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Abstract. Experimental data on the assessment of the adhesion strength of bitumen to the 

surface of various mineral materials are presented. graphical dependences of the adhesion of 

bitumen BOR 60/90 and BOR 90/130 with additives to various mineral materials are constructed. 

with the same acid-base characteristics of mineral materials, the adhesion strength of bitumen to 

the surface of a rough material (granite crushed stone) is greater than with the surface of a 

smoothly rolled material (gravel). 

Keywords: bitumen, oil sludge, gossypol resin (fat-oil plant), technical sulfur, asphalt 

concrete, road pavement. 

 

INTRODUCTION. For the research, the following mineral materials were used [1, 2]: 

1. Gravel is a round or ovoid round or ovoid rock fragments with a smooth surface, usually 

of river or sea origin. In the research, granite gravel of fraction 5-20 mm was used, used in the 

construction of roads. Granite is an acidic igneous rock. 

2. Crushed stone is an inorganic material obtained by crushing rocks. The average density 

of crushed stone is from 1.4 to 3 g / cm. Granite crushed stone is crushed stone from solid rock of 

granular structure, consisting of crystals of feldspar, quartz, mica. In the studies, a fraction of 5-20 

mm was used, since it is in the greatest demand and is used in road and airfield pavements. 

3. In the studies, marble was used as a mineral material containing CaCO3. Marble 

consists of dolomite (calcium and magnesium carbonate - CaMg (CO3) 2) or calcite (calcium 

carbonate - CaCO3), or both. Marble almost always contains admixtures of other minerals, such 

as iron oxide, iron sulfide, iron-containing silicates (chlorite and epidote), iron and manganese 

carbonates, bitumen or graphite admixtures. 

The marble was used as an analogue of crushed limestone. It is a product of the crushing of 

sedimentary limestone rock, consisting mainly of calcite (calcium carbonate-CaCO3). This is one 

of the main types of crushed stone, which, in addition to gravel and granite crushed stone, is used 

in road construction. The choice of marble as an analogue of crushed limestone is also justified by 

the fact that during metamorphism limestones recrystallize and form marbles. 

Thus, the mineral materials were selected: 

1) by acid-base properties: acidic: granite crushed stone and gravel, - basic: marble. 

2) according to the characteristics of the surface charge of the material: 

- electronegative: crushed granite and gravel, 

- electropositive: marble. 

Experimental data [3, 4] on the assessment of the adhesion strength of bitumen with the 

surface of various mineral materials are shown in Table 1. 

MATERIAL AND METODS 

Table 1 

Adhesion strength of bitumen to the surface of various mineral materials 
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Addit

ive 

% 

mass. 

Mineral materials 

Granite 

rubble 

Granite 

gravel 
Marble 

%co

verage 

p

oints 

% 

coverage 

p

oints 

% 

coverage 

p

oints 

BND-

60/90 
76 3 74 2 78 3 

BND-

60/90 

+О-1, 

35% 

83 3 78 3 87 3 

BND-

60/90 

+О-2, 

40% 

87 3 85 3 91 4 

BND-

60/90 

+О-3, 

45% 

93 4 90 4 94 4 

BND-

60/90 

+О-4, 

35% 

92 4 90 4 94 4 

BND-

60/90 

+О-5, 

40% 

94 4 91 4 96 5 

BND-

60/90 

+О-6, 

45% 

97 5 93 4 98 5 

BND-

90/130 
69 2 67 2 70 2 

BND-

90/130 

+О-1, 

35% 

80 3 78 3 79 3 

BND-

90/130 

+О-2, 

40% 

85 3 84 3 86 3 

BND-

90/130 

+О-3, 

90 4 90 4 90 4 
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45% 

BND-

90/130 

+О-4, 

35% 

83 3 80 3 85 3 

BND-

90/130 

+О-5, 40% 

91 4 90 4 92 4 

BND-

90/130 

+О-6, 

45% 

93 4 92 4 94 4 

О- remnants of the industry. 

О-1 composition (oil sludge-25% and sulfur 10%); 

О-2 composition (oil sludge -25% and sulfur 15%); 

О-3 composition (oil sludge -25% and sulfur 20%); 

О-4 composition (tar (gossypol resin) -25% and sulfur 10%); 

О-5 composition (tar (gossypol resin) -25% and sulfur 15%); 

О-6 composition (tar (gossypol resin) -25% and sulfur 20%). 

RESULTS. Note: decoding of points: 2 - "unsatisfactory", less than 75% of the surface of 

crushed stone particles is covered with a binder film; 3 - "satisfactory", 75% of the surface of the 

crushed stone particles is covered with a binder film; 4 - "good", a binder film covers 90% of the 

surface of crushed stone particles; 5 - 95% of the surface of the crushed stone particles is covered 

with a binder film. 

Based on the tabular data, graphical dependencies were built, presented in Figures 1 - 2. 

Fig-1.  

Bitumen adhesion BND 60/90 with additives to various mineral materials 

 
Fig-2.  

Bitumen adhesion BND 90/130 with additives to various mineral materials 
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According to Table 1 and the graphs presented in Figures 1 and 2, it can be concluded that 

the adhesion of bitumen decreases in the following order: marble - granite crushed stone - granite 

gravel. In other words, the bond strength of bitumen with basic rocks (marble) is better than with 

acidic rocks (granite materials). Also, according to the table, it can be seen that with the same 

acid-base characteristics of mineral materials, the adhesion strength of bitumen with the surface of 

a rough material (granite crushed stone) is greater than with the surface of a smoothly rolled 

material (gravel). This can be explained using some of the reference points of the mechanical 

theory of adhesion [5, 6]. When bitumen adheres to an uneven surface, a "key-lock" type of 

adhesion occurs: bitumen penetrates into the unevenness of the mineral material, followed by 

physical fixation, while any movements of the two phases are limited by the fact that the bitumen 

is plastically deformed and acts as an energetically absorbing mechanism, bringing an obvious 

increase boundary strength. 

The surface roughness of the mineral material prevents abrupt load transfer in the 

horizontal plane, loads are transferred through the bitumen, which behaves like a viscoelastic 

material. In addition, surface roughness improves adhesion by physically increasing the contact 

area. The sum of the interactions between the active centers of the bituminous binder and the 

mineral material increases in proportion to the increase in the contact area. 

According to the data in Table 1, it can be seen that the adhesion of bitumen is better to a 

mineral material with electropositive surface characteristics (marble) and worse to materials with 

electronegative surface characteristics (granite materials). It is logical to explain this effect within 

the framework of the electrostatic theory of adhesion. 

RECOMMENDATIONS 

1. Experimental data on assessing the adhesion strength of bitumen with the surface of 

various mineral materials are presented. 

2. According to the tabular data, graphical dependences of the adhesion of bitumen BND 

60/90 and BND 90/130 with additives to various mineral materials were built. 

3. According to Table 1 and the graphs presented in Figures 1 and 2, it can be concluded 

that the adhesion of bitumen decreases in the row: marble - granite crushed stone - granite gravel. 
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In other words, the bond strength of bitumen with basic rocks (marble) is better than with acidic 

rocks (granite materials). 

4. The table shows that with the same acid-base characteristics of mineral materials, the 

adhesion strength of bitumen with the surface of rough material (granite crushed stone) is greater 

than with the surface of smoothly rolled material (gravel). 
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