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[lin yac TpaHcOpTyBaHHS 1 30epiraHHs  BaXXKHMX  BHCOKOB SI3KHX
Ha(TOMPOIYKTIB, OCOOJIUBO 3a HU3BKUX TEMIIEpPaTyp, BUHUKAIOTh CEPHO3HI MpoOIeMu
yepe3 HAKOMUYEHHS Ha(TOILIaMIB Ha TOBEPXHI TEXHOJOTIYHOTO OOJaJgHaHHS, B
pesepByapax Ta TpyobonpoBojax. ITapadiHoBi BiakIau 3MEHIITYIOTh KOPUCHUM TIEPETHH
TpyOONPOBOIIB 1, SIK HACTIIOK, 3HAUHO YCKJIAJIHIOIOTh MEepeKauky Ha(TOMPOIyKTIB 3
OJIHOYACHUM 301IBLIEHHSM BUTPAT €IEKTPOEHEPT1i, MPU3BOIAATH 0 MIJBUIIEHOTO 3HOCY
YCTaTKyBaHHS, BTpaT Ha(TONPOIYKTIB Ta TOTIPIICHHS €KOJIOT1YHOTO CTaHy.
[lepioguyHo, micig OYMILEHHS pE3epByapiB Ta IHIIMX €MHOCTEH, Hadronuiamu i
3a0pyqHEHUI TPYHT HAKONUYYIOThCS 1 30€pIraroThCs B PI3HUX TEXHOJOTIYHHX
CXOBMINIAX, CTaBKax-BiACTIMHWKAX, ambapax, Ha CHOeIialbHO  OOJAIITOBAaHUX
MalJaHYMKax Ta IUIAMOHAKONMMYyBayax, sKi 3aliMarOTh BEJIMKI TUIONI 1 OTPYIOOTh
HABKOJIUIIIHE CEPEOBUILIE.

3ano6irtu  Kpucrtamzamii napadiHy MOXIMBO 33 pPaxyHOK  HarpiBy
Ha(TOMPOYKTIB, TPOTE€ TaKWW cHocid Beae 10 3alWBUX BUTpPAT 1 EKOHOMIYHO
HEBUIIPaBAAHUNA. Y JESKUX BHUITAJIKaX MPOBEACHHS ITI€T MIPOIIETypH B3arajli HEMOKIIHBO.

3HIKEHHST TeMIlepaTypy KpucTtajizamii napadiny A0CATa€ThCsS HMUIIXOM 3MINTyBaHHS
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BHCOKOMNapa(iHUCTUX HAPTOMPOAYKTIB 3 HU3bKONapadiHUCTUMU a00 3 pO3UMHHUKAMU,
110 TaKO BEJIE JI0 I0JIATKOBUX BUTPAT PECYPCIB 1 Yacy.

Ha mnpaktuii mignpueMcTBa BHUKOPHCTOBYIOTH HAWMOPOCTIHIT  CHOCOOM —
3aXOPOHEHHSI TAKUX BIAXOAIB 200 CIAIIOOTh 1X Ha MOJIIrOHaxX.

[1i yac 30epiranHs Ta MiArOTOBKH BYTJIEBOJJHEBUX CYMIIIEH /10 TPAHCTIOPTYBaHHS
3 METOI0 YHHUKHEHHS 3acCMIYeHHS TpyOOINpOBOAIB, TEXHOJOTIYHOTO OOJaJHAHHS
3alpONOHOBAHO BpaxOBYBaTH BJACTHUBOCTI OCHOBHUX iX TMOKa3HUKIB (TYCTHHA,
B'SI3KICTB), 3aJICXKHO BiJl CIIIBBITHOIIICHHS KOMITOHCHTIB.

B po6oTi npoanaiizoBaHo npoliec napapiHoyTBOPEHHS, BKIOYAIOUX 0COOIMBOCTI
OynoBu mapadiHiB B pe3ynbrari (pazHUX MEPEeXOiB Il Yac 3HMKEHHS TEMIIEPATYpH.
Po3po0ieno mareMaTnyH1 MOZEI TEPMOJIMHAMIYHUX 1 KIHETHYHUX PO3PaxyHKIB (pa3HOi
PIBHOBAru CUCTEMU «TBEPJIE TIIO-piIiHAY. BeTaHOBIEHO, 110 J71sI 3MIIIEHHS PIBHOBAru
B cucTeMi «MazyT-napadin» B OIK pIIUHU HEOOXIJHO 3MEHIIMTH BIJHOIICHHS
AKTUBHOCTEU TBEPIO1 1 p1AKOT (pa3 NUIIXOM BBEJIEHHS PEYOBUHHU 3 MEHILIUM [TapaMETPOM
PO3YMHHOCTI, HIXK Y 0CaJI0YTBOPIOIOYNX KOMITOHEHTIB.

CuHTE30BaHO MPUCATKU JJIsl MIABUIIEHHS CTAaOUIBHOCTI 1 TOKpaIIeHHS
CTPYKTYPHO-MEXaHIYHUX XapaKTEPUCTUK HAPTOBUX AUCIEPCHUX cucTeM. [JociipKkeHo
dasHi mepexoaM Ha TPHUKIAAl MazyTy 3aJIeKHO B TEMIEpaTypu 3 IOJaBaHHIM
JEMPECOPHOT MPUCAJIKU HA POCIIMHHIN OCHOBI.

Buknaneno pe3yabTaTi 1OCHIKEHHS BILUTUBY 100aBOK POCIMHHOTO MOXOHKEHHS
Ha arperaTMBHy CTaOUIBHICTh HAPTOBUX AUCHEPCHUX CHUCTEM, IO OOYMOBJIEHO
HasiBHICTIO ac(anbTeHiB. BuszHaueHo ¢akrop crabiibHOCTI cucteMu. IIpuckopeHHs
MPOLECY OCAKEHHS LEHTPU(YTYBaHHAM IOKA3aJI0 CYTTEBE 3MEHILEHHS PI3HUII
CEPeIHBOTO JiaMeTPy YaCTHMHOK Y BEPXHHOMY Ta HIDKHBOMY IIapax IeHTpudyrary
TICIIsl BBEACHHSI MMPUCAIOK HA POCIMHHIN OCHOBI, PO IO CBITYUTH 3MEHIIICHHS PI3HUII
OMMUTYHOI TYCTUHU BEPXHBOTO Ta HUKHBOTO IIAPIB IEHTpUPyTaTy.

3anmpornoHoBaHO Ta BIAMPAIbOBAHO METOJWKH OTPUMAHHS TIPUPOJHUX Ta
O10CHHTETUYHUX TTOBEPXHEBO-aKTUBHUX PEYOBUH PI3HOTO CKJIATy Ha OCHOBI PIMaKOBO1
OJIii: JIieTaHOJIaMilIB, MOHO-, JUTJIIEPHUIIB, )KUPHUX KHUCIIOT, iX CYJIb()OCYKIIMHATIB Ta

docharuais. MetonoM i1H(PAYEPBOHOI CHEKTPOCKOMIT MIATBEPIXKEHO TMOBHOTY
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XIMIYHUX TIEPEeTBOpEeHh Ta (OpMyBaHHS LUIBOBUX (PYHKLIOHATBHUX TPYIL
[IpoaHanizoBaHO BIUIMB JOJABaHHS MPUPOAHUX Ta OIOCMHTETUYHUX IIOBEPXHEBO-
aKTUBHUX PEYOBHH Ha HHU3BKOTEMIIEpaTypHI BJIACTUBOCTI HA(PTOBOTO MajvBa Ta
TPUOOJIOTIYH1 XapaKTEPUCTUKHU JIITIHOBOTO MacTHia. EKCiepMEeHTAIBHO M ATBEPIKEHO
JOLIBHICTh BUKOPUCTAHHS JAHUX PEYOBUH B SIKOCTI JIETPECOPHUX MPHUCATOK 0
HadToBOrO manuBa B KutbkocTi 0,25-0,5% wmac. (ZOCATHYTO 3HMXKEHHSI TeMIIEpaTypu
3acTUraHHs HadroBoro nanuea Ha 12°C) Ta B SKOCTI HNPOTU3AIUPHUX MPHUCATOK 10
MacTHJI (JiaMeTp IUIIMU 3HOCY MICHs J0AaBaHHs Hpucaaok 3MeHmmses 3 0,8 1o 0,38
MM).

PosrnsnyTo psin icHytouux qucrnepraropis achanbTeHiB B HAQTOBUX JUCTIEPCHUX
CUCTEeMaX — HaPTOPO3UMHHI TOBEPXHEBO-AaKTUBHI PEYOBHMHHU PI3HOI IPHUPOJIH.
3arponoHOBAaHO BUKOPHUCTAaHHS B SIKOCTI JUCHEpPraTropiB ac(haibTeHIB MOBEPXHEBO-
aKTUBHUX PEYOBUH POCIMHHOTO MOXOKEHHS — (pocaTUIHOrO KOHLIEHTPATY Ta HaTPIio
cynbdocykiunaty. JlocnimpkeHo mpouec (IoKysiii achaibTeHIB Ha MOJCIbHUX
cymimax acaiabTeHIB 3 TOIYOJOM Ta OCAIHUKAMH, a TAKOXX BIUIUB 3aIIPOITOHOBAHUX
MPUCAIOK Ha arperatuBHy CTIMKICTh cyMimed. DOTOKOJOPUMETUYHUM METOJI0OM
BU3HAYEHO TOYKY MOYATKY (PIIOKYJISILII (OHCET) KOKHOI CyMIILII.

BusnaueHo KiHETHMYHI TapaMeTpu IMpoIecy PO3YMHEHHS achaabTO-CMOJIO-
napadinoBux BiakiaaaiB (ACIIB) nadroBumu ¢pakuisiMu, a TaKOXXK PO3UMHHUKAMH Ta
KOMITO3HIIISIMH Ha iX OCHOBI. BUBUEHHS KIHETHKH PO3YMHEHHS BIJKJIAQMIB Ta BIUIUBY
MpUCAOK HAa L€ mpouec MIATBEPAUIIO iX €(PEeKTUBHICTh, OCKUIBKM 3aCTOCYBaHHS
PO3UMHHHKIB 3 CHHTE30BAaHUMH TPHUCAIKaMH JO3BOJIUTH 3MEHIIWTH BHUTpPATH Ha
OYUIIICHHS Ta PEMOHT TEXHOJIOTTYHOTO 00J1aIHaHHS Ha(TOTIEpepOOHUX i IITPUEMCTB.

Busnaueno, mo BaroMuM (QakTopoMm, SKUN BIUIMBAE Ha €QEKTUBHICTb
JIETPECOPHUX MPHUCAOK, € HIHKUE 3HAYCHHS 1X MapamMeTpy PO3YMHHOCTI Y MOPIBHIHHI 3
napaMeTpaMu pO3YMHHOCTI BYTJIEBOIHIB HA()TOBOT TMCIIEPCHOT CHCTEMH.

Po3rnsgsHyTO  BIUIMB  CHIBBIJHOIIEHHS  KOMIIOHEHTIB Mpu  (OpMyBaHHI
BYIJIEBOAHEBHUX CyMilllell HAa 3MIHY TYCTHHHM (CEpelIHbO HEAJUTHUBHOI) Ta B’SI3KOCTI
(cyTTeBOo HeamuTuBHOI). Po3po0ieHO MaremaThuHi MOJedl BHU3HAUEHHS JIaHHMX

BJIACTUBOCTEH CyMilllel 3 ypaxyBaHHSM TPYNOBOIO CKJIAY BHUXIJTHUX KOMIIOHEHTIB.
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BcranoBneHo, 1m0 3HaueHHS TYCTUHHM Ta KIHEMAaTU4HOI B’SI3KOCTI  CyMillei
BIIXWJISIIOTBCA  BIJ QIMTUBHO pO3PAaXOBaHMX B OIK 3HAY€Hb, XapPaKTEPHUX IS
KOMITOHCHTIB 3 BEJIMKMM BMICTOM aJKaHIB Ta MajauM BMIicTOM apeHiB. [IpoBeaeHo
NEepPEeBIPKY CTBOPEHMX MOJCICH Ha aJIeKBaTHICTh Ta IOPIBHSHHA 13 ICHYIOUHUMH
METOJIaMU OMUCY (PI3UKO-XIMIYHUX BIACTMBOCTEH Ha(TOMPOAYKTIB. 3arporoHOBAHO
OiAXi A0 CTBOPEHHS ONTUMAIbHUX 13 TEXHOJIOTIYHOI TOYKHA 30pYy pPELenTyp
KOMITayHTyBaHHS Ha(TOMPOIYKTIB PI3HUX THUIIIB.

Bukonani BupoOHHMYI BUIpPOOYBaHHS TOKa3ajid, IO BIPOBADKEHHSI Y
BUPOOHUUTBO PO3POOJIEHUX MOMI(PYHKIIOHATBHUX MNPUCATOK HA POCIMHHIN OCHOBI
CIPUATUME BUPIIICHHIO 3a3HAYCHHUX BUIIE PSAY MPoOJieM, BUIIPABICHHIO CUTYaIlil 3
HAaKOMMYEHHSM Ta 30€epiraHHsM €KOJIOTITYHO HeOe3neyHuX HapTOBUX BIAKIAMIB 1
MOKPAIIEHHIO KCIUTyaTalllTHUX XapaKTepUCTUK HadTonpoayKTiB. s peanizarii gaHnoi
pPO3pOOKH 3alpOINOHOBAHO TEXHOJIOTIYHY CXEMy OJIOKY CHHTE3y HPHUCAAKH, KUK

JOLIBHO BKJIFOYATH 0 CKJIaay YCTaHOBKM aTMOC(HEpPHOI EPEroHKr HaTH.

Knouosi cnosa: HAG®TOBI JUCIIEPCHI CUCTEMU, POCJIMHHI OJIII,
[NHOJIOYHKIIOHAJIBHI TTPUCAIKH, CTABUIBHICTH, TEPMOIMHAMIKA,
ITAPAMETP PO3YNHHOCTI, KIHETUKA PO3YNHEHHA BIJIKJIA/IIB



ABSTRACT

Zamikula K.O. Improvement of exploitative characteristics of oil products with
polyfunctional additives of plant origin — Qualification research paper with manuscript
rights.

Thesis for a PhD degree in specialty 161 Chemical Technologies and Engineering
(field of knowledge 16 Chemical and bioengineering). — State Higher Education
Institution "Ukrainian State University of Chemical Technology", Dnipro, 2023.

During the transportation and storage of heavy, highly viscous oil products,
especially at low temperatures, serious problems arise due to the accumulation of oil
sludge on the surface of oil technological equipment, in tanks and pipelines. Paraffin
deposits reduce the useful cross-section of pipelines and, as a result, significantly
complicate the pumping of oil products with a simultaneous increase in electricity
consumption, lead to increased wear and tear of equipment, losses of oil products, and
deterioration of the environmental condition. Periodically, after the cleaning of tanks and
other containers, oil sludge and contaminated soil accumulate and are stored in various
technological storage facilities, sedimentation ponds, barns, on specially equipped sites
and sludge accumulators, which occupy large areas and poison the environment.

It is possible to prevent the crystallization of paraffin by heating oil products, but
this method leads to unnecessary costs and is economically unjustified. In some cases,
this procedure is not possible at all. Decreasing the temperature of paraffin crystallization
is achieved by mixing high-paraffin oil products with low-paraffin oil or with solvents,
which also leads to additional resource and time costs.

In practice, enterprises use the simplest methods — burying such waste or burning
it in landfills.

During storage and preparation of hydrocarbon mixtures for transportation in order
to avoid clogging of pipelines and technological equipment, it is suggested to take into

account the values of their main indicators (density, viscosity), depending on the ratio of



components.

The process of paraffin formation, including the features of the structure of
paraffins as a result of phase transitions during temperature reduction is analyzed in the
paper. Mathematical models of thermodynamic and kinetic calculations of the phase
equilibrium of the "solid-liquid" system have been developed. It was established that in
order to shift the equilibrium in the "fuel oil-paraffin" system towards the liquid side, it
i1s necessary to reduce the ratio of the activities of the solid and liquid phases by
introducing a substance with a lower solubility parameter than that of the sediment-
forming components.

Additives have been synthesized to increase the stability and improve the
structural and mechanical characteristics of oil dispersion systems. Phase transitions were
studied using the example of fuel oil depending on the temperature with the addition of
a plant-based depressant additive.

The results of the research of the effect of the plant origin additives on the
aggregative stability of oil dispersed systems, which is caused by the presence of
asphaltenes, are presented. The stability factor of the system is determined. Acceleration
of the sedimentation process by centrifugation showed a significant decrease in the
difference in the average diameter of the particles in the upper and lower layers of the
centrifuge after the introduction of plant-based additives, which is evidenced by a
decrease in the difference in the sample optical density of the upper and lower layers of
the centrifuge.

Methods of obtaining natural and biosynthetic surfactants of various compositions
based on rapeseed oil: diethanolamides, mono- and diglycerides of fatty acids, their
sulfosuccinates and phosphatides have been proposed and worked out. Infrared
spectroscopy confirmed the completeness of chemical transformations and the formation
of target functional groups. The effect of adding natural and biosynthetic surface-active
substances on low-temperature properties of oil fuel and tribological characteristics of
lithium grease was analyzed. The expediency of using these substances as depressant
additives to oil fuel in the amount of 0.25-0.5% by weight has been experimentally

confirmed. (the pour point of oil fuel was reduced by 12°C) and as anti-seize additives
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for lubricants (the diameter of the wear spot after adding the additives decreased from
0.8 to 0.38 mm).

A number of existing dispersants of asphaltenes in oil dispersed systems — oil
soluble surfactants of various nature — were considered. The use of surfactants of plant
origin — phosphatide concentrate and sodium sulfosuccinate — as asphaltene dispersants
is proposed. The process of flocculation of asphaltenes on model mixtures of asphaltenes
with toluene and precipitants, as well as the influence of the proposed additives on the
aggregative stability of the mixtures, was studied. The starting point of flocculation
(onset) of each mixture was determined by the photocolorimetric method.

The kinetic parameters of the process of dissolution of asphalt-resin-paraffin
deposits (ARPD) with oil fractions, as well as solvents and compositions based on them,
were determined. The study of sediment dissolution kinetics and the influence of
additives on this process confirmed their effectiveness, since the use of solvents with
synthesized additives will reduce the costs of cleaning and repairing technological
equipment of oil refineries.

It was determined that a significant factor affecting the effectiveness of depressant
additives is the lower value of their solubility parameter in comparison with the solubility
parameters of hydrocarbons in the oil dispersed system.

The effect of the ratio of components in the formation of hydrocarbon mixtures on
the change in density (moderately non-additive) and viscosity (significantly non-
additive) is considered. Mathematical models for determining the given properties of
mixtures, taking into account the group composition of the initial components, have been
developed. It was established that the values of the density and kinematic viscosity of the
mixtures deviate from the additively calculated towards the values typical for
components with a high content of alkanes and a low content of arenes. The created
models were checked for adequacy and compared with existing methods of describing
the physical and chemical properties of oil products. An approach to creating
technologically optimal recipes for compounding oil products of various types is
proposed.

Completed production tests showed that the introduction into production of the
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developed polyfunctional plant-based additives will contribute to the solution of a
number of problems mentioned above, the correction of the situation with the
accumulation and storage of environmentally hazardous oil deposits, and the
improvement of the operational characteristics of oil products. For the implementation
of this development, a technological scheme of the additive synthesis unit is proposed,

which should be included in the composition of the crude distillation unit.
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