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Из литературных данных известно, что в промышленном и гражданском стро-

ительстве широко используется пенополистирол в качестве теплоизоляционного мате-

риала, который является востребованным на рынке. В целях решения ряда экологиче-

ских задач, в данной работе предприняты попытки химического совмещения двух видов 

полимерных отходов (побочные продукты нефтехимии в присутствии пенополистиро-

ла) для получения пропитывающих составов на молекулярном уровне за счет проведения 

их совместной деструкции и применения для защитной обработки древесных материа-

лов. Полученные древеснополимерные композиты из натуральной древесины (березы) и 

древесноволокнистых плит (ДВП) были исследованы на устойчивость к действию воды 

и влаги. Показатели испытаний древесины на водопоглощение и разбухание в радиаль-

ном и тангенциальном направлениях указывают на то, что исследуемые образцы обла-

дают повышенными гидрофобными свойствами. Модифицированные ДВП приобретают 

кроме повышенных гидрофобных свойств и более высокие прочностные показатели. Это 

связано со сшивкой молекул олигомера в структурах древесины с образованием древесно-

полимерного каркаса и образованием водородных и эфирных связей между компонетами 

древесины и окисленным модифицированным олигомером. Образование таких связей поз-

воляет снизить такой недостаток пропитывающих составов, как вымываемость из из-

делий в процессе их эксплуатации. Уменьшение непредельности олигомерного модифи-

катора снижает его гидрофильные свойства. Комплексное использование отходов и по-

бочных продуктов позволяет целенаправленно утилизировать их и применять для за-

щитной обработки материалов, в состав которых входят древесные компоненты, что 

способствует повышению срока службы изделий. 

Ключевые слова: олигомеры, бутадиеновые каучуки, лакокрасочные материалы, пенополисти-
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From the literature data it is known that in industrial and civil construction it is widely 

used expanded polystyrene as a heat-insulating material, which is in demand on the market. In 

order to solve a number of ecological problems, in this work attempts have been made to chemi-

cally combine two types of polymer waste (by-products of petrochemistry in the presence of ex-

panded polystyrene) to obtain impregnating compounds at the molecular level by carrying out 

their joint destruction and applying wood products for protective treatment. Obtained wood-

polymer composites from natural wood (birch) and wood fiber boards (DVP) were investigated for 

resistance to water and moisture. Indicators of tests of wood for water absorption and swelling in 

the radial and tangential directions indicate that the samples under investigation have increased 

hydrophobic properties. Modified fiberboards acquire, in addition to increased hydrophobic prop-

erties and higher strength parameters. This is due to the cross-linking of oligomer molecules in 

wood structures with the formation of a wood-polymer framework and the formation of hydrogen 

and ether bonds between the wood components and the oxidized modified oligomer. The for-

mation of such bonds makes it possible to reduce such a shortage of impregnating compositions 

as washability from products during their operation. Reducing the uncertainty of the oligomeric 

modifier reduces its hydrophilic properties. Integrated use of waste and by-products allows to 

purposefully dispose of them and use them for protective processing of materials, which include 

wood components, which contributes to the increase of the service life of products. 

Key words: oligomers, butadiene rubbers, paint and varnish materials, expanded polystyrene, styrene, 

macromolecules, destruction, water absorption, depolymerization 
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INTRODUCTION 

At present, much attention is paid to the pro-

cessing and use of waste and by-products from vari-

ous industries. An integrated approach to the solution 

of this issue allows more complete and rational use of 

existing wastes [1, 2]. For example, production of 

low-molecular polymeric products (oligomers) based 

on by-products of the production of butadiene rubber 

(PPPB), which for several years was used in the pro-

duction of paint and varnish materials (LMВ), was 

mastered on an industrial scale [3, 4]. The main links 

in the structure of the PPPB-based oligomer were sty-

rene, 4-vinylcyclohexene (VCH), cyclododecatriene-

1,5,9 (CDT), n-dodecatetraene-2,4,6,10 (NDT), and 

others [5-7]. 

The best complex of properties were oligo-

mers based on PPPB, obtained with a styrene content 

in the initial monomer mixture of 70-80%. Reducing the 

content of expensive and deficit styrene up to 30-50% 

leads to a deterioration in the quality of the resulting 

paint and varnish materials. The question arises where 

the oligomers based on PPPB obtained with a low sty-

rene content in the initial monomer mixture (charge) 

could be used. One of the promising such areas is the 

protective treatment of wood and products based on it, 

used in industrial and civil construction [8-12]. 

At the same time, in industrial and civil con-

struction, expanded polystyrene is widely used as a 

heat-insulating material (for warming walls, floors, 

roofs, foundations) [13, 14]. A huge advantage of us-

ing expanded polystyrene is the protection of pipes 

from freezing, etc. According to the Moscow research 

Institute of hygiene. F.F. Erisman polystyrene due to 

the small density is indispensable for the renovation 

of old buildings, where the change in the load bearing 

surface of structures at times critical. Erisman in air 

samples in rooms with wall panels with a middle lay-

er of polystyrene insulation styrene was not detected 

(according to the conclusion of the Moscow Scientific 

Research Institute of Hygiene named after FF Eris-

man N. 03 / PM8) [15]. Published results of work on 

the use of oligomers based on petrochemicals have 

shown that the best results are obtained when oligo-

mers based on by-products of petrochemicals with a 

high styrene content are used for the protective treat-

ment of wood materials [16]. This is due to the fact 

that an increase in the content of styrene in an oligo-

mer based on petrochemical waste can increase its 

hydrophobic properties by reducing the number of 

double bonds that increase the hydrophilicity of the 

oligomer.  

However, styrene is an expensive and scarce 

product that is widely used in the production of pri-

mary polymeric materials. Partial replacement of sty-

rene by secondary expanded polystyrene (SEPS) will 

yield a new low molecular weight copolymer that can 

be used for the protective treatment of wood materi-

als. At the same time, one can expect that, in terms of 

its indicators, the PPPB oligomer with a low styrene 

content will approach the high-styrene one. Chemical 

combination of two types of polymer waste is possi-

ble at the molecular level due to their joint destruc-

tion [17-19]. 

EXPERIMENTAL PROCEDURE 

A PPPB oligomer with a styrene content of 

50% in the reactor was mixed with SEPS in amounts 

of 10, 20, 30 and 40% per 100% of the oligomer. The 

resulting mixtures were subjected to a high-

temperature treatment at 200 ± 5 °C for 3-5 h in the 

presence of air oxygen and naphthenate siccative NF-

1 (GOST 1003-73), introduced in an amount of 2-3% 

for polymers. The use of additives of desiccant for the 

joint destruction of polymer waste is based on the fact 

that it does not need to be removed from the system 

after the process. This is due to the fact that the re-

maining desiccant will perform the function of a 

structuring agent after treatment with a destroyed 

composite of wood and products based on it. With 

this treatment, two competing processes will occur: 

the destruction of expanded polystyrene and the oli-

gomer and the structuring of the resulting decomposi-

tion products. As a result of a number of successive 

and parallel processes, new macromolecules were 

formed that contained an increased content of styrene 

in their structure. In addition, the course of destructive 

processes in the presence of air oxygen will promote 

the appearance of oxygen-containing functional 

groups in the structure of the resulting oligomer, in-

creasing its affinity for the components of wood sub-

stance – cellulose, hemicelluloses and lignin. The in-

dices of this product are presented in table 1. The mo-

lecular weight of the synthesized products, deter-

mined by the viscosimetric method, varied from 5000 

to 10000.  
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Table 1 

Acid number and bromine number of oligomers based 

on products of butadiene rubber (PPPB) modified with 

secondary expanded polystyrene 

Таблица 1. Кислотное число и  бромное число оли-

гомеров на основе продуктов бутадиенового каучу-

ка (PPPB), модифицированных вторичным вспе-

ненным полистиролом 
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Oligomer based on 

PPPB with the addition 

of secondary expanded 

polystyrene 10%   

1 2.34 108 

3 2.92 99 

5 3.44 93 

7 3.57 91 

Oligomer based on 

PPPB with the addition 

of secondary expanded 

polystyrene 20%   

1 2.07 101 

3 2.25 95 

5 2.38 90 

7 2.40 87 

Oligomer based on 

PPPB with the addition 

of secondary expanded 

polystyrene 30%   

1 1.92 94 

3 1.96 90 

5 2.06 86 

7 2.11 84 

Oligomer based on 

PPPB with the addition 

of secondary expanded 

polystyrene 40%   

1 1.90 87 

3 1.84 80 

5 1.73 76 

7 1.70 73 

 

RESULTS AND ITS DISCUSSION 

The purpose of this study is to determine the 

effect of the oligomers obtained on the parameters of 

samples of natural wood (birch) and wood fiber boards. 

One of the promising directions for using the 

product obtained is the protective treatment of wood 

[20]. For the modification of wood, a polymer materi-

al based on the oligomer of PPPB with a toluene con-

centration of ~ 50% and 10, 20, 30, and 40% second-

ary polystyrene foam was used. For this purpose, 

samples of birch wood were immersed in the above 

polymer solution and held for one hour at a tempera-

ture of 80-90 °C. Impregnated samples of wood were 

removed from the solution and, after drying, were 

placed in a drying cabinet and held for 1 to 2 h at a 

temperature of 100-110 °C to remove the solvent. Af-

ter that, the temperature was raised to 160-165 °C and 

at this temperature it was kept for 3 more h. For a 

given period of time, oligomer molecules were cross-

linked in wood structures to form a wood-polymer 

framework, and also the formation of ester bonds be-

tween the components of the wood substance (cellu-

lose, hemicellulose and lignin) with an oxidized mod-

ified oligomer. 

Processes involving the oxygen of the air, in-

tensively flow in the surface layers. The limited avail-

ability of oxygen to the interior of the composition reduc-

es the proportion of oxidative processes, the increas-

ing role is played by the reactions of high-temperature 

polymerization. This reaction is activated by various 

radicals present in the system (R •, RO •, ROO •). 

CH CH CH

O

... ...
CH CH CH

OOH

... ...
HO

 

CH CH CH

O

CH2 CH CH... ... CH CH CH

O CH CH

...

...

 
The formation of such bonds will allow to re-

duce such a shortage of impregnating compositions, 

as washing out of products during their operation. 

Indicators of testing wood for water absorption and 

swelling are presented in Тable 2. 

Analysis of the experimental data shows that 

the best indicators are samples of birch wood, where 

as an impregnating composition a PPPB-based oli-

gomer with additives of 40% SEPS was used. 

Improved water resistance of modified wood 

samples is due to the fact that the product obtained 

contains fewer double bonds that increase its hydro-

philic properties. 

Table 2 

The effect expanded polystyrene content on water ab-

sorption and swelling of birch wood samples 

Таблица 2. Влияние содержания расширенного по-

листирола на поглощение воды и набухание образ-

цов березовой древесины 

Indicators 

The dosage of SEPS in 

PPPB, % 

0 10 20 30 40 

Water absorption, % 
25.7 

68.0 

25.0 

66.8 

24.7 

65.1 

23.0 

62.3 

21.2 

59.0 

Swelling in the radial swelling, 

% 

3.3 

6.5 

3.3 

6.2 

3.0 

5.8 

2.7 

5.4 

2.5 

5.1 

Swelling in the tangential direc-

tion, % 

4.4 

8.4 

4.0 

8.0 

3.9 

7.9 

3.7 

7.6 

3.6 

7.5 
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Table 3 

Experimental values of indicators of fiberboard samples 

treated with a modified PPPB-based oligomer 

Таблица 3. Экспериментальные значения показате-

лей образцов ДВП, обработанных модифицирован-

ным олигомером на основе PPPB 

 

Dosage of secondary expanded polysty-

rene in oligomer from PPPB, % 

0 10 20 30 40 

Flexural strength, 

MPa  
45.1 47.5 50.7 54.9 55.1 

Water absorption, 

%  
14.3 13.3 12.1 11.4 11.1 

Swelling in thick-

ness, % 
11.7 10.9 10.0 10.3 9.3 

 

Further, the possibility of increasing the indi-

cator fiberboard with the use of the oligomer of 

PPPB, the modified SEPS, was investigated. The pro-

cessing of fiberboard was carried out in the manner 

described above for natural wood. The results of the 

tests are shown in Тable 3. 

Analysis of the experimental data shows that 

fiberboard impregnated with oligomer composition 

based on PPPB modified SEPS have increased 

strength characteristics and resistance to water and 

moisture. With the increase in the content of SEPS in 

the oligomer from the PPPB, the strength of the fiber-

board increased, and the water absorption and swell-

ing decreased. 

CONCLUSIONS 

The impregnating compositions obtained on 

the basis of by-products of petrochemistry make it 

possible to impart increased hydrophobic properties, 

form stability to wood products, and, in addition, 

strength properties for fiberboard. 
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