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The adsorption of oligomeric peroxide of sebacic acid and benzoyl peroxide on aerosils

and magnesium oxide is studied. The parameters of the adsorption processes are determined.

It is shown that the adsorption occurs via formation of hydrogen bonds between surface

OH-groups of adsorbents and peroxide groups. The adsorption of benzoyl peroxide on the

surface of aerosils and magnesium oxide is low. The thermal decomposition of oligomeric

peroxide of sebacic acid and benzoyl peroxide in the presence of aerosil is investigated.

The thermal decomposition of oligomeric peroxide of sebacic acid in the presence of

aerosils is faster than in a homogeneous system. The corresponding activation energy

increases as the aerosil content in the system decreases. In contrast to oligomeric peroxide

of sebacic acid, aerosils has no effect on the thermal decomposition rate of the benzoyl

peroxide. The polymerization of styrene in the presence of aerosil leads to the formation

of a mineral-polymer composite. An increase in aerosil content in the polymerization

system leads to a decrease in the rate of polymerization of styrene.
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Introduction

The polymerization of vinyl monomers in the
presence of highly dispersed minerals is an effective
method of producing composite polymer-mineral
composites. The presence of a highly developed active
surface due to selective adsorption can significantly
alter the nature of the polymerization process and
affect the molecular weights and molecular weight
distribution of the polymers formed under these
conditions. Oligomeric peroxide compounds are
effective initiators of radical polymerization [1,2].
Initiators of this type can be used to obtain polymer-
mineral composites, treat the surfaces of various
natures, and modify polymeric materials. The
adsorption of both monomers and initiators on the
surface will affect the processes occurring with
oligomeric peroxides in the presence of dispersed
minerals.

The introduction of dispersed oxides Fe2O3,
Cr2O3 and V2O5 into the polymerization mixture
affects the rate of thermal release of initiators of
radical polymerization [3]. The destruction of

peroxide occurs both in a homogeneous solution and
on the surface of the investigated disperse oxides.
The oxidative-donor reactions, peroxide–surface or
initiator heterolysis, are possible because of the nature
of the surface. The rate of polymerization decreases
in the heterogeneous decomposition of peroxide on
the surface of a dispersed mineral in comparison
with the homogeneous system. The oxidation-
reduction interaction between peroxide and the
surface of a dispersed mineral leads to an increase in
the rate of the polymerization process. Apart from
the effect on the rate of thermal destruction of the
peroxide initiator, the nature of a dispersed oxide,
affects the growth and breakdown of the polymer
chains. It is likely to indicate the features that will
be manifest for aerosol and magnesium oxide. Aerosil
and magnesium oxide are often used to produce
polymer-mineral composites having unique properties
[4]. When the mineral is added to the polymerization
system, the adsorption of both the monomer and
the peroxide initiator is observed. This feature affects
both the basic parameters of polymerization and the
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molecular characteristics of polymers, which are
formed in the filled systems. Aerosil and dispersed
oxides Fe2O3, Cr2O3, V2O5, PbO and natural mineral
clinoptilolite can affect both the rate of the
polymerization process and the thermal
decomposition of the peroxide initiator used in the
filled systems [3–5]. The dispersed minerals influence
molecular weights and molecular weight distribution
of polymers, which are formed in their presence [6].
In the presence of dispersed minerals, a linear
breakdown of the growing polymeric radicals with
the participation of surface groups of the filler is
observed. Modification of the surface of the dispersed
oxide TiO2 changes the rate of polymerization and
affects the rate constant of the thermal decomposition
of peroxide. In the course of polymerization in the
presence of dispersing minerals, grafting of
macromolecules of polymer to the surface of the
filler is observed. The degree of grafting of
macromolecules to the surface of the minerals
depends on the nature of the filler and the initiator
of radical polymerization. Consequently, the nature
of the surface of dispersing minerals affects the course
of the polymerization process and the properties of
polymer-mineral composites, in which the adsorption
of components will play an important role.

Thus, this work was aimed at studying the
adsorption of oligomeric peroxide of sebacic acid
and benzoyl peroxide on aerosils and magnesium
oxide, characterizing the thermal decomposition of
these peroxides in the presence of aerosil and
determining the effect of aerosil on polymerization
of styrene.

Experimental

In our work, different samples of aerosil were
studied as adsorbents: Aerosil A-175; aerosil modified
with alumina (AlA); aerosil modified with titanium
oxide (TiA) and aerosil in which a part of the surface
OH-groups is replaced by methoxyl groups (MeA).
The specific surface of the studied samples was
determined by low-temperature adsorption of
nitrogen, it was equal to 190 m2/g, 170 m2/g, 120
m2/g and 190 m2/g for A-175, AlA, TiA and MeA,
respectively. The size of the filler particles was in
the range of 10–40 nm and the bulk density was
40–60 g/l. The content of aluminum oxide in AlA
was 3.5%. The content of titanium oxide in TiA
samples was 40.3%. Methyl aerosil contained 4.0%
methoxyl groups. Magnesium oxide (MERCS) (with
a specific surface area of 40 m2/g) was used in
adsorption experiments. Measurements of the
adsorption of sebacic acid (OSA) on aerosils and
magnesium oxide (MgO) were carried out in a
solution of styrene. Some of the adsorption

experiments on OSA were performed in solutions of
dioxane, benzene, dimethylformamide (DMFA) and
chloroform. Adsorption measurements were carried
out in the temperature range of 298–318 K. In an
ampoule containing a certain amount of aerosil, a
solution of OSA of known concentration was added,
purged with argon and sealed. During the experiment,
the ampoules were continuously rotated. After that,
the ampoules were removed from the thermostat,
opened, and centrifuged. The content of peroxide
groups in styrene was determined by the iodometric
method [7].

The oligomeric peroxide of sebacic acid was
synthesized by the reaction of polycondensation on
the phase’s interface of the corresponding sebacic
acid dichloride and sodium peroxide [8]. The degree
of the polycondensation of oligomeric peroxide was
within the range of 9–20. Benzoyl peroxide (BP)
was purified by a standard procedure. The adsorption
experiments were carried out in a solution of styrene,
which was released from the inhibitor and was
fractionated before adsorption experiments. All
organic solvents that were used in the work were
thoroughly cleaned and fractionated in an argon
atmosphere [9,10].

The thermal decomposition OSA and BP in
organic solvents were investigated using an ampoule
method at the temperatures of 338–353 Ê. A solution
of peroxide in the solvent of a certain concentration
was placed in a clean and dry ampoule. The ampoule
was purged with argon and sealed. The ampoules
were placed in a thermostat and the beginning of
the reaction was fixed. The experiments on the
thermal decomposition of peroxides were conducted
in the temperature range of 338–353 K. At certain
intervals, the ampoules were removed from the
thermostat and abruptly cooled, and then the
concentration of peroxide, which was not
decomposed, was determined by the iodometric
method [7]. The error in determining the constants
of the thermal decomposition of peroxides did not
exceed 3%. The polymerization rate of vinyl
monomers in a homogeneous system and in the
presence of aerosils was determined dilatometrically
at 348 K. The error in determining the polymerization
rate did not exceed 3%.

Results and discussion

The adsorption of oligomeric peroxide of
sebacic acid on aerosil and magnesium oxide was
studied. Adsorption of OSA on aerosils and MgO is
well described by the well-known Langmuir equation.
Figures 1 and 2 show the adsorption isotherms of
OSA on aerosil A-175 and magnesium oxide at
various temperatures.
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Thus, adsorption of OSA on aerosil and MgO
can be described by the following equation:

 A A KC 1 KC ,    (1)

where K is the constant of the adsorption-desorption
equilibrium, A is the adsorption, À is the maximum
adsorption, and C is the equilibrium concentration.

The Langmuir equation (1) can be transformed
into a linear form in the following way:

1/ A 1/ A 1/ A KC.     (2)

Thus, by plotting 1/A vs. 1/C dependences
(Figs. 3 and 4), it is possible to determine the
maximum adsorption and the adsorption-desorption
equilibrium constant.

The dependences shown in Figs. 1 and 2 are
well aligned in 1/A vs. 1/C coordinates (Figs. 3 and
4), which may be an argument for the conclusion
that OSA adsorption on aerosil and magnesium oxide
is described by the Langmuir equation and is
monomolecular. The adsorption isotherms for
modified aerosils (AlA, TiA and MeA) are of a similar
nature. The replacement of styrene with other organic
solvents also does not change the nature of the
adsorption isotherms.

The obtained results show that the OSA
adsorption decreases as the temperature increases.
Using Eq. (2) and the adsorption results, we
calculated the maximum adsorption À and the
adsorption-desorption equilibrium constants K
(Table 1). In addition, the surface area occupied by
one elementary element of OSA on the surface of

Fig. 1. Adsorption isotherms of OSA on aerosil A-175.

Solvent – styrene. Temperature, K: 1 – 308; 2 – 313; and

 3 – 318

Fig. 2. Adsorption isotherms of OSA on MgO.

Solvent – styrene. Temperature, K: 1 – 308; 2 – 313; and

3 – 318

Fig. 3. The dependence 1/A vs. 1/C for the adsorption of OSA

on aerosil A-175. Solvent – styrene. Temperature, K: 1 – 318;

2 – 313; and 3 – 308

Fig. 4. The dependence 1/A vs. 1/C for the adsorption of OSA

on MgO. Solvent – styrene. Temperature, K: 1 – 318;

2 – 313; and 3 – 308
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the adsorbent (Sà) was calculated by the formula:

AS 1/ A N ,   (3)

where NA is the Avogadro number.
It is worth noting that the patterns of OSA

adsorption on aerosils and magnesium oxide are
similar, but the surface areas occupied by the
elemental element of the peroxide on the surface
are very different. Under the same conditions, the
adsorption of BP on the surface of aerosil and
magnesium oxide is smaller.

The physicochemical parameters (G, H and
S) of the adsorption process were calculated by the
temperature dependence of the adsorption constants
(Table 1). The thermodynamic parameters of the
adsorption processes on the surface of aerosil and
magnesium oxide are similar. The area of the peroxide
layer on the surface of adsorbents is different (61–
53)10–20 m2 and (13.7–11.5)10–20 m2 for aerosil and
MgO, respectively. The different values of Sà on the
surface of aerosil and magnesium oxide may indicate
the different orientation of macromolecules OSA in
the adsorption layer. Adsorption of OSA occurs due
to the formation of hydrogen bonds between peroxide
groups and OH-groups on the surface of the aerosil
and MgO. For methyl-aerosil, the number of OH-
groups on their surface is low and the OSA adsorption
is insignificant (Table 1).

The adsorption of peroxide on the surface of
aerosils and magnesium oxide are similar. The
adsorption of peroxide groups occurs due to the
formation of hydrogen bonds with superficial OH-
groups of aerosil or magnesium oxide.

The replacement of styrene by other organic

solvents leads to a change in the parameters of the
adsorption process (Table 1). For benzene and
chloroform, the values of À and ½a are close to the
corresponding values observed for styrene solutions.
For dioxane and DMFA, these parameters are
different (Table 1). A significant decrease in À and
an increase in ½a for OSA indicate competitive
adsorption of peroxide solvents on the aerosil surface.
Dioxane and DMFA can form hydrogen bonds with
OH-groups of aerosil.

The results of the study of thermal
decomposition of OSA and BP in styrene are shown
in Table 2. In a homogeneous system, changing the
concentration of OSA within 0.01–0.05 mol/l does
not change the rate constants of the thermolysis and
the activation energy of the process (Ea). A value
Ea=131.4 kJ/mol indicates a radical mechanism of
peroxide decomposition. The study of the rate of
thermal decomposition in the presence of 2 wt.% of
A-175 reveals an increase in effective rate constants
(k) in the presence of an adsorbent. At low OSA
concentrations in the reaction medium, the values
of k are higher than the corresponding values at larger
OSA concentrations. The activation energy of the
decomposition process is equal to 104.6 kJ/mol for
the concentration of OSA 0.01 mol/l, while it
increases to 118.0 kJ/mol for the concentration of
0.05 mol/l. Increasing A-175 content to 4% results
in an increase in k of more than 50% for an OSA
concentration of 0.01 mol/l. The Ea value increases
from 95.0 kJ/mol for OSA concentration of 0.01 mol/l
to 109.6 kJ/mol for 0.05 mol/l.

The results obtained indicate that the adsorbed
OSA molecules on the surface of the aerosil are
decomposed via a heterolytic mechanism.

Solvent Adsorbent T, K 
A106, 
mol/m2 

Sa1020, 
m2 

Kp,  
m3/kmol 

–G, 
kJ/mol 

–H, 
kJ/mol 

–S, 

J/molK 

Styrene A-175 308 3.10 53 871 17.3 

Styrene A-175 313 2.99 56 529 16.3 

Styrene A-175 318 2.74 61 421 16.0 

50.2 107 

Styrene AlA 313 1.99 84 576 16.5 – – 

Styrene TiA 313 1.14 146 221 14.0 – – 

Styrene MeA 313 0.29 572 28 8.76 – – 

Benzene A-175 298 3.86 43 99.4 11.2 – – 

Chloroform A-175 298 3.71 45 37.1 8.95 – – 

DMFA A-175 298 1.28 130 27.9 8.25 – – 

Dioxane A-175 298 1.07 155 24.9 7.96 – – 

Styrene MgO 308 22.9 13.7 1059 17.8 

Styrene MgO 313 21.6 13.0 543 17.2 

Styrene MgO 318 19.1 11.5 533 17.0 

55.1 121 

 

Table  1

Parameters of OSA adsorption on the surfaces of aerosils and MgO
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The rate of benzoyl peroxide decomposition is
the same for a homogeneous and heterogeneous
system (Table 2). The activation energy of the BP
decomposition process in the homogeneous system
and in the presence of aerosil and magnesium oxide
is the same and equal to 137.0 kJ/mol. This fact
confirms the conclusion about poor adsorption of
BP on the surface of the adsorbents under study.
Tokareva et al. [11] observed the influence of silica
surface on the thermostability of peroxide groups.
Voronov and Samaryk [12] noted the important role
of oligomeric peroxides in the reaction at the phase
boundary.

The results of the study of the polymerization
rate of styrene in the presence of aerosil at different
concentrations are shown in Table 3. The reaction
order of the polymerization reaction with respect to
the initiator (n) was calculated using the obtained
data. In a homogeneous solution, the value of n
corresponds to its theoretical value (0.5). In the
presence of aerosil, the reaction order with respect
to the initiator increases, which indicates an increase
in the proportion of linear break in the total reaction.
Introduction A-175 in the polymerization system

leads to a decrease in the rate of polymerization.
A decrease in the rate of styrene polymerization

when introducing aerosil into the polymerization
system can be explained by a decrease in the OSA
concentration in the styrene solution due to
adsorption. Along with a decrease in the rate of
polymerization of styrene in the presence of A-175,
the reaction order of the polymerization with respect
to the initiator increases. A small increase in the
value of n can be explained by the involvement of
the A-175 surface in the reaction of linear breakage
of the polymer chains.

Conclusions

The process of adsorption of oligomeric
peroxides on the surface of aerosil and magnesium
oxide is well described by the Langmuir equation
for monomolecular adsorption. The surface areas that
fall on the peroxide link in the adsorption layer are
61–53 Å2 and 13.7–11.5 Å2 for the aerosil and
magnesium oxide, respectively. This feature indicates
the different orientation of the oligomer peroxide in
the monolayer. The thermodynamic parameters of
the adsorption process for aerosil and magnesium
oxide are similar, indicating the similarity of both

k10
5
, s

–1
 

Adsorbent 
Content, 

wt% 
Co, mol/l 

338 K 343 K 348 K 353 K 
Ea, kJ/mol 

OSA 

– 0 0.010 2.75 5.70 10.30 19.6 131.4 

– 0 0.025 2.78 5.12 10.00 19.7 131.4 

– 0 0.050 2.75 5.20 10.00 19.7 131.4 

A-175 2 0.010 7.30 12.7 19.40 36.7 104.6 

A-175 2 0.025 4.80 8.80 15.30 27.0 113.0 

A-175 2 0.050 4.00 7.27 12.80 23.7 118.0 

A-175 4 0.010 11.6 19.3 30.80 49.8 95.0 

A-175 4 0.025 7.00 12.5 20.40 34.8 104.6 

A-175 4 0.050 5.40 9.00 15.80 28.0 109.6 

BP 

– 0 0.025 – 1.35 2.46 5.39 137.0 

A-175 2 0.025 – 1.34 2.48 5.38 137.0 
A-175 4 0.025 – 1.35 2.47 5.39 137.0 
MgO 2 0.025 – 1.34 2.47 5.37 137.0 
MgO 4 0.025  – 1.35 2.46 5.39 137.0  

 

Table  2

Effective rate constants of thermal decomposition of OSA and BP in the presence of A-175 and MgO

W104, (mol/ls) 
[OSA]102, mol/l 

Content, 
wt.% 

1.25 1.50 2.00 2.50 3.00 4.00 5.00 
n 

0 2.33 2.60 3.21 3.39 3.66 4.52 4.68 0.50 
4 1.96 2.47 2.71 3.05 3.56 4.02 – 0.52 

 

Table  3

The rate of styrene polymerization (W) in the presence of A-175 at different OSA concentrations at 348 K
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processes. The thermodynamic parameters G, H
and S of the adsorption process are calculated based
on the temperature dependence of adsorption-
desorption equilibrium constants. Adsorption of
oligomeric peroxides on aerosil and magnesium oxide
occurs due to the formation of hydrogen bonds
between the surface OH-groups of the adsorbent and
peroxide groups. The OSA decomposition on the
SiO2 surface occurs with a higher rate and less
activation energy than in homogeneous systems. The
SiO2 surface inhibits the styrene polymerization as
compared to unfilled systems. In addition to the
effect on the rate of peroxides destruction, the surface
affects the interface of the polymer chains.
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ÀÄÑÎÐÁÖ²ß ÏÅÐÎÊÑÈÄ²Â ÍÀ ÀÅÐÎÑÈËÀÕ ² ÌÀÃÍ²É
ÎÊÑÈÄ²

Â.Ñ. Äóòêà, ß.Ï. Êîâàëüñüêèé, Ã.Ã. Ì³äÿíà

Âèâ÷åíî àäñîðáö³þ îë³ãîìåðíîãî ïåðîêñèäó ñåáàöè-
íîâî¿ êèñëîòè òà ïåðîêñèäó áåíçî¿ëó íà àåðîñèëàõ ³ ìàãí³é
îêñèä³. Çíàéäåíî ïàðàìåòðè àäñîðáö³éíèõ ïðîöåñ³â. Ïîêà-
çàíî, ùî àäñîðáö³ÿ ïåðåá³ãàº çà ðàõóíîê ôîðìóâàííÿ âîäíå-
âèõ çâ’ÿçê³â ì³æ ïîâåðõíåâèìè ÎÍ-ãðóïàìè àäñîðáåíò³â òà
ïåðîêñèäíèìè ãðóïàìè. Àäñîðáö³ÿ ïåðîêñèäó áåíçî¿ëó íà
ïîâåðõí³ àåðîñèë³â òà ìàãí³é îêñèä³ º íåâåëèêîþ. Äîñë³äæå-
íî òåðì³÷íå ðîçêëàäàííÿ îë³ãîìåðíîãî ïåðîêñèäó ñåáàöè-
íîâî¿ êèñëîòè òà ïåðîêñèäó áåíçî¿ëó çà ïðèñóòíîñò³ àåðîñè-
ëó. Òåðì³÷íå ðîçêëàäàííÿ îë³ãîìåðíîãî ïåðîêñèäó ñåáàöè-
íîâî¿ êèñëîòè çà íàÿâíîñò³ àåðîñèëó ïåðåá³ãàº øâèäøå, í³æ
â ãîìîãåíí³é ñèñòåì³. Â³äïîâ³äí³ åíåðã³¿ àêòèâàö³¿ çðîñòàþòü
ïðè çìåíøåíí³ âì³ñòó àåðîñèëó â ñèñòåì³. Íà ïðîòèâàãó îë³-
ãîìåðíîãî ïåðîêñèäó ñåáàöèíîâî¿ êèñëîòè, àåðîñèë íå âïëè-
âàº íà øâèäê³ñòü òåðì³÷íîãî ðîçêëàäó ïåðîêñèäó áåíçî¿ëó.
Ïðè ïîë³ìåðèçàö³¿ ñòèðåíó çà íàÿâíîñò³ àåðîñèëó ôîðìó-
þòüñÿ ïîë³ìåð-ì³íåðàëüí³ êîìïîçèòè. Çá³ëüøåííÿ âì³ñòó
àåðîñèëó ó ïîë³ìåðèçàö³éí³é ñèñòåì³ ïðèçâîäèòü äî çìåí-
øåííÿ øâèäêîñò³ ïîë³ìåðèçàö³¿ ñòèðåíó.

Êëþ÷îâ³ ñëîâà: îë³ãîìåðí³ ïåðîêñèäè, àäñîðáö³ÿ,
ðåàêö³éíà çäàòí³ñòü, òåðì³÷íèé ðîçêëàä, ïîë³ìåðèçàö³ÿ.
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The adsorption of oligomeric peroxide of sebacic acid and
benzoyl peroxide on aerosils and magnesium oxide is studied.
The parameters of the adsorption processes are determined. It is
shown that the adsorption occurs via formation of hydrogen bonds
between surface OH-groups of adsorbents and peroxide groups.
The adsorption of benzoyl peroxide on the surface of aerosils and
magnesium oxide is low. The thermal decomposition of oligomeric
peroxide of sebacic acid and benzoyl peroxide in the presence of
aerosil is investigated. The thermal decomposition of oligomeric
peroxide of sebacic acid in the presence of aerosils is faster than
in a homogeneous system. The corresponding activation energy
increases as the aerosil content in the system decreases. In contrast
to oligomeric peroxide of sebacic acid, aerosils has no effect on
the thermal decomposition rate of the benzoyl peroxide. The
polymerization of styrene in the presence of aerosil leads to the
formation of a mineral-polymer composite. An increase in aerosil
content in the polymerization system leads to a decrease in the
rate of polymerization of styrene.
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