Volume : 2 | Issue : 6 | June 2013 « ISSN No 2277 - 8179

Desulfurization of Liquid Fuels by

Selective Extraction Method: a Review

Research Paper

Engineering

KEYWORDS : zero-sulfur emission,
extraction, ionic liquids, liquid fuels.

K.Abinaya

641014, India
Dr.A.Sivalingam

641014, India.
Dr.T.Kannadasan

641014, India.

Department of Chemical Engineering, Coimbatore Institute of Technology, Coimbatore

Department of Chemical Engineering, Coimbatore Institute of Technology, Coimbatore

Department of Chemical Engineering, Coimbatore Institute of Technology, Coimbatore

ABSTRACT Owing to the stringent environmental regulations in many countries for production of ultra low sulfur

petroleum fractions intending to reduce sulfur emissions results in enormous interest in this area among the
scientific community. Requirement of zero sulfur emissions enhances the prominence for more advanced techniques in desulfuriza-
tion. Desulfurization by extraction is a promising approach having several advantages over conventional hydrodesulphurization. This
paper is dealt with various new approaches for desulfurization of ultra clean gasoline, diesel and other liquid fuels by extraction with
ionic liquids. Recent advancements for finding a long term solution for deep sulfur reduction by extraction method using various
ionic liquids are reviewed . Very promising IL'S are found to be pyridium and imidazolium based cations.

1. INTRODUCTION:

Sulfur content in transportation fuel has become a serious
concern throughout the world due to its severe environmental
menace as well as its effects in catalysts and vehicle engines.
Sulfur compounds are encountered in many areas in oil refinery.
Common types of sulfur compounds in liquid fuels are listed in
table 1. During combustion in the diesel engines, the sulfur com-
pounds burn to form harmful sulfur oxides (SOx) and sulfate
particulates. The nitrogen compounds are oxidized to nitrogen
oxides (NOx).The exhaust emissions contain SOx, NOx, CO, CO2,
PM and unburned hydrocarbons (HC). The particulate matter
(PM) emitted from diesel engine consists of three main con-
stituents: a carbonaceous core, a soluble organic fraction (SOF)
and a mixture of SOx and water, and it has been found to be a
human carcinogen. A few traces of sulfur present in the diesel
fuels also poison the oxidation catalysts in the emission control
system and reduce their effectiveness for the oxidation of harm-
ful carbon monoxide, hydrocarbons and volatile organic matter
[1,2]. The government imparts various environmental regula-
tions and added stringent sulfur specification in fuels aiming at
Zero sulfur emission. Table 2 lists diesel fuels standards in India.
Bharat Stage IV diesel are cleaner fuels as they have lower sulfur
content of 50 ppm compared to BS-1II diesel which contain 350
ppmw sulfur respectively [3].

Many new concepts and technologies have been developed
during the last 20 years to desulfurize the least reactive sulfur
species from the diesel feed that make reaching the near zero
sulfur requirements attainable cost effectively. The widely used
method for desulfurization is catalytic hydrodesulphurization.
In the recent years, refineries are facing higher amounts of sul-
furous crude oil as feedstock due to the diminishing crude oil
reserves and producing larger volume of products from high
sulfur heavy oil fractions. This, along with the demand for ul-
tra clean fuel, are increasing the desulfurization cost[4]. Severe
operating conditions, i.e., very low space velocities, high tem-
peratures, high hydrogen pressures, and the use of highly active
catalysts, are inevitably required to produce ultra-clean fuel oils
[5-7]. HDS show lesser satisfactory performance in removing
Poly Aromatic Sulfur Heterocycles (PASHs) such as DBT due to
steric hindrance[7]. Hence, it is necessary to develop an supple-
mentary process to HDS for deep desulfurizing fuel. Hence, it is
necessary to investigate new processes of fuel desulfurization
as the existing HDS process supplement.

Some of the new promising methods for fuel desulfurization
are adsorption, extraction, oxidative extraction, precipitation,
membrane and biochemical processes. Extraction method is
based on better solubility of sulfur compounds and aromatic
hydrocarbons in relation to non aromatics in appropriate polar

solvent. This article reviews about various researches of selec-
tive extractive desulfurization process based on the type of sol-

vent used for the extraction.

Table 1
Typical Sulfur Compounds and corresponding refinery streams
for fuels
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Table: 2
Diesel Fuels in India
Date Particulars
1995 Cetane number: 45; Sulfur: 1%
1996 | Sulfur: 0.5% (Delhi + selected cities)
1998 | Sulfur: 0.25% (Delhi)
1999 | Sulfur: 0.05% (Delhi, limited supply)
2000 Cetane number: 48; Sulfur: 0.25% (Nationwide)
2001 | Sulfur: 0.05% (Delhi + selected cities)
2005 Sulfur: 350 ppm (BS IlI/Euro 3; selected areas)
2010 Sulfur: 350 ppm (BS 11I/Euro 3; nationwide)
2010 | Sulfur: 50 ppm (BS IV/Euro 4; selected areas)
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2.CURRENT DESULFURIZING TECHNOLOGIES:

2.1 Hydrodesulfurization:

Hydrotreating or hydroprocessing refers to a variety of hydro-
genation processes which saturate unsaturated hydrocarbons
and eliminate S [by hydrodesulfurization (HDS)], N [by hydro-
denitrogenation (HDN)], O [by hydrodeoxygenation (HDO)] and
metals [by hydrodemetallization (HDM)] from different petrole-
um streams in a refinery. Hydrodesulfurisation or hydrotreating
is one of the major standard method for desulfurization used in
oil refinery. Hydrogenation reaction occurs due to cleavage of
C-C Bond with net result of formation of C-H and H-S bonds. HDS
is a high-pressure, high-temperature catalytic process that con-
verts organic sulfur to hydrogen sulfide gas. It can also remove
various types of sulfur compounds, some types of heterocyclic
sulfur compounds existing in petroleum cannot be removed [8]

2.2 Adsorptive desulfurization:

Adsorptive desulfurizing units can provide low sulfur fuel for
sulfur intolerant systems such as fuel cells and catalyst beds.
Operability of a desulfurizer at ambient conditions without the
requisite for hydrogen provides many advantages over conven-
tional systems. When lower sulfur standards are enacted, the
use of sorptive systems in combination with traditional HDS
units would reduce the costs of retrofitting them [9].

2.3 Oxidative desulfurization:

Oxidative desulfurization (ODS) is considered a hopeful method
for ultra-deep desulfurization of fuel oils. Under mild condi-
tions, the organosulfur compounds are oxidized to their corre-
sponding sulfoxides or sulfones. The process is carried out in
the presence of a catalyst and an oxidising agent. The oxidized
sulfur compounds are subsequently removed by extraction, ad-
sorption, distillation, or decomposition [10-13]

2.4 Biodesulfurization:
Biodesulfurisation is excellent desulfurising technology due to
its specificity towards aromatic sulfur containing compounds
and mild operability[14].

3.EXTRACTIVE DESULFURIZATION:

Liquid Extraction, sometimes called solvent extraction, is the
separation of the constituents of a liquid solution by contact
with another insoluble liquid. Separation based on extraction
is preferred over other separation methods for its advantage in
less costlier easy disposal since it incurs no chemical consump-
tion or by product formation unlike other chemical methods. In
distillation depends on vapor pressure and the constituents are
similar unlike extraction.In liquid Extraction , the major con-
stituents of two phases are chemically different, and this makes
separations according to chemical type possible.[15].

Extractive desulfurization (EDS) is more striking since extrac-
tion is a well established process technology carried out at or
around ambient temperature and pressure and without the
need for hydrogen, and does not modify the chemical structure
of the fuel components. However, it is required that the extract-
ant be sufficiently selective for the sulfur compounds (S-com-
pounds) without affecting the octane number of the fuels[16].
The exclusive part of the extractive distillation unit is that it
segregates the sulfur and aromatic components prior to the hy-
drotreater[17]

This paper proposes the use of Ionic Liquids (ILs) as extracting
agent in liquid-liquid extraction as an alternative or supplemen-
tal technology for the desulfurization of refinery streams.

4. IONIC LIQUIDS:

An ideal extracting agent should have the following properties:
(1) The partition coefficient for S-compounds (ratio of S-con-
centration in the extracting agent to the one in the oil), above
all for dibenzothiophene-derivatives, should be high (2) The
regeneration should be easy, e.g. by distillation, or at least the
extraction should be reversible. (3) The agent should be abso-
lutely insoluble in oil. (4) The (S-free) hydrocarbons of the oil
matrix should not, or only to a small extent, be soluble in the ex-
tracting agent. (5) The agent should feature a high thermal and

chemical stability, be non-toxic and environmentally benign.

Ionic liquids will be of best choice for such ideal behavior. lonic
liquids are purely ionic, salt-like materials, which are liquid be-
low 100°C. Commonly, they have melting points below room
temperature, with some even below 0°C. solidification of the
Ionic Liquid will take place at lower temperatures. The strong
ionic interaction within Ionic Liquids results in a negligible va-
por pressure, unless decomposition occurs. It makes the mate-
rial non-flammable and highly stable thermally, mechanically
and electrochemically. Furthermore, it imparts very appealing
solvent properties and immiscibility with water or organic sol-
vents that results in biphasic systems.

They are useful as solvents and catalysts in alkylation [18],
polymerization[19], Diels-Alder[20], electrochemistry[21].
Ionic liquids can be used as extractants for the separation of
aromatic hydrocarbons from aliphatic hydrocarbons. Extrac-
tion of aromatics from mixed aromatic/aliphatic streams with
ionic liquids is expected to require less process steps and less
energy consumption than extraction with conventional solvents
because ionic liquids have a negligible vapour pressure.

The application of making use of ionic liquids for extraction
processes is promising because of their non-volatile nature.[22]
.Some of the ionic liquids is shown in figurel.
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Fig. : 1 Typical structure that combines with organic cations
with inorganic or organic anions.

4.1 Imidazolium based ionic liquids:

Major research of studies of desulfurization by extraction is
by using Imidazolium based ionic liquids. Likhanova et al. [23]
studied 17 ionic liquids and studied their efficiency in sulfur
removal. The results shows that IL's containing imidazolium
cations are the best counterpart for increasing the efficiency
of sulfur removing. The efficiency to remove sulfur compounds
are not affected due to the presence of methyl substituents in
position 2. Chunxi Li et al.[24] studied EDS performance of N
-butylimidazole derived dialkylphosphate ILs, viz. [BMIM]
[DMP] and [BEIM][DEP]. [BMIM][DMP] seems to be promising
for extractive removal of aromatic sulfur compounds (S-com
pounds) from fuel oils, and show strong preferential extraction
for aroma tic S-compound versus toluene. The results show
that the sulfur removal selectivity for a specific IL is depend-
ent on the molecular structure of the S-compounds. It follows
the order dibenzothiophene > benzoth iophene > thiophene
> 3-methyl thiophene , The EDS performance is attributed to
the formation of complex between m -electrons of aromatic S-
compound and the charged imidazolium ring of the IL, which
is largely affected by the size of the alkyl substitutes via steric
effect and dispersion interaction involved. The extraction of sul-
fur containing aromatic compounds such as 2,5-dimethylthio-
phene, thiophene, benzothiophene and dibenzothiophene (1 wt
%) present in n-octane follows the similar trend observed by
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benzene derivatives . The interaction of these sulfur compounds
with the ionicliquid is through CH---t bonds and the quantity of
sulfur compounds extraction increases with the increase of the
m-density and decreases with the degree of alkyl substituents
as already observed in the extraction procedures by 1-n-butyl-
3-methylimidazolium n-octylsulfate and 1-ethyl-3-methylimi-
dazolium ethylsulfate.

The extraction of benzothiophene from n-hexane was studied
using 1-ethyl-3-methylimidazolium ethyl sulphate ([EMIM]
[EtSO4 ]) and 1-ethyl-3-methylimidazolium acetate ([EMIM]
[CH3COO]) at 308.15 K to analyze the performance of ionic
liquids in the extractive desulphurization of aromatic sulphur
com-pounds from petroleum fuels.Very high selectivity values
were achieved for the ternary experiments done on the systems,
1-ethyl-3-methyl imidazolium ethyl sulphate-benzothiophene-
n-hexane and 1-ethyl-3-methylimidazolium acetate-benzothio-
phene-n-hexane. it was found that while the selectivity was
higher for the ethyl sulphate-based ionic liquids, the distribu-
tion coefficient was higher for acetate-based ionic liquids[25].

Hu Yufeng and his co-workers[26] investigated extractive re-
moval of sulfur compounds from Dongying and Liaohe diesel
fuels with [BF4] -- based ionic liquids. [C8Py][BF4] <
[C8mim][BF], remains unchanged as the mass ratio decreases
from 1:5 to 1:2 or 1:1, implying that the used mass ratio has a
little influence on the relative absorption capacities of the exam-
ined ionic liquids. Imidazolium- based ionic liquids show higher
extraction efficiencies than pyridinium-based ionic liquids, pre-
sumably owing to the fact that the rings of the S-compounds are
similar to the imidazolium head ring. With the 1:1 mass ratio of
ionic liquid/diesel fuel, the rates of the first desulfurization of
Dongying and Liaohe diesel fuels using [C8mim][BF4] amount
to 29.96% and 39.76%, suggesting that [C8mim][BF4] is a
promising extractant for desulfurization of these diesel fuels.

Eleven Lewis acid ionic liquids, [Bmim]Cl/FeCl3 (Bmim: 1-bu-
tyl-3-methylimidazolium  chlo-ride), [Omim]Cl/FeCI3(Omim:
1-Octyl-3-methylimidazolium Chloride), T8Cl/FeCl3(T8ClL:
Tri-octyl methyl ammonium chloride), T4Cl/FeCl3(T4Cl: Tri-
butyl methyl chloride),D10Cl/FeCl3(D10Cl: didecyl dimethyl
ammonium chloride),and [Emim]Cl/AICI3(Emim: 1-ethyl-3-
methylimidazolium),have been synthesized and investigated for
desulfurization of liquid fuels by Swapnil A. Dharaskar et al..[27].
[Bmim]Cl/FeCl3 was the most promising ionic liquid and per-
formed the finest among studied ionic liquids exhibiting better
extractive performance for dibenzothiophene with the maximum
desulfurization efficiency of 75.6% and they may be reused with-
out regeneration with considerable extraction efficiency of 47.3%.

4.2 Pyridium based ionic liquids :

N -butyl-pyridinium tetrafluoroborate ([BPy]BF4) is found
to have best effect for selective removal of sulfur-containing
compounds from gasoline at room temperature among other
pyridium based ionic liquids with extraction rate of 45.5%.The
extraction desulfurization ability of IL's connects with their
chemical properties, such as the cation or anion structure, the
size of IL's. Compared to N-ethyl-pyridinium-based ILs, N-bu-
tyl-pyridinium-based IL’s with the substitution of a longer alkyl
group to the pyridinium ring, have higher desulfurization ability

Research Paper

. Regenerated of used IL's are carried out by rotary evaporation
or re-extraction using tetrachloro-methane[28]

4.3 Aqueous ionic liquids:

Desulphurization of jet fuel, diesel oil, heavy residue and com-
mercial furnace oil is carried out through extraction with aque-
ous solutions of sodium chloride, barium chloride, sodium hy-
droxide, mercury chloride, arsenic trioxide, potassium iodide,
lead acetate, calcium hydroxide, zinc chloride, aluminum chlo-
ride, hydrochloric acid and sulphuric acid among which HgCl2
and Ca(OH)2 are most efficient in sulfur removal. The total sul-
phur depletion of 60 % and 58 % has been achieved in case of
jetfuel oil, 71 % and 62 % in case of diesel oil, 68 % and 67 % in
case of heavy residue and 67 % and 69 %in case of commercial
furnace oil with 10% HgCl2 and 5% Ca(OH)2 aqueous solutions,
respectively.[29]

4.4 Anion composition in IL’s:

Anion composition play an important role than cation in im-
proving the efficiency of IL's for sulfur compound extraction.
For desulfurisation of fuels IL's containing chloroaluminate and
chloroferrate as anion are good extracting anions. The efficiency
of sulfur removal decreased significantly when anions contain-
ing other chlorometalates (i.e. Sn, Zn, Cu ) are used. Though
acetate anion have lesser efficiency than chloroaluminates, it
showed remarkable desulfurising ability than other anions since
it could be recycled and reused without lost their performance
significantly in three cycles. Furthermore this organic anion is
halogen-free, moisture insensitive, and thermally stable[23].
However chlorometallate IL's are not suitable for large scale ap-
plications due to their limited stability and toxicity. Further re-
searches shows that tetrafluoroborate or hexafluorophosphate
IL's are also appropriate for the extraction of model-sulfur com-
pounds. Inspite of its higher hydrolysis stability their use is not
optimal because of its higher price of starting material. To avoid
these stability and corrosion problems. completely halogen-free
IL's are used for the extraction of S- and N-compounds[30].

5. EXTRACTION BY OTHER SOLVENTS:

Extractive desulfurization of FCC gasoline with two solvents
(sulfolane and furfural) was studied. Obtained results show that
lower sulfur content in samples after liquid extraction with sul-
folane was achieved at temperatures of 50 °C and sulfolane /
FCC ratio above 2 at process duration of 30 minutes. Maximum
desulfurization efficiency was obtained at high levels of tem-
perature and sulfolane / FCC gasoline ratio; time in researched
range of values had small impact[31]. Various other solvents are
also used for desulfurization.

6. CONCLUSION :

Desulfurization of fuels by extraction using ILs proves to be
promising approach eliminating the disadvantages of hydrodes-
ulphurization because of its milder operating conditions and
be able to remove those sulfur compounds that are difficult
to remove by hydrodesulphurization. Ionic liquids comprised
of number of solvents having remarkable properties proves to
have higher desulfurizing efficiency without H2 consumption.
Cations, Anions, Chemical Structure,temperature are important
parameters which affects extraction. Further experiments for
further understanding of properties of IL's and its regeneration
ability are needed.

174 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH




Research Paper Volume 12| Issue: 6 | June 2013 « ISSN No 2277 - 8179

1. (a) Diesel Emission Control - Sulfur Effects (DECSE) Program, Final Report:Diesel Oxidation Catalysts and Lean-NOx Catalysts, 2001, The US

Department of Energy, Engine Manufactures Association.; | (b) Phase I Interim Data Report No. 3, Diesel Fuel Effects on Particulate Matter Emis-
sions, November 1999. | 2. Corro, G. (2002). Sulfur impact on diesel emission control—a review. React. Kinet. Catal. Lett. 75 89. | 3. Fuel Regulations, www.dieselnet.com/stand-
ards/fuels.html | 4. Bej, S.K,, Maity, S.K,, Turaga, U.T.(2004). Search for an efficient 4,6-DMDBT hydrodesulfurization catalyst: a review of recent studies. Energy Fuels;18:1227-37.
| 5. Babich, LV, Moulijn, J.A..(2003) Science and technology of novel processes for deep desulfurization of oil refinery streams: a review. Fuel;82:607-31. | 6. Sentorun-Shalaby, C.,
Saha, S.K, Ma, X.L,, Song C.S.(2011) Mesoporous-molecular-sieve-supported nickel sorbents for adsorptive desulfurization of commercial ultra-low-sulfur diesel fuel. Appl Catal
B - Environ ;101:718-26. | 7. Gates, B.C., Topsoe, H. (1997). Reactivities in deep catalytic hydrodesulfurization: Challenges, opportunities, and the importance of 4-methyldibenzo-
thiophene and 4,6-dimethyldibenzothiophene. Polyhedron;16:3213-7 | 8. Topsoe, H., Clausen, B.S., Massoth, EE.(1996) A review of: “Hydrotreating Catalysis Science and Technol-
ogy”, Catalysis: Science and Technology. | 9. Sachin, N., Bruce, J., Tatarchuk, (2010). Supported silver adsorbents for selective removal of sulfur species from hydrocarbon fuels. Fuel
89 3218-322 | 10. Otsuki, S., Nonaka, T, Takashima, N., Qian, W, Ishihara, A, Imai, T, Kabe, T. (2000). Oxidative desulfurization of light gas oil and vacuum gas oil by oxidation and
solvent extraction. Energy Fuels 14 1232-1239. | 11. Campos-Martin, ].M., Capel-Sanchez, M.C,, Perez-Presas, P, Fierro, J.L.G. (2010). Oxidative processes of desulfurization of liquid
fuels. Chem.Technol. Biotechnol. 85 879. | 12. Li, C, Jiang, Z,, Gao, ], Yang, Y., Wang, S., Tian, F, Sun, F, Sun, X,, Ying, P, Han, C. (2004). Ultra-deep desulfurization of diesel fuel: oxida-
tion with recoverable catalyst assembled in emulsion. Chem. Eur. J. 10 2277. | 13. Fraile, ].M,, Garcia, J.I,, Lazaro, B., Mayoral, J.A. (1998). A mild, efficient and selective oxidation of
sulfides to sulfoxides. Chem. Commun. 1807. | 14. Shan, G., Zhang, H,, Xing, ], Chen, G., Li, W, Liu, H. (2006). Biodesulfurization of hydrodesulfurized diesel oil with Pseudomonas
delafieldii R-8 from high density culture. Biochem. Eng. J. 27 305-309 | 15. Treybal 3rd edition ,Mass Transfer Operations-liquid extraction -p:477-78 | 16. Song C. S.(2003), An
overview of new approaches to deep desulfurization for ultra-clean gasoline, diesel fuel and jet fuel. Catalysis Today, 86 211-263 | 17. ].C. Gentry, Sulfur reduction, Hydrocarbon
Process. 81 (July 2002) 42. | 18. Zhao, D., Wu, M,, Kou, Y,, Min, E.(2002). Ionic liquids: applications in catalysis. Catal. Today, 74, 157-189. | 19. Vygodskii, Y.S., Lozinskaya, E.L,
Shaplov, A.S. (2002) Macromol. Ionic Liquids as Novel Reaction Media for the Synthesis of Condensation Polymers. Rapid Commun,, 23, 676-680. | 20. Kumar, A.; Pawar, S.S. Metal
Catalysed reaction in ionic liquids.(2004) J.Org.Chem., 69,1419-1420. | 21. Wilkes, ].S.; Levisky, ].A.; Wilson, R.A. (1982). Dialkylimidazolium chloroaluminate melts: a new class
of room-temperature ionic liquids for electrochemistry, spectroscopy and synthesis. Inorg.Chem,, 21, 1263-1264. | 22. Huddleston, J.G., Willauer, H.D., Swatloski, R.P, Visser; A.E.,
Rogers, R.D. Room temperature ionic liquids as novel media for F clean_liquid - liquid extraction. Chem. Commun. 16 (1998) 1765 - 1766. | 23. Likhanova N.V, R. Martinez-Palou,
D. Guzman-Lucero, Flores-Oropeza E.A. Deep Desulfurization of Fuel by Liquid-Liquid Extraction using Ionic Liquids. | 24. Nie, Y, Li, C., Meng, H., Wang, Z. N,N -dialkylimidazolium
dialkylphosphate ionic liquids: Their extractive performance for thiophene series compounds from fuel oils versus the length of alkyl group. FUEL PROCESSING TECHNOLOGY 89
(2008) 9 78- 983 | 25. Nirmal Ravi, V,, Anantharaj, R. Tama, B. (2011). Experiments, correlations and COSMO-RS predictions for the extraction of benzothiophene from n-hexane
using imidazolium-based ionic liquids. Chemical Engineering Journal166 30-39 | 26. Xuemei, C,, Yufeng, H., Jiguang, H., Qianging, L., Yansheng, L., Xianming, Z., Xiaoming, P. &
Wenijia, Y. (2008). Desulfurization of Diesel Fuel by Extraction with [BF 4]™-based Ionic Liquids. Chin. ]. Chem. Eng,, Vol. 16, No. 6, | 27. Swapnil A. Dharaskar, Kailas L. Wasewar,
Mahesh N. Varma, and Diwakar Z. Shende. Extractive Deep Desulfurization of Liquid Fuels Using Lewis-Based Ionic Liquids. Journal of Energy Volume 2013, Article ID 581723, 4
pages | 28.Wang, J. L., Zhao, D. S., Zhou, E. P, & Dong, Z. (2007). Desulfurization of Gasoline by Extraction with N-alkyl-Pyridinium-Based Ionic Liquids. Journal of Fuel Chemistryand
Technology, 35(3), 293-296 | 29. Shakirullah, M., Ahmad, I, Ahmad, W,,Ishaq, M.M.. Desulphurization study of petroleum products through extraction with aqueous ionic liquids. |
30. Bésmann, A., Datsevich, L., Jess, A,, Lauter, A., Schmitz, C. & P. Wasserscheid. Deep desulfurization of diesel fuel by extraction with ionic liquids. Chem. Comm.. | 31. Adzamic, T,
Sertic-Bionda, K., Zoretic, Z. (2009). Desulfurization of FCC gasoline by extraction with sulfolane and furfural. NAFTA 60(9) 485-490 |

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 175




