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Abstract: The study involves the synthesis of inorganic salts by reacting the organic salts with ferric
chloride and organic salts (1) [mAMPI]Br, (2) [pAMPIi]Br derived from the nitrogenous base of
Piperidinium. Spectroscopic and physical techniques were used to characterize the prepared compounds,
including mass spectrometry, infrared FT-IR, micro-elemental analysis, and "H-NMR nuclear magnetic
resonance spectroscopy. The extractive desulfurization method was used in this study, and the produced
compounds were examined using model oil that contained 1000 ppm of the sulfur compound.
Dibenzothiophene (DBT)was dissolved in an n-hexane solvent, and ultraviolet (UV)was used as a
guantitative analysis method to calculate the percentages of sulfur removal. Future research may be able to
enhance the sulfur removal rate provided by the prepared compounds, which were showed an acceptable

result.

Keywords: lonic liquids, organic salts, Lewis acid, desulfurization

DOI: 10.32737/2221-8688-2024-4-509-515

Introduction

Environmental concern has increased
worldwide, and strict standards and regulations
have been enacted to reduce the negative
impacts of automobile exhaust on human health
and the environment [1].

With increasing environmental awareness,
limitations on restricting fuel sulfur content
have been issued worldwide. The treatments
must go ahead to reach the rigid regulation of
the sulfur level in liquid fuels. To overcome the
defects of monolayer ionic liquids (ILS)
mentioned above, the devised SiO,
immobilized bilayer ILS (SiO,_ Bill) [2]. With
the development of industry, the global
atmospheric environment gradually
deteriorated. The sulfur component of fuel oil
turns to sulfur oxides that will seriously pollute
the atmosphere.

The essential desulphurization method is
hydrodesulfurization  (HDS) [3].  Social

development demands large consumption of
fossil fuels in industries as well as for other
applications  in  different  fields like
transportation, power stations, power engines,
aircraft, agricultural fields, etc. It is established
that the presence of sulfur compounds in fossil
fuels after the combustion process produces
gaseous Sox in the environment, which is the
cause of air pollution via acid rain and produces
various other hazardous products that create
several health issues [4].

Modern urbanization and industrial
development have greatly stimulated global
fossil energy consumption. Various methods
have been tried for desulfurization, including
hydro, bio-absorptive, extractive, and oxidative
desulfurization (ODS). As OSCs' most popular
removal method, hydro-desulfurization (HDS)
is applied intensively in fossil fuel refining
plants worldwide. The HDS technology has
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been considered an efficient method for nearly a

century in  removing various sulfurous
compounds from several fuel resources. In this

process, sulfur is removed as H,S gas; therefore,
hydrodesulfurization comprises facilities for
capturing and removing H,S [5, 6].

Experimental part

Methodology. Each and every chemical
that is used comes from an authentic, ultra-pure
source. The FT-IR spectra were obtained using
the JASCO Canvas FT/IR 4200 infrared
spectrophotometer. 1HNMR spectra were
acquired on a Bruker 400MHz spectrometer
with tetramethylsilane (TMS) as an internal
reference and DMSO-d6 as a solvent. The
microanalysis was performed at Thermo
Electron Corporation's Flash EA 1112 Series
using a Trio-1000 mass spectrometer.

Preparation of organic salts and
complex salts of Fe(l11).

1-allyl-3-methylpiperidinium bromide
[MAMPI]I (1)

1-allyl-4-methylpiperidinium bromide
[PAMPI]Il (2)

The organic salts (ionic liquids) have been
prepared according to the literature [7-11],
considering that the reaction is exothermic and
its yield increases with cooling. The Scheme
below displays the reaction equation:

1: R, = H, R, = CHs , [mAMPi|Br
2:R,= CH,, R,=H, [pAMPi|Br

R, R I
R, Ry -
_CHLCHCHD: L b /nFeCl
stirring, cooling . 6 h, reflux +
N N
! H  CH,CHCH, H  CHCHCH,

3:R, =H,R,=CH;, n=1,[mAMPi]FeCl;Br
4:R,= CHs, R,=H,n=2, [mAMPi|Fe,ClsBr
5:R,=H,R,=CH;,n= 1, [pAMPi|FeCl;Br
6:R,= CHs, R,=H,n=2, [pAMPi]Fe,Cl¢Br

By reacting different ratios of organic salt
with ferric chloride in ratios of (1:1) and (1:2),
respectively, ionic salts of iron were created.
The prepared compounds' physical
characteristics and the outcomes of their
elemental microanalysis are displayed in the
Table 1.

In order to prepare the model oil sample,
the sulfur compound Dibenzothiophene (DBT)
must first be dissolved in hexane solvent to
achieve the initial concentration of 1000 ppm.
Next, the optimal conditions for the sulfur
removal process must be identified.

Table 1. Physical properties and results of elemental microanalysis of the prepared compounds

Melting CHN (theory)/ Calculate
Compounds Formula rzgg)t C% H% N% Fe%
. ) (49.10) | (8.24) | (6.63)
(1) [mMAMPI]Br CoHigBrN 157-199 | g4 | 823 | 633
_ ) (49.10) | (8.24) | (6.63)
(2) [PAMPi]Br CoHieBrN 144-146 | 4630 | 7.86 | 7.76
(3) [NAMPI]FeCl3Br CyH15BrClsFeN 150-152 | (28.27) | (4.75) | (3.66) | (14.61)
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2088 | 465 | 348 | 14.06
(4) [NAMPI]Fe;CleBr | CoHiBrCleFe,N | 140-143 qg:gg) (iig? (322? (58151)?
(5) [PAMPi]JFeCl:Br | CoHigBrCloFeN | 148-150 (3%9 (ﬂ? (g:gg) (1;1:8(1))
(6) [PAMPi]Fe,CleBr | CoHisBrCleFe,N | 141-143 (iggg) (g:ig) (g:gg) %2:2?

Results and discussion

The ability of Piperidinium ionic liquids
to extract sulfur from petroleum derivatives is
one of their main characteristics. These liquids
contain Lewis acids, iron in particular. Every
produced chemical was thoroughly
characterized and found to be in accordance
with the data presented in the references [8, 12,
13].

The 'H-NMR characterization data for
organic salts (1,2) respectively are (DMSO-ds,
400 MHz), 80.88 (3H, C-CHs, s), 1.066 (1H,
CH-C, bs), 81.06, 51.73, 83.29, 63.70 (cyclic,
2H, CH,, bs), 83.70 (2H, CH;, for terminal
group, bs), 64.010 (2H, CH,, d, for allylic
group), 05.74 (1H, = CH, bs), §9.59 (1H, NH,
s). The GC-mass data for organic salt (1),
[MAMPI]Br, CgHigBrN, (m/z, intensity%):
(140, 100%), (138.2, 1.04%), (126.1, 0.11%),

(124.1, 0.39%), (112,1.08%), (98.1, 0.5%), (84,
0.32%), (82, 0.19%), (70, 0.06%), (68, 0.05%).
(DMSO-d6, 400 MHz), §0.90 (3H, C-CHs, 9),
81.066 (1H, CH-C, bs), 81.06, 51.73, 83.29,
83.70 (cyclic, 2H, CHj, bs), 63.21 (2H, CH,, d,
for allylic group), 65.38 (1H, =CH, bs), 65.18
(2H, for terminal CH, group, bs) 68.53 (1H, NH,
s). The GC-mass data for organic salt (2),
[PAMPI]Br, CgHigBrN, (m/z, intensity%):
(140.2, 4.41%), (138.2, 0.15%), (100.1, 100%),
(98.1, 2.26%), (96.1, 0.01%), (94.1, 0.03%),
(82, 0.04%), (82, 0.02%), (70, 0.06%), (58,
0.04%).

In addition to the properties listed in the
previous Table 1, the compounds have been
well characterized [7, 14, 15] by spectroscopic
and physical measurements, as shown in Table
2.

Table 2. Some characteristics data for the prepared compounds

Comp. IR data (cm™) Meft Conductivity**
No. C-N N*-R* N-H M-X (BM) ohm™.cm? mol™

1 1586 2368 3422 --- --- 67

2 1592 2365 3412 --- --- 72

3 1214 2356 3398 239,331 5.61 80

4 1110 2368 3434 242,327 5.86 88

5 1118 2368 3412 254,316 5.56 82

6 1245 2368 3422 246,331 5.82 86

* R = CH,CHCH,
** (DMF) as solvent at 25°C, (10 M)

The Extraction desulfurization. The
optimal  conditions for the extractive
desulfurization process were determined in
advance by determining the concentration of the
salt prepared and used in the test, the time of the
extraction process, and the temperature. The
results showed optimal conditions
(concentration in grams, extraction time 60

minutes, 30 degrees Celsius). Using ultraviolet
technology with a Shimadzu UV 1800 device,
and using an initial concentration of the
petroleum model of sulfur using
Dibenzothiophene (DBT) dissolved in hexane
solvent at a concentration of 1000 ppm, a
standard curve was plotted (Figures 1 and 2).
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Fig. 1. Calibration curve of extraction desulfurization process by using different concentrations
(standard solutions)
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Fig. 2. The calibration curve of the extraction desulfurization process

The Table 3 illustrates how the extraction comparing the results of testing the prepared
process' efficiency was determined by compounds with existing literature [8, 16-19].

Table 3. The extraction data of tested prepared salts by using optimal conditions (285 nm, 60 min,
0.1 gm of extractant at 30°C)

Comp. No. A (absorption) S content PPM S e Y
1 1.129 826 174
2 1.145 838 16.2
3 1.060 776 22.4
4 1.058 774 22.6
5 0.901 659 34.1
6 0.898 657 34.3
Conclusion

Comparing the prepared salts to other findings that they have an acceptable efficiency
studies [10, 16-18], it is evident from the earlier level in the sulfur removal process. It is also
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evident that there is no variation in the
extraction efficiency when comparing organic
salts to one another. It is observed that there are
no variations in efficiency due to the methyl
group's replacement on the ring. It is found that
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LYUIS TURSUSU KiMi FeCl; iLO PIPERIDINIUM OSASLI iION DUZUNDAN ISTIFADO
ETMOKLO EKSTRAKSIYALI DESULFURIZASIYANIN TOTBIQI

1Sariyys V. Zaydan, 29nvar M. Amin, **Assim A. Sabah

lKimya sobasi, Elmlar Kolleci, Mosul Universiteti, Mosul, frag
2Elm Bélmasi, Osas Tohsil Kolleci, Mosul Universiteti, Mosul, Iraq
e-mail: anwermameen@uomosul.edu.iq

Xiilasa: Todgigatda domir (I11) xlorid vo piperidiniumun azotlu ssaslarindan alinmis tizvi duzlar
(1) [MAMPI]BTr, (2) [PAMPI]Br ila reaksiyast naticasinds geyri-iizvi duzlarin sintezi aparilmisdir.
Alimmis birlosmalor mass-spektrometriya, infraqirmizi Furye spektroskopiya, mikroelement analizi
vo 'H-NMR niive magnit rezonans spektroskopiyasi isullart ilo xarakterizo edilmisdir. Bu
todgigatda ekstraksiyali kiikiirdsiizlogdirmo tisulundan istifado edilorok, sintez edilmis birlogsmolor
torkibinda 1000 ppm kiikiird birlosmalari olan neftlo todqiq edilmisdir. Dibenzotiofen (DBT) n-
heksan halledicidoa hall edilmis vo kiikiirdiin xaric olma faizini hesablamaq ti¢iin komiyyat tohlili
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tsulu kimi ultrabondvsoyi (UV) tsuldan istifado edilmisdir. Galocok todqiqatlar yiiksok natica
gostaran birlosmoalordan istifads etmoklos kiikiirdiin ¢ixarilmasi siiratini artira bilar.
Agar sozlari: Ton mayelari, tizvi duzlar, Lyuis tursusu, desulfurizasiya

MPUMEHEHUME SKCTPAKIIMOHHOM JECYJIb®YPU3ALIMU C
HCIOJb30BAHUEM HOHHOM COJIM HA OCHOBE ITUITEPUIVUHUAA C FeCl; B
KAYECTBE KHCJIOTBI JIBIOUCA

1Capml B. 3aiinan, 2AHBep M. Amun, **Accnm A. Cabax

1Kaqbedpa xumuu, Konneooc nayx, Ynusepcumem Mocyna, Mocyn, Upax
’Kagpeopa nayk, Konnedoc 6azosoco obpaszosanus, Ynusepcumem Mocyna, Mocyn, Hpax
e-mail: anwermameen@uomosul.edu.iq

Pe3tome: lccienoBanue BKJIIOYACT CHHTE3 HEOPTaHWMYECKHX COJICH IyTeM B3aMMOJICHCTBUS
xyopuaa xeneza C opranmdeckumu coisimu (1) [mAMPi]Br, (2) [pAMPi]Br, nonydeHHbIME U3
A30THCTOTO OCHOBAaHWS TNHICPUAWHHS. J[I XapakTepUCTHKH TOJYyYEHHBIX COCIUHCHUHN
UCTIOJIb30BAJIMCh CIIEKTPOCKOIMYECKUE W (PU3MUYECKUE METOJbI, BKIHOYAs MacC-CIEKTPOMETPHIO,
nHppakpacHyto Dypbe-CrEKTPOCKOINI0, MHKPOIIEMEHTHBIA aHAIU3 M CIICKTPOCKOIHIO SIEPHOTO
MarHuTHOro pesonanca ‘H-SIMP. B 9TOM HCCIIeI0BAHHH HCIONB30BAICS METO YKCTPAKIHOHHOMN
necynbdypanyn, a MmoJydeHHbIe COSIMHEHUSI ObUIH MCCIEIOBAHBI C MCIIOJIb30BaHUEM MOIEITHHON
HedtH, comepxamieit 1000 ppm cepuucroro coenurenus. Jubenzornodpen (DBT) pactBopsiu B
pacTBopuTelie H-rekcaHe, a ynbTpaduoser (Y®P) ucnoiap30Baii B KaueCTBE KOIMYECTBEHHOTO
METOAa aHalu3a IS pacueTa MPOIEHTOB YAalieHWs cepbl. byayimme ucciaemnoBaHHs MOTYT
MOBBICUTh CKOPOCTh YJAJICHHS CEphbl, O0ECIECYMBACMYIO TPUTOTOBICHHBIMU COCTUHCHHSIMH,
KOTOpBIE MTOKa3alu MPUEMIIEMbI pe3yibTar.

KiroueBbie cjioBa: oHHBIE )KUAKOCTH, OPTraHUYECKHE COH, KUCIoTa JIpronca, necyinb(ypu3arms.
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