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			Abstract

			Lignocellulosic biomass provides alternative and renewable energy resources for sustainable production of organic fuels and chemicals. The deconstruction of lignocellulosic biomass is very difficult due to its complex, intricate and rigid structure formed by several covalent and non-covalent interactions. However, the ionic liquid technology on biomass processing is recently gaining importance over the other conventional methods due to the unique properties of ILs. This review focuses on the recent studies on biomass dissolution in several ILs for the fractionation and recovery of lignocellulosic components such as cellulose, hemicelluloses and lignin. The review further considers the influence of several crucial parameters that governs the dissolution process. This study also focuses on the role of membrane technology for separation and purification of lignin. As ionic liquids are very expensive therefore its recovery and reuse are necessary, and this study also emphasizes the use of nanofiltration for recovery of ILs.
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			Introduction

			The efficient utilisation of biomass is becoming increasingly important as it provides unique resources for sustainable production of bioproducts. Lignocellulosic biomass is also a promising alternative and renewable energy source being used as replacement for fossil fuel. Lignocelluloses, essentially the cell wall material of plants, is a porous micro-structured composite mainly consisting of cellulose, hemicelluloses and lignin [1,2]. It has been projected that lignocellulosic biomass has the potential to be a large scale, low cost and sustainable feedstock for renewable fuels and chemicals [3,4]. Lignocellulosic biomass from agricultural residues, forestry wastes, wastepaper and crops which is a renewable, relatively carbon- neutral source of energy has come under intense research scrutiny due to its potential use as a starting material for bioproducts from biofuels to specialty chemicals [3-5]. North eastern region of India is one of the hotspot biodiversity of the world that provides abundant lignocelluloses for processing and thereby recovery of value-added products. Lignocellulosic biomass contains ~30-50% cellulose, a glucose polymer; 10-40% hemicelluloses, a sugar heteropolymer and ~5-30% lignin, a non-fermentable phenyl propene unit plus lesser amounts of minerals, oils, soluble sugars, and other components [6,7]. The dense network of intramolecular / intermolecular hydrogen bonds in 

cellulose, branched hetero polysaccharides of hemicelluloses with shorter chain lengths and three-dimensional amorphous lignin provides a complex network in lignocellulosic biomass [8-10]. Because of this, new and efficient solvents and process technologies are needed to break the complex network of lignocellulosic biomass. Heating reflux extraction, soxhlet extraction or maceration at room temperature are the common methods used for the extraction of value-added products from biomass. However, these procedures are laborious, time and energy consuming and sometimes require complex equipment and the use of toxic volatile organic compounds. Hence the development of alternative and novel methods for extraction and recovery of value-added products from biomass remains a crucial challenge. Thus, ionic liquids have attracted considerable interests over the last several years as a new class of environmentally benign solvent for extraction and separation of value-added products from biomass. Ionic liquid serves as a new class of designer solvents that can dissolve many biomacromolecules such as cellulose, lignin, silk fibroin, starch etc with high efficiency [11-13].

			As an environment friendly material, the applications of ionic liquids have been extensively reported as solvent to facilitate green applications in reactions and separations due to their unique beneficial properties usually negligible vapour pressure, low flammability, high thermal stability over a wide range of temperatures and tuneable properties such as hydrophobicity, polarity and solvent power etc [14-18]. The unique properties of ionic liquids make them an excellent choice for the extraction and separation of value-added products from biomass [12,19,20]. Ionic liquids are regarded as “designer solvents” because their physical properties can be modified according to the nature of the desired reactions by modifications of their cations and anions. These unique nature of ionic liquids increases their potential applications in extracting bioactive natural compounds in separation processes. Using ionic liquids as solvents in extracting bioactive natural compounds from biomass not only leads to a green process, but also improves the extraction efficiency from a thermodynamic point of view. In addition to the large applications of ionic liquids they are also able to form aqueous biphasic systems (ABS) which have important biotechnological applications for the separation and purification of vital biomolecules [21,22].

			At the same time advances in material science and membrane manufacturing technology have made membrane technology grow to be an energy efficient excellent technology for separation of value-added products. Membrane based separation processes are economical, safe and eco-friendly and it is an alternative to conventional processes. Energy required for some large-scale operations in conventional process can be decreased by an order of magnitude through membrane-based process. There is a potential application of membrane technology in recovery and purification of value-added compounds using microfiltration, ultrafiltration, nanofiltration and other membrane processes. The membrane separation technique is a pressure-driven process normally applicable for separation of dissolved components. Therefore, efforts are be directed to modify the structure and chemistry of membranes and to developed suitable membrane systems for product recovery. Since ILs are very expensive than the conventional solvents and hence the recycling and reuse of the ionic liquids after use is a crucial factor for the economic efficiency of the extracting value-added products with ionic liquids. Therefore, this research programme aims at the use of membrane technology for the recovery of the ionic liquids for further processing.

			Processing of Lignocelluloses in Ionic Liquids

			The field of biomass dissolution using ionic liquids started with dissolving cellulose. Initially the dissolution of cellulose in ionic liquids have attracted much more attention than the other components of biomass. However later to use ILs in industrially relevant biomass related process, a thorough understanding of the interaction of ILs with all the components of biomass, viz., cellulose, hemicellulose and lignin were achieved. The fact that ILs could dissolve cellulose was first discovered back in 1934 using pyridine-based salts [23]. But due to the high melting point of the salt and lack of understanding of the salt chemistry at that time the work was regarded to have no practical applications. Later in 2002 with the discovery of new imidazolium based ILs, there have been many studies on the processing of lignocellulosic biomass in dialkylated imidazolium based ILs with different anions [17, 24-33]. 

			Initially Swatloski et al. [14] demonstrated the mechanism of dissolution of isolated cellulose in ILs. Isolated cellulose was dissolved in nine imidazolium based ILs with different properties from which 1-butyl-3 methyl imidazolium chloride emerged as the most efficient IL in dissolving isolated cellulose. Later in 2005 Zhang et al. [16] carried out work on the IL 1-allyl-3-methyl imidazolium chloride as new and powerful non-derivatizing solvent for cellulose. In 2006 Dadi et al. [34] assessed the saccharification of cellulose regenerated from IL pre-treatment. 

			Later the ability of certain imidazolium based ILs were investigated for the dissolution of native cellulose from biomass. Initially Fort et al. [17] demonstrated that solvent system [BMIM]Cl/ DMSO is capable of dissolving woodchips partially. Kilpelainen et al. [24] carried out experiments for complete dissolution of dried wood sawdust samples (Norway spruce and Southern pine) in both [BMIM]Cl and [AMIM]Cl at temperatures ranging from 80°C to 130°C. It was observed that the complete dissolution of wood in ILs was attributed to the water content, particle size of the wood sample and temperature and time of the dissolution process. Water content significantly reduces the solubility of wood in ILs and smaller particles were reported to favour the dissolution. While higher temperature as well as larger reaction time favours the dissolution of wood in ILs. Sun et al. [28] demonstrated that [EMIM][CH3COO] is capable of dissolving both softwood (Southern yellow pine) and hardwood (Red oak). In their work it was found that more than 90% (w/w) of the added wood was dissolved at 110°C within 16hours and concluded that [EMIM][CH3COO] is more efficient in dissolving biomass than [BMIM]Cl and [AMIM]Cl. Meanwhile Zavrel et al. [35] studied on high throughput screening of six different ILs dissolving lignocelluloses. They found that [EMIM]Cl, [BMIM]Cl and [EMIM][Et2PO4] were only able to partially dissolve different wood chips (spruce, silver fir, common beech and chest nut) while [EMIM][CH3COO] was defined as the most efficient for dissolving cellulose and [AMIM]Cl was regarded as the most suitable for biomass dissolution. Lee et al. [17] demonstrated a low solubility of wood flour and a high solubility of microcrystalline cellulose in [EMIM][CH3COO] proving that presence of lignin restricts the solubility of wood flour in this IL. Singh et al. [29] demonstrated that [EMIM][CH3COO] is capable of dissolving completely all the major components of switchgrass at 3 hours in 120°C. Later, studies proved that [BMIM][CH3COO] is able to dissolve poplar wood with a dissolution yield of 96wt% at 130°C after 12 hours while [BMIM]Cl achieved only 23wt % of poplar dissolution [36]. In the dissolution of sugarcane bagasse [EMIM][CH3COO] was found to be more efficient than other ILs such as [BMIM][DEP] [37].

			Influence of ILs in biomass dissolution

			The ability of ILs for dissolution of biomass are evaluated in this research area considering various parameters such as, cation, anion, length of alkyl substituent on cation, hydrophobicity and hydrophilicity of the ionic liquids used. Initial investigations show that combination of 1-butyl-3-methyl imidazolium cation with chloride anion is most effective for cellulose dissolution while non chloride anions such as BF4- and PF6- are not effective in dissolving cellulose [14]. This study also reported that [AMIM]Cl can swell cellulose at room temperature. Simmons et al. [38] carried out study on cellulose dissolution using ILs with seven cations in combination with eighteen anions according to which [AMIM][HCOO] can dissolve 21% cellulose while IL with bulkier cation, benzyl-dimethyl tetradecyl ammonium chloride shows a higher dissolution of cellulose (39% mass). The study also shows that lignin dissolution is predominant in ILs with methyl sulphate or methyl sulfonate anions.

			Due to the higher corrosivity and viscosity of the halides, halide free ILs with high hydrogen bond basicity have been successfully employed in the dissolution of cellulose. Fukaya et al. [39] demonstrated that low viscosity [AMIM][HCOO] dissolves 20% mass of microcrystalline cellulose whereas [AMIM]Cl dissolve only 2% under the same conditions. Halide free ILs with varying phosphonate anions were also found to be good cellulose solvents at mild temperature. Thus, it is observed that ILs containing bulky cation and halide anion may decrease the concentration of active chloride ion and thus the solvating capacity for both cellulose and lignin is reduced [14].

			To understand the ability of ILs for dissolution of lignocellulosic biomasses, the use of polarity approach can be considered. In this regard the quantitative Kamlet-Taft parameters are broadly used in literature and is a useful tool to predict the pre-treatment efficiency of certain ILs in disrupting lignocelluloses [40,41]. From Kamlet-Taft parameters it was found that anion basicity influences the lignocellulosic biomass dissolution. A correlation is obtained between higher dissolution capacities of ILs and higher value of β parameter. ILs with a strong hydrogen bond basicity are effective in weakening the hydrogen bonding network of the lignocellulosic matrix [42]. Brandt et al. [42] demonstrated high dissolution power for [BMIM][CH3COO], [BMIM]Cl and [BMIM][DMP] and observed that acetate-based IL is the most effective for swelling and dissolution which is due to a high β value exhibited by [CH3COO] anion. The increased basicity of the [CH3COO] anion makes it more efficient at disrupting the inter- and intramolecular hydrogen bonding in lignocellulosic matrix than the other anions. ILs with anions having lower hydrogen bond basicity, such as [BMIM][MeSO4], [BMIM][HSO4] and [BMIM][MeSO3] are unable to perform complete dissolution of biomass as the interction is weak in the lignocellulosic matrix. ILs not only disrupt the hydrogen bonding of crystalline cellulose of lignocelluloses but also interact and solvate the aromatic characters of lignin by п-п and n-п interactions, performed by the IL cation [43,44].

			Mechanism of Dissolution of Lignocellulose in Imidazolium based ILs

			Studies shows that the main force involved in the dissolution of LCB in IL is hydrogen bonding while electrostatic and van der waals forces are of minor importance [45]. Although the mechanism of cellulose in ILs is not fully understood, there are evidences regarding the role of cation and anion in the disruption of hydrogen bonding of cellulose. 13C NMR and 35/37Cl NMR relaxation studies indicated that there is a 1:1 stoichiometric interaction between the chloride ions in [BMIM]Cl and the hydroxyl groups in cellulose [46]. Electron- donor- acceptor interactions between the IL anion and the cellulose hydroxyl hydrogens and between the IL cation and cellulose hydroxyl oxygens have been proposed [16,47,48].

			This model of cellulose dissolution in IL shows that hydroxyls participating in this interaction are primarily the C-6 and C-3 [49]. Zhang et al. [48] demonstrated the EDA interactions for [EMIM]OAc and cellulose employing 13C NMR. They also suggested that the acetate anion favours the formation of hydrogen bonds with hydrogen atoms of hydroxyls, and the aromatic protons in the bulky imidazolium cation especially the most acidic proton at the C-2 position, prefer to associate with the oxygen atoms of hydroxyls with less steric hindrance. Amongst the imidazolium ILs that have been explored for dissolution of either cellulose or whole biomass, [BMIM]Cl has been found to most effective in dissolving cellulose and [EMIM]OAc has been most effective in dissolving wood, i.e., partial delignification along with dissolution of cellulose [50].

			Lignin is more difficult to be dissolved in ILs than the other components of lignocellulose because of its strong covalent bonds and complex structure. Although ILs that are capable of dissolving cellulose are also often capable of dissolving lignocellulose lignin, but solvent properties of ILs for effectively dissolving lignin are slightly different. The exact mechanism behind the role of anion in dissolving /extracting lignin is not fully understood but some speculations exist regarding the role of cation. Theoretical modelling has shown that cations based on imidazole are well suited for dissolving lignin since the cation can favourably interact with aromatic phenyl rings of lignin [51].

			ILs with anions having high basicity is well known major criteria to effectively dissolve cellulose while mid-range basic anions are the best for dissolving lignin. This includes anions like methylsulfate, hydrogen sulfate, trifluoromethanesulfonate and halides. However, acetate anion besides having high basicity is effective for dissolving lignin. George et al. [52] reported that combination of both IL cation and anion effects the macromolecular structure of lignin. They reported that IL anions influences the degree of lignin structural modification in the order as,

			Sulphates > lactate > acetate > chloride > phosphates

			In contrast Pu et al. [53] demonstrated that solubility of lignin is mainly influenced by the nature of the anion. They studied the dissolution of lignin isolated from a southern pine kraft pulp in some ILs, including 1,3-dimethyl imidazolium methylsulfate [MMIM]MeSO4, 1-hexyl-3-methyl imidazolium trifluoromethane sulfonate [HMIM]CF3SO3, 1-butyl-2,3-dimethyl imidazolium tetrafluoroborate [BMIM]BF4, 1-butyl-3-methyl imidazolium hexafluorophosphate [BMIM]PF6 etc. It was observed that softwood lignin is dissolved in [MMIM]MeSO4 and [BMIM] MeSO4 at room temperature. For IL containing [BMIM]+ as the cation they found the order of the solubilities of lignin followed the order as,

			[MeSO4]- > Cl- > Br- >> PF6

			Therefore, it was concluded that anions of ILs have important effects on the dissolution of lignin.

			A recent study by Liu et al. [54] demonstrated that the cation and anion both takes part in the dissolution of cellulose. They studied the dissolution mechanism of [EMIM]OAc and found that there is a change in conformation of the oligomers and the rotamers in cellulose that explains the regeneration of cellulose in imidazolium based ILs. Binder at al. [55] proposed mechanisms for acid catalysed delignification in several ILs that proceeds via the formation of Hibberts’ ketones.

			Factors Effecting Biomass Dissolution 

			Along with the dependence on the type of IL, for specific interactions between ILs and biomass several reaction conditions such as temperature, time, particle size of biomass etc also effects the biomass dissolution in ILs.

			Effect of temperature

			In general, temperature increase accelerates swelling and dissolution rates of lignocelluloses in ILs which is due to the destabilisation effect of temperature on the hydrogen bonds in the three-dimensional cellulosic structure [28,35,42,43]. On decreasing temperature longer time is required for an efficient swelling and dissolution of biomass. Wang et al. [43] studied the effect of temperature on dissolving wood chips in [AMIM]Cl. He observed that at temperature below 50˚C the wood sample had the same structure as the original structure while at 70˚C the swelling of the wood chips occurs, and dissolution occurs at 100˚C. On increasing temperature to 120˚C the dissolution rate increases. A study on dissolution of sugarcane bagasse in [bmim]Cl at different temperatures (110-160˚C) showed that below 150˚C the crystallinity of cellulose rich regenerated product is slightly lower than that of original material [56]. Arora et al. [12] used temperature from 110 to 160˚C for 3 hours pre-treatment of switchgrass using [EMIM]Cl. It was observed that sugar yield increases with temperature with a maximum yield at 160˚C which is 12 times higher than that observed at 110˚C.

			High temperature is beneficial for lignin extraction in ILs. Tan et al. [57] observed that delignification of sugarcane bagasse increases in alkyl benzene sulphonate IL with increasing temperature from 170˚C to 190˚C. The same trend is also observed in wood flour and triticale straw using [EMIM]OAc [17,27]. Although higher temperatures favour the pre-treatment efficiency but at the same time it results in more degradation of carbohydrates and ILs themselves, as well as in modification of lignin properties. At the same time consumption of higher energy (using elevated temp) is a drawback for sustainable and economic processes. Therefore, depending upon the biomass type and IL used the choice of temperature must be considered and optimised. 

			Reaction time effect

			For an efficient pre-treatment of biomass in IL, duration of time is related to the applied temperature. It is reported from several studies that good results are expected with simultaneous short duration and high temperature or longer duration at lower temperature. Sun et al. [28] observed that on treatment of southern yellow pine and red oak in [EMIM][CH3COO] at 110˚C, complete dissolution occurs after 46 hours and 25 hours respectively. However along with the improved dissolution capacity there occurs degradation of either dissolved biocomponents or the ILs in longer pre-treatment time. Peroza et al. [58] studied the pre-treatment of corn Stover, wheat straw and eucalyptus in [EMIM]Cl at 150˚C and found that 1h pre-treatment time led to significantly higher glucose and xylose yields compared with 0.5h pre-treatment.

			However, the opposite trend was found for Lenga (Nothofagus pumilio) which is due to smaller size of the biomass that leads to faster IL pre-treatment. Xu et al. [59] Studied the effect of pre-treatment time of corn Stover in [EMIM][CH3COO] at a relatively low temperature of 70˚C and observed that longer pre-treatment (24hrs of pre-treatment) enhances the glucose and xylose yield (84.9% and 64.8% respectively). Fu et al. [27] investigated the effect of pre-treatment time of triticale straw in [EMIM][CH3COO] for lignin removal at 90˚C and observed that a pre-treatment of 24h was enough for complete cellulose hydrolysis.

			Effect of Biomass particle size

			Particle size of biomass is one of the crucial parameters in the pre-treatment of lignocelluloses in ILs since it directly impacts on the contact and diffusion of ILs into the lignocellulosic materials [60,61]. In theory, smaller particle size increases the available biomass surface area and increases the IL diffusion into the lignocellulosic material although the perfect size depends on the biomass type and chosen ILs.

			Kilpelainen et al. [24] demonstrated that dissolution of smaller particles of wood chips is more suitable during pre-treatment process. The increased surface area of the smaller particles and the increase of mechanical pulping that breakdowns the internal structure improves the efficiency of biomass pre-treatment. Bahcegul et al. [62] studied the effect of four different particle sizes of cotton stalks (<0.15mm, 0.15-0.5mm, 0.5-1.00mm and 1.0-2.00mm) on [EMIM][CH3COO], [EMIM]Cl pre-treatment. On pre-treatment with [EMIM][CH3COO] higher efficiency was obtained with the smallest particle size. Nguyen et al. [63] studied the effect of particle size on pre-treatment of rice straw and observed that cellulose recovery decreases in the smallest particle size samples although it was like medium and highest size particle.

			Dissolution of Lignocellulosic Biomass in Ionic Liquid-Water Mixture

			This is a novel approach in the field of processing of lignocellulosic biomass in ionic liquids. An ionic liquid-water mixture for dissolution of lignocelluloses is a promising method because of several advantages such as 

			a)	smaller amount of IL is required that reduces the cost, 

			b)	provides easier biomass processing operations because of its reduced viscosity and 

			c)	facilitates the recycling of IL from the mixture instead of pure IL [68-71] [64-67]. 

			Zhang et al. [68] reported that significantly high Kw of IL-water mixture was achieved which is responsible for the conversion of cellulose without acid catalysis. Ma et al. [69] found that [BMIM]Cl-water mixture can quickly dissolve the lignin and xylan while slowly dissolves the cellulose. Thus, the difference in solubilities of cellulose and lignin in [BMIM]Cl-water mixture provides the possibility of separating biomass components. Fu & Mazza [64] reported that [EMIM]OAc –water mixture can effectively dissolve the lignin. Zhang et al. [70] reported that IL-water mixture plays important role during pre-treatment and delignification. The effectiveness of IL-water mixtures for deconstruction of biomass and delignification can be estimated from the solution pH and it was observed that the effectiveness of a mixture of water and [BMIM]MeSO3 (pH 0.9) to deconstruct and delignification is higher than that of a mixture of water and [BMIM]Cl (pH 5.9) or [EMIM]Cl (pH6). Brandt et al. [2] defined the treatment of lignocellulosic biomass using ionic liquid – water mixture as “Ionosolv Process” characterised by delignifying biomass through dissolution of lignin. Doherty et al. [30] performed pre-treatment of wood flour in 5 and 10% (w/w) of water with [EMIM]OAc, [BMIM]OAc and [BMIM]MeSO4. It was observed that after 12hrs at 90˚C with increased addition of water a decrease in glucose and xylose yields was observed and described that added water displayed a moderate inter-crystalline swelling effect. The crystallinity and lignin content of the pre-treated wood flour were found to be higher than that with pure ILs which shows that the addition of water decreases the ability of the ILs to disrupt the crystallinity of cellulose present in wood. 

			Membrane Technology for Recovery of Value-Added Products

			The recovery of lignin is particularly important because it has many applications. It is used to produce value added products such as wood glue and wetting agents. Lignin is also used as versatile raw material that can be used to manufacture many valuable products including vanillin, vanillic acid, synthetic tannins and polymer film. Although several methods have been developed to recover lignin from solution, membrane technology serves as a promising method to achieve efficient lignin recovery. Current approaches for the recovery of lignin using Ultrafiltration, Microfiltration and Nanofiltration are reported elsewhere [71-89].

			In 1988 recovery of lignin by membrane filtration was carried out as one of the first published work [90] where the authors investigated the chemical reactivity of lignin as a copolymer during the production of phenolic plastics as well as the separation of high molecular weight lignin using a 10kDa polysulfone membrane. It was investigated that lignin concentration increases in the retentate by 174% on applying permeate /concentrate ratio of four with a resulting lignin purity of 63% in the concentrate and 17% in the retentate. Later, study was carried out on diafiltrating of black liquor which was achieved using a plate and frame model of 0.36km2 polymeric membrane with MWCO values from 6-50kDa maintained at a temperature of 60˚C [71,72]. They recovered about 54% of the initial lignin concentration with an average membrane flux of 90Lm-2h-1 using the membrane with molecular weight cut off (MWCO) of 2kDa. The defiltration of black liquor for separation of lignin was also carried out using polysulfone and polusulfone UF membranes with MWCO values of 4, 8 and 20kDa at a temperature of 60˚C with cross flow velocity of 4ms-1 and a transmembrane pressure (TMP) of 1-7 bar [80]. It was observed that a membrane with a higher MWCO increases the purity of the recovered lignin whereas membrane with a low MWCO is effective to achieve a high lignin concentration. Further study on ability of UF for selective separation of lignin was carried out using tubular ceramic membranes with MWCO value of 5, 10 and 15kDa [82]. Analytical results showed that UF with ceramic membrane is effective for lignin fractionation in black liquor. With increasing MWCO value of ceramic membrane during UF, the polydispersity and the average molar mass of lignin fraction decreases. Analytical results such as FTIR, thermal analysis and H-NMR showed that lignin recovered during UF facilitates higher purity. Padilla et al. [76] investigated the ultrafiltration of diluted black liquor. UF was carried out with dilute black liquor with a 100kDa polysulfone membrane. Then the permeate of this filtration step was used as a feed for the next filtration step with 30kDa polysulfone membrane. The procedure was repeated for 10kDa polysulfone and 5kDa and 1kDa cellulose acetate membrane.

			Later study was also carried out for the behaviour of fractionated and ultra-filtrated black liquor relating to the glass transition temperature and chemical composition [91]. This study showed that UF of black liquor allows selective extraction of lignin fraction with thermo-mechanical properties. Toledano et al. [92] studied the separation of lignin fractions from the black liquor using ultrafiltration. The black liquor resulting from the alkaline pulping of the Miscanthus sinensis was subjected to several stages of ultrafiltration using ceramic membranes of different cut offs (5, 10 and 15kDa). The permeates obtained during UF was analysed and the lignin is isolated by acid precipitation ultrafiltration was found to be an effective process for lignin fractionation and separation. Weinwurm et al. [93] carried out experiment on nanofiltration of organosolv liquors for lignin separation and production. After organosolv treatment the nanofiltration was carried out and observed that the flux of the membrane tends to decline with increasing lignin concentration. A rejection of 99% was achieved with the NF membrane and thus NF was found to be a promising option to separate lignin.

			Recovery of Ionic Liquids by Membrane Filtration

			Ionic liquids are excellent but expensive solvents to dissolve lignocelluloses, therefore the recovery and reuse of IL is very important. The recovery of IL is generally done through distillation of anti-solvents from ILs under vacuum which is usually a very energy extensive process. Usually it is presumed that ILs cannot be purified and recovered cost effectively in large scale processes. During the last two decades membrane filtration has been gaining great importance for the purification and recovery of IL. Nanofiltration seems to be a versatile method for the recovery of ILs used during the processing of biomass because the nanofiltration membranes can be selected properly according to the required purpose, either to retain the IL or to allow it to pass through the membrane [94]. As ILs consists of ions, nanofiltration has become an interesting alternative for downstream processing the performance of which is based on several solute-membrane interaction mechanisms [95]. NF membranes can separate charged and neutral compounds or mono- and divalent ions in which the retention depends on the charge and size of the molecules and ions. There are two possible ways of separating IL and other components,

			
					The retention of the components and permeation of the IL through the membrane.

					The retention of the IL and the permeation of the product. Whether the possibility (a) and (b) to be used depends on the membrane property, size, charge and solubility of the components and the ionic liquid [94]. Krockel et al. [94] first reported on the application of nanofiltration for separation of mixtures containing IL. They found that retention of ILs upto 82% and 95% were obtained for 1-butyl-3-methyl imidazolium tetrafluoroborate and 1-butyl-3-methyl imidazolium sulphate respectively using commercial Desal membrane. However recent study by Wu et al. [96] in 2009 obtained retention values of only 60% and 67% for 1-butyl-3-methyl imidazolium tetrafluoroborate and 1-butyl-3-methyl imidazolium bromide respectively. Abels et al. [97] investigated the feasibility of ionic liquid purification via nanofiltration membranes with regards to permeate flux and rejection performance. 
They used two commercially available polyamide and polyimide membranes to separate saccharides from IL (1,3-dimethyl imiadzolium dimethyl phosphate) and found that at high concentration of IL there is a marked decrease in permeate flux for all the membranes due to low permeabilities of IL. At low feed concentration of IL, the concentration of product in the permeate is significantly lower in case of polyamide membranes than with the polyimide membranes. They concluded that nanofiltration is a feasible process to recover IL up to a purity of 80%. Hazarika et al. [98] also demonstrated that recovery of ionic liquid can be obtained with nanofiltration membrane in which the ionic liquid is obtained as the reject in high concentration and more than 50% rejection was obtained. Avram et al. [99] studied the development of nanofiltration membranes for ionic liquid recovery. NF membrane was developed by interfacial polymerization using base PES ultrafiltration membranes. They studied the ability of the NF membrane to concentrate low molecular weight sugars while recovering the dissolved ILs in aqueous solution in the permeate and found that the selectivity for 1-butyl-3-methyl imidazolium chloride over glucose is as high as 36.6 and the membrane permeance was 2.31Lm-2h-1bar-1.
In general, the use of membrane technology for IL recovery is regarded as advantageous in comparison to other separation methods.
Summary
Lignocellulosic biomass is an abundant renewable feedstock for energy and chemical production. Therefore, processing of lignocellulosic biomass provides a great opportunity to produce various value-added products. This review shows that IL pre-treatment of lignocellulosic biomass is very effective tool for fractionation of lignocellulosic biomass and thus to obtain lignin. However more exploitation of ILs in the lignocellulosic biomass processing is required to find the better understanding and the effectiveness of ILs to extract lignin. 
The recovery of lignin is very important because it has many applications and membrane technology has been investigated as an economical and environmentally beneficial platform for the recovery of lignin. At the same time ILs used in the processing of lignocellulosic biomass is very expensive therefore recovery and reuse of IL is very important and, in this regard, nanofiltration seems to be a versatile method for the recovery of ILs.
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