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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Sh.S. Islam", Kh.S. Rafikova', S.B. Ryspaeva', A.Zh. Kerimkulova',
M.A. Kozhaisakova?

'Satbayev University, Almaty, Kazakhstan;
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E-mail: sh.islam@satbayev.university

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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MOTOP OTBIHBIHAH KYKIPT KOCBIJIBICTAPBIH TEPEH
IBTEKTUKAJIBIK EPITKILITEPMEH BOJIII AJTY

AnHOTanuss. MyHail OTBIHIAPBIHBIH KYpPaMbIHJIAFbl OPraHUKajblK KYKIpT
KOCBUIBICTAPHI KOIKTep/e kaHy ke3inae SOX Ty3eni, Oyl KopliaraH OpTaHbIH KaTThl
JacTaHybIHA JKOHE JICHCAYJBIKKA KATBICTHI ayKbIMJIBI MAceJeJiepre aibIll KeJlesi.
Kasipri Tanma tac ol KeJliKTepiHe apHallFaH ©Te TOMEH KYKIpTTI MyHail OTBHIHIAPBIH
aly YLIH KaXeTTI KYKIPTCI3ACHAIPYIIH TEXHOJOTHICHI KOJIKETIMCI3 OOJIBIIT OTHIP.
OJeMIIK KOpIaFaH OpTaHbl KOpFay YHBIMIApBl KYKIPT KYpPaMbIHBIH OapraH CaiblH
KaTaJl CTaHIapTTapblH Oenriiey YCTiHAe, OyJ JereHiMi3 MyHail OTBIHBIH TEpeH
KYKIpTCi3AeHaipy OarbIThIHIIA 9711 Jie Oipa3 3eTTeyiep Tajuan eTUICTIH/IITIH KOpPCEeTEIi.

XXI racelp OacbiHma maiijga OojFaH TepeH HBTEKTUKAIBIK epitkimrep (TOE)
KYHBl TOMEH, CHHTE31 KapamailbIM, JKOJIOTHSUIBIK Ta3a >KOHE YKaKChl OHMOJIOTHSUIBIK
BIIBIPAFBIIITBIFBIHBIH  APKACHIH/IA TEPEH OSKCTPAKTHBTIK KYKIpTCI3ACHAIpY Mpoleci
YIIiH TaMalla KCTPaKIHUUIBIK areHTTepre alHalbl. 3epTreyiiep KOpCeTKEeHICH, TepeH
aBTekTHKAIBIK epiTkimrep (TOE) aactypmi nonmsix cyiibikreikTapra (MUC) kaparanaa
tuimzipek. COHABIKTAH KYKIPTCI3AEHAIPY/Ie TEPEH OBTCKTUKAJBIK EPITKIIITEp
KaKCHIpaK.

Tepen sBrexTukansik epitkimrep (TOE) HeriziHeH cyTeri OaiIaHbICHIHBIH JIOHOPBI
(CBJ) »xoHe cyreri OaitnanbIcbiHbIH akientopbiHan (CBA) TypaTblH €Ki KOMITOHEHTTI
kocnanap. CBA KOMITOHEHTIH *ail apanacTeIpy apKbUIbl (KeOiHece TOPTTIK aMMOHHH
TY3bl HeMece MeTaiul Ty3bl) jxoHe CBJ O6ap kypammac (9pTypii CHHpTTEp, aMHITED,
aMUHJIEp HEMEece KBIIIKBUIIAP), 9IeTTe O0alKy TeMrepaTypachl Taza 3aTTapIblH OanKy
HYKTEJIepIHEH TOMEHIpeK OIpTEeKTi epiTKINI Ty3UIe .

TepeH SBTEKTHUKANBIK EPITKIIITEPIH HETi3rl KOMIIOHEHTTEepi KypJeni cyTeri
OaiiJIaHBICHI JKENICIHE KaThICallbl, OYJI OacTamnkbl KOCBUIBICTAPMEH CallbICThIPpFaH/Ia
KaTy HYKTCCIHIH a#TapibikTail TemeHnjaeyine okeneni. DES-nme OalikanaTelH KaTy
TEMIIEPAaTyPaChIHbIH TOMEHJCYIHIH JIopeKeci XONHWH XJIOPWAI MEH HECEIHIp
KOCTACBIHBIH 1:2 MOJIb KaThIHACHIHA KAKChl CYPETTENTECH.

Tyiiin co3mep: TepeH BTEKTUKANBIK €PITKIIITED, SKCTPAKIINS, KYKIPT KOCBUIBICTAPHL,
MOTOP OTBIHBI.
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W3BJIEYEHUE COEJJMHEHUA CEPBI U3 MOTOPHOI'O TOILIMBA
INTYBOKUMHU OBTEKTUYECKUMU PACTBOPUTEJISIMU

AnHoTanus. [Ipy cxuranny B TpaHCIIOPTHBIX CPEJICTBAX OPraHNYECKHUE COSAMHEHUS
cepbl B MOTOPHOM TOILIHBE 00pa3yroT SOX, YTO MPUBOJUT K CEPHE3HOMY 3arpsi3HEHHIO
OKpY’Kalolle cpenbl M IIMPOKO pPaclpOCTPAHEHHBIM MpoOIeMaM CO 3710POBHEM.
TexHonorus necynbQypuzanuu, HeoOXoAUMast JJIsl IPOU3BOJICTBA HE(PTSIHOTO TOILIMBA
C OYCHb HHU3KHM COJICP’KAaHHEM CEpbI JUIsi aBTOMOOHMIILHOTO TPAHCIIOPTa, HEJOCTYITHA.
MHupoBEI€ KOJIOTHYECKHIE OPTaHN3aIH YCTaHABIMBAIOT BCe OOJIee CTPOTHE CTaHAapThI
cofiepKaHMA Cephl, YTO O3HAUYAET, YTO BCE €I MPOBOASITCS HEKOTOpPbIE UCCIIETOBAHMS
10 TIIyOOKOH Necynbhypannuu MaszyTa.

I'myOokue sBrekTnyeckue pactBoputenu (I'OP), mosBuBIIMECs B Hayane >3TOTO
CTOJIETHS, CTAJIN OTIMYHBIMU 3KCTpareHTaMHu JiIsl poliecca TTyO0O0KOH SKCTPAaKTHBHOM
JecynbQypuzanyu Onarogaps X HU3KOH CTOMMOCTH, TPOCTOTE CUHTE3a, SKOJIOTMYHOCTH
U Xopoltei onopaznaraemoctu. VcciaenoBanus mokasaiu, 9TO TIyOOKHE DBTEKTHUCCKUE
pactBoputenn (I'DP) Gonee 3pdekTHBHBI, YeM TPaJUIMOHHBIC HOHHBIC KHJIKOCTH
(M2K). T[Toatomy 1151 iecynb(ypu3aium Jy4dliie HCIOIb30BaTh IIyOOKHE 3BTEKTUICCKUE
pPacTBOPHUTEH.

I'myOokue sBrexTHueckue pactBoputenu (I'OP) mpencraBngior coOol JByXKOM-
[TIOHEHTHBIE CMECH, COCTOSIIME B OCHOBHOM M3 JIOHOpa BomopoaHoii cesa3u (IBC) u
akmenropa Bomoponuoit cesizu (ABC). [IpocteiM cmemmBanmem kommoHeHTa ABC
(OOBIYHO YETBEPTUYHOW aMMOHHEBOW COJHM WM COJM MeTauia) u kommoHeHTa J[BC
(pa3nmU4YHBIX CIUPTOB, aMMJIOB, AMMHOB WJIM KHCIOT) 00pa3yercss TOMOTEHHBIH
pacTBOpHTENH ¢ O0JIee HU3KOM TeMIepaTypoil MaBIeHusI.

HcxonHple KOMIOHEHTHI TIIYOOKHX JBTEKTHUYECKUX PACTBOPUTENCH 00pas3yroT
CIIO)KHYIO CETh BOJOPOIHBIX CBSI3€H, YTO MPUBOAUT K 3HAYUTEIHHOMY CHHKEHMIO
TeMIepaTypbl 3aMep3aHHs 0 CPaBHEHHMIO C WCXOIAHBIMU coeAuHeHUsMHU. CTerneHb
MOHW)KEHUsI TOYKM 3aMep3anus, HaOmomaemas B DES, xopomo wiroctpupyercs
CMEChIO XJIOpUa XOJIUHA ¥ MOYEBUHBI B MOJISIPHOM COOTHOITICHUH 1:2.

KuaroueBble cioBa: 1IyOOKHe OBTEKTHMYECKHE PACTBOPUTENH, AKCTPAKLMA,
COEIMHEHHUS CePbl, MOTOPHOE TOTTUBO.

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).

0 QD

I'hiophene Dibenzothiophene
Thiane

S,

/

Benzothiophene

Nap 1thnb‘,n/nlhmphu

S '
methyl phenyl sulfide SH O
RSH: Mereaptane
RSR : Sulfides
RSSR : Disulfides

thiophenol diphenyl sulfide

Figure 1: Chemical structure of some sulfur containing compounds found incrude 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,

SO (2) = 12205 (g) — = S0;(2)
SO;(g) + H,O () ——= 11,80, (aq)

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., 20006).

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 standardbeginning 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. lonic liquids have the
advantage that they can be made immiscible with hydrocarbons but they can also show
significant solubility for heterocyclic compounds (EBer et all., 2009).

The aim of this chapter is to extract thiophene compounds (Th, BT, and DBT)

41



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

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).
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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 °C 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 % = “x100 (1)
Co

where, C, is the initial concentration of T, BT, DBT or and their analogues in model
fuel, and C. 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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