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Abstract. In this work, a three-component bitumen composition was developed that can be used for the production of cold-applied rolled bitumen roofing materials. The advantage of this composition is its availability and relatively low cost due to the use of rapeseed oil.
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Introduction
The advantage of cold-applied bituminous roofing materials is that they are easy to apply, do not require special surface preparation, and have a relatively low cost, short preparation time, and easy repair. The disadvantage of all materials made with bitumen is their short life. Therefore, bituminous materials used to produce cold-applied roofing materials should be characterized by good elasticity, high heat resistance, flexibility at sub-zero temperatures and high adhesion to hard surfaces.
In previous studies, three-component bituminous compositions were developed, which include bitumen, rubber or rubber crumb, and linseed oil [1-3]. However, in our opinion, flaxseed oil is not the best option, as it is quite expensive and produced in limited quantities. Therefore, it is relevant to study the possibility of replacing this oil with a cheaper and more affordable one. This will make it possible to reduce the cost of the final product without compromising its quality.
Results and Discussion
Commercial bitumen of BN 70/30 grade was used as the basis for obtaining three-component bitumen compositions, which will be used in the production of cold-applied rolled roofing materials in the future (Table 1). Rapeseed oil was used as a component to impart adhesive properties to the composition. As a plasticizer, we used the Kraton D1192ESM modifier, which is a block copolymer of the styrene-butadiene-styrene (SBS) type.
Table 1
Characteristics of bitumen BN 70/30
	Indicator
	Value of the indicator

	Softening temperature by “ring and ball”, ºС
	82

	Ductility at 25 ºС, cm
	2

	Penetration at 25 °C, 0.1 mm
	17

	Elasticity, %.
	50



The preparation of bitumen compositions was carried out in a laboratory mixing unit. To prepare the compositions, pre-weighed samples of the initial components were loaded into a metal container and heated with constant stirring. The performance of the resulting compositions was determined by standardized methods.
The possibility of obtaining cold-applied bituminous materials was initially studied by examining binary mixtures obtained by mixing two components: construction bitumen BN 70/30 and rapeseed oil at temperatures of 170-190°C for 1 hour (Table 2).
Table 2
Influence of rapeseed oil content on the properties of a binary mixture “bitumen: rapeseed oil”
	Indicator
	Bitumen
BN70/30
	Rapeseed oil content, % wt.

	
	
	10
	15
	20

	Softening temperature, ºС
	82,0
	66,0
	55,0
	51,0

	Ductility at 25 ºС, cm
	2,0
	4,7
	7,8
	8,1

	Penetration at 25 °C, 0.1 mm
	17,0
	45,0
	62,0
	75,0

	Elasticity, %.
	50,0
	37,0
	26,0
	21,0

	Low-temperature flexibility at       -25 оС
	fails the test
	fails the test
	fails the test
	stands the test

	Heat resistance at 60 ° C
	stands the test
	fails the test
	fails the test
	fails the test

	Adhesion, N/cm2
	–
	3,2
	5,8
	5,1

	Water absorbing, %
	0,06
	0,11
	0,16
	0,19



The studies have shown that with an increase in the content of rapeseed oil in binary mixtures with bitumen, the softening point and elasticity decrease, and the penetration increases. It was found that the addition of rapeseed oil to bitumen increases its adhesion to hard surfaces. At the same time, the effect of “stickiness” of the bitumen material at room temperatures is observed, which allows its use without preheating. 
As a result of studying the properties of the binary mixture “bitumen : rapeseed oil”, it was found that it is impossible to obtain a bituminous material that meets all the requirements based on these two components alone. To the studied binary mixture, it is necessary to add a component that would increase the hardness and softening point of the bitumen material, while increasing its elasticity and frost resistance, and not worsening other indicators. It is known that this effect is achieved when rubbers, in particular SBS, are added to bitumen. That is why it was necessary to study the properties of a three-component mixture containing BN 70/30 bitumen, rapeseed oil, and SBS rubber in different proportions.
The results of the study of the three-component mixture “bitumen: rapeseed oil: SBS rubber” are given in Tables 3-5. It was found that an increase in the content of SBS rubber in the three-component mixture significantly increases its softening point and elasticity, as well as reduces penetration. That is, the introduction of rubber into the mixture increases the refractoriness and hardness of the resulting composite material. This is confirmed by an increase in the heat resistance of the bitumen composition due to the addition of SBS rubber to it. The composition's ductility changes insignificantly, given the low ductility of the original BN 70/30 bitumen. The same can be said about the water absorption of the three-component bitumen composition.
However, there is a negative side to adding SBS rubber, which is a decrease in adhesion. With an increase in the content of SBS rubber in a three-component bitumen composition, it adheres much worse to a hard surface and comes off with less force.
Table 3
Characterization of the three-component composition "bitumen: rapeseed oil: SBS"
(rapeseed oil content 10% by weight)
	Indicator
	Bitumen 
BN 70/30 + 10% RO
	SBS content, % wt.

	
	
	3
	5
	10

	Softening temperature, ºС
	66
	76
	82
	94

	Ductility at 25 ºС, cm
	4,7
	5,6
	6,2
	7,3

	Penetration at 25 °C, 0.1 mm
	45,0
	40,0
	37,0
	29,0

	Elasticity, %.
	37,0
	56,0
	66,0
	85,0

	Low-temperature flexibility at - 25 оС
	fails the test
	fails the test
	fails the test
	fails the test

	Heat resistance at 60 ° C
	fails the test
	stands the test
	stands the test
	stands the test

	Adhesion, N/cm2
	3,2
	2,8
	2,3
	1,4

	Water absorbing, %
	0,11
	0,12
	0,12
	0,14


Table 4
Characterization of the three-component composition "bitumen: rapeseed oil : SBS"
(content of rapeseed oil 15 % by weight)
	Indicator
	Bitumen 
BN 70/30 + 10% RO
	SBS content, % wt.

	
	
	3
	5
	10

	Softening temperature, ºС
	55
	63
	69
	78

	Ductility at 25 ºС, cm
	7,8
	8,5
	9,0
	9,6

	Penetration at 25 °C, 0.1 mm
	62,0
	57,0
	52,0
	41,0

	Elasticity, %.
	26,0
	40,0
	51,0
	72,0

	Low-temperature flexibility at - 25 оС
	stands the test
	stands the test
	stands the test
	fails the test

	Heat resistance at 60 ° C
	fails the test
	fails the test
	stands the test
	stands the test

	Adhesion, N/cm2
	5,8
	5,2
	4,6
	3,2

	Water absorbing, %
	0,16
	0,17
	0,18
	0,20



Analyzing the results obtained, the optimal composition of the mixture was determined, which ensures the achievement of the required quality standards for cold-applied bitumen material. It was found that the content of BN 70/30 bitumen in such a composition should be 82.5 % by weight, the content of rapeseed oil - 12.5 % by weight, and the content of SBS - 5.0 % by weight. Based on the established optimal composition, a bitumen composition for cold-applied materials was obtained. The characteristics of this composition are given in Table 6.
The developed bitumen composition for cold-applied roofing material meets all the requirements.
An approximate calculation of the cost of marketable products of the three-component bitumen compositions production unit was made. The calculated cost is 22,155 UAH/t, which is commensurate with the cost of industrial analogs.

Table 5
Characterization of the three-component composition "bitumen : rapeseed oil : SBS"
(content of rapeseed oil 20 % by weight)
	Indicator
	Bitumen
 BN 70/30 + 20% RO
	SBS content %.

	
	
	3
	5
	10

	Softening temperature, ºС
	51
	58
	63
	72

	Ductility at 25 ºС, cm
	8,1
	9,0
	9,6
	10,4

	Penetration at 25 °C, 0.1 mm
	75,0
	68,0
	62,0
	50,0

	Elasticity, %.
	21,0
	32,0
	41,0
	59,0

	Low-temperature flexibility at - 25 оС
	stands the test
	stands the test
	stands the test
	stands the test

	Heat resistance at 60 ° C
	fails the test
	fails the test
	stands the test
	stands the test

	Adhesion, N/cm2
	5,1
	4,5
	4,0
	2,6

	Water absorbing, %
	0,19
	0,19
	0,20
	0,21


Table 6
Characteristics of the bitumen composition "bitumen : rapeseed oil : SBS" 
for cold applied roofing material
	Indicator
	The value of the indicator
	Requirements for bituminous material

	Softening temperature, ºС
	70
	not less than 70

	Ductility at 25 ºС, cm
	9,2
	–

	Penetration at 25 °C, 0.1 mm
	50,0
	–

	Elasticity, %.
	53,0
	–

	Low-temperature flexibility at - 25 оС
	stands the test
	stands the test

	Heat resistance at 60 ° C
	stands the test
	stands the test

	Adhesion, N/cm2
	4,5
	not less than 3.0

	Water absorbing, %
	0,18
	–


Conclusions
A method for obtaining a three-component bitumen composition for the production of cold-applied rolled roofing materials that meets all the requirements for these materials has been developed. The optimal composition of such a mixture was determined: bitumen BN 70/30 - 78.5 % by weight, rapeseed oil - 12.5 % by weight, SBS - 5.0 % by weight.
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