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Abstract
The recent developments of membrane technology that requires the composite membrane to work effectively in high energy 
devices have prompted the inclusion of graphene (GO) and N-butyltrimethylammonium iodide (IL) into a poly(vinylidene 
fluoride-co-hexafluoropropene) (PVDF-co-HFP) host polymer. From the characterizations that were conducted using FTIR, 
SEM, TGA, DSC, universal testing machine, Hot Disk Thermal Constants Analyser and the RF impedance spectroscopy, 
the IL-filled PVDF-co-HFP membrane (1P/IL) was found to have a better dielectric and thermal conductivity, while the 
decreased porosity of the 1P/GO membrane was discovered to have contributed to its better mechanical performance. Apart 
from the moieties, which had filled the gaps of the porous architecture and formed a firmer configuration from the chemical 
junctions with the PVDF-co-HFP, the IL in the membrane was also observed to have increased the density of the accumulated 
charge carriers and polarization with a better crystallinity control, porosity and ion transportation of the dielectric constant. 
Based on the above results, the introduction of an ionic liquid (with its plasticizing effect, well-dispersed assembling and 
diffusional motions) can thus be regarded as significantly improving the properties of the PVDF-co-HFP and particularly in 
the hi-tech targeted applications of high energy devices such as those of the high-energy Li-ion batteries.
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Introduction

Today, the growing demand for electrochemical energy sys-
tems along with the emerging technologies such as fuel cells, 
lithium-ion batteries, electrochemical reactors, ion transport 
membranes, and supercapacitors has prompted the use of 
non-flammable, highly conductive, and thermally stable 
ionic liquids (IL) [1–3]. Since the ILs are non-volatile and 
are known to have a high ionic density as well as an intrinsi-
cally high ionic conductivity, they have not only been exten-
sively applied in the electro-deposition, energy management, 

cellulose dissolution, water splitting, bio-catalysis, greases, 
stoppers and preservation processes [4, 5], but also in the 
engineering of novel materials with a focus on intensifying 
the efficacy of the polymer electrolyte membrane as a sepa-
rator in high-energy lithium-ion batteries.

With the Li-ion batteries being regarded as power-homes 
for energy storage and portable devices, studies on improv-
ing its performance by way of an organic solvent and poly-
meric separator had nevertheless given rise to safety con-
cerns [6, 7]. For this reason, these issues had been mitigated 
with the introduction of a lithium-ion battery separator in 
the form of a PVDF-co-HFP-based polymer electrolyte 
membrane (PEM) and the highly conductive graphene and 
N-butyltrimethylammonium iodide (IL) that would not just 
provide a better processability with a higher thermal and 
electrical stability, but its larger electrochemical window 
(redox reaction) will also create a better performing high-
energy Li-ion batteries. Apart from the above, the issue of 
the PEM pore size that had contributed to the battery fail-
ure was resolved with the incorporated graphene and the 
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