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Pedepar:

1. YkpaiHa BiTHOCUTBCS 10 YA CJIa MOPCBKUX JEPKaB, 1€ TPAHCIIOPTYBAHHS TOBAPiB Pi3HUX CEKTOPIB IPOMUCIIOBOCTI
MOPCBKUM LIJISIXOM Ma€ [Iy>Ke BXJIMBE 3HaYeHHs. [Ipy 11boMy, CTasIMil PO3BUTOK LIbOIO HANIPSIMKY €KOHOMIKY He
MO>KJIMBUI 6€3 BUPiLIeHHs psLy NUTaHb, OCHOBHUM 3 SIKUX € IPO6JIeMa, MOB'sI3aHa i3 BUPOOHULITBOM Ta
3aCTOCYBAHHSIM SIKICHOTO IanuBa JJjIsl CygHOIIaBCTBa — marin gasoil (MGO). OcHOBHOIO IP06J1eMOIO, 3 SIKOIO
CTHKAIOTHCSI BITYM3HSIHI HaTonepepoOHi MigIIpUeEMCTBA, € BiJICYTHICTb SIKiICHOI BYIJIEBOJHEBOi CUPDOBUHH, sIKa Oyze

BUKOPUCTaHAa IIpU BI/IpO6HI/I]_1TBi IajnBa 4Jid CyJHOIIJIaBCTBA 3 HU3bKUM BMiCTOM CipKI/I, 30Kp€Ma MOPCBKUX I1aJINB



Mapok MGO Ta LS-MGO. BupimeHHs 1jiei npo6jieMu 3HaXOAUTHCS Y IVIOMIKHI PO3MMPEHHS] CAPOBUHHO] 6231 11715
BUPOOHHULITBA MOPCHKUX IaJIMB 32 PaXyHOK aJIbTEPHATUBHUX JPKepeJl ByTJIeBOAHIB — BTOPUHHOI CUPOBUHH,
MIpeCTaBJIEHOIO BiIXO/laMU CITOXXMBaHHS. BTOpUHHA CUPOBUHA, 30KpeMa BifiipaliboBaHi rnojiMmepHi BUpoou 3
nosieTuneny Bucokoi ryctunu (HDPE) ta nosinpomnineny (PP), € TUM CUPOBMHHUM PeCypPCOM, BUKOPUCTOBYIOYU
SIKMI1 MO>KHA 3HAYHO 3HU3UTHU NIOTPeOY B iMIIOPTYBAHHI SIK ByIJIEBOJHEBOI CHPOBUHU, TaK i TOBADHUX MOPCBKUX
IIaJIMB, CIIOXKUBAHHS SKUX B YKpaiHi CYyTTEBO 30i7bIINIIOCS 32 OCTaHHE AecsATUpivysl. LIiHHICTb TaKOTo pecypcy
3YMOBJIEHA HOTO ITO3UTUBHMMU BJIACTUBOCTSIMM (BiJICYTHICTIO 00 MaJIMM BMICTOM CipKU Ta XJIOpY, CTabi/IbHICTIO,
TEXHOJIOTiYHICTIO, KJIaCOM He6e3IeKH TOII0), 8 TAKOXX 3HAYHUMU 3allacaMU He TiJIbKU B Pi3HUX KpaiHax CBiTy, aje i B
CBITOBOMY OKeaHi (Hanpukian, MycopHi misiMamu). OCHOBHUM TEXHOJIOTIYHUM IIPOLIECOM, SIKUI JO3BOJIUTD
nepepobJIITY 03HAYEHY [IOJIIMEPHY CHPOBMHY B MOPChKE IaJIMBO, BUCTYIIA€ KaTaliTUMHUI [ipOJIi3, SIKUH 32
PaxyHOK Hifg60py KaTali3aTopiB Ta Bapil0BaHHS TEXHOJIOTIYHUX IApPAMETPIB IpoLecy (TEMIIEPATyPU Ta TUCKY)
HAAJAaCTb 3MOTYy OTPUMYBATH I1aJIMBa BUCOKOI SIKOCTI, 110 BiAIOBiZa0Th BUMOram crangapry ISO 8217:2017
«Petroleum products. Fuels (class F). Specifications of marine fuels». TeopeTuusi Ta ekcriepruMeHTabHi
IOCJIiI)KEHHS, TIOB'SI3aHi 3 TEXHOJIOTIYHOIO 1ePEPOOKOI0 BTOPUHHOI [10J1iMEPHOI CUPOBUHU B NIAJIMBA 1715
CYJIHOIIJIaBCTBA, IO BiANOBiZAIOTh BUMOTraM Jil04MX HOPMAaTUBHO-TEXHIYHUX JOKYMEHTIB € aKTyaJIbHUMU Ta
BM3HAUWJIM HaIPsIM JUCEePTaLifiHOrO AOCHiIKeHHs. Bu3HaueHo cKiaj Ta icHyouy Kiacudikallilo MOPCbKUX TIaJIUB,
HaBeJEeHO IepestiK Ta NPOaHai30BaHO OCHOBHI [IOKa3HUKHU SKOCTI, fKi 3rigHo 3 ISO 8217:2017, xapakTepusyioTh
di3nKo-XiMiuHi Ta eKcruTyaTalifiHi BIaCTUBOCTI MOPCHKUX ManB. PO3IJISHYTI OCHOBHI JIKepeia ByrJI€BOSHEBO]
CHMPOBMHU Ta TE€XHOJIOTII iX Iepepoo6Ky, sIKi CbOro/IHi MOXKHA BUKOPUCTOBYBATH [1J1s1 BAPOOHMLITBA MOPCHKUX T1aJIMB B
Ykpaisi. [Ipy IpakTUYHUX AOCTiIKEHHSX OyJI0 BU3HAUEHO, 1110 [0 IepBUHHUX peakLill miposisy BigHoCaThCS
PO3pUB NOJIIMEPHUX JIAHIIIOTIB Ta YTBOPEHHS aJIKaHIB, 0J1€(iHiB, BIIbHUX PaJUKaliB, 0 BTOPMHHUX — peakiii
B3a€MO/Iii IIPOAYKTIB, yTBOPEHUX IIiJ] 4aC IEPBUHHMX peakuUiil. KepyBaHHS 11bOT0 IIPOLECY 3LiMCHIOETHCS, 3a
PaxyHOK TeMIIEpaTypH Ta KaTasi3aTopiB, peakLisIMy po3Naay NOJiMEPHUX CTPYKTYP, CUHTE3y OTPUMAHUX
IIPOMIKHUX IIPOIYKTIB, ITOJIIKOHIEHC ALl Ta YIIiIbHEHHS, eaJKilyBaHHs Ta TifpyBaHH HEHACUYEHUX i
apOMaTMYHMX CIOJIYK. 334181 Mif00opy MaTepiais (MeTasliB) A1 KaTani3aTopy MipoJisy, SKUi CIpUITUME
3HIDKEHHIO TEMIIEPATypy NPOLECY, 301/IbIIEHHIO BUXOAY PilKUX IPOAYKTIB NipoJli3y, MifBUIEHHIO B HUX
criBBigHOmeHHS H:C Ta 3HWKEHHIO BMiCTy apOMAaTUYHUX CIIOJIYK, 3aIIPOIIOHOBAHO [IEBHUI aJITOPUTM.
BuKOpHCTOBYIOUM Li€H QIrOPUTM 3alIPOIIOHOBAHO JIBOXCTAilHy TEXHOJIOTIIO, sIKa 6a3y€eThCs Ha BUKOPUCTaHHI, Ha
nepuiit crazii npouecy, cymiu (1:1) neoniTBMicHuX KaTanizatopis Zn-H-ZSM-5 /Fe-H-ZSM-5, Ha apyriii cTazii -
karasnizarop Ni-H-ZSM-5. I'pynoBuii Ta iHguBigyanpHUN XiMIUHNM CKJIa[l, OTPUMaHUX [IPOAYKTIB I10KA3aB, 110
He3aJIeXXHO Bijl [10J1iMepHOI CUPOBMHY, TIiCJIs1 IEPLIOro peakropa (Karanizatop Zn-H-ZSM-5 /Fe-H-ZSM-5)
OCHOBHY 4acTKy (37-39 %) ByIJIeBOJHIB CKJIAJAOTh onedinu, HadpTenu (9-13 %) Ta apomarnyHi ByriaesogHi (18-19
%). [licsig gpyroro peakropy (karasnizatop Ni-H-ZSM-5) ocHOBY NPOIYKTIiB CKJIa[aloTh 6i- Ta TPULMKIIIYHI
roJIOSIIEPHi CIIOJIyKU apOMaTUYHOro Ta HaTeHO-apoOMaTUYHOro psAny. Bci criosyky MaroTh 6ibll BUCOKY
MOJIEKYJISIpPHY Macy (142-192 on.). B nponykrax nipoJiidy NpakTA4YHO BifCyTHI (< 1 %) osieiHOBi Byrii€BOAHI B
HACJIiIOK MIPOTiKaHHS PeaKLil rigpyBaHHs. TaKoXX IPaKTUYHO BiCYTHi ByIJIEBOLHI apOMAaTU4HOI 6y[J0BY 3 IOBIUMU
anidbaTnyHMMY pajuKasaMy, B HACTiNOK NPOTIKaHHS peakiii geasnkiayBaHHS. B mpyromy peakropi, BinbyBaeTbcs
ripyBaHHS apOMaTUYHUX BYIJIeBOIHIB (ineHTudikoBaHo 9,10-gurigpoanrtpates, 1,2,3,4-TeTpa-rifpoaHTpalieH,
neprigpodyopeH, NnepriipodeHaHTPeH Ta NepriipoaHTpaleH), 0 BIJIMBA€ HA 3HWKEHHS iX 3arajbHOrO BMICTy Ha
4 %. BuzHauenHi (izuko-xXiMiuHi Ta ekcryaTaliiiHi MOKa3HUKY IKOCTi Ppakiii, 3rinHo 3 ISO 8217:2017, no3Bonnnu
iX BinHecCTH 10 MapoK IUCTWISTHUX MOpCcbKux nanus DMA, DFA, DMZ, DFZ, 1o nae 3MOTy 3 HUX BUPOOJISTU
MOPCBKE I1aJIMBO, SKe BiNOBiZlae CydaCHUM €KOJIOTIYHMM TEeHIEHIisIM (HanpuKJiak, AeKapOoHizaiii

IIPOMMUCJIOBOCTI), IPUMHATUM B KpaiHax €Bponeicbkoro Coway.

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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