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We studied the influence of the stabilizers on thermo-oxidative degradation of the main

component (coal tar pitch) of a new material, pitch-composite. Based on the data of

gravimetric and FTIR spectral analyses, it was established that individual stabilizers (irganox,

melamine, calcium stearate and zinc stearate) in the amount of 2% interact with coal tar

pitch at 1500C in the presence of air. Melamine, calcium stearate and zinc stearate decelerate

(in contrast to irganox) destructive processes in the pitch which is accompanied by the

formation of low-molecular compounds. It was shown that irganox initiates the degradation

reactions with the formation of volatile compounds when interacting with pitch. When

interacting with pitch components, zinc stearate and calcium stearate were stated to reduce

the condensation of the system forming methylene bridges between the aromatic rings.

Due to the reduced condensation of the aromatic pitch systems, the formation of low-

molecular volatile compounds is inhibited and the weight loss diminishes in the presence

of calcium and zinc stearates. The obtained results should be taken into account when

developing a complex stabilizer for basic stabilization of the pitch-composite.

Keywords: coal tar pitch, thermo-oxidative degradation, irganox, melamine, calcium stearate,
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Introduction

Coal tar pitch (CTP) is the residue formed
during the distillation of coal tar. CTP is a cheap
raw material which is widely used in various industries
to produce composite and carbon materials [1–3].

CTP by its nature has high reactivity as it was
confirmed by many researchers [2–4]. CTP is a
multicomponent mixture of condensed aromatic
hydrocarbons and heterocycles with active functional
groups that can be activated under certain conditions
and enter into chemical interaction.

Composite material based on CTP-pitch-
composite is a new class of thermoplastics [5]. It
can be used as a precursor to obtain a wide range of
carbon materials [5,6]. Pitch-composite is a
multicomponent disperse-heterogeneous system
where pitch-polymer matrix serves as a dispersion
medium and the filler is a dispersed phase [7].

Pitch-polymer matrix is a product of low-
temperature modification of CTP by active polymers.
CTP has weak polymeric properties. To strengthen
them, CTP is subjected to a low-temperature
modification by polyvinylchloride (PVC) [8].
Polyvinylchloride is the most studied, is has a high
modifying effect and is well-compatible with the CTP

polymer additive. The minimum content of PVC, at
which the modifying effect is observed, is 3 wt.%
relative to CTP [9].

When obtaining and processing pitch-
composite, thermal and thermo-oxidative
degradation is observed. This can lead to the change
in properties of the composite material.

Pitch-polymer matrix consists of reactive
substances that are subjected to the greatest impact
of aggressive factors leading to deterioration in the
material properties. Therefore a detailed study and
understanding of the mechanisms of destruction and
stabilization are very important.

Thermal and thermo-oxidative degradation of
CTP and polyvinylchloride occurs according to the
laws of chain radical reactions [3,10]. To decelerate
or prevent these reactions in the pitch-composite, it
is necessary to suppress them by adding stabilizers at
the stage of its preparation.

We analyzed the mechanism of destruction and
stabilization of pitch-polymer matrix components
and considered various stabilizers, particularly their
properties, structure, application area, advantages and
disadvantages, and compatibility with components
of pitch-composite. On the basis of our findings, we



98

I. Krutko, K. Yavir, V. Kaulin

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2018, No. 4, pp. 97-102

selected several stabilizers: irganox 1010, calcium
stearate, zinc stearate and melamine [10].

Antioxidants (i.e. oxidation inhibitors) irganox
1010 and melamine are introduced into polymeric
materials in order to decelerate oxidation processes.
Their action involves absorbing the emerging radicals
and stopping the development of chain reaction or
destroying peroxides that do not have time to
decompose with the formation of new radicals.

Calcium stearate has an ionic character; it is
believed that it acts as a PVC stabilizer, primarily by
neutralizing HCl. Zinc stearate can neutralize HCl
and act as primary stabilizers in the nucleophilic
mechanism of substitution of labile chlorides.

Pitch-polymer matrix determines the properties
of the pitch-composite and is also the most vulnerable
to the exposure of external factors in the process of
obtaining or processing the material. Therefore, the
researches were aimed at studying the processes of
degradation and stabilization of the pitch-polymer
matrix. To investigate the processes of degradation
and stabilization of the pitch-polymer matrix, first
of all, it is necessary to analyze the influence of
stabilizers on its components: CTP and PVC.

At the same time, there are no similar studies
in the literature concerning CTP. Therefore, this
work was devoted to study the individual stabilizers
effect on the process of thermo-oxidative degradation
of CTP.

Material and methods

B-grade medium-temperature CTP and
stabilizers, irganox 1010, calcium stearate, zinc
stearate and melamine, were used in the study.

The characteristics of CTP were as follows: the
softening point determined by «ring-rod» method is
830Ñ; the viscosity at 1350Ñ is 10 Pas; the density is
1300 kg/m3. The group composition was as follows
(%): 1-fraction 8; 2- fraction 27; -fraction 34;
-fraction 31. The Vicat softening temperature was
530Ñ.

Irganox 1010 (Fig. 1) is a spatially difficult

phenolic antioxidant for primary treatment and long-
term thermal stabilization. The chemical name of
irganox 1010 is pentaerythrite tetraoxy (3-(3,5-di-
tert-butyl-4-hydroxyphenyl) propionate). Irganox
1010 is a white and loose powder; its molecular weight
is 1178 g/mol; the melting range is 110–1250C; the
density is 1150 kg/m3 (at 200C); the volumetric density
of powder is 530–630 kg/m3.

The structural formula of melamine
(2,4,6-triamino-1,3,5-triazine, triamide of cyanuric
acid) is shown in Fig. 2. Its molecular weight is
126.13; it is colorless crystals; the melting point is
3540C (with decomposition); the density is
1571 kg/m3.
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Fig. 2. The chemical formula of melamine

By a mechanism of action, irganox 1010 (further
called as irganox) and melamine belong to the first
type antioxidants, they act as hydrogen donators.

Calcium stearate ((C17H35–COO)2Ca) is a white
powder with the density of 1035 kg/m3 and the
melting point of 1700C. Zinc stearate
((C17H35–COO)2Zn) is a white amorphous powder;
its melting point is 1400Ñ.

Calcium stearate and zinc stearate are used as
a stabilizer-acceptor of HCl for PVC.

The experimental procedure included
preliminary dispersion and mixing of the CTP (5 g)
and stabilizers (in the amount of 2% relative to the
CTP) in the mill to get a homogeneous state and
further heat treatment of the resulting mixture in a
Binder M53 chamber at 1500C for 1 hour.

To assess the effectiveness of stabilizers, a
change in the weight of materials was chosen as a
criterion. The change in the weight of the samples
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Fig. 1. The chemical formula of Irganox 1010
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was determined in accordance with the requirements
of GOST 12020, ISO 11358. Average arithmetic
values of five parallel measurements were used as
the results. The error in measuring the mass was
0.0002 g. The difference in values between parallel
samples did not exceed 0.01%.

The changes in the structure of CTP before
and after the addition of stabilizers during thermo-
oxidation degradation were observed by Nicolet iZ10
Fourier Transform Infrared (FTIR) spectrometer
using the CTP powder by collecting 64 scans at a
resolution of 0.01 cm–1 in the range of 4500–
500 cm–1. The limits of the permissible absolute error
of the wave number scale were ±0.5 cm.

Results and discussion

The weight losses of CTP without stabilizers
and with stabilizers (irganox, melamine, calcium
stearate, and zinc stearate) after aging in a Binder
M53 chamber at T=1500C for 1 hour are presented
in Table.

It is known that CTP is an extremely reactive
material. When heating CTP in the presence of
oxygen, there is an elimination of hydrogen and alkyl
groups with the formation of radicals, which are
further recombined with the formation of large
molecules [3,11]. This is due to the low energy of
the C–H bond in the multinuclear aromatic
compounds. The free radical formed is stabilized by
the interaction of a free electron with -electrons of
the aromatic ring. The densification of the initial
CTP is a result of the recombination of free radicals
formed [12]. The reaction proceeds through free
radicals that are permanently formed by the action
of oxygen [13]. Thus, the polycondensation process,
oxidative dehydropolycolondensation, occurs. In the
thermal oxidation of CTP, the reactions of oxidative
dehydrogenation of low-molecular hydrocarbons are
dominated. This is accompanied by the formation
of oxygen-containing compounds, in particular water
[14].

Under the influence of temperature two
complicated processes occur simultaneously in the
CTP: destruction and polycondensation. Destruction
with the formation of low-molecular substances is
accompanied by weight loss of CTP when heated.

The analysis of the presented data (Table)
showed that in all cases the stabilized CTP (CTP–S)
lost weight when heated in the presence of air, i.e.
destructive processes with the formation of low-
molecular volatile compounds were observed.

The calculations have been performed
according to the law of additivity (Table) to estimate
the degree of interaction of components in CTP–S
after heat treatment; the obtained results showed
that all the stabilizing additives interact with the CTP
components since actual weight losses differ from
the calculated ones.

During the interaction of CTP with melamine,
calcium and zinc stearates, the actual weight loss is
less than the calculated one. The interaction of CTP
with these stabilizers leads to diminishing the weight
loss which is accompanied by the elimination of low-
molecular compounds. In these cases, the
condensation processes between the CTP and the
stabilizer predominate.

In the case of CTP interaction with irganox,
the actual weight loss is higher than that calculated
by additivity law which may indicate that irganox,
upon interaction with the CTP, initiates the
degradation reactions with the formation of low-
molecular compounds.

The functional groups variation of CTP with
and without stabilizers was observed by Fourier
transform infrared (FTIR) spectroscopy. It is known
that there are the peaks at 3040–3050 cm–1 (i.e. the
aromatic hydrogen-stretching vibration) and near
1600 cm–1 (i.e. the C=C skeleton stretching vibration)
in CTP showing aromatic structures [15]. The peaks
at 2700–2980 cm–1 and from 1480 to 1370 cm–1 are
related to the aliphatic hydrogen stretching absorption
in CH2 and CH3 structures [16]. The peaks at
2920 cm–1 and about 2860 cm–1 are characteristic of
CH2-group, and the peak at about 2960 cm–1 is
characteristic of the methyl CH3-group [3]. The
absorption band at 1690–1730 cm–1 characterizes
the vibrations of the carbonyl group C=O in the
CTP [3,4].

A comparison of the FTIR spectra of the initial,
heat-treated CTP and the CTP–S after thermal aging
is presented in Fig. 3.

Effect of stabilizer additives on the weight loss of CTP

Composition, weight fraction 

CTP Irganox Melamine Zn stearate Са stearate 

Actual weight loss, 
% 

Deviation from additivity, 
% 

100 0 0 0 0 1.33 – 

100 2 0 0 0 1.72 +31 

100 0 2 0 0 1.28 –2 

100 0 0 2 0 1.25 –5 

100 0 0 0 2 1.18 –15 

 



100

I. Krutko, K. Yavir, V. Kaulin

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2018, No. 4, pp. 97-102

Fig. 3. FTIR spectra of initial CTP (1), heat-treated CTP (2)

and CTP–S stabilized by 2% of the following additives: irganox

(3), melamine (4), calcium stearate (5), zinc stearate (6).

Ò=1500Ñ, 1 hour

As can be seen from the FTIR spectra, the
peaks at 3045 and 1600 cm–1 show aromatic structures
existing in initial CTP, heat-treated CTP and CTP–S.

An increase in the peak intensity of the band
at 3045 cm–1 after heating CTP indicates an increase
in the condensation degree of its aromatic systems.

The absence of the absorption band at
2957 cm–1 (i.e. corresponding to the stretching
vibrations of CH3 group) in the heat-treated CTP
and the weakening of the bands peaks at 2920 and
2855 cm–1 (corresponding to the stretching vibrations
of the aliphatic CH2 group) indicate the elimination
of these groups as a result of the effect of elevated
temperatures. Heat-treated CTP has no peak at 1735
cm–1 which are characteristic of the stretching
vibrations of carbonyl C=O.

A comparison of the FTIR spectra of CTP with
and without irganox (2% relative to CTP) after heat
treatment (Fig. 3) showed that the difference consists

only in the appearance of a weak peak at 1735 cm-1

(the stretching vibrations of C=O carbonyl) in the
CTP stabilized by irganox (CTP–I). The appearance
of carbonyl groups in the heat treated CTP–I is
most likely due to the presence of this group both in
irganox and in the products of its interaction with
CTP components.

Based on the analysis of the data obtained, the
interaction of irganox with CTP can be represented
as follows. When the CTP is heated, radicals are
formed as a result of the elimination of hydrogen
and alkyl groups [3,11]. It can be assumed that the
resulting free radicals of the CTP react with radicals
of irganox to form large size multinuclear molecules.
Multinuclear aromatic compounds eliminate
substituents and hydrogen easier due to low binding
energy at the periphery of the molecules. And the
more the compound is condensed, the easier it is to
separate the side groups [12]. For this reason, it is
easier to eliminate the aliphatic groups, presented in
the composition of irganox, from the products of its
interaction with CTP, and the losses of CTP
substituents in the form of volatile compounds are
intensified.

The FTIR spectra of the CTP and the CTP
stabilized by melamine (2% relative to CTP) after
thermal oxidative exposure are almost identical
(Fig. 3). The weak interaction between the CTP and
melamine is also indicated by a slight deviation from
additivity (–2%).

Melamine, as a hydrogen donor, can not only
interact with free radicals of the CTP, but also attach
functional groups eliminated from the CTP (in
particular, carboxy-containing) by the amino group.
The addition of melamine to CTP leads to a slight
deceleration of destructive processes accompanied
by the formation of low-molecular compounds.

The gravimetric method and the calculation
by additivity law showed that the weight losses of
CTP after heating both with calcium stearate and
with zinc stearate decreased (Table).

As can be seen from the obtained FTIR spectra,
the zinc stearate and calcium stearate, interacting
with CTP components, reduce the condensation of
the system (the weakening of the intensity of the
peak at 3045 cm–1 characterizing the stretching
vibrations of the aromatic CH bond), forming
methylene bridges between the aromatic rings (the
appearance of the stretching vibrations of the peaks
of aliphatic group CH2 at 2920 and 2855 cm–1). The
reduction in the condensation of aromatic CTP
systems under the action of calcium stearate and
zinc stearate can inhibit the detachment of various
substituents and the formation of low-molecular
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weight volatile compounds which results in the
reduction in weight loss.

Conclusions

The process of thermo-oxidative degradation
of CTP was considered. It was shown that two
complicated processes occur simultaneously in the
CTP under the influence of enhanced temperature:
the destruction and polycondensation, i.e. the process
of thermal dehydropolycondensation. The destruction
with the formation of low-molecular substances is
accompanied by the weight loss of CTP when heated.

Based on the data of gravimetric and FTIR
spectral analysis, it was established that individual
stabilizers (irganox, melamine, calcium and zinc
stearates) in the amount of 2% interact with CTP
when heated in the presence of air. Melamine,
calcium stearate and zinc stearate decelerate
destructive processes in the CTP (in contrast to
irganox) which is accompanied by the formation of
low-molecular compounds.

Irganox interacting with CTP initiates the
degradation reactions with the formation of volatile
compounds. The reason can be the formation of
large size multi-nuclear aromatic molecules, from
which peripheral aliphatic groups are easily detached
due to low binding energy. This is confirmed by a
significant deviation of the weight loss from additivity.

Zinc stearate or calcium stearate interacting
with CTP components diminish the condensation
of the system, forming methylene bridges between
the aromatic rings. Due to the decrease in the
condensation of aromatic CTP systems, the processes
of the detachment of various substituents and the
formation of low molecular weight volatile
compounds are inhibited, which results in the
reduction in weight loss.

The obtained results should be taken into
account when developing a complex stabilizer for
basic stabilization of the pitch-composite.

REFERENCES

1. Chemicals from coal coking / Granda M., Blanco C.,

Alvarez P., Patrick J.W., Menendez R. // Chemical Reviews. –

2014. – Vol.114. – P.1608-1636.

2. A comparative study of air-blown and thermally treated

coal-tar pitches / Blanco C., Santamaria R., Bermejo J., Menendez

R. // Carbon. – 2000. – Vol.38. – P.517-523.

3. Pitiulin I. Naukovo-tekhnichni osnovy stvorenn’ya

kamianovugilnykh vugletsevykh materialiv dl’ya velykogabarytnykh

elektrodiv. – Kharkiv: Kontrakt, 2008. – 480 p.

4. Lin Q.-L., Li T.-H. Synthesis and properties of condensed

polynuclear aromatics resin using coal tar pitch as monomer and

terephthalic aldehyde as cross-linking agent // Polymer Materials

Science & Engineering. – 2007. – Vol.23 (2). – P.62-64.

5. Krutko I., Kaulin V., Satsyuk Ê. Composite materials

based on coal tar pitch // High performance polymers for

engineering-based composites. Apple Academic Press, Inc. (Taylor

& Francis Group). – 2015. – P.265-276.

6. Krutko I., Kolbasa V. O vozmozhnosti polucheniya

tverdykh pen na osnove modifitsirovannogo kamennougol’nogo

peka // Naukovi pratsi DonNTU, Seriya: Khimiya i Khimichna

Tekhnologiya. – 2013. – No. 2(21). – P.156-161.

7. Krutko I., Kaulin V., Satsyuk K. Testing of modified

coal tar pitch as polymer matrix in composite materials // Naukovi

Pratsi DonNTU, Seriya: Khimiya i Khimichna Tekhnologiya. –

2013. – No. 2(21). – P.161-167.

8. Kaulin V. Vplyv umov oderzhannya novykh

pekokopozytsiynykh materialiv na yikh teplostiikist’ ta

mekhanichnu mitsnist’ // Eastern-European Journal of Enterprise

Technologies. – 2015. – No. 3/11 (75). – P.29-35.

9. Krutko I., Kaulin V. Vplyv khlorvmisnykh polimeriv na

sklad ta strukturu kam’yanovugil’nogo peku // Visnyk

Natsionalnogo Tekhnichnogo Universytetu KhPI. – 2010. – No.

10. – P.148-151.

10. Zweifel H., Mayer R.D., Schiller M. Dobavki k

polimeram: spravochnik. St. Petersburg: Professiya, 2010. – 1264 p.

11. Kogan L.A., Sukhorukova Ye.A., Bednov V.M. O

mekhanizme reaktsii, protekayushchikh pri termicheskoi i

okislitelnoi obrabotke peka i vysokokipiashchikh fraktsiy smoly //

Khimiya Tverdogo Topliva. – 1971. – No. 1. – P.96-104.

12. Sidorov O.F. Sovremennyye predstavleniya o protsesse

termookisleniya kamennougolnykh pekov. Chast’ 3. Vliyanie

uslovii okisleniya na kharakter termokhimicheskikh prevrashchenii

i strukturu peka // Koks i Khimiya. – 2004. – No. 6. – P.24-30.

13. Sidorov O.F. Sovremennyye predstavleniya o protsesse

termookisleniya kamennougolnykh pekov. Mekhanizm

vzaimodeistviya kisloroda s uglevodorodami peka // Koks i

Khimiya. – 2002. – No. 9. – P.35-43.

14. Sidorov O.F. Metodologicheskiye aspekty

termookisleniya tekhnicheskikh uglevodorodnykh smesei // Koks

i Khimiya. – 2006. – No. 4. – P.28-36.

15. Papole G., Focke W.W., Manyala N. Characterization

of medium-temperature Sasol–Lurgi gasifier coal-tar pitch //

Fuel. – 2012. – Vol.98. – P.243-248.

16. Alcaniz-Monge J., Cazorla-Amoros D., Linares-Solano

A. Characterization of coal tar pitches by thermal analysis, infrared

spectroscopy and solvent fractionation // Fuel. – 2001. – Vol.80.

– P.41-48.

Received 12.01.2018



102

I. Krutko, K. Yavir, V. Kaulin

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2018, No. 4, pp. 97-102

ÂÏËÈÂ ÏÐÈÐÎÄÈ ÑÒÀÁ²Ë²ÇÀÒÎÐÀ ÍÀ ÏÐÎÖÅÑ
ÄÅÃÐÀÄÀÖ²¯ ÊÀÌ’ßÍÎÂÓÃ²ËÜÍÎÃÎ ÏÅÊÓ

².Ã. Êðóòüêî, Ê.Á. ßâ³ð, Â.Þ. Êàóë³í

Âèâ÷åíî âïëèâ ñòàá³ë³çàòîð³â íà òåðìîîêèñëþâàëüíó
äåãðàäàö³þ îñíîâíîãî êîìïîíåíòó (êàì’ÿíîâóã³ëüíîãî ïåêó) íî-
âîãî ìàòåð³àëó – ïåêîêîìïîçèòó. Íà îñíîâ³ äàíèõ ãðàâ³ìåò-
ðè÷íîãî òà ²×-ñïåêòðàëüíîãî àíàë³çó âñòàíîâëåíî, ùî ³íäèâ³-
äóàëüí³ ñòàá³ë³çàòîðè (³ðãàíîêñ, ìåëàì³í, ñòåàðàò êàëüö³þ òà
ñòåàðàò öèíêó) ó ê³ëüêîñò³ 2% âçàºìîä³þòü ç êàì’ÿíîâóã³ëü-
íèì ïåêîì ïðè òåìïåðàòóð³ 1500Ñ ó ïðèñóòíîñò³ ïîâ³òðÿ.
Ìåëàì³í, ñòåàðàò êàëüö³þ òà ñòåàðàò öèíêó óïîâ³ëüíþþòü
(íà â³äì³íó â³ä ³ðãàíîêñó) â ïåêó äåñòðóêòèâí³ ïðîöåñè, ÿê³ ñóï-
ðîâîäæóþòüñÿ óòâîðåííÿì íèçüêîìîëåêóëÿðíèõ ñïîëóê. Ïîêà-
çàíî, ùî ³ðãàíîêñ ïðè âçàºìîä³¿ ç ïåêîì ³í³ö³þº ðåàêö³¿ äå-
ñòðóêö³¿ ç óòâîðåííÿì ëåòêèõ ñïîëóê. Ïîêàçàíî, ùî ñòåàðàò
öèíêó àáî ñòåàðàò êàëüö³þ, âçàºìîä³þ÷è ç êîìïîíåíòàìè ïåêó,
çíèæóþòü êîíäåíñîâàí³ñòü ñèñòåìè, óòâîðþþ÷è ìåòèëåíîâ³
ì³ñòêè ì³æ àðîìàòè÷íèìè ê³ëüöÿìè. Çàâäÿêè çìåíøåííþ êîí-
äåíñîâàíîñò³ àðîìàòè÷íèõ ñèñòåì ïåêó ãàëüìóþòüñÿ ïðîöåñè
óòâîðåííÿ íèçüêîìîëåêóëÿðíèõ ëåòêèõ ñïîëóê òà çìåíøóºòü-
ñÿ âòðàòà ìàñè â ïðèñóòíîñò³ ñòåàðàò³â êàëüö³þ òà öèíêó.
Îòðèìàí³ ðåçóëüòàòè äîñë³äæåíü íåîáõ³äíî áóäå âðàõîâóâàòè
ïðè ðîçðîáö³ êîìïëåêñíîãî ñòàá³ë³çàòîðà äëÿ áàçîâî¿ ñòàá³ë³-
çàö³¿ ïåêîêîìïîçèòó.

Êëþ÷îâ³ ñëîâà: êàì’ÿíîâóã³ëüíèé ïåê; òåðìîîêèñëþ-
âàëüíà äåãðàäàö³ÿ; ³ðãàíîêñ; ìåëàì³í; ñòåàðàò êàëüö³þ; ñòåàðàò
öèíêó; ²×-ñïåêòðîñêîï³ÿ.
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We studied the influence of the stabilizers on thermo-oxidative
degradation of the main component (coal tar pitch) of a new material,
pitch-composite. Based on the data of gravimetric and FTIR spectral
analyses, it was established that individual stabilizers (irganox,
melamine, calcium stearate and zinc stearate) in the amount of 2%
interact with coal tar pitch at 1500C in the presence of air. Melamine,
calcium stearate and zinc stearate decelerate (in contrast to irganox)
destructive processes in the pitch which is accompanied by the
formation of low-molecular compounds. It was shown that irganox
initiates the degradation reactions with the formation of volatile
compounds when interacting with pitch. When interacting with pitch
components, zinc stearate and calcium stearate were stated to reduce
the condensation of the system forming methylene bridges between
the aromatic rings. Due to the reduced condensation of the aromatic
pitch systems, the formation of low-molecular volatile compounds is
inhibited and the weight loss diminishes in the presence of calcium
and zinc stearates. The obtained results should be taken into account
when developing a complex stabilizer for basic stabilization of the
pitch-composite.

Keywords: coal tar pitch; thermo-oxidative degradation;
irganox; melamine; calcium stearate; zinc stearate; FTIR spec-
troscopy.
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