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The kinetics of decomposition of azodicarbonamide, an exothermic chemical blowing

agent, which is used for obtaining solid foams, was investigated. It was shown that the

modified coal tar pitch can be used as a polymer matrix to produce foamed pitch composite

materials. The decomposition temperature of azodicarbonamide is approximately 200–

2100C. Such a decomposition temperature is too high to foam a modified coal tar pitch

due to a change in its rheological properties. The azodicarbonamide decomposition

temperature can be reduced by adding initiators. Zn stearate, Ca stearate, their mixture

and polyvinylchloride were used as initiators. The influence of the initiators on the kinetics

of azodicarbonamide-initiator decomposition at temperatures of 130–1500C was investigated.

The induction period, the time of reaching the maximum decomposition degree and the

decomposition rate of the azodicarbonamide-initiator have been determined as a function

of the temperature and the initiator amount. A maximum rate of mixture decomposition

was observed in the case of Zn stearate; the addition of binary initiator Zn stearate/Ca

stearate decelerates the process. The use of polyvinylchloride as an initiator is characterized

by very low rates. The comparison of the decomposition degree for various initiators in

isothermal conditions revealed that Zn stearate is the most active initiator. It has been

established that there is a line of the optimal Zn stearate amount to reach the maximum

decomposition degree at temperatures of 130–1500C for the complex blowing agent

azodicarbonamide-Zn stearate. The gas number of the complex blowing agent,

azodicarbonamide-Zn stearate with an optimal composition has been determined at 140

and 1500C.
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Introduction

Solid foams (foam composites) are
heterogeneous systems in which the dispersion phase
is gas and the dispersion medium is a polymer matrix.
Foam composites are effective constructive materials
and suitable for use in various industries.

In work [1], it was shown that modified coal
tar pitch (CTP) can be used as a polymer matrix to
produce foamed pitch composite materials. Modified
CTP is a product of low temperature modification
of CTP by active polymers; it has a number of
properties that correspond to amorphous polymers.
Modified CTP (MCTP) has a viscosity of 55–
190 Pas in the temperature range of 125–1550Ñ [2,3].

Both physical blowing agents (PBA) and
chemical blowing agents (ChBA) are used to foam

the polymers. PBAs release the gas that foams the
polymer melt due to the change in its aggregate state
or due to the phase redistribution of the gaseous
component. PBAs are used to obtain polymeric foam
based on polymers of low viscosity (up to 10 Pas).

Chemical blowing agents are substances and
mixtures that release gas as a result of chemical
processes of thermal decomposition or due to various
chemical reactions.

When choosing ChBA, it is considered a
number of requirements: the decomposition
temperature of ChBA should be in the temperature
range used for the processing of polymers; the ChBA
decomposition rate should not be too high; gas output
(gas number) should be high; decomposition products
should be harmless to the environment.
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According to the thermodynamic
characteristics, two types of ChBAs can be
distinguished, the decomposition process of which
is exothermic or endothermic.

One of the most common ChBA is
azodicarbonamide NH2CON=NCONH2, it belongs
to the main types of exothermic ChBAs in the
production of foam composites.

Exothermic ChBAs have a narrower range of
decomposition temperatures (a wide processing
temperature range) and give a higher yield of gas
than endothermic ones [4]. It is assumed [5] that
exothermic ChBAs are more effective in reducing
the density and strengthening the breaking strength
than endothermic foaming agents.

The decomposition temperature of
azodicarbonamide (ADÑA) exceeds 1950C and is
approximately 200–2100C [6]. Such a decomposition
temperature [3] is too high to foam a modified CTP
due to a change in its rheological properties [3].

The foaming process is determined by the pitch-
polymeric matrix viscosity. At temperatures of 130–
1500C, the CTP is in a highly elastic and viscous-
fluid state; that is, it has a viscosity that provides the
foam formation (viscosity of 55–190 Pas). At
temperatures above 1950C, modified CTP shows the
Newtonian flow; that means, it has a completely
destroyed structure [3], and it is also subject to
thermo-oxidative degradation.

The ADCA decomposition temperature can be
reduced by adding initiators. Usually oxides and salts
of metals of the 2nd and 3rd groups of the periodic
system (zinc and calcium) are used as ADCA
initiators [7]. The initiators were Zn stearate (ZnSt2),
Ca stearate (CaSt2), a Ca/Zn stearates mixture, which
are also modified CTP thermostabilizers. In addition,
polyvinyl chloride (PVC) was studied as an initiator.
PVC is also used for modification of CTP. In the
coarse PVC dehydrochlorination, the hydrogen
chloride is released. It, to a greater or lesser extent,
can intensify the ADCA decomposition.

One of the most important parameters in the
pitch-polymeric matrix foaming process is the rate
and fullness of blowing agent decomposition. Thus,
this work is aimed at studying the ADCA
decomposition kinetics in the presence of initiators
(ZnSt2, CaSt2, Ca/Zn stearates mixture, PVC) to
obtain foam-composites based on MCTP.

Materials and methods

The following materials were used for the study.
ADCA (CAS: 123–77–3, NH2CON=NCONH2)

is a yellow-orange odorless crystalline substance. The
content of the main substance is 95%. The
decomposition temperature is 2100C; the gas number

is 218 cm3/g.
When heated, ADCA decomposes with the

release of molecular nitrogen (mainly) and a small
amount of ammonia. The optimum decomposition
temperature is 2100C and above, the reaction is
exothermic and autocatalytic [7].

Calcium stearate (CAS: 1592–23–0,
(C17H35COO)2Ca or CaSt2) is a white powder. The
content of calcium stearate is 98%, the melting point
is 1500C.

Zinc stearate (CAS: 557–05–1, (C17H35COO)2Zn
or ZnSt2) is a white amorphous powder. The content
of zinc is 10.1%, the melting point is 1300C.

Polyvinyl chloride C–6370–Æ is a
homogeneous white powder. The bulk density of the
powder is 0.55 g/cm3; the KF constant is 63. PVC is
a finely dispersed powder with a particle size of 100–
200 m, it belongs to the thermoplastics [8]. The
density is 1.35–1.40 g/cm3. PVC melting point (with
destruction) is 150–2200Ñ.

The ADCA decomposition kinetics was studied
under isothermal conditions in the presence of ZnSt2,
CaSt2, ZnSt2/CaSt2 mixture and PVC. The used
initiator amount varied from 0.12 to 1.0 (in weight
part to 1 weight part of ADCA). The temperature
varied in the range of 130–1500Ñ.

The procedure of studying the kinetics of
blowing agent decomposition in the presence of the
initiator involves several stages. The first stage is the
preparation of ADCA and initiators mixture which
includes the crushing the blowing agent components
and their dispersion mixing in the given ratio. This
is necessary to increase the contact area surface
between ADCA and initiator particles and their
uniform distribution in the reaction mass as well as
improve the heat transfer conditions during heating.
The second stage is the heating of porcelain boats
with experimental sample weight (2.0000 g) in an
air thermostat under isothermal conditions at a
constant temperature (130, 140 and 1500C) during
10, 15, 30 or 60 minutes. At this stage, it is very
important to keep the same conditions for research:
the same thickness of the layer and the weight of
each ADCA-initiator. The decomposition degree of
the ADÑA-initiator mixture (complex blowing
agent–ÑBA) was determined by the following
formula:

 1 2

1

m m
D 100%

m


  ,

where D is the decomposition degree of ADÑA–
initiator mixture (ÑBA) (in %); m1 is the initial
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sample weight (g); and m2 is the sample weight after
heating in thermostat (g).

The gas number of the selected ÑBA was
determined too. The procedure of determining the
ÑBA gas number is as follows. CBA sample (0.25 g)
was heated in a reaction flask in an oil bath. The
rate of the temperature rising from 20 to 1500Ñ did
not exceed 50Ñ/min. After reaching the maximum
temperature, the heating was stopped and CBA
sample was maintained at a given temperature until
the blowing agent was decomposed. After the reaction
flask cooling, when the temperature in the reaction
tube and in the burette shirt is equal, the released
gas volume was measured. The gas volume was
recalculated to normal conditions and the gas number
(ml/g) was calculated by the formula:

V
X

G
 ,

where V is the released gas volume under normal
conditions (ml); and G is the CBA sample (g).

Theory

It is known that ADCA is an exothermic
blowing agent [7]. The decomposition reaction is
autocatalytic since the reaction products can react
with unreacted ADCA, thereby increasing the gas
formation rate. The released heat amount during
decomposition of ADCA amounts to 86 cal/g (i.e.
10 kcal/mol).

ADÑA meets most requirements for the blowing
agent, in particular, the requirements for the
decomposition temperature, the gas releasing level,
the gas composition, the ease of dispersion, storage
stability, non-toxicity and cost. In addition, this
substance is self-extinguishing in contact with an
open flame and does not support burning of the
polymer. ADÑA is the most economical of all
industrial blowing agents [7].

The ADCA decomposition mechanism is
complex and not fully understood. The main
chemical transformations that accompany the ADCA
decomposition are schematically presented in
Figure 1 [9].

The ADCA thermal decomposition [9,10]

proceeds in two stages. At the first stage (at the
temperatures of 180–2200C), the decomposition
products are carbon monoxide, nitrogen and urea.
At the second stage, which corresponds to a wider
range of temperatures (220–3200C), gaseous
ammonia together with solid isocyanic acid are
formed, the latter is the product of urea
decomposition. The material does not completely
decompose into gaseous products. In the course of
decomposition, 35% of gas, 40% of solid residue
and 25% of sublimate are formed. The gas consists
of 65% nitrogen, 32% carbon monoxide and 3%
other gases, including ammonia and carbon dioxide.
Ammonia is mainly formed at high temperatures.

It is known that the ADCA decomposition
temperature can be reduced by the introduction of
initiators – salts of zinc and calcium. Some
researchers [11,12] assumed that the interaction of
ADCA with salts of calcium or zinc yields the
corresponding salts of azodicarboxylic acid which
act as the initiator of thermal decomposition. Also,
the activation mechanism of the ADCA
decomposition process is the acid-base interaction
by Lewis where the metal of activating additive acts
as a Lewis acid, being an electron acceptor, and
ADCA acts as the base, that is, it is an electron pair
donor. It was also assumed [13] that metals, which
have filled pre-outer d-electron orbitals, probably
can form -complexes which include ADCA
molecules as ligands. The formation of -complexes
leads to a decrease in the electron density between
nitrogen atoms of the azo-group and carbon; as a
result, a break of –Ñ–N= bond is facilitated.

Results and discussion

The ADCA decomposition kinetics was
investigated for different types and contents of
initiators in isothermal conditions. The research
temperature varied in the range of 130–1500Ñ. ZnSt2,
PVC and the binary initiator, ZnSt2 and CaSt2

mixture (at the ratio ZnSt2:CaSt2=2:1) were used as
initiators. The amount of initiator in the CBA varied
from 0.12 to 1.0 weight part in relation to 1 weight
part of ADCA.

The kinetic curves of CBA (ADCA–ZnSt2)
decomposition for the temperatures of 130–1500Ñ

NH2CON NCONH2

N2 + CO + NH2CONH2 NH2 + HNCO

HOC

N
C

OH

N

COH
N

+ C O

NH

C O

CH

N2 + HNCO + NH2CONHNHCONH2

I

II

Fig. 1. The chemism of ADCA thermal decomposition [9]
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are shown in Figs. 2–4. At the initial stage, there is
a certain induction period, the duration of which
decreases with increasing the temperature. Then,
there is a sharp increase in the decomposition rate
due to chemical reactions after which the rate is
reduced and the gas separation process is completed.

The induction period at 1500C for the ADCA–
ZnSt2 system depends on the amount of ZnSt2; the
less the quantity of the initiator, the more is the
induction period (Fig. 2). The induction period is 5;
10 and 50 minutes at the initiator amount (in weight
part to 1 weight part of ADCA) of 0.5–1.0; 0.25 and
0.12, respectively. The decomposition process
proceeds at a high rate and ends in 10 and 15 minutes
at the initiator amount of 0.5–1.0 and 0.25,
respectively.

Reducing the temperature to 1400C (Fig. 3)
increases the induction period and the time which is
needed to achieve the maximum degree of the CBA
(ADCA–ZnSt2) decomposition. The induction
period at 1400Ñ for the system ADCA–ZnSt2 is about
15 minutes and more than 60 minutes at the ZnSt2
amount (in weight part to 1 weight part of ADCA)
of 0.5–1.0 and 0.25, respectively. The decomposition
process proceeds at a high rate; it ends after 20 and
25 minutes at the initiator amount of 0.5–1.0 and
0.25, respectively.

Further reducing the temperature to 1300C
(Fig. 4) sharply reduces the decomposition rate and
increases the induction period for more than
60 minutes. There is an induction period of about
40 minutes only at the amount of ZnSt2 0.75 weight
part to 1 weight part ADCA; the decomposition ends
in 50 minutes.

For the binary initiator ZnSt2/ÑàSt2 only at
1500C (Fig. 5) and the ZnSt2/ÑàSt2 initiator amount

Fig. 2. Kinetic curves of CBA (ADCA–ZnSt2) decomposition

at 1500Ñ. The ratio ADCA:ZnSt2 (in weight part): (1) – 1:0;

(2) – 1:0.12; (3) – 1:0.25; (4) – 1:0.50; (5) – 1:0.75; (6) – 1:1

Fig. 3. Kinetic curves of CBA (ADCA–ZnSt2) decomposition

at 1400Ñ. The ratio ADCA:ZnSt2 (in weight part): (1) – 1:0;

(2) – 1:0.25; (3) – 1:0.50; (4) – 1:0.75; (5) – 1:1

Fig. 4. Kinetic curves of CBA (ADCA–ZnSt2) decomposition

at 1300Ñ. Ratio ADCA:ZnSt2 (in weight part): (1) – 1:0;

(2) – 1:0.25; (3) – 1:0.50; (4) – 1:0.75; (5) – 1:1

Fig. 5. Kinetic curves of CBA (ADCA–ZnSt2/ÑàSt2)

decomposition at 1500Ñ. Ratio ADCA:ZnSt2/ÑàSt2

(in weight part): (1) – 1:0; (2) – 1:0.25; (3) – 1:0.50;

(4) – 1:0.75; (5) – 1:1
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of 0.5–1.0 weight part to 1 weight part ADCA, there
is an induction period of 5 minutes and high
decomposition rate, the decomposition ends in
20 minutes.

A decrease in the temperature to 130–1400C
(Figs. 6,7) changes the decomposition kinetics of
ADCA–ZnSt2/CaSt2 mixture: the rate decreases
sharply and the process does not end after 60 minutes.
In addition, ADCA–ZnSt2/CaSt2 mixture
decomposition degree decreases by 3–8 times in
comparison with the same initiator amount at 1500C.

Figure 8 shows typical kinetic curves of ADTA
decomposition (for temperatures of 130–1500C) in
the presence of PVC as an initiator. As can be seen,
PVC is a weak initiator of the ADCA decomposition.

The dependence of the ADCA maximum decomposition rate at the temperature and activators amount after

60 minutes of heating

The maximum decomposition rate, %/min Temperature, 
0С 

The activator amount, weight 
part to 1 weight part ADCA АDCА–ZnSt2 АDCА–ZnSt2/СаSt2 АDCА–PVC 

1 6.0 3.85 0.10 

0.75 10.0 6.25 0.09 

0.50 12.0 2.10 0.05 

0.25 14.0 0.28 0.12 

150 

0.12 10.7 – – 

1 15.0 0.21 0.01 

0.75 30.0 0.20 0.05 

0.50 30.0 0.13 0.03 
140 

0.25 0.1 0.11 0.09 

1 0.65 0.10 0.04 

0.75 4.4 0.06 0.06 

0.5 0.1 0.08 0.03 
130 

0.25 0.05 0.06 0.03 

 

Fig. 6. Kinetic curves of CBA (ADCA–ZnSt2/ÑàSt2)

decomposition at 1400Ñ. Ratio ADCA:ZnSt2/ÑàSt2

(in weight part): (1) – 1:0; (2) – 1:0.25; (3) – 1:0.50;

(4) – 1:0.75; (5) – 1:1

Fig. 7. Kinetic curves of CBA (ADCA–ZnSt2/ÑàSt2)

decomposition at 1300Ñ. Ratio ADCA:ZnSt2/ÑàSt2

(in weight part): (1) – 1:0; (2) – 1:0.25; (3) – 1:0.50;

(4) – 1:0.75; (5) – 1:1

Fig. 8. Kinetic curves of CBA (ADCA–PVC) decomposition at

1300Ñ. Ratio ADCA:PVC (in weight part): (1) – 1:0;

(2) – 1:0.25; (3) – 1:0.50; (4) – 1:0.75; (5) – 1:1
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In the range of 130–1500C and the PVC amount of
0.25–1.0 (in weight part) the maximum decom-
position degree of ADCA–PVC mixture (for 60
minutes) ranges from 0.2 to 0.7%.

Table shows the maximum decomposition rates
of ADCA-initiator mixture depending on the
temperature, type and amount of the initiator.

As can be seen from the Table, ADCA–initiator
mixture decomposition rate depends on the
temperature, the nature of initiator and its amount.
Increasing the temperature in the investigated range
(130–1500C) results in an increase in the chemical
reactions rate of ADCA–initiator mixture
decomposition. The maximum decomposition rates
of the ADCA–initiator are observed for ZnSt2. The
addition of the binary initiator ZnSt2/ÑàSt2

decelerates the process, and the use of PVC as an
initiator is characterized by very low rates.

A comparison of the decomposition degree
(achieved after 60 minutes) for different initiators in
isothermal conditions indicates that ZnSt2 is the most
active initiator (Figs. 9-11). PVC has the least activity.
The binary initiator ZnSt2/CaSt2 occupies an
intermediate position in activity between ZnSt2 and
PVC.

The ADCA–ZnSt2 mixture decomposition
degree depends on the ZnSt 2 amount and
temperature. An increase in the temperature leads
to an increase in the mixture decomposition degree
in the presence of ZnSt2. The dependence of the
decomposition degree under isothermal conditions
on the amount of initiator has a complex character
with an extremum at certain values of the initiator.
An increase in the temperature from 130 to 1500C
decreases the amount of initiator ZnSt2 to achieve
the maximum decomposition degree.

Fig. 9. The dependence of the CBA (ADCA–initiator)

decomposition degree on the type and amount of initiator

(in weight part to 1 weight part ADCA) under isothermal

conditions (1300C): (1) – ADCA–ZnSt2;

(2) – ADCA–ZnSt2/ÑàSt2; (3) – ADCA–PVC

Fig. 10. The dependence of the CBA (ADCA–initiator)

decomposition degree on the type and amount of initiator

(in weight part to 1 weight part ADCA) under isothermal

conditions (1400C): (1) – ADCA–ZnSt2;

(2) – ADCA–ZnSt2/ÑàSt2; (3) – ADCA–PVC

Fig. 11. The dependence of the CBA ADCA–initiator

decomposition degree on the type and amount of initiator

(in weight part to 1 weight part ADCA) under isothermal

conditions (1500C): (1) – ADCA–ZnSt2;

(2) – ADCA–ZnSt2/ÑàSt2; (3) – ADCA–PVC

Figure 12 shows the dependence of the CBA
(ADCA–ZnSt2) decomposition degree on the
temperature and amount of the initiator.

It can be observed from Fig. 12 that there is an
extremum that corresponds to the maximum degree
of CBA (ADCA–ZnSt2) decomposition for each
temperature. With an increase in the temperature,
ZnSt2 initiator amount decreases at each point of
the maximum. That is, there is a line of initiator
optimum amount to achieve the maximum of CBA
(ADCA–ZnSt2) decomposition degree under
isothermal conditions at 130–1500C.

The dependences of the initiator (ZnSt2)
optimum amount and the maximum degree of CBA
decomposition on temperature were derived as
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follows:

AD=4–0.025t;  (1)

DA=1.55t–165.98,  (2)

where AD is the ZnSt2 amount to obtain the
decomposition maximum degree DA (in weight part
to 1.0 weight part ADCA); DA is the CBA
decomposition maximum degree at optimal ZnSt2
amount (%) and t is the temperature (0C).

The gas numbers of the CBA (ADCA–ZnSt2)
optimal composition at 140 and 1500C have been
determined. They are equal to 148 cm3 (221 cm3 in
terms of ADCA) and 156 cm3 (195 cm3 in terms of
ADCA) at 1400C (ADCA:ZnSt2=1:0.5) and at 1500C
(ADCA:ZnSt2=1:0.25), respectively.

Conclusions

The effects of initiators ZnSt2, ZnSt2/CaSt2 and
PVC on the kinetics of ADCA–initiator
decomposition at 130–1500C were investigated. The
induction period, the time of reaching the maximum
decomposition degree and the decomposition rate
of the ADCA–initiator have been established as a
function of the temperature and amount of the
initiator. The maximum decomposition rate of
ADCA–initiator mixture is observed for ZnSt2; the
addition of the binary initiator ZnSt2/CaSt2

decelerates the process, and the use of PVC as an
initiator is characterized by very low rates.

The ADCA–initiator mixture decomposition
degree depends on the temperature, the nature of
initiator and its amount. The most active initiator is
ZnSt2. PVC shows the least activity. The binary
initiator ZnSt2/CaSt2 occupies an intermediate

position in activity between ZnSt2 and PVC. The
ADCA–ZnSt2 mixture decomposition degree is
65.8% at initiator amount of 0.25 (weight part) at
1500Ñ.

An increase in the temperature of the ADCA-
ZnSt2 mixture results to an increase in the
decomposition degree and a decrease in the amount
of ZnSt2 initiator to achieve maximum decomposition
degree. There is a line of the optimal ZnSt2 amount
to reach the maximum decomposition degree at 130–
150°C for the CBA (ADCA–ZnSt2).

The equations have been derived which allow
determining the optimal ZnSt2 initiator amount and
maximum CBA decomposition degree depending on
the temperature in the range of 130–1500Ñ. The gas
number of the CBA (ADCA–ZnSt2) optimal
composition has been determined at 140 and 1500C.
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Ê²ÍÅÒÈÊÀ ÐÎÇÊËÀÄÀÍÍß ÀÇÎÄÈÊÀÐÁÎÍÀÌ²ÄÓ Â
ÏÐÈÑÓÒÍÎÑÒ² ²Í²Ö²ÀÒÎÐÀ ÄËß ÎÄÅÐÆÀÍÍß
ÒÂÅÐÄÈÕ Ï²Í

².Ã. Êðóòüêî, ².². Äàíèëî, Â.Þ. Êàóë³í

Äîñë³äæåíî ê³íåòèêó ðîçêëàäàííÿ àçîäèêàðáîíàì³äó –
åêçîòåðì³÷íîãî õ³ì³÷íîãî ãàçîóòâîðþâà÷à, ÿêèé âèêîðèñòî-
âóºòüñÿ äëÿ îäåðæàííÿ òâåðäèõ ï³í. ßê ïîë³ìåðíà ìàòðèöÿ
äëÿ îäåðæàííÿ ñï³íåíèõ êîìïîçèö³éíèõ ìàòåð³àë³â ìîæå áóòè
âèêîðèñòàíèé ìîäèô³êîâàíèé êàì’ÿíîâóã³ëüíèé ïåê. Òåìïåðà-
òóðà ðîçêëàäàííÿ àçîäèêàðáîíàì³äó ñêëàäàº ïðèáëèçíî 200–
2100C. Òàêà òåìïåðàòóðà º çàíàäòî âèñîêîþ äëÿ ñï³íþâàííÿ
ìîäèô³êîâàíîãî êàì’ÿíîâóã³ëüíîãî ïåêó ÷åðåç çì³íó éîãî ðåîëî-
ã³÷íèõ âëàñòèâîñòåé. Òåìïåðàòóðà ðîçêëàäàííÿ àçîäèêàðáîíà-
ì³äó ìîæå áóòè çíèæåíà øëÿõîì äîäàâàííÿ ³í³ö³àòîð³â. ßê
³í³ö³àòîðè áóëè âèêîðèñòàí³ Zn ñòåàðàò, Ñà ñòåàðàò, ¿õ ñóì³ø,
à òàêîæ ïîë³â³í³ëõëîðèä. Äîñë³äæåíî âïëèâ ³í³ö³àòîð³â íà ê³íå-
òèêó ðîçêëàäàííÿ ñóì³ø³ àçîäèêàðáîíàì³ä-³í³ö³àòîð ïðè òåì-
ïåðàòóðàõ 130–1500Ñ. Âñòàíîâëåíî ³íäóêö³éíèé ïåð³îä, ÷àñ
äîñÿãíåííÿ ìàêñèìàëüíîãî ñòóïåíÿ ðîçêëàäàííÿ òà øâèäê³ñòü
ðîçêëàäàííÿ ñóì³ø³ àçîäèêàðáîíàì³ä-³í³ö³àòîð â çàëåæíîñò³ â³ä
òåìïåðàòóðè ³ ê³ëüêîñò³ ³í³ö³àòîðà. Ìàêñèìàëüíà øâèäê³ñòü
ðîçêëàäàííÿ ñóì³ø³ ñïîñòåð³ãàºòüñÿ äëÿ Zn ñòåàðàòó, äîäà-
âàííÿ á³íàðíîãî ³í³ö³àòîðà Zn ñòåàðàò/Ñà ñòåàðàò óïîâ³ëü-
íþº ïðîöåñ, à âèêîðèñòàííÿ ïîë³â³í³ëõëîðèäó â ÿêîñò³ ³í³ö³-
àòîðà õàðàêòåðèçóºòüñÿ äóæå ìàëèìè øâèäêîñòÿìè. Ïîð³âíÿííÿ
ñòóïåíÿ ðîçêëàäàííÿ äëÿ ð³çíèõ ³í³ö³àòîð³â â ³çîòåðì³÷íèõ óìî-
âàõ ïîêàçàëî, ùî íàéàêòèâí³øèì ³í³ö³àòîðîì º Zn ñòåàðàò.
Âñòàíîâëåíî, ùî äëÿ êîìïëåêñíîãî ãàçîóòâîðþâà÷à àçîäèêàð-
áîíàì³ä-ñòåàðàò Zn ³ñíóº ë³í³ÿ îïòèìàëüíî¿ ê³ëüêîñò³ ñòå-
àðàòó Zn äëÿ äîñÿãíåííÿ ìàêñèìàëüíîãî ñòóïåíÿ ðîçêëàäàííÿ
ïðè òåìïåðàòóðàõ 130–1500Ñ. Âèçíà÷åíî ãàçîâå ÷èñëî êîìï-
ëåêñíîãî ãàçîóòâîðþâà÷à àçîäèêàðáîíàì³ä-ñòåàðàò Zn îïòè-
ìàëüíîãî ñêëàäó ïðè 140 ³ 1500Ñ.

Êëþ÷îâ³ ñëîâà: àçîäèêàðáîíàì³ä, ãàçîóòâîðþâà÷,
³í³ö³àòîð, ê³íåòèêà, ðîçêëàäàííÿ, ñòåàðàò öèíêó, òâåðä³ ï³íè.

KINETICS OF AZODICARBONAMIDE DECOMPOSITION
IN THE PRESENCE OF AN INITIATOR FOR OBTAINING
SOLID FOAMS
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The kinetics of decomposition of azodicarbonamide, an
exothermic chemical blowing agent, which is used for obtaining solid
foams, was investigated. It was shown that the modified coal tar
pitch can be used as a polymer matrix to produce foamed pitch
composite materials. The decomposition temperature of
azodicarbonamide is approximately 200–2100C. Such a decomposition
temperature is too high to foam a modified coal tar pitch due to a
change in its rheological properties. The azodicarbonamide
decomposition temperature can be reduced by adding initiators. Zn
stearate, Ca stearate, their mixture and polyvinylchloride were used
as initiators. The influence of the initiators on the kinetics of
azodicarbonamide-initiator decomposition at temperatures of 130–
1500C was investigated. The induction period, the time of reaching
the maximum decomposition degree and the decomposition rate of
the azodicarbonamide-initiator have been determined as a function
of the temperature and the initiator amount. A maximum rate of
mixture decomposition was observed in the case of Zn stearate; the
addition of binary initiator Zn stearate/Ca stearate decelerates the
process. The use of polyvinylchloride as an initiator is characterized
by very low rates. The comparison of the decomposition degree for
various initiators in isothermal conditions revealed that Zn stearate
is the most active initiator. It has been established that there is a line
of the optimal Zn stearate amount to reach the maximum
decomposition degree at temperatures of 130–1500C for the complex
blowing agent azodicarbonamide-Zn stearate. The gas number of
the complex blowing agent, azodicarbonamide-Zn stearate with an
optimal composition has been determined at 140 and 1500C.

Keywords: azodicarbonamide; blowing agent; initiator;
kinetics; decomposition; zinc stearate; solid foams.
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