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Abstract The lactose/KClOj; is a widely used pyrotechnic
mixture to vaporize organic materials, such as smoke dyes.
However, because of low ignition temperature of this
mixture, serious precaution should be taken into account to
prevent its accidental self-ignition. In order to find a safe
and efficient alternative of this conventional mixture,
KCIO; has been replaced by common oxidizing agents
including KMnO,, KNO3;, KCIO4, Ba(NOj3),, PbO, and
NH4C1O,4. TG and DTA analysis have been used to obtain
thermal characteristic of the mixtures. Based on ignition
temperature of the pyrotechnic mixtures we can divide them
into four categories as follows: (1) the mixture igniting at
low temperature, i.e., at about 200 °C. (2) Moderate tem-
perature igniting mixture, in which ignition occurs at
300—400 °C. (3) High temperature igniting mixture with
ignition temperature higher than 400 °C .(4) Not igniting
mixtures. Also, the apparent activation energy (E), AG”,
AH*, AS* and critical ignition temperature (T,) of the
ignition processes of low and moderate temperature igniting
mixtures were obtained from the DSC experiments. Finally,
among the investigated mixtures, lactose/KNO;3; can be
considered as a safe and efficient pyrotechnic composition
for vaporization of organic materials, such as smoke dyes,
due to its moderate safe ignition temperature.
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Introduction

Pyrotechnic compositions are typically composed of finely
divided mixtures of metallic or non-metallic elements as
reducing agent with inorganic oxidizing agents to chemi-
cally generate heat, light, or color and used in smoke dye,
emergency signaling, fireworks, air bag inflators, and special
effects devices for the entertainment industry [1-3].

Pyrotechnic smoke dyes are widely exploited for military
purposes to screen and obscure objects, to signal friendly
forces and to mark positions. These are made of an oxidizer,
frequently potassium chlorate, a fuel such as lactose, and an
organic dye such as 1,4-dihydroxy anthraquinone (orange),
1-(p-tolylamino)-4-hydroxy anthraquinone (violet), 1-
methylamino anthraquinone (red), and 4,4'-methylidyne-
bis-3-methyl-1-phenyl-2-pyrazolin-5-one  (yellow), and
some additives which facilitate burning and improve the
processing characteristics of the composition [4, 5].

Some simple sugars are used as fuels in various pyro-
technic mixtures and their burning results in a colorless
flame and liberate less heat per gram than less-oxidized
organic fuels. Simple sugars such as lactose can be obtained
in high purity at moderate cost, and so can be considered as
proper fuel for pyrotechnic applications. Also, toxicity
problems tend to be minimal with these fuels [6, 7].

Lactose has two forms o, f§ in crystalline structure, its
moisture contents is about 5% and increase to about 7% at
high humidity. Its ignition temperature with oxidants such
as, potassium chlorate is somewhat higher than that of
sucrose but lower than that of starch. It reacts with com-
mon inorganic oxidizers at moderate temperatures [8, 9].
Therefore, lactose is among the most exploited fuel in
colored smoke compositions.

Thermal analysis methods are well-established tech-
niques for studying the thermal properties of energetic
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materials in reasonable ways [10—14]. A detailed knowledge
of the thermal behavior of each component of a mixture or
the mixture itself is necessary, both for safety and also to
predict the thermal behavior of new energetic formulations.
However, understanding the thermolysis of energetic mate-
rials is not a trivial task. Typically, the mechanisms of
ignition phenomena are very complex and dependent not
only on the physico-chemical properties of the reactive
samples, but also on the conditions of their occurrence [15—
17].

In this work, the lactose/oxidant binary compositions with
different types of oxidant powders such as KClO3;, KMnOy,
KNO;, KCIO,4, Ba(NO3),, PbO, and NH4C1O, were initially
prepared, then the thermal properties and kinetic parameters
of lactose/oxidant compositions were investigated using
thermal analysis techniques. Although, the thermal behavior
of potassium chlorate in the mixture with lactose powder
have previously been reported [5, 6], but there is no report on
the effect of the other oxidants. The conventional lactose/
chlorate smoke pyrotechnic mixture suffers from low ther-
mal stability which may lead to safety problems through its
accidental self-ignition [5, 18]. The aim of this investigation
is to overcome this disadvantage by combination of lactose
with some other oxidants in smoke dye pyrotechnic mixture.
Among them, a novel lactose/KNO3; composition has been
found to show desirable safe ignition properties.

Experimental
Materials

Potassium chlorate, potassium permanganate, potassium
nitrate, potassium perchlorate, barium nitrate, lead dioxide,
ammonium perchlorate (mesh 300) and lactose monohydrate
powders (10 um) were purchased from Merck (Tehran, Iran).

Apparatus

A thermobalance (Stanton, Model TR-01, with a sensitivity
of 0.1 mg, with a Stanton 780 differential thermal analysis
(DTA) attachment) was used to investigate thermal prop-
erty (DTA/TG) of pure and binary pyrotechnic mixtures.

A differential scanning calorimetry, DSC, technique
with a Dupont DSC model 910 was used to kinetic
investigation of mixtures.

Procedure
Preparation of samples

Seven pyrotechnic mixtures containing, lactose/KClOs,
lactose/KMnQ,, lactose/KNOj, lactose/KClO,4, lactose/
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Ba(NOs),, lactose/PbO, and lactose/NH,ClO, were ini-
tially prepared based on their reaction stoichiometric ratio
(as presented in Table 1) through wet mixing in acetone.
After evaporation of the solvent, small quantities of the
pyrotechnic mixtures were carefully sieved through a
slightly coarser sieve than the particles [14].

Thermal analysis of samples

Approximately, 3.0 mg of sample and reference (Pt foil)
were placed in alumina pans and heated 10 °C min~' from
30 to 1000 °C. In this study, nitrogen atmosphere was used
for pure compounds and air atmosphere for binary mix-
tures. DTA baseline and temperature calibrations were
performed prior to the experiments. Before testing, all
samples were stored in a vacuum oven at 65 °C for at least
3h

DSC experiments were run at the heating rates of 5, 10,
15, 20 °C min~" from 50 °C up to the end of the reaction.
DSC measurements were conducted by placing 3.0 mg of
each mixture in a sample pan with a perforated cover under
air atmosphere (40 ml min~ ).

Table 1 Summary of experimental results for DTA/TG of pure
components and mixtures

No Component Composition/ Transition temperature®/°C

%
7 Fusion® TS, AT®
1 Lactose 100 216 358, 135-580
497
KCIO; 100 356 472 470-550
3  KNO3 100 337 700 500-1000
4 KMnOy, 100 - 290, 240-650
630
5 Ba(NOs), 100 588 685 575-778
6 KClO, 100 590 592 590-605
7  Lactose/KCIO;  26.9/73.1 - 206.9 140-360
8  Lactose/KNO;3 18.2/81.8 218, 335.7 140-392
327
9 Lactose/KMnO, 12.5/87.5 219, - 393 140-600
10 Lactose/ 14.7/85.3 221, - 446.2 140-620
Ba(NO3),
11 Lactose/KCIO4  30.15/69.85 219, - 476 140-550

4 Peak temperatures at maximum heat flux

® Fusion temperatures for the mixtures are given for fuel and oxidant,
respectively

¢ Tmax is maximum temperature of decomposition (no 1-6) and
ignition phenomenon (no 7-11)

d . . .
AT is Temperature range associated with a sample’s mass loss
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Results and discussion
Thermal behavior of pure compounds
Lactose

Lactose monohydrate was examined in nitrogen atmosphere
by using simultaneous DTA/TG to access its thermal char-
acteristics. As shown in Fig. la, three successive thermal
events were found to occur at above 140 °C in which the first
two ones are endothermic and the last one is exothermic
process. The first phenomenon, occurring at about 149 °C, can
be attributed to dehydration process of lactose. The small
amount of mass loss during the process (about 5%), deter-
mined from TG curve, confirms the dehydration reaction. No
mass change has been observed in the next stage of heating, so
that the sharp endothermic peak of DTA curve at 216 °C could
be assigned to lactose melting. After the melting process, a
large and broad exothermic peak appeared in DTA, starting at
about 218 °C and continuing to 580 °C. This broad peak
corresponds to the decomposition of molten lactose. This
result agrees with the TG curve of the entire process that shows
98% total mass loses [6]. After complete decomposition of the
sample, water, and carbon may be produced:

C12H2,01; - H,0() — 12C(g) + 12H>0(g)
KClO;

The DTA and TG curves for pure potassium chlorate are
shown in Fig. 1b. No thermal event was observed prior to

Fig. 1 TG and DTA curves for

356 °C, when the DTA curve exhibits a sharp endothermic
peak due to melting phenomenon. After this, as seen in the
DTA curve in Fig. 1b, a relatively great temperature ele-
vation should be attained before its first rapid exothermic
decomposition at 472 °C. The decomposition process is
accompanied by 40% mass loss. In agreement with previ-
ous report, the results show that pure potassium chlorate is
kinetically stable over a wide temperature range higher
than its melting point [19]. After complete decomposition
of the sample, oxygen and potassium chloride (KCI) are
produced [20, 21]:

KCl105(1) — KCI(s) + %Oz(g)

KNO;

Figure 1c shows the results of DTA and TG analysis of the
KNOj3 sample used in this study. In alignment with recent
reports by Koch [22] and by us [23], the endothermic peaks
at 130 °C and 337 °C correspond to phase transition of
rhombic crystalline solid to trigonal structure and melting
of KNOs;, respectively. The molten KNO; is said to be
stable up to 500 °C, since no thermal event was observed at
this temperature interval. However, an endothermic pyro-
lysis gasification reaction starts at just a little above this
temperature, and finishes at about 1000 °C, resulting in no
solid residue. Accordingly, the reaction processes of KNO;
are suggested as follows:

2KNO;(1) — K,O(1) + 2NO(g) + %Oz(g)

a
pure powder of a lactose,
b potassium chlorate,
¢ potassium nitrate, and
d potassium permanganate &\; >
(sample mass 3.0 mg; heating & §
rate 10 °C min~'; nitrogen = <
atmosphere)
50 356 °C -0.5
0 — 40 + " . -
0 100 200 300 400 500 600 700 200 300 400 500 600
Temperature/°C Temperature/°C
c 2 d 110 2
100
1.5 15
80
Am=-100% | 1 TG 290°C
o > 100 1
s 80 05 £ >
% : @ Am =-12% 0.5 S
= 40 0 é ,:\]
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Temperature/°C

80 . . . . —1
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Temperature/°C
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As shown in Fig. 1d, decomposition of potassium per-
manganate occurs in two discrete stages. A sharp exo-
thermic DTA peak was observed at about 290 °C and an
endothermic one at 630 °C. The former stage is accom-
panied with a rapid mass loss of about Am; = 12% of the
initial mass, but for the last stage of decomposition is about
Amy = 3.5% of the original mass. The results are in
agreement with the previous thermal and chemical analy-
sis, reported by Herbstein et al. [24] who proposed based
on a mass loss of 12.1% that the stoichiometry of the first
stage of decomposition is as:

10KMnOy(s) — 2.65K,MnOy(s)
+ (235K20 . 7.35Mn02,05)(s) + 602 (g)

while the second stage was represented as:
1OK2MHO4(S) — 5.7K3MHO4(S)
+0.5(2.9K;0 - 8.6MnO; ;)(s) + 3.40,(g)

and was found to be reversible in air.
Ba( N 0 3 )2

Thermal analysis (DTA/TG) of pure barium nitrate
(Table 1) indicated that Ba(NOs3), melts at 588 °C with a
strong endothermic peak, which subsequently decomposed
at 685 °C [23]. This result agrees with the TG curve that
shows barium nitrate decomposes at 575-778 °C temper-

decomposition of the sample, oxygen, nitric oxide and
barium oxide are produced:

Ba(NO,), (1) — BaO(s) + NO(g) + NO,(g) + 0,(g)
KClO,

Thermal analysis (DTA/TG) of pure potassium perchlorate
is also presented in Table 1. Beside decomposition and
melting, potassium perchlorate undergoes a rhombic—cubic
endothermic phase transition around 300 °C. At higher
temperature, (~ 590 °C), it decomposes rapidly during the
melting process [19]. After complete decomposition of
potassium perchlorate, oxygen and potassium chloride
(KCl1) are produced. It is confirmed by a 46% mass loss in
the TG curve [5].

KCl104(1) — KClI(s) + 20,(g)

Thermal properties of binary mixtures
Lactose/KClO;

Figure 2a shows DTA and TG curves for lactose/KClO;
pyrotechnic mixture. First thermal event occurs at 142 °C
together with 7% mass loss and can be related to the
endothermic dehydration of the lactose. Subsequently, the
mixture ignites at 206.9 °C, while both fuel and oxidant
were unmelted. The ignition reaction between fuel and
oxidizer is a complete reaction, accompanied with 60%

ature range with 42% mass loss. After complete total mass loss as follows [5, 6].
Fig. 2 TG and DTA curves for a 110 2 b 110 2
mixture of lactose powder with 100 TG 206.9 °C 100 885.7°C
a potassium chlorate, %0 1.5
b potassium nitrate, and 90 80 .
¢ potassium permanganate ® & 20 -
(sample mass 3.0 mg; heating @ 80 § am=—65% | o5 E
rate 10 °C min™'; air 2 70 S 00 oA qaec >
atmosphere) 50 0
60 40
. -0.5
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Ci12H» 0y - H>O(s) 4+ 8KClO5(s)
— 8KCI(s) + 12CO,(g) + 12H,0(g)

Lactose/KNO;

As shown in Fig. 2b, an endothermic peak at 137 °C is
observed, corresponding to a phase transition of oxidant
without any decrease in the mixture’s mass. Subsequent
peak at 144 °C can be attributed to the lactose dehydration
with 5.5% mass loss. The organic fuel and the oxidant melt
at 218 and 327 °C, respectively. Following these endo-
thermic events, a rapid ignition occurs at 335.7 °C. The
following stoichiometry has been assigned to the overall
reaction and is confirmed by a 65% total mass loss in the
TG curve.

C12H204; - H,O(1) + 16KNO3 (1)
— 8K,0(1) + 16NO(g) + 12C0,(g) + 12H,0(g)

Lactose/KMnO,

Figure 2c shows four thermal events for lactose/KMnO,
mixture, of which two first processes are endothermic
and the two other ones are exothermic. The first
detectable thermal phenomenon, occurred at 145 °C with
6% mass loss, is associated with water loss from lactose.
The next sharp peak at 219 °C is due to the fuel fusion.
As mentioned above, first exothermic peak (~290 °C)
can be related to the first decomposition stage of KMnO,
and is followed by the mixture ignition, occurring exo-
thermally at about 393 °C. The TG results shows con-
tinuous mass loss (total 42%) in a long period of
temperature range (140-600 °C) and the amount of mass
loss lead us to presume following stoichiometry for the
overall process:

CioH», 041 - HO() + 16KMHO4(S)
— 8K,0(s) + 16MnO,(s) + 12C0,(g) + 12H,0(g)

Lactose/Ba(NO3),

The DTA and TG curves of lactose/Ba(NO3), mixture that
summarized in Table 1, show two endothermic peaks at
147 and 221 °C which correspond to the dehydration and
the melting of lactose in the mixture, respectively. High
thermal stability of the oxidant causes a delay, with respect
to the above mixtures, in next thermal event up to near
446.2 °C at which the ignition happens exothermally with
about 55% mass loss. The overall reaction between the fuel
and this oxidizer is as follows:

C12H20y; - H>O(1) 4 8Ba(NOs),(s)
— 8BaO0(s) + 16NO(g) + 12C0O;(g) + 12H,0(g)

Lactose/KCIlO,

The results of DTA and TG for the mixture of potassium
perchlorate and lactose are summarized in Table 1. The
DTA and TG curves of this mixture reveal an endothermic
peak about 147.2 °C, which is related to dehydration of
fuel. After this, two other endothermic peaks with no mass
loss were observed at 219 and ~302 °C, and were
assigned to the melting of the fuel and rhombic-cubic phase
transition of the oxidant, respectively. Similar to previous
mixture, a delayed but rapid ignition occurs at 476 °C
together with a ~65% sample’s mass fall. The presumed
reaction between fuel and oxidizer is as follows:

Ci2H» 0y - HO(1) 4 6KClO4(s)
. 6KCI(s) + 12C0s (g) + 12H,0(2)

Among the investigated mixtures, the lactose/NH,C1O4
and lactose/PbO, mixtures were not thermally ignited, and
therefore have no merit for pyrotechnic purposes.

Comparison of ignition temperatures

Ignition temperature is one of the main characteristics
determining efficiency of the pyrotechnic mixtures for
smoke dye. Low temperature igniting pyrotechnics may
raise hazardous issues such as uncontrollable and acci-
dental self-ignition, on other hand high temperature ones
may result in decomposition of dye component at ignition
temperature. So the pyrotechnic mixtures with moderate
ignition temperatures have desirable characteristics for
smoke dye applications [8, 14]. Diversity of ignition tem-
peratures of the above pyrotechnic mixtures leads us to
divide them into four categories as follows: (1) Low tem-
perature igniting mixture: the mixture of lactose with
KCIOs;, igniting at about 200 °C, belongs to this category.
The relatively low ignition temperature of the mixture
makes it as a suitable mixture for smoke generator system.
Due to the high reactivity of KCIO3, the ignition occurs at a
temperature that is much lower than its decomposition
temperature. In fact, the mixture is so reactive as to ignite
at a temperature at which both components are solid. (2)
Moderate temperature igniting mixture: this category
includes the mixture of lactose with KNO3; or KMnOy4
igniting at 300-400 °C. The replacement of KClO; with
KNOj raises the thermal stability of the mixture and
ignition shifts toward the higher temperature up to around
335.7 °C. On the other hand, using KMnO, as oxidizer a
further increase in thermal stability of the pyrotechnic
mixture has been observed so that ignition temperature of
the lactose/KMnO, mixture increases up to 393 °C. (3)
High temperature igniting mixtures, fabricated with KC104
or Ba(NOs), as oxidizing agent, that ignite at higher than
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400 °C. As the results of Table 1 shown, by replacing
KCIO; with Ba(NOs3),, thermal stability of the mixture
increased. Table 1 shows that the mixtures of lactose/
Ba(NO;), and lactose/KClO, ignite at 446.2 and 476 °C,
respectively. (4) Not igniting mixtures: besides above
mentioned oxidants which show diverse ignition reactivity
upon mixing with lactose, some other well known oxidants,
such as PbO, and NH,CIO,4, form not igniting mixtures
with lactose. A comparison of ignition temperature of
reactive mixtures is also summarized in Table 1.

On the other hand, since the organic dyes compounds
that used in pyrotechnic smoke composition, usually
decompose at relatively lower than 400 °C [7, 14], thus the
ignition temperature of smoke dye pyrotechnic mixture is
an important parameter and should not exceed their
decomposition temperature. Therefore, among the investi-
gated pyrotechnic mixtures, only low and moderate tem-
perature igniting mixtures can potentially be considered for
vaporization of organic dye compounds.

Kinetics of thermal ignition
Potential hazards associated with the thermal behavior of

energetic materials require that stability evaluation and
ignition kinetics be carried out to assure their safe

1.5
15 °C/min
/ 20 °C/min 1
10 °C/mi
min Los ;
1S
5 °C/min E
o
ro =
(3]
3]
T
r—0.5
. -1
100 200 300

Temperature/°C

Fig. 3 The effect of heating rate on the DSC curves of thermal
ignition of lactose/KClO5; mixture

processing, handling and storage. Kinetic characteristics of
ignition processes of low and moderate temperature ignit-
ing mixtures have been explored through DSC measure-
ment at several heating rate. Figure 3 shows DSC curves
for the ignition reaction of lactose/KClO; pyrotechnic
mixtures at several heating rates. The curves show that as
the heating rate was increased, the onset ignition temper-
ature (7,) and ignition peaks of mixture were shifted to
higher temperatures. This trend was also observed for all
other mixtures (Table 2).

In this study, kinetic parameters were determined using
Kissinger approach [25-27].

Based on Kissinger method, the apparent activation
energy (E) could be obtain as slope of a plot of In(¢/T2)
versus 1/Ty, in which ¢ and Ty, are heating rate and tem-
perature of max/min peaks of DSC curve, respectively [28].

On the other hand, the Arrhenius frequency factor
(A) was found for all mixtures from the following relation
[29, 30]:

A = [pE exp(E/RTw)]/RT, (1)

The calculated activation parameters for all mixtures are
given in Table 3.

The entropy of activation (AS*), enthalpy of activation
(AH") and free energy of activation (AG") corresponding to
the each mixture were obtained [31, 32]. Table 3 gives the
calculated kinetics parameters for the studied pyrotechnic
systems.

Critical ignition temperature

The critical ignition temperature (7,) is an important
parameter required to insure safe storage and process
operations involving explosives, propellants, and pyro-
technics. It is defined as the lowest temperature to which a
specific charge may be heated without undergoing thermal
runaway [33]. T, may be calculated from inflammation
theory and appropriate thermokinetic parameters namely
the activation energy, pre-exponential factor, and heat of
reaction. In order to obtain the critical temperature of
thermal ignition (7},) for the pyrotechnic mixtures, Eqs. 2
and 3 were used. [34].

Table 2 Effect of heating rate on the onset and peak ignition temperature of lactose with KC10;, KNO;, and KMnO, pyrotechnic mixtures

Mixture Lactose/KCl105 Lactose/KNO;3 Lactose/KMnQOy

Heating Onset Peak Onset Peak Onset Peak

rate/°C min " temperature/°C temperature/°C temperature/°C temperature/°C temperature/°C temperature/°C
5 192 198 318.3 327.8 378.5 386

10 198.9 206.9 321.5 335.7 386 393

15 207 212.1 331 342 390 397.8

20 210 217.8 342 348 394.6 402.5
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Table 3 Kinetic parameters of thermal ignition of lactose with KCIO3;, KNO3, and KMnO, pyrotechnic mixtures

Mixture E/KT mol ™" Frequency r AG*/KT mol ™! AH*/KT mol ™! AS*T mol ™' K™!
factor log A/s™'

Lactose/KC1O; 129 13.9 0.9965 121.1 125 8

Lactose/KNO3 203.7 17.3 0.9910 164.6 199.7 73

Lactose/KMnO4 303.25 23.7 0.9952 205.2 299 196

r linear regression coefficient

AG*, AH*, and AS* are given at ignition temperature of most reactive mixture, i.e., lactose/KCIO3

Te = TeO + b(bl + C¢i27

E? — 4ERT.
2R

i=1-4 2)

E_
Ty =

(3)

where b and c are coefficients, R is the gas constant, and
E is the value of activation energy obtained by kinetic
method.

The value (T.y) of the onset temperature (7.) corre-
sponding to ¢) — 0 obtained by Eq. 2 is 181.6, 317.8, and
370.6 °C for lactose/KClOs5, lactose/KNO;, and lactose/
KMnO, mixture, respectively.

The critical temperature of thermal ignition (7})
obtained from Eq. 3 is 195.8, 332.8 and 382.4 °C for lac-
tose/KCl10O3, lactose/KNO5; and lactose/KMnO, mixture,
respectively.

Conclusions

In order to improve safety issues of lactose/KCIOz pyro-
technic mixture which has been widely used in smoke dye
formulation, several common oxidizing agents, including
KMnO,4, KNO;, KCIO,4, Ba(NO3),, PbO, and NH4CIO,,
have been examined as alternative oxidant for this appli-
cation. DTA/TG and DSC techniques have been employed
to evaluate thermal behavior of the pyrotechnic mixtures.
The results showed that lactose/KClOj; has lowest apparent
activation energy (E) and critical ignition temperature (7},)
in comparison with other mixtures. Although these char-
acteristics seem to make this mixture useful for smoke
generator formulations that need low temperature reactions,
but cause it to suffer potentially from self-ignition during
mixing and storage. Among alternative mixtures, lactose/
PbO, and lactose/NH,ClO, form not igniting mixtures and
therefore are unsuitable for above mentioned application.
Also, kinetic parameters and ignition temperatures revealed
the following order for their thermal reactivity:

Lactose/KClO3 > lactose/KNOj; > lactose/KMnOy4
> lactose/Ba(NO3), > lactose /KClO,

Efficient pyrotechnic mixture for smoke dye application
should have moderate ignition temperature and release its

energy within limited temperature range, since high
temperature igniting mixtures cause dye decomposition
and low temperature ones result in hazardous issues. In this
view, lactose/Ba(NOs3), and lactose/KCIO, mixtures,
which ignite at higher than the decomposition
temperature of common organic dyes (~400 °C) [35,
36], are not proper alternative for hazardous lactose/KClO5
mixture. Although, ignition of lactose/KMnOy starts from
moderate temperature, but occurs at a wide temperature
range (240-650 °C). So this mixture does not provide the
proper characteristics for smoke dye application. But
lactose/KNO; ignites at 336 °C and its critical ignition
temperature (7y,) is 332.8 °C and its ignition process does
not exceed 400 °C. So, this pyrotechnic mixture not only
have proper ignition temperature to vaporized many stable
organic dyes, such as 1-methylamino anthraquinone (red
dye), but also can be used as safe pyrotechnic mixture in
smoke dyes system [36]. Finally, the result of this
investigation shown that, lactose/KNO; mixture can be
used instead of very famous lactose/KCIO; mixture that
used as conventional mixture in smoke dye system. The
advantage of the new system is its higher apparent
activation energy (E) and critical ignition temperature
(T}) that prevents accidental self-ignition during mixing or
storage period.
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