ABTOpnap Typanbl MasniMmeTTep

Anryne XagpaeBHa KepuMkynoBa — Xumus fbifbIMbIHBIH, KaHauaaThl, XkBW kadeapacbiHbiH
KaybiMaacTblpbiniFaH  npodpeccopbl,  Satbayev  University, KasakctaH  Pecnybnukacel;  e-mail:
kerimkulovaO7@mail.ru. ORCID: https://orcid.org/0000-0002-4167-8921.

XapgunuyaxaH CabbipxxaHoBHa PadwmkoBa - PhD  poktop.,, XxBW  kadeapacbiHbiH
KaybiMaacTblpbiiiFaH  npodpeccopbl,  Satbayev  University, KasakctaH  Pecnybnukacel; e-mail:
kh.rafikova@satbayev.university. ORCID: https://orcid.org/0000-0001-8028-2244.

Hypnbiapy BynatoBHa BynatoBa — maructpaHT, Satbayev University, KasakctaH Pecnybnukachi;
e-mail: nurlyaru02@gmail.com. ORCID: https://orcid.org/0009-0003-9698-2562.

Ouana OnerosHa A6agupacmeBa — maructpaHTt, Satbayev University, Kasakctan Pecnybnukachi; e-
mail: diabdirafieva@mail.ru

MaauHa EpkiHKbI3bl [JJapuaxaH — MarnctpaHT, AnMaTbl TEXHONOMMAMbIK yHMBepcuteTi, KasakcTaH
Pecnybnukacesl; e-mail: madina.daridzhan@mail.ru. ORCID: https://orcid.org/0009-0003-1733-0380.

Information about the authors

Aigul Zhadraevna Kerimkulova'— Satbayev University, Candidate of Chemical Sciences, Associate
Professor, Republic of Kazakhstan,Almaty; e-mail: kerimkulovaO7@mail.ru. ORCID: https://orcid.org/0000-
0002-4167-8921.

Khadichakhan Sabrzhanovna Rafikova — Satbayev University, PhD in Petrochemistry, Associate
professor, Republic of Kazakhstan, Almaty; e-mail: kh.rafikova@satbayev.university. ORCID:
https://orcid.org/0000-0001-8028-2244.

Nurlyaru Bulatovna Bulatova — Satbayev University, master student;Republic of Kazakhstan,Almaty;
e-mail: nurlyaru02@gmail.com. ORCID: https://orcid.org/0009-0003-9698-2562.

Diana Olegovna Abdirafiyeva — Satbayev University, master student; Republic of Kazakhstan,
Almaty; e-mail: diabdirafieva@mail.ru

Madina Erkinkyzy Daridzhan — Almaty Technological University,master student; Republic of
Kazakhstan, Almaty; e-mail: madina.daridzhan@mail.ru. ORCID: https://orcid.org/0009-0003-1733-0380.

lNocmynuna e pedakyutro 26.01.2024
lNocmynuna nocne dopabomku 19.03.2024
lMpuHama k nybnukayuu 29.03.2024

DOI: 10.53360/2788-7995-2024-2(14)-59
IRSTI: 67.09.43 (@)ey 40 |

Zh.A. Nurakhmetova®, S.A. Kosparmakova?, R.M. Dyusova?, G.Zh. Seitenova?,
A.E. Jexembayeva!
1L.N. Gumilyov Eurasian National University,
010000, Kazakhstan, Astana, 2 Satbaev Street
2Research and Production Center ENU-Lab at L.N. Gumilyov Eurasian National University,
010000, Kazakhstan, Astana, 13 Kazhymukan Street
3Toraighyrov University
140008, Kazakhstan, Pavlodar, 64 Lomov Street
*e-mail: zhanaranurakhmet@gmail.com

POLYETHYLENE AND POLYPROPYLENE MODIFICATION FOR ENHANCED
BITUMEN PROPERTIES

Annotation: This paper presents a review of both the research and practice regarding the latest
available information on bitumen modified using polymers, among which special attention is paid to
polyethylene (PE) and polypropylene (PP), both widely used to significantly improve the properties of bitumen.
In this literature review, the authors concentrate on the chemical composition of modified bitumen, assessing
the various approaches utilized in improving its engineering properties in paving, as well as looking at
traditional additives and polymers. The latter have been shown to greatly enhance the performance
characteristics and properties of bitumen. The viscoelastic behavior of polymer-modified bitumen (PMB)
depends on various factors, including initial polymer structure and concentration, mixing temperature and
technique, as a well as species of bitumen and its resistance to factors such as solvents and temperature
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fluctuations. Though an assertion can be made that both traditional additives and polymers have the potential
to improve specific properties of bitumen, PMB appears to provide significant increases to the ability of the
composite material to withstand a broader range of climatic conditions.

Key words: Polymer — modified bitumen, polyethylene, polypropylene, modification, coupling agent.

Introduction

Bitumen has been utilized for millennia, and for over a century has been a staple material of
the chemical industry, used as an ingredient in both adhesives and waterproofing [1]. At room
temperature, in both its natural and refined states, bitumen, often called asphalt, particularly when
employed as a road substrate, is a black viscous liquid or apparently solid substance obtained from
heavy crude oil or even found in its natural state. The chemical composition of bitumen is extremely
complex and varies, according to the crude oil origin and the refining process. It consists of a mixture
of hydrocarbons and their derivatives, with a small amount of structurally analogous heterocyclic
species and functional groups containing sulphur, nitrogen, oxygen and traces of metals, including
vanadium and nickel. The hydrocarbon chains exhibit a saturated polycyclic aromatic, or
polyaromatic, structure with a varying number of fused rings. These structures contain saturated
hydrocarbon chains of different lengths and substitution structures. The actual bitumen molecule
varies greatly, depending upon the aforementioned variables. It is soluble in trichloroethylene and
toluene, among other solvents, substantially non-volatile, and, though virtually a solid under normal
conditions, it softens gradually when heated [2]. Bitumen, which has been widely used for centuries,
has a complex and varied chemical composition depending on the origin of the crude oil and the
processing processes.

Bitumen is an inexpensive thermoplastic material that has been widely used in roofing and
paving since time immemorial. Approximately 95% of the nearly 100 million tons of bitumen produced
worldwide each year is utilized by the paving industry. It serves as an aggregate binder, forming
bituminous mixes due to its excellent viscoelastic properties [3]. In paving applications, bitumen must
demonstrate resistance to severe conditions, including extreme temperature variations and high
traffic loads, thus its rheological properties play an important role. The majority of bitumen pavement
around the world must survive such conditions, so it needs to be stiff enough to remain stable under
high ambient temperatures to avoid rutting, while remaining soft and elastic enough at low
temperatures to resist thermal cracking [4]. Further, bitumen must maintain this balance while under
plastic deformation caused by the weight of moving vehicles. As regards functional properties,
bitumen must transition to a liquid state at high temperatures, in excess of ~160°C, so as to achieve
a homogeneous coating of the aggregate during the mixing process. All the above requirements
strain neat bitumen past its natural specifications, so it cannot satisfy all the necessary engineering
demands. The main disadvantage of bitumen derived directly from the petroleum refining processes
is its limited temperature range, which reduces its use in road pavement. Nowadays, the service life
of asphalt pavements has significantly shortened due to increased traffic volume and speeds.
Consequently, maintenance costs in the road industry have risen, resulting in elevated prices to
governments and thus to road users. Furthermore, the latter group are also put at additional risk
should the former forego regular maintenance and replacement of road surfaces. Therefore, there
is general agreement that the properties of bitumen must be improved [5]. Production of asphalt
pavements with increased performance and quality is necessary for the purpose of reducing the
costs of road construction and maintenance. In order to enhance the technical properties of bitumen,
a growing number of research efforts have concentrated on chemical modification of the substance,
resulting in different types of additives and modifiers being utilized. In recent years, polymers have
attracted significant interest as effective modifiers, resulting in their having become preferred
additives. Therefore, polymer-modified bitumen (PMB) is emerging as a focal point in much research,
with the goal of enhancing the physico-chemical and rheological properties of the binder [6]. The
utilization of bitumen directly from oil production imposes temperature limitations that reduce the
longevity of the material. Chemical modification, particularly modification with polymers, presents a
promising way for enhancing the performance and durability of bitumen, thereby the maintenance
costs associated with road surfaces.

For a long time, polymer research and production has been a rapidly developing sphere,
primarily due to the opportunity of manufacturing a variety of profitable materials. As they have a
great number of applications, polymers are used in multiple fields across the economy, ranging from
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very technical ones, such as pharmaceuticals (e.g. polyamino acids — PAAs) and electronics (e.g.
polypyrrole - PPy), to more mundane ones, including cleansers (e.g. hydrophobically modified
polymers - HMPs) and cookware (e.g. polytetrafluoroethylene — PTFE, or Teflon™). At present, one
of the most promising directions for the use of polymers involves employing them as additives to
road bitumen derived from petroleum [7]. Production of PMB is carried out through mechanical
mixing of bitumen and one or more polymers. Often, other materials are added in order to enhance
the overall properties of road bitumen, or asphalt, including non-polymer chemicals, carbon
nanotubes and waste products, such as glass, rubber and even other polymer materials, but this
paper only considers the interactions and benefits of the combination of bitumen and specifically
chosen polymer additives, though, clearly, greater effects may accrue with broad combinations.
Generally, the amount of polymer in relation to the weight of bitumen ranges from 3% to 10%. Some
mixtures are said to be simple, because there are no chemical reactions between the bitumen and
polymer, thus the polymer is merely considered to be a filler, which enhances the overall properties
of the mixture. In the second case, in which the bitumen interacts with the polymer, the mixtures are
called complex, because the chemical reactions that occur between the bitumen and polymer
additive are necessary in order to achieve any desired enhancements [8].

Commonly used polymer mixtures contain about 75% elastomeric polymer (e.g. styrene-
butadiene-styrene — SBS) and 15% plasmomeric polymer (e.g. ethylene vinyl acetate — EVA), while
the remaining 10% is shredded rubber and/or other inert materials (e.g. crushed glass). The cross-
linked structure formed by elastomers and plastomers gives such polymers excellent technical
properties. Therefore, when incorporated into bitumen, they help improve tensile strength, allowing
a road to withstand shifting stresses, to stretch and recover its shape, and to have a more resilient
and consistent surface. Plastomers are more rigid than elastomers, so provide higher initial strength
under load and improve the deformation characteristics of asphalt, permitting resistance to rutting
and thermal extremes. However, the use of plastomers may cause some issues, including stiffness
and brittleness. The most commonly used plastomers are polyolefins, which have emerged as the
leading modifier of bitumen. These include polyethylene (PE), polypropylene (PP), ethylene vinyl
acetate (EVA), ethylene butyl acrylate (EBA), ethylene methyl acrylate (EMA), and polyvinyl chloride
(PVC) [9]. PP is also now produced in Kazakhstan at the Kazakhstan Petrochemical Industries (KPI)
plant, which is expected to output 500 thousand tons of the polymer each year.

The use of polymers enhances the performance of bitumen, but at a financial cost. Therefore,
the replacement of raw polymers with recycled plastic waste is considered to be an important
development, given both the potential cost savings and environmental benefits. With the increased
production of polymer products in a great number of fields, as noted above, the issue of further
utilization of this type of waste becomes urgent. Because used polymer materials are practically non-
biodegradable, they are typically buried in landfills, potentially exposing the environment to
incalculable and unknown damage. Integrating used plastics into road construction materials is an
approach that could mitigate their environmental impact by redirecting plastics that would otherwise
be disposed of in landfills [10]. The utilization of recyclable and waste materials in bitumen
modification should also lead to a major reduction in the total cost of adding polymers to bitumen.
Consequently, plastic waste is currently considered to be the most effective substitute for traditional
polymers in road applications, and has been widely studied globally over the last decade and more.
However, plastic waste often consists of unknown composition and mixtures. PE and PP represent
the most widely produced plastics, as they are employed in consumer products, which are most
often single-use applications. Therefore, researchers often use pure PE and PP in their work, hoping
to find positive applications for these ubiquitous materials. Generating interest in these polymers has
increased their value, as they can potentially achieve a double life cycle [11]. In future, the current
research team hopes to obtain modified road bitumen that meets the extreme continental climatic
requirements of Kazakhstan, while utilizing locally produced materials, including refined bitumen, PE
and PP, as well as their recycled variants. The use of polymers as bitumen modifiers is a promising
way to obtain stable and durable road surfaces in different climates and infrastructures. Using
recycled plastic waste as a replacement for traditional polymers not only benefits the environment,
but also provides significant cost savings.

The application of plastomers such as PP and PE as polymers for the production of PMB arose
as a result of the high cost of the currently utilized styrenic polymers, which suffer rapid degradation
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due to unsaturation. Polyolefin plastomers, PP and PE, have a low cost and high availability, as well
as a demonstrated higher stability, than styrenic ones. For these reasons, PE and PP now play a
leading role in PMB. Although PE and PP are the most commonly used plastomers, their non-polar
nature creates certain compatibility issues with bitumen. The thermodynamic instability of this system
can lead to phase separation, or sedimentation, under certain conditions. Moreover, the
crystallization tendency of PE and PP severely limits their interaction with bitumen, so these
polymers are not able to increase the elasticity of PMB [12-14]. Researchers have employed other
plastomers to tackle compatibility and crystallization issues, utilizing polymers containing ester
functional groups, which are capable of forming bonds. The ester groups in these polymers increase
their polarity and reduce their tendency to crystallize. These polymers, thus, improve the consistency
and storage stability of PMB [15]. Examples of such plastomers include EVA, EMA and EBA, among
others, though such polymers are not as widely available as PE and PP.

The analysis has shown that PE and PP modified bitumen exhibits better performance
characteristics, such as being stiff enough at high temperatures to resist rutting, than conventional
mixtures. Another way to increase the compatibility of PE and PP with bitumen is to add a coupling
agent to the mixture. Bitumen is known for being hydrophobic, thus why it has been used since
ancient times in order to protect from moisture. PE and PP are also known, and used, for their ability
to repel water. In order to achieve a concerted benefit, a coupling agent that acts as a bridge between
these two is necessary. Such a coupling agent needs to be both hydrophilic and hydrophobic. Using
an amorphous polymer has become a solution to this problem, as such a polymer has hydrophobic
and hydrophilic functional groups. Therefore, with an amorphous polymer acting as a coupling agent
for a bitumen and plastomer mixture, the resulting PMB is much more suitable for road construction
applications under extreme conditions [16]. In addition to a wide range of amorphous polymers,
other bitumen modifiers, such as polyphosphoric acid (PPA), sulfur, maleic anhydride, and a variety
of clays, have been utilized as binding agents for PMB, acting as stabilizers. Such modifiers are
characterized by their low cost and easy availability in sufficient quantities [17].

Maodification of neat bitumen with synthetic PE and PP allows the creation of high-performance
binders that yield additional technical requirements, such as improved thermomechanical resistance.
Compared to the conventional variant, modified bitumen has a broader working temperature range.
The properties of PE and PP in modified bitumen depend on the form and amount of polymer added.
Previous research shows that the higher the polymer content, the faster the final properties are
reached [18]. PE and PP addition to a base asphalt binder results in a stiffening action of the binder
itself. This effect, particularly evident at high temperatures, becomes more pronounced at greater
modifier concentrations. PE and PP, being plastomers, as stated above, add rigidity to the binder
and reduce the deformation under load, though, unfortunately, do not show significant improvement
to the elastic behavior [19]. Incorporating synthetic PE and PP into bitumen modification not only
increases the thermomechanical resistance of the resulting binder, expands its operating
temperature range, but also shows significant potential in solving problems of tearing at high
temperatures.

The addition of polyolefin polymers generally increases the stiffness of bitumen and provides
good rutting resistance. Given their relatively low melting point and high thermal stability, these
polymers are well suited to the requirements of PMB production. Even if phase stability problems
arise, these modifiers still result in improvements to the mechanical properties of bitumen.
Furthermore, the addition of a coupling agent eases the mixing of PMB. Higher modification
generates a better framework for polyolefin. Visual evaluation and FTIR analysis of recovered
polymers suggest a different interaction between the bitumen and polyolefin. Additionally, PE
recovered after solvent extraction contains a higher amount of bitumen residue compared to the
recovered PP, indicating a more intrinsic interaction with the bitumen [20]. The development of new
PMB of specific properties is a most difficult task, as it is related to the behavior of multi-phase
formation, which controls the rehology of the resulting PMB and its mechanical properties [21].

Despite the considerable number of publications on this topic, many aspects of PMB remain
unclear or even, likely for trade reasons, undisclosed. On one side, in fact, the literature shows that
PMB is often evaluated through empirical methods, including penetration testing and softening point
testing, which effectively categorize unmodified binders, but have been inadequate when evaluating
the performance of more complex compounds. On the other side, the manufacturing protocols
generally adopted for PMB in a laboratory setting emulate the standardized protocols used for
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traditional neat bitumen. In the production of such materials, the different nature of the modifiers and
the optimization of the blending process, including mixing time and temperature, must be carefully
evaluated, especially if the results are then shared with the industry in expectation of later adoption.
In addition to materials utilized, such parameters have a significant impact on bitumen-polymer
interactions, and, thus, the characteristics of the final product [22].

Conclusion

This article summarizes the results obtained from a literature review on the modification of
different types of bitumen with polymers such as PE and PP. As a result of processing crude oil from
different deposits, bitumen with varying chemical composition is produced. Unfortunately, the
complexity of the chemical composition of bitumen from a variety of deposits and refineries results
in significant differences in mechanical properties. With global economic development has come a
significant increase in the number of cars and trucks, and, thus, the demand for bitumen has jumped
sharply. Further, bitumen should also be adapted to local climatic conditions, which is a challenge
that requires modern material science. As neat bitumen does not meet all desired requirements,
many polymers have been tested as modifiers, so as to match the performance of the binder to
specific applications, ranging from ambient temperatures near the natural melting point, all the way
down to those below freezing, which makes it brittle. The ultimate properties of any resulting PMB
depend on the characteristics and amount of polymers added. Among them, PE and PP are the most
common, due to their availability and low cost. PE and PP modified bitumen binders are suitable for
improvement of deformation resistance of bituminous compounds and asphalt concrete mixtures
under high stresses. In spite of the proven advantages regarding the utilization of polymers in
bitumen, compatibility issues arise when modifying bitumen with PE and PP, such as the occurrence
of phase separation. Various solutions for overcoming the disadvantages of these polymer maodifiers
have been found, which has resulted in their wide adoption over the last few decades. Binding agent
compounds overcome some of the issues, such as compatibility, but cannot completely solve them.
Therefore, in the future, more research, both in the laboratory and the field, is needed so as to solve
such problems and find new ways to maximize the properties of PMB both efficiently and cost
effectively.
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NOJNMUITUNEH XXOHE NONMMNPOMNMUNEHMEH BUTYM KACUETTEPIH APTTbIPY YLUIH
MOOUDUKALIUATIAY

byn makanada nonumepnepdi kondaHy apKbinbl ModuchukayusnaHraH bumymdap myparbl COHfbl KOn
xxemimOi aknapamka KambiCmbl FbIfIbIMU 3epmmeyriep MeH maxipubenepeae adebu worny bepinzeH, onapdbiH
apacbiH0a bumyMHbIH KacuemmepiH almaprbiKmal xakcapmy YWiH KeHiHeH KorndaHblnambiH roaumMep -
nonusmurneHee (N3) xoHe nonunponuneHze (1) epekwe Ha3zap aydapbinadbi. byn edebuemmik wonyda
asmopnap MoougbukayusinaHraH bumyMHbIH XUMUSITIbIK KypambiHa epekwe Ha3ap aydapalbl, OHbIH XOJl
mecemOepiHOe Kaxxem naldasibl UHXEHEPIIIK KacuemmepiH xakcapmyoda KondaHblrnambiH apmypsii 8dicmep
MeH macindepdi baranalidbl, COHbIMEH Kamap decmyprii Kocrnanap meH nonumeprnepdi de Kapacmbipadsbl.
Moducpukayusinayra KondaHblnambiH roauMepriep OumyMHbIH MEXHUKalbIK cunammamanapbl MeH
KacuemmepiH alimapribikmal xxaKkcapmambiHbl KepceminzaeH. lNonumep — ModugbukayusinaHFaH 6umymMHbIH
(FMB) mymkbip cepnimOi Kacuemi apmypni ¢hakmopriapra, COHbIH iwiHOe mnonumepniepdid bacmarnkbi
KYPbIfbIMbl MEH KOHUEHMpPayUsICbiHa, apanacmaipy memrepamypachi MEH MeXHUKacbiHa, coHOal-aK 6umym
mypriepiHe XeHe OHbIH epimKiuumep MeH memriepamypa aybimkKyapbl CUSIKMbI ghakmopiapra mesimoirieiHe
batinaHbicmbl ekeHi kepceminzeH. [Jocmypni KocrnianapObiH 0a, ronumepnepldid 0e bumymHbIH apHalibl
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epekwe KacuemmepiH XaKcapmyfra MyMkiHOi2i 6ap 0eeeH myxbipbiM xacayra 6onadbi, [TMb komno3uyusneI
mamepuarnoblH KnuMmammaiK xardalnapObiH KeH aybimKy aykbiMbiHa memer 6epy KabinemiH alimaprsikmai
apmmabipydbl KamMmamacbi3 emeoi.

Tyiin ce30ep: [lonumep — ModOugukayusnaHFaH 6umym, MOAUIMUIIEH,  OMUMNPOMUSIEH,
molucbukayusi, balnaHbicmbipywbl 3am.
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MOOUDUKALMA NONUITUNEHOM U NOJNIUMPONMUIIEHOM ANA YNYYLWEHUA CBOUCTB BUTYMA

B daHHOU cmambe npedcmasneH 0630p Kak Hay4YHbIx uccrnedosaHul, mak u rnpakmu4yeckoao ornbima,
Kacarouwuxcsi nocriedHuUx 0ocmyrHbix OaHHbIX O 6umymax, MoOUUUUPOBAHHbIX C UCMOb308aHUEM
rnonumepos, cpedu Komopbix ocoboe eHumaHue ydensemcsi nonusmunedy (M3) u nonunponunedy (Il1),
KOmopbie WUPOKO UcCosb3yomcesi 011 3Ha4YumesibHo20 yryqweHus ceoticme bumyma. B pamkax amoeo
numepamypHo2o ob3opa asmopbi cocpedoma4qugaromcesi Ha XUMUYECKOM cocmase MoOuguuUpO8aHHO20
bumyma, oueHusarom pasrnuyHble Mo0xo0bl U MemoObl, MPUMEHSeMbIe Ofsl Yy4YWeHUs €20 MexXHUYEeCKUX
Xxapakmepucmuk rpu cmpoumersibcmee 00POXHbIX MOKPbIMUL, a makxe paccmampugarom mpaduyUoHHbIe
dobasku u rnonumepsbl. MccnedosaHue nodmeepxdaem, 4MO MOAUMEPbI 3HAaYUMesibHO yryqwarom
9KCMlyamayuoHHble Xxapakmepucmuku u ceolcmea bumyma. Bsskoynipyasue ceolicmea noiauMepHo-
modugpuyuposaHHozo bumyma ([TMbB) 3asucsim om pa3nu4HbIX ¢hakmopos, makux Kak UCXO0Hasi cmpykmypa
U KOHYeHmpauyusi nonuMmepa, memrepamypa U mexHoo2us cMewusaHusi, a makxe pasHosudHocmu bumyma
U e2o ycmou4yueocmb K makuM ghakmopam, Kak pacmeopumersnu u KornebaHus memnepamypbl. Xomsi MOXHO
ymeepx0dampb, 4mMo Kak mpaduyuoHHbie Oobaeku, mak u nonumeps! obradarom nomeHyuanom Ons
ynydweHus crnieyucpudeckux ceoticme 6bumyma, [IMB, no-eudumomy, cywecmeeHHoO rosbiuiaem
€rocobHocmb KOMIMO3UMHO20 Mamepuana ebidepxueamb 6oree wupokul duanasoH KiuMamu4yeckKux
ycnosud.

Knro4deebie cnoea: [lonumep — ModuguyuposaHHbIl bumym, MOAUIMUIEH, MOAUMNPOMNUIIEH,
moOughukayusi, ces3yrouiee seu,ecmeao.
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BUOMEANLUMHAIDBIK KOMIPTEKTI AOCOPBEHTTEPAIH KEYEKTI K¥PblJibIMbl MEH
MEHLUIKTI BETIH 3EPTTEY

AHOamna: MakanaHbiH Makcambl 6esniceHdipinzeH kemipdiH 6emki KabambiH, MUKPONopa KeneMiH xXoHe
XKanmbl Keyek KkeriemiH o0 rneH memurieH Kek caHOapbiMeH BipHeule pespeccusiHbl ecKepir, manday XoribiH
batikamy. byn adic KypiwmiH Kaybi3bl npekypcoprapbiHaH dalibiHOanfaH 6ericeHOipineeH Kemip ynainepiH
3epmmey apkbifibl a3iprneHzeH. XKoHe de adcopbeHmmiH bu3uKarbIK XOHe XUMUSIIbIK curlammamarnapbl
bolibiHwa maHday kpumepulinepiH Hezizdey 60n0bi. Keyek KypbinbiMbiH XoHe 6emmik XUMUSIHbIH 8CepiH
Xyleni mypde 6aranay ywiH akmusmerdipinzeH kemipdi sepmmendi. Mod caHbl MeH MemuneH KeK caHbiH
bipHewe peapeccusi apkbinbl bernceHdipineeH kemipmeai yneinepiHiH 6emiHiH aydaHbIH, MUKPONopa KenemiH
JKOHe Xarnnbl Keyek kenemiH baranay adicmemeci a3ipreHodi. KypiwmiH Kaybi3biH poCehop KbIWKbIbIMEH
mypsi memrepamypa xarOalibiH0a akmueayusnaymMeH arnfaH KapboHu3lauusinaHraH Kypiw kaybi3bl (KKK)
yreinepi cepusinapbiHbIH WIiHEH XOfapbl MeHwWikmi 6emmik aydaHbl MeH Uod caHbiHa 400-500°C
memnepamypanapda akmusayusinaHraH yneinepi (KKK-P-400 xoHe KKK-P-500) ekeHi 3epmmendi.
Bacmankbl xeHe CcOHfbl ©HiIMOe ommeai Menwepi ker 6onraH calbiH, COHWalbIKmMbl 6esiceHdipinzeH
kemipmexkmi mamepuan (BKM) (o0 caHbl MeH MeHWikmi 6emmik aydaHbl apacbiHOarbl KambiHachl XXofapbl
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