
 

 
 

Ionic liquids for the control of the morphology in poly(vinylidene 
fluoride-co-hexafluoropropylene) membranes 

Paula GSaiz1, Ana Catarina Lopes1*, Simone Eizagirre1, Roberto Fernández de Luis1, María Isabel 
Arriortua1,2 

1BCMaterials (Basque Center for Materials, Applications & Nanostructures), Bldg. Martina Casiano, 3rd. Floor, 
UPV/EHU Science Park, Barrio Sarriena S/N, Leioa, 48940, Spain. 
2Mineralogy and Petrology Department, University of the Basque Country (UPV/EHU), Barrio Sarriena S/N, 
Leioa, 48940, Spain. 
 
Abstract:  
 
The development of polymer membranes with tailored micro-morphology and wettability is a demand in the areas of 

filtration, sensors, and tissue engineering, among others. The thermoplastic copolymer poly(vinylidene fluoride-co-

hexafluoropropylene) (PVDF-HFP), is one of the most widely used polymers for these applications due to its good 

mechanical and thermal properties, biocompatibility and low density. Although the control of the PVDF-HFP morphology is 

a complicated task, the introduction of ionic liquids (ILs) in the PVDF-HFP matrix opens news perspectives in this area. This 

work consists on a systematic study of three different protic ionic liquids ([dema][TfO], [MIm][NTf2] and [MIm][Cl]) in the 

control of PVDF-HFP membranes properties. Different preparation conditions are also analysed. These results demonstrate 

how several parameters such as morphology, water absorption capacity and mechanical properties vary depending on the 

production methodology employed and on the choice of incorporated IL. Pores of different sizes, spherulites, and compact 

structures have been obtained, as well hydrophilic and highly hydrophobic structures. These results show that ILs play a key 

role in the optimization of polymer properties, and given the huge number of ILs available, they open up new possibilities 

for the development of polymer membranes suitable for applications where specific morphologies are desirable. 
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1. Introduction 
 

Nowadays, the development of polymer membranes with tailored micro-morphology, mechanical properties or water 

absorption capacity is a demand in the areas of filtration, electronics, sensors, tissue engineering or energy, among others [1-

3]. Morphology characteristics significantly determine the final mechanical, thermal, optical and electronic properties of 

membranes and for this reason many efforts have been devoted to understanding how to control and tailor membrane 

morphology, [4-5], as this could open new possibilities in the previously cited applications [6-7].  

Some of the most commonly used polymers in membrane development are polyvinylidene fluoride (PVDF) and its 

copolymers. They are semicrystalline thermoplastic fluoropolymers with good physical and chemical properties, including 

good chemical and thermal stability, high polarity, low density, hydrophobic nature and biocompatibility [8]. Particularly, 

this family of polymers stands out for having the highest dielectric constant and the highest piezoelectric response among all 

the polymers. PVDF and its co-polymers are polymorphous polymers that can exhibit five crystalline phases, including two 

piezoelectric (γ and β-phases), which can be obtained by the control of the production method. The piezoelectric phases are 
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widely applied in the area of sensors and actuators [9] as well as emerging applications such as the development piezoelectric 

scaffolds for tissue regeneration in biomedical applications [10]. 

In the particular case of the copolymer poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP), the inclusion of 

hexafluoropropylene (HFP) in the structure results in a more hydrophobic film and a lower melting point due to a decrease 

in the degree of crystallinity with respect to the homopolymer [11]. These characteristics make PVDF-HFP particularly 

interesting in the area of battery separator membranes [12] and membrane distillation [13], among others. The control of 

PVDF membrane morphology is commonly a complicated task mostly restricted to the use of solvent evaporation (SE), 

thermally induced phase separation (TIPS), diffusion induced phase separation (DIPS) and non-solvent-induced phase 

separation (NIPS) techniques, where variable processing parameters are mostly limited to evaporation temperature, type of 

solvent or reaction time [14–17]. Furthermore, these techniques mostly result in very non-uniform porosities through the 

thickness of membranes as the contact with the atmosphere or non-solvent takes place just at membrane surface [8]. 

The use of a filler that can induce a uniform microstructure from all over the membrane could provide a more efficient 

morphology control method. Fillers such as clays [18] or metal  nanoparticles [19] are usually added in order to introduce 

new or desired properties to the polymers (higher resistance, conductivity, larger dielectric response...) [20]. One of the most 

promising materials for this purpose are ionic liquids (ILs). These materials, commonly defined as molten salts with a melting 

point lower than 100 °C, are receiving large attention on a wide variety of applications including solvents [21], energy [22], 

gas separation [23] or even in biochemical processes [24], due to their high thermal and electrochemical stability, low vapor 

pressure, high ionic conductivity and non-flammability. ILs have already shown the capacity to affect the morphology and 

size of nanoparticles when used during  synthesis [25]–[27] as well as the morphology of some polymer membranes [28]. 

However, their capacity to induce a specific morphology has only been  studied as a parallel effect [29], [30]. There has not, 

so far, been performed a systematic study about this important ability of ILs. In this work, a comprehensive and systematic 

study of the influence of ILs on the morphology, hydrophobicity, and thermal and mechanical properties of PVDF-HFP is 

presented through the production of PVDF-HFP@IL composite membranes with three ILs (diethylmethylmethylammonium 

trifluoromethanesulfonate, 1-methylimidazolium bis(trifluoromethylsulfonyl)imide and 1-methylimidazolium chloride) and 

varying methodologies (time and temperature of solvent evaporation). 

The results bring out the ability of ILs to tailor the morphology and associated properties of polymer membranes. Taking 

into account that there exist more than 103 different ILs [31], this work shows the possibility to tailor the most suitable 

combination of ILs to meet the desired properties of PVDF-HFP membranes for each specific applications. 

 
2. Experimental 

2.1. Materials 

The ILs diethylmethylammonium trifluoromethanesulfonate ([dema][TfO]), 1-methylimidazolium 

bis(trifluoromethylsulfonyl)imide ([MIm][NTf2]) and 1-methylimidazolium chloride ([MIm][Cl]) were obtained from Iolitec 

(Germany) with stated purity of 98%. Poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP, SOLEF® 21216/1001 

from Solvay (Belgium)) was used as polymer matrix and N,N-dimethylformamide (DMF) (99.8%) (supplied by Sigma 

Aldrich) as solvent. The structures of the ionic liquids used are shown in the Figure 1. 
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Fig. 1 - Structure of: (a) [MIm][Cl], (b) [dema][TfO] and (c) [MIm][NTf2]. 

2.2. Membrane preparation 

The membranes were prepared through solvent casting and subsequent evaporation of the solvent at different temperatures. 

6 mL of solvent per gram of polymer were used, corresponding to a polymer:solvent ratio of 15:85 in weight. 60%wt of 

[MIm][NTf2] was used to prepare the composite membranes. Equivalent molar quantities (4.132·10-3 moles/gram) of the 

other two ILs were used. The solvent, polymer and selected IL were mixed in the desired ratios and placed on a magnetic 

stirring plate at room temperature until the complete dissolution of the polymer was achieved. Then, the homogeneous 

solution was spread onto a glass substrate and the solvent evaporated either at room temperature or placed in the oven at a 

specific temperature for different periods of time (80 °C for 20 minutes and in the oven at 100 °C for 1 hour) (Figure 2). 

 

 

 

 

 

 

 

Fig. 2 - Schematic representation of the preparation method of PVDF-HFP@IL membranes. 

The effect of different parameters on the properties of the samples was analyzed. In addition, the samples dried at 80 ºC 

for 20 minutes were immersed in water for 48 hours to the complete removal of the IL and the resultant membranes were 

also subsequently characterized. The parameters of all the prepared samples are presented in Table 1. 

  

 c) 

a)                                          b) 
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Table 1. Adjusted parameters on the samples preparation. 

 

2.3. Samples characterization 

In order to study the properties of the synthesized samples different measurements were carried out. The surface and 

transversal morphologies of the membranes were obtained using a Scanning Electron Microscope (SEM) (JEOL JSM-7000F) 

with an accelerating voltage of 5kV. Prior to analysis, samples were coated with a gold layer of 15 nm using a sputter coating 

method.  Contact angle measurements of the surface of membranes were recorded using the Neurtek OCA15EC Dataphysics 

instrument and deionized water drops of 2µL. The presented average value of contact angle was calculated from five different 

measurements performed in each membrane. The mechanical properties of the membranes were analyzed by the trace of a 

stress-strain curve using a traction machine (Shimadzu AGS-500NJ) in the tensile mode. Samples with lengths and widths 

of 10 mm were stretched at a rate of 1 mm/min. The thermal properties of the membranes were studied by through 

thermogravimetric analysis (TGA), with the Netzsch STA 449F3 instrument. Small pieces of about 6 mg were cut, placed 

into aluminum oxide pans, and heated from 25 to 800 °C at a heating rate of 5 °C/min under synthetic atmosphere. Finally, 

Fourier Transform Infrared Spectroscopy in Attenuated Total Reflectance mode (FTIR-ATR) measurements were carried out 

in order to determine the crystalline phase content of the composite membranes. The spectra were taken in the 600 and 4000 

cm-1 range with a Jasco FT/IR-6100 spectrometer in ATR mode. 

 

3. Results and discussion 

  

3.1 Morphology and hydrophobicity of the films 

 

Representative cross-sectional SEM images of the membranes as well as images of static contact angle measurements are 

shown in the Figure 3. The results reveal the existence of different morphologies and varying hydrophobic properties 

depending on the processing conditions and on the choice of IL.  
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Fig. 3 - Cross-sectional SEM and contact angle images for the different samples. Solvent evaporation temperature of A, B 

and C are RT, 80°C and 100°C respectively. 1, 2, 3 and 4 represent the IL used for the preparation of the membrane (none, 

[MIm][Cl], [dema][TfO] and [MIm][NTf2] respectively). 

As can be seen, temperature, and time of solvent evaporation play an important role on the morphology obtained. In the 

neat PVDF-HFP, the pore is formed by a phase separation process between the solvent and the polymer [32], such that the 

solvent evaporation rate plays a key role in the morphology of the obtained membrane. At higher temperatures, the DMF 

evaporation occurs quickly, resulting in membranes that are either non-porous or only have small pores. When the solvent 

evaporates slowly the process of phase separation is completed, resulting in a larger pore size membranes, as is effectively 

observed in the neat PVDF-HFP samples evaporated at room temperature, In these conditions, uniform membranes with a 

high porosity structure (Figure 3-A1) are achieved. However, as the evaporation temperature rises, some non-porous parts 

arise (Figure 3-B1) or a compact (non-porous) structure appears (Figure 3-C1). 

A similar behavior is observed in the PVDF-HFP@[MIm][Cl] composites where the pore size decreases as the temperature 

and time of solvent evaporation increase. Particularly, we observe that the sample dried at room temperature presents a 

medium pore size of 6±3µm, which decreases to values of 5.0±1.3 µm when the sample is dried at 80 ºC. In the sample dried 

at 100 ºC, is evident an even more expressive reduction of the porous size to 2.4±0.9µm. 

Nonetheless, this behavior was not observed for composites with all the ILs. Contrary to the membranes of PVDF-HFP 

and PVDF-HFP@[MIm][Cl] which show a high degree of porosity, the membranes prepared with [MIm][NTf2] and 

[dema][TfO] present a different structure. In the PVDF-HFP@[dema][TfO] composite, no pores are observed in SEM image 

when the sample is prepared at room temperature (Figure 3-A3) or when it is placed in oven at 100 ºC for 60 min (Figure 3-

C3). Nonetheless, when the solvent is evaporated at 80 ºC, a structure formed by spherulites can be observed (Figure 3-B3). 

On the other hand, the PVDF-HFP@[MIm][NTf2] sample does not show any porosity, regardless of the evaporation 

temperature of the solvent. Therefore, it is demonstrated that the introduction of the IL on the solution alters the interaction 

process between the polymer and the solvent in a peculiar way, leading to a variation on the membrane morphology. The 
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possibility of tailoring membrane morphology through the variation of the incorporated IL opens new possibilities in the area 

of membrane production, since the wide range of ILs available with different structures could allow for the design of a huge 

variety of membrane structures optimized for specific applications.  

Regarding the contact angle images shown in Figure 3, it can be appreciated that each sample responds in a different way 

to the presence of water. This depends on not only the choice of incorporated IL, but also on the synthesis procedure used to 

fabricate the membranes. Figure 4 shows the contact angle values measured immediately after the contact of the drop with 

the membrane surface for the different samples.  
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 - Contact angle estimated for the samples. 

 

Membranes composed of PVDF-HFP@[MIm][Cl], as well as those of pure PVDF-HFP present higher values of contact 

angle when compared with the PVDF-HFP@[dema][TfO] and PVDF-HFP@[MIm][NTf2] membranes. Moreover, it is 

observed that in general the contact angle decreases with increasing the drying temperature of solvent evaporation, as does 

the porosity of the sample, as observed for PVDF-HFP, PVDF-HFP@[MIm][Cl] and PVDF-HFP@[MIm][NTf2]. This is 

because the hydrophobicity of a material is generally modified by the presence of surface textures or roughness [33-34] and 

the roughness of the prepared samples vary significantly between the different membranes. In contrast, for the composites of 

PVDF-HFP@[dema][TfO] the smallest contact angle is obtained for the sample prepared at 80 ºC. This could be a result of 

the higher wettability of the samples (analyzed latter), which leads to a huge water absorption rate and a non-correct reading 

of the contact angle value. 

As can be observed the differences between the contact angles and between obtained morphologies are particularly striking 

in the case of samples dried at 80 ºC. Despite being prepared by the same method, the use of different IL results in very 

different membrane structure. For this reason, the focus of this work is centered around membranes prepared at this 

temperature.  

Furthermore, it is important to also analyze the effect of IL removal on the membrane morphology. As previously 

described, the samples prepared at 80 ºC were immersed in water for 48h in order to remove the IL. The morphology of the 

membranes before and after the immersion in water is shown in the cross-section images of SEM represented in the Figure 

5. 



7 

 

 

Fig. 5 - Cross-sectional SEM images of the samples dried at 80ºC before and after immersion in water for 48h (A and B 

respectively). 1, 2, 3 and 4 represent the IL used for the preparation of the membrane (none, [MIm][Cl], [dema][TfO] and 

[MIm][NTf2] respectively). 

 

At first glance, the fact that the general morphology is not affected by the removal of IL stands out. In the PVDF-

HFP@[MIm][Cl] samples, the porous structure is maintained, as well as the spherulitic and compact structures of samples 

prepared with [dema][TfO] and [MIm][NTf2] ILs, respectively. Nevertheless, a small decrease in the average size of the 

pores and the spherulites can be observed. It is estimated that the average pore size for the PVDF-HFP@[MIm][Cl] sample 

before immersion in water is 5.0±1.3 µm while it shrinks to 4.2±0.8 µm after. Regarding the size of the spherulites in the 

sample of PVDF-HFP@[dema][TfO], their average size before immersion in water is 5.4±1.1 µm and 3.9±0.8 µm after. 

Figure 6 shows the images of the contact angle measurements as a function of the time for the PVDF-HFP@IL_80ºC 

samples before and after the immersion in water. In these images, it can be appreciated that the water absorption capacity of 

the sample is highly dependent from the type of IL incorporated into the composite. The PVDF-HFP@[MIm][Cl] membrane 

(Figure 6-A1) presents a minimal water absorption capacity after 60s while PVDF-HFP@[dema][TfO] membrane (Figure 6-

B1) stands out for the significant and rapid capacity of water drop absorption. At a midpoint is the PVDF-HFP@[MIm][NTf2] 

membrane (Figure 6-C1) for which absorption of water over time occurs, while it is not very significant. The removal of IL 

after the immersion in water (Figures 6-A2, 6-B2 and 6-C2) results in an increase of water contact angle in the three cases. 

Particularly, the contact angles of PVDF-HFP@[dema][TfO]_H2O and PVDF-HFP@[MIm][NTf2]_H2O (134º and 131º) 

present a huge increase when compared with the respective composites (92º and 59º) evidencing the important role played 

by the IL in the control of the hydrophilicity. Furthermore, these values are even higher than those presented by the directly 

processed PVDF-HFP membrane (101º) which can be explained by the differences in the roughness of membrane surfaces. 
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Fig. 6 - Images of the Contact Angle Measurements as a function of time of the different samples dried at 80°C. A, B and C 

represent the IL used for the preparation of the membrane ([MIm][Cl], [dema][TfO] and [MIm][NTf2] respectively) and 1 

and 2 represent the membrane before and after the immersion in water. 

 

Finally, we should emphasize that for the membranes where the IL has been removed through water immersion (PVDF-

HFP@IL_H2O), the capacity of water absorption decreases with respect to the samples with IL, acquiring a behavior closer 

to the one of neat PVDF-HFP polymer. In this situation, the variations can be assigned to the membrane morphology. In 

Figure 7, the quantification of water contact angle of the PVDF-HFP@IL and PVDF-HFP@IL_H2O samples prepared by 

solvent evaporation at 80 ºC during 20 min is represented. With the exception of the sample of neat PVDF-HFP, for which 

difference of water contact angle value before and after the immersion in water is within the measurement error, all the other 

samples show a higher water contact angle value after the expulsion of the IL from the structure. This phenomenon is 

particularly significant in the samples of PVDF-HFP@[dema][TfO] and PVDF-HFP@[MIm][NTf2], which can be explained 

by the expulsion of hydrophilic ILs from the structure. 
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Fig. 7 - Contact angle of the prepared samples before and after immersion in H2O. 

3.2 Mechanical characterization 

 

The different morphologies obtained in the samples presented in this study can be also appreciated at the macroscopic 

scale, where changes in the appearance and mechanical properties of the membranes are observed. The degree of crystallinity 

and the microstructure of the composite films are the main factor influencing the mechanical properties [35], which are very 

important for their viability in different applications. To investigate this further, stress-strain curves were measured and are 

shown in Figure 8-a. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 - (a) Stress-strain curves for the different membranes dried at 80 ºC during 20 min before and after the immersion in 

water. (b) Results of Young's modulus estimated for the samples whose stress strain curves are shown in Figure 8-a. 

 

As expected, two main characteristic zones are presented in the stress-strain curve. The first zone presents a linear behavior 



10 

 

that corresponds to the elastic regime and the second zone presents a plastic behavior until the breaking point is reached. 

From the slope of the linear zone of the curve, the Young's modulus (E) of the sample can be obtained by the application of 

Hooke’s law,  ߪ ൌ ܧ ∙  where σ and ε are the stress and the strain, respectively. The results obtained for the Young's modulus ,ߝ

of each sample are shown in Figure 8-b. Large variations are observed due to the diversity on the morphology and on the 

type of the IL present. All the samples prepared with ILs present a higher elasticity than the directly prepared sample of pure 

PVDF-HFP (173 MPa). The smallest Young's modulus (2 MPa) is obtained for the sample of PVDF-HFP@[dema][TfO] as 

the spherulitic-based structure of this membrane originates multiple small connection points that can facilitate the stretch 

process. On the other hand, the highest Young modulus among the IL composite samples is obtained for the membrane of 

PVDF-HFP@[MIm][NTf2] which can be understood as the result of the absence of porous in the structure, which is compact, 

resulting in a more homogeneous stress distribution across the membrane that makes its deformation more difficult. 

Furthermore, important differences are observed in elasticity after the removal of the IL from the membranes. In this case, 

the variations should be ascribed to the presence or lack of the IL, since the morphology of each membrane is maintained 

after the removal of the IL. An increase of the Young’s modulus is always observed after the immersion of the membranes 

in water. In the case of PVDF-HFP@[MIm][Cl] and PVDF-HFP@[dema][TfO], the removal of the IL leads to an increase 

of Young's modulus from 73 to 96 MPa and from 2 to 41 MPa, respectively. The most significant variation was observed 

between the PVDF-HFP@[MIm][NTf2] and PVDF-HFP@[MIm][NTf2]_H2O samples. The removal of [MIm][NTf2] from 

these membranes results in an increase of 300% in the Young’s modulus. The plasticizer effect of ILs discussed in other 

studies in the literature [36] is consistent with these results. However, our results show that the membrane morphology also 

plays an important role in determining elastic properties of these materials, as an increase in the Young’s modulus is still 

obtained compared to the pure PVDF-HFP samples even after the ILs have been removed from the composite membranes, 

as can be observed for the PVDF-HFP@[MIm][NTf2]_H2O sample, which shows a 63% increase when compared with to 

pure PVDF-HFP. Both are free of IL but vary in morphology: the absence of pores in the PVDF-HFP@[MIm][NTf2]_H2O 

membrane structure is a determinant factor.  

 

3.3 Thermal characterization 

 

All the previous results indicate that, despite the different morphologies, part of neat PVDF-HFP’s characteristics can be 

somewhat recovered after the removal of the IL. To further understand the thermal behavior of the samples as well as the 

PVDF-HFP and IL interactions, thermogravimetric curves of neat PVDF-HFP and of PVDF-HFP@IL_80ºC composites were 

recorded (Figure 9-a). The analysis of the results shows the effect of the different ILs on the degradation temperatures of the 

membranes. The same analysis was performed in the samples of PVDF-HFP@IL_H2O_80ºC, which IL was removed (Figure 

9-b). 
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Fig. 9 - Thermogravimetric curves for the membranes dried at 80 °C, (a) before immersion in water (b) after immersion in 

water. 

 

TGA measurements demonstrate that the pure PVDF-HFP membrane is thermally stable until temperatures close to 450 

ºC. At this temperature, the carbon-hydrogen bonds of the polymer chain break, and the formation and loss of hydrogen 

fluoride along the polymer chain occurs [37]. Other previous weight losses processes occur on PVDF-HFP@IL composites 

which are related with the ionic liquids degradation. 

PVDF-HFP@[dema][TfO] and PVDF-HFP@[MIm][NTf2] composites present the more significant weight loss at an onset 

temperature above 300°C which is due to the degradation of the IL [38]. The PVDF-HFP@[dema][TfO] sample presents an 

additional small initial weight loss (3%wt) at lower temperatures, around 100°C, most likely corresponding to the loss of the 

water present in this IL structure. However, the most significant differences are observed for the PVDF-HFP@[MIm][Cl] 

composite. This sample presents an initial mass loss of about 18 %wt around 100 ºC. Such as in the previous case, this 

corresponds to the loss of the water present in the hydrophilic IL. Contrary to other composites, the one with [MIm][Cl] 

presents another mass loss step of about 25%wt below 200 ºC, followed by the last degradation process at temperatures 

around 450 ºC. This anticipation of degradation process is typical in samples containing Cl ions, which present less thermal 

stability than the other two ILs [39]. 

The results of PVDF-HFP@IL_H2O_80ºC samples, where the ILs have been removed after the water immersion process, 

are represented in Figure 8-b. As expected, a change is noted in the thermal degradation temperature when compared to the 

respective composites. The absence of IL transforms these membranes into neat PVDF-HFP membranes, leading to a 

considerable increase in the degradation temperature values close to the ones of the originally prepared pure PVDF-HFP 

membrane. 

 

3.4 Fourier Transform Infrared Spectroscopy 

 

The combination of different morphologic structures with the piezoelectric properties of PVDF-HFP can be an added 

value to widen the application possibilities of this polymer. However, inducing the piezoelectric crystal phase (β or γ) in 

PVDF-HFP can be a tricky process, especially if non-porous structures are desired [9]. Recent studies describe the  capacity 

of ILs to induce a piezoelectric phase in PVDF even under conditions that usually result in the non-piezoelectric α-phase 
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[40]. In order to identify the crystalline phase of the composite membranes presented in this work, FTIR-ATR measurements 

were performed and are presented in Figure 10. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 - FTIR-ATR spectra of the different membranes dried at 80 °C, (a) before immersion in water (b) after immersion in 

water. 

 

As shown in Figure 10-a, it can be observed that the characteristic bands of non-piezoelectric α-phase (766, 976, 1149 and 

1383 cm-1) are not present in the samples of neat PVDF-HFP and PVDF-HFP@[MIm][Cl]. Nevertheless PVDF-

HFP@[dema][TfO] and PVDF-HFP@[MIm][NTf2] composites present a small band around 766 cm-1. This band, along with 

those detected at 976, 1149 or 1383 cm-1, is a common characteristic of IL vibrations. On the other hand, the FTIR-ATR 

spectrum of all the composites, with exception to the PVDF-HFP@[MIm][NTf2], presents an intense band at 840 cm-1, typical 

of the piezoelectric β and γ-phases. In parallel, low intense bands at 1233 and 1279 cm-1, characteristic of γ and β-phases, 

respectively, can also be observed, diluted among other non-specific bands [9]. The presence of no characteristic bands of 

PVDF-HFP is a phenomenon that stands out in the case of PVDF-HFP@[MIm][NTf2] sample. These bands can be associated 

with the presence of different ILs or with an incomplete crystallization process of the polymer when in the presence of the 

IL. 

Significant changes in the FTIR-ATR spectra of the composite membranes are observed after removing the ILs through 

the water immersion process. The FTIR-ATR spectra of PVDF-HFP@IL_H2O samples (Figure 10-b) are very similar to the 

directly produced pure membrane of PVDF-HFP. Only the characteristic bands of the polymer are present, confirming the 

removal of the IL from the membrane structure. Moreover, we observe that the characteristic bands of piezoelectric γ and β-

phases become more intensive and clear. This is observed in all the immersed samples, even in PVDF-

HFP@[MIm][NTf2]_H2O_80ºC, which did not previously present any characteristic band of the piezoelectric phases. This 

suggests that the process of polymer crystallization into these phases is only completed after the removal of [MIm][NTf2] 

from the matrix. Additionally, the presence of the 1234 and 1279 cm-1 bands points to a mix of the γ and β-phase in the 

polymer structure. The coexistence of these two phases prevents their relative quantification, since actual quantification 

methods only consider the coexistence of α and β-phases or α and γ-phases [9]. Either way, the absence of α-phase’s 

characteristic bands indicates a complete crystallization of PVDF-HFP@IL_H2O_80ºC into piezoelectric phases, underlining 
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how using ILs during fabrication can achieve specific morphologies and crystal properties and open the possibility of tailoring 

these materials to a wide variety of applications. 

 

 

4. Conclusions 

 

PVDF-HFP membranes with different ILs ([MIm][Cl], [dema][TfO] and [MIm][NTf2]) were produced by solvent casting 

at different temperatures. ILs are shown to serve as properties controllers on the production of PVDF-HFP membranes. 

Aspects such as morphology, water absorption capacity and mechanical properties have been shown to depend not only from 

the production methodology employed, but also from the type of IL incorporated in the membranes. Porous, spherulitic or 

compact polymer structures were obtained by solvent evaporation at 80 ºC during 20 min, using [MIm][Cl], [dema][TfO] 

and [MIm][NTf2] IL respectively. All the prepared composites show a lower water contact angle when compared to neat 

PVDF-HFP. The PVDF-HFP@[MIm][NTf2] composite presents the lowest contact angle, followed by PVDF-

HFP@[dema][TfO] and PVDF-HFP@[MIm][NTf2]. Particularly, PVDF-HFP@[dema][TfO] stands out for its fast water 

absorption capacity as well as for the very low of Young’s modulus (2 MPa) related to its spherulitic morphology. Finally, 

we demonstrate that the introduction of the composites in water leads to the removal of the IL present in the polymer matrix, 

which conserves the morphology of the produced membrane and recovers most of the typical characteristics of the neat 

PVDF-HFP (hydrophobicity, thermal stability, piezoelectric crystallinity, among others), and can also be used to induce 

piezoelectric phases in the material. The possibility of tailoring PVDF-HFP membranes morphology through the variation in 

the choice of the introduced IL is of particular interest and opens new possibilities in the area of membranes production, 

particularly the extensive range of ILs commercially available means that a wide variety of membrane structures could be 

obtained through this approach. The appropriate choice of IL and production method will lead to the achievement of desired 

properties and allow the application of polymer membranes in fields where their morphological properties need to be 

optimized. 
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