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Abstract. It was advised to use aliphatic, cycloaliphatic, aromatic petroleum resins and their derivatives 
obtained by oxidation of resins with a mixture of hydrogen peroxide and acetic acid as bitumen 
polymer-modifiers. Petroleum resins were obtained by ionic polymerization of unsaturated compounds 
of liquid pyrolysis products under the influence of titanium tetrachloride-diethylaluminium chloride 
catalyst. It was established that the maximum values of adhesion of modified bitumen coatings to metal 
substrates, corresponding to the minimum values of the wetting angle of the metal surface coated with 
solutions of bitumen compositions with different content of the polymer modifier were achieved using 
oxidized resins. All modified bitumen coatings have low water absorptivity and high acid resistance, 
alkali resistance and salt resistance, which allow using them as protective coatings.
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Аннотация. Показано использование алифатических, циклоалифатических, ароматических 
нефтеполимерных смол, полученных ионной полимеризацией непредельных соединений различных 
фракций жидких продуктов пиролиза под действием каталитической системы тетрахлорид 
титана –  диэтилалюминийхлорид и их окисленных смесью пероксида водорода и уксусной кислоты 
производных в качестве полимеров–модификаторов битума. Установлено, что максимальные 
значения адгезии модифицированных битумных покрытий к металлическим подложкам, 
соответствующие минимальным значениям краевого угла смачивания подложек битумным 
раствором, достигнуты при использовании окисленных смол. Все модифицированные битумные 
покрытия обладают низким водопоглощением и высокой кислото-, щелоче- и солестойкостью, 
что позволяет использовать их в качестве защитных покрытий.

Ключевые слова: битум, нефтеполимерная смола, фракции жидких продуктов пиролиза, 
модификация, битумно- смоляные композиции.
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Introduction

Corrosion of metal annually leads to billions in losses as a result of the destruction of machines and 
mechanisms. Currently, the simplest and most common method of protecting metals from corrosion 
is to apply protective coatings on their surfaces. But paint and varnish coatings are not able to prevent 
corrosion, but only reduce its speed, inhibit corrosion. Therefore, such qualities of the coating as 
uniformity, adhesion strength to the surface of the metal substrate, the ability to swell in water, are of 
paramount importance.

Artificial and natural bitumens have found quite wide application in the paint and varnish industry. 
One of the main advantages of coatings based on bitumen mastics is the low cost of raw materials – 
bitumen, which can be more than 20 times lower than the cost of a polymer coating (for example, 
polyethylene). The disadvantages of such coatings include their low durability: paint and bituminous 
coatings are destroyed in corrosive, especially alkaline, environments or wet soils. Gaseous products 
of corrosion cause delamination of coatings, which further leads to their destruction.
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One of the ways to improve the quality and durability of bitumen coatings is to modify bitumens 
with mineral and synthetic polymeric materials. For example, primary carbon nanomaterials increase 
the physical and mechanical properties of petroleum bitumen and construction materials based 
on it, provided they are evenly distributed in bitumen [1]. Thermoplastic linear polymers, general 
purpose rubbers and thermoplastic elastomers are mainly used in bitumen-polymer compositions 
[2, 3]. Thermoplastic polymers, in particular atactic polypropylene, recycled polyethylene [4-6], or 
thermoplastic elastomers, for example, divinyl styrene rubbers have become widespread both in Russia 
and abroad [7-9]. The introduction of modifiers perfects the basic parameters of polymer-bitumen 
compositions: increases the softening temperature, reduces the brittleness temperature, and improves 
adhesion [10, 11] and stability of modified bitumen at different temperatures [12, 13].

Oligomeric products can also be used as bitumen modifiers: indene-coumarone, petroleum, 
phenol-formaldehyde, epoxy, and other resins [3, 10, 14]. The influence of petroleum resins (PR) on 
the physical and mechanical characteristics of various petroleum road bitumen is examined in articles 
[3, 15, 16], and it is concluded that the PR is a modifier optimizing the structure of road bitumen. The 
possibility of using modified PR with terminal epoxy, hydroxyl and carboxyl groups to improve the 
properties of bitumen has been shown [17].

The purpose of the work is to develop bitumen compositions modified with petroleum resins 
oxidized by hydrogen peroxide and to obtain anti-corrosion coatings with improved properties based 
on them.

Experimental
Objects of research

Polymer-bitumen compositions were obtained by mixing solutions of the components at a 
temperature of 20-25 °C. Bitumen and resin, taken at a given ratio, were used as a 40% solution in 
xylene. The amount of bitumen modifier (polymer) varied in the range from 0 to 15% wt.

Different petroleum resins and their oxidized derivatives were used as a polymer-modifier 
of bitumen. Petroleum resins were obtained by polymerization of unsaturated compounds of 
various fractions of liquid pyrolysis products: aliphatic C5, cycloaliphatic with a high content of 
dicyclopentadiene CDF, aromatic C9 and broad fraction C5-9 [18]. The catalyst concentration was 2%, 
the ratio of the catalyst components was 1 : 1. The catalyst was decomposed with propylene oxide, 
the deactivation products were not removed from the reaction mass. After removal of unreacted 
hydrocarbons at low pressure, the separated petroleum resins were modified.

The resin was oxidized for 180 minutes at a temperature of 70 °C. An equimolar mixture of 
hydrogen peroxide and acetic acid, obtained in situ, was used as the oxidizing agent. The ratio of resin : 
oxidizer was 1: 0.5 [19].

Bitumen used brands BN 90/10 (GOST 6617-76 “Petroleum construction bitumens. Specifications”).
Bituminous coatings were applied to carefully prepared metal plates by a method of watering and 

dried in a vacuum oven.

Methods of research

The thickness of the dried coating was controlled by the device “Constant M1 Pencil Thickness 
Gauge”.
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Adhesion was determined by the pull-off test – GOST 32299-2013 (ISO 4624: 2002): Paint 
materials. Pull-off test for adhesion. Determination of the surface wetting angle was carried out by the 
method of lying drop at a temperature of 25 °C on the device DSA 25-Kruss – Drop shape analysis. 
Water absorption of bituminous coatings was evaluated after maturation in distilled water at 20 °C 
for 24 hours by the method: GOST 21513-76: Paint materials. Methods for determination of paint 
film water and moisture absorptivity. The acid resistance of the bitumen coating was evaluated after 
its maturing in an aqueous solution of H2SO4 (10% wt), the alkali resistance – in an aqueous solution 
of NaOH (10% wt), the salt resistance – in an aqueous solution of NaCl (3% wt) at a temperature of 
20 °C. The value of acid resistance (alkali resistance / salt resistance) was defined by the time, during 
which the coating did not deteriorate (white matt spots, flaking, rashes, blisters, etc. are not allowed) – 
GOST 9.403-80: Unified system of corrosion and ageing protection. Paint coatings. Test methods for 
resistance to liquid static effect.

Results and discussion 

Dependences of adhesion on the composition of bitumen compositions are shown in Fig. 1. The 
following polymers were used as a bitumen modifier: initial (PR_C5) and oxidized (OPR_C5) aliphatic 
petroleum resins; cycloaliphatic resins (PR_DF), obtained by polymerization of unsaturated compounds 
of fractions with a high content of dicyclopentadiene, and their oxidized derivatives (OPR_DF); initial 
(PR_C9) and oxidized (OP_C9) aromatic petroleum resins; the initial resin (PR_C5-9), obtained by 
polymerization of unsaturated compounds of a wide C5-9 fraction of hydrocarbons, and their oxidized 
derivatives (ОPR_C5-9). 

The results showed that bitumen coatings with 10% aliphatic (PR_C5, ОPR_C5), cycloaliphatic 
resins (PR_DF, OPR_DF) and resins based on a wide fraction of hydrocarbons (PR_C5-9, OPR_C5-9) 
have maximum adhesion to the metal substrate. Bituminous coatings modified with aromatic resins 
(PR_C9, OPR_C9) have lower adhesion values, the maximum of which is observed when using 3% 
modifier. This fact is probably related to the higher brittleness of aromatic resins containing a significant 

Fig. 1. Adhesion of bitumen coatings with different content of polymer modifier
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number of styrene links, and deterioration of the coating quality with increasing resin content in the 
bitumen composition.

The obtained values of adhesion are in good agreement with the values of the wetting angle 
(Fig. 2). 

The relationship between the rupture work of an adhesive bond and the wetting angle is expressed 
by the Dupré-Jung equation, which shows that a smaller wetting angle corresponds to a greater 
adhesion [20].

The wetting angle of the surface coated with а solution of the bitumen composition modified 
with oxidized resins (OPR_C5, ОPR_C5-9, OPR_DF, ОPR_C9) has a lower value compared with the 
cases of using the original resins (PR_C5, PR_C5-9, PR_DF, PR_C9) as a modifier. The presence of 
free carboxyl and hydroxyl groups in the polymer-modifier contributes to the achievement of higher 
adhesion values (Fig. 1) and lower values of the wetting angle (Fig. 2) due to the appearance of an ion-
dipole interaction between the polymers and the metal or the formation of hydrogen bonds between 
carboxyl groups of the polymer and polar groups (hydroxyl, oxide) on the metal surface. The influence 

Fig. 2. Wetting angle of the metal surface coated with solutions of bituminous compositions with different content 
of the polymer modifier PR_C5, ОPR_C5, PR_C5-9, ОPR_C5-9, PR_DF, ОPR_DF (a), PR_C9, ОPR_C9 (b)
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of the resin structure (OPR_C5, OPR_C5-9, OPR_DF) on these parameters is less pronounced. The 
wetting angle of the surface is significantly reduced to 10% of the polymer-modifier content in the 
bitumen composition (Fig. 2), which also agrees with the dependences of adhesion on the polymer-
modifier content in the bitumen composition (Fig. 1). For comparison, the results of the study of bitumen 
compositions modified with aromatic resins (PR_C9, OPR_C9) are presented, and higher values of the 
wetting angle (Fig. 2, b) and lower adhesion values (Fig. 1) are noted when using aromatic resins, in 
which the main repetitive links are styrene units, giving increased brittleness to the polymer-modifier.

Thus, when modifying bitumen with oxidized PR, the adhesion strength of bitumen coatings to 
metal substrates increases.

Protective properties of coatings are determined by their water and chemical resistance in 
various corrosive environments: salt, acid, alkaline. It has been established that the water resistance 
of bitumen coatings modified with petroleum resins is superior to that of pure bitumen coatings 
(Table 1). When 7-10% polymer modifier is added to bitumen, the water resistance of coatings 
reaches maximum values.

The introduction of all polymers-modifiers into bitumen leads to an increase of acid resistance 
(Table 2), alkali resistance (Table 3) and salt resistance (Table 4) bitumen coatings in comparison 
with indicators of a pure bitumen coating. The use of oxidized petroleum resin as a bitumen modifier 
increases the chemical resistance of the coating as a result of improved adhesion of the bitumen 

Table 1. Water absorptivity of bitumen-resin coatings

Resin content  
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Water absorptivity, %
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0,035
0,037

0,121
0,085
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0,052
0,053
0,055

0,121
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0,051
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0,022

0,121
0,079
0,048
0,034
0,023
0,019

0,121
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0,044
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0,121
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Table 2. Acid resistance of bitumen-resin coatings in a 10% H2SO4 solution

Resin content  
in the composite, %

Acid resistance, days
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Table 3. Alkali resistance of bitumen-resin coatings in a 10% NaOH solution

Resin content  
in the composite, %

Alkali resistance, days
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Table 4. Salt resistance of bitumen-resin coatings in a 3% NaCl solution

Resin content  
in the composite, %

Salt resistance, days
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38
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coating to the metal substrate. The maximum protective resistance (acid resistance – 98-118 days, 
alkali resistance – 113-122 days, salt resistance – 51-69 days) was noted when 10% oxidized aliphatic 
(OPR_C5), cycloaliphatic petroleum resin (OPR_DF) or resin obtained on the basis of a wide 
hydrocarbon fraction (OPR_C5-9) were added. When oxidized aromatic resins (OPR-C9) were used, 
3% of the resin is required for maximum effect.

Thus, bitumen coatings modified with petroleum resins have low water absorptivity, good acid-, 
alkali- and salt resistance, which allow them to be used to obtain protective coatings with high physic-
mechanical properties.

Conclusion

1. Modification of bitumen with aliphatic, cycloaliphatic, aromatic oil-polymer resins, and 
resins obtained on the basis of a wide hydrocarbon fraction, as well as their oxidized derivatives leads 
to increased adhesion of modified bitumen coatings to metal substrates. Maximum adhesion values 
have been achieved using oxidized resins.

2. The obtained adhesion values are in good agreement with the wetting angle of the metal 
surface with bitumen solutions.

3. Coatings based on modified bitumen have low water absorptivity and high acid-, alkali- and 
salt resistance, which allow them to be used as protective coatings.



– 154 –

Journal of  Siberian Federal University.  Chemistry 2021 14(2): 147–155

References

1. Shekhovtsova S., et al. Development of aggregationally and sedimentationally resistant 
nanosuspension for efficient polymer modified bitumen. IOP Conference Series: Materials Science 
and Engineering 2018. Vol. 365(3), 032008. 

2. Zhu J., Birgisson B., Kringos N. Polymer modification of bitumen: Advances and 
challenges. European Polymer Journal 2014. Vol. 54 (1), P. 18-38. 

3. Pyshyev S., et al. Polymer modified bitumen: Review. Chemistry and Chemical Technology 
2016. Vol. 10 (4), P. 631-636. 

4. Абдуллин А.И., Емельянычева Е.А., Марков В.Ю., Усманов Т.К. Изучение влияния 
полимерных добавок на свойства битума. Вестник Казанского технологического университета 
2012. Т. 15(9). С. 199-201. [Abdullin A.I., Emel’yanycheva E.A., Markov V.Yu., Usmanov T.K. Study 
of the influence of polymeric additives on the properties of bitumen. Bulletin of Kazan Technological 
University 2012. Vol. 15 (9), P. 199-201. (In Russ)].

5. Okhotnikova E.S., et al. Plastic properties and structure of bitumen modified by recycled 
polyethylene. Petroleum Science and Technology 2018. Vol. 36(5), P. 356-360. 

6. Yousefi A.A. Polyethylene Dispersions in Bitumen: The Effects of the Polymer Structural 
Parameters. Journal of Applied Polymer Science 2003. Vol. 90 (12), P. 3183-3190. 

7. Люсова Л.Р., Евтушенко В.А., Дорохова Т.Н., Небратенко Д.Ю. Модификация битума 
бутадиен-стирольными ТЭП и их смесями. Мир нефтепродуктов. Вестник нефтяных компаний 
2012. Т. 4, С. 11-14. [Lyusova L.R., Evtushenko V.A., Dorokhova T.N., Nebratenko D.Yu. Bitumen 
modification by butadiene-styrene TEP and their mixtures. World of petroleum products. Bulletin of 
oil companies 2012. Vol. 4, P. 11-14. (In Russ)].

8. Xia T., et al. Viscoelastic phase separation and crystalline-to-amorphous phase transition in 
bitumen/SBS/PE blends. Polymer 2018. Vol. 155, P. 129-135. 

9. Schaur A., Unterberger S., Lackner R. Impact of molecular structure of SBS on thermomechanical 
properties of polymer modified bitumen. European Polymer Journal 2017. Vol. 96, P. 256-265. 

10. Bondaletov V.G., et al. Protective Bitumen-Resin Coating Based on Aromatic Petroleum Resin. 
AIP Conference Proceedings. International Symposium on Hierarchical Materials: Development and 
Applications for New Technologies and Reliable Structures 2018. Vol. 2051, 020037. 

11. Mansourkhaki A., Ameri M., Daryaee D. Application of different modifiers for improvement 
of chemical characterization and physical-rheological parameters of reclaimed asphalt binder. 
Construction and Building Materials 2019. Vol. 203, P. 83-94. 

12. Oliviero Rossi C., et al. Polymer modified bitumen: Rheological properties and structural 
characterization. Colloids and Surfaces A: Physicochemical and Engineering Aspects 2015. Vol. 480, 
P. 390-397. 

13. De Carcer Í.A., et al. Storage stability of SBS/sulfur modified bitumens at high temperature: 
Influence of bitumen composition and structure. Construction and Building Materials 2014. Vol. 52, 
P. 245-252. 

14. Pyshyev S., et al. Production of indene-coumarone resins as bitumen modifiers. Petroleum 
and Coal 2015. Vol. 57 (4), P. 303-314.

15. Поздняева Л.В. Нефтеполимерная смола в качестве модификатора нефтяных дорожных 
битумов. Сборник научных трудов ГП «РОСДОРНИИ» 1996. Т. 8. С. 42-55. [Pozdnyaeva L.V. 



Journal of  Siberian Federal University.  Chemistry 2021 14(2): 147–155

Petroleum resin as a modifier of oil road bitumen. Collection of scientific papers, SE “ROSDORNII” 
1996. Vol. 8, P. 42-55. (In Russ)].

16. Леоненко В.В., Новоселова Л.Ю., Петренко Т.В., Сафонов Г.А. Полимерные модификаторы 
для нефтяного битума из жидких продуктов пиролиза. Нефтепереработка и нефтехимия 1997. 
Т. 11, С. 27-29. [Leonenko V.V., Novoselova L.Yu., Petrenko T.V., Safonov G.A. Polymer modifiers for 
petroleum bitumen from liquid pyrolysis products. Oil refiner. and petrochemistry 1997. Vol. 11, P. 
27-29. (In Russ)].

17. Bratychak M., et al. Functional petroleum resins based on pyrolysis by-products and their 
application for bitumen modification. Ecological Chemistry and Engineering S 2010. Vol. 17 (3), 
P. 309-315.

18. Бондалетов В.Г., Фитерер Е.П., Бондалетова Л.И., Новиков С.С. Каталитические способы 
получения нефтеполимерных смол. Известия Томского политехнического университета 2006. 
Т. 309(3), С. 106-112. [Bondaletov V.G., Fiterer E.P., Bondaletova L.I., Novikov S.S. Catalytic methods 
for producing petroleum polymer resins. Bulletin of Tomsk Polytechnic University 2006. Vol. 309 (3), 
P. 106-112. (In Russ)].

19. Bondaletov V.G., et al. Modification of Aliphatic Petroleum Resin by Peracetic Acid. Procedia 
Chemistry 2014. Vol. 10, P. 275-279. 

20. Гельфман М.И., Ковалевич О.В., Юстратов В.П. Коллоидная химия. СПб.: Издательство 
«Лань», 2010. 336 с. [Gel'fman M.I., Kovalevich O.V., Yustratov V.P. Colloid chemistry. St. Petersburg: 
Publishing House “Lan”, 2010. 336 p. (In Russ)].


