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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,

Received: November 28, 2023 and diverse metallic substrates. The synergistic properties stemming from the combination of
Peer-reviewed: December 8, 2023 modified bitumen and epoxy resin present an intriguing prospect for superior durability, chemical
Accepted: December 14, 2023 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 petroleum, with epoxy resin, a thermosetting

polymer created by the reaction between epoxide

Bitumen-epoxy resin refers to a composite  compounds and hardening agents [[1], [2], [3], [4],
material formed by combining bitumen, a viscous  [5], [6]]. This amalgamation results in a hybrid
and hydrophobic organic substance derived from  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,
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
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,

ensuring strong

resin

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

allowing them to withstand substrate movement  mechanical and chemical properties were
and deformation without cracking or compromising  investigated.
the protective layer.
Table 1 - Possible applications of bitumen-epoxy resin
Nature of Additives Utilization Ref.
hydrocarbon binder
Bituminous emulsion Anticorrosion paint 6
binders for gravel
Bitumen Waterproof paints; 7.8
sprayed paints
Bitumen, tar (CH3)2S04 Reinforced 9
(30-60%) anticorrosion paints
Bitumen Liquid polybutadiene Anticorrosion paint 10
Bitumen Styrene/butadiene/ Pavement coating 11
styrene copolymer
Bitumen- asphalt Moisture-proof coatings 12-15
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Main provisions

Bitumens are natural or synthetic, there are
various applications in industry. Itis a little bit cheap
product, that the physicochemical properties can be
modified. Among applications of bitumens are road
and building materials, 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

pavements,

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):

o

o CH
VAN I3 7/ \
CH2 - CH - CH2 -0 - ? - 0 - CH2 - CH - CH2
(o]

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%
characteristics of the same mixtures without epoxy

in the mixture increase the mechanical

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.

—— |4 ——
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Figure 2 - the process of coating samples

Figure 3 — The coating process

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 H,S04 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.

Figure 5 — a) NaCl solution, b) NaOH solution, c) H,SO, solution

b)

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 Passed

scratches on the surface

passed = excellent, failed = bad

16 ——
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b)

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) H2SOy,

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) H,SOq4

Table 3 - The results of the anticorrosive properties

Sample Polymer Solution with coating without coating
10% 20% 30% 10% 20% 30%

Metal plate Bitumen-epoxy resin Nacl E E E P

Metal plate Bitumen-epoxy resin NaOH E E E P G G

Metal plate Bitumen-epoxy resin H,S0, E G G P

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, H,SO,4. However, in the
H,SO, 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, H,SO, 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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TYWIHAEME

MeTann  KOHCTPYKUMANAPbIH  KOPpOo3WadaH KOpfay KenTereH cananapga MaHpl3abl
MiHgeTTepaiH, 6ipi 6onbin Kana 6Gepepi. CoHFbl Kblngapbl moavduKauuanaHFaH 6UTyMmabl
3MNOKCUATI WakblpmeH BipiKTipy KOppo3uagaH KopFayabl apTTbipyAblH NepcnekTuBasnbl 6afbiTbl
6onapl. Byn KaHa KOMMO3MUMAALIK MaTePUan MaHbi3abl MHPPAKYPbLIbIMAbI, ©HEPKaCINTIK
Kypamaac 6eniktepai xkaHe apTypAi meTann cybcTpaTrapAbl KOpFay YLWiH MHHOBALMAbIK LWELLiM

Makana kengi: 28 kapawa 2023 YCbIHA OTbIPbIN, KOPPO3UAHDBIH, 3UAHABI dcepiepiMeH KypecyaiH epeKlue aneyeTiH KepceTesi.
CapantamagaH eTTi: 8 enamokcaH 2023 MopuduKaumanaHFaH 6UTYM MeH 3MOKCUATI WakblpAbl KOCYy apKblibl naiga 6onfaH
KabbingaHabl: 14 xceamokcaH 2023 CUHEPIUANDBIK: Y3aKKA *KapaMAbliblK, XMMUANbIK TO3IMAINIK KaHEe KypblbIMAbIK TYTacTbIK

CUAKTBI KacMeTTep »KaKcapadbl, OCblNalla Koppo3usafa Kapcbl KabblHAap canacbiHAa
JKeTICTIKTepre KON eTkisineai. byn 3eptrey KymbIiCbiHAQ OCbl KOMMNO3MLMANBIK MaTepuanabiH,
KOppPO3MAFa KapCbl TOCKAYbIA peTiHAe TUIMAINIT, MmexaHn3maepi MeH aneyeTTi KOAZaHblybl
KapacTblpblNblM, OHbIH, KOPPO3UAFa KapCbl cTpaTernanapaafbl TpaHcpopmaLmAnbIK acepaepiHe
KON awagbl. byn 3epTreyae 6uTym 3snokeuati wariblp ELM-NG900Z sxsHe 1,00 5: 1,5
KaTblHaCbIHAA KATaMTKpIWTbl KONAAHY apKbinbl e3repTingi. MexaHuKanblK CblHAaKTap MeH
epiTKiwTepai nakganaHy apkbiibl MogudUKauuanaHFaH OUTYMFa KOCbIMLIA  CbiHaKTap
Kyprisingi. MoandukauuanaHfaH 6UTyM yarinepi CblHakTapAaH C3TTi ©TTi KoHe 3TaNoHFa
(6MTYyMCbI3 3NOKCUATI Waliblp) KapaFaHAA KaKCbl HOTUKE KOPCETTi.

Tyiiin ce30ep: BUTymAbI SNOKCUATI Waliblp, BUTYM, SNOKCUATI WalbIp, KOPPO3MA.
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AHHOTaumMA

3almMTa METas/IMYeCcKUX KOHCTPYKLUUIA OT KOPPO3UM OCTAaeTcA OA4HOW M3 BaXKHeMWWX 3afay BO
MHOTMX OTPACAAX NPOMbIWIEHHOCTU. B nocnegHue roppl coeanHeHve MoandULMPOBAHHOTO
6UTYMa C 3NOKCMAHOM CMOJION CTaNo NEPCNEKTUBHBIM HaMNpPaB/ieHWEeM B Aefie YCUAEHUA 3aLLUTbI
OT KOPPO3MU. ITOT HOBbLIA KOMMO3UUMOHHbBIN MaTepuan AEMOHCTPUPYET MUCKNHOUUTENbHBIN
noTeHuman B 6opbbe c narybHbIM BO34elCcTBMEM KOPPO3UW, Npeaiaras MHHOBALMOHHOE pelueHne
ONA 33aLWMTbI YKU3HEHHO BaXKHbIX 06BEKTOB MHQPACTPYKTYPbI, MPOMbILLAEHHbBIX KOMMOHEHTOB U

Moctynuna: 28 Hoabps 2023 PasANYHbIX METANNNYECKUX NOANOMXKEK. CUHEpreTUYecKMe CBOMCTBA, 06YCNOBAEHHbIE COYETaHMEM
PeueHsnpoBaHue: 8 Oekabpsa 2023 MOANDULMPOBAHHOTO BUTYMa M SMOKCMAHON CMO/bI, OTKPLIBAIOT 3aXBaTblBatOLLME NEPCNeKTUBLI
MpuHATa B nevatb: 14 0ekabps 2023 ONA MOBLIWEHWUA AOATOBEYHOCTM, XWMMWMYECKOM CTOMKOCTM UM CTPYKTYPHOM LENOCTHOCTH,

cnocobcTBya TeM cambiM nporpeccy B 061aCTU aHTUKOPPO3MOHHBIX NOKPbITUIA. [laHHaA HayyHas
CTaTbA NOCBALLEHA U3y4YeHUI0 IPPEKTUBHOCTU, MEXaHU3MOB U MOTEHLMA/IbHBIX BO3MOXKHOCTEN
NPUMeEHeHWA 3TOro KOMMO3UTHOrO MaTepuana B KavectBe 3pdekTmBHOro Hapbepa npoTuB
KOppPO3MK, NPOAMNBAA CBET Ha ero npeobpasylollee BO3AENCTBME B paMKax cTpaTernin 60pbbbl ¢
Kopposuel. B pgaHHOM wuccneposaHun BuTym 6bin MOAMOUUMPOBAH C WUCMO/Ab30OBaHMEM
anokcuaHon cmonbl ELM-NG900Z v oTBepautensa B cooTHoweHuun 1,0:5:1,5 cooTBeTcTBEHHO.
MopuduumpoBaHHbIt  6UTYM 6bl1  NOABEPTrHYT AaNbHEWIMM WCMbITAHUAM C  NOMOLLbBIO
MEXaHUYECKMX MUCMbITaHUA U WUCMbITaHUIA € pacTBoputenem. O6pasubl MoandUUMPOBAHHOIO
6MTyMa yCneLIHO NPOLLIN UCNbITAaHUA U MOKa3aAu pesynbTaTbl y4lle 3TasIoHa (INOKCUAHAsA cmona
6e3 butyma).

Knioyesbie cnoea: BUTYMHO-3NOKCUAHAA cmona, BUTYM, aSNOKCMAHAA CMOa, KOPPO3KUA.

WHpopmayus 06 asmopax:

MazucmpaHm 2-20 Kypca no cneyuansHocmu "MamepuanosedeHue U MexHO02UA HOBbIX
Cabepzanuee Mypam Meupzanuesuy mamepuanos". Kasaxcko-bpumaHcKuli mexHu4eckuli yHusepcumem, LLkona

mMamepuanosedeHuUs U 3esneHbix mexHonoazul, ya. Tone 6u, 59, 050000, Anmamel, KazaxcmaH.

Email:m_sabergaliyev@kbtu.kz

Kagpedpa HegpmsaHol UHmceHepuu, Cambaes YHusepcumem, ya. Cambaesa 22a, 050013, e.

Enuz6i I K . : R
A1U20aeeq [y1bHaxak /RaknaposHa Anamamel, KazaxcmaH. Email g.yeligbayeva@satbayev.university

®dakynbmem IHepauu u Hegpmezazoeoli MHAycmpuu, KazaxcmaHcKo-bpumaHcKul

XacaHoe flaypeH Alipamosuy o ; P
Aayp P TexHu4eckuli YHusepcumem, 2. Aamamel, KazaxcmaH. Email: daurenkhassanoff@gmail.com

Mazucmp no cneyuansHocmu MamepuanogedeHus — u TexHonozuu Hosbix
Mamepuanos, LLIkona mamepuanosedeHus U  3eseHblx mexHonoaul, KasaxcmaHcKo-
bpumaHckuli  mexHu4yeckuli yHugsepcumem, yn. Tone 6u, 59, 050000, Aamamel, KasaxcmaH.
Email: sab.muradova.01@mail.ru

Mypadosa CabuHa Pycmamkbi3bl

Kagedpa Hepmsaroli UHucenepuu, Cambaee YHusepcumem, ya. Cambaesa 22a, 050013, e.

Opasanun andoc Katipamynel Anmamel, KazaxcmaH. Email: zhandos1403@bk.ru

Ph.D. 0okmopaHm MamepuanogedeHua u TexHonoeuu Hoseix Mamepuasnos, LLKosnel
AliHakynoea flaHa TynezeHKbI3bl mamepuasnosedeHus U 3eneHbix mexHonoaull, KasaxcmaHcko-bpumaHckuli mexHuveckuli
yHusepcumem, yn. Tone 6u, 59, 050000, Aamamel, KazaxcmaH. Email: da_ainakulova@kbtu.kz

KG3GXCKO-5pUmGHCKUﬁ mexHuveckuli yHUsepcumem, LIkona MamepuanoeedeHun U 3eseHbiX

Llapunoe Pycmam XacaHosuy . . .
P y mexHonozuli, KazaxcmaH.E-mail: r.sharipov@kbtu.kz

Ph.D., lMpogeccop LUkonbl mamepuanosedeHus U 3esneHbix mexHosoauli, KaszaxcmaHcKo-
BbpumaHckuli mexHudeckuli yHusepcumem, ya. Tone 6u, 59, 050000, Aamamel, KazaxcmaH.

Heaum Ammua 3nbcaiio Mpogeccop UHcmumyma e2eonoz2uu u Hegpmezasosozo Oesaa um. K. Typeicosa, Kagedpa
Hegmsarol WHuceHepuu, Cambaes YHusepcumem, ya. Cambaeea 22a, 050013, 2. Aamamel,
KasaxcmaH. Email: a.negim@kbtu.kz

References

[1] Syrmanova K, Negim E, Kaldybekova J, Tuleuov A. M. Epoxylitane compositions modification with using thermoplastic
polyurethane. Orient J Chem. 2016; 32(1):1-7.

[2] Apostolidis P, Liu X, Erkens SMJG, & Scarpas A. Evaluation of epoxy modification in bitumen. Construction and Building
Materials. 2019; 208:361-368.

[3]1 Apostolidis P, Liu X, Kasbergen C, van de Ven MFC, Pipintakos G, & Scarpas A. Chemo-rheological study of hardening of
epoxy modified bituminous binders with the finite element method. Transportation Research Record. 2018; 2672(28):190-199.

[4] Cong P, Tian Y, Liu N, & Xu P. Investigation of epoxy-resin-modified asphalt binder. Journal of Applied Polymer Science.
2016; 133(21).

[5] Zhou W, Xia Y, Tsai FC, Jiang T, Zhao H, & Wen J. Effects of compound curing agent on the thermo-mechanical properties
and structure of epoxy asphalt. International Journal of Pavement Engineering. 2017; 18(10):928-936.

[6] LuQ, & Bors J. Alternate uses of epoxy asphalt on bridge decks and roadways. Construction and Building Materials. 2015;
78:18-25.

[71 SunY, Zhangy, Xu K, Xu W, Yu D, Zhu L, ... & Cheng R. Thermal, mechanical properties, and low-temperature performance
of fibrous nanoclay-reinforced epoxy asphalt composites and their concretes. Journal of Applied Polymer Science. 2015; 132(12).

[8] Yin H, Jin H, Wang C, Sun Y, Yuan Z, Xie H, ... & Cheng R. Thermal, damping, and mechanical properties of thermosetting
epoxy-modified asphalts. Journal of Thermal Analysis and Calorimetry. 2014; 115:1073-1080.

[9] XiaoY, Van De Ven MFC, Molenaar AAA, Su Z, & Zandvoort F. Characteristics of two-component epoxy modified bitumen.
Materials and structures. 2011; 44:611-622.

[10] Dauletov Y, Abdiyev K, Toktarbay Z, et al. Radical Polymerization and Kinetics of N, N-diallyl-N, N-dimethylammonium
Chloride and Vinyl Ether of Monoethanolamine. Fibers Polym. 2018; 19:2023-2029. https://doi.org/10.1007/s12221-018-6947-3



https://doi.org/10.1007/s12221-018-6947-3

Complex Use of Mineral Resources. 2024; 331(4):12-20 ISSN-L 2616-6445, ISSN 2224-5243

[11] Fischer HR, & Cernescu A. Relation of chemical composition to asphalt microstructure—Details and properties of micro-
structures in bitumen as seen by thermal and friction force microscopy and by scanning near-filed optical microscopy. Fuel. 2015;
153:628-633.

[12] Li H, & Li SQ. Research on asphalt oil corrosion mechanism. Highw. Eng. 2016; 41:229-231.

[13] Makhmetova A, Negim E-S, Ainakulova D, Yeligbayeva G, & Khatib J. An Overview of Epoxy Resins as coating to protect
metals from corrosion. Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources. 2023; 328(1):20-32.

[14] Li Q, Li K, Zhao K, Sun G, & Luo S. Fuel oil corrosion resistance of asphalt mixtures. Construction and Building Materials.
2019; 220:10-20.

[15] Gao X, Pang L, Xu S, LvY, & Zou Y. The Effect of Silicone Resin on the Fuel Oil Corrosion Resistance of Asphalt Mixture.
Sustainability. 2022; 14(21):14053.

[16] Jin FL, Li X, & Park SJ. Synthesis and application of epoxy resins: A review. Journal of industrial and engineering chemistry.
2015; 29:1-11.

[17] Xiang Q, & Xiao F. Applications of epoxy materials in pavement engineering. Construction and Building Materials. 2020;
235:117529.

[18] Cong P, Luo W, Xu P, & Zhang Y. Chemical, and physical properties of hot mixing epoxy asphalt binders. Construction and
Building Materials. 2019; 198:1-9.

[19] Ainakulova D, Muradova S, Khaldun MAA, Bekbayeva L, Megat-Yusoff P, Mukatayeva Z, Ganjian E, & Negim E-S. Analytical
Review of Conductive Coatings, Cathodic Protection, and Concrete. Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of
Mineral Resources. 2023; 329(2):92-102.

[20] Ignatenko VY, Kostyuk AV, Kostina JV, Bakhtin DS, Makarova VV, Antonov SV, & llyin SO. Heavy crude oil asphaltenes as a
nanofiller for epoxy resin. Polymer Engineering & Science. 2020; 60(7);1530-1545.

[21] Syrmanova K, Negim E, Kaldybekova J, Suleimenova M, Baizhanova S. Study of modification process of the epoxylitane
composites. Industrial Technology and Engineering. 2015; 3:75-83.

[22] Muradova S, Negim E-S, Makhmetova A, Ainakulova D, & Mohamad N. An Overview of the Current State and the
Advantages of using acrylic resins as anticorrosive coatings. Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral
Resources. 2023; 327(4):90-98.






