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1. VKpaiHa BiIHOCUTBCA 10 YKUCJIa MOPCBKUX JEPFKaB, € TPAHCIIOPTYBAHHSA TOBAPIB Pi3HUX CEKTOPIB IPOMUCIIOBOCTI
MOPCBKUM HIJIIXOM Ma€ Iy>Ke BaXXJIMBe 3HaYeHHS. [1py 1IbOMY, CTaJIMil PO3BUTOK LIbOTO HANIPSIMKY €KOHOMIKU He
MOXJIMBUI 6€3 BUPIillleHHS POy IUTaHb, OCHOBHUM 3 SIKUX € TP06JIeMa, II0B’s13aHa i3 BUPOOHULTBOM Ta
3aCTOCYBaHHSM SIKICHOTO NTa/IMBa [J1s1 CyJHOIIaBCTBA — marin gasoil (MGO). OcHOBHOIO IPO6JIEMOIO, 3 SIKOIO
CTHKAIOTHCS BiTYM3HSHI HaTonepepoOHi MigIIpueMCTBa, € BiICYyTHICTb SIKiICHOI BYIJIEBOJHEBOI CHPOBHHH, sKa Oyze
BUMKOPUCTaHA NP BUPOOHUIITBI M1aJIMBa [1JIs1 CYAHOIJIaBCTBA 3 HU3bKUM BMiCTOM CipKH, 30KPEMa MOPCBHKHUX T1aJIiB
Mapok MGO Ta LS-MGO. BupimenHs 1jiei npo6yiemMu 3HaXOAUTHCS Y IUIOLIAHI PO3IMMPEHHS] CUPDOBUHHOI 6a3u 11715
BUPOOHUILITBA MOPCHKHUX IAJIUB 32 PaXYHOK aJIbTE€PHATHMBHUX JIKEPEJ BYIJIeBOLHIB — BTOPUHHOI CUPOBUHY,

MpEeNCTaBJIEHO0 BiIXO/IaMU CITOXMBaHHS. BTOpUHHA CUPOBUHA, 30KpeMa BifpaliboBaHi nojiMmepHi BUpoou 3



nosietTuneny Bucokoi ryctunu (HDPE) ta nosinpomnineny (PP), € THM CUPOBMHHUM PECyPCOM, BUKOPHUCTOBYIOYU
SIKMI MO>KHA 3HaYHO 3HU3UTH NOTPEOY B IMIIOPTYBAaHHI SIK ByIJI€BOJHEBOI CUPDOBUHM, TaK i TOBAPHUX MOPCHKHUX
IIaJIMB, CIIOXKMBAHHS SKUX B YKpaiHi CYTTEBO 306i7bIINIIOCS 32 OCTaHHE AecaTupivys. LIiHHICTb Takoro pecypcey
3YMOBJIEHA HIOT0 NTO3UTUBHMMU BJIACTUBOCTSIMM (BiJICYTHICTIO 00 MaJIMM BMICTOM CipKHU Ta XJIOpY, CTabi/IbHICTIO,
TEXHOJIOTIYHICTIO, KJIACOM HEOE3MEeKHU TOIIO0), @ TAKOXK 3HAYHMMM 3allacaMy He TiJIbKY B Pi3HUX KpaiHax CBiTy, ajie i B
CBITOBOMY OKeaHi (Hanpukia, MycopHi misiMamu). OCHOBHUM T€XHOJIOTIYHUM IIPOLIECOM, SIKUI JO3BOJIUTD
1epepobJIITY 0O3HAYEHY [OJIIMEPHY CHPOBUHY B MOPChKE IaJIMBO, BUCTYIA€ KaTAMiTUYHUIN [ipOJIi3, SIKUH 32
PaxyHOK Mifg00py KaTali3aTOpiB Ta BapilOBaHHS TE€XHOJIOTIYHUX N1APAMETPIB IIpoLecy (TEMIIEPATyPU Ta TUCKY)
HaJaCTh 3MOTY OTPUMYBATHU [1aJIMBa BUCOKO] IKOCTI, IO BifOBigal0Th BUMOraM ctanaapty ISO 8217:2017
«Petroleum products. Fuels (class F). Specifications of marine fuels». TeopeTuuHi Ta ekcriepumeHTaIbHi
IOCJIiIKE€HHS, TIOB'SI3aHi 3 TEXHOJIOTIYHOIO IEPEPOOKOI0 BTOPUHHOI [OJIIMEPHOI CUPOBUHY B NIAJIMBA [1JI5
CY[HOIUIABCTBA, L0 BiAIOBIIAI0Th BUMOraM Jil04MX HOPMAaTUBHO-TEXHIYHUX IOKYMEHTIB € aKTyaJIbHUMU Ta
BM3HAUWJIY HaIPsIM MCEePTaLifiHOrO AOCIiIKeHHs. BU3HaueHo cKiafj Ta icHyouy Kiuacudikallilo MOPCbKUX NaJIUB,
HaBeJeHO IepestiK Ta IPoaHai30BaHO OCHOBHI II0Ka3HUKHU SKOCTI, fKi 3rigHo 3 ISO 8217:2017, xapaKTepu3yioTh
(isMKO-XiMiuHi Ta eKCITyaTaliliHi BIaCTUBOCTI MOPCBhKUX NAJIUB. PO3IJISIHYTI OCHOBHI [I)XepeJia ByTrJIeBOHEBOi
CHPOBUHH Ta TEXHOJIOTII iX IepepoOKH, sKi CbOrofHi MOKHA BUKOPUCTOBYBATH /111 BUPOOHULITBA MOPCHKUX I1aJIUB B
YkpaiHi. [Ipy IpakTUYHUX AOCTiIKEHHSX OyJI0 BU3HAUYEHO, 110 [0 NePBUHHUX pPeakliil miposisy BigHOCITbCS
PO3pUB MOJIMEPHUX JIAHLIOTIB Ta YTBOPEHHS aJIKaHiB, 0J1€(iHiB, BIIbHUX PaJUKaliB, 0 BTODMHHUX — peaKiii
B3aeMO/Iii IIPOAYKTIB, yTBOPEHUX IIiJ] 4aC EPBUHHMX peakuUiid. KepyBaHHS 11bOT0 IIPOLECY 3LiMCHIOETHCS, 3a
PaxyHOK TEMIIEpATypU Ta KaTaji3aTopiB, peakLisgIMy po3Naay NOJIMEPHUX CTPYKTYP, CUHTE3y OTPUMAHUX
IIPOMIKHUX IIPOIYKTIB, ITOJIIKOHAEHC AL Ta VIiJIbHEHHS, [eaJKijlyBaHHs Ta TifpyBaHHs HEHACUYEHUX i
ApOMaTMYHMX CIOJIYK. 3311 Mif00opy MaTepiais (MeTasliB) AJ1 KaTali3aTopy MipoJisy, SKUi CIpUITAME
3HIDKEHHIO TeMIlepaTypy IIPoLecy, 30iIbIIeHHIO BUXOAY PilKUX IIPOAYKTIB MMipoJIi3y, MiABUILEHHIO B HUX
criBBinHomeHHs H:C Ta 3HMKEHHIO BMICTY apDOMATUYHUX CIIOJIYK, 3aIIPOIIOHOBAHO [IEBHUI aJITOPUTM.
BHKOpHCTOBYIOUYM LIEH aIFOPUATM 3alIPOIIOHOBAHO JIBOXCTAilHy TEXHOJIOTIIO, sIKa 6a3y€eThCs Ha BUKOPHCTaHHI, Ha
nepuiit crazii npouecy, cymim (1:1) neoniTBMicHuX KaTanizatopis Zn-H-ZSM-5 /Fe-H-ZSM-5, Ha apyriii cTazii -
karasnizarop Ni-H-ZSM-5. I'pynoBuii Ta iHguBigyanbHUN XiMiUHMI CKIIal, OTPMMaHUX [IPOAYKTIB I10Ka3aB, 110
He3aJIeXkHO Bifl oJ1iMepHOoi1 CUPOBUHY, TiCIS epmoro peakropa (Kartasuizatop Zn-H-ZSM-5 /Fe-H-ZSM-5)
OCHOBHY 4acTKy (37-39 %) ByIJIeBOJHIB CKJIALAOTh onedinu, HadpTenu (9-13 %) Ta apomarnyHi ByriaeBogHi (18-19
%). [licna gpyroro peakropy (karasnizatop Ni-H-ZSM-5) 0ocHOBY NPOJIYKTiB CKJIafaloTh 6i- Ta TPULMKIIIYHI
rOJIOSIAEPHI CIIOJIyKU apOMaTUYHOrO Ta HAaTEHO-apOMaTUYHOrO psify. Bei criosyky MaroTh 6i/bll BUCOKY
MOJIEKYJISIpPHY Macy (142-192 on.). B nponykrax nipoJiidy NpakTAYHO BifCyTHI (< 1 %) osieiHOBi ByrjI€BOIHI B
HACJIiJOK MTPOTiKaHHA peaklii rinpyBaHHs. TakoX NPAaKTUYHO BiJCYTHi BYrJI€eBOAHI apOMATU4HOI Oy10BU 3 OBTMMU
anidpaTnyHUMU pajuKasaMy, B HAC/IiNOK NPOTiKaHHS peaklii geasnkinyBaHHS. B npyromy peakropi, BindyBaeTbcs
rifpyBaHHS apOMaTUYHUX BYIJ€BOIHIB (ineHTudikoBano 9,10-gurigpoanrtpates, 1,2,3,4-TeTpa-rifpoaHTpalieH,
neprigpodiyopeH, nepriipoeHaHTPeH Ta NepriipoaHTpaLeH), o BIJIMBAE HA 3HWKEHHS iX 3arajbHOrO BMICTy Ha
4 %. BuznauenHi (izuko-ximMiuHi Ta ekcryaTaliiiHi MOKa3HUKY SIKOCTi Ppakiin, 3rinHo 3 ISO 8217:2017, no3Bonniu
iX BiiHeCTH 10 MapoK IUCTWISTHUX MOPCbKUX nlanuB DMA, DFA, DMZ, DFZ, 1o nae 3MOTy 3 HUX BUPOOJISITU
MOPCBKe IaJIMBO, SKe BiNOBiZlae Cy4aCHUM €KOJIOTIYHMM TEeHIEHIisIM (HalpuKJjak, AeKapOoHi3aii

IIPOMUCJIOBOCTI), IPUIHATUM B KpaiHax €Bponeinicbkoro Cowoay.

2. Ukraine is one of the maritime states where the transportation of goods from various sectors of industry by sea
is of great importance. At the same time, sustainable development of this sector of the economy is impossible
without solving a number of issues, the main of which is the problem related to the production and use of high-
quality fuel for shipping - marin gasoil (MGO). The main problem faced by domestic oil refineries is the lack of
high-quality hydrocarbon raw materials that will be used in the production of low-sulfur marine fuels, in particular
marine fuels of the MGO and LS-MGO brands. The solution to this problem lies in the expansion of the raw
material base for the production of marine fuels at the expense of alternative sources of hydrocarbons - secondary
raw materials represented by consumption waste. Secondary raw materials, in particular used polymer products



from high-density polyethylene (HDPE) and polypropylene (PP), are the raw material resource that can be used to
significantly reduce the need to import both hydrocarbon raw materials and commercial marine fuels, the
consumption of which in Ukraine has increased significantly in the last decade. The value of such a resource is
determined by its positive properties (absence or low content of sulfur and chlorine, stability, manufacturability,
hazard class, etc.), as well as significant reserves not only in different countries of the world, but also in the world
ocean (for example, garbage patches). Catalytic pyrolysis is the main technological process that will allow the
processing of the specified polymer raw materials into marine fuel, which, due to the selection of catalysts and
variation of the technological parameters of the process (temperature and pressure), will make it possible to obtain
high-quality fuel that meets the requirements of the ISO 8217:2017 standard "Petroleum products. Fuels (class F).
Specifications of marine fuels". Theoretical and experimental studies related to the technological processing of
secondary polymer raw materials into fuel for shipping, which meet the requirements of current regulatory and
technical documents, are relevant and have determined the direction of the dissertation research. The
composition and existing classification of marine fuels are determined, the main quality indicators are listed and
analyzed, which, according to ISO 8217:2017, characterize the physicochemical and operational properties of
marine fuels. The main sources of hydrocarbon raw materials and their processing technologies, which can be
used today for the production of marine fuels in Ukraine, are considered. During practical studies, it was
determined that the primary reactions of pyrolysis include the breaking of polymer chains and the formation of
alkanes, olefins, and free radicals, and the secondary reactions include the interaction of products formed during
the primary reactions. Control of this process is carried out, at the expense of temperature and catalysts, by
reactions of the decomposition of polymer structures, synthesis of the obtained intermediate products,
polycondensation and compaction, dealkylation and hydrogenation of unsaturated and aromatic compounds. In
order to select materials (metals) for the pyrolysis catalyst, which will contribute to lowering the temperature of
the process, increasing the yield of liquid pyrolysis products, increasing the H:C ratio in them, and reducing the
content of aromatic compounds, a certain algorithm is proposed. Using this algorithm, a two-stage technology is
proposed, which is based on the use, at the first stage of the process, of a mixture (1:1) of zeolite-containing
catalysts Zn-H-ZSM-5 /Fe-H-ZSM-5, at the second stage - a catalyst of Ni-H- ZSM-5. The group and individual
chemical composition of the obtained products showed that, regardless of the polymer raw material, after the first
reactor (catalyst Zn-H-ZSM-5 /Fe-H-ZSM-5), the main share (37-39%) of hydrocarbons consists of olefins,
naphthenes (9-13%) and aromatic hydrocarbons (18-19%). After the second reactor (Ni-H-ZSM-5 catalyst), the
basis of the products are bi- and tricyclic bare-nuclear compounds of the aromatic and naphthenic-aromatic
series. All compounds have a higher molecular weight (142-192 units). The pyrolysis products are practically devoid
of (< 1%) olefinic hydrocarbons as a result of hydrogenation reactions. There are also virtually no aromatic
hydrocarbons with long aliphatic radicals, as a result of the dealkylation reaction. In the second reactor, aromatic
hydrocarbons are hydrogenated (identified as 9,10-dihydroanthracene, 1,2,3,4-tetrahydroanthracene,
perhydrofluorene, perhydrophenanthrene and perhydroanthracene), which reduces their total content by 4%. The
determined physico-chemical and operational quality indicators of the fractions, according to ISO 8217:2017,
allowed them to be assigned to the brands of distillate marine fuels DMA, DFA, DMZ, DFZ, which makes it possible
to produce
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