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ABSTRACT 
The protection of metallic structures against corrosion remains a pivotal challenge across 

numerous industries. In recent years, the amalgamation of modified bitumen with epoxy resin has 

emerged as a promising avenue in the pursuit of enhanced corrosion protection. This novel 

composite material showcases exceptional potential in thwarting the deleterious effects of 

corrosion, offering an innovative solution to safeguard vital infrastructure, industrial components, 

and diverse metallic substrates. The synergistic properties stemming from the combination of 

modified bitumen and epoxy resin present an intriguing prospect for superior durability, chemical 

resistance, and structural integrity, thereby fostering advancements in the realm of anti-corrosion 

coatings. This scientific article endeavours to explore the efficacy, mechanisms, and potential 

applications of this composite material as an effective barrier against corrosion, shedding light on 

its transformative impact within corrosion mitigation strategies. In this study, bitumen was 

modified using epoxy resin ELM-NG900Z and hardener in a ratio of 1.0: 5: 1.5 respectively. The 

modified bitumen was further tested by mechanical tests and solvent tests. The samples of 

modified bitumen successfully passed the tests and showed results better than the 

reference(epoxy resin without bitumen). 
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Introduction 

Bitumen-epoxy resin refers to a composite 

material formed by combining bitumen, a viscous 

and hydrophobic organic substance derived from 

petroleum, with epoxy resin, a thermosetting 

polymer created by the reaction between epoxide 

compounds and hardening agents [[1], [2], [3], [4], 

[5], [6]]. This amalgamation results in a hybrid 

material exhibiting enhanced properties, including 
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improved adhesion, corrosion resistance, durability, 

and flexibility, making it suitable for various 

applications in anti-corrosion coatings, construction, 

waterproofing, and infrastructure protection as 

shown in Table 1 [7]. 

There are several advantages associated with 

bitumen-epoxy resin combinations for anti-

corrosion coatings: 

Enhanced Adhesion: The combination of 

bitumen with epoxy resins creates coatings with 

excellent adhesion properties, ensuring strong 

bonding to various substrates, including metals and 

concrete surfaces. 

Superior Corrosion Resistance: This composite 

material offers robust protection against corrosion 

caused by moisture, chemicals, salts, and 

environmental factors, extending the lifespan of 

coated surfaces [[8], [9], [10]]. 

Improved Durability: Bitumen-epoxy resin 

coatings exhibit enhanced durability, resisting 

abrasion, impact, and wear, which is particularly 

beneficial in high-traffic or harsh industrial 

environments. 

Chemical and Weather Resistance: The coatings 

show remarkable resistance to a wide range of 

chemicals, acids, solvents, and extreme weather 

conditions, maintaining their protective qualities in 

diverse settings [11]. 

Flexibility and Toughness: The combination 

provides flexibility and toughness to the coatings, 

allowing them to withstand substrate movement 

and deformation without cracking or compromising 

the protective layer. 

Excellent Waterproofing Properties: Bitumen-

epoxy resin coatings create an impermeable barrier, 

effectively preventing water ingress and protecting 

against moisture-related corrosion [12]. 

Enhanced Structural Integrity: Coated surfaces 

benefit from improved structural integrity, as these 

coatings provide a strong barrier against corrosion-

induced deterioration, maintaining the integrity of 

underlying structures. 

Versatility in Applications: These coatings can be 

applied to various substrates, making them suitable 

for different industries, including roofing, pavement, 

waterproofing, marine, and industrial flooring. 

Cost-Effectiveness: The long-lasting protection 

offered by bitumen-epoxy resin coatings can reduce 

maintenance costs and extend the service life of 

structures and components, resulting in cost savings 

over time. 

Environmental Benefits: Certain formulations 

can be tailored to be low in volatile organic 

compounds (VOCs), reducing environmental impact 

during application while providing effective 

corrosion protection [[13], [14], [15], [16]]. 

The combination of bitumen with epoxy resins in 

anti-corrosion coatings presents a robust solution 

that combines multiple advantageous properties, 

making it a valuable choice for protecting a wide 

array of surfaces prone to corrosion [[17], [18], [19]]. 

This paper aims to modify bitumen using epoxy 

resin and hardener in a ratio of 3.5: 1.0. the 

mechanical and chemical properties were 

investigated. 

Table 1 - Possible applications of bitumen-epoxy resin 

Nature of 
hydrocarbon  binder 

Additives Utilization Ref. 

Bituminous  emulsion Anticorrosion paint 
binders for gravel 

6 

Bitumen Waterproof paints; 
sprayed  paints 

7.8 

Bitumen, tar (CH3)2SO4 
(30-60%) 

Reinforced 
anticorrosion  paints 

9 

Bitumen Liquid polybutadiene Anticorrosion   paint 10 

Bitumen Styrene/butadiene/ 
styrene copolymer 

Pavement coating 11 

Bitumen- asphalt Moisture-proof coatings 12-15 
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Main provisions 

Bitumens are natural or synthetic, there are 

various applications in industry.  It is a little bit cheap 

product, that the physicochemical properties can be 

modified.  Among applications of bitumens are road 

and building materials, pavements, roofs, and 

coatings.  

The interesting results were obtained by authors 

[[20], [21]] who investigated the parameters of the 

compatibility or incompatibility of epoxy resins with 

a given bitumen.  Thus, they modified epoxy resins 

by using new aliphatic and cycloaliphatic epoxy 

resins mixed with bitumen and compared their 

performance when admixed with a hardening agent. 

The results showed that the aromaticity and 

aliphaticity of the epoxy resins were not the only 

determined the homogeneity of the resulting 

mixtures.  

The authors [13] found that the compatibility of 

a resin with a bitumen arose from the flexibility of 

epoxy resins. The technique that provides the 

polarity of molecules in terms of 

hydrophilic/lipophilic balance. This provides a 

compatible model molecule that has been 

synthesized on a large scale and has the following 

structure of epoxy resins (Figure 1): 

Figure 1 – Structure of epoxy resin 

Other authors [14, 15] investigated the mixing 

ratios of epoxy with bitumen to find compatible 

ratios. They demonstrated that epoxy resins with 

50% in the mixture increase the mechanical 

characteristics of the same mixtures without epoxy 

resins and are considerable for highway 

applications.  

However, such applications developed for 

various commercial activities as given in Table 1. 

Table 1 lists a wide range of applications of bitumen-

epoxy resin blends. The improvement in the physical 

and mechanical properties of resin and bitumen 

using substituted phenols, such as t-butyl and nonyl 

phenols, to the mixtures [[16], [17], [18], [19], [20], 

[21], [22]]. 

Material and methods 

To create a modified bitumen-epoxy coating, 

waterproofing bitumen No. 24 from Technonicol, 

Almaty, Kazakhstan. Epoxy resin ELM-NG900Z and 

Hardener 1816: ELM-NG 34H from Elcos Marketing 

LLP, Almaty, Kazakhstan. 

The processes of coating are given in Figure 2. 

Firstly, Metal plates were cleaned pre-washed using 

water, and dried before coating. The preparation of 

samples is an important factor to avoid any problem 

during coating such as dirt or dust on the plates.  

Secondly, the preparation mixture of bitumen 

and epoxy resin in the presence of hardener. Epoxy 

resin is a two-component substance. It necessarily 

includes a hardener, which starts the process of 

polymerization (hardening) of the composition. 

6.5 grams of bitumen, 50 grams of epoxy resin, 

and 15 grams of hardener were mixed very well at 

room temperature. 

Further, because of mixing the above materials, 

a modified bitumen-epoxy coating was obtained and 

applied to metal samples. 

The bitumen-epoxy content was poured onto 

the plate itself and evenly applied. The application 

was carried out using a stainless-steel applicator to 

obtain a more uniform coating Figure 3.  

The mechanical properties of the coating films 

including impact resistance, bending strength, 

adhesion, and scratch resistance were investigated. 

The names of tests Figure 4 shows the types of 

equipment for tests mechanical properties. 

Impact resistance test (Figure 4-a) – A coated 

metal sample was placed between the upper part of 

the die and a graduated vertical tube. The load was 

lifted to a maximum height of 100 cm and dropped. 

Next, the sample was extracted from the tester and 

evaluated for damage to the coating and substrate. 

The bending strength test (Figure 4-b) - was 

carried out by bending the test sample at an angle of 

180° around cylindrical or conical rods. There is a 

bending lever with rollers on the frame, which is 

adjustable in height, and a sliding vice for clamping 

samples, which ensures perfect and uniform 

bending of the test samples. The presence of 

damage to the test sample (cracks, delamination) 

was determined visually. 
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Figure 2 - the process of coating samples 

Figure 3 – The coating process 

a) b) c) 

Figure 4 – a) BGD 305 Tubular Impact Tester, b) BGD 564 Cylindrical Mandrel Tester, 
c) BGD 504/6 Economic Cross Hatch Tester

. 
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The resistance of the coating to scratches on the 

surface (Figure 4-c) was determined by carrying out 

two transverse notches on the coating with a multi-
blade cutting tool, after which the adhesive 
resistance of the tape coating to separation from the 
substrates was evaluated. The adhesive strength of 
the adhesive tape is equal to 9.5 N for a width of 25 

mm and is transparent, which ensures proper 
adhesion to the coating. 

Also, anticorrosive properties in solutions of 10, 
20, and 30% NaCl, NaOH, and H₂SO₄ were studied on 
the obtained samples with bitumen-epoxy coating.  

As a comparison, uncoated metal plates were 
also immersed in the solutions. The samples were 
kept in each of the solutions for 7 days (Figure 5). 
After 7 days, the coatings were examined for 
corrosion 

Results and discussion 

From the data given in Figure 6, the coating 
based on bitumen-epoxy resin has passed all the 
tests for the mechanical properties of the coating.  

The results of the mechanical properties are 
presented in Table 2. 

a b c 

Figure 5 – a) NaCl solution, b) NaOH solution, c) H₂SO₄ solution 

a) b) c) 

Figure 6 – a) impact resistance test results, b) bending strength test results, 
c) results of the coating's scratch resistance on the surface

Table 2 - The results of the mechanical properties 

Sample Polymer Research Results 

Metal plate Bitumen-epoxy resin Impact resistance test Passed 

Metal plate Bitumen-epoxy resin Bending strength test Passed 

Metal plate Bitumen-epoxy resin The resistance of the coating to 
scratches on the surface 

Passed 

passed = excellent, failed = bad 

41 
41 

41 
41 
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a) b) c) 

Figure 7 – Metal plates with bitumen-epoxy coating, after 7 days in solutions with a concentration of 10%, 20%, 30%, 
at room temperature a) NaCl, b) NaOH, c) H₂SO₄, 

a) b) c) 

Figure 8 – Metal plates without coating, after 7 days in solutions with a concentration of 10%, 20%, 
and 30%, at room temperature a) NaCl, b) NaOH, c) H₂SO₄ 

Table 3 - The results of the anticorrosive properties 

Sample Polymer Solution with coating 
10%    20%   30% 

without coating 
10%   20%   30% 

Metal plate Bitumen-epoxy resin NaCl Е   Е  Е Р   Р   Р 

Metal plate Bitumen-epoxy resin NaOH Е   Е  Е Р   G           G 

Metal plate Bitumen-epoxy resin H₂SO₄         Е   G   G Р   Р   Р 

  When submerged for 7 days, E = excellent, G = good, and P = bad. 

As can be seen from Figure 7, metal plates with 
bitumen-epoxy coating withstood all concentrations 
of solutions of NaCl, NaOH, H₂SO₄. However, in the 
H₂SO₄ solution, the coating itself peeled off in 
solutions with 20% and 30% concentration. Whereas 
all metal plates without coating are completely 
corroded Figure 8. 

The results of the study of bitumen-epoxy 
coatings for anticorrosive properties in solutions of 
10, 20, 30% NaCl, NaOH, H₂SO₄ are presented in 
Table 3. 

Conclusion 

The combination of modified bitumen with 
epoxy resins offers a universal solution that 
improves the properties of both materials. It 
provides increased durability, flexibility, adhesion 
and resistance to various environmental influences 

and structural loads, which makes it a valuable 
choice for various applications in construction and 
infrastructure. Based on the results obtained and 
the properties of coatings based on bitumen-epoxy 
resins, it can be concluded that the coating based on 
bitumen-epoxy resin has a wide range of 
applications. The best ratio of epoxy resin to 
hardener was 3.5% to 1.0% to enhance the 
mechanical and chemical properties of bitumen. 
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ТҮЙІНДЕМЕ 
Металл конструкцияларын коррозиядан қорғау көптеген салаларда маңызды 
міндеттердің бірі болып қала береді. Соңғы жылдары модификацияланған битумды 
эпоксидті шайырмен біріктіру коррозиядан қорғауды арттырудың перспективалы бағыты 
болды. Бұл жаңа композициялық материал маңызды инфрақұрылымды, өнеркәсіптік 
құрамдас бөліктерді және әртүрлі металл субстраттарды қорғау үшін инновациялық шешім 
ұсына отырып, коррозияның зиянды әсерлерімен күресудің ерекше әлеуетін көрсетеді. 
Модификацияланған битум мен эпоксидті шайырды қосу арқылы пайда болған 
синергиялық: ұзаққа жарамдылық, химиялық төзімділік және құрылымдық тұтастық 
сияқты қасиеттер жақсарады, осылайша коррозияға қарсы жабындар саласында 
жетістіктерге қол жеткізіледі. Бұл зерттеу жұмысында осы композициялық материалдың  
коррозияға қарсы тосқауыл ретінде тиімділігі, механизмдері мен әлеуетті қолданылуы 
қарастырылып, оның коррозияға қарсы стратегиялардағы трансформациялық әсерлеріне 
жол ашады. Бұл зерттеуде битум эпоксидті шайыр ELM-NG900Z және 1,0: 5: 1,5 
қатынасында қатайтқышты қолдану арқылы өзгертілді. Механикалық сынақтар мен 
еріткіштерді пайдалану арқылы модификацияланған битумға қосымша сынақтар 
жүргізілді. Модификацияланған битум үлгілері сынақтардан сәтті өтті және эталонға 
(битумсыз эпоксидті шайыр) қарағанда жақсы нәтиже көрсетті. 

Түйін сөздер: Битумды эпоксидті шайыр, битум, эпоксидті шайыр, коррозия. 
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Аннотация 
Защита металлических конструкций от коррозии остается одной из важнейших задач во 
многих отраслях промышленности. В последние годы соединение модифицированного 
битума с эпоксидной смолой стало перспективным направлением в деле усиления защиты 
от коррозии. Этот новый композиционный материал демонстрирует исключительный 
потенциал в борьбе с пагубным воздействием коррозии, предлагая инновационное решение 
для защиты жизненно важных объектов инфраструктуры, промышленных компонентов и 
различных металлических подложек. Синергетические свойства, обусловленные сочетанием 
модифицированного битума и эпоксидной смолы, открывают захватывающие перспективы 
для повышения долговечности, химической стойкости и структурной целостности, 
способствуя тем самым прогрессу в области антикоррозионных покрытий. Данная научная 
статья посвящена изучению эффективности, механизмов и потенциальных возможностей 
применения этого композитного материала в качестве эффективного барьера против 
коррозии, проливая свет на его преобразующее воздействие в рамках стратегий борьбы с 
коррозией. В данном исследовании битум был модифицирован с использованием 
эпоксидной смолы ELM-NG900Z и отвердителя в соотношении 1,0:5:1,5 соответственно. 
Модифицированный битум был подвергнут дальнейшим испытаниям с помощью 
механических испытаний и испытаний с растворителем. Образцы модифицированного 
битума успешно прошли испытания и показали результаты лучше эталона (эпоксидная смола 
без битума). 

Ключевые слова: Битумно-эпоксидная смола, битум, эпоксидная смола, коррозия. 
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