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The possibility of modification of oxidized petroleum bitumen 70/100 produced by JSC
“Ukrtatnafta” (Kremenchuk, Ukraine) with maleic anhydride was studied. The influence of maleic
anhydride amount, process duration, and temperature on the main physical and mechanical
characteristics of modified bitumen was studied. The optimal amount of maleic anhydride introduction
to bitumen was established. It isfound that 2 wt. % maleic anhydride allows to increase the softening
temper atur e of the modified bitumen (from 46 °C to 52 °C). Adhesion to crushed stone also increases
(from 2.5 pointsto 4.5 points) and other indicator simprove. Sufficient time to modify the bitumen with
maleic anhydride was 30 minutes. The optimum modification temperature for obtaining the modified
bitumen with maleic anhydride is 130 °C. Increasing the temperature of the modification has a
negative effect on the final physical and mechanical properties of the binder.
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Introduction

In the road industry, bitumen is needed to bind the mineral material that makes up road surfaces, as
well as to improve hydrophobic properties and fill voids. However, during operation, bitumen is affected
by a number of factors: temperature differences, solar radiation, oxygen from the air, increased loads
caused by heavy traffic. As a result, pavements lose their integrity in advance due to the deterioration of
road bitumen. The properties of any substance, including road bitumen, can be improved in two different
ways — by changing the production technology or by targeting the finished product. Since the first
approach requires the restructuring of the entire material production system, preference is given to the
second method, which is implemented by modifying the bitumen. (Hrynchuk, 2020; Starchevskyy, 2021;
Gunka, 2020; Pyshyev, 2020; Demchuk, 2020; Bratychak, 2021).

Despite the fact that in Ukraine the last few decades were dedicated to solving of the problem of
the quality of road construction materials, it is still extremely relevant today. The current state of affairs
with the intensive restoration of existing and construction of new roads using modern world technol ogies
sets the tone in the development of this area of research to improve the properties of road bitumen. In
particular, it is related to the program “Large Construction” — a state program aimed at large-scale
development of quality infrastructure in Ukraine, which has been successfully implemented in Ukraine
since 2020.
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Scientists of the Lviv Polytechnic National University alongside with scientific institutions,
laboratories and other specialized institutions are actively working to find and create new quality road
construction materials, as well as improve the quality of existing ones. In particular, the Department of
Chemical Technology of Qil and Gas Refining is conducting experimental research in this area. Also,
recently, in the framework of the project “Obtaining bitumen from petroleum residues, modified by low
molecular weight organic compounds’ from the National Research Fund of Ukraine, scientists of the
mentioned above department co-authored with scientists from the departments of Highways and Bridges
and Physical, Analytical and General Chemistry and are working on the modification of the residues and
substandard road oil bitumens with formal dehyde and maleic anhydride in order to obtain bitumens of the
required quality.

Theresults of scientific works (Herrington, 1999; Duty, 1980; Xinxing, 2016; Yu, 2015; Nadkarni,
1985; Kang, 2010; Singh, 2013; Cong, 2011; Dechong, 2016; Luo, 2011; Mohammadiroudbari, 2016;
Zhang, 2010; Angyal, 2009; Naskar, 2012; Rossi, 2013) about the chemical interaction of bitumen
components with maleic anhydride indicate a positive effect of this modifier on the quality characteristics
of road bitumen.

Thus, the study of the process of chemical modification of road petroleum bitumen with maleic
anhydride is relevant in general and, in particular, it is interesting to study the complex effect of this
modifier on the qualitative characteristics of bitumen.

Aim of thisarticle

Investigation of chemical modification of road bitumens with maleic anhydride using modern
methods of analysis.
Testing methods

Maodification of road bitumens with maleic anhydride was carried out in a laboratory installation,
the scheme of which isshowninFig. 1.

Fig. 1. Scheme of a laboratory installation
for chemical modification of road bitumens
with maleic anhydride

Bitumen was loaded into a round bottom three-necked flask, heated to operating temperature, a
modifying agent, maleic anhydride, was added, and the initial time of the process was recorded, and
modification was performed with stirring. The process was performed in nitrogen media.
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Based on the definition of quality indicators of the obtained product, it was concluded that it meets
the requirements of regulatory documents in the field of bituminous road construction materials.

The modification conditions are presented in Table 1.

Tablel
Conditions for BND madification with maleic anhydride
Index Vaue
Temperature, °C 130-180
Duration, min. 30-180
Consumption of maleic anhydride 1-4
(valuerelativeto theinitia petroleum residue), % mac.

Techniques used

Paving bitumen BND 70/100 (oxidized bitumen) produced at JSC Ukrtatnafta (Kremenchuk,
Ukraine) was used for the research. Its proprties is given in Table 2, designated as BND and maleic
anhydride (MAN) in the form of white crystalline powder (used as a process modifier / chemical reagent).

Two types of stone material were used to determine the adhesion of modified oil residues to
crushed stone: crushed stone from granite fr. 2040 mm, produced by LLC “Novograd-Volyn Stone

Crushing Plant”;

Table 2

Char acteristics of bitumen BND

Index Vaue Standard or Ref.
Penetration at 25 °C, m-10"* (0.1mm) 71 EN 1426
Softening temperature (R&B), °C 46 EN 1427
Ductility at 25 °C, m10? (cm) >100 EN 13398
Adhesion to crushed stone, points 25 JCTY 8787
Fraas breaking point, °C -10 EN 12593
Plasticity range 56 isthe_ numqical difference between _
the softening point and Fraass breaking point
Penetration index —0.65 EN 12591
RTFOT
Changein mass after RTFOT, wt % 0,03
Softening temperature (R&B) after RTFOT, °C 52.2
Penetration a 25°C after RTFOT, 0.1mm 55 BN 126074
AR&B, °C 6.2
Residual penetration, % 77.5

Results and Discussion

We studied the influence of the main factors (amount of modifier, time and temperature) on the
qualitative properties of modified bitumen with maleic anhydride. The effect of the amount of maleic
anhydride on the physical and mechanical properties of the modified bitumen is shownin Table 3.
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Table 3
Influence of MAH amount on physical and mechanical characteristics of modified bitumen*
MAH amount, wt % Softening temperature Penetration at 25 °C, 0.1 Adhesion to qushed
(R&B), °C mm stone, points
Without MAH 46 71 25
1,0 49 44 35
2,0 52 34 45
3,0 52 30 4.0
4,0 66 22 4.5

* Temperature of processis 150 °C; duration — 60 min.

Theintroduction of MAH, up to 2 wt. %, increases the softening temperature of the modified bitumen
(up to 52 °C). A further increase in the MAH content does not change the value of this indicator. A similar
relationship is observed with other characteristics. The value of such an important indicator as adhesion to
crushed stone aggregate increases from 2.5 to 4.5 points. Thus, the optimal amount of maleic anhydride for the
modification of oxidized bitumen is 2 wt. %, in addition, the modified MAH bitumen does not require
expensive adhesives.

The effect of maodification time on the physical and mechanical properties of the modified bitumen
isshownin Table 4.

Table 4
I nfluence of process duration on physical and mechanical characteristics
of modified bitumen*
Pr duration. min Softening temperature Penetration at 25 °C, Adhesion to crushed
' (R&B), °C 0.1mm stone, points
15 50 71 25
30 53 35 4.0
60 52 34 4.5
120 50 37 4.0
180 51 35 4.0

* Temperature of processis 150 °C; amount of MAH — 2 wt. %.

The results show that 30 minutes is enough to modify the bitumen with maleic anhydride, because
during this time the highest value of the softening temperature is reached. The effect of temperature on
the modification of bitumen with maleic anhydrideis presented in Table 5.

Table5
I nfluence of temperature on physical and mechanical characteristics of modified bitumen*
Temperaiure. °C Softening temperature Penetration at 25 °C, Adhesion to crushed
P ' (R&B), °C 0.1 mm stone, points
130 60 27 4.0
150 53 35 4.0
170 52 32 4.0

* Amount of MAH — 2 wt.%, duration of modification is 30 min.
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As can be seen from the results at a modification temperature of 130 °C, there is a significant
increase in the softening temperature — 60 °C. And at higher modification temperatures of 150-170 °C, this
figure is much lower than 53 and 52 °C, respectively, which may be due to different ways of chemical
interaction of maleic anhydride with the components of oxidized bitumen at different temperatures.

For comparison, a study of the heat resistance of the modified bitumen at a modification
temperature of 130 °C (Sample 1) and a modification temperature of 170 °C (Sample 2) was performed.
The samples were heated in a thermal chamber using the method of resistance to hardening under the
influence of heat and air (RTFOT) (Table 6).

Table 6
Physico-mechanical parameters of bitumen after RTFOT
Before RTFOT After RTFOT
Index
BND | Samplel | Sample2 |BND| Samplel | Sample 2
Changein mass after RTFOT, wt % - - - 0.03 0.23 0.55
Softening temperature (R&B) after RTFOT, °C 46 60 52 52.2 52.4 55.2
Penetration at 25 °C after RTFOT, 0.1mm 71 27 32 55 38 35
AR&B, °C - - - 6.2 —7.6 3.2
Residual penetration, % - - - 77.5 140.7 109.4

After the RTFOT heating of Sample 1, which was obtained by modification with maleic anhydride
at a temperature of 130 °C, there is a decrease in its softening temperature by 7.6 degrees, while the
softening temperature of BND and Sample 2 increases by 6.2 and 3,2 degrees respectively. Obvioudly, the
structure of Sample 1 is destroyed by heating with a significant decrease in heat resistance. Therefore, to
obtain a modified bitumen with such a high temperature, the softening of the modification with maleic
anhydride should be carried out at ardatively low temperature of 130 °C. It isimportant to adhere to this
temperature regime also for preparation of asphalt concrete mixes.

Conclusions

The process of modification of road bitumen with maleic anhydride was studied. The following
conclusions can be drawn from research:

— 2 wt. % addition of maleic anhydride allows to increase the softening temperature of the
modified bitumen BND 70 /100 to 60 °C and adhesion to crushed granite from 2.5 to 4.5 points;

— theoptimal temperature of the modification process with maleic anhydride 130 °C and a time
of 30 minutes,

— modified bitumen with much lower heat resistance will be obtained at higher temperatures of
150-170 °C;

— in genera, the addition of maleic anhydride to bitumen makes it possible to improve its
adhesive and hesat-resistant properties.
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Haunionanshuii yHiBepcuret “JIbBiBChKa MomiTeXHIKA”

! kadenpa ximiuHOI TexHOMOTi MepepoOku HA(TH Ta rasy,
2 kadenpa (i3MUHOI, AHATITHYHOI Ta 3araIbHOI XiMii,

3 kadeapa aBTOMOOUIBHUX JOPIT Ta MOCTIB

JOCIIIKEHHSA ITPOHECY MOAU®IKYBAHHA HA®TOBOI'O
JTOPOXKXHBOI'O BITYMY MAJIETHOBUM AHTIJIPUJIOM

o Tynoka B. M., Ipucsocnuii FO. B., punuyx FO. M., Cioyn IO. B.,
Lemuyx FO. A., Biooce B. M., Peymcokuii B. B., bpamuuax M. M., 2021

BuBueHo MoOxHBiCTh Mojubikamii okucHeHoro Hadrooro 6itymy 70/100 BupoOuuuTBa BAT
“Vikprataadra” (M. Kpemenuyk, Ykpaina) ManeiHOBUM aHriapumoM. JleTanbHO AOCTIDKEHO (i3uKo-Mexa-
HiuHi BiactuBocti 6iTymy 70/100 BupobuunTBa BAT “VkpratHadta”. HaBeneHo TeXHOMOrUHI 0COOIMBOCTI
Ta mpuiIamnd uis Moaudikamii 0iTyMy MajeiHOBMM aHTIAPUAOM Yy J1Ia0OpaTOpHHX yMmoBax. JlociimpkeHo
BIUIMB KUIBKOCTI MAaJIETHOBOTO aHTIAPHIY, TPUBAJIOCTI IIPOLECY Ta TEMIIEpaTypd Ha OCHOBHI (hi3uKO-
MeXaHiqHI XapaKTepUCTHKU MOIM(iKOBaHOro 0iTyMy. BcTaHOBIIEHO ONTHMAabHY KiUTBKICTH BBEACHHS MajleiHO-
BOTO aHTipuy 10 6itymy. BeranoBneHo, mo 2 mac. % ManeiHOBOro aHriApyuay 1a€ 3MOTY 301IBIIHTH revneparypy
po3M’ sikieHocTi MoaudikoBanoro 6itymy (i3 46 °C mo 52 °C) Takoxk 3pocTae 34eIUIIoBaHiCTh i3 mebeHeM (3
2,5 6ana mo 4,5 GaniB) Ta 3MIHIOETHCSI TTHOMHA MPOHUKHEHHsS TONKW (meHerpariis). JlocraTHii wac mis
Moaudikamii 6iTyMy 3a JONOMOror MajieiHoBoro aHriapunay craHoBuB 30 xB. BusHaumimm TepMoCTiliKicTh
6iTyMy MOAM(IKOBAaHOrO MaJIelHOBMM aHTiJpuToM 3a Temmneparypu moaudikamii 130 °C ta 170 °C Ta
BuxigHoro 6itymy 70/100 BupobHuirea BAT “VkpraTHadra” 3a METOIOM BHU3HAUCHHS OTOPY IO TBEPIiHHS
mig BrutuBoM Teriotd Ta moBitps (RTFOT). BeranoBieHo, mo cTpykTypa 3paska OiTyMy 3 MajieiHOBUM
aHTiapuaoM, sikuii 0yB MoaudikoBanuii 3a Temneparypu 130 °C, pyliHyeTbcs 3a HarpiBaHHS 31 3HAYHUM
3HW)KEHHSIM TerutocTiiikocTi. Jns orpumanns MoaudikoBaHoro 6iTyMy MajneiHOBUM aHTIAPHIOM ONTHMAaJIb-
HOIo TemriepaTyporo moaudikamii € 130 °C. 36inbmenHs TemMneparypu Moaudikallii HeraTUBHO BIUIMBAE Ha
KiHIEBi ()i3MKO-MEXaHi4HI IOKa3HUKH B’ S3KOro. BHCyHyTO NpUITyIIeHHs, IO 3a J0JaBaHHS MalleiHOBOTO
aHrigpuny mo BuxigHoro 6itrymy 70/100 BupoGHuirea BAT “VYkpratHapTa® BimOyBaeThes He (izuuHa
Moaudikaris OiTyMy, a XiMiuHa.

KurodoBi cioBa: oxkucHenuii HagToBHMi OiTyM, MasneiHoBMil aHriapua, MoaudikoBanmii 6iTyMm,
ximMiyHa mogudikanis, TepmocTiiikicTb 0iTyMy, 34elIIOBaHiCTh i3 me0eHeM.
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