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Pedepar:

1. Incepraniiiny po60Ty IIPUCBSIYE€HO BUPIIEHHIO aKTyabHOI IP06IeMU — PO3PO0Ii HOBUX e(PeKTUBHIX METOAUK
3aCTOCYBAHHS PiIKUX IPOLYKTiB MipoJii3y BifgnpanboBaHux aBToMo06inbHUX muH (PITTIBAIL). BingnpanpoBaHi
aBTOMOOibHI myHM (BAILl) cTaHOBISATE 3HAYHY 3arpo3y [J1s1 HABKOJIMIIHBOTO CEPENOBUILA. 3 iHIIOrO GOKY, BOHM €
NOTEHLIHOI0 CHPOBUHOIO 117151 BUPOOHULITBA eHeprii. [1iposii3 € ogHUM 3 Hail6iIbIl [1epCIIeKTUBHUX METO/IIB
yruiizanii BAII y uupKyisipHii ekoHOMiLli. MeToo 1ocifpKeHb 6yJ10 BCTAHOBJIEHHSI MOKJIMBOCTI 3aCTOCYBaHHS
PIITIBAIII a6o ix okpeMux (ppakiiil y SKOCTi IaJUB /11 JBUTYHIB BHYTPIIIHBOTO Ta,/a0b0 30BHIIIHbOIO 3rOPaHHS 6€e3
BUKOPUCTaHHS Ae@ilJMTHOro BOJHIO Ta AOPOTMX KaTanidaTopis. [lokazaHo, 110 METOJIOM KOHAEHcallii abo
pexrudikauii 3 PTITIBAII moxxHa oTpumaru ¢p. > 200 °C, saka Bignosinae HopmatrBHuM Bumoram JICTY 4058-2001,
PN-C-96024:2011 ta ISO 8217:2017 o nanuBHUX Ma3yTiB, a TAaKOXX O€H3UHOBI (PpaKlii 3 He3a40BIIPHUMU
eKCIUlyaTalilHMMU BJIaCTUBOCTSIMU. [Tofanbiii JOCTiIKEHHS OJISTald Y AeTalbHOMY BUBUEHHI CKJIALy
6eH3uHOBUX (Ppakuiil (m.K.-140, 140-200, n.k.-200 °C), oTpuMaHuX Mif, Yac nipoJi3y BiAnpanboBaHUX aBTOMOOGIIBHUX

IIVH, Ta IOIYKY ePeKTUBHUX METO/iB iX 3acToCyBaHHs /niepepobku. OnepskaHi 6eH3uHOBI ppakuiii (BD) 6ynu



[IPOaHaJIi30BaHi 32 JOMIOMOTOI0 CTaHAAPTU30BAaHUX METOAMK, IY-criekTpockomnii Ta xpomartorpadii. JoBeneHo, mo
B® He MO>KHa BUKOPHCTOBYBATH SIK TOBAPHUI O€H3MH Yepe3 BUCOKUM BMICT HEHACMYEHHUX Ta apOMaTUIHUX
BYIJIEBOJIHIB. 3 O0€H3MHOBUX (PpaKiili CMUHTe30BaHO MoAU(IKaTOPH /1J1s IOKPAlleHHs aAre3iiiHMX BJIaCTUBOCTEN
6iTyMiB. BcTaHOBJIEHO, 10 OTPUMaHi pPifKi MIPOAYKTH (3aJIMIIOK IIiCjIst OTPMMaHHS MOIMAQIKaTOPiB 6iTyMy) MiCTAThb
MEHINY KiJIbKiCTh apOMaTUYHUX Ta HEHACHYEHUX CIIOJIYK IOPiBHSHO 3 BuxifHumu b®, 1m0, CBO€IO yeproio,
IIO3BOJIUTh 3MEHIINTU BMICT LJUX HIKiIJIMBUX KOMIIOHEHTIB IIpY iX MOJAJIbIIOMY BUKOPUCTaHHI. JlogaBaHHs
oTpuMaHux Mogudikaropis 1o foposxxkHboro 6itymy mapku BH]I 70 /100 y kinbkocTi 1% Mac. [03BoJIsle OTpUMATU
6iTym 3 OKpalLeHUMU A[re3iliHMMU BJIACTUBOCTSIMU. 3 METOIO BiJOKpEMJIEHHS aPOMATUYHUX CIIOJIYK OyJI0
IIPOBEJIeHO eKCTpaKLiliHe po3[ieHHs 6eH3nHOBUX Ppakuiil 1.K.~140 °C, 140-200 °C. B pesysnbTaTi, 0fepkaHi
BYIJIEBOJIHI [IPOAHaJIi30BaHO 3a JOIIOMOroio Metony IY-cnekrpockonii Ta xpomarorpadii. BctaHosseHo, 1110
oflep>KaHUM padiHaT MiCTUTb MEHIIE APEHOBUX CTPYKTYP Ta NOTEHLTHO MOKE BUKOPUCTOBYBATUCS SIK KOMIIOHEHT
6eH3nHiB. EKCTPaKT € KOHLIEHTPAaTOM apPOMAaTUYHUX i HEHACUYEHUX BYIJIeBOAHIB. loBeIeHO, 10 HELOLiBHO
po3ninsatu B® Ha okpeMi YaCTUHM, OCKIJIbKY BUXiT, MOAM(IKaTOPIB MPaKTUYHO OJHAKOBUM [1J1sI 000X 6€H3UHOBUX
dpakuin, a ckaaam i ¢izuKo-xiMiyHi 1oKasHUKY padiHaTiB i eKCTPaKTiB JaHUX OEH3NHOBUX QpakLiil nomioHi. s
aHaJi3y BMiCTy BYIJIEII0 B OKPDEMUX CTPYKTypax (ApOMaTUYHUX, aJIKAHOBUX Ta 0J1e(PiHOBUX) HA OCHOBI MOJIEIbHUX
CyMilleil METOIOM MaTeMaTUYHOTO MOJIEJIIOBaHHS PO3PO6JIEHO 3aJIeXKHOCTI BUIleBKa3aHUX QYHKIIIH BiTKIIMKY Bif
($i3nKO-XiMiUHUX [10Ka3HUKIB OEH3MHOBUX (PPaKIIill Ta PiIKUX NPOAYKTIB ix nepepodbku. OTpuMaHi piBHAHHS
BUSIBUJINCS QleKBAaTHUMMU 1711 BUXiTHUX MOJEJIbHUX CyMilllell Ta Jajau 3MOTY Yy OiIbIIOCTI BUMAJKiB IIPOTHO3YBATU
BMICT BYIJIELII0 B OKDEMUX CTPYKTYypax, MO MiCTATbCS y Pp. .K.-200 °C Ta npoaykrax ii nepepo6ku. BuB4eHO BB
CKJIaJly CHPOBMHHOI cyMillli Ha nipolec noJlikoHgeHcanii gopmanpgeriny 3 ¢p. n.K.-200 °C 3 MeTO10 oJep>KaHHs
CMOJ1, 5IKi BUKOPHCTOBYBAJIACS SIK aiTe3iMHi JoJaTku 0o 6iTyMiB. JloCiI>KeHHs 10Ka3aso, 10 HaloNTUMallbHIIUMU
yMOBaMU OTpUMaHHs Moau@ikaropa e BMicT popmaiiny 7,5 % mac., a Karasnizatopa — 3% mac. BctaHOBII€HO, IO
OTpUMaHa CMoJIa CYTTEBO MOKpaIllye anresiliHi B1acTUBOCTI JOPOXKHIiX 6iTymiB. [TponyKT, y ckiani sikoro € 1% mac.
mogudikaTopa, BifoBifnae Bumoram o0 TopapHoro 6itymy mapku BHIIA 60/90. 3 BukopucTtanHsM N-
METWIIIPOJiIoHy Ta AieTuseHraikoio (JET) BUBYeHO BIJIMB CIiBBiAHOLIEHHS] CHPOBMHA | PO3YVHHMK Ha IIPOoLeC
eKCTpakuiiiHoro posfineHHs ¢ppaxuii n.k.-200 °C 3 MeTOI0 BUjaJIeHHS] apOMaTUYHUX | 9aCTKOBO HEHACUIEHUX
criosyk. JJoBeJieHo, 1110 HalKpamumu QizuKo-XiMiYHUMU BJIACTUBOCTSIMU 3 TOUKU 30pY iX I10[aJbIIOro
BHMKOPHUCTaHHSI XapaKTePU3yIOTbCsl padiHaTH Ta eKCTPaKTH, sIKi Oy/11 OfEepKaHi 32 06'€MHOrO CIIiBBiAHOLIEHHS
CHUPOBUHU [0 pO34MHHMKA 1:2 B mpucyTHOCTI N-MeTunmiposinony, ta 1:20 - y npucyrHocTi JJEl'y. 3aranom
BUKOPUMCTAHHS MOJIIKOHAeH calii 3 GopMasbAeriloM Ta eKCTPaKLiiTHOTO PO3MiJIeHHS 3 JOTIOMOTOIO TTOJISIPHUX
PO3YMHHUKIB Ja€ 3MOTy 3MEHIIIYBATH BMiCT apOMAaTUYHUX i HEHACUYEHUX CTPYKTYP Y KiHIIEBOMY IIPOIYKTI
(pagpinari), IKul MO>Ke 3aCTOCOBYBATHUCS SIK KOMIIOHEHT TOBapHUX O€H3MHIB. byJl0 3alIpOIIOHOBAaHO METOOMKY
OTPUMAaHHS TOBAPHUX OE€H3MHIB, 110 BKJIIOYA€ B cebe METO, MOTiKOHIeHCallii, eKCTpaKLii Ta KOMIIayHIyBaHHS 3
ra3oBUM KOHAeHcaToM. OTpUMaHO 6eH3UH, 110 32 OCHOBHUMU [10Ka3HUKAaMU BifNOBiZlae€ HOpMAaTUBHUM BUMOTaM J0
Mapku «€Bpo 4» BianosigHo no JCTY 7687:2015. Ha ocHOBI pe3ysbTaTiB JOCIiIKeHb 6yJIM 3alIpOIIOHOBAHI
HaIpsIMKU PEKOHCTPYKLi Ta BIOCKOHAJIEHHH ITiJIOTHOI yCTaHOBKU MipoJiidy BAIII, gKi magyTs 3MOTy Oep>KyBaTu
KOTeJIbHI 1aINBa, TOBApHi O€H3MHY, CUPOBUHY [1J1S1 OTPUMAaHHS apOMAaTUYHUX BYIJIeBOIHIB i 6iTymiB mapku BHIA
60/90.

2. The dissertation is dedicated to solving the current problem - the effective methods of development for using
liquid pyrolysis products of waste automobile tires (LPPWAT). Waste automobile tires (WAT) pose a significant
threat to the environment. On the other hand, they are a potential raw material for energy production. Pyrolysis is
one of the most promising WAT disposal methods in a circular economy. The research aimed to study the
possibility of using LPPWAT or their fractions as fuels for internal and/or external combustion engines without
using scarce hydrogen and expensive catalysts. It is shown that the method of condensation or rectification makes
it possible to obtain a fraction > 200 °C from LPPWAT, which meets the requirements of DSTU 4058-2001, PN-C-
96024:2011, ISO 8217:2017 for fuel oils, and gasoline fractions with unsatisfactory operational properties. Further
research was aimed at a detailed study of gasoline fractions (b.p.-140, 140-200, b.p.-200 °C) obtained during the
pyrolysis of waste automobile tires, and the search for effective methods of their application /processing. The



obtained gasoline fractions (GF) were analyzed using standardized methods, IR spectroscopy and chromatography.
It has been proven that GF cannot be used as commercial gasoline due to the high content of unsaturated and
aromatic hydrocarbons. Modifiers were synthesized from gasoline fractions to improve the adhesive properties of
bitumen. It was found that the produced liquid products (the residue after obtaining bitumen modifiers) contain a
lower amount of aromatic and unsaturated compounds compared to the initial GF, which, in turn, will reduce the
content of these harmful components during their further use. Addition of the obtained modifiers to road bitumen
of BND 70 /100 brand in the amount of 1% wt. allows to obtain bitumen with improved adhesive properties. In
order to separate aromatic compounds, extraction separation of gasoline fractions was carried out at 140 °C, 140 -
200 °C. As a result, the obtained hydrocarbons were analyzed by IR spectroscopy and chromatography. It was
found that the resulting refinate contains fewer arene structures and can potentially be used as a component of
gasoline. The extract is a concentrate of aromatic and unsaturated hydrocarbons. It is proved that it is inexpedient
to divide the GF into separate parts, since the yield of modifiers is almost the same for both gasoline fractions, and
the composition and physico-chemical indicators of raffinates and extracts of these gasoline fractions are similar.
To analyze the carbon content in individual structures (aromatic, alkane, and olefin) based on the model mixtures,
the dependences of the response functions on the physico-chemical parameters of gasoline fractions and liquid
products of their processing were developed using mathematical modeling. The resulting equations were
acceptable for the initial model mixtures and allowed in most cases to predict the carbon content in the individual
structures of the fr. 200 °C and its processing products. The influence of the raw material mixture composition on
the polycondensation process of formaldehyde from the fr. 200 °C for the resins' production, which were used as
adhesive additives to bitumen, was studied. The study showed that the most optimal conditions for obtaining the
modifier are 7.5% wt. formalin content and 3% wt. catalyst content. It was found that the obtained resin
significantly improves the adhesive properties of road bitumen. The product with 1% wt. modifier content meets
the requirements for commercial bitumen brand BNDA 60 /90. Using N-methylpyrrolidone and diethylene glycol
(DEGQ), the influence of the ratio of raw material: solvent on the extractive separation process of the fr. 200 °C to
remove aromatic and partially unsaturated compounds. It is proved that the best physical and chemical properties
in terms of their further use are characterized by refinates and extracts at a volume ratio of raw material to solvent
of 1:2 in the presence of N-methylpyrrolidone, and 1:20 in the presence of DEG. In general, the use of
polycondensation with formaldehyde and extractive separation using polar solvents makes it possible to reduce
the content of aromatic and unsaturated structures in the final product (raffinate), which can be used as a
component of commercial gasoline. A method for obtaining commercial gasoline was proposed, which includes
polycondensation, extraction and compounding with gas condensate methods. Gasoline with the requirements
"Euro 4" brand in terms of basic indicators by DSTU 7687:2015 was obtained. Based on the research results,
directions for the reconstruction and improvement of the WAT pyrolysis pilot unit were proposed, which will allow
the production of boiler fuel, commercial gasoline, raw materials for the production of aromatic hydrocarbons and
bitumen of the BNDA 60 /90 brand.
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