and the total average duration of the aerosolization process (i.e. the duration

of combustion initiation together with the duration of intense smoke) remains unchanged

and is about 50 s. It is found that an increase in magnesium carbonate content in the

composition of more than 0.5 wt.% significantly complicates ignition. Therefore, it is

necessary to increase the content of oxidant (potassium chlorate) in the composition to

achieve the required combustion temperature. An increase in magnesium carbonate content

in anthracene compositions from 0.8 to 1.5 wt.% (while reducing anthracene content)

causes an increase in the total duration of aerosol formation by 1.7 times (from 39 to 65 s)

and ensures compliance with its basic characteristics (the uniformity of combustion of

compositions, the duration of intense smoke and the density of the aerosol cloud). The

reduction of the duration of combustion initiation of the anthracene composition (by 1.7

times) and the duration of intense smoke emission (by 25%) was observed when increasing

the thiourea content in the composition from 0.2 to 1.0 wt.%. The possible areas of the

use of anthracene compositions with the additives of magnesium carbonate and thiourea

are military sphere (to generate aerosol clouds of black color with masking properties for

the protection of personnel and equipment) and filming (to imitate the battle scenes),

respectively.
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Introduction
Nowadays, increasing the technical capabilities

of the armed forces is a top priority of any
independent state. Therefore, developed countries
pay a lot of attention to provide their own armies
with modern weapons, ground, air, space exploration
and weapons control.

The most effective means of defeat are highly
accurate means that allow selectively destroying
ground targets. The analysis of the recent hostilities
clearly shows a rapid increase in the number of high-
precision aircraft and clearly underscores the urgency
of reducing the visibility of troops and facilities.

The most common means of masking objects
of various scales from the reconnaissance and
targeting weapons of the enemy are masking aerosols
and other airborne dispersion systems that provide
appropriate action in a wide variety of ranges: visible,
infrared, radar, etc.

In addition to military applications, aerosol
generation is also carried out in agriculture (for the
cultivation of agricultural land, for pest control and
for the protection of frost gardens during the flowering
period) and in fire protection technology (the ignition
and propagation of the aerosol cloud flame from
components that have a high flame retardant
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capacity).
Therefore, the development of cheap energy-

condensed compositions for the production of aerosol
generators of various purposes is a very important
and relevant task.

The masking properties of aerosols are based
on two physical phenomena: the scattering of light
and its absorption [1]. It should be noted that a part
of the space of the cloud of aerosol particles, which
reduces the optical visibility of personnel and objects
to the required level and creates obstacles to the
optical and radar means of reconnaissance and
targeting enemy weapons, is referred to as the aerosol
cloud.

Light scattering is the deflection of particles of
rays that pass through the aerosol cloud. The
scattering by a single particle is determined by the
set of refraction, reflection and diffraction processes
of radiation [2]. The contribution of scattering
processes depends on the radiation wavelength, the
size and the properties of the particle. The absorption
of light is accompanied by the transformation of the
energy of light quanta into its other types: thermal,
electrical and chemical.

Aerosols are dispersion systems consisting of
small solid or liquid particles (dispersed phase)
distributed in gas (dispersion medium). Depending
on the particle size and the aggregate state of the
dispersed phase, the aerosols are divided into dust,
smoke and fog [3].

In military camouflage smoke (dispersed
systems consisting of solid particles with the size of
0.001 to 0.1 microns) are used to conceal the
movement of troops, blinding the enemy with the
purpose of neutralization of its actions, imitation
fire military equipment, alarms and so on.

The main masking fumes are the so-called
«white» and «black» fumes. The difference in color
is explained by the different scattering and absorption
of light in these fumes. Thus, in white smoke, the
proportion of absorbed light is only 10–30% of the
total amount of the scattered and absorbed light.
Therefore, light scattering plays a major role in
attenuating light rays in white smoke. In black smoke,
the proportion of absorbed light is much greater than
in white, and is about 80% of the total amount of
the scattered and absorbed light. Therefore, in black
smoke, the main role in the attenuation of light rays
is its absorption.

Different wavelengths are scattered by the same
kind of smoke differently: the closer the average
particle size is to the wavelength of light, the more
efficient the scattering occurs. Infrared radiation has
wavelengths much larger than the particle sizes in

white smoke aerosol clouds, so white smoke is less
masked in the infrared region than in the visible
range of the optical spectrum. For masking in the
infrared spectrum, phosphorus fumes are more
effective [1] since they form sufficiently large particles
of fog or mixtures of black smoke.

Pyrotechnic mixtures (energy-condensed
systems) for generation of aerosol clouds contain
three main components: oxidizer, fuel and smoke
generator [4]. The compositions of black aerosol
clouds typically include potassium chlorate (KClO3)
as an oxidant [5] and fatty or aromatic hydrocarbons
(commonly, naphthalene and/or anthracene) [6,7].
Hydrocarbons perform not only smoke-forming role
but also serve as a fuel that can be partially sublimated
and partly combusted [4].

Thus, a mixture of the following composition
was used to generate aerosol black clouds during
cinema scenes [8] (wt.%): potassium chlorate 55 and
anthracene 45. The moisture content in potassium
chlorate did not exceed 2 wt.%. The duration of the
intense smoke formation was 2 minutes (the weight
of the mixture was 1.4 kg).

In order to simulate a fire source during filming,
the following composition was used to generate black
smoke [4] (wt.%): potassium chlorate 53–58,
anthracene 40–43 and thiourea 2–4. The content
of anthracene oil in anthracene coal crude was 2–
5 wt.%. The combustion rate of this mixture was
1.0–1.5 mm/s. This formed a stable dense cloud of
saturated black.

A pyrotechnic mixture of black smoke
composition contained [9] (wt.%): potassium chlorate
52–55, anthracene 33–37, thiourea 6–10 and
phenol-formaldehyde resin 3–5. The maximum
smoke-forming capacity of 90% was achieved by the
total content of combustion activators (thiourea and
phenol-formaldehyde resin) in the mixture in the
range of 10 to 15 wt.%. The burning rate of the
mixture was 1.6–2.0 mm/s and the slag content was
reduced to 10–15%.

The use of pyrotechnic compositions to simulate
the undermining of artillery ammunition (mines,
grenades, etc.) is accompanied by a characteristic
sound effect [10]. The combustion of the composition
(potassium chlorate of 50–54 wt.%, powder of
aluminum-magnesium alloy of 35–37 wt.% and
anthracene coal crude of 11–13 wt.%) occurs with
a high rate and a high temperature of the products
of combustion. A «jump» of density is observed for
these mixtures, which is caused by a sharp whistle in
the course of the formation of a cloud of black smoke.

It should also be noted that the effectiveness
of the masking action depends on the spatial,
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temporal and optical characteristics of the aerosol
cloud [7,11,12].

The purpose of this study was to investigate
the effect of different chemical additives on the
processes of aerosol generation, including the
uniformity of combustion of compositions, the
duration of intense smoke and the density of the
aerosol cloud.

Experimental, results and discussion
The efficiency of aerosol cloud generation

depends on the procedure of raw materials
preparation, the uniformity of mixing of their
components, the mass ratio between the components
(i.e. chemical composition) and the method of the
compaction and formation of compositions for smoke
generation.

Preparation of raw materials (potassium
chlorate, technical anthracene, magnesium
carbonate, etc.) to obtain compositions for the
generation of black smoke cloud involved the grinding
and homogenization of the components in a ball
mill to obtain a pyrotechnic composition with
homogeneous color and dispersity. The components
were treated in the mill for 900 s.

Compaction and formation of mixtures for the
generation of the smoke cloud was carried out by
pressing. The pressing of the mixtures was performed
at a total pressure of 1.0–1.4 MPa. At these pressures,
dense tablet-shaped elements were formed, which
retained their shape and did not collapse under the
influence of moderate mechanical loads.

The means for generating a smoke cloud
consisted of two elements of the compressed mixture
weighing 97 g each. The pressed elements were placed
in a mold (housing) with all the necessary structural
details (element of initiation, grilles, covers, fuses,
etc.).

Timers and video were used to record two
indicators of the process: the duration of initiation
of intensive combustion process and the duration of
intense smoke.

The aerosol generation efficiency was evaluated
by the uniformity of combustion of the compositions,
the duration of intense smoke and the density of the
aerosol cloud.

Energy-condensed compositions (pyrotechnic
mixtures) for the generation of masking fumes usually
contain three main components: fuel, oxidant and
smoke. To produce aerosol clouds of black color,
anthracene compositions are mainly used. In these
compositions, anthracene acts not only as a smoke
generator but also as a fuel, partially sublimated and
partly combusted. Potassium chlorate is used as the
oxidizing agent.

Various additives to the composition of energy-
condensed compositions can be used to eliminate
flares, ripples during combustion of compositions
and to provide the required duration of initiation of
their combustion process and uniform formation of
the aerosol curtain over time.

Often, uncontrolled flashes and ripples (Figure)
are observed during the combustion of compositions,
i.e. the burning uniformity is disturbed. Hence, flame
arresters are added to the compositions to eliminate
compositions [5]. Typically, these are endothermic
compounds (sodium, calcium or magnesium
carbonates), which during thermal decomposition
produce carbon dioxide that dilutes the gaseous
reaction products with air.

Flashes observed during the combustion of anthracene

compositions

Magnesium carbonate was used in this study
as a flame extinguisher during the combustion of
anthracene compositions. The effect of magnesium
carbonate on the characteristics of the aerosol
formation process is shown in Table 1.

It was established that the addition of
magnesium carbonate to the composition (Table 1)
for the generation of black smoke cloud in the amount
that exceeds 0.2 wt.% reduced the height of flames
and the frequency of flares. At the same time, the
duration of intense smoke was decreased by 6.7–
11.1%. However, it should be noted that the total
average duration of aerosol formation (the duration
of initiation of combustion and the duration of intense
smoke) was almost unchanged and was about 50 s.

An increase in the content of magnesium
carbonate in the composition of more than 0.5 wt.%
prevented its ignition. A further increase in the
content of magnesium carbonate in the compositions
from 0.8 to 1.5 wt.% caused an increase in the total
aerosol formation duration by 1.7 times (from 39 to
65 s). Therefore, the content of magnesium carbonate
in the composition of 1.5 wt.% (composition no. 11
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in Table 1) yields uniform (without flares and ripples)
burning of the mixture and the formation of a dense
smoke cloud for 60 s.

To ensure the required duration of initiation of
the combustion process and the uniform generation
of the aerosol, small amounts of thiourea (up to 1
wt.%) can be added to the composition [5]. In the
case of rapid heating to 180°C, thiourea melts and
decomposes gradually to form carcinogenic
compounds. The effect of thiourea addition on the
characteristics of the aerosol formation process is
shown in Table 2.

It was found that the combustion of
composition no. 1 (Table 2) was accompanied by
the appearance of ripples and, accordingly, the
irregularity of aerosol cloud generation. Therefore,
the content of oxidant (potassium chlorate) in the

compositions was increased from 53 to 55 wt.%
(compositions nos. 2, 3, 4, 5, and 6 in Table 2).

An increase in thiourea content from 0.2 to 1
wt.% (with the same content of potassium chlorate
in the compositions) caused a decrease in the duration
of the combustion initiation from 5 to 3 s (i.e by 1.7
times) and the duration of intense smoke from 20 to
15 s (by 25%). The uniformity of aerosol formation
was ensured, and the combustion was accompanied
by a sound effect.

Therefore, anthracene compositions containing
a flame extinguisher (magnesium carbonate) and
characterized by uniform combustion and prolonged
generation of black aerosol are more suitable for
camouflage of personnel and equipment in combat.
Thiourea, being added to the anthracene-based
compositions, increases their combustion rate, which

Table  1

Effect of magnesium carbonate on the characteristics of the process of aerosol formation of anthracene compositions

Number of 

composition 
Component 

Content, 

wt.% 

Duration of combustion 

initiation, s 

Duration of intensive 

smoke emission, s 

Combustion uniformity and 

density of the aerosol cloud 

KClO3 52.00 
1 

C14H10 48.00 
5 45 

Flashes while burning the 

mixture. Dense smoke cloud 

KClO3 53.00 
2 

C14H10 47.00 
5 45 

Flashes while burning the 

mixture. Dense smoke cloud 

KClO3 53.00 

C14H10 46.95 3 

MgCO3 0.05 

7 48 
Ripple during combustion 

mixture. No dense smoke cloud

KClO3 53.00 

C14H10 46.90 4 

MgCO3 0.10 

6 40 
Ripple during combustion 

mixture. No dense smoke cloud

KClO3 53.00 

C14H10 46.80 5 

MgCO3 0.20 

5 42 
Ripple during combustion 

mixture. No dense smoke cloud

KClO3 53.00 

C14H10 46.70 6 

MgCO3 0.30 

12 42 
Reducing the height of the 

flames. Dense smoke cloud 

KClO3 53.00 

C14H10 46.50 7 

MgCO3 0.50 

10 40 
Reducing the height of the 

flames. Dense smoke cloud 

KClO3 54.00 

C14H10 45.20 8 

MgCO3 0.80 

4 35 
Ripple during combustion 

mixture. No dense smoke cloud

KClO3 54.00 

C14H10 45.00 9 

MgCO3 1.00 

3 42 
Ripple during combustion 

mixture. No dense smoke cloud

KClO3 54.00 

C14H10 44.90 10 

MgCO3 1.10 

5 45 

Uniform combustion of the 

mixture and release of smoke. 

Dense smoke cloud 

KClO3 54.00 

C14H10 44.50 11 

MgCO3 1.50 

5 60 

Uniform combustion of the 

mixture and release of smoke. 

Dense smoke cloud 
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is accompanied by a characteristic sound effect and,
accordingly, the duration of aerosol generation.
Therefore, these compositions can be used during
filming, in particular for the imaging of battle scenes.

Conclusions
It is found that the content of magnesium

carbonate (a flame extinguisher) in the anthracene
composition should be 1.5 wt.% that provides
combustion without flares and ripples and ensures a
dense black smoke cloud for 60 s.

The reduction in the duration of combustion
initiation of the anthracene composition and the
duration of intense smoke emission was stated when
increasing the content of thiourea from 0.2 to
1.0 wt.%. The addition of thiourea contributes to
the uniformity of the combustion.

Anthracene-based compositions containing
magnesium carbonate can be applied to generate
black aerosols for the protection of personnel and
equipment in combat. The compositions with
thiourea can be used during filming.
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ÅÍÅÐÃÎÊÎÍÄÅÍÑÎÂÀÍ² ÊÎÌÏÎÇÈÖ²¯ ÄËß
ÃÅÍÅÐÓÂÀÍÍß ÀÅÐÎÇÎËÜÍÈÕ ÇÀÂ²Ñ ×ÎÐÍÎÃÎ
ÊÎËÜÎÐÓ

Ç.Î. Çíàê, Þ.Â. Ñóõàöüêèé, À.Á. Ãåëåø, Ð.Â. Ìíèõ

Ó ðîáîò³ íàâåäåíî ðåçóëüòàòè äîñë³äæåíü âïëèâó äî-
äàòê³â ð³çíî¿ õ³ì³÷íî¿ ïðèðîäè òà ôóíêö³éíîãî ïðèçíà÷åííÿ
(ìàãí³é êàðáîíàòó, ò³îñå÷îâèíè) íà ïðîöåñè ãåíåðóâàííÿ àåðî-
çîë³â ÷îðíîãî êîëüîðó, çîêðåìà ð³âíîì³ðí³ñòü ãîð³ííÿ êîìïîçèö³é,
òðèâàë³ñòü ³íòåíñèâíîãî äèìîâèä³ëåííÿ ³ ù³ëüí³ñòü àåðîçîëü-
íî¿ çàâ³ñè. Âñòàíîâëåíî, ùî äîäàâàííÿ ìàãí³é êàðáîíàòó (ïî-
ãàøóâà÷à ïîëóì’ÿ) äî ñêëàäó àíòðàöåíîâî¿ êîìïîçèö³¿ â
ê³ëüêîñò³, ùî ïåðåâèùóº 0,2 ìàñ.%, ³ñòîòíî çá³ëüøóº òðè-
âàë³ñòü ³í³ö³þâàííÿ ïðîöåñó ãîð³ííÿ (ó 2–2,4 ðàçè) ³ ñïðèÿº çìåí-
øåííþ âèñîòè ïîëóì’ÿ òà ÷àñòîòè ñïàëàõ³â. Ïðè öüîìó òðè-
âàë³ñòü ³íòåíñèâíîãî äèìîâèä³ëåííÿ çìåíøóºòüñÿ íà 6,7–11,1%,
à çàãàëüíà ñåðåäíÿ òðèâàë³ñòü ïðîöåñó àåðîçîëåóòâîðåííÿ (òðè-
âàë³ñòü ³í³ö³þâàííÿ ãîð³ííÿ+òðèâàë³ñòü ³íòåíñèâíîãî äèìîâè-
ä³ëåííÿ) çàëèøàºòüñÿ íåçì³ííîþ ³ ñòàíîâèòü ïðèáëèçíî 50 ñ.
Ç’ÿñîâàíî, ùî çá³ëüøåííÿ âì³ñòó ìàãí³é êàðáîíàòó â êîìïî-
çèö³¿ ïîíàä 0,5 ìàñ.% ñóòòºâî óñêëàäíþº ¿¿ çàãîðÿííÿ, à òîìó
äëÿ äîñÿãíåííÿ íåîáõ³äíîãî òåìïåðàòóðíîãî ðåæèìó ãîð³ííÿ
íåîáõ³äíî çá³ëüøóâàòè âì³ñò îêèñíèêà (êàë³é õëîðàòó) ó êîì-
ïîçèö³¿. Âèÿâëåíî, ùî çá³ëüøåííÿ âì³ñòó ìàãí³é êàðáîíàòó â
àíòðàöåíîâèõ êîìïîçèö³ÿõ â³ä 0,8 äî 1,5 ìàñ.% (çà îäíî÷àñíîãî
çìåíøåííÿ âì³ñòó àíòðàöåíó) çóìîâëþº çá³ëüøåííÿ çàãàëüíî¿
òðèâàëîñò³ àåðîçîëåóòâîðåííÿ â 1,7 ðàçè (â³ä 39 äî 65 ñ) òà
çàáåçïå÷óº äîòðèìàííÿ âèìîã ùîäî éîãî îñíîâíèõ õàðàêòåðè-
ñòèê (ð³âíîì³ðíîñò³ ãîð³ííÿ êîìïîçèö³é, òðèâàëîñò³ ³íòåíñèâ-
íîãî äèìîâèä³ëåííÿ òà ù³ëüíîñò³ àåðîçîëüíî¿ çàâ³ñè). Âñòàíîâ-
ëåíî çìåíøåííÿ òðèâàëîñò³ ³í³ö³þâàííÿ ãîð³ííÿ àíòðàöåíîâî¿
êîìïîçèö³¿ (â 1,7 ðàçè) ³ òðèâàëîñò³ ³íòåíñèâíîãî äèìîâèä³ëåí-
íÿ (íà 25%) çà çá³ëüøåííÿ âì³ñòó ò³îñå÷îâèíè â êîìïîçèö³¿ â³ä
0,2 äî 1,0 ìàñ.%. Ìîæëèâèìè ñôåðàìè âèêîðèñòàííÿ àíòðà-
öåíîâèõ êîìïîçèö³é ç äîäàòêàìè ìàãí³é êàðáîíàòó º â³éñüêîâà
ñôåðà (äëÿ ãåíåðóâàííÿ àåðîçîëüíèõ çàâ³ñ ÷îðíîãî êîëüîðó ³ç
ìàñêóâàëüíèìè âëàñòèâîñòÿìè äëÿ çàõèñòó îñîáîâîãî ñêëàäó ³
òåõí³êè), à ç äîäàòêàìè ò³îñå÷îâèíè – ê³íîçéîìêè (³ì³òàö³ÿ
áàòàëüíèõ ñöåí).

Êëþ÷îâ³ ñëîâà: åíåðãîêîíäåíñîâàíà êîìïîçèö³ÿ,
àíòðàöåí, àåðîçîëü, ÷îðíèé äèì, ìàñêóâàëüíà çäàòí³ñòü,
ìàãí³é êàðáîíàò, ò³îñå÷îâèíà.
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The paper reports the influence of additives with different
chemical nature and functional purpose (magnesium carbonate and
thiourea) on the processes of generating black aerosols, in particular,
the uniformity of the combustion of compositions, the duration of
intense smoke and the density of the aerosol cloud. It is established
that the addition of magnesium carbonate (flame extinguisher) to
the anthracene composition in the amount exceeding 0.2 wt.%
increases the duration of combustion initiation (by 2–2.4 times) and
decreases the flame height and flash frequency. In this case, the
duration of intense smoke decreases by 6.7–11.1%, and the total
average duration of the aerosolization process (i.e. the duration of
combustion initiation together with the duration of intense smoke)
remains unchanged and is about 50 s. It is found that an increase in
magnesium carbonate content in the composition of more than
0.5 wt.% significantly complicates ignition. Therefore, it is necessary
to increase the content of oxidant (potassium chlorate) in the
composition to achieve the required combustion temperature. An
increase in magnesium carbonate content in anthracene compositions
from 0.8 to 1.5 wt.% (while reducing anthracene content) causes an
increase in the total duration of aerosol formation by 1.7 times (from
39 to 65 s) and ensures compliance with its basic characteristics (the
uniformity of combustion of compositions, the duration of intense
smoke and the density of the aerosol cloud). The reduction of the
duration of combustion initiation of the anthracene composition (by
1.7 times) and the duration of intense smoke emission (by 25%) was
observed when increasing the thiourea content in the composition
from 0.2 to 1.0 wt.%. The possible areas of the use of anthracene
compositions with the additives of magnesium carbonate and thiourea
are military sphere (to generate aerosol clouds of black color with
masking properties for the protection of personnel and equipment)
and filming (to imitate the battle scenes), respectively.

Keywords: energy-condensed composition; anthracene;
aerosol; black smoke; camouflage ability; magnesium carbonate;
thiourea.
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