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EXTRACTION OF SULFUR COMPOUNDS FROM MOTOR 
FUEL WITH DEEP EUTECTIC SOLVENTS

Abstract. When burned in vehicles, organic sulfur compounds in motor fuels form 
SOx, leading to severe environmental pollution and widespread health problems. The 
desulfurization technology needed to produce very low sulfur petroleum fuels for road 
transport is unavailable. World environmental organizations are setting increasingly 
stringent sulfur standards, which means there is still some research on deep fuel oil 
desulfurization. 

Deep eutectic solvents (DESs), which appeared at the beginning of this century, 
have become excellent extractants for the deep extractive desulfurization process due to 
their low cost, ease of synthesis, environmental friendliness, and good biodegradability. 
Studies have shown that deep eutectic solvents (DESs) are more efficient than traditional 
ionic liquids (ILs). Therefore, it is better to use deep eutectic solvents for desulfurization. 
Deep eutectic solvents (DESs) are two-component mixtures consisting mainly of a 
hydrogen bond donor (HBD) and a hydrogen bond acceptor (HBA). By simply mixing a 
HBA component (usually a quaternary ammonium salt or a metal salt) and a component 
HBD (various alcohols, amides, amines, or acids), a homogeneous solvent is formed 
with a lower melting point.

The parent components of deep eutectic solvents engage in a complex hydrogen 
bonding network which results in significant freezing point depression as compared to 
the parent compounds. The extent of freezing point depression observed in DESs is well 
illustrated by a mixture of choline chloride and urea in a 1:2 mole ratio. 

Key words: deep eutectic solvents, extraction, sulphur compounds, motor fuel.
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МОТОР ОТЫНЫНАН КҮКІРТ ҚОСЫЛЫСТАРЫН ТЕРЕҢ 
ЭВТЕКТИКАЛЫҚ ЕРІТКІШТЕРМЕН БӨЛІП АЛУ

Аннотация. Мұнай отындарының құрамындағы органикалық күкірт 
қосылыстары көліктерде жану кезінде SOx түзеді, бұл қоршаған ортаның қатты 
ластануына және денсаулыққа қатысты ауқымды мәселелерге алып келеді. 
Қазіргі таңда тас жол көліктеріне арналған өте төмен күкіртті мұнай отындарын 
алу үшін қажетті күкіртсіздендірудің технологиясы қолжетімсіз болып отыр. 
Әлемдік қоршаған ортаны қорғау ұйымдары күкірт құрамының барған сайын 
қатал стандарттарын белгілеу үстінде, бұл дегеніміз мұнай отынын терең 
күкіртсіздендіру бағытында әлі де біраз зеттеулер талап етілетіндігін көрсетеді. 

ХХІ ғасыр басында пайда болған терең эвтектикалық еріткіштер (ТЭЕ) 
құны төмен, синтезі қарапайым, экологиялық таза және жақсы биологиялық 
ыдырағыштығының арқасында терең экстрактивтік күкіртсіздендіру процесі 
үшін тамаша экстракциялық агенттерге айналды. Зерттеулер көрсеткендей, терең 
эвтектикалық еріткіштер (ТЭЕ) дәстүрлі иондық сұйықтықтарға (ИС) қарағанда 
тиімдірек. Сондықтан күкіртсіздендіруде терең эвтектикалық еріткіштер 
жақсырақ.

Терең эвтектикалық еріткіштер (ТЭЕ) негізінен сутегі байланысының доноры 
(СБД) және сутегі байланысының акцепторынан (СБА) тұратын екі компонентті 
қоспалар. СБА компонентін жай араластыру арқылы (көбінесе төрттік аммоний 
тұзы немесе металл тұзы) және СБД бар құрамдас (әртүрлі спирттер, амидтер, 
аминдер немесе қышқылдар), әдетте балқу температурасы таза заттардың балқу 
нүктелерінен төменірек біртекті еріткіш түзіледі.

Терең эвтектикалық еріткіштердің негізгі компоненттері күрделі сутегі 
байланысы желісіне қатысады, бұл бастапқы қосылыстармен салыстырғанда 
қату нүктесінің айтарлықтай төмендеуіне әкеледі. DES-де байқалатын қату 
температурасының төмендеуінің дәрежесі холин хлориді мен несепнәр 
қоспасының 1:2 моль қатынасында жақсы суреттелген.

Түйін сөздер: терең эвтектикалық еріткіштер, экстракция, күкірт қосылыстары, 
мотор отыны.
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ИЗВЛЕЧЕНИЕ СОЕДИНЕНИЙ СЕРЫ ИЗ МОТОРНОГО ТОПЛИВА 
ГЛУБОКИМИ ЭВТЕКТИЧЕСКИМИ РАСТВОРИТЕЛЯМИ

Аннотация. При сжигании в транспортных средствах органические соединения 
серы в моторном топливе образуют SOx, что приводит к серьезному загрязнению 
окружающей среды и широко распространенным проблемам со здоровьем. 
Технология десульфуризации, необходимая для производства нефтяного топлива 
с очень низким содержанием серы для автомобильного транспорта, недоступна. 
Мировые экологические организации устанавливают все более строгие стандарты 
содержания серы, что означает, что все еще проводятся некоторые исследования 
по глубокой десульфурации мазута. 

Глубокие эвтектические растворители (ГЭР), появившиеся в начале этого 
столетия, стали отличными экстрагентами для процесса глубокой экстрактивной 
десульфуризации благодаря их низкой стоимости, простоте синтеза, экологичности 
и хорошей биоразлагаемости. Исследования показали, что глубокие эвтектические 
растворители (ГЭР) более эффективны, чем традиционные ионные жидкости 
(ИЖ). Поэтому для десульфуризации лучше использовать глубокие эвтектические 
растворители.

Глубокие эвтектические растворители (ГЭР) представляют собой двухком-
понентные смеси, состоящие в основном из донора водородной связи (ДВС) и 
акцептора водородной связи (АВС). Простым смешиванием компонента АВС 
(обычно четвертичной аммониевой соли или соли металла) и компонента ДВС 
(различных спиртов, амидов, аминов или кислот) образуется гомогенный 
растворитель с более низкой температурой плавления.

Исходные компоненты глубоких эвтектических растворителей образуют 
сложную сеть водородных связей, что приводит к значительному снижению 
температуры замерзания по сравнению с исходными соединениями. Степень 
понижения точки замерзания, наблюдаемая в DES, хорошо иллюстрируется 
смесью хлорида холина и мочевины в молярном соотношении 1:2.

Ключевые слова: глубокие эвтектические растворители, экстракция, 
соединения серы, моторное топливо.

Introduction. Sulfur contained in fuel leads to the release of sulfur oxide (SOx) 
when burning motor fuel. It is the most crucial contribution leading to acid rain, air 
pollution, and human diseases because the SO2 interferes with the catalysts applied 
in vehicle exhaust treatment systems, resulting in the increased emissions of nitrogen 
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oxides (NOx) and total suspended solids (TSP). Hence, more and more countries have 
established rigid rules to lower the sulfur content. Sulfur content in diesel and gasoline 
has been slowly decreasing and is close to zero level for varieties of applications.

The combustion products of petrol fuels are water, nitrogen and carbon dioxide. 
However, sulfur is one of the main pollutants in diesel fuel. Incomplete combustion 
of fuel engines results in the emission of sulfur oxides (SOx), nitrogen oxides (NOx), 
carbon monoxide, and hydrocarbons, which are the source of soot and fine particles 
in air pollution. These air pollutants are the main components causing cancer, heart 
damage, lung damage, and mental functioning problems (Al-Zahrani et all., 2015).

There is no doubt that sulfur compounds are amongst the most problematic 
components present in crude oil which has a direct influence on the performance of the 
distillation processes. Many methods were used to remove sulfur compounds in crude 
oil but none of them are able to eliminate them completely (Babich et all., 2003). In fact, 
sulfur content and the specific gravity of crude oil are the most important characteristics 
which effect the oil price market.

Aromatic organosulfur compounds mainly include thiophene and its derivatives 
which are more intractable than mercaptans and sulfides (aliphatic) compounds to 
desulfurize in crude oils (Zhang et all., 2004).

Figure 1: Chemical structure of some sulfur containing compounds found in crude oil [Otsuki et all., 
2000].

Sulfur removal is essential during refining, because the liquid-phase is very corrosive 
at high temperature which is a significant issue in combustion engines (Hugheya et all., 
2010). In addition, sulfur compounds are an issue during the refinery processes as well 
as during storage, transportation and separation (El-Nady et all., 2012).
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Formation of sulfur species are clearly a major issue in air pollution, airborne 
particulate emissions and endangering public health. Therefore, the removal of sulfur 
compounds from diesel down to ultra-low ppm levels is of major importance [Srivastava 
et al., 2012].The most important purpose for eliminating sulfur content from oil is to 
reduce SO2 emissions producing upon combustion, which cause acid rain (Li et all., 
2009).

DESs, as ILs analogues, have emerged at the beginning of this century. In general, 
 

 
 
 

 Various toxic and irritating fumes result from the decomposition of aromatic S- 
compounds on heating (Duissenov et all., 2013). In addition, thiophenic compounds are 
notorious as a poison for catalysts which are used to make oil-based products (Doctor 
et all., 2006).

Owing to the lower reactivity of sulfur compounds in diesel oil with the removable 
active catalyst, they are difficult to desulfurize. Moreover, sulfur compounds tend to 
deactivate the performance of some catalysts used in refinery processes by blocking 
catalyst active sites decreasing adsorption and slowing reaction [De-Souzaa et all., 
2009]. The allowable concentration of sulfur in diesel and gasoline fuel in vehicle 
exhaust emission was lowered to 10 ppm in 2014 (Table 1) (McKinley et all., 2009).

Table 1: Sulfur content in diesel and gasoline fuel according to the European standard requirements.

Standard The time of standard beginning to work Sulfur content (ppm)
Diesel fuel Gasoline fuel

Euro 1 1994 (October) 2000 1000
Euro 2 1999 (October) 500 500
Euro 3 2000 (January) 350 150
Euro 4 2005 (January) 50 50
Euro 5 2009 (January) 10 10
Euro 6 2014 (September) 10 10

Separation of a solute from a liquid phase can occur through;
• evaporation (for a volatile solute)
• precipitation for solutes with low solubility
• adsorption on a solid substrate
• or liquid-liquid extraction with an immiscible solvent.

The first two options are not suitable for the extraction of sulfur-containing compounds 
from oil and this project will focus on liquid-liquid extraction. For the extraction of 
solutes from oil, a polar solvent is required but water is an unsuitable choice because it 
impedes combustion in fuels and causes corrosion in lubricants. Ionic liquids have the 
advantage that they can be made immiscible with hydrocarbons but they can also show 
significant solubility for heterocyclic compounds (Eßer et all., 2009).

The aim of this chapter is to extract thiophene compounds (Th, BT, and DBT) 
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from diesel and determine their partition coefficient (Kp) using different types DESs. 
Initially, n-decane will be used as a model hydrocarbon to simplify the chemistry. 
While a few studies have used DESs to extract thiophene compounds, nothing is known 
about the thermodynamics of extraction and therefore it is impossible to predict which 
DESs are optimal for the extraction process. This study will use classical equilibrium 
thermodynamics to determine the effect of the hydrogen bond donor on extraction 
efficiency (Li et all., 2009).

The first task for the extraction was to develop an analytical method that was 
capable of accurately determining the number of thiophene species in the oil phase 
following extraction. Two techniques were chosen from the literature. These were gas 
chromatography-pulsed flame ionization detection (GC-FID) and UV-Vis spectroscopy.

Compared to other methods, GC-FID showed high sensitivity, good reliability, and a 
wide dynamic range compared to other techniques. GC-FID chromatograms provide a 
distribution modality of hydrocarbons in crude oils and gives a fingerprint of the major 
oil components. In the FID detector, the gas sample is passed into a hydrogen flame 
for combustion. The hydrocarbon concentration in the sample gas will affect the rate 
of ionization which in turn is directly proportional to the current. An electrical signal 
is produced when the ions are collected and this is used as a measure of the analytic 
concentration (Zhang et all., 2009).

Principally, EDS depends upon the different partitioning of sulfur compounds 
between the organic phase and the extractant phase. Extractive desulfurization (EDS) 
does have some advantages in that it is simple and can be carried out at moderate 
conditions (low pressure and temperature), without using a catalyst or hydrogen gas. 
Secondly, EDS does not make any change to the structure of the chemical compounds 
in the fuel oils and S- compounds can be re-employed as raw materials as showed in 
Figure 2 (Gao et all., 2009).

Figure 2: Extractive desulfurization.

The selectivity of an extractive solvent is an important factor in EDS design as it 
controls efficiency, reusability, and recyclability. The difficulty with the technique is 
regenerating the extractive solvent (Jeon et all., 2009).

Research materials and methods. DESs preparation method. For example, the 
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DESs will be used choline salts as the hydrogen-bond acceptor (HBAs) and a range of 
hydrogen-bond donors (HBD)s. The hydrogen bond donor (HBD) and salt are mixed 
with respect to the specified HBD: salt molar ratio at a particular mixing speed and 
temperature until a clear homogeneous liquid phase was produced. As DESs should 
be prepared by mixing betaine with ethylene glycol, glycerol, and propylene glycol in 
1:1, 1:2, and 1:3 molar ratios. Then, the mixtures will be stirred in a flask and placed 
on a hot plate magnetic stirrer at 80 ºC and 500 rpm for at least 3 hours until a colorless 
homogeneous liquid will be formed. The same procedure should be employed to 
synthesize other new types of DESs. 

Extraction of organosulfur species by DESs. Initial studies can be carried out using 
both GC-FID and UV-vis spectroscopy. At least six calibration curves should be made 
using thiophene (Th), benzothiophene (BT), and dibenzothiophene (DBT) separately in 
heptane, decane, and toluene in different concentrations.

    
Figure 2: Example of synthesized DESs.

Optimization of the T, BT, DBT extraction and (Kp) determination. A partition-
coefficient (Kp) or sometimes called distribution-coefficient (KD) is defined as the ratio 
of concentrations of a compound (S- compound) in a mixture of two immiscible phases 
at equilibrium. It is an important parameter for an extractive desulfurization process, 
and the higher the partition coefficient is, the better the desulfurization performance of 
an extractant. 

In a work the corresponding partition coefficient of organosulfur species between 
oil and DES will be derived and should be defined according to the following equation:

𝑆𝑢𝑙𝑓𝑢𝑟 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 % = 𝐶ₒ−𝐶𝖾 𝑥100                                               (1)
	 									𝐶ₒ

where, Cₒ is the initial concentration of T, BT, DBT or and their analogues in model 
fuel, and Cₑ is the concentration of remaining S-containing compounds in the oil phase 
after the reaction began for a certain amount of time.
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Conclusion. DESs research is booming, and novel areas for applications are being 
explored. One of these is the use of DES as an extraction solvent in petrochemistry. 
Considering the advantage of DESs as highly selective solvents, the major area of 
application is the targeted analysis of certain compounds. After several comparative 
studies, it has been proven that DES is superior to other solvents in many aspects, 
including non-toxicity and the possibility of synthesis at a low price. However, there 
is still a long way to go before DESs might eventually replace the classical organic 
extraction solvents used in preanalytic steps.
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