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    Ionic liquids represented a real revolution in Chemical Sciences in recent decades. They have attracted enormous research efforts due to their unique properties, with the potential to replace a range of small- and large-scale processes in which technological processes present severe problems of efficiency, high toxicity, and sustainability.




    The Oil Industry has not been an exception, significant advances have been made in the last two decades in new alternatives to solve technical problems with the use of ionic liquids. In fact, the alkylation process for high-quality gasoline production is one of the remarkable industrial success stories that have demonstrated that ILs (Chapter 9 of this book) have the potential to solve safety, environmental and processing issues present in oil refineries.




    The Mexican Petroleum Institute (IMP), which I had the opportunity to visit a few years ago, is a research center that has devoted relevant efforts to solving technological problems in the oil industry, being the leading institution in its country in the number of patents granted and their applications. Over the years, IMP has dedicated important resources to improve the technological processes of Petróleos Mexicanos with the use of ILs as the reader will learn through this book that can be a source of inspiration and consultation for students, academics, and researchers in the area.




    With very best wishes for an enjoyable and fruitful reading.
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    2018, 2019 and 2020 Highly Cited Researcher.
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    Ionic liquids (ILs) are ionic organic compounds, which unlike inorganic ionic compounds (salts), present, in general, very low melting points (below 100°C by and large) and in other cases, they are liquid at ambient temperature with negligible vapor pressure (non-volatile like common organic solvents), slight corrosive nature, low flammability and high chemical stability. These and other properties have positioned such compounds as “environmentally friendly” and drawn the researchers’ attention, exploring a number of applications in different chemistry fields like that of the oil industry.




    In the present compendium, some of the works published by the Mexican Petroleum Institute (In Spanish: Instituto Mexicano del Petróleo, IMP) are reviewed. The IMP is a public institution that has been devoted to carry out research projects aimed at providing solutions to the Mexican Oil Industry since 1965, the year when it was founded, and the synthesis and field application of ILs for dealing with the technical challenges faced by such national industry represent some of the current works developed at this research center. General aspects and recent bibliography of different topics are reviewed; in addition, IMP contributions by means of scientific papers and granted patents on ILs synthesized and used to solve technological problems found in the Mexican oil reservoirs are discussed. In this context, the removal of solid, liquid, and gaseous pollutants and the breaking of emulsions that are formed naturally between crude oil and water, which increases the oil viscosity and makes the transport of heavy and extra heavy crude oil difficult, are drawbacks that can be attacked by employing chemical compounds to control water in mature fields. ILs can be used to inhibit corrosion (corrosion inhibitors, CIs), as inhibitors of the formation of methane hydrates in deepwater wells, and as catalysts to obtain alkylate gasoline by the reaction between isobutane and butene.




    This book is addressed to passionate organic chemistry researchers interested in the wide universe of ILs and more specifically to experts in research works focused on the synthesis and use of chemical compounds to support and help the Oil Industry be safer and more sustainable.
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      Abstract




      ILs have attracted the attention of researchers in recent decades. The number of applications in which these unusual compounds show good performance has grown dramatically in the last century. This chapter presents an overview of ionic liquids, their structure, properties and general applications that have made them one of the families of chemicals to which most research efforts have been devoted.
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      INTRODUCTION




      Over the last two decades, ILs have strongly drawn the attention of the scientific community due to their interesting physical properties [1, 2] and applications as solvents with exceptional properties in organic synthesis [3-6], catalysis [7-10], biocatalysis [11-13], liquid-liquid separations [14], extraction [15-19], dissolu-tion, [20-23] synthesis of nanomaterials [24], polymerization reactions [25, 26], electrochemistry [27, 28], and energy storage [29].




      ILs are ionic compounds in which at least the cation is of organic type and have the particularity of being liquid compounds at ambient temperature or close to it (< 100°C), which makes them different from other ionic compounds or molten salts that display very high melting points (> 800°C). Fig. (1.1) shows the general structure of the most common cations present in ILs.
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Fig. (1.1))


      Some typical IL cations. R, R’, R”, R”’ represent alkyl, benzylic or alkyl-functionalized chains.



      The cations can be of the heterocyclic type, derived from imidazole (1), pyridine (2) or quinoline (3) or aliphatic compounds such as quaternary compounds derived from amines (4), phosphorous (5) or sulfur (6) compounds. ILs have the special feature of displaying a heteroatom (nitrogen, phosphorous or sulfur) with a positive charge or electron deficiency, which in the case of aromatic derivatives, are delocalized through the ring.




      In the case of anions, they can be inorganic or organic and their type affects significantly the physicochemical properties of the ILs [30].




      Some of the most common ions found in ILs are as follows: Cl-, Br-, [BF4]-, [PF6]-, [SbF6]-, [AlCl4]-, [FeCl4]-, [AuCl4]-, [InCl4]-, [NO3]-, [NO2]-, [SO4]-, [SCN]-, [AcO]-, [N(OTf)2]-, [CF3CO2]-, [CF3SO3]-, [PhCOO]-, [C(CN)2]-, [RSO4]- and [OTs]-.




      The possible combinations between cations with different chain types (R) and anions allow the generation of more than 2 million of ILs with diverse physical and chemical properties [31]; some of the characteristics that make ILs so attractive in different chemical areas are the following:




      Negligible vapor pressure. For this reason, ILs are considered as environmentally friendly solvents and exceptional substituents of common organic solvents, which in most cases are volatile, toxic and handled in high volumes in industrial processes.




      Not flammable. This property makes them safe to be handled.




      Excellent catalyst properties. The catalytic properties of these compounds are exceptional and the number of examples featuring processes where ILs have worked as catalysts is increasing exponentially in the scientific literature.




      High ionic conductivity. The structure of both the cation and anion considerably We agree with the proposed change the ionic conductivity of ILs, which in general is very high.




      Wide electrochemical potential window. Thanks to this feature, numberless applications in electrochemical processes are possible.




      Broad thermal stability interval. For the same organic cation, the thermal stability can vary within a more or less wide interval; for this reason, these ions can be employed in processes that take place at relatively high temperatures (between 200 and 400 °C).




      Variable dissolving properties. Wide range variability of the properties to dissolve organic compounds or to be dissolved in common organic solvents. The




      structure of both the cation and anion affects considerably the solvent properties of ILs.




      Easily recyclable. ILs can be purified and reused for various cycles for many applications without altering significantly their properties or activity. The regeneration process is generally carried out by washing with conventional organic solvents and subsequent vacuum drying.




      

        Synthesis of ILs




        In general, ILs are synthesized by means of nucleophilic substitution reactions through which an alkyl halide reacts with a heteroatom in a heterocyclic or aliphatic compound, where the free electron pair from such heteroatom is involved in the formation of a new heteroatom-carbon bond, thus generating electron deficiency in the heteroatom in question.




        The classical synthesis methodology of ILs occurs through the alkylation of a heteroatom with short-chain alkyl halides; for this reason, in general, at the first synthesis stage, the ILs present a halide as anion. At the second stage, the anion can be exchanged or modified through either a metathesis or acid-base reaction.




        The cation in the ILs can be symmetric or asymmetric. In the case of the symmetric ILs, the reaction includes a previous stage at which the heteroatom-hydrogen bond is broken through the treatment of the heterocycles with a strong base (sodium hydride, NaH, in most cases).




        The synthesis requires heating conditions under reflux with or without the presence of a solvent. The reaction time will depend mainly on the reactivity of the alkyl halides, and according to them, the reaction time can be from 24 to 72 h.




        Since ILs are not volatile (practically negligible vapor pressure), purification cannot be carried out by distillation and, in general, it is performed through washings employing organic solvents capable of eliminating soluble impurities without dissolving the IL.




        The preparation methods of ILs by conventional heating require many reflux hours in organic solvents, however, in the last years, synthesis methodologies using microwaves, with which both alkylation and metathesis reactions are accelerated dramatically, have been described. The microwave synthesis methodology of ILs became very popular due to the high product yields in a few reaction minutes [32]. Likewise, ILs have been a very useful auxiliary tool for microwave organic synthesis [31, 33].




        Varma et al. described for the first time the microwave synthesis of ILs of the imidazole and bis-imidazolium type by means of the reaction between 1-methylimidazole and alkyl halides or dihalides in an open system without using a solvent. The ILs were produced in less than 2 min with yields above 70% [34]. These researchers also published an efficient methodology for the synthesis of these compounds using ultrasound as an alternative energy source [35].




        Fig. (1.2) shows a simplified reaction diagram for the synthesis of ILs, both symmetric and asymmetric, employing conventional heating (∆), ultrasound [)))] or microwaves (MW) as nonconventional heating sources. The schematic representation displays the synthesis from imidazole, which is one of the most used starting materials, but in general, the synthesis procedure is valid for most ILs described in the scientific literature containing the cations 2-6 described in the general structures [36-39].
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Fig. (1.2))


        General synthesis methodology of ILs from imidazole.



        As it can be observed in Fig. (1.2), the synthesis time of the ILs is reduced considerably by employing a microwave piece of equipment. According to the aforementioned, it would be recommendable that such a piece be at hand for the synthesis of the ILs that are intended to be evaluated.




        Once the ILs are synthesized and purified, they are submitted to a structural characterization process in order to obtain unequivocal information of the synthesized compound and its purity by means of techniques such as nuclear magnetic resonance (NMR), infrared spectroscopy and mass spectrometry.


      




      

        Technology Development Using ILs




        Since the 1980s, the interest in the use of ILs as solvents in chemical processes has increased notably and since then, a large number of applications have emerged. Many of these research works have focused on the employment of ILs to create biphasic systems for alkylation and acetylation reactions [40].




        The ILs can be classified as “design solvents”, for by varying the characteristics of the implied ions, millions of different combinations can be synthesized; which is an immense amount in comparison with the less than 300 most used organic solvents in the chemical industry. Due to the excellent hybrid properties of ILs, which stem from their organic-inorganic nature (thinking of a cleaner chemical industry), the most varied uses of ILs in different application areas have been suggested and studied, as described in Table 1.1.




        

          Table 1.1 Some applications of the ILs.




          

            

              

                	Application Area



                	Some Possible Applications

              


            



            

              

                	Energy



                	• Fuel cells


                • Photovoltaic cells


                • Light emission electrochemical cells


                • Electrolytes for lithium batteries


                • Electrolytes for solar cells

              




              

                	Chemistry



                	• Organic synthesis


                • Chiral synthesis


                • Polymerization


                • Catalysis


                • Electrosynthesis of conducting polymers

              




              

                	Biotechnology



                	• Biocatalysis


                • Purification of proteins

              




              

                	Chemical Engineering



                	• Extraction with supercritical fluids


                • Separation processes


                • Membranes


                • Extractive distillation


                • Cleaner fuels

              




              

                	Other



                	• Nanoparticles


                • Liquid crystals


                • Additives

              


            

          




        


      




      

        Large-scale Applications in the Oil Industry




        As for the applications of ILs in the Oil Industry, some recent developments have been described; for example, the French Petroleum Institute patented the use of ILs as solvents for alkylation, polymerization, and catalysts for the Diels-Alder reaction [41].




        The company BP Chemicals tested the use of pyridinium or imidazole chloride in combination with an alkyl aluminum halide (RnAlX3-n) as IL for the polymerization of butane [42, 43]. On the other hand, Akzo Nobel described a process for the formation of alkylbenzenes employing ILs [44, 45]. Exxon patented a process using ILs for extracting aromatic compounds from a hydrocarbon mixture, where triethylammonium dihydroxybenzoate salts were employed [46].




        One of the applications that have had the largest scaling of a productive process employing ILs is the technology for gasoline production by alkylation through the reaction between isobutane and butenes. This technology has been widely studied to replace the conventional acid catalysts (H2SO4 and HF) by ILs [47, 48]. These ILs contain transition metals in their anion and have been used as catalysts of the alkylation reaction between light olefins and hydrocarbons, typically between 2-butene and isobutane to obtain trimethylpentane. The company PetroChina developed an alkylation process based on ILs known as Ionikylation. Currently, the company has an alkylation unit based on this technology that produces 150,000 ton/year [49-51]. As for Honeywell UOP, it licensed the technology known as IsoalkyTM, which was developed by Chevron, at the test stage in Salt Lake City based on a chloroaluminate-type catalyst [52].




        Another advantage associated with the use of ILs as solvents in chemical reactions is that they require milder temperature conditions than when conventional solvents are employed, which implies as a consequence, the reduction of energy and environmental costs [53-55]. For example, the reactions, where ILs are used as catalysts, occur at lower temperatures and with higher yields. The Friedel-Crafts reaction, which plays a key role in the oil cracking process, is carried out with conventional solvents at 80 ° C, takes 8 h and has a yield of 80%; in contrast, the same reaction using ILs is performed at 0 °C, occurs in 30 seconds with a yield of 98% and a product that is purer and homogeneous [56-60].




        At present, ILs have widened their applications in processes at a large scale [61] and many of them are commercially available [62]. Recently, some current and future applications have been reviewed [63, 64].


      


    




    

      CONCLUDING REMARKS




      As we have seen in the present chapters, ILs have such interesting, varied, and unique properties, besides being such a wide and diverse family of compounds that make them a focus of attention for their application in different scientific fields, such as organic synthesis, catalysis, biocatalysts, separations, extraction, dissolution, synthesis of nanomaterials, polymerization reactions, electrochemistry, and energy storage. As you can see by reading this book, the application of ionic liquids has been very extensive in a wide variety of applications in the Oil Industry, from facilitating the processes of primary and improved extraction of crude oil from the deep sea to the addition of these products in the crude transport and refining processes. Some of these applications are still in the early stages of research and certain challenges remain to be resolved, while other results have already been tested on an industrial scale.
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      Abstract




      This chapter presents an overview of ionic liquids application for the removal of some pollutants such as sulfur, nitrogen and others that are present in considerable concentrations in fuels such as gasoline and diesel and which must be removed because they cause major environmental problems, and which can be extracted by different liquid-liquid extraction procedures using ILs.
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      INTRODUCTION




      Oil consists mainly of hydrocarbons that present high combustion efficiency; however, it is inevitably accompanied by other organic and inorganic compounds such as water, sulfur, nitrogen, oxygenated and halogenated organic compounds, resins, inorganic salts and carbon dioxide, among others. Most of these compounds can be highly pollutant to the environment and additionally, some of them diminish the combustible properties of hydrocarbons. Through the refining process of crude oil, it is possible to separate partially some contaminants and in turn, new pollutants such as those known as greenhouse effect gases, which are the main promoters of acid rain, are produced; for this reason, these compounds should be separated as exhaustively as possible from the oil derivatives generated during the refining process [1].




      The sulfur content varies according to the origin of crude oil and since that many sulfur compounds vaporize within the same boiling interval of the primary product, these compounds are present too, polluting them (Table 2.1) [2, 3].




      At the industrial level, the removal of sulfur compounds is carried out by a hydrotreatment process called Hydrodesulfurization (HDS) [4, 5]. Around 40% of the total gasoline mixture comes from either atmospheric residues or vacuum distillates that produce FCC gasoline, which contributes to 85-95% of the sulfur content and olefins in the FCC effluents (Fig. 2.1) [6-10].




      

        Table 2.1 Some of the pollutants present in the different oil fractions.




        

          

            

              	Fraction



              	Main Pollutants

            


          



          

            

              	Gasoline: Naphtha, Naphtha for Fluid Catalytic Cracking (FCC).



              	Mercaptans (R-S-H),


              Sulfides and Disulfides (R-S-S-R).

            




            

              	Jet Fuel: Heavy naphtha, middle distillate.



              	Benzothiophene and its alkyl derivatives.

            




            

              	Diesel: middle distillate, light cycle oil (LCO).



              	Alkyl benzothiophenes, dibenzothiophenes and its alkyl derivatives.
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Fig. (2.1))


      Schematic representation of the formation and recombination of sulfur compounds through the FCC process: (A) transformation of heavy sulfur compounds in the feedstock, (B) reaction between H2S (produced by the desulfurization of feedstock impurities) and olefins or diolefins resulting from the catalytic cracking of the feedstock, and (C) cyclization of alkylthiophenes formed during the process.



      The FCC of gasoline promotes the direct combination and transformation of sulfur compounds present in the feedstock, producing many impurities [11].




      Not all sulfur compounds can be eliminated through conventional techniques, and for this reason, they have to be submitted to more severe treatments. Thiophenic compounds, especially the 4,6-dialkyl-substituted compounds are difficult to be transformed into H2S due to their chemical stability and steric hindrance of the interaction between the sulfur atom in their structure and the catalyst surface [12].




      The oil refining industry must adapt itself to the environmental legislation and engine design changes, which in turn are adapted to environmental requisites. The necessity of protecting both automobile parts and industrial pieces of equipment from corrosion, the commercial opening among different countries, and release of the international oil prices are factors that have increased the demand for more and better fuels from the oil refining industry [13, 14].




      To reach these goals, using the current HDS technology, higher temperatures, pressure, more efficient reactors, and more active catalysts are needed, which implies an important increase in the process cost [15].




      

        Environmental Problems Due to the Presence of Sulfur Compounds in Fuels




        The main source of atmospheric pollution is the use of fossil fuels as energy suppliers. Huge amounts of oil, gas and coal are, in the order of millions of tons, consumed every day, and the combustion residues are expelled into the atmosphere as solid particles, smoke and gases that trigger problems such as acid rain. Some studies have stated that automotive vehicles contribute to more than 90% of emissions, and for this reason, many environmental strategies are aimed at this sector.




        The main pollutants associated with combustion are particles, SOx, NOx, CO2, CO and hydrocarbons; in general, the industry is responsible for 55% of the sulfur dioxide (SO2) emissions and the rest of the contribution is due fundamentally to transport [16].




        Combustion gases from oil derived fuels play a major role in both acid rain, planet heating (global warming) and in the increase of the tropospheric ozone and carbon monoxide levels, which are highly toxic for human beings [17].




        The main components of acid rain are formed from primary pollutants such as sulfur dioxide and nitrogen oxides through the reactions presented in Fig. (2.2).




        The primary pollutants emitted by combustion (reaction (1), (2) and (3) suffer additional oxidation and the products can react easily with atmospheric humidity (4) and (5) and remain dissociated as part of the fog, snow, or rain, thus producing acid rain or fog.
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Fig. (2.2))


        Main SOx and NOx reactions that produce the acid rain.



        These compounds, as part of rain and fog drops, have a short lifespan and react quickly with organic and inorganic compounds; by reacting, they are consumed, but leave behind damage that is manifested in the form of mucous irritation in humans and animals or worn out of the leaf cuticle in vegetables, favoring the entrance of pathogen microorganisms, which in turn reduces the agricultural production and damages facilities and pieces of equipment left in the open air; for these reasons, it is important that acid rain and fog be fought back by avoiding the implied emissions.




        Currently, there is very strict environmental normativity in almost all oil-producing countries to limit the maximal content of sulfur, nitrogen, and other pollutants in the production of fuels from hydrocarbons [18].




        The use of ILs to develop clean technologies for the Oil Industry was reviewed by an IMP work group in 2011 and described in Chapter 24 of the book: Perspectives of Ionic Liquids for Clean Oilfield Technologies. R. Martínez-Palou, P. Flores. Ionic Liquids. Theory, Properties [19].




        And more recently in a revision published in 2014: Applications of Ionic liquids for Removing Pollutants from Refinery Feedstocks: A review, by R. Luque, R. Martínez-Palou. Environm. Energy Sci. 2014, 7(8), 2414-2447,20 where the state of the art of the removal of contaminants employing ILs in the Oil Industry was discussed. In this review, stood out that, to date, the environmental regulations are more restrictive every time and more frequently implemented in the oil refineries to reduce both the content of toxic fuel compounds and the negative effects related to health and the environment. However, the exhaustive removal of pollutants from refinery raw materials (for example, gasoline and diesel) is a highly challenging task that requires more ecological and sustainable technologies capable of being as efficient as the conventional methods [20].




        Refineries also face big challenges to comply with the specification of fuel pollutants to achieve and produce higher fuel qualities and added-value compounds. One of the high-impact topics in this industry is the development of more ecological and sustainable processes for the removal of contaminants [21].




        Recently, new no-hydrodesulfurization technologies, including the use of ILs as extraction means, have been studied in order to eliminate the pollutants from the different refining industry products. An alternative is the one called extractive desulfurization, which seems to be very attractive for this purpose due to its low energy costs, no hydrogen use, preservation of the fuel chemical structures and no need for special pieces of equipment [22].




        At first, extractive desulfurization employed conventional solvents as extraction agents, where dimethyl sulfoxide, pyrimidone, imidazolidinone and polyalkylene glycol are some examples, but in the last decades, it has been shown that ILs can be a more effective tool for this purpose as described in the following section.


      




      

        Application of ILs in the Desulfurization of Oil Derived Fuels




        In the last years, the deep desulfurization of oil-derived fuels has strongly drawn attention due to the SOx emissions generated by the combustion of hydrocarbons. The compounds that contain sulfur also reduce the combustion efficiency of diesel fuels and poison the catalysts employed in the HDS process. For this reason, the Environmental Protection Agency (EPA) has established stricter regulations for oil refineries in order to limit the maximal sulfur content in fuels. These actions are also aimed at reducing the impact of SOx emissions during fuel combustion on human health and the environment.




        The removal of organosulfur and organonitrogen compounds from fuel oils, which is carried out at the industrial level by means of the HDS and hydrodenitrogenation (HDN) processes at high temperatures (at around 350°C and above), classically requires catalysts based on metal mixtures such as cobalt/molybdenum or nickel/molybdenum. Through these processes, the rupture of C-S and C-N bonds occurs to produce mainly hydrogen sulfide and ammonia, respectively [23-28].




        The deep desulfurization of diesel fuels is particularly challenging due to difficulties associated with the reduction of aromatic sulfur compounds whose structures and relatively complex hydrodesulfurization are shown in Fig. (2.3).
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Fig. (2.3))


        Some typical sulfur compounds present in hydrocarbons and their oxidation ease through the HDS process (R = short alkyl chain).



        In general, the HDS process is just very effective to eliminate aliphatic- and alicyclic-type organosulfur compounds. The conversion of aromatic sulfur molecules, which include thiophenes (TS), dibenzothiophenes (DBT) and alkyl derivatives, into H2S by means of HDS catalysts is a complex process and the exhaustive desulfurization of these compounds requires catalysts that must be more and more efficient and higher energy and hydrogen levels [29].




        Recently, new processes and technologies that do not imply the HDS process to produce clean fuels with very low sulfur content have been studied [30-35]. In this context, a very promising alternative that has been referred to as extractive desulfurization (EDS) could be particularly suitable for achieving this goal.




        On the other hand, liquid-liquid extraction is an industrial methodology that is widely employed to separate mixtures. The advantages of this method are the simplified operation option, mild process conditions and low energy demand. Nonetheless, the extraction efficiency depends mainly on the careful selection of the solvents for specific separation processes. Conventional solvents for extraction purposes are highly volatile, inflammable, and often dangerous and pollutants; for this reason, ILs are very attractive, in addition to their ecological potential for carrying out the liquid-liquid extraction process efficiently. Fig. (2.4) shows the schematic representation of the removal process of sulfur compounds present in naphtha through their migration to the IL phase that is immiscible in the hydrocarbon (HC) phase, which are part of naphtha, employing n-pentane as an example of one of these HCs and ethanethiol as one of the sulfur compounds that are commonly present in naphtha [36-42].




        
[image: ]


Fig. (2.4))


        Schematic representation of the liquid-liquid desulfurization process employing ILs.



        A pioneering work on the extraction of sulfur compounds through liquid-liquid extraction employing ILs was published by Bösmann and colleagues in 2001 [43]. In this study, two ILs with aluminates as anions (imidazole methyl butyl trichloroaluminate, BuMeIMCl/AlCl3, and imidazole methyl ethyl trichloroaluminate, EtMeIMCl/AlCl3) were used, reaching desulfurization levels above 90% when employing acid ILs prepared with tetrachloroaluminate (0.35:0.65) in excess with respect to the IL precursor. Diesel with 500 ppm of DBT in dodecane (model) along with pre-desulfurized diesel containing 375 ppm of sulfur was employed.




        Likewise, Huang et al. carried out a similar study featuring an IL with the anion CuCl3-, reporting sulfur removal of just 23% for a mass ratio of 5:1 (model gasoline:IL) and contact time equal to 30 min [44].




        In 2010, our research group published the article: Ionic Liquids Screening for Desulfurization of Natural Gasoline by Liquid-Liquid Extraction. N. Likhanova, D. Guzmán, E. Flores, J. Palomeque, M. A. Domínguez, P. García, Rafael Martínez-Palou. Mol. Div. 2010, 14, 777-789. In this context, it should be kept in mind that gasoline is a highly volatile liquid that is recovered cryogenically from natural gas, for it features vapor pressure between the condensate and liquefied petroleum gas (LPG). Natural gasoline is mainly used as a mixture agent for engine gasoline and for refineries and ethylene demand. It is a mixture of liquid hydrocarbons recovered at normal pressure and temperature and is more volatile and unstable than commercial gasoline; it contains mainly C5 and C6 hydrocarbons, aromatic compounds and some sulfur compounds in ppm, especially low molecular weight mercaptan molecules, typically thiols [45].




        Commonly, this type of gasoline has a very low content of sulfur compounds, however, in Mexico, it is usual that this gasoline presents sulfur levels above 200 ppm and, in this context, ILs can be an alternative to reduce sulfur below 20 ppm through liquid-liquid extraction.




        In the previously mentioned article, a study on the performance of 75 ILs as sequestering agents of sulfur compounds in natural gasoline was carried out. Desulfurization of real natural gasoline was performed by the liquid-liquid extraction method at ambient temperature and atmospheric pressure. The evaluated ILs were synthesized and characterized by spectroscopic techniques under conventional synthesis conditions, employing microwaves and sonochemical methods. The effect of the molecular structure of the ILs on the desulfurization efficiency of natural gasoline with high sulfur content was studied. The analysis of results revealed that the anion type played a more important role than the cation in the desulfurization process. The ILs with halides, aluminates and ferrates displayed the highest efficiency in removing sulfur, and it was higher when a metal salt in excess was present with a ratio of at least 1: 1.3 during the IL synthesis containing the metal anion obtained from its precursors, i.e., the halogenated IL. A recovery methodology of the ILs with metal anion was proposed in the work, which allowed their use in several extraction cycles. This methodology results very interesting if the industrial application of this protocol is considered; this invention has been protected with the following IMP patents:





        

          	R. Martínez-Palou, N. Likhanova, E. A. Flores, D. Guzmán. Líquidos iónicos libre de halógenos en la desulfuración de naftas ligeras y su recuperación. Mexican Patent MX/E/2008/056453 [46].




          	D. Guzmán, N. Likhanova, R. Martínez-Palou, E. A. Flores. Proceso para la recuperación de líquidos iónicos agotados en la desulfuración extractiva de naftas. Mexican Patent MX/E/2010/014597 [47].




          	R. Martínez-Palou, N. Likhanova, E. A. Flores, D. Guzmán. Halogen-free Ionic Liquids in Naphtha Desulfurization and their Recuperation. German Patent No. 10 2009 039 176.2 [48].




          	N. V. Likhanova, R. Martínez-Palou. Desulfurization of Hydrocarbons by Ionic Liquids and preparation of ionic liquids. US Pat. No. 8,821,716 B2 [49].




          	D. Guzmán, N.V. Likhanova, R. Martínez-Palou, J. F. Palomeque. Process to recover exhausted ionic liquids used in extractive desulfurization of naphtha. American Patent US/2011/0215052A1 [50].
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