O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHI HOMeP: 0825U000569
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 17-02-2025

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Bopb6eiitonr I'ypi Icaila

2. Huri Isaya Borbeyiyonh

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoOBOi ceniaIbHOCTI: 161

Ha3Ba HayKOBOIi CIIeniaJIbHOCTI: XimiuHi TEXHOJIOTI] Ta iHKeHepis

lanyss / ra.nysi 3HaHb: xiMiyHa Ta 6i0iHKeHepid

OCBiTHbo—HayKOBa mporpama 3i CreniaJbHOCTI: XimiuHi TexHOJIOTii Ta iHXeHepis

JaTa 3axucTy: 10-03-2023

CnenianbHICTB 32 OCBITOMO: 185 Hadrorazosa iHkeHepisi Ta TEXHOJOTIi

Micue po6oTu 3400yBayva:
Kopg 3a €1PIIOY:
Micue3HaxoaKeHHS:
dopma BaacHOCTI:

Cdepa ynpaBiiHHs:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIIudp cnenianizoBaHoi BYUEHOI pagH (pa30Boi CleliaJai30BaHOi BYEHOI pazu). PhD 927
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CtrenaHa BaHgepy, 6yz. 12, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa Bangepuy, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau remaTHYHHX py6an: 61, 61.51.37.07, 61.53.17

Tema gucepranii:
1. OpepsxaHHS afresifiHOI [OO6ABKU 3 PiIKMX MPOAYKTIB KOKCYBaHHS BYTis i MOOM(iKyBaHHS HEIO JOPOXKHIX
6iTyMiB.

2. Obtaining an adhesive promoter from liquid products of coal coking and bitumen modifying by it.

Pedepar:

1. B pucepTaniiHOMy JOCTIiI>KE€HH] BUPIlIEHO BaKJIMBE HAYKOBO-TEXHIYHE 3aBIAHHS: OIEP>KaHO e(PEKTUBHY
agresifiHy 0,06aBKy 0O JOPOXHIX HAQTOBUX OITYMIB 3 PiIKUX IPOAYKTIB KOKCYBAaHHS BYTijlIg (KyMapOH-iHI€HOBOI
dpaxuii (KID)). [TpoaHasnizoBaHO [OCBiT BITYM3HIHUX i CBITOBMX HAYKOBLIIB Ta IIPEJICTABHUKIB IIPOMHUCIJIOBOCTI B
3aCTOCYBaHHI i po3p006JIeHHI HOBUX Pi3HOMaHITHUX MOUQiKaTOPiB JOPOXHiX 6iTymiB. Ha OCHOBI oIy HayKoBOi
Ta [IaTEHTHOI JIiTepaTypy 3alpOIIOHOBAHO HAIPSAMOK IIPOBEIEHHS LOCiIKeHb. ONpalbOBaHO Cy4YacHi 1 iCHyI0Ui
CTaHJIAPTHI METOAMKU NOCiTKeHb O6iTyMiB, iX MoguQikaTopiB Ta aAres3iiHUX NOJATKIB, acParbTOOETOHHUX
cyMimeii. BusHaueHO OCHOBHI ITOKA3HUKY i CKJIa[, CUPOBUHM: IIMPOKO] Ta By3bKOi KyMapOH-iHAeHOBUX (paKwLii, sKi
onep>kadi Ha [TAT «IOJKKOKC» (m. Kam'siHcbKe, YKpaiHa); 1Box 3paskis 6iTymiB mapok BH]I 70 /100, Bifi6panux Ha
[TAT «YkpTatHadTa» (M. Kpemeuyk, Ykpaina); mebeHio rpaHiTHoro (pp. 5-20 mm, ¢pp. 20-40 mm), BinibpaHoro Ha
TOB «MokpsiHCbKUI KaM'siHUH Kap’ep N23» (M. 3anopixoks, YKpaina). [Ijist JOCArHeHHS I0CTaBIeHoi y po6oTi MeTU
KapOKaTiOHHOIO Koosiromepusaielo 3 By3pkoi KIO (mexxi Bukunanus - 140-190 0C) 3a mpucyTHOCTI Kap6a3oJ1y Ta



karaiuizaropa TiCl4 oTpumaHo KymapoH-iHIeH-Kapb6a3obHy cmody (KIKC), ska npu nonaBaHHi 10 JOPOKHIX
HadTOBUX 6iTYMiB CyTTEBO NOKPAILye iX aAresiiiHi BIaCTUBOCTI. BctaHoBneHo, mo Ha sakicts KIKC Ta
MoaupikoBaHUX HE OiTYyMIB CYyTTEBO BILJIMBAIOTh YMOBH BiITOHKU IiCJISI CUHTE3Y CMOJIA HEIIPOPearoBaHoi
CUpOBUHU. JI7151 3a6€31€4eHHs YACIOBUX 3HA4E€Hb SIKICHUX XapaKTePUCTUK MOAU(IKOBAHOrO 6iTyMy Ha piBHI
IOIIyCTUMUX HOPMATMBHUMU JOKYMEHTaMU BiJ[iJIEHHS HEIIPOPEAroBaHOi CUPOBUHMU Bif, IPOLYKTY
KooJsiromepusalii HeooxigHo 3zilicHioBaTu npu 150 0C i 25 MM.pT.CT. BCTaHOBJIEHO, 1110 3MIHHUMU YMOBaMu
(Y4MHHMKaMM), 32 JOIIOMOTOIO SIKUX MOJKHA BIUIMBATH Ha MIPOLieC KaTaJiTUYHOI Koosliromepusanii By3pkoi KID ta
Kap6asoJy i siKi BU3HAYaIOTh [JIMOMHY IIEPETBOPEHHS CUPOBUHU Ta SKOCTI LiJIeBUX MPOAYKTIB, €: KiJIbKiCTb
mopudikyodoro arenra (kap6a3osy) B CHpOBHHI, KiJIbKICTb KaTasli3aTopa B peakLiliHOMY cepeoBuUllli, TeMIIepaTypa,
TpuBasicTb. B xoni cunTesy KIKC, 3MiHIOI04M 3HaY€HHS JOCiI)KYBaHOTO YAHHUKA, TPY (PiKCOBAHUX iHIIUX OYIU
BCTAHOBJIEHI YMOBH, B SIKUX MOXHa oTpruMyBaTU KIKC 3 HE0OXifHMMN XapaKTepUCTUKAaMU: BMIiCT Kap6a3oiy B
cuposuHi - 10,0-20,0 % mac. Ha BUXifjHi CMOJIOYTBOPIOIOYi KOMIIOHEHTH (CTUPOJI, KyMapOH, iHIIEH); KiJIbKiCTb
KarajizaTropa B peakiiliHomy cepenoBulli - 6,6-7,9 % mMac. Ha BCi CMOJIOYTBOPIOIOYi KOMIIOHEHTH (CTUPOJI, KYMapOH,
iHgeH, kap6azos); temneparypa - 70-130 °C; TpuBaiicts - 30-60 xB. Ha 0CHOBI IpOBeA€HUX AOCIiIPKEHD BILIUBY
YUHHUKIB Ha TIepebir Koosiromepusauii By3bkoi KID ta kap6a3osry po3pobieHO aieKBaTHY eKCIIepUMEHTAIbHO-
CTaTUCTUYHY MOJIeJIb i Ha il OCHOBI 3HANIEHO ONTUMAaJIbHI YMOBHU ITPOBEIEHHS LIbOT0 IIPOLieCy: BMICT Kapbas3osly B
crupoBuHi - 19,50 % Mac. Ha BUXiJHi CMOJIOYTBOPIOIOYi KOMIIOHEHTH; KiJIbKIiCTbh KaTajli3aTopa B PeaKLifHOMY
cepenoulli - 8,0 % Mac. Ha BCi CMOJIOYTBOPIOIOYi; TeMIiepaTtypa npouecy - 115 °C; TpuBasicTb npotecy - 46 xB.
3piliCHeHHs [TPoLIeCy B TAKMX yMOBax jae 3mory ogepxkaru KIKC i Hapani mogudikoBani Helo 6iTymu, 1m0
BignogigaTs BuUMoram COY 45.2-00018112-067:2011 «biTymu 1OposkHI B's13Ki, MogudikoBaHi obaBKamu
agresinHuMu. TexHiqHi ymoBr». TaKoX BOCIiIKEHO KiHETUYHI 3aKOHOMIpHOCTI nipouecy ogeps>kanHsa KIKC i
10KasaHo, wo npu 70-130 °C ra rpusanocti npouecy 300-2400 cexyH[, cepeHe 3HaY€HHS €HEPrii akTuBalii
cTaHOBUTH 21,16 K[>k /M0J1b. BUKOPHCTOBYI0YM MOIU(IKOBAaHUI KyMapOH-iHAeH-Kap6a30JIbHOI0 CMOJIO0 BIiTyM,
IIPUTOTOBAaHO acgasbTOOETOHHY CYMilll, BifIOBiIHMI i1 acanbTOOGETOH i IpoaHasniz0BaHOro ix AKicTb. JloBeneHo,
o MoangiKyBaHHS 1OPOKHbOro HapToBOro 6iTyMy Mapku BH]I 70 /100 kymapoH-iHIeH-Kap6a30JIbHOIO CMOJIOKO B
KisbkocTi 1,0 % Mac. mokpailye oKa3HMKU BOLOHACUYEHHS Ta TPAHMIII MILIHOCTI IIPU CTUCKY 3a Temreparypu 20 °C,
1110 CBiIYMTH PO [OBLINI [Tepiof, BUKOPUCTAHHS i Kpallli eKCIIyaTalliiiHi BIacTUBOCTI MO (IKOBAHOTO rapsiioro
acganbTo6ETOHY, NOPIBHAHO 3 HEMOAM(DiKOBaHUM. Ha OCHOBI pe3ysbTaTiB JOCIiIKEeHDb OyJla 3alIpOIIOHOBAHA
IIPMHLMIIOBA TEXHOJIOTIYHA cxeMa ogepykaHHs mogudikoBaHux KIKC 6iTymiB i mokasaHa AOLIIBHICTh 3aCTOCYBAHHS
OCTaHHIX y JOPO’KHbOMY BUPOOHULTBI. EpeKkTHBHICTh PO3PO6IEHUX ITPOLIECiB MiITBEPIKEHO TaTEHTOM Ha KOPUCHY
MOJeJIb, aKTOM BUIIPOOYBaHHS rapsidoro acaabToOETOHY, BIPOBAI)KEHHSIM B HABUAJIbHUI ITPOLIEC Y

HanjionasbHOMYy TEXHIYHOMY YHIBEPCUTETI «XapKiBCbKUM MOJITEXHIYHNN iHCTUTYT».

2. The dissertation study solved an essential scientific and technical task under the theme: an effective adhesive
additive to road petroleum bitumen from liquid products of coal coking (coumarone-indene fraction (CIF)). The
experience of domestic and international scientists and industry representatives in the application and
development of new and various road bitumen modifiers was analyzed. Based on the review of scientific and
patent literature, the direction of research is proposed. Modern and existing standard methods of research of
bitumen, their modifiers, and adhesive applications, asphalt concrete mixtures have been developed. The main
parameters and composition of the raw materials: wide and narrow coumaroneindene fractions, were obtained at
PJSC «YUZHKOKS» (Kamyanske, Ukraine); two samples of BND 70 /100 bitumen were selected at PISC
«Ukrtatnafta» ( Kremenchuk, Ukraine) and granite crushed stone (fr. 5-20 mm, fr. 20-40 mm), selected at
«Mokryansky stone quarry No. 3» LLC (Zaporizhia, Ukraine) were determined. The goal of this work is achieved by
co-oligomeric carbocation of a narrow CIF (boiling point of 140-190 °C) in the presence of carbazole and TiCl4 as a
catalyst to obtain coumarone-indene-carbazole resin (CICR), which, when added to road petroleum bitumen,
significantly improves their adhesive properties. It was established that the quality of CICR and bitumen modified
by it is significantly influenced by the conditions of distillation after synthesis of the resin of unreacted raw
materials. The removal of unreacted raw materials from the cooligomerized product must be carried out at 150 °C
and 25 mm Hg in order to ensure the numerical values of the qualitative characteristics of modified bitumen meet



regulatory documents' requirements. It was established that the variable conditions (factors) that can be used to
influence the process of catalytic co oligomerization of narrow CIF and carbazole and that determine the depth of
transformation of raw materials and the quality of target products are: the amount of modifying agent (carbazole)
in the raw material, the amount of catalyst in the reaction medium, temperature, duration. In the course of the
synthesis of CICR, by changing the value of the studied factor with fixed others, conditions were established in
which it is possible to obtain CICR with the necessary characteristics: the content of carbazole in the raw material
is 10,0-20,0 % wt. Starting resin-forming components (styrene, coumarone, indene); the amount of catalyst in the
reaction medium is 6,6-7,9 % wt on all resin -forming components (styrene, coumarone , indene , carbazole);
temperature - 70-130 °C; duration - 30-60 minutes. An adequate experimental-statistical model was developed
based on the influence of factors on the course of co-oligomerization of narrow CIF and carbazole. Based on this
experimental statistical model, optimal conditions for this process were found: the content of carbazole in the raw
material is 19,50 % wt. On the initial resinforming components, the amount of catalyst in the reaction medium is
8,0 % wt. On all resin-forming substances, the process temperature is 115 °C; the duration of the process is 46
minutes. Carrying out the process under such conditions makes it possible to obtain CICR and bitumen modified
by it in the future, which meet the requirements of the standard organization of Ukraine SOU 45.2-00018112-
067:2011 «Viscous road bitumens modified with adhesive additives Specifications». The kinetic regularities of the
process of obtaining CICR were also investigated, and it was shown that at 70-130 °C and the duration of the
process 300-2400 seconds, the average value of the activation energy is 21,16 kJ /mol. By using bitumen modified
with coumarone-indene-carbazole resin, an asphalt concrete mixture and corresponding asphalt concrete were
prepared, and their quality was analyzed. It has been proven that the modification of road petroleum bitumen
grade BND 70 /100 with coumarone-indene-carbazole resin in the amount of 1,0 % wt improves the indicators of
water saturation and compressive strength at a temperature of 20 °C, which indicates a longer period of use and
better operational properties of modified hot asphalt concrete, compared to unmodified. Based on the results of
the research, a basic technological scheme for obtaining modified CICR bitumen was proposed, and the
expediency of using the latter in road production was shown. The effectiveness of the developed processes was
confirmed by a utility model patent, a hot asphalt concrete test act, and its implementation in the educational
process at the National Technical University «Kharkiv Polytechnic Institute».
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6iTymiB. [Ipucsokunii 10.B., ITum'es C.B., I'ypi Icaits bop6eiiionr, Kopsx II.B., I'ynbka B.M., Yepsincbkuii T.1.,
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KOKCYBaHH$ BYTiJUISl 3 BUKOPUCTAHHSIM Kap6asoay. [Tpucsokuuii F0.B. [Tumr'es C.B., I'ypi Icaiist Bop6eiiioHr,
Yepsincbkuii T.1., Kopuak B.O. Byrsneximiunuii sxypnai. N2 6. - C. 27 - 35.

o Effect of raw material composition on the properties of road asphalt modifier obtained from liquid coal
coking products. Serhiy Pyshyev, Yurii Prysiazhnyi, Guri Isaiah Borbeyiyong, Taras Chervinskyy, Marek



Kutazynski, Yuriy Grytsenko. Przemyst chemiczny. Vol. 100, Issue 7. - P. 680 - 684.

e Preparation and Application of Coumarone-Indene-Carbazole Resin as a Modifier of Road Petroleum
Bitumen. 1. Influence of Carbazole:Raw Materials Ratio. Yuriy Prysiazhnyi, Guri Isaiah Borbeyiyong, Serhiy
Pyshyev. Chemistry & Chemical Technology. - Vol 16, Issue 2. - P. 284 - 294
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