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Regeneration of methyl acetate and its application in the production of enamels
Marchenko Viktor, PhD student, Naboka Sergey, PhD studen

The technical feasibility of reusing regenerated methyl acetate for industrial enamel and the
influence of contamination levels (MXL0O-MXL4) on the efficiency of regeneration and properties of
films were analyzed. Regeneration on the ECO PLUS 122 unit was carried out under controlled
conditions, which ensured a high degree of purification and preservation of the physicochemical
and functional characteristics of the solvent and enamel films, confirming the technological and
environmental feasibility of reuse.

Key words: coke chemical production, methyl acetate, solvent regeneration,
physicochemical properties.
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The utilization of organic industrial wastes is an important direction for the development of
a circular economy. This study investigates the processing of sunflower oil soapstock, a major by-
product of the oil and fat industry (70-90 wt% of total waste). Soapstock obtained at PJSC
“Zaporizhzhya Oil and Fat Plant” was treated with acid and sequential washing to produce a low-
sulfur liquid fuel component. The resulting product contains 0,12 wt% sulfur and demonstrates fuel
characteristics close to boiler fuel standards, with a relatively high calorific value due to its low
oxygen content.

Keywords: soapstock, fat industry waste, boiler fuel

The increasing demand for energy resources together with the environmental
impact of fossil fuel consumption stimulates the search for alternative energy sources.
One of the promising approaches is the utilization of industrial waste containing
significant amounts of organic matter capable of energy recovery.

Vegetable oil refining generates various by-products and wastes, including
soapstock, acid oils, deodorizer distillates, and spent bleaching clays [1,2]. Among
these streams, soapstock represents the largest fraction. It is formed during the
alkaline neutralization of vegetable oils as a result of the reaction between free fatty
acids and sodium hydroxide. Soapstock is a complex heterogeneous mixture
containing sodium soaps, neutral triglycerides, water, salts, phosphatides and minor
impurities.

In Ukraine, large volumes of vegetable oils are processed annually, which
leads to the formation of thousands of tons of soapstock waste. Traditionally, such
by-products are used for the production of soaps, fatty acids, or other low-value
products. However, their high organic content makes them a potentially attractive raw
material for alternative fuel production.

Most research studies focus on the conversion of vegetable oil wastes into
biodiesel, hydrocarbon fuels, or products obtained via pyrolysis or -catalytic
upgrading. These technologies often require complex processing routes and
significant capital investments. An alternative approach is the direct energetic
utilization of oil refining waste as a liquid fuel component for stationary energy
systems.

The present work investigates the possibility of producing a boiler fuel
component from sunflower oil soapstock through acidulation followed by aqueous
washing. The proposed approach allows recovery of energy-rich organic compounds
while removing inorganic impurities and residual reagents.

The objective of this study was to evaluate the feasibility of converting
sunflower oil soapstock into a liquid fuel component suitable for use in boiler
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systems and to assess the influence of purification stages on key fuel quality
parameters.

The raw material used in this study was sunflower oil soapstock obtained from
an industrial vegetable oil refining process. Soapstock is formed during alkaline
neutralization and contains a mixture of organic and inorganic components.

The average composition of the investigated soapstock is presented in Tab.1.

Table 1
Average composition of sunflower oil soapstock
Component Content, wt%
Sodium soaps of fatty acids 29,65
Phosphatides 2,40
Triglycerides 15,78
Non-fatty additives 1,00
Salt 7,67
Water 43,50
Total: 100,00

The data show that soapstock contains a significant amount of organic material
in the form of fatty acids and triglycerides, which makes it a potentially suitable
feedstock for fuel production.

The conversion of soapstock into a fuel component consisted of several stages:

1. Acidulation of soapstock using sulfuric acid to convert sodium soaps into
free fatty acids.

2. Phase separation, resulting in a fatty phase and an aqueous phase.

3. Sequential washing with water to remove residual sulfuric acid and
inorganic impurities.

The acidulation process was carried out at a temperature of 90-95 °C under
continuous stirring. After the addition of sulfuric acid, the mixture was allowed to
settle to enable phase separation. The fatty phase obtained after separation was
further washed with water.

Two washing stages were applied in order to improve the purification
efficiency. The resulting acid oil after washing was considered as the potential boiler
fuel component.

The physicochemical characteristics of the obtained fuel were determined
using standard analytical methods commonly applied for boiler fuels. These included
determination of sulfur content, ash content, water content and other fuel quality
indicators.

To evaluate the effect of the purification process, comparative analysis of
untreated soapstock, single-wash treatment and double-wash treatment was
performed.

The conversion of soapstock into acid oil allowed the recovery of a significant
portion of the organic material present in the waste stream. During acidulation,
sodium soaps are converted into free fatty acids, which migrate into the organic phase
while most inorganic compounds remain in the aqueous phase.
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The washing stages play a crucial role in improving the quality of the resulting
fuel. They enable removal of residual sulfuric acid, salts and water that could
negatively affect fuel properties and combustion stability. The influence of washing
stages on key fuel parameters is summarized in Tabl.2

Table 2
Comparative effect of washing stages on fuel quality parameters
Parameter Untreated Single wash Double wash
soapstock
Sulfur, wt% 0,48 0,21 0,12
Ash, wt% 1,6 0,8 0,3
Water, wt% 12,5 4.2 1,1
Phase stability Unstable Moderate Stable

The results show that untreated soapstock contains relatively high levels of
sulfur, ash and water, which limits its direct use as a fuel. After the first washing
stage, the sulfur and moisture content decrease significantly, although the fuel still
exhibits moderate phase stability.

The most pronounced improvement is observed after the second washing stage.
Sulfur content decreases to 0,12 wt%, while ash and water contents are reduced to 0,3
wt% and 1,1 wt%, respectively. In addition, the fuel becomes physically stable and
suitable for further application [3].

These results confirm that sequential washing effectively removes undesirable
components from the organic phase and significantly improves fuel quality.

The obtained acid oil is characterized by a relatively high calorific value
compared with many biomass-derived fuels. This is primarily due to its high carbon
and hydrogen content and relatively low oxygen content. The energy density of the
produced fuel is therefore considerably higher than that of many untreated vegetable
oil wastes.

Compared with conventional heavy fuel oils, the calorific value of the
produced fuel is somewhat lower. However, its sulfur content is significantly
reduced, which represents an environmental advantage because combustion of low-
sulfur fuels produces fewer sulfur oxide emissions.

Another important aspect is the simplicity of the proposed process. Unlike
advanced technologies such as catalytic pyrolysis, hydroprocessing or biodiesel
production, the investigated method does not require complex equipment or
expensive catalysts. The conversion can be performed using relatively simple
technological operations such as heating, mixing, acid treatment and washing.

From an environmental perspective, the utilization of soapstock as a fuel
component supports the principles of circular economy by transforming an industrial
waste stream into a valuable energy resource. Instead of disposal or low-value
utilization, the waste material can be converted into a product capable of partially
replacing fossil fuels in stationary energy systems.
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The conducted study demonstrates the possibility of producing a liquid boiler
fuel component from sunflower oil soapstock through acidulation followed by
aqueous washing.

The main findings of the research can be summarized as follows:

Sunflower oil soapstock contains a significant amount of organic compounds
that can be recovered and used as an energy source.

Acidulation with sulfuric acid followed by two-stage washing effectively
separates the organic fraction and removes inorganic impurities.

Sequential washing significantly improves fuel quality by reducing sulfur, ash
and water content.

Double washing provides the most stable fuel characteristics, reducing sulfur
content to 0,12 wt% and ensuring improved physicochemical stability.

The obtained fuel component possesses sufficiently high energy value and low
sulfur content, making it a promising candidate for use in boiler systems.

Overall, the proposed approach represents a simple and resource-efficient
method for the energetic valorization of vegetable oil refining waste. Further research
should focus on combustion testing, emission analysis and pilot-scale validation to
evaluate the practical applicability of the produced fuel in industrial boiler
installations.
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Bupoonuymeo komenvnozo nanuea 3 8i0xo0ie nepepooKu onii
Opiu Ilapxomos, acnipanm, /lenuc Mipownuuenxo, 3a8idysay kageopu mexHonozii nepepooxu
Hagmu, 2azy ma meepoozo naiued, OOKmMop mexHiyHux Hayk, npogecop, FOpiii Jlunko, m.n.c.
KagheOpu ximiunoi mexuonoeii nepepooxu nagpmu i eazy, (J/Ivsiscvkutl nonimexHiuHull HAYIOHATbLHUL
yHigepcumem), Braoucnae Petuisi acnipanm, FOpiti Pozosuii acnipanm, Mapis [llgeo , k.H., doyeHnm
Kkagheopu inpopmayiiinoi 6eznexu (J/lbsiscokuil norimexHiyHUll HAYIOHAILHUL YHIgepcumem),
bozcoan Kopuax x.n., ooyenm xkageopu epomaoancwvroi besnexu (Jvsiscokuil norimexuiyHu
Hayionanvhull ynisepcumem), Cepeiil [luwee 0okmop nayk, npogecop kagedpu Ximiunoi
mexHon02ii nepepobxu Hagpmu ma 2azy (Jvsiscvkuil norimexuiyHul HaYioHATLHUL YHIGEpCUmMem)
Bukopucmannsa opeaniyHux npomucnosux 6i0Xo0ié € 8adCIUBUM HANPAMKOM DPO3GUMKY
EeKOHOMIKU 3AMKHYMO20 YUKTY. V yboMy 00CHiONHCeHHT po32190aembcs nepepooKa COHAUHUKOBO20
MUTILHO20 0CAOY, OCHOBHO20 NOOIYHO20 NPOOYKMY ONIUHO-HUP0Boi npomuciosocmi (70-90 mac.%
8i0 3azanvHoco o00cs2y 6i0xo0ig). Munvna cuposuna, ompumana Ha IIAT «3anopizvruii
MACIOACUPOBULL KOMOTHAmM», OyIa 00pOoONIeHa KUCIOMO0 [ NOCIIO0BHO NPOMUMA Ol OMPUMAHHS
PiOKo20 nanuea 3 HU3bKUM eémicmom cipku. Ompumanuii npooykm micmums 0,12 mac.% cipku ma
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0eMOHCMPYE XapaKmepucmuKky naiued, O1u3bki 00 cmaHoapmis KomeabHo20 NAaausd, i3 8iOHOCHO
BUCOKOI0 MENJIOMBOPHOIO 30AMHICIIO 3A805IKU HUZLKOMY 8MICIY KUCHIO.
Knrwuoei cnoea: munvha cuposuna, 6i0Xoou dHcuposoi npoMucio80Ccmi, KomevHe naiueo
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Ipuna Ilxinouwok, KaHoudam mexHIYHUX HayK, 3aeidysau Jnabopamopii diacHoCmuKu
EeKCNIyamayiuHux Mamepiaiie 8 enepeemuyi ma mpancnopmi

bozoan Kouipxo, 3agioysau 1abopamopii naghmoximiunux npoyecis

Bcmanosneno, wo Hnatlbinbwi npuoamHol CUpOBUHOIO Ol OMPUMAHHA KOMNOHEHMI8
sucokookmanosux oeunzunie € BIIM — 33% e6uxody 6en3unosoi paxyii. Excmpacosana
anxinbensonvua gpaxyia C—Cjy bens3unogoi ¢pakyii niponizamy 6us8uiIad 8UCOKY eheKmugHicmy
K AIbMEePHAMUBHULL 8UCOKOOKMAHOBUL 000aMOK (KOMNOHEHM, NPUcaoxa) 0as npooyKYEAHHs
€KOO2IYHO YUCMUX BUCOKOOKMAHOBUX OeH3unie 6e3 emicmy mempa-emuaceunyro (Pb(CH3CH>)4)
3 oxkmanosum uuciom 105 00.. Pesynomamu 00CHiOdHCeHb 3AC8IOHUNU BUCOKY e@DeKmuHicms
ankinbeH301bHol  pakyii y ckiadi MoOeabHOI 1a00PaAmMopHOi CyMiuti KOMNOHEHMIB, AKICMb K020
gionogioae sumocam ASTMD 6227 (0ns mapku asiayitinozo 6enzuny Grade ULS7).

Knrwowuosi cnosa: anxinbenzonu, @paxyis, mexHon02is, NIACMUK, NOJiemuieH, 8i0Xoou,
niponi3, ben3uHu, OKMaHo8e Yucio, 61acmusoCcmi, KOMNOHEeHmU.

PedopmynboBani (31 3MIHEHUM CKJIaJ0M, KOMITO3UIIIMHI, €KOJOT1YHO YHUCTI)
O€H3MHH, TaK sK 1 Ol0MaanBa, HAPUKJIIAJ, HA CbOTOJIHI BIIITPAIOTh BAXKIIUBY POJIb SIK
BIJTHOBJIIOBAHA €HEPris I TPAHCIOPTHUX 3acO0IB 13 JABUTYHAMHM BHYTPIIIHBOTO
sropanHsa (/IB3) 3 ickpoBuM 3amamroBaHHSIM TaauBHO-MOBITpsiHOI cymimni (ITIIC)
Yyepe3 BUCHAKEHHS PECYpCiB BUKOIMHOTO nayinBa (HadTH). A TaKOK €KOJIOTIYHO YUCTI
OCH3MHU — KOMIUIEKCHUM 1THCTPYMEHT JIOCSATHEHHS TJIO0AIbHUX LUJICH JaeKapOoHizamii
€KOHOMIKH, TpPaHCIIOPTY, CYCIUIbCTBA Yepe3 BHUKOPUCTAHHS EKOJOTIYHO YHUCTHUX
KOMITOHEHTIB 1 JIOJIaTKIB.

Bupimenns nux 3aBaaHb JacTh 3MOTY 3HU3UTH BUTPATH IIIHHOI BYTJIEBOHEBOI
CUPOBMHU Ha TOHHY TOTOBOi MPOAYKII Ta 3MEHIIUTH KUIBKICTH BiAXOAiB. Tomy
YIOCKOHAJIEHHS! TEXHOJIOTIH Ta TEXHOJIOTIYHUX MPOIECIB MepepoOsieHHs BTOPUHHOT
CHUPOBUHU € HaWBAXJIMBIIIUM HAYKOBO-TIPUKIIATHUM 3aBIAHHIM €KOHOMIKH.

Ha mincraBi pe3ynbTaTiB BUBYEHHS CYYacCHUX JITEpPaTypHUX JIKEpen
1 TeHAeHUIH MU CHOPMYIIOBAIM TINOTE3Yy MTAaHOTO OCHIHKCHHS: MipOJiTUYHOIO
KOHBEPCI€I0 TUIACTUKOBUX 1 TEKCTHJIBHUX BIAXOMIB OTPUMYBATH CHUHTETHYHI
BUCOKOOKTAHOBI ~ KOMIIOHEHTH  (ambTepHAaTWBa  ankijmaTy)  0e3  BMICTY
BUCOKOTOKCHYHOTO Ta KaHieporeHHoro terpaetuiacBuHIlo (TEC) — Pb(CH3sCHz2)a4
JUIA TIPOIYKYyBaHHS €KOJIOTIYHO YHCTUX BHUCOKOOKTAHOBHX, 30KpeMa, aBialliifHUX,
OceH3MHIB. SIK B1AOMO, MIpOJIi3 — II€ TEXHOJIOTIsA, 10 mepeadadae mpolec TEPMIYHOT
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