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Abstract: Ionic liquids can typically be synthesized via protonation, alkylation, metathesis, or
neutralization reactions. The many types of ionic liquids have increased their attractiveness to
researchers for employment in various areas, including in polymer composites. Recently, ionic
liquids have been employed to modify nanofillers for the fabrication of polymer nanocomposites
with improved physicochemical properties. In this succinct review, four types of imidazolium-based
ionic liquids that are employed as modifiers—specifically alkylimidazolium halide, alkylimidazolium
hexafluorophosphate, alkylimidazolium tetrafluoroborate, and alkylimidazolium bistriflimide—are
reviewed. Additionally, three types of ionic liquid-modified nanofiller/polymer nanocomposites—
namely ionic liquid-nanofiller/thermoplastic nanocomposites, ionic liquid-nanofiller/elastomer
nanocomposites, and ionic liquid-nanofiller/thermoset nanocomposites—are described as well.
The effect of imidazolium-based ionic liquids on the thermo-mechanico-chemical properties of the
polymer nanocomposites is also succinctly reviewed. This review can serve as an initial guide for
polymer composite researchers in modifying nanofillers by means of ionic liquids for improving the
performance of polymer nanocomposites.

Keywords: ionic liquid; nanofiller; polymer nanocomposite; thermal; mechanical; chemical

1. Introduction

Recently, the employment of ionic liquids in green chemical technology has grown
because of the environmental responsiveness and growth of the sustainable chemical
industry. Ionic liquids are liquid salts that generally possess a lower melting point than
the boiling point of water. They also possess a very low vapor pressure, resulting in
them being non-volatile. The recyclability of ionic liquids has led them to be regarded
as an environmentally benign solvent [1]. Furthermore, ionic liquids possess intriguing
solvent properties, such as non-flammability, high polarity, good electrical conductivity,
high thermal stability, and good solubility with many organic solvents, including water.
They also have the ability to dissolve most organic and some inorganic materials, as
well as biopolymers. Additionally, ionic liquids can be custom made, with properties
corresponding to the requirements of the application. They can also be used as cationic
surfactants if they have a long alkyl chain (≥C10) [2].

Polymer nanocomposites are polymers that incorporate nanometer-scale fillers (usu-
ally called nanofillers) [3]. The modification of nanofillers using ionic liquids is a promising
process in the fabrication of multifunctional polymer nanocomposites. In various types of
ionic liquids, imidazolium-based ionic liquids with distinct oppose anions are regularly
employed for modification of nanofillers. This was due to their effectiveness in a wide
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variety of chemical structures. Table 1 shows examples of imidazolium-based ionic liq-
uids employed for modification of nanofillers. It can be observed that some ionic liquids
possess similar alkylimidazolium cations with different counter anions; therefore, in this
concise review, they have been classified into four types, namely alkylimidazolium halide,
alkylimidazolium hexafluorophosphate, alkylimidazolium tetrafluoroborate, and alkylimi-
dazolium bistriflimide. This classification is made since the ionic liquids must undergo
distinct preparation processes with different counter anions.

Table 1. Examples of imidazolium-based ionic liquids employed for modification of nanofillers.

Imidazolium-Based Ionic Liquid Abbreviation References

1-Allyl-3-methylimidazolium chloride [Amim][Cl] [4–7]
1-(3-Aminopropyl)-2-methyl-3-butylimidazole bromide [Apmbim][Br] [8]

1-(3-Aminopropyl)-3-methylimidazolium bromide [Apmim][Br] [8,9]
1-Butyl-3-methylimidazolium chloride [Bmim][Cl] [10]

1-Benzyl-3-methylimidazolium chloride [Bzmim][Cl] [11–16]
1-Decyl-3-methylimidazolium bromide [Dmim][Br] [17]
1-Decyl-3-methylimidazolium chloride [Dmim][Cl] [18]

1-(Ethoxycarbonyl)methyl-3-methylimidazolium bromide [Ecmmim][Br] [19]
1-Ethyl-3-methylimidazolium bromide [Emim][Br] [20]
1-Ethyl-3-methylimidazolium chloride [Emim][Cl] [21]

1-Hexadecyl-3-methylimidazolium bromide [Hdmim][Br] [22]
1-Hexadecyl-3-methylimidazolium chloride [Hdmim][Cl] [10,23]

1-Hexyl-3-methylimidazolium bromide [Hmim][Br] [20]
1-Hexyl-3-methylimidazolium chloride [Hmim][Cl] [10]

1-Methyl-3-carboxymethylimidazolium chloride [Mcmim][Cl] [24]
1-Methyl-3-dodecylimidazolium bromide [Mddim][Br] [25,26]

1-Methyl-3-octadecylimidazolium bromide [Modim][Br] [25]
1-Methyl-3-octylimidazolium bromide [Moim][Br] [25]
1-Methyl-3-octylimidazolium chloride [Moim][Cl] [4]

1-Methylimidazolium chloride [Mim][Cl] [27]
1-Allyl-3-methylimidazolium hexafluorophosphate [Amim][PF6] [28]
1-Butyl-3-methylimidazolium hexafluorophosphate [Bmim][PF6] [28–34]

1-Hexadecyl-3-methylimidazolium hexafluorophosphate [Hdmim][PF6] [22]
1-Hexyl-3-methylimidazolium hexafluorophosphate [Hmim][PF6] [34]

1-(3-Butoxy-2-hydroxy-propyl)-3-methylimidazolium
tetrafluoroborate [Bhpmim][BF4] [35]

1-Butyl-3-methylimidazolium tetrafluoroborate [Bmim][BF4] [36–39]
1-Ethyl-3-methylimidazolium tetrafluoroborate [Emim][BF4] [28,40]
1-Hexyl-3-methylimidazolium tetrafluoroborate [Hmim][BF4] [36]

1-Vinyl-3-ethylimidazolium tetrafluoroborate [Veim][BF4] [41]
1-Butyl-3-methylimidazolium

bis(trifluoromethylsulfonyl)imide [Bmim][NTf2] [42–51]

1-Carboxyethyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide [Cemim][NTf2] [52]

1-Ethyl-2,3-dimethylimidazolium
bis(trifluoromethylsulfonyl)imide [Edmim][NTf2] [53]

1-Ethyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide [Emim][NTf2] [54,55]

1-Methyl-3-dodecylimidazolium
bis(trifluoromethylsulfonyl)imide [Mddim][NTf2] [26]

Meanwhile, Table 2 exhibits examples of polymer matrices and nanofillers used for
fabrication of polymer nanocomposites. Thermoplastics, such as EVM [40], ImPEEK [8], Pe-
bax [9], PEI [32], PEO [38], PI [39], PLLA [19], PMMA [26,34], PVA [7], and PVDF [22,28,54]
have been used as polymer matrices for fabricating polymer nanocomposites. On the
other hand, elastomers, for example, BIIR [29], AEM [4], EPDM [17], NR [5], NRL [20,51],
CR [42–44,46–50], PDMS [55], and SBR [11–16,18,45,53], have frequently been used as poly-
mer matrices. In addition, polymer nanocomposites can be fabricated by using thermosets
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like DGEAC [35], DGEBA [33,37], and PUF [21,31]. Furthermore, PEDOT [36] and PTh [25]
are conductive polymers that can also be used for fabrication of polymer nanocomposites.
Additionally, nanomaterials, such as MWCNTs [4,32,34,40,55], MWCNT-COOH [8,30,52],
GO [6,27], GN [19,39], GNP [26], nano-SiO2 [5,17], nano-TiO2 [24], ZnO NPs [38], CB
NPs [41], and MMT [10,23] have been used as nanofillers for polymer nanocomposites
because of their high aspect ratio, large surface area, high stiffness, and low density [56].

Table 2. Examples of polymer matrices and nanofillers used for fabrication of polymer nanocomposites.

Polymer Matrix Abbreviation Nanofiller Abbreviation

Ethylene–vinyl acetate EVM Multi-walled carbon nanotubes MWCNTs

Imidazolium-based poly(ether ether ketone) ImPEEK Carboxylated multi-walled carbon
nanotubes MWCNT-COOH

Polyether block amide Pebax Graphene oxide GO
Polyetherimide PEI Graphene nanosheets GN

Poly(ethylene oxide) PEO Graphene nanoplatelets GNP
Polyimide PI Nanosilica nano-SiO2

Poly(L-lactic acid) PLLA Titanium dioxide nanoparticles nano-TiO2
Poly(methyl methacrylate) PMMA Zinc oxide nanoparticles ZnO NPs

Polyvinyl alcohol PVA Carbon black nanoparticles CB NPs
Poly(vinylidene fluoride) PVDF Montmorillonite MMT

Bromobutyl rubber BIIR
Ethylene acrylic elastomer AEM
Ethylene–propylene–diene EPDM

Natural rubber NR
Natural rubber latex NRL

Polychloroprene rubber CR
Polydimethylsiloxane PDMS

Styrene butadiene rubber SBR
Diglycidyl ester of aliphatic cyclo DGEAC
Diglycidyl ether of bisphenol A DGEBA

Polyurethane foam PUF
Poly(3,4-ethylene dioxythiophene) PEDOT

Polythiophene PTh

In the past ten years, numerous nanofiller modification processes have been proposed
with the aim of improving the physicochemical properties of polymer nanocomposites. The
employment of ionic liquids as modifiers could give a benefit due to their unique chemical
structure, which possesses both bulky cations and anions that are poorly coordinated.
These ions are capable of interacting with organic polymers and inorganic nanofillers.
The presence of intermolecular interactions could have a modification effect on polymer
nanocomposites and subsequently enhance the interface linkage between the polymer
matrix and the nanofiller. As far as the authors know, no succinct review has been created
focusing on the study of processes and thermo-mechanico-chemical properties of ionic
liquid-modified nanofiller/polymer nanocomposites. That is the intention of creating the
classified review presented in this paper. Moreover, this succinct review is general, and
even though not specific, it is nevertheless relevant to other related studies.

2. Types of Imidazolium-Based Ionic Liquids
2.1. Alkylimidazolium Halide Ionic Liquids

Imidazolium-based ionic liquids with halide counter anions (denoted as alkylimida-
zolium halide ionic liquids) can be synthesized via two reaction processes, specifically
protonation and alkylation reactions [57]. Alkylimidazolium halide ionic liquids that are
synthesized via protonation reaction can be prepared by reacting N-alkylimidazole with
hydrohalic acid in a polar solvent, such as ethanol, at slightly above room temperature
while stirring [27]. Meanwhile, the alkylation reaction can be conducted by reacting N-
alkylimidazole with alkyl halide under reflux conditions at an elevated temperature while



Processes 2021, 9, 480 4 of 18

stirring [58]. Figure 1 shows the schematic of the protonation reaction of N-alkylimidazole
with hydrohalic acid to prepare alkylimidazolium halide ionic liquid. Hydrohalic acids,
such as hydrochloric acid and hydrobromic acid, are frequently used for protonation reac-
tion, since they have the capacity to protonate (or hydronate) the nitrogen atom situated at
the third position of the imidazole ring. Figure 2 indicates the schematic of the alkylation
reaction of N-alkylimidazole with alkyl halide to prepare alkylimidazolium halide ionic
liquid. Alkyl halides, such as allyl-, butyl-, decyl-, and ethyl halides, are commonly used
for alkylation reactions in the production of ionic liquids with different alkyl chain lengths.
Additionally, these ionic liquids can be applied as precursors in the preparation of other
ionic liquids [22,26].
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Additionally, alkylimidazolium halide ionic liquids are generally used for dissolution
of biopolymers as ionic liquids with carboxylate anions, such as alkylimidazolium acetate
and alkylimidazolium propionate [58]. Table 3 demonstrates the types of imidazolium-
based ionic liquids, nanofillers, and modification processes of nanofillers. It can be observed
that different types of nanofillers, for example, MWCNTs, nano-SiO2, GO, MWCNT-COOH,
MMT, GN, and GNP, can be modified with alkylimidazolium halide ionic liquids using
different modification processes. The most common processes are ultrasonication and
sonication, with both processes having almost the same concept, but different apparatuses,
e.g., the ultrasonication process can be done using an ultrasonic bath [4,25,54]. In con-
trast, the sonication process can be performed by using an ultrasonic homogenizer probe
sonicator [7,26,55]. Moreover, the processes do not require high temperatures and a long
time, like refluxation [8]. On top of that, modification of nanofillers with alkylimidazolium
halide ionic liquids can also be accomplished using low-cost processes, such as stirring and
grinding. However, the modification of GO via stirring requires a higher temperature than
MMT [9].
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Table 3. Types of imidazolium-based ionic liquids, nanofillers, and modification processes of nanofillers.

Ionic Liquid Nanofiller Modification
Process

Modification
Temperature

(◦C)

Time
(Hour) References

[Amim][Cl] MWCNTs Ultrasonication R U [4]
[Amim][Cl] nano-SiO2 Ultrasonication R 1 [5]
[Amim][Cl] GO Ultrasonication R 0.5 [6]

[Apmbim][Br] MWCNT-COOH Refluxation 60 24 [8]
[Apmim][Br] GO Stirring 80 24 [9]
[Bmim][Cl] MMT Stirring R U [10]

[Bzmim][Cl] MWCNTs Sonication R 0.5 [11]
[Dmim][Br] nano-SiO2 Ultrasonication R 0.25 [17]
[Dmim][Cl] MWCNTs Sonication R 2 [18]

[Ecmmim][Br] GN Sonication R 4 [19]
[Emim][Br] MWCNTs Ultrasonication R 2 [20]

[Hdmim][Br] MWCNTs Sonication R 0.5 [22]
[Hdmim][Cl] MMT Stirring R 24 [23]
[Mddim][Br] GNP Grinding R 0.17 [26]

[Mim][Cl] GO Stirring 35 12 [27]
[Amim][PF6] MWCNTs Grinding R 8 [28]
[Bmim][PF6] GO Ultrasonication R 0.5 [29]
[Bmim][PF6] MWCNT-COOH Grinding R 0.25 [30]
[Bmim][PF6] nano-SiO2 Stirring R U [31]
[Bmim][PF6] MWCNTs Grinding R 0.5 [32]
[Bmim][PF6] MWCNTs Ultrasonication R 1 [33]

[Hdmim][PF6] MWCNTs Sonication R 0.5 [22]
[Hmim][PF6] MWCNTs Milling R 0.17 [34]

[Bhpmim][BF4] GO Irradiation 20 0.02 [35]
[Bmim][BF4] MWCNTs Grinding R 0.3 [37]
[Bmim][BF4] ZnO NPs Sonication R U [38]
[Bmim][BF4] GN Stirring 80 24 [39]
[Emim][BF4] MWCNTs Grinding R 8 [28]
[Emim][BF4] MWCNTs Grinding R 0.3 [40]
[Hmim][BF4] GO Stirring R U [36]
[Veim][BF4] CB NPs Grinding R U [41]

[Bmim][NTf2] MWCNTs Grinding R U [42]
[Bmim][NTf2] MWCNTs Sonication R 0.3 [51]

[Cemim][NTf2] MWCNT-COOH Ultrasonication R 0.25 [52]
[Edmim][NTf2] MWCNTs Sonication R 0.5 [53]
[Emim][NTf2] MWCNTs Ultrasonication R 0.5 [54]
[Emim][NTf2] MWCNTs Grinding R U [55]

[Mddim][NTf2] GNP Grinding R 0.17 [26]
R = room, and U = unspecified.

2.2. Alkylimidazolium Hexafluorophosphate Ionic Liquids

Alkylimidazolium hexafluorophosphate ionic liquids can be synthesized through
metathesis reaction by using alkylimidazolium halide ionic liquids as precursors [59]. The
reaction process can be carried out by exchanging halide anion with a hexafluorophosphate
anion by using a metal hexafluorophosphate salt. The ion exchange is usually conducted
in a polar solvent, such as ethanol, at room temperature while stirring [58]. Figure 3 shows
the schematic of the metathesis reaction of alkylimidazolium chloride with potassium
hexafluorophosphate to prepare alkylimidazolium hexafluorophosphate ionic liquid. The
metathesis reaction is a general process for exchanging counter anions. When the reac-
tion is carried out in ethanol, the potassium chloride salt precipitates from the reaction
solvent, since it is insoluble in ethanol, and the alkylimidazolium hexafluorophosphate
ionic liquid remains in the solution. Moreover, the metathesis reaction is often applied for
the production of hydrophobic and low-temperature ionic liquids, for instance, 1-butyl-
3-methylimidazolium- and 1-hexyl-3-methylimidazolium hexafluorophosphate [33,34].
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Nevertheless, the physicochemical properties of the ionic liquids are different from the
ionic liquids prepared via alkylation reaction, as a result of alkylimidazolium hexafluo-
rophosphate possessing large-sized anions.
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Figure 4. Schematic of the neutralization of alkylimidazolium hydroxide with tetrafluoroboric acid to prepare alkylimid-
azolium tetrafluoroborate ionic liquid. 

Furthermore, alkylimidazolium tetrafluoroborate ionic liquids are typically ex-
ploited as plasticizing agents for synthetic biodegradable polymers [19]. In Table 3, it can 
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GO, MWCNTs, ZnO NPs, GN, and CB NPs. The grinding process is commonly applied 
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Figure 3. Schematic of the metathesis reaction of alkylimidazolium chloride with potassium hexafluorophosphate to prepare
alkylimidazolium hexafluorophosphate ionic liquid.

Additionally, alkylimidazolium hexafluorophosphate ionic liquids can be applied in the
chemical demulsification process. A previous review revealed that the ionic liquids could
effectively demulsify emulsions compared to alkylimidazolium halide ionic liquids [60]. It
can be seen in Table 3 that the nanofillers MWCNTs and MWCNT-COOH are frequently
modified using alkylimidazolium hexafluorophosphate ionic liquids, and the grinding
process is regularly performed to modify them [28,30,32]. Other processes, such as ultrason-
ication, sonication, and milling, can also be used for the modification of MWCNTs at room
temperature [22,33,34]. The processes induce the ionic liquids to be coated on the surface of
the MWCNTs, forming bucky gels. Moreover, the hydrophobic nature of alkylimidazolium
hexafluorophosphate ionic liquids makes them appropriate for application as modifiers for
hydrophobic nanofillers, such as MWCNTs, GO, and nano-SiO2 [8,31]. This property can
also form interactions between the nanofillers and hydrophobic polymer matrices by acting
as an interface linker of polymer nanocomposites in order to tune their properties.

2.3. Alkylimidazolium Tetrafluoroborate Ionic Liquids

Alkylimidazolium tetrafluoroborate ionic liquids can not only be synthesized via
metathesis reaction, but also through acid-base reaction by neutralizing alkylimidazolium
hydroxide with fluoroboric acids such as tetrafluoroboric acid. Figure 4 shows the schematic
of the neutralization of alkylimidazolium hydroxide with tetrafluoroboric acid to prepare
alkylimidazolium tetrafluoroborate ionic liquid. The reaction is typically carried out in a
polar solvent like ethanol while stirring at room temperature [58]. Unlike the alkylimida-
zolium hexafluorophosphate ionic liquids, alkylimidazolium tetrafluoroborate can present
two different properties, specifically hydrophilic and hydrophobic properties. The presence
of both properties is influenced by the length of the alkylimidazolium chain; for example,
1-ethyl-3-methylimidazolium tetrafluoroborate is hydrophilic in nature, but 1-hexyl-3-
methylimidazolium tetrafluoroborate possesses the hydrophobic property. In addition, the
melting point of the ionic liquids is also affected by their alkyl chain length, whereby the
longer alkylimidazolium chain ionic liquids have a higher melting point, and the shorter
alkylimidazolium chain ionic liquids exhibit the opposite characteristic. Therefore, the
hydrophobicity and melting point of alkylimidazolium tetrafluoroborate ionic liquids can
be tweaked by controlling the length of their alkyl chain.
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Furthermore, alkylimidazolium tetrafluoroborate ionic liquids are typically exploited
as plasticizing agents for synthetic biodegradable polymers [19]. In Table 3, it can be
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observed that the ionic liquids are able to modify various types of nanofillers, including
GO, MWCNTs, ZnO NPs, GN, and CB NPs. The grinding process is commonly applied for
the modification of nanofillers, as this does not consume solvent [28,37], as is required in
sonication and stirring processes [38,39]. It can also be seen that the irradiation process by
means of microwaves is the fastest process for modifying GO at 20 ◦C [35]. Nevertheless,
the modification of GN through the stirring process is a long process in comparison to the
other processes, requiring 24 h at 80 ◦C [39]. The processes for modifying different types
of nanofillers using ionic liquids are generally optimized to improve the dispersion of
nanofillers in the polymer matrices and enhancing the interface compatibility between them.
The improved dispersion and compatibility of nanofillers results in high-performance
polymer nanocomposites.

2.4. Alkylimidazolium Bistriflimide Ionic Liquids

Alkylimidazolium bis(trifluoromethylsulfonyl)imide ionic liquids (denoted as alkylim-
idazolium bistriflimide ionic liquids) can also be synthesized through metathesis reaction
by exchanging halide anion of alkylimidazolium halide with a bistriflimide anion by
using a metal bis(trifluoromethylsulfonyl)imide salt. The exchange process is generally
performed in an aqueous solvent, such as distilled water, at an elevated temperature un-
der nitrogen atmosphere [26]. Figure 5 displays the schematic of the metathesis reaction
of alkylimidazolium bromide with lithium bis(trifluoromethylsulfonyl)imide to prepare
alkylimidazolium bistriflimide ionic liquid. When the reaction is conducted in distilled
water, the alkylimidazolium bistriflimide liquid separates from the aqueous solution, since
it possesses the hydrophobic property, and the unreacted reactants remain in solution.
Unlike the alkylimidazolium tetrafluoroborate ionic liquids, alkylimidazolium bistriflimide
only exists as hydrophobic ionic liquids with a wide range of structures [17]. In addition,
the ionic liquids are more air- and water-stable than alkylimidazolium halide ionic liquids.
Additionally, the bistriflimide anion is not easily decomposed in the presence of water, as
compared to tetrafluoroborate and hexafluorophosphate anions. Moreover, alkylimida-
zolium bistriflimide ionic liquids have a low melting point and are less viscous [48].
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Furthermore, alkylimidazolium bistriflimide ionic liquids can be used as a compati-
bilizer for polymer blends. The preceding study determined that the ionic liquids were
able to more efficiently compatibilize bioplastic/biopolymer blends in comparison to the
alkylimidazolium halide ionic liquids [1]. It can be observed in Table 3 that the carbon-
based nanofillers, such as MWCNTs, MWCNT-COOH, and GNP, are typically modified
using alkylimidazolium bistriflimide ionic liquids. This is due to the ionic liquids having
the capacity to interact with the surface of the carbon materials via cation-π, π-π, or van
der Waals interactions [26,51,54]. On top of that, the modification process can be done
either through grinding, sonication, or ultrasonication processes in solvent or solvent-free
mediums [42,52,53]. Additionally, the processes are usually carried out at room tempera-
ture in less than an hour. Hence, the modification of nanofillers using alkylimidazolium
bistriflimide ionic liquids possesses significant advantages, such as low materials depletion,
simple modification process, and low energy consumption.
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3. Types of Ionic Liquid-Modified Nanofiller/Polymer Nanocomposites
3.1. Ionic Liquid-Nanofiller/Thermoplastic Nanocomposites

Thermoplastics are widely used as polymer matrices in the fabrication of polymer
nanocomposites. This is due to the fact that they can be processed either in the molten state
or in the solution state. Table 4 displays the types of polymer matrices, nanofillers, ionic
liquids, and fabrication processes of polymer nanocomposites. It can be observed that PVDF
thermoplastics are more often incorporated with ionic liquid-modified nanofillers than
other thermoplastics. This can be attributed to the fact that ionic liquid-nanofiller/PVDF
nanocomposites can potentially be applied in the production of dielectric [41], energy
storage [23], piezoresistive [30], and hybrid membrane [24] materials. The mixing process
for PVDF with ionic liquid-modified nanofillers can be carried out through melt blending
at 190 ◦C [23,41] and solution blending in different solvents [10,22,24]. Meanwhile, other
thermoplastics, such as EVM, ImPEEK, Pebax, PEI, PEO, PI, PLLA, PMMA, and PVA, can
also be mixed with ionic liquid-modified nanofillers via the same processes at different
temperatures or with different solvents. In addition, sonication or ultrasonication processes
can also be applied during solution blending [7,9,19,26,32]. The final process is practically
important for shaping the polymer nanocomposites prior to thermo-mechanico-chemical
characterization. The process can be done through hot pressing or compression molding
and solution or solvent casting processes.

Table 4. Types of polymer matrices, nanofillers, ionic liquids, and fabrication processes of polymer nanocomposites.

Polymer Matrix Nanofiller Ionic Liquid Mixing Process Final Process References

EVM MWCNTs [Emim][BF4] Melt blending Hot pressing [40]
ImPEEK MWCNT-COOH [Apmbim][Br] Solution blending Solution casting [8]

Pebax GO [Apmbim][Br] Sonication Solution casting [9]
PEI MWCNTs [Bmim][PF6] Sonication Solution casting [32]
PEO ZnO NPs [Bmim][BF4] Solution blending Solution casting [38]

PI GN [Bmim][BF4] Solution blending Solution casting [39]
PLLA GN [Ecmmim][Br] Ultrasonication Hot pressing [19]

PMMA GNP [Mddim][NTf2] Sonication Compression molding [26]
PMMA MWCNTs [Hmim][PF6] Melt blending Compression molding [34]

PVA GO [Amim][Cl] Sonication Solvent casting [7]
PVDF CB NPs [Veim][BF4] Melt blending Hot pressing [41]
PVDF MMT [Hdmim][Cl] Melt blending Compression molding [23]
PVDF MMT [Hmim][Cl] Solution blending Solution casting [10]
PVDF MWCNTs [Hdmim][PF6] Solution blending Compression molding [22]
PVDF MWCNT-COOH [Bmim][PF6] Melt blending Compression molding [30]
PVDF nano-TiO2 [Mcmim][Cl] Solution blending Hot pressing [24]
AEM MWCNTs [Amim][Cl] Hot mixing Heat curing [4]
BIIR GO [Bmim][PF6] Mill mixing Heat curing [29]
CR MWCNTs [Bmim][NTf2] Mill mixing Heat curing [42]
CR MWCNT-COOH [Cemim][NTf2] Mill mixing Heat curing [52]

EPDM nano-SiO2 [Dmim][Br] Mill mixing Heat curing [17]
NR nano-SiO2 [Amim][Cl] Mill mixing Heat curing [5]

NRL MWCNTs [Emim][Br] Mill mixing Heat curing [20]
PDMS MWCNTs [Emim][NTf2] Speed mixing Heat curing [55]

SBR GO [Amim][Cl] Mill mixing Heat curing [6]
SBR MWCNTs [Bzmim][Cl] Mill mixing Heat curing [11]

DGEAC GO [Bhpmim][BF4] Solvent-free blending Microwave curing [35]
DGEBA MWCNTs [Bmim][PF6] Solution blending Heat curing [33]

PUF GO [Mim][Cl] Mill mixing Compression molding [27]
PUF nano-SiO2 [Bmim][PF6] Solvent-free blending Cast molding [31]
PUF nano-SiO2 [Emim][Cl] Solvent-free blending Cast molding [21]
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3.2. Ionic Liquid-Nanofiller/Elastomer Nanocomposites

Ionic liquid-modified nanofiller/polymer nanocomposites can also be fabricated by
using elastomers as polymer matrices. Ionic liquid-nanofiller/elastomer nanocomposites
are more environmentally friendly than conventional elastomer composites due to the
cleaner processes involving the use of ionic liquids [20]. It can be seen in Table 4 that
elastomers such as CR and SBR are commonly incorporated with ionic liquid-modified
nanofillers. The nanocomposites made from the elastomers can potentially be used in elastic
conductors [42], electrochemistry [52], automobile components [6], and electromagnetic
interference shielding [11]. Meanwhile, the mixing process for elastomers and ionic liquid-
modified nanofillers can be performed by means of mill mixing, hot mixing, and speed
mixing processes [4,16,55]. On the other hand, the elastomers require curatives (curing
agents) [4,17,42,52] for crosslinking to occur in the nanocomposites. Elastomers that are
admixed with nanofiller-ionic liquid can be mixed with curatives prior to the final process.
The heat curing process is typically conducted at an elevated temperature under moderate
compression with an optimal curing time.

3.3. Ionic Liquid-Nanofiller/Thermoset Nanocomposites

Thermosets can also be used as polymer matrices for the fabrication of polymer
nanocomposites. However, only a limited number of ionic liquid-nanofiller/thermoset
nanocomposites have been found. In Table 4, it can be observed that the PUF thermoset has
more frequently been incorporated with ionic liquid-modified nanofillers than other ther-
mosets. This is probably due to the thermoset being able to be applied for the production of
polymer nanocomposite foams with controlled porosity [27], improved physicomechanical
properties [31], and enhanced flame retardancy [21]. The mixing process between the PUF
and ionic liquid-modified nanofillers can be accomplished via solvent-free blending [21,31]
and mill mixing [27] at room temperature. Meanwhile, other thermosets, such as DGEAC
and DGEBA, can be mixed with ionic liquid-modified nanofillers as well through solvent-
free blending or solution blending [33,35], followed by the addition of curing agents. The
final process is significant for the crosslinking reaction of the polymer nanocomposites
prior to physicochemical characterization. The process can be completed via microwave
curing, heat curing, compression molding, and cast molding, either at room temperature
or at an elevated temperature.

4. Effect of Imidazolium-Based Ionic Liquids on the
Thermo-Mechanico-Chemical Properties
4.1. Effect of Alkylimidazolium Halide Ionic Liquids

Table 5 shows the thermo-mechanico-chemical properties of imidazolium-based
ionic liquid-modified nanofiller/polymer nanocomposites. Nano-SiO2 modified with
[Amim][Cl] ionic liquid has been employed for the fabrication of [Amim][Cl]-modified
nano-SiO2/NR nanocomposites [5]. The thermal, mechanical, and chemical properties of
the nanocomposites and their components were characterized by means of differential scan-
ning calorimeter, universal testing machine, and FTIR spectrometer. The thermal properties,
such as the glass transition temperature, of the [Amim][Cl]-nano-SiO2 increased by up to
14% in comparison to the pristine [Amim][Cl]. This was due to the motion of [Amim][Cl]
being restricted by the strong interaction between the [Amim][Cl] and nano-SiO2. On
the other hand, the mechanical properties, such as the tensile strength, tensile modulus,
and elongation at break, of the modified nano-SiO2/NR nanocomposites increased by
up to 102%, 28%, and 24%, respectively, compared to the unmodified nano-SiO2/NR
nanocomposite. This was caused by the combinatory effects giving the homogenous dis-
persion of [Amim][Cl]-nano-SiO2 and increasing the interactions between the nano-SiO2
and [Amim][Cl]. Additionally, the chemical properties, such as the absorption bands of the
C−H stretching vibrations, of the [Amim][Cl]-nano-SiO2 shifted to higher wavenumber
regions in comparison to the C−H stretching vibrations of the pristine [Amim][Cl]. This
indicated that the detachment of chloride anions from the C−H···Cl− occurred because of
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the formation of the hydrogen bonding between the chloride anions and hydroxyl groups
on the surface of nano-SiO2 [5]. Furthermore, interaction between the modified nano-SiO2
and NR matrix was formed as well. Therefore, it can be deduced that the modification of
nano-SiO2 with [Amim][Cl] ionic liquid provides NR nanocomposites with high tensile
strength and modulus properties, as well as good interaction.

Table 5. Thermo-mechanico-chemical properties of imidazolium-based ionic liquid-modified nanofiller/polymer nanocomposites.

Ionic Liquid Polymer
Nanocomposite

Thermo-Mechanico-Chemical Properties * References

Tg Tc Tm Td TS TM EB Ch

[Amim][Cl] nano-SiO2/NR N # # # N N N N [5]
[Bmim][Cl] MMT/PVDF # N # N N N N N [10]

[Bzmim][Cl] MWCNT/SBR H # # # N N H N [13]
[Bmim][PF6] MWCNT/PEI N # # N N N H N [32]
[Bmim][PF6] nano-SiO2/PUF N # # N N # H N [31]

[Hdmim][PF6] MWCNT/PVDF # N N # H # H N [22]
[Bhpmim][BF4] GO/DGEAC N # # N N N # N [35]

[Bmim][BF4] GN/PI N # # N N N H N [39]
[Emim][BF4] MWCNT/EVM N # N � N # N N [40]

[Bmim][NTf2] MWCNT/CR N # # N # N N N [42]
[Bmim][NTf2] MWCNT/NRL N # # H H N H N [51]
[Emim][NTf2] MWCNT/PVDF H # H # N H N N [54]

Tg = glass transition temperature, Tc = crystallization temperature, Tm = melting temperature, Td = decomposition temperature, TS =
tensile strength, TM = tensile modulus, EB = elongation at break, Ch = chemical property. * The symbol ‘N’ corresponds to an increase in
the properties, and ‘H’ to a decrease in the properties, while ‘�’ and ‘#’ describe unchanged and not available, respectively.

Meanwhile, MMT modified with [Bmim][Cl] ionic liquid has been employed for the
fabrication of [Bmim][Cl]-modified MMT/PVDF nanocomposites [10]. The thermal, me-
chanical, and chemical properties of the nanocomposites and their components were char-
acterized by using differential scanning calorimeter, thermogravimetric analyzer, universal
testing machine, and FTIR spectrometer. The thermal properties, such as the crystallization
temperature and maximum decomposition temperature, of the modified MMT/PVDF
nanocomposites slightly increased by up to 2.9% and 0.6%, respectively, compared to the
unmodified MMT/PVDF nanocomposite. This was attributed to the presence of interaction
between the CH2−CF2 of PVDF and the imidazolium ring of [Bmim][Cl]. In addition, the
mechanical properties, such as the tensile strength, tensile modulus, and elongation at
break, of the modified MMT/PVDF nanocomposites increased by up to 45%, 16%, and
125%, respectively, compared to the unmodified MMT/PVDF nanocomposite. This was
caused by the formation of a structure with molecular orientation composed of an extended
chain crystal and folded chain crystal in the modified MMT/PVDF nanocomposites. On
top of that, the chemical properties, such as the absorption band of the CF2−CH2 stretching
vibration, of the modified MMT/PVDF nanocomposite shifted to a lower wavenumber
region in comparison to the CF2−CH2 stretching vibration of the neat PVDF. In contrast,
the absorption band of the CF2−CH2 bending vibration of the modified MMT/PVDF
nanocomposite shifted to a higher wavenumber region compared to the CF2−CH2 bend-
ing vibration of the neat PVDF. This was due to the formation of the β-phase due to the
coulombic interaction between the imidazolium cations in the MMT interface and the neg-
atively polarized CF2 groups in PVDF [10]. Thus, it can be inferred that the modification of
MMT with [Bmim][Cl] ionic liquid gives PVDF nanocomposites high tensile strength and
elongation properties, as well as good interaction.

Additionally, MWCNTs modified with [Bzmim][Cl] ionic liquid have been employed
for the fabrication of [Bzmim][Cl]-modified MWCNT/SBR nanocomposites [13]. The ther-
mal, mechanical, and chemical properties of the nanocomposites and their components
were characterized by means of dynamic mechanical analyzer, universal testing machine,
and Raman spectrometer. The thermal properties, such as the glass transition temperature,
of the modified MWCNT/SBR nanocomposites decreased, which was attributed to the
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plasticizing effect of ionic liquid on the SBR matrix. This was also induced by the for-
mation of the strong interaction between the modified MWCNT and SBR. On the other
hand, the mechanical properties, such as the tensile strength and tensile modulus, of the
modified MWCNT/SBR nanocomposites significantly increased by up to 317% and 348%,
respectively, compared to the neat SBR. This was due to the [Bzmim][Cl] assisting the
dispersion of MWCNTs, which enhanced stress transfer from the matrix to the nanofiller.
Moreover, the good adhesion at the interfacial of MWCNTs/SBR was also able to improve
the mechanical properties, due to the formation of the physical adsorption and the chemical
bonding between the modified nanofiller and polymer matrix. Nevertheless, the elongation
at break of the modified MWCNT/SBR nanocomposites decreased because of the existence
of physical crosslinks in SBR nanocomposites, which acted as blocks for deformation. In
addition, the chemical properties, such as the G band, of the modified MWCNT/SBR
nanocomposite shifted to a lower wavenumber region in comparison to the G band of
the pristine MWCNTs. This was due to the realignment of [Bzmim][Cl]-MWCNTs them-
selves in the SBR matrix, which prompted an improved arrangement of MWCNTs in the
nanocomposites [13]. Hence, it can be concluded that the modification of MWCNTs with
[Bzmim][Cl] ionic liquid grants SBR nanocomposites high tensile strength and modulus
properties, as well as good adhesion.

4.2. Effect of Alkylimidazolium Hexafluorophosphate Ionic Liquids

MWCNTs modified with [Bmim][PF6] ionic liquid have been employed for the fabrica-
tion of [Bmim][PF6]-modified MWCNT/PEI nanocomposites [32]. The thermal, mechanical,
and chemical properties of the nanocomposites and their components were characterized
by using differential scanning calorimeter, thermogravimetric analyzer, universal testing
machine, and Raman spectrometer. The thermal properties, such as the glass transition
temperature, of the modified MWCNT/PEI nanocomposites increased by up to 14% in
comparison to the PEI containing ionic liquid (Table 5). This was caused by the restricting
effect of MWCNTs as the movement of the PEI molecular chains is reduced. Additionally,
the increment of the temperature was also due to the well-dispersed MWCNTs in the
nanocomposites modified by [Bmim][PF6]. Additionally, the initial decomposition temper-
ature of the modified MWCNT/PEI nanocomposites increased by up to 33% compared to
the PEI containing ionic liquid. This was attributed to the existence of strong interfacial
interaction between the [Bmim][PF6]-MWCNT and PEI, which slowed down the decom-
position rate of the nanocomposites. Moreover, the molecular chains of PEI were able to
wrap the well-dispersed MWCNTs and provide restricted segments that resulted in high
thermal stability of the nanocomposites. On top of that, the mechanical properties, such as
the tensile strength and tensile modulus, of the modified MWCNT/PEI nanocomposites
increased by up to 41% and 32%, respectively, compared to the neat PEI. This was owing to
the strong interfacial interactions between the modified MWCNT and PEI matrix, which
gave the nanocomposites stiffer and stronger properties. However, the elongation at break
of the modified MWCNT/PEI nanocomposites decreased because of the formation of the
MWCNTs networks in the PEI matrix. Furthermore, the chemical properties, such as the
D band, of the modified MWCNT shifted to a higher wavenumber region in comparison
to the D band of the pristine MWCNTs. This was due to the adhesion of the [Bmim][PF6]
molecules via cation-π or π-π interactions on the MWCNT surface [32]. Therefore, it can
be deduced that the modification of MWCNTs with [Bmim][PF6] ionic liquid provides
PEI nanocomposites with high thermal stability and high tensile strength and modulus
properties, as well as good interaction.

Meanwhile, nano-SiO2 modified with [Bmim][PF6] ionic liquid has been employed
for the fabrication of [Bmim][PF6]-modified nano-SiO2/PUF nanocomposites [31]. The
thermal, mechanical, and chemical properties of the nanocomposites and their components
were characterized by means of dynamic mechanical analyzer, thermogravimetric analyzer,
testing machine, and FTIR spectrometer. The thermal properties, such as the glass tran-
sition temperature, of the modified nano-SiO2/PUF nanocomposites increased by up to
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20% in comparison to the unmodified nano-SiO2/PUF nanocomposite. This was due to an
improvement in the rigidity of the nanocomposites, which was induced by high crosslink
density with the incorporation of [Bmim][PF6]-nano-SiO2. In addition, the initial decom-
position temperature of the modified nano-SiO2/PUF nanocomposites increased by up to
10% compared to the unmodified nano-SiO2/PUF nanocomposite. This was attributed to
the good dispersion of the modified nano-SiO2 and homogeneous microstructure of the
nanocomposites, which significantly enhanced the thermal stability of the nanocomposites.
On the other hand, the mechanical properties, such as the flexural strength of the modified
nano-SiO2/PUF nanocomposites, increased by up to 15% in comparison to the unmod-
ified nano-SiO2/PUF nanocomposite. This was because of the compatibilizing effect of
[Bmim][PF6] on the nanocomposites. Nevertheless, the elongation at break of the modified
nano-SiO2/PUF nanocomposites decreased, which was caused by the presence of nano-
SiO2 aggregates that probably acted as defects for the PUF matrix, reducing the extension
of the nanocomposites. Moreover, the chemical properties, such as the absorption band
of the C=O stretching vibration of the carbonyl groups of the modified nano-SiO2/PUF
nanocomposite shifted to a higher wavenumber region in comparison to the C=O stretching
vibration of the neat PUF. This was due to the hydrogen bonding between the NH and C=O
of the matrix disturbed by the incorporation of the modified nano-SiO2, which improved
the interfacial adhesion between the PUF and nano-SiO2 [31]. Thus, it can be inferred that
the modification of nano-SiO2 with [Bmim][PF6] ionic liquid gives PUF nanocomposites
high thermal and tensile strength properties, as well as good adhesion.

Additionally, MWCNTs modified with [Hdmim][PF6] ionic liquid have been employed
for the fabrication of [Hdmim][PF6]-modified MWCNT/PVDF nanocomposites [22]. The
thermal, mechanical, and chemical properties of the nanocomposites and their components
were characterized by using differential scanning calorimeter, universal testing machine,
and FTIR spectrometer, respectively. The thermal properties, such as the crystallization
temperature of the modified MWCNT/PVDF nanocomposites moderately increased by
up to 4.3% in comparison to the unmodified MWCNT/PVDF nanocomposite. This was
due to the efficiency of modified MWCNT to act as a nucleation agent for the PVDF com-
pared to the pristine MWCNTs, which accelerated the crystallization of PVDF. In addition,
the melting temperature of the modified MWCNT/PVDF nanocomposites moderately
increased by up to 3.3% in comparison to the unmodified MWCNT/PVDF nanocomposite.
This was attributed to the disruption of [Hdmim][PF6], which complemented the effect of
promoting on crystallization of PVDF. Nevertheless, the mechanical properties, such as the
tensile strength and elongation at break of the modified MWCNT/PVDF nanocomposites
slightly decreased possibly because of the presence of micro-stress, which required less
force for deformation, and consequently reduced the strength and elongation. However,
the elongation at break of the modified MWCNT/PVDF nanocomposites is significantly
higher compared to neat PVDF, which indicated that the plasticizing effect of ionic liquid
on the polymer matrix. On the other hand, the chemical properties, such as the absorption
band of the −CF2 stretching vibration, of the modified MWCNT/PVDF nanocomposites
shifted to a higher wavenumber region in comparison to the −CF2 stretching vibration of
the unmodified MWCNT/PVDF nanocomposite. This was due to the role of [Hdmim][PF6],
which acted as a linker for improving the compatibility between the MWCNTs surfaces and
molecular chains of PVDF [22]. Hence, it can be concluded that the modification of MWC-
NTs with [Hdmim][PF6] ionic liquid grants PVDF nanocomposites moderate crystallization
and melting temperatures, as well as good compatibility.

4.3. Effect of Alkylimidazolium Tetrafluoroborate Ionic Liquids

GO modified with [Bhpmim][BF4] ionic liquid has been employed for the fabrication
of [Bhpmim][BF4]-modified GO/DGEAC nanocomposites [35]. The thermal, mechanical,
and chemical properties of the nanocomposites and their components were characterized
by means of dynamic mechanical thermal analyzer, thermogravimetric analyzer, mechani-
cal testing machine, and Raman spectrometer. The thermal properties, such as the glass
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transition temperature, of the modified GO/DGEAC nanocomposites slightly increased
by up to 2.4% in comparison to the unmodified GO/DGEAC nanocomposite (Table 5).
This was due to the introduction of [Bhpmim][BF4] efficiently enhancing the interfacial
bonding between the GO nanofiller and DGEAC matrix, which efficiently strengthened
the nanocomposite system. In addition, the maximum decomposition temperature of
the [Bhpmim][BF4]-GO increased by approximately up to 10% compared to the pristine
[Bhpmim][BF4]. This could probably be attributed to the slow thermal elimination of the
ester bond. On the other hand, the mechanical properties, such as the tensile strength and
tensile modulus, of the modified GO/DGEAC nanocomposites moderately increased by up
to 4.3% and 4.0%, respectively, compared to the unmodified GO/DGEAC nanocomposite.
This was caused by the capability of the modified GO to disperse well in the DGEAC matrix
and improve the interfacial bonding with the matrix. Additionally, the reinforcing ability
of modified GO on the nanocomposites was well exerted compared to the pristine GO.
Furthermore, the chemical properties, such as the D band, of the modified GO/DGEAC
nanocomposites shifted to higher wavenumber regions in comparison to the D band of the
unmodified GO/DGEAC nanocomposite. This was due to the exceptional interfacial bond-
ing between the modified GO and DGEAC matrix [35]. Therefore, it can be deduced that
the modification of GO with [Bhpmim][BF4] ionic liquid provides DGEAC nanocomposites
with moderate thermal and mechanical properties, as well as good interfacial bonding.

Meanwhile, GN modified with [Bmim][BF4] ionic liquid has been employed for the
fabrication of [Bmim][BF4]-modified GN/PI nanocomposites [39]. The thermal, mechanical,
and chemical properties of the nanocomposites and their components were characterized
by using differential scanning calorimeter, thermogravimetric analyzer, universal tensile
tester, and Raman spectrometer. The thermal properties, such as the glass transition
temperature, of the modified GN/PI nanocomposites moderately increased by up to
4.1% in comparison to the unmodified GN/PI nanocomposite. This was caused by the
uniform dispersion of modified GN in the PI phase and strong adhesion to the polymer
matrix, which restricted the movement of the molecular chains of PI during the glass phase
transition, requiring more heat. Additionally, the initial decomposition temperature of the
modified GN/PI nanocomposites increased by up to 9.2% compared to the unmodified
GN/PI nanocomposite. This was because of the presence of π-π, cation-π, and van der
Waals interactions between the [Bmim][BF4] and GN, which enhanced the dispersion of
modified GN in the PI matrix. Consequently, the enhanced interfacial compatibility and
stability of the modified GN with the matrix and the relaxation of the molecular chains
of the PI required more fracture energy during the heating process. On top of that, the
mechanical properties, such as the tensile strength and tensile modulus, of the modified
GN/PI nanocomposites increased by up to 35% and 38%, respectively, compared to the
unmodified GN/PI nanocomposite. This was due to the outstanding dispersion and
excessive degree of orientation of GN modified by [Bmim][BF4] in the polymer matrix, as
well as the effective load transfer from PI to modified GN. Nonetheless, the elongation at
break of the modified GN/PI nanocomposites decreased owing to the modified GN acted
as a physical crosslinking agent, which restrained the flexibility of the PI molecular chains,
subsequently increasing the brittleness of the nanocomposites, and preventing deformation.
On the other hand, the chemical properties, such as the G band, of the modified GN shifted
to a lower wavenumber region in comparison to the G band of the pristine GN. This
was attributed to the modification of GN by [Bmim][BF4] affecting the lattice of GN [39].
Thus, it can be inferred that the modification of GN with [Bmim][BF4] ionic liquid gives
PI nanocomposites moderate thermal properties and high tensile strength and modulus
properties, as well as good interaction.

Additionally, MWCNTs modified with [Emim][BF4] ionic liquid have been employed
for the fabrication of [Emim][BF4]-modified MWCNT/EVM nanocomposites [40]. The
thermal, mechanical, and chemical properties of the nanocomposites and their components
were characterized by means of differential scanning calorimeter, thermogravimetric ana-
lyzer, tensile testing machine, and Raman spectrometer. The thermal properties, such as
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the glass transition temperature and melting temperature, of the modified MWCNT/EVM
nanocomposites moderately increased by up to 2.2% and 6.2%, respectively, compared
to the unmodified MWCNT/EVM nanocomposite. This was attributed to the special
interactions among MWCNTs, [Emim][BF4], and EVM, which influenced the glass transi-
tion and melting temperatures of the nanocomposites. Nevertheless, the decomposition
temperature remained almost unchanged for both of the nanocomposites. On the other
hand, the mechanical properties, such as the tensile strength and elongation at break, of the
modified MWCNT/EVM nanocomposites increased by up to 20% and 42%, respectively,
compared to the unmodified MWCNT/EVM nanocomposite. This was because of the
reinforcing ability of the modified MWCNT and the plasticizing effect of [Emim][BF4]
on the nanocomposites, which increased the strength, stretchability, and flexibility of the
modified MWCNT/EVM nanocomposites. Furthermore, the chemical properties, such as
the D band, of the modified MWCNT shifted to a higher wavenumber region in comparison
to the D band of the pristine MWCNTs. This was caused by the formation of a strong
interaction between the imidazolium ring of [Emim][BF4] and the surface of MWCNTs
through cation-π or π-π interactions [40]. Hence, it can be concluded that the modification
of MWCNTs with [Emim][BF4] ionic liquid grants EVM nanocomposites moderate thermal
properties and high tensile strength and elongation properties, as well as good interaction.

4.4. Effect of Alkylimidazolium Bistriflimide Ionic Liquids

MWCNTs modified with [Bmim][NTf2] ionic liquid have been employed for the
fabrication of [Bmim][NTf2]-modified MWCNT/CR nanocomposites [42]. The thermal,
mechanical, and chemical properties of the nanocomposites and their components were
characterized by using differential scanning calorimeter, thermogravimetric analyzer, uni-
versal testing machine, and Raman spectrometer. The thermal properties, such as the
glass transition temperature of the modified MWCNT/CR nanocomposites, slightly in-
creased by up to 2.6% compared to the unmodified MWCNT/CR nanocomposite (Table 5).
This is probably due to the presence of specific interactions between the ionic liquid and
nanofiller. Moreover, the maximum decomposition temperature of the [Bmim][NTf2]-
MWCNT increased by up to 5.2% compared to the pristine [Bmim][NTf2]. This was
attributed to the adhesion of [Bmim][NTf2] to MWCNTs via cation-π, π-π, or van der
Waals interactions, which enhanced the thermal stability of [Bmim][NTf2]. On top of that,
the mechanical properties, such as the tensile modulus and hardness, of the modified
MWCNT/CR nanocomposites increased by up to 48% and 2.7%, respectively, compared
to the unmodified MWCNT/CR nanocomposite. This was caused by the presence of
[Bmim][NTf2], which acted as a coupling agent for the nanocomposites. In addition, the
chemical properties, such as the G band, of the modified MWCNT/CR nanocomposite
shifted to a higher wavenumber region in comparison to the G band of the unmodified
MWCNT/CR nanocomposite. This was because of the disentanglement of the modified
MWCNT and subsequent dispersion in the matrix due to the penetration of the CR into the
bundles of MWCNTs during the mixing process [42]. Therefore, it can be deduced that the
modification of MWCNTs with [Bmim][NTf2] ionic liquid provides CR nanocomposites
with moderate thermal properties and high tensile modulus, as well as good interaction.

Meanwhile, MWCNTs modified with [Bmim][NTf2] ionic liquid have been employed
for the fabrication of [Bmim][NTf2]-modified MWCNT/NRL nanocomposites [51]. The
thermal, mechanical, and chemical properties of the nanocomposites and their components
were characterized by means of differential scanning calorimeter, thermogravimetric ana-
lyzer, universal tensile testing machine, and FTIR spectrometer. The thermal properties,
such as the glass transition temperature, of the modified MWCNT/NRL nanocomposites
increased by up to 7.9% in comparison to the unmodified MWCNT/NRL nanocompos-
ite. This was caused by the good interaction between the modified MWCNT and NRL,
which promoted the formation of three-dimensional MWCNTs networks and restricted
the movement or flexibility of the molecular chains of NRL. This also indicated the partial
miscibility of the nanocomposite components. However, the decomposition temperature of
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the modified MWCNT/NRL nanocomposites decreased owing to the high thermal conduc-
tivity of MWCNTs and the low molecular weight of [Bmim][NTf2], which favored thermal
decomposition of the nanocomposites. Furthermore, the mechanical properties, such as the
tensile strength and elongation at break, of the modified MWCNT/NRL nanocomposites
slightly decreased because of the small molecules of ionic liquid freely dispersed in the
NRL matrix, which acted as defects that initiated failure. Nevertheless, the tensile modulus
of the modified MWCNT/NRL nanocomposites increased by up to 73% compared to the
unmodified MWCNT/NRL nanocomposite. This was attributed to the good dispersion
of modified MWCNT, along with the formed MWCNTs networks in the matrix, assisted
by interactions among ionic liquid, MWCNTs, and NRL. On the other hand, the chemical
properties, such as the absorption band of the C−O stretching vibration, of the modified
MWCNT/NRL nanocomposite shifted to a lower wavenumber region in comparison to
the C−O stretching vibration of the unmodified MWCNT/NRL nanocomposite. This was
due to the modified MWCNT bridging NRL and [Bmim][NTf2] through π-π interactions in
the nanocomposites [51]. Thus, it can be inferred that the modification of MWCNTs with
[Bmim][NTf2] ionic liquid gives NRL nanocomposites high glass transition temperature
and tensile modulus, as well as good interaction.

MWCNTs modified with [Emim][NTf2] ionic liquid have been employed for the fab-
rication of [Emim][NTf2]-modified MWCNT/PVDF nanocomposites [54]. The thermal,
mechanical, and chemical properties of the nanocomposites and their components were
characterized using differential scanning calorimeter, micro universal testing machine,
and FTIR spectrometer. The thermal properties, such as the glass transition temperature
and melting temperature, of the modified MWCNT/PVDF nanocomposites decreased,
which was attributed to the miscibility between the ionic liquid and PVDF. Moreover,
the plasticizing effect of [Emim][NTf2] on the PVDF matrix also decreased the thermal
properties of the nanocomposites. On top of that, the mechanical properties, such as the
tensile strength and elongation at break, of the modified MWCNT/PVDF nanocomposites
significantly increased by up to 85% and 133%, respectively, compared to the unmodified
MWCNT/PVDF nanocomposite. This was caused by the presence of [Emim][NTf2] pro-
vided the good dispersion of MWCNTs in the PVDF matrix, which further enhanced the
structural properties of the nanocomposites. Additionally, the modified MWCNT/PVDF
nanocomposites were less brittle, with improved strength and ductility properties com-
pared to unmodified MWCNT/PVDF nanocomposite. Nonetheless, the tensile modulus
of the modified MWCNT/PVDF nanocomposites slightly decreased owing to the simul-
taneous increase in strength and elongation properties that could marginally reduce the
rigidity of the nanocomposites. On the other hand, the chemical properties, such as the
absorption band of the CH−CF−CH stretching vibration, of the modified MWCNT/PVDF
nanocomposites shifted to a higher wavenumber region in comparison to the CH−CF−CH
stretching vibration of the unmodified MWCNT/PVDF nanocomposite. This was due
to the formation of an interaction between the modified MWCNT and PVDF via elec-
trostatic interaction [54]. Hence, it can be concluded that the modification of MWCNTs
with [Emim][NTf2] ionic liquid grants PVDF nanocomposites high tensile strength and
elongation properties, as well as good interaction.

5. Conclusions

Types of imidazolium-based ionic liquids, modification processes of nanofillers, and
fabrication processes of ionic liquid-modified nanofiller/polymer nanocomposites were
succinctly reviewed in this paper. The important properties, for example, thermal, mechan-
ical, and chemical, of the nanocomposites were also described in this succinct review. Ionic
liquids used for the modification of various types of nanofillers are mostly based on imi-
dazolium cations combined with different counter anions. In addition, alkylimidazolium
halide, alkylimidazolium hexafluorophosphate, alkylimidazolium tetrafluoroborate, and
alkylimidazolium bistriflimide ionic liquids are the four most significant ionic liquids used
for polymer nanocomposites. Alkylimidazolium halide ionic liquid is frequently employed
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in the modification of several types of nanofillers. Meanwhile, alkylimidazolium hexafluo-
rophosphate, alkylimidazolium tetrafluoroborate, and alkylimidazolium bistriflimide ionic
liquids are typically used in the modification of carbon-based nanofillers. The employment
of ionic liquid-modified nanofillers can effectively improve the thermo-mechanico-chemical
properties of polymer nanocomposites. Additionally, ionic liquid-modified nanofillers
can form specific interactions with polymer matrices. Alkylimidazolium halide-modified
nanofiller/polymer nanocomposites possess high mechanical properties and good interac-
tion. On top of that, alkylimidazolium hexafluorophosphate-modified nanofiller/polymer
nanocomposites exhibit high thermal and mechanical properties and good compatibility.
Meanwhile, alkylimidazolium tetrafluoroborate-modified nanofiller/polymer nanocom-
posites demonstrate moderate thermal properties, high mechanical properties, and good
interaction. Additionally, alkylimidazolium bistriflimide-modified nanofiller/polymer
nanocomposites have moderate thermal properties, high mechanical properties, and good
interaction. This succinct review may be valuable for the modification of nanofillers by
using ionic liquids in the fabrication of polymer nanocomposites for a variety of usages.
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17. Sowińska, A.; Maciejewska, M.; Guo, L.; Delebecq, E. Effect of SILPs on the Vulcanization and Properties of Ethylene–Propylene–
Diene Elastomer. Polymers 2020, 12, 1220. [CrossRef] [PubMed]

18. Le, H.H.; Wießner, S.; Das, A.; Fischer, D.; Auf Der Landwehr, M.; Do, Q.K.; Stöckelhuber, K.W.; Heinrich, G.; Radusch, H.J.
Selective wetting of carbon nanotubes in rubber compounds—Effect of the ionic liquid as dispersing and coupling agent. Eur.
Polym. J. 2016, 75, 13–24. [CrossRef]

19. Xu, P.; Cui, Z.P.; Ruan, G.; Ding, Y.S. Enhanced Crystallization Kinetics of PLLA by Ethoxycarbonyl Ionic Liquid Modified
Graphene. Chin. J. Polym. Sci. 2019, 37, 243–252. [CrossRef]

20. Ge, Y.; Zhang, Q.; Zhang, Y.; Liu, F.; Han, J.; Wu, C. High-performance natural rubber latex composites developed by a green
approach using ionic liquid-modified multiwalled carbon nanotubes. J. Appl. Polym. Sci. 2018, 135, 46588. [CrossRef]
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