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Abstract. Introduction. Asphalt concrete coverings are short-lived and are destroyed under the
influence of the external factors. The insufficient degree of adhesion at the interface between the
bituminous binder and the hard surface of the mineral material causes a low hydrophobicity of asphalt
concrete coatings, which is the main cause of damage and premature wear of the roadway. The purposeis
to establish the influence of various modifiers on the processes of wetting the surface of crushed stone
with a bituminous composition, as well as to study the regularities of the influence of modifiers on the
hydrophobicity of bituminous films.The methodology of this work included experimental determination of
the wetting contact angle 6 of a solid surface by the lying drop method at T=298 K.Results.Increasing the
AC-2K content in bitumen from 0 up to has 1% reduced the contact wetting angle by 11.31° (relative to
the base version without the modifier) to 114.35°. The AC-2 modifier contributes less to improving the
wettability of the surface of the basic crushed stone with bitumen; with Cm=1%, the contact wetting angle
is reduced to 118.68°. The amino derivative AC-2K (Cm=1%) has the greatest water-repellent effect
among the studied modifiers, increasing the wetting edge angle up to 99.07°.Conclusion. The ultrasonic
cavitation-derived AC-2K can be recommended for use in asphalt concrete coatings as an adhesive
additive, which provides a good wetting effect of bitumen in relation to the surface of the mineral filler
while also increasing the hydrophobicity of bitumen films.
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1. Introduction

The most common type of road coverings are asphalt-concrete mixtures
based on bitumen. One of the most important requirements for the road bitumen
properties is a high adhesive ability, which allows the mineral filler particles to be
retained. Furthermore, bitumen, which fills cracks on the surface of mineral
particles, has water-repellent properties and prevents moisture from destroying
the mineral structure of the material [1-2]. Inadequate adhesion at the interface
between the bituminous binder and the hard surface of the mineral material causes
low hydrophobicity of asphalt concrete coatings, which is the primary cause of
roadway damage and premature wear [3]. The inability of bitumen to wet mineral
material results in a low adhesion. This is especially true for acidic crushed stone
[4].

Bitumen composition contains a variety of functional groups, allowing it to
be modified with various additives. The addition of various modifying agents to
bitumen can intensify the processes of wetting the solid surface with bitumen and
increase the hydrophobicity of the surface, films formed by it [5-10].

Polymer additives are currently of great interest in terms of bitumen
modification. This is primarily due to the fact that synthetic polymer material
production is increasing at a rapid pace each year. Another important
consideration is that the process of modifying bitumen imparts useful properties
in the operation of road surfaces, which are typical of polymers: elasticity,
ductility, strength, and resistance to aggressive environments [11-12]. Polymer-
bitumen binders (PBB) have been widely used in advanced countries over the last
15-20 years; in Europe, this figure is around 20%, while in the US, it is around
15%. The use of PBB in the production of asphalt mixes extends the service life
of coatings and lowers the cost of road repairing [13]. Meanwhile, Kazakhstan is
rich in raw materials and has a large amount of petrochemical wastes, which
allow for the synthesis of surface-active modifiers with the possibility of using
them as cheap, effective, and competitive additives in bituminous compositions.
The addition of modifiers to asphalt concrete coatings improves the performance
characteristics such as frost and heat resistance, hydrophobicity, and strength.
Adhesive polymer additives help to improve a binder distribution on the surface
of the mineral filler [14-18].

Thus, the addition of modifying additives allows for fine-tuning of the hard
surface wetting processes and influence of the hydrophobic properties of
bituminous coatings.

The goal of this study has been to determine the effect of various modifiers
on the wetting processes of bituminous compositions.

This has necessitated a research into the wetting processes of various mineral
fillers, depending on the quantitative content of the polymer in the bitumen; -
research into the regularities of the influence of modifiers on the hydrophobicity
of bitumen films.
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2. Experimental part

Viscous road bitumen of the BND 90/130 brand (GOST 22245-90) was used
in the study. We used:

- mineral filler-crushed stone of two different types: acidic alaskite (red
granite crushed stone) and basic dolomitized limestone (gray crushed stone);

- the following modifiers:

1. polyphenylsiloxane (PPS) (GOST11066-74);

2.mamine-derived surfactant AC-2, obtained by amination of cubic
petrochemical residues KON-92 [19].

3. amino derivative of the surfactant AC-2K, synthesized, using the same
method as AC-2, but with the addition of ultrasonic cavitation.

The surfactant AC-2 was prepared in accordance with TU 655-RK
05606434-001-2000 and the recommendations in the patent link [19]. The
reaction of carbamide amination of cubic residues of KON-92 (a mixture of
esters, organic acids, and alcohols) in the presence of glacial acetic acid was the
basis for the synthesis. One part of glacial acetic acid was added to ten parts of
KON-92. The reaction mixture was brought to a boil and held for 5 minutes. After
that, 5 parts of urea were added. The mixture was separated in a dividing funnel
after cooling (the target product was the upper fraction). AC-2K, a surfactant, was
synthesized, using the same technological scheme, but with the addition of
ultrasonic cavitation. The frequency was kept constant at 60 kHz.

The wetting contact angle, defined as the angle between the solid surface and
the tangent at the point of contact of the three phases, was a criterion for
experimentally determining a wetting capacity of the liquid (Figure 1 a, b).

a b
Figure 1 — Images of a drop on a solid surface: a —a drop of water on a bitumen film; b-a drop of bitumen
on the surface of crushed stone.

The lying drop method was used to measure the contact angles of wetting the
surface of bitumen films with water. The effect of the additive concentration in
bitumen on the wetting processes was investigated using an ACAM series device.

3. Results and Discussion

The quantitative contents of modifying additives have an effect on the
wetting index of crushed stone of various types, as shown in Figures 2-3.
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According to the results of the analysis, the surface of the crushed stone is
lyophobic to bitumen. The edge angle on the surface of red granite rubble is
126.87° in the absence of modifiers in bitumen, and 125.66° in the case of gray
rubble. The greatest wetting activity of the modifiers is demonstrated in relation
to the basic nature's surface. Modifier concentrations of 1% account for the
maximum wetting effect (the minima in Figure 2, curves 1, 2, 3). A comparison
of the depth of the extremes at a given concentration (Cn=1%) reveals that the
greatest decrease occurs in the presence of AC-2K. Thus, increasing the AC-2K
content in bitumen from 0 up to 1% has reduced the contact wetting angle by
11.31° (relative to the base version without the modifier) to 114.35°. The AC-2
modifier contributes less to improving the wettability of the surface of the basic
crushed stone with bitumen; with C,=1%, the contact wetting angle is reduced to
118.68°. When modifying bitumen, PPS has recorded a significantly smaller
decrease in the wetting contact angle at a higher concentration (Cn=2%) - by 2.4°
(from 125.66° up to 123.26°).
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Figure 2 - The effect of the modifier concentration on the contact angle of wetting of the surface of
crushed stone of basic (1, 2, 3) and acidic (4, 5, 6) nature: 1,4 — AC-2K; 2,5 - AC-2; 3, 6 — PPS.

Outside of these concentration zones (Cn>1%), there is a significant increase
in 0 for the composition of bitumen with two types of amino derivatives, as well
as a significant decrease in wetting. As the concentration of AC-2K in the
composition has increased (over 6%), the wetting contact angle begins to
approach that of unmodified bitumen (6=126.02° at Cn=8%). A similar
phenomenon has been observed with an increase in 6 in the AC-2K content of
more than 6%. The addition of more than 2% of PPS to the bituminous
composition had no effect on the wetting ability of the gray crushed stone surface.

The wetting activity of modifying additives Has been lower in red granite
rubble than in gray rubble (Figure 2, curves 4, 5, 6). Another feature of this
surface is the leveling of the difference in the wetting activity between all
modifiers, which has been established for the basic nature surface. When the
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quantitative content of AC-2K in bitumen has changed within the same limits
(Cn=2%), the values of 0 on the acidic surface has decreased only by 2.81°
relative to the base version, which is four times less than the effect of the same
modifier on the basic surface.The AC-2 modifier contributes to the reduction of
the wetting contact angle to a lesser extent; the greatest reduction is achieved at
Cm=2% (6=1.63°).

The maximum wetting activity of PPS on the surface of red granite rubble
has been observed when the modifier content in bitumen ranges from 2 to 4%.
The wetting angle has decreased by a very small amount (6=1.52°-1.54°) in this
zone of polyorganosiloxane concentration and has amounted to 125.35-
125.37°.The linear sections of the wetting isotherms in the presence of the
modifiers (Figure 2) have been approximated by an equation 1 of the form:

cosO = z Cr+c05s6o, (D)
costo — the cosine of the angle formed by the bituminous binder without a

modifier;
Z — constant.
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Figure 3 — The effect of the modifier concentration on the wetting index of basic (1, 2, 3)
and acid (4, 5, 6) crushed stone: 1, 4 — AC-2K; 2, 5— AC-2; 3, 6 — PPS.

When we differentiate equation (1), we get:

dcos6/dCrn=z 2

Table 1 displays the corresponding z values.

48



ISSN 1813-1107, eISSN 2710-1185 M1, 2023

Table 1 — The value of the wetting ability criterion of z additives in relation to the surfaces of the acidic
and basic nature of crushed stone

Nature of crushed stone AC-2 AC-2K PPS
Gray crushed stone (plagiogranite) 0.103 0.17 0.027
Red crushed stone (alaskite) 0.018 0.028 0.021

According to the data analysis, the addition of AC-2K most effectively
contributes to the reduction of surface tension at the interface between the phases
“bituminous composition - gray crushed stone”. This is demonstrated by the
composition's maximum wetting capacity, dcos6/dCac2«x=0.17 (Table 1). The
compensation of excess surface energy at the interface with gray crushed stone is
lower in the AC-2 compositions than in the AC-2K compositions. The wetting
ability of such compositions is dcos6/dCac-2=0.103, which is 1.7 times less than
the similar characteristics of bitumen modified by AC-2K. PPS has a negligible
hydrophobic effect (dcos6/dCeps=0.027). The effect of changing the surface
tension at the interfacial boundary “bitumen-modifier-red crushed stone” is less
pronounced for the same compositions. All additives have a similar bitumen
wetting ability on the surface of red crushed stone (0.018-0.028), which is an
order of magnitude lower than their ability to wet gray crushed stone.

In the absence of the modifiers, the contact angle of wetting the bitumen
surface with water is 95.05°, according to experimental data (Figure 4).
According to the well-known Young's equation [20], the surface is hydrophilic
when 6=90°. If the surface tension at the bitumen-gas boundary (cb-g) is less than
the surface tension at the bitumen-water boundary (cb-w) and 6>90°, water does
not wet the surface of bitumen, indicating that bitumen has water-repellent
properties. As a result, the bitumen surface (6=95.05°) is located on the
wettability/non-wettability boundary.

The addition of the surfactants to bitumen has resulted in an increase in the
wetting contact angle in a narrow concentration region (Figure 4). AC-2K
exhibits the greatest water-repellent effect with a low modifier concentration
(Cn=1%), with a value of 0, increased by 4.02° relative to the base version and
totaling 99.07°. (Fig. 4, curve 1). A slight deterioration in the water-repellent
properties of bituminous compositions and stabilization of wetting edge angle
values have been observed outside of the specified concentration area. AC-2 has a
lower contribution to the increase in hydrophobicity of bituminous films
(AB=1.56° at Cn=1%). PPS has almost no effect on the hydrophobization of
bituminous film surfaces (Figure 4, curve 3).

When the modifiers are introduced, the obtained wetting isotherms act as the
detectors of changes in the intermolecular interactions within the bitumen
structure. The formation of the mixed spatial structures in a narrow concentration
range (Cm<1%) contributes to the weakening of the intermolecular interactions
within the compositions, resulting in an increase inf. As their concentrations rise
further, the system becomes less discrete, resulting in a slight decrease and
stabilization of the wetting contact angle.
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Figure 4 — The effect of the modifier concentration on the edge angle of wetting of bituminous films:
1-AC-2K;2 - AC-2;3-PPS.

Thus, the amino derivative AC-2K (Cm=1%) has the greatest water-repellent
effect among the studied modifiers, increasing the wetting contact angle to
99.07°.

4. Conclusion

The amino derivative AC-2K has been discovered to possess the greatest
effect on the wetting processes of the mineral fillers and the hydrophobicity of
bituminous films of the studied modifiers. The addition of 1% of AC-2K to
bitumen has reduced the wetting angle by 11.31° (relative to the base version on
the surface of the grey crushed stone) to 114.35°. Of the two varieties of amino
derivatives, the one synthesized with ultrasonic cavitation shows the best wetting
effect.

The water-repellent properties of the bituminous compositions are enhanced
(A6=4.02°)in the narrow range of concentrations of the modifier AC-2K (with
Cn=1%).

The ultrasonic cavitation-derived AC-2K can be recommended for using in
asphalt concrete coatings as an adhesive additive, which provides a good wetting
effect of bitumen in relation to the surface of the mineral filler, while also
increasing the hydrophobicity of bitumen films.

BUTYM K¥PAMBIHJAYBI OP TYPJII CUIIATTAT'bI BETTIK BEJICEHAI 3ATTAPJbIH
CYJIAHY O9CEPIH 3EPTTEY

10.C. Boizosa, A.H. [liopazuna’, K.A. Ocmposnoii, T.A. I'opwxosa, I1.0. Cagenvesa
«Manaw  Koswvibaes amvinoasvt Coamycmix  Kaszakcman — ynugepcumemiy — KOMMePYUSIbIK, — eMec

akyuonepuix Kozamwl, [lemponaen, Kazaxcman
E-mail: adyuryagina@inbox.ru

50


mailto:adyuryagina@inbox.ru

ISSN 1813-1107, eISSN 2710-1185 M1, 2023

Tyiiingeme. Kipicne. AcanbTOeToH XaObIHAApPHI KbICKA MEP3iMIi JKOHE CBHIPTKBI (HaKTOPIIApIbIH
oCepiHeH IKOMbUIambl. BUTyMzbl OaillaHBICTHIPFBINI MEH MHUHEpAJbl MaTepHUANIbIH KAaTThl OeTi
apacelHiarbl UHTEp(eiicTe aAre3usHbIH JKETKITIKCi3 aopexeci achanbTOETOH KaOBIHIAPHIHBIH TOMEH
ruApoGOOTEUIBIFEIH  TYABIpAJbl, OWI JKOJI TOCEMiHIH 3aKbIMIAHYBIHBIH JKOHE MEp3iMiHCH OypbIH
TO3YBIHBIH Herisri ce6ebi 6oubl TabbuIanbl. Op TYpil MoAH(HKAISUIAYIIBl AaTCHTTEP/l CHIi3y apKbUIbI
OMTYM KYypaMbIH OHTaWIaHABIPY KaTThl OCTTI OUTYMMEH CyJiay MPOLECTEePiH KYIICHTII, O Ty3eTiH OeTTiK
IUICHKAJIAp/blH ~ THAPO(GOOTBUIBIFBIH  apTThipa  anajabl. byn  KYMBICTBIH — Makcamuvl—  9pTYpIi
MOAN(HUKATOPIIAP/ABIH KUBIPIIBIK TAcThIH O€TiH OMTYMMEH Cyjay IpOLECTEpiHe oCepiH AaHBIKTAy,
COHBIMEH KaTap MOAWU(UKATOPIAPIbIH OWTYM IUICHKAIAPBIHBIH THAPO(GOOTHUIBIFBIHA dCep €Ty
3aHIBUIBIKTApBIH 3epTTey. Memodonoeuscel. Bbyn 3eprreynin omictemeci—T=298 K kesinme jxaTkaH
TaMILbI 9JICIMEH KaTThl OCTTIH 0 CynaHybIHBIH IIETKI OYPBIIBIH KCIEPUMEHTTIK aHBIKTAY/Ibl KAMTBIBI.
Homuowcenep. butymnarsr AC-2K xypambiabiH O-meH 1%- fa neiliH apTybl CyJaHYBIHBIH IISTKI
OypbrmbiH1 1,31°-Ka (MomudUKaTOPCHI3 HETI3ri HYCKaMeH cajibicThiprania) 114,35°-ka neiliH a3alTThL.
AC-2 moaubukatopsl a3 Adpexe[e HEri3ri KUBIPUIBIK TacThlH OETiH OMTyMMEH bUIFaIaHIbIPY/IbI
xakcapryra bIKnan ereni; Cyw=1% cynanybsiHbIH 1eTki Oypbiubl 118,68°neiiin Temenneini. I1PC
OMTYMBIH ©3repTy Ke3inae xorapbl KoHueHTpauusaa (Cyw=2%) CylaHybIHBIH IIETKi OYpBIIIbIHBIH
alitapiblkTail a3 TemeHnzeyi Oaikammbi-2,4° (125,66°-123,26°). AC-2K amun TysiHasicel (Cy=1%)
3eprrenareH Moau(uUKaTopiap apachlHIa ©H VIKEH Cy OTKI30eHTiH ocepre ue, CyNaHYBIHBIH MICTKI
OypsiubiH 99,07°neltin apTThipansl. Kopbimeinovl. burymra 1% AC-2K eHrizy buranganiblpy OypbIIIbIH
11,31°-ka (Heri3ri KUBIPMIBIK Tac OETIHIET] Heri3ri Hyckara KaTbICcThl) 114,35°-ka neiiin azailTTel. AMUH
TYBIHJBUIAPBIHBIH €Ki TYPIHIH IMIIHEH YyJIbTPaAbIOBICTHIK KABUTALMS apKbUIBI CHHTE3JCIAreH TYpl €H
JKaKChl BUIFAIIAHIBIPY OCepiH KepceTedi. buTym mieHkamapeiHblH Cy ©TKi30eiTiH kacuertepi AC-2K
MOAN(HUKATOP KOHIIEHTpAIMACHIHBIH Tap auana3zoHbiHga (Cu=1%) xorapbutaiigel (A0=4,02°). AC-2K
YIBTPaABIOBICTBIK KABUTALMS apKbUIbI abIHFaH ac(haIbTOCTOH >kaObIHAAapEIH/A Ka0bICKaK KOCIa peTinie
naiianany YCbIHBUTYbl MYMKiH, OYJ OMUTYM IUICHKAIapbIHBIH TUAPOPOOTHUIBIFBIH apPTThIPAa OTBIPBIIL,
MHHEpPAJIIB! TOJNTHIPFBIITHIH OCTiHE KaTBICTHI OUTYMIIbI CyIaybIH XKAKChl CEPIH KAMTaMachl3 eTefi.

Tyiiinai ce3nep: acdanbTOETOHIBI KaOBIHAAP, OUTYM, MHUHEPAIbl TONTHIPFHIIITAP, MOAU(DUKATOPIIAD,
OUTYM KaOBIKIIATAPBIHBIH aAT€3UsCHI, CYIAHYbI, THAPO(POOTHUIBIFBI
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Pe3tome. Bseoenue. AcdanbToOeTOHHBIC MOKPHITHS HEJOJITOBEUHBI M Pa3pyIIAIOTCS 0] BO3JEHCTBHEM
BHeUHUX (akTopoB. HenocraroyHast cTeneHb aAre3uy Ha rpaHuLE pasziena MeXay OUTYMHBIM BSOKYLLIUM
U TBEpAOHl IIOBEPXHOCTHIO MHHEPAIBHOTO MaTepHana OOyCIaBIMBAeT HU3KYI0 THAPOGOOHOCTH
ac(aabTOOCTOHHBIX MOKPHITUH, YTO SABISIETCS OCHOBHOM NMPUYMHON MOBPEXACHHUS U IPEXJEBPEMEHHOTO
U3HOCA JIOPOMKHOTO MOJIOTHA. [[ens NaHHOW pabOThl - YCTAaHOBUTDH BIMSHHME Pa3IMYHBIX MOAU(PHUKATOPOB
Ha MPOLECCHl CMaYMBaHUS MTOBEPXHOCTH 1IEOHS OMTYMOM, a TaKkKe U3Y4UTh 3aKOHOMEPHOCTH BIMSHUS
MOIH(HKATOPOB Ha TUAPOGOOHOCT, OWUTYMHBIX IUICHOK. MemooOonozus IaHHOTO WCCIEIOBAHUSL
BKJIIOYAJa 3KCIICPHMEHTAIbHOE OIpEIENICHHe KPaeBOro yria CMaduBaHHUAO TBEpHOHl IOBEPXHOCTH
MeTonoM nexainer karmm npu T=298 K. Pesyavmamer. YBennuenue copepxkanus AC-2K B dutryme ¢ 0
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10 1% yMeHbIIMIIO KpaeBoi yrona cMauMBaHus KoHTakTa Ha 11,31° (mo cpaBHeHuio ¢ 6a30BOi Bepcuei
6e3 moaudukaropa) a0 114,35°. Monuduxarop AC-2 B MeHbIIEH CTENEHN CIHOCOOCTBYET yIyYIICHUIO
CMa4ruBaeMOCTH MMOBEPXHOCTH OCHOBHOTO I1eOHs outymoM; nipu Cy=1% yron cMaunBaHUs yMEHBIIACTCS
no 118,68°. AmunomnpousBogHoe AC-2K (Cy=1%) ob6nagaeTr HauOONBIINM BOAOOTTAJIKHUBAIOLIUM
3¢ PeKTOM cpear M3yYeHHBIX MOAU(HUKATOPOB, YBEIUUUBAs yroa cMmaduBaHus 10 99,07°. 3akmouenue.
W3 1ByX pa3HOBHIHOCTEH aMHHOIPOM3BOJHBIX T, KOTOPAsk CHHTE3UPOBaHa C MOMOILBIO YIbTPa3BYKOBOI
KaBUTAllMM, JEMOHCTPUpPYET HAWIydlmuid cMauuBaronmii 3¢¢exr. Bomoorrankuparomue CcBoicTBa
OMTYMHBIX IUJICHOK mnoBbimiaroTes (A0=4,02°) nmpu y3xoM auamna3oHe KOHIeHTpauuii Mmoaudukaropa AC-
2K (mpu Cw=1 %). IlomyueHHblli ¢ nOMOLIBbIO YIbTPa3BykoBoW kaBuTauuu AC-2K Moxker ObITH
PEKOMEHJIOBaH ISl UCIOJIb30BaHUs B ac(haibTOOCTOHHBIX MOKPBITUSIX B KAUECTBE are3MBHON J100aBKH,
KoTopasi obecriednBaeT Xopomuit 3(¢GekT cMauuBaHMs OHTYMa [0 OTHOLICHHIO K IOBEPXHOCTH
MHHEPAIBHOTO HAMIOIHUTENS, OJJHOBPEMEHHO MOBBILIAs THAPOGOOHOCTs GUTYMHBIX IUICHOK.

KiaroueBbie cJjIoBa: aC(baJ'ILTOGeTOHHLIC TIOKpbITHUS, 6I/ITyM, MUHEpAJIbHBIC HAaIoJIHUTCIIN,
MOZ[I/I(bI/IKaTOpLI, aare3us, CMadyruBaHUC, FI/IZ[pO(I)O6HOCTI> 6I/ITyMHI>IX IIJICHOK
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