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Abstract 7 

This review summarizes and critically addresses the advances achieved on the 8 

processing of biomaterials, namely films, scaffolds, and nanoparticles, using ionic 9 

liquids as alternative solvents. Biomaterials composed of proteins, polysaccharides, and 10 

their blends are here considered. Despite their relevance, the low solubility of these 11 

compounds in most solvents represents a major limitation on biomaterials processing. 12 

The use of ionic liquids as solvents allows to overcome this limitation towards the 13 

development of simpler, more efficient and sustainable processes for the processing of 14 

biomaterials with enhanced properties. Nevertheless, the used ionic liquids also have 15 

some disadvantages that need to be overcome when foreseeing the development of 16 

sustainable biomaterials processing, being discussed herein. 17 

Keywords: ionic liquids, polysaccharides, proteins, biomaterials, sustainability. 18 

Abbreviations 19 

[C2C1im][C1CO2]  1-ethyl-3-methylimidazolium acetate 20 

[C2C1im]Cl   1-ethyl-3-methylimidazolium chloride 21 

[C4C1im][C1CO2]  1-butyl-3-methylimidazolium acetate 22 

[C4C1im]Cl   1-butyl-3-methylimidazolium chloride  23 

[C4C1im][HSO4]  1-butyl-3-methylimidazolium hydrogensulfate 24 

[N111(2OH)][C1CO2]  cholinium acetate 25 

[TMG][C1CO2]  1,1,3,3-tetramethylguanidinium acetate 26 

[TMG][C2CO2]  1,1,3,3-tetramethylguanidinium propionate 27 

[TMG][HCO2]  1,1,3,3-tetramethylguanidinium formate 28 

DMSO   dimethyl sulfoxide 29 

SAIB    sucrose acetate isobutyrate 30 

PCL-nHAP-CNW  polycaprolactione/nano-hydroxyapatite/chitin-nano-whisker 31 

FTIR    Fourier-Transform Infrared Spectroscopy 32 
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TGA    Thermal Gravimetric Analysis 33 

1. Introduction 34 

Biomaterials are usually produced by the dissolution of natural polymers, such as 35 

polysaccharides, proteins or their blends in an appropriate solvent. In the past years, 36 

there has been an increasing interest in the development of biomaterials derived from 37 

renewable sources (e.g. silk, collagen, cellulose, and chitosan [1,2]) due to their low 38 

cost and biocompatibility [3,4]. These natural polymers have been used, pure or in 39 

blends, to prepare different types of biomaterials, including films [1,2,5–8], scaffolds 40 

[9–16], nanoparticles [17–21], among others [22]. Their main applications comprise 41 

wound dressing, drug delivery, pharmaceutical coating, and bone and tissue engineering 42 

[22,23]. 43 

The transformation of natural resources from their native form to a more usable form 44 

with adequate properties and purity creates however several challenges. The low 45 

solubility of some polysaccharides and fibrous proteins in water or organic solvents, 46 

resulting from strong intramolecular hydrogen bonding and hydrophobic interactions 47 

[13,24,25], is one of the biggest limitations found on biomaterials processing. To 48 

overcome this drawback, ionic liquids (ILs) have been proposed as alternative solvents 49 

to solubilize different types of biopolymers, such as cellulose, silk, collagen, chitosan, 50 

and chitin. ILs are composed of organic cations and organic or inorganic anions, having 51 

a low lattice energy and thus a low melting temperature, with the ability to establish a 52 

wide diversity of interactions not possible to occur in inorganic salts [26]. In addition to 53 

their low vapor pressure, these compounds are classified as designer solvents due to the 54 

possibility to tune their properties by the correct choice of different cation-anion 55 

combinations [27]. Their unique properties and advantages relevant to the dissolution of 56 

biopolymers and biomaterials processing, as well as their limitations, are summarized in 57 

Table 1. However, it should be remarked that these properties are not general to all ILs 58 

and that ILs can be fined tuned by changes in their chemical structure. 59 

Table 1. Advantages and limitations of (some/most) ionic liquids in biomaterials 60 

processing. 61 

Advantages Limitations 

Designer solvents and tunable properties Complex synthesis 

Low volatility and low vapor pressure High cost for large applications 
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Possibility of reuse Challenging recovery 

High chemical and thermal stability High viscosity 

High dissolution capability 

Simplification of biomaterials processing 

Non-negligible toxicity 

 62 

In addition to their high capability to dissolve biopolymers, the use of ILs as solvents 63 

also allows the simplification of biomaterials processing. After the dissolution step, ILs 64 

enable the biomaterials regeneration by the simple addition of a coagulant agent, such as 65 

water – the greenest solvent, eliminating the need of dialysis or other steps required by 66 

conventional processing [11]. However, if not properly chosen, ILs also have some 67 

limitations that restrict their application in this field and at an industrial scale, including 68 

potential environmental concerns (which may be assessed by life cycle assessment 69 

analysis), high cost and high viscosity [28]. Despite their non-volatile nature and non-70 

harmful effects to the atmosphere, the overall environmental impact of ILs has been 71 

questioned in the past years since most of them are water-soluble and can enter into 72 

aquatic systems [29]. This drawback emphasizes the need of the ILs removal from 73 

biomaterials followed by a proper recovery step. Although already attempted, the 74 

difficulty of complete removing ILs from biomaterials, as reported by Ribeiro et al. [8], 75 

highlights the need to improve the ILs removal process, which should be followed by 76 

their recovery and reuse towards the development of sustainable processes. At the same 77 

time, the high viscosity of most ILs difficult the solvent handling and dissolution 78 

capability, being required high temperatures in most of the reported studies [8,18]. Of 79 

particular interest are examples that overcome this issue using aqueous solutions of ILs 80 

instead of pure ILs, while decreasing the operating temperatures [17,20]. 81 

The most relevant results reported between 2020 and 2021 on the application of ILs as 82 

solvents on biomaterials processing are here described and critically reviewed. The 83 

following sections highlight how ILs influence the processing and properties of films, 84 

scaffolds, and nanoparticles. 85 

2. Processing of biomaterials using ILs 86 

The ILs nature has a pivotal role in biopolymers dissolution, with a major effect exerted 87 

by the IL anion [8–10]. Mostly, chloride- and acetate-based ILs have been successfully 88 

used to dissolve different biopolymers, including cellulose and silk, due to their strong 89 

hydrogen bonding accepting capability [2,6,7,17,18]. In addition to their dissolution 90 

capacity, ILs also have an influence on biomaterials properties. Usually, 91 
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[C2C1im][C1CO2] leads to higher crystallinity in the structure of silk-cellulose 92 

biomaterials compared with other ILs [6], while [C4C1im]Cl increases the surface area 93 

and decreases the average rupture strain of polycaprolactone scaffolds [14]. 94 

The processing of biomaterials (Figure 1) as films, scaffolds and nanoparticles using ILs 95 

as solvents is typically carried out in three steps: (i) biopolymer(s) dissolution in IL 96 

(pure or in solution) at temperatures up to 100 °C, followed by homogenization when 97 

blends are used; (ii) addition of a coagulant agent (e.g. water, methanol, ethanol or their 98 

mixtures), allowing the regeneration of the biomaterial and consequent separation from 99 

the IL solution; and (iii) biomaterial drying [7,9,19].  100 

101 
Figure 1. Schematic overview of the processing of biomaterials using ILs as solvents. 102 

Table 2 summarizes the content of 18 articles published in 2020 and 2021 concerning 103 

the use of ILs on biomaterials processing, highlighting the type of biopolymer, solvent 104 

(IL, pure or in solution) and coagulant agent used, as well as the most relevant findings.105 

Jo
urn

al 
Pre-

pro
of



5 

 

Table 2. Main conditions and findings in the preparation of films, scaffolds and nanoparticles using ILs. 106 

Starting biopolymer Biomaterial Solvent Coagulant Relevant results Ref. 

Silk-cellulose Film [C2C1im][C1CO2] 

Methanol 

The IL presents good ability to dissolve both silk and cellulose, 

allowing the processing of blended films with benefits derived from 

each material; 

Films flexibility increases with the amount of cellulose used in the 

initial blend. 

[1] 

water  

water:H2O2 

The cellulose crystallinity can be influenced by the IL and the type 

of coagulant; 

Films developed by using H2O2 solutions as coagulant agent 

present high thermal stability. 

[6] 

Ethanol 
The use of lower percentages of silk in the initial blend confers a 

higher semicrystallinity to the produced films. 
[7] 

Silk-SAIB Scaffolds 
[C4C1im][C1CO2] 

[C4C1im]Cl 

water 

water:isopropanol 

water:methanol  

The structures obtained with the Cl-based IL present low stability 

due to the IL inferior dissolution power; 

Water:isopropanol was identified as the best coagulant agent; 

Silk-SAIB scaffolds showed a slightly higher water uptake 

compared to those composed of silk only. 

[10] 

Silk-chitin Scaffolds [C4C1im][C1CO2] 
water:methanol  

water:ethanol 

The blend was dissolved efficiently in [C4C1im][C1CO2]; 

Samples treated with methanol produced structures with good 

mechanical stability compared to those produced with ethanol. 

[13] 

Silk Nanoparticles 

[C2C1im][C1CO2] 

(aqueous solutions) 

 

methanol 

Water was used as a co-solvent to reduce the viscosity of the IL 

solution; 

NPs showed 7% decrease of β-sheet content compared to silk, 

probably due to an incomplete regeneration. 

[17] 

NPs loaded with naringenin were evaluated as drug delivery 

systems; 

The initial release of NPs was around 82 - 86% of the total drug 

released in the first 2h. 

[20] 

NPs loaded with curcumin were evaluated as drug delivery 

systems; 

The release occurred within the initial 5 h, reaching a maximum 

value of 35 % of the drug-loaded; 

[21] 
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Silk NPs showed a comparatively lower diameter than curcumin-

silk NPs. 

Cellulose blended with silk, 

collagen, chitosan, gelatin, starch, 

lignin, agar, β- cyclodextrin, 

dextran, arabic gum, κ-

carrageenan, gum xanthan gum, 

xylan agarose, tragacanth  

Film [C2C1im][C1CO2] Ethanol 

Starting materials show different solubility in [C2C1im][C1CO2]; 

The structure of the films (fibrous or smooth and dense) varies 

according to the blend used. 

[2] 

Cellulose (+citric acid) Film [C2C1im]Cl Water 

Materials were successfully dissolved in [C2C1im]Cl; 

The addition of citric acid (up to 10 wt%) decreases the film ability 

to uptake water, inducing the formation of more hydrophobic and 

strongest materials.  

[5] 

Cellulose 

Film 

[TMG][C1CO2] 

[TMG][C2CO2] 

[TMG][HCO2] 

(DMSO solution) 

Water 

[TMG][HCO2] was not able to dissolve cellulose; 

Films produced with [TMG][C1CO2] present a lower crystallinity;  

Films consistency largely depends on the washing regeneration 

process, namely on the amount of water and washing time. 

[8] 

Scaffolds [C4C1im]Cl water 
The addition of NaCl into the cellulose-IL solution resulted in 

porous scaffolds with larger pore sizes. 
[16] 

Nanoparticles 

[C4C1im][C1CO2] water 

[C4C1im][C1CO2] is a non-derivatizing solvent for cellulose, as the 

chemical structure of cellulose remains unchanged after hydrolysis; 

IL was recovered with a yield of 86 %; 

NPs were cylindrical-shaped fibrils with a smooth surface and 

refined fibrillar structure. 

[18] 

[C4C1im][HSO4] water 

The use of high amounts of cellulose (> 25 wt %) resulted in IL low 

solubilization efficiency, inducing the formation of large NPs with 

low uniformity when compared to those obtained with lower 

cellulose concentration (5 - 20 wt %); 

IL was recovered with a yield of 90 %. 

[19] 

Polycaprolactone Scaffolds [C4C1im]Cl ethanol 

IL induced the formation of thinner fibers than conventional 

solvents; 

The use of IL significantly decreased the mean tensile strength of 

samples; 

IL stays chemically attached to the scaffold (according to FTIR 

results). 

[14] 

PCL-nHAP-CNW Scaffolds [C4C1im]Cl not mentioned 
The increase of nHAP content improved the mechanical properties 

of the scaffolds; 
[15] 
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CNW content improved both cell attachment and proliferation 

properties of the scaffold and increased the biodegradation rate. 
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2.1 Films 107 

As summarized in Table 2, the processing of films has been mainly carried out using 108 

silk and cellulose blends. Silk and cellulose are biocompatible materials; biomaterials 109 

derived from these compounds present improved properties induced by the strong 110 

interactions that typically occur in polysaccharides and proteins [7]. Furthermore, 111 

different blends and material ratios allow the development of tunable biomaterials 112 

through the optimization of their properties according to a required application, 113 

avoiding the need of chemical modifications of the final material [1,2,5–7]. These 114 

biomaterials properties also depend on the solvent, coagulant agent and other 115 

experimental conditions applied during their processing. Concerning the solvent 116 

influence, results obtained by Ribeiro et al. [8] revealed that cellulose films produced 117 

with [TMG][C1CO2] present higher resistance than films produced with [TMG][C2CO2] 118 

and [TMG][HCO2]. On the other hand, Blessing et al. [7] reported some changes in the 119 

morphology of silk-cellulose films according to the coagulant concentration. Films 120 

coagulated with 1% v/v ethanol are not as smooth and uniform as films coagulated with 121 

10% v/v ethanol [7]. In addition, Ribeiro et al. [8] observed that a shorter washing time 122 

results in sticky, yellowish and low consistency cellulose film, probably because this 123 

time was not enough to achieve the complete IL removal, causing a plasticizing effect. 124 

Longer washing times generate a brittle and whitish film, with no presence of IL. Love 125 

et al. [6] reported that the use of H2O2 in an aqueous solution as the coagulant agent 126 

significantly increases the thermal stability (~82 °C) of the silk-cellulose film in relation 127 

to that coagulated with pure water, highlighting the influence of the coagulant agent. 128 

According to the authors, films coagulated in H2O2 are more thermally stable due to 129 

fewer interfaces between polymer chains for all bio composites, being required a lower 130 

cohesive energy to break these interfaces compared to the actual disruption of the 131 

polymer chains themselves [6].  132 

Rivera-Galletti et al. [1] and Soheilmoghaddam et al. [5] confirmed that the use of 133 

blends and mixtures (cellulose-silk and cellulose + citric acid, respectively) improve the 134 

properties of films, with the increase of cellulose content conferring more flexibility to 135 

the film [1]. In the same line, Park et al. [2] showed that different types of blends can 136 

influence the physicochemical properties of the biomaterials. For instance, the surfaces 137 

of cellulose-chitosan film have fibrous structure, whereas those composed of silk-138 

cellulose are smooth and dense [2]. 139 
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The IL and temperature used on raw material dissolution also influence the properties of 140 

the films. Ribeiro et al. [8] evaluated different [TMG]-based ILs and temperatures (90 - 141 

130 °C) to process cellulose films. Films produced with [TMG][C1CO2] presented 142 

lower crystallinity; however, film crystallinity could be increased by increasing the 143 

dissolution temperature. On the other hand, temperature has no effect on films 144 

crystallinity when these are produced using [TMG][C2CO2].  145 

When considering mechanical properties, films produced with [TMG][C1CO2] present 146 

higher resistance. According to FTIR results, an increase in temperature does not 147 

promote any changes in cellulose structure, while some IL is retained in the film's 148 

structure. Furthermore, results showed that the type of IL has no significant effect on 149 

the amount of retained IL. However, the increase in the dissolution temperature leads to 150 

an increase of the retained IL amount in the film [8]. Since some ILs can exhibit a 151 

certain level of toxicity, the IL removal from the biomaterial matrix must be considered, 152 

and citotoxicity studies need to be carried out to ensure the biomaterials safety.  153 

The ILs toxicity depends on several factors, including their chemical structures, 154 

concentration and specific organisms and methods used to address such property. 155 

Flieger and Flieger [30] published a review manuscript highlighting the effect of 156 

different ILs on the environment, which is useful to provide insights on the design of 157 

ILs according to the required application. Overall, the toxicity determination of newly 158 

synthesized ILs should be a mandatory task. Furthermore, when envisaging IL industrial 159 

applications nowadays, it is required to address the use of computational tools to 160 

improve properties and processes performance, such as the use of machine learning 161 

tools as recently discussed by Welton and co-workers [31], which may result in time 162 

and costs saving. 163 

Although scarcely considered in the published works (cf. Table 2), the IL recovery and 164 

reuse have a positive impact on the process feasibility from an economical and 165 

sustainable point of view, and should be a mandatory aspect in all related studies. Due 166 

to their non-volatile nature, the volatile compounds of the solution containing the IL and 167 

coagulant agent can be simple removed by evaporation [18–20]. Still, the energy cost 168 

associated to the IL recovery step, as well as equipment handling, are topics that need to 169 

be evaluated in a technical-economical evaluation before their industrial application can 170 

be foreseen.  171 

2.2 Scaffolds 172 
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The use of blends can improve and allow to tune the final properties of biomaterials 173 

[9,10,15]. This is demonstrated by the results of Oliveira and co-workers [9,10], who 174 

developed SAIB-based scaffolds from chitin or silk. Results of structure 175 

characterization showed the influence of blend processing on the parameters evaluated 176 

according to the starting biopolymer used. In addition, these results reported some 177 

differences in structure characterization according to each biopolymer (silk or chitin). 178 

The presence of SAIB increased the adhesive strength of the scaffolds by almost four 179 

times compared to pure chitin scaffolds [9], while SAIB-silk scaffolds showed a slightly 180 

higher water uptake than pure silk-based ones [10]. These authors also evaluated the use 181 

of different coagulants (cf. Table 2) [9,10], finding that water is a better coagulant to 182 

SAIB-chitin samples, whereas for SAIB-silk the use of water results in scaffolds with 183 

lower strength. For these, isopropanol:water (1:1, v:v) solution was identified as the best 184 

coagulant. On the other hand, results reported by Gomes et al. [12] and Silva et al. [13] 185 

indicate that the use of methanol as coagulation agent leads to biomaterials with higher 186 

stability and firmness, probably due to its high polarity. However, from a sustainable 187 

point of view, the use of methanol is not the best option and water should be considered 188 

whenever possible. 189 

Concerning the IL nature effect, preliminary results obtained by Oliveira and co-190 

workers [9,10] revealed that SAIB does not dissolve in [C4C1im]Cl and does not form 191 

gels alone (without chitin) when dissolved in [C4C1im][C1CO2]. Furthermore, the use of 192 

[C4C1im]Cl to the processing of SAIB-silk scaffolds results in biomaterials with low 193 

stability, which may be related with the low dissolution power of this IL when 194 

compared to the acetate-based IL [10]. These results highlight the significant influence 195 

that ILs anions have on biomaterials processing and on their final properties. 196 

Silva et al. [14] compared the influence of an IL – [C4C1im]Cl – and a conventional 197 

solvent – trichloromethane (CHCl3) – on the processing of scaffolds. The use of the IL 198 

allowed to decrease the fibers diameter and consequently increase the surface area and 199 

the stretching resistance. The scaffolds obtained when using the IL as a solvent 200 

presented minor variations of mechanical properties, indicating a robust mechanical 201 

behavior. The cytotoxicity of the obtained scaffolds was determined by direct contact 202 

tests in L929 cells, showing that cells adhered and proliferated on both samples. 203 

Scaffolds processing in the IL have enhanced adhesion and activity when compared 204 

with those obtained with CHCl3 [14]. 205 
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Gomes et al. [12] reported the use of a cholinium-based IL to develop chitin scaffolds. 206 

This type of ILs, if properly designed, is well known by their lower toxicities when 207 

compared to their imidazolium counterparts, being thus more promising and safer for 208 

biomedical applications. The use of [N111(2OH)][C1CO2] promoted a decrease in the pore 209 

size, improved the mechanical properties, and increased the resistance to thermal 210 

degradation. Furthermore, the presence of [N111(2OH)][C1CO2] did not induce a negative 211 

impact on the L929 cell viability, with a positive effect on the human adipose stem cells 212 

biological behavior [12]. These results demonstrate that depending on the ILs used, it is 213 

possible to consider the processing of biomaterials in which ILs may be retained or be 214 

part of the blends, while improving their properties and possibility of biomaterials 215 

application. 216 

2.3 Nanoparticles  217 

Considering the works described in Table 2, nanoparticles (NPs) are typically produced 218 

using a single raw material, i.e. without blends, being usually silk or cellulose. As 219 

observed with films and scaffolds, the process conditions significantly influence the 220 

biomaterials' final properties. Samsudin et al. [18] showed that NPs present a porous 221 

structure when the dissolution temperature is higher than 100 °C. The optimum 222 

temperature was established to be 80 °C, based on the higher crystallinity and thermal 223 

stability of the NPs [18]. Low et al. [19] reported that a higher time of dissolution 224 

results in smaller NPs with higher crystallinity. Moreover, the increase of cellulose 225 

mass above 20 wt% leads to a drop in crystallinity index. The higher crystallinity index 226 

and the lowest crystalline size were achieved with 15 wt% of cellulose [19]. 227 

Crystallinity results reported by Samsudin et al. [18] and Low et al. [19] are presented 228 

in Table 3. Low et al. [19] also reported that the IL high viscosity limited the dissolution 229 

step performance, being a limitation in the mass transfer phenomenon. 230 

 231 

Table 3. Crystallinity index and crystallinity size of microcrystalline cellulose and 232 

nanoparticles. 233 

Sample Crystallinity index, CrI 

(%) 

Crystallinity size, DXRD 

(nm) 

Microcrystalline cellulose 78.0 25.3 

Nanoparticlesa, 70 °C 59.4 1.9 

Nanoparticlesa, 80 °C 78.8 2.7 
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Nanoparticlesa, 90 °C 58.6 2.7 

Nanoparticlesa, 100 °C 45.5 2.7 

Nanoparticlesa, 110 °C 39.2 2.9 

Nanoparticlesb, 5 wt% 86.6 5.4 

Nanoparticlesb, 10 wt% 89.5 5.3 

Nanoparticlesb, 15 wt% 92.2 4.8 

Nanoparticlesb, 20 wt% 85.8 5.1 

Nanoparticlesb, 25 wt% 80.7 5.2 

a nanoparticles obtained as a function of synthesis temperature; b nanoparticles obtained 234 

with different concentrations of microcrystalline cellulose. 235 

Due to the unique properties of NPs, including their small size and high surface area, 236 

Fuster et al. [20] and Zhang et al. [21] developed silk-NPs and evaluated them as drug 237 

delivery systems. Silk was dissolved in [C2C1im][C1CO2] under ultrasound conditions 238 

and regenerated in methanol, followed by the adsorption of naringenin or curcumin. The 239 

NPs loaded with naringenin reached 82-86% of the biocompound release in the first 2 h 240 

[20], while the NPs loaded with curcumin released 35% in the initial 5 h [21]. These 241 

correspond to examples of scarce works reinforcing the potential of biomaterials 242 

processed by ILs to be used in biomedical applications. 243 

3. Future perspectives and conclusions 244 

Considering the low solubility of most starting biopolymers (e.g. cellulose, chitin, silk) 245 

in water and traditional organic solvents, the use of ILs on the processing of 246 

biomaterials appears as a remarkable alternative due their high dissolution capability (if 247 

properly designed and selected). Based on the works discussed on the advances in the 248 

field in the past years, it is clear that the use of ILs can simplify and improve the 249 

efficiency of biomaterials production processes and enhance the biomaterials properties. 250 

Among imidazolium-based ILs, [C2C1im][C1CO2] has been highlighted in several 251 

studies, not only due to its low melting point and high dissolution capability for 252 

biopolymers [32], but also because this IL is approved by the Registration, Evaluation, 253 

Authorization, and Restriction of Chemicals (REACH). Still, there is a wide range of 254 

bio-based ILs that can overcome the concerns associated to most imidazolium-based 255 

ILs. Although the synthesis of bio-based ILs has been increasing in the literature in the 256 

past few years [33,34], they are still not properly investigated in biomaterials processing 257 

(cf Table 2). The promising results reported by Gomes et al. [12] should be an incentive 258 
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for other researchers, especially when dealing with applications in the biomedical area. 259 

Other types of bio-based ILs [33,35], with low eco/citotoxicity and high 260 

biodegradability need to be further evaluated in biomaterials processing. 261 

Overall, it is essential to consider the pros and cons that ILs have in the processing of 262 

biomaterials, especially regarding human health and environment, since life cycle 263 

assessment studies have shown questionable toxicity for some ILs [28]. Considering 264 

that the complete removal of IL from the biomaterial is not always achieved, the ILs and 265 

biomaterials eco/citotoxicity nature need to be characterized when envisioning their 266 

applications. Due to their non-volatile nature, the volatile compounds of the solution 267 

containing the IL and coagulant agent can be simple removed by evaporation as shown 268 

by some authors [18–20]. Still, the energy cost associated to the IL recovery step, as 269 

well as equipment handling, are topics needing to be addressed before their industrial 270 

application can be foreseen. Furthermore, to be more competitive, ILs need to be 271 

produced at relatively low cost and at a large scale, without discarding the development 272 

of cost-efficient IL recovery techniques in this field. Water has been the most used 273 

coagulant agent, which is an advantage since it is safe and poses no risks for human 274 

health, while avoiding the need of extra steps for the biomaterials recovery after 275 

dissolution. 276 

There is still a gap in the literature in what concerns the application of biomaterials 277 

obtained using ILs. Most studies reported the processing and characterization of 278 

biomaterials, but without addressing their final application. Moreover, the influence of 279 

ILs possibly retained in biomaterials must be considered. Literature demonstrates that 280 

blended biomaterials present, most of the times, better and more interesting properties 281 

than those based on single raw material. Blends allow tuning biomaterials properties by 282 

adjusting the raw materials ratio according to the requirements of a specific application. 283 

However, the balance between an enhanced structure and the functional properties of a 284 

biomaterial is still a challenge to achieve. Given the high number of natural polymers 285 

available, other protein-polysaccharide blends (in addition to the widely studied silk-286 

cellulose blend) should be evaluated.  287 

Accomplishments achieved so far include the evaluation of IL as a solvent to improve 288 

the efficiency of biomaterials production, investigation of the use of silk-cellulose 289 

blends in biomaterial properties, and analysis of the influence of different dissolution 290 

conditions and coagulant agents. On the other hand, the recovery and reuse of ILs did 291 

not attract sufficient attention and needs to be implemented in a routine way. 292 
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Furthermore, the investigation on the use of bio-based ILs, processing of new protein-293 

polysaccharide blends, evaluation of the final application of biomaterials and analysis of 294 

the process at a large scale, are also important topics that need to be addressed in future 295 

works.  296 

Nowadays, when envisaging IL industrial applications nowadays, it is required to 297 

address the use of computational tools to improve properties and processes 298 

performance, such as the use of machine learning tools recently highlighted by Welton 299 

and co-workers [32], which may result in time and costs saving. 300 

Although there is still a long path ahead to completely disclose their full potential, 301 

evidences up to date show that greener solvents (ILs) coupled with simple coagulant 302 

agents (water) in the processing of renewable biopolymers (natural polysaccharides and 303 

proteins) can be used to produce biomaterials with relevant properties in different fields. 304 
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. Ionic liquids are efficient solvents to dissolve biopolymers 

. Dissolution conditions and type of coagulants influence the biomaterial properties 

. Silk-cellulose is the mostly used blend in biomaterials processing 

. Blended biomaterials present better properties than those based on a single biopolymer 

. Biomaterials processed from ionic liquid solutions display improved properties 
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