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Abstract

Polymer blends are an essential category of materials formed by physically combining two
or more polymers. The plasticizing process is advantageous for brittle or rigid polymer
systems that need improved flexibility or ductility. The increasing demand for environ-
mentally friendly and high-performance polymeric materials has spurred research into
alternative plasticization methods. The use of ionic liquids as non-volatile plasticizers in
polymer blends is owing to their outstanding properties. In this short review, several ionic
liquids employed in polymer blends and some polymers used in blends with ionic liquids
are listed. Additionally, the plasticizing effects of ionic liquids on the properties of polymer
blends are concisely elucidated. This review also provides a brief overview of the potential
applications of polymer blends plasticized with ionic liquids. In summary, many studies
reveal that ionic liquid-based plasticization impacts the structural, thermal, conductive,
and mechanical properties of polymer blends. The potential applications of polymer blends
plasticized with ionic liquids cover various fields, including energy systems, packaging,
electronics, and soft robotics.
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1. Introduction
Polymer blends represent a vital class of materials produced by physically mixing two

or more polymers to create a single-phase or multi-phase system [1]. This approach offers
a cost-effective and multipurpose strategy for developing new materials with desirable
features by combining the advantageous characteristics of different polymer components.
Advances in blending methods such as melt blending [2], solution blending [3], and in
situ polymerization [4] have expanded the range of achievable properties. Moreover,
the development of sustainable and functional polymer blends has received increasing
attention in recent years [5,6]. In any case, polymer blending remains a widely studied and
industrially relevant strategy in material design and engineering.

The plasticizing process is beneficial for brittle or rigid polymer systems that require
enhanced flexibility or ductility for practical applications. In polymer blends, the effec-
tiveness of plasticization depends on the compatibility between the plasticizer and each
polymer component [7] as well as on the distribution achieved after processing [2]. Further-
more, the concentration of the plasticizer plays a crucial role in determining the extent of
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modification [8], as excessive loading can lead to undesirable effects. Thus, careful selection
and optimization of plasticization conditions are crucial to strike a balance between the
desired improvements in flexibility and the long-term stability and performance of the
polymer blend system.

Recent studies have explored the use of ionic liquids as non-volatile plasticizers for
polymer blends due to their exceptional characteristics, such as thermal/chemical stability,
low volatility/toxicity, and tunable solubility/processability [6,9–11]. Ionic liquids are
organic salts that exist in the liquid state at temperatures below 100 ◦C due to the bulky and
asymmetric structures of the ions [10]. These liquid salts can interact with a wide range of
functional groups in polymers [12], promoting enhanced flexibility and deformability [13].
Unlike conventional plasticizers, ionic liquids suggest potential for improved compatibility
across different polymer phases [14], making them suitable for both miscible and immiscible
systems [15]. Their ability to be structurally tailored further [16] allows fine-tuning of blend
behavior. As such, ionic liquid-based plasticization signifies a promising strategy for
developing advanced and multifunctional polymer blend systems.

The growing interest in environmental and high-performance polymeric materials
has driven the investigation of substitution plasticization strategies, including the usage of
ionic liquids in polymer blends. Although several studies have provided comprehensive
insights and outcomes of ionic liquid-based plasticization, the findings remain divided.
This short review intends to examine the recent advancements in plasticizing polymer
blends with ionic liquids, highlighting their effects on structural, thermal, conductive,
and mechanical properties. By evaluating the key findings across various ionic liquids
and polymer systems, this review aims to fill the gaps, identify influencing factors, and
explore potential applications for optimizing the employment of ionic liquids in polymer
blend systems.

2. Ionic Liquids Employed in Polymer Blends
Table 1 shows the ionic liquids employed as plasticizers for polymer blends. It

suggests that two types of ionic liquids are usually used, specifically imidazolium-
and phosphonium-based ionic liquids. Among the imidazolium-based, 1-butyl-3-
methylimidazolium (Bmim) and 1-ethyl-3-methylimidazolium (Emim) cations are the most
regularly studied. Bmim-based ionic liquids, including BmimBr, BmimCl, BmimPF6, and
BmimI, are commonly chosen due to their availability, low cost, and advantageous physico-
chemical properties [7]. Similarly, Emim-based ionic liquids such as EmimTFSI, EmimES,
EmimTCB, and EmimTCM are widely employed due to their low to moderate viscosity,
making them favorable candidates for blending with both hydrophilic and hydrophobic
polymers [8].

On the other hand, trihexyl(tetradecyl)phosphonium (Thtdp) cation represents a
phosphonium-based ionic liquid characterized by bulky, long alkyl chains, which provide
compatibility with various polymers [2,15]. Thtdp-based ionic liquids such as ThtdpEHP,
ThtdpTFSI, ThtdpTMP, ThtdpCl, and ThtdpDP are typically used in polymer blend systems.
Notably, the bis(trifluoromethylsulfonyl)imide (TFSI) anion is frequently paired with both
Emim and Thtdp cations due to its hydrophobicity and good thermal stability [8,15].
Figure 1 shows the chemical structures of Bmim cation, Emim cation, Thtdp cation, and
TFSI anion. These cations and an anion provide the foundation for diverse ionic liquids,
enhancing interactions by leveraging their specific physical and chemical properties.
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Table 1. Ionic liquids employed as plasticizers for polymer blends.

Ionic Liquid Abbreviation References

1-Butylimidazolium hydrogen sulfate BimHSO4 [17]
1-Butyl-3-methylimidazolium bromide BmimBr [7]
1-Butyl-3-methylimidazolium chloride BmimCl [7,18]
1-Butyl-3-methylimidazolium hexafluorophosphate BmimPF6 [19]
1-Butyl-3-methylimidazolium iodide BmimI [7]
1-Butyl-3-methylimidazolium thiocyanate BmimSCN [20]
1-Butyl-1-methylpyrrolidinium bis(trifluoromethylsulfonyl)imide BmpyTFSI [21,22]
1-Ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide EmimTFSI [4,8,23–27]
1-Ethyl-3-methylimidazolium bromide EmimBr [28]
1-Ethyl-3-methylimidazolium ethylsulfate EmimES [10]
1-Ethyl-3-methylimidazolium methylsulfate EmimMS [29]
1-Ethyl-3-methylimidazolium tetracyanoborate EmimTCB [6,10]
1-Ethyl-3-methylimidazolium tricyanomethanide EmimTCM [10,13]
1-Octyl-3-methylimidazolium salicylate OmimSal [30]
Tetrabutylphosphonium dodecylphosphonate TbpDP [2]
3-Triethylammonium hydrogen sulfate TeaHSO4 [17]
Trihexyl(tetradecyl)phosphonium bis(2-ethylhexyl) phosphate ThtdpEHP [5]
Trihexyl(tetradecyl)phosphonium bis(trifluoromethylsulfonyl)imide ThtdpTFSI [5,15]
Trihexyl(tetradecyl)phosphonium bis(2,4,4-trimethylpentyl)phosphinate ThtdpTMP [5,15]
Trihexyl(tetradecyl)phosphonium chloride ThtdpCl [5]
Trihexyl(tetradecyl)phosphonium dodecylphosphonate ThtdpDP [2]

  

 

Figure 1. Chemical structures of (a) Bmim cation, (b) Emim cation, (c) Thtdp cation, and (d) TFSI anion.

3. Polymer Blends Plasticized with Ionic Liquids
Table 2 displays the polymers used in blends with ionic liquid plasticizers. It discloses

that thermoplastics are more commonly utilized than natural polymers and thermosets.
Among these, poly(3,4-ethylenedioxythiophene) (PEDOT) stands out as a widely studied
conductive polymer, which is frequently used in plasticization with ionic liquids to enhance
flexibility and electrical properties [6,13]. PEDOT is often blended with poly(styrene sul-
fonate) (PSS), a widely studied thermoplastic polyelectrolyte, which is negatively charged
and acts as a processability enhancer [10]. This PEDOT:PSS system is highly valued in
electronic and actuator applications due to its excellent film-forming ability and improved
conductivity upon plasticization [4,23].
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Table 2. Polymers used in blends with ionic liquid plasticizers.

Polymer Abbreviation References

Carboxy methyl cellulose CMC [30]
Chitosan Ch [29]
Corn starch CS [7]
Gelatin GL [30]
Lignin LG [5]
Maltodextrin MX [28]
Methylcellulose MC [28]
Modified starch MS [18]
Poly(acrylic acid) PAA [21,22]
Polyamide 6 PA6 [15]
Polybenzimidazole PBI [17]
Polybutylene adipate terephthalate PBAT [2,5]
Polybutylene succinate PBS [7,18]
Polyethyl methacrylate PEMA [8,24]
Polyethylene glycol PEG [29]
Poly(3,4-ethylenedioxythiophene) PEDOT [4,6,10,13,23]
Poly(ethylene oxide) PEO [19,20,25,27]
Polylactic acid PLA [2,5]
Polymethyl methacrylate PMMA [26]
Polypropylene PP [15]
Poly(styrene sulfonate) PSS [4,6,10,13,23]
Polyurethane PU [4,23]
Polyvinyl alcohol PVA [21,22]
Polyvinyl chloride PVC [8,24]
Polyvinyl pyrrolidone PVP [29]
Poly(vinylidene fluoride) PVDF [25]
Poly(vinylidene fluoride-hexafluoropropylene) PVDF-HFP [19,20,26,27]
Sulfonated poly(ether ether ketone) SPEEK [17]

Poly(ethylene oxide) (PEO) is another important thermoplastic used in these blends.
It is a semi-crystalline, water-soluble polymer known for its low toxicity, flexibility, good
solvating ability, and ion mobility [20,25], making it a suitable candidate for use in
solid polymer electrolytes and biomedical applications [27]. Poly(vinylidene fluoride-
hexafluoropropylene) (PVDF-HFP), a copolymer with high mechanical stability and dielec-
tric constant [20], is also prominently featured. PVDF-HFP blends with ionic liquids aim
to enhance ionic conductivity and electrochemical performance [26], thereby expanding
their applications in energy storage devices and flexible electronics. Figure 2 shows the
chemical structures of PEDOT, PSS, PEO, and PVDF-HFP. Overall, the regular appearance
of these polymers in polymer blends with ionic liquids underlines their versatility and
compatibility with advanced plasticization strategies for both functional and sustainable
material development.

 

 

 

Figure 2. Chemical structures of (a) PEDOT, (b) PSS, (c) PEO, and (d) PVDF-HFP.
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4. Properties of Polymer Blends Plasticized with Ionic Liquids
Table 3 demonstrates the plasticizing effects of ionic liquids on the properties of

polymer blends. Rawat and Saroj have prepared the Ch/PVP/PEG blends plasticized
with EmimMS [29]. They found that the crystallinity decreases with increasing EmimMS
concentration (50 wt%). This may be attributed to the plasticization of EmimMS with
the functional groups of polymer blends [29]. Moreover, the decomposition temperature
decreases slightly as EmimMS is added, possibly due to the complexation of the Emim
cations with the hydroxyl and amine groups attached to the Ch backbone [29]. The electrical
conductivity increases with rising EmimMS concentration. This also may be attributed to
the plasticization effect of EmimMS [29].

Table 3. Plasticizing effects of ionic liquids on the properties of polymer blends.

Polymer Blend Ionic Liquid Loading
Properties

References
Structural Thermal Conductive Mechanical

Ch/PVP/PEG EmimMS 50 wt% Crys ↓ Td ↓ σ ↑ - [29]
MX/MC EmimBr 30 wt% Crys ↓ Tg ↓ σi ↑ - [28]

PBAT/PLA TbpDP 0.7 wt% - Tm ↓ - EB ↑ [2]
PBAT/PLA/LG ThtdpCl 1 wt% - Tg ↓ - SB ↑ [5]

PBS/CS BmimI 9.09 wt% Crys ↓ - - EB ↑ [7]
PBS/MS BmimCl 5.66 wt% Crys ↓ Tg ↓ - EB ↑ [18]

PEDOT/PSS EmimTCB 1 wt% - - σ ↑ TS ↑ [6]
PEDOT/PSS EmimTCM 2 wt% - - σ ↑ EM ↓ [10]
PEDOT/PSS EmimTCM 1.5 wt% - - σ ↑ FS ↑ [13]
PEO/PVDF EmimTFSI 7 wt% Crys ↓ Tm ↓ σi ↑ - [25]

PEO/PVDF-HFP BmimPF6 20 wt% Crys ↓ - σi ↑ - [19]
PEO/PVDF-HFP BmimSCN 0.6 mL Crys ↓ Tm ↓ σ ↑ - [20]
PEO/PVDF-HFP EmimTFSI 33.33 wt% Crys ↓ Td ↓ σi ↑ - [27]

PP/PA6 ThtdpTFSI 10 wt% - Tm ↓ - YM ↓ [15]
PU/PEDOT/PSS EmimTFSI 50 wt% - - σi ↑ EB ↑ [4]
PU/PEDOT/PSS EmimTFSI 40 wt% - - σi ↑ CM ↓ [23]

PVA/PAA BmpyTFSI 70 mol-% Crys ↓ Tg ↓ σi ↑ - [22]
PVC/PEMA EmimTFSI 80 wt% Crys ↓ - σi ↑ - [8]
SPEEK/PBI TeaHSO4 5 wt% Crys ↓ - σi ↑ - [17]

Crys = crystallinity, Td = decomposition temperature, σ = electrical conductivity, Tg = glass transition temperature,
σi = ionic conductivity, Tm = melting temperature, EB = elongation at break, SB = strain at break, TS = tensile strain,
EM = elastic modulus, FS = fracture strain, YM = Young’s modulus, CM = compression modulus, ↑ = increase in
the properties, and ↓ = decrease in the properties.

Asnawi et al. have prepared the MX/MC blends plasticized with EmimBr [28]. They
found that the crystallinity decreases as the concentration of EmimBr increases (30 wt%).
This is because the interaction of the blends with EmimBr has broadened the amorphous
region [28]. Additionally, the glass transition temperature decreases with the addition
of EmimBr, indicating a good interaction between EmimBr and the polymer blends, as
EmimBr promotes the segmental motion of the polymer chains and enhances the amor-
phous characteristic of the blends [28]. The ionic conductivity increases because EmimBr
promotes the plasticization effect, thereby increasing the mobility of charge carriers [28].

Zhou et al. have prepared the PBAT/PLA blends plasticized with TbpDP and Tht-
dpDP [2]. They found that as the content of TbpDP in the blends increased (0.7 wt%),
the melting temperature of the PLA component gradually decreased [2]. In contrast, the
elongation at break of the blends increased, due to the plasticizing effect of TbpDP, which
reduces entanglement between polymer chains and increases their mobility [2].

Livi et al. have prepared the PBAT/PLA/LG blends plasticized with ThtdpEHP,
ThtdpTFSI, ThtdpTMP, and ThtdpCl [5]. They found that the use of ThtdpCl (1 wt%) has a
plasticizing effect, as confirmed by a slight decrease in the glass transition temperature [5].
Moreover, an increase in the strain at break is caused by the good affinity of LG with
Cl anions in ThtdpCl, which results in a decrease in the LG particle size, giving better
stretchability to the blends [5].
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Xu et al. have prepared the PBS/CS blends plasticized with BmimBr, BmimCl, and
BmimI [7]. They found that BmimI (9.09 wt%) had the strongest plasticizing effect on CS.
The crystallinity of the plasticized blends was the lowest, which was due to the best com-
patibility between CS-BmimI and PBS [7]. Additionally, the elongation at break increased
because BmimI weakened the intermolecular force in CS, enabling better integration of CS
and PBS molecular chains, and the blends showed good toughness [7].

Liu et al. have prepared the PBS/MS blends plasticized with BmimCl [18]. They
found that the decreased glass transition temperature of PBS upon the addition of BmimCl
(5.66 wt%) indicated that the ionic liquid could plasticize PBS to some extent. Thus, BmimCl
could increase the chain mobility of PBS through the plasticization effect [18]. Furthermore,
the reduction in MS crystallinity can be explained by BmimCl entering the MS granules,
weakening the inter- and intramolecular hydrogen bonding and thereby destroying MS
crystallinity [18]. The elongation at break of the polymer blends stays at a high level due to
BmimCl’s more efficient plasticization effect [18].

Teo et al. have prepared the PEDOT/PSS blends plasticized with EmimTCB [6]. They
found that EmimTCB (1 wt%) acts not only as a secondary dopant but also as a plasticizer
for the blends, forming a fibrillar structure which results in high electrical conductivity [6].
EmimTCB increases free volume and segmental motion, elevating tensile strain while
maintaining its superior conductance when stretched [6].

Kim et al. have prepared the PEDOT/PSS blends plasticized with EmimES, EmimTCB,
and EmimTCM [10]. They found that EmimTCM (2 wt%) increases the electrical con-
ductivity and stretchability of the blends while decreasing their elastic modulus [10]. The
outstanding performance of these blends is attributed to the plasticizing effect of EmimTCM,
which allows them to deform more readily without fracturing the electrical pathway [10].

Wu et al. have also prepared the PEDOT/PSS blends plasticized with EmimTCM [13].
They found that the improved electrical conductivity of the plasticized blends is caused by
EmimTCM (1.5 wt%), which forms a fibrillar structure network and provides an efficient
pathway for hole transport [13]. In addition, increased fracture strain is likely due to the
plasticizing effect of EmimTCM, which enhances the segmental motion of the polymer
chains, providing stretchability and flexibility to the blends [13].

Rathika and Suthanthiraraj have prepared the PEO/PVDF blends plasticized with
EmimTFSI [25]. They found that the crystallinity varies with the amount of EmimTFSI
(7 wt%) added to the polymer blends. This is because of the formation of more amorphous
regions [25]. The melting temperature decreases with the addition of EmimTFSI, which
may be due to the increased complexation of the Emim cations [25]. The ionic conductivity
increases with increasing EmimTFSI content. This may occur because EmimTFSI acts as a
plasticizer, thereby enhancing the amorphicity of the blends [25].

Jayanthi has prepared the PEO/PVDF-HFP blends plasticized with BmimPF6 [19]. She
found that the crystallinity of the blends decreases when BmimPF6 (20 wt%) is added as
the polymer chains become more amorphous [19]. At the same time, the ionic conductivity
increased, revealing the plasticizing effect of BmimPF6, as the polymer backbone became
more flexible due to the increased mobility of ions [19].

Kujur et al. have prepared the PEO/PVDF-HFP blends plasticized with BmimSCN [20].
They found that the decrease in crystallinity due to the addition of BmimSCN (0.6 mL) en-
hances the amorphousity of the polymer blends caused by ion–dipole interactions between
BmimSCN and the polymer chains [20]. Moreover, the melting temperature decreases,
indicating the plasticization of the polymer blends and an increase in the amorphous
region [20]. The enhancement in electrical conductivity can be ascribed to the interaction
of BmimSCN with the polymer chains, which may lead to plasticization and an increased
amorphousity of the polymer blends [20].
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Nguyen et al. have prepared the PEO/PVDF-HFP blends plasticized with EmimTFSI [27].
They found that the addition of EmimTFSI (33.33 wt%) as a plasticizer reduces crystallinity,
yielding an almost amorphous structure [27]. Additionally, the decomposition temperature
decreases due to the lower thermal stability of the blends, caused by the combined decom-
position of the CF3 groups in PVDF-HFP, the ethyl and methyl groups of the Emim cations,
and chain scission of PEO [27]. The complexation of the PVDF-HFP chains with the Emim
cations and the formation of a lower-crystalline phase could lead to an increase in ionic
conductivity [27].

Yousfi et al. have prepared the PP/PA6 blends plasticized with ThtdpTFSI and Tht-
dpTMP [15]. They found that the introduction of ThtdpTFSI (10 wt%) into the blends creates
a plasticizing effect, lowering the melting temperature and promoting miscibility through
intermolecular interactions between ThtdpTFSI and the blend phases [15]. The Young’s
modulus also decreases, resulting in a significant increase in elongation at break [15].

Li et al. have prepared the PU/PEDOT/PSS blends plasticized with EmimTFSI [4].
They found that increasing the EmimTFSI content (50 wt%) results in a gradual increase
in ionic conductivity [4]. However, there is a decrease in Young’s modulus and strength,
which is likely due to the plasticizing effect of EmimTFSI. Nevertheless, elongation at break
slightly increases, demonstrating good miscibility between the PU and EmimTFSI [4].

Okuzaki et al. have also prepared the PU/PEDOT/PSS blends plasticized with
EmimTFSI [23]. They found that the ionic conductivity of the plasticized blends increases
with increasing EmimTFSI content (40 wt%) [23]. However, the compression modulus
decreases, which is likely due to the plasticizing effect of EmimTFSI and/or a decrease in the
network density of the PU elastomer resulting from a reduction in its volume fraction [23].

Thayumanasundaram et al. have prepared the PVA/PAA blends plasticized with
BmpyTFSI [22]. They found that the decrease in crystallinity occurred with the addition of
BmpyTFSI (70 mol-%). This is due to the ionic liquid, which can weaken the interactions
among polymer chains and hinder some recrystallization of the polymer blends [22].
Furthermore, the glass transition temperature decreases slightly. This is owing to the
plasticization effect that results from the weak interaction between BmpyTFSI and the
polymer blends [22]. The polymer blends with a high BmpyTFSI content have the highest
amount of ions, resulting in higher ionic conductivity [22].

Prasanna and Suthanthiraraj have prepared the PVC/PEMA blends plasticized with
EmimTFSI [8]. They found that the crystallinity of the plasticized blends decreases with the
addition of EmimTFSI (80 wt%) [8]. Nevertheless, the ionic conductivity increases, which
may be due to the plasticizing effect of EmimTFSI, thereby breaking the primary bonds in
the blends and increasing the amorphous fraction of these polymers [8].

Da Trindade et al. have prepared the SPEEK/PBI blends plasticized with BimHSO4

and TeaHSO4 [17]. They found that the crystallinity decreased when TeaHSO4 (5 wt%) was
added to the blends, indicating that the blends became less amorphous [17]. Moreover, the
addition of TeaHSO4 has a plasticizing effect on the blends, accelerating the mobility of
polymer chains and thereby increasing the ionic conductivity [17].

5. Applications of Polymer Blends Plasticized with Ionic Liquids
Table 4 presents the potential applications of polymer blends plasticized with ionic

liquids. The Ch/PVP/PEG blends plasticized with EmimMS are ideal for use in dye-
sensitized solar cells because of their good electrochemical behavior [29]. The MX/MC
blends plasticized with EmimBr are suited for usage in electrochemical double-layer capac-
itors, as they can achieve high specific capacitance [28]. The PBAT/PLA blends plasticized
with TbpDP are suitable for biodegradable packaging applications due to their enhanced
flexibility, toughness, and interfacial compatibility [2]. Similarly, the same blends contain-
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ing LG plasticized with ThtdpCl are potentially used for biodegradable packaging because
of their improved mechanical strength and reduced water vapor permeability [5].

Table 4. Potential applications of polymer blends plasticized with ionic liquids.

Polymer Blend Ionic Liquid Potential Application References

Ch/PVP/PEG EmimMS Dye-sensitized solar cells [29]
MX/MC EmimBr Electrochemical double-layer capacitors [28]
PBAT/PLA TbpDP Biodegradable packaging [2]
PBAT/PLA/LG ThtdpCl Biodegradable packaging [5]
PBS/CS BmimI Food packaging [7]
PBS/MS BmimCl Food packaging [18]
PEDOT/PSS EmimTCB Stretchable electronics [6]
PEDOT/PSS EmimTCM Stretchable electronics [10]
PEDOT/PSS EmimTCM Stretchable electronics [13]
PEO/PVDF EmimTFSI Rechargeable batteries [25]
PEO/PVDF-HFP BmimPF6 Rechargeable batteries [19]
PEO/PVDF-HFP BmimSCN Rechargeable batteries [20]
PEO/PVDF-HFP EmimTFSI Rechargeable batteries [27]
PP/PA6 ThtdpTFSI High-performance materials [15]
PU/PEDOT/PSS EmimTFSI Soft actuators [4]
PU/PEDOT/PSS EmimTFSI Soft actuators [23]
PVA/PAA BmpyTFSI Rechargeable batteries [22]
PVC/PEMA EmimTFSI Rechargeable batteries [8]
SPEEK/PBI TeaHSO4 Fuel cells [17]

The PBS/CS blends plasticized with BmimI are particularly appropriate for food pack-
aging applications due to their enhanced elongation, compatibility, and water resistance [7].
The PBS/MS blends plasticized with BmimCl are also suitable for food packaging applica-
tions, as they possess high tensile strength and elongation at break [18]. For PEDOT/PSS
blends plasticized with EmimTCB and EmimTCM, applications extend to stretchable
electronics because of their increased flexibility and electrical conductivity [6,10,13]. The
PEO/PVDF blends plasticized with EmimTFSI are ideal for rechargeable battery appli-
cations owing to their high ionic mobility and conductivity [25]. The PEO/PVDF-HFP
blends plasticized with BmimPF6, BmimSCN, and EmimTFSI are also potentially uti-
lized in rechargeable battery applications due to their improved ionic conductivity and
amorphous nature [19,20,27]. The PP/PA6 blends plasticized with ThtdpTFSI can be
used in high-performance applications because of their enhanced mechanical and thermal
properties [15].

The plasticization of EmimTFSI on PU/PEDOT/PSS blends makes them ideal for soft
actuators due to their increased ionic conductivity and flexibility [4,23]. The PVA/PAA
blends plasticized with BmpyTFSI are suitable for use in rechargeable batteries, as they
can maintain both thermal and mechanical stability while providing high ion conductiv-
ity [22]. EmimTFSI plasticization on PVC/PEMA blends can also be applied in rechargeable
batteries because of their enhanced ionic conductivity and wide electrochemical stability
window [8]. Finally, the SPEEK/PBI blends plasticized with TeaHSO4 make them suitable
for fuel cell applications due to their high proton conductivity and excellent thermal sta-
bility [17]. Therefore, each of these potential applications is closely tied to the distinctive
functions of ionic liquids, which increase the inherent properties of polymer blends to
address specific industrial needs.

6. Discussion
Table 3 also provides information on the trends in increment and decrement for the

properties of different polymer blends plasticized with ionic liquids. The qualitative data
highlight the impact of various ionic liquid types, including imidazolium-, phosphonium-,
pyrrolidinium-, and ammonium-based ionic liquids and their loadings, across a wide
range of polymer blend systems. An imidazolium-based ionic liquid like EmimTFSI is
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the most frequently employed, showing consistent reductions in crystallinity that corre-
late with enhanced ionic conductivity in systems such as PEO/PVDF, PEO/PVDF-HFP,
PU/PEDOT/PSS, and PVC/PEMA blends. In the PEDOT/PSS blends, EmimTCM and
EmimTCB significantly increased electrical conductivity and tensile or fracture strain. The
properties also depend on the ionic liquid loading. Low loadings (typically ≤10 wt%)
in PBAT/PLA, PBS/starch, PP/PA6, and SPEEK/PBI blends showed low crystallinity
and thermal properties, but high elongation. In comparison, moderate loadings (usually
<50 wt%) also exhibited low crystallinity and thermal properties with high conductivity,
but in some cases decreased modulus. Moreover, high loadings (e.g., 50–80 wt%) ampli-
fied ionic or electrical conductivity and elongation. Phosphonium-based ionic liquids,
such as TbpDP and ThtdpCl, improved elongation and strain at break in PBAT-based
blends, demonstrating their potential to soften the polymer chains. Pyrrolidinium- and
ammonium-based ionic liquids like BmpyTFSI and TeaHSO4 also contributed to enhanced
ionic conductivity and reduced crystallinity in PVA/PAA and SPEEK/PBI blends. Overall,
the structural, thermal, conductive, and mechanical properties of polymer blends plasti-
cized with ionic liquids vary considerably with ionic liquid type and loading, enabling
tunable performance depending on the blend design purposes.

Table 4 also provides information on the potential applications of different poly-
mer blends plasticized with various ionic liquids. The data show that specific plasticiza-
tion of polymer blends with ionic liquids is tailored for targeted end uses. For example,
imidazolium-based ionic liquids such as EmimTFSI and EmimBr are employed to plasticize
PEO-based and MX/MC blends, respectively, for energy storage devices like recharge-
able batteries and electrochemical double-layer capacitors. Additionally, EmimTCM and
EmimTFSI are used to plasticize PEDOT/PSS and PU/PEDOT/PSS blends, respectively,
for soft robotics applications like stretchable electronics and soft actuators. Furthermore,
BmimI and BmimCl are utilized to plasticize PBS/CS and PBS/MS blends, respectively,
for food packaging. Biodegradable packaging emerges as a key area for PBAT/PLA-
based blends plasticized with phosphonium-based ionic liquids like TbpDP and ThtdpCl.
These blends are beneficial for their flexibility and compostability. Lastly, EmimMS- and
TeaHSO4-plasticized Ch/PVP/PEG and SPEEK/PBI blends, respectively, are intended for
energy-generating devices such as dye-sensitized solar cells and fuel cells. Overall, the
polymer blends plasticized with ionic liquids demonstrate great versatility for use in energy
storage devices, innovative electronics, sustainable packaging, and energy generators.

7. Conclusions
In this review, the ionic liquids employed as plasticizers for polymer blends, as well

as the polymers used in blends with ionic liquid plasticizers, are thoroughly recorded. In
addition, the plasticizing effects of ionic liquids on the properties of polymer blends are
underlined in this short review. A brief overview of the potential applications of polymer
blends plasticized with ionic liquids is also provided. Ionic liquids such as imidazolium-
and phosphonium-based ionic liquids are typically employed in polymer blends. Polymers
like PEDOT, PSS, PEO, and PVDF-HFP are generally used in plasticization with ionic
liquids for these blends. Most investigations disclose that polymer blends plasticized
with ionic liquids improve elongation and strain while decreasing modulus, indicating
an enhancement of the segmental motion of the polymer blend chains. Moreover, the
glass transition, melting, and decomposition temperatures, as well as the crystallinity
of the plasticized blends, are reduced, implying the plasticizing effects of ionic liquids.
However, both their ionic and electrical conductivities increase, suggesting the enhanced
mobility of ions and electrons. Hence, ionic liquid-based plasticization plays an essential
role in impacting the structural, thermal, conductive, and mechanical properties of polymer
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blends. Several potential applications of polymer blends plasticized with ionic liquids
concentrate on energy storage, biodegradable or food packaging, stretchable electronics,
energy generators, and soft actuators, depending on the intrinsic properties of the polymer
blends and additional components.
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