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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.

Keywords: bitumen, petroleum resin, fraction of liquid pyrolysis products, modification, bitumen-

resin composition.

Citation: Bondaletov V.G., Bondaletova L.I., Van Thanh N., Bondaletova A.V. Properties of bitumen composition modified by
petroleum resins, J. Sib. Fed. Univ. Chem., 2021, 14(2), 147-155. DOI: 10.17516/1998-2836-0224

© Siberian Federal University. All rights reserved
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).
*  Corresponding author E-mail address: bondli@tpu.ru

— 147 —



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

CBoiicTBa OMTYMHBIX KOMIIO3UIIM,

MOIM(PUIMPOBAHHBIX HEPTENOJIMMEPHBIMH CMOJIAMH

B.I. bonaaJjerosn, JI. U. bonganerosa,
Hryen Ban Txanb, A.B. bonnaneroBa
Hnowceneprnas wikona npupoonvix pecypcos
Hayuonanvnwiii uccieoosamenvexui
Tomckut nonumexHu4ecKuti yHugepcumem
Poccuiickas ®edepayus, Tomck

Annortanus. [Toka3zaHo HCIIONTB30BaHNE AMUPATHICCKIX, IHKIOATHPATHICCKIX, APOMATHICCKUAX
He()TEMOTMMEPHBIX CMOJI, ITOJTYYCHHBIX HOHHON MOJMMEPU3aLUeH HeIPEACTbHBIX COCIUHECHHUIN Pa3TMIHbIX
(hpakuii KUIKUX MPOAYKTOB MHPOITU3A IO TEHCTBUEM KaTAIIHTUYCCKON CUCTEMBI TETPAXIIOPHU/T
TUTaHa — AU TUIIATIOMUHUNXJIOPU] U UX OKHUCJIEHHBIX CMECHIO IEPOKCH1A BOAOPO/IAa U YKCYCHOU KHUCIIOTHI
MIPOU3BOJHEIX B KQUECTBE MMOIMMEPOB—MOAU(PHKATOPOB OUTYyMa. YCTaHOBIICHO, YTO MaKCUMaJIbHBIC
3HAYCHHUS aAre3uH MOTUPUIIUPOBAHHBIX OUTYMHBIX MOKPBITUH K METAJUTHYCCKUM IOIJIOKKAM,
COOTBETCTBYIONINE MUHUMATBHEIM 3HAYCHUSM KPACBOT'0 YIIIa CMAYUBAHUS ITOJIOKEK OUTYMHBIM
PacTBOPOM, TOCTUTHYTHI IIPH UCIIOJIb30BAHMH OKHUCICHHBIX CMOJI. Bee Mo uIinpoBanHbie ONTYMHBIC
MTOKPBITUS 001aTal0T HU3KUM BOZIOMOTIIONICHIEM U BRICOKOI KUCIIOTO-, ENI0Ye- U COJIECTONKOCTHIO,

YTO IMO3BOJIACT UCIIOJB30BATh UX B KAYCCTBC 3allIUTHBIX HOKpBITHfI.

KaroueBble ciioBa: 6uTyM, HedTenoauMepHas cMoja, GPaKIHU KUJAKUX MPOJYKTOB MHPOJIH3a,

MOHHq)HKaHHH, 6I/ITyMHO-CMOJ'I$IHLIG KOMIIO3UITHH.

Huruposanue: bonnaneros, B.I. CoiicTBa OUTYMHBIX KOMIIO3UIIH, MOIU(GHIIMPOBAHHBIX HE()TEIOIUMEPHBIMHI CMOJIAMH /
B.T". bounnaneros, JI. . bonnanerosa, Hryen Ban Txanp, A. B. Bonnanerosa // XKypn. Cub. ¢penep. yu-ta. Xumus, 2021, 14(2).
C. 147-155. DOLI: 10.17516/1998-2836-0224

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 Cs, cycloaliphatic with a high content of
dicyclopentadiene Cpr, aromatic Cy and broad fraction Cs.¢ [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].

Bitumenused 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 H,SO,4 (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 Cs_y fraction of hydrocarbons, and their oxidized
derivatives (OPR_C5-9).

The results showed that bitumen coatings with 10% aliphatic (PR_C5, OPR_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
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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 a solution of the bitumen composition modified
with oxidized resins (OPR_C5, OPR_C5-9, OPR_DF, OPR_(C9) has a lower value compared with the
cases of using the original resins (PR_CS5, 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
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Fig. 2. Wetting angle of the metal surface coated with solutions of bituminous compositions with different content
of the polymer modifier PR_C5, OPR_C5, PR_C5-9, OPR_C5-9, PR_DF, OPR_DF (a), PR_C9, OPR_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

Water absorptivity, %

Resin content

N
[Te} o N < =N
in the composite, % 3 Q| O U\ E Q| 8 U\
[ e~ | e | e | ~
~ e o o9 e 29 [ x
[~ o ~ o ~ o ~ o

0 0,121 0,121 0,121 0,121 0,121 0,121 0,121 0,121

1 0,083 0,074 0,065 0,085 0,084 0,079 0,065 0,068

3 0,062 0,055 0,052 0,061 0,051 0,048 0,044 0,048

7 0,017 0,021 0,039 0,052 0,043 0,034 0,025 0,038

10 0,018 0,012 0,035 0,053 0,032 0,023 0,019 0,032

15 0,031 0,025 0,037 0,055 0,022 0,019 0,035 0,052

Table 2. Acid resistance of bitumen-resin coatings in a 10% H,SO4 solution

Acid resistance, days
Resin content 8 o) i I 8
in the composite, % 3 I O U\ E Q| &) [
| ~ | 2 | & I &
& e ~ o9 e [ [ x
[ o 2w o [2» o ~ o
0 50 50 50 50 50 50 50 50
1 53 56 56 57 55 56 68 63
3 58 75 61 72 59 68 85 91
7 64 87 68 91 65 77 75 118
10 72 98 78 112 75 102 73 98
15 67 81 65 98 65 97 61 74
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Table 3. Alkali resistance of bitumen-resin coatings in a 10% NaOH solution

Alkali resistance, days

Resin content 8 o) 3\'3 3 8

in the composite, % &} [ 3 © a > ) !
| ~ I & | & \ ~

~ e ~ 2w e 29 [ 4

& o e o 2w o ~ o

0 75 75 75 75 75 75 75 75

1 76 79 78 83 78 81 79 83

3 79 84 81 94 32 89 96 114
7 83 96 91 111 92 105 94 106

10 98 113 101 122 97 118 85 97

15 96 109 95 111 85 109 78 90

Table 4. Salt resistance of bitumen-resin coatings in a 3% NaCl solution
Salt resistance, days
. [o)}

Resin content e o) A 3 =N

in the composite, % 3 © 3 < A [ ) ©
[ R | [ | - \ R

~ =2 ~ 2w o [ [ [

~ o ~ o ~ o ~ o

0 30 30 30 30 30 30 30 30

1 32 34 34 35 32 33 38 36

3 32 39 38 44 36 38 48 51

7 38 46 42 53 40 45 42 65

10 44 57 47 69 45 59 36 59

15 37 43 40 58 37 43 34 43

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_CY5), 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.
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