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Palm-based polyurethane electrolyte was prepared via prepolymerization method between palm kernel oil polyol (PKO-p) and
2,4-diphenylmethane diisocyanate (MDI) in acetone at room temperature with the presence of lithium trifluoromethanesulfonate
(LiCF

3
SO
3
).The effect of varying the concentration of LiCF

3
SO
3
salt on the ionic conductivity, chemical interaction, and structural

and morphological properties of the polyurethane solid polymer electrolyte was investigated. The produced film was analyzed
using electrochemical impedance spectroscopy (EIS), attenuated total reflection Fourier transform infrared (ATR-FTIR), X-ray
diffraction (XRD), and scanning electron microscopy (SEM). The EIS result showed that the highest ionic conductivity was at 30
wt% LiCF

3
SO
3
with a value of 1.6 × 10−5 S⋅cm−1. Infrared analysis showed the interaction between lithium ions and amine group

(–N–H) at (3600–3100 cm−1), carbonyl group (–C=O) at (1750–1650 cm−1), and ether group (–C–O–C–) at (1150–1000 cm−1) of
the polyurethane forming polymer-salt complexes. The XRD result proved that LiCF

3
SO
3
salt completely dissociates within the

polyurethane film as no crystalline peaks of LiCF
3
SO
3
were observed. The morphological study revealed that the films prepared

have a good homogeneity and compatibility as no phase separation occurred.

1. Introduction

Since the discovery of ionic conductivity phenomenon in
solid state by Faraday in the 1800s, numerous studies have
been conducted on polymer electrolytes pioneered by Peter
Wright and Michel Armand who had introduced the first
new class of solid ionic conductors in the 1970s [1]. Studies
showed that liquid electrolyte has higher ionic conductivity
compared to other electrolyte systems.However, it has several
disadvantages, namely, leakage, gas formation during oper-
ation, and difficulty in handling for portable applications,
which has resulted in increasing studies conducted on solid
polymer electrolyte given its potential for applications in
solid batteries, electrochromic windows, sensors, fuel cell,
and others [2].

However, most of the current researches focus on
the production of petrochemical based polymers such as

polyethylene oxide (PEO) compared to polymers based on
natural resources. Awareness of the importance of safe and
environmental friendly sources of polymer has resulted in
the studies replacing the dependence on petrochemical based
polymers conductors. Moreover, with the current price hike
of petroleum, the use of raw materials based on natural
resources for industrial purposes also has increased. Palm
oil-based products have become one of the alternatives
for the production of polyols for polyurethane products
[3].

Polyurethane is a copolymer that consists of urethane
linkages (–NHCOO) in its molecular structure. It is typically
made by the reaction of a polyester or polyether polyol
with diisocyanate. As a block copolymer, it has a unique
multiphase structure consisting of soft segments and hard
segments that are suitable as matrix materials in polymer
electrolyte. Studies carried out by Badri et al. [4] described the
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method of producing monoester polyol (PKO-p) from palm
kernel oil (PKO).

One of the approaches to produce polyurethanes is
through prepolymerization technique in the presence of a
solvent. This gives the advantage of lower isocyanate vapor
levels and heat reduction of the final reaction compared to
a single step polymerization. A single step polymerization of
polyurethane gives off heat during formation of the urethane
bonds and might cause shrinkage problem. Meanwhile,
prepolymerization allows for partial heat dissipation prior to
the formation of polyurethane as discussed elsewhere [5–7].

In this research, polyurethane was produced via pre-
polymerization method between PKO-p and 2, 4-diphenyl-
methane diisocyanate (MDI) in acetone at room temperature.
The effect of different concentrations of LiCF

3
SO
3
salt on

the ionic conductivity, chemical interaction, and structural
and morphological properties of the polyurethane solid
polymer electrolyte was investigated using electrochemical
impedance spectroscopy (EIS), attenuated total reflection
Fourier transform infrared (ATR-FTIR), X-ray diffraction
(XRD), and scanning electron microscopy (SEM).

2. Experimental

2.1. Materials. Palm kernel oil-based polyol (PKO-p) was
prepared as described by Badri et al. [4]. 2,4-diphen-
ylmethane diisocyanate (MDI) was purchased from Cos-
mopolyurethane (M) Sdn. Bhd, Port Klang, Malaysia. Ace-
tone was supplied by Systerm Sdn. Bhd., Shah Alam,
Malaysia. Polyethylene glycol (PEG) and lithium trifluor-
omethanesulfonate (LiCF

3
SO
3
) were purchased from Sigma-

Aldrich Sdn. Bhd., Kuala Lumpur, Malaysia. All materials
were used without further purification.

2.2. Preparation of Prepolymerized Polyurethane (PU). The
method used by Wong and Badri [5] was followed. PKO-
p and MDI were separately dissolved in acetone at room
temperature to form urethane prepolymer. The amount of
LiCF
3
SO
3
salt was varied at 5 to 30wt%. The LiCF

3
SO
3
salt

was dissolved in the PKO-p and stirred via magnetic bar for
30min. The MDI was then added into the PKO-p drop-wise
and the mixture was stirred for another 5min and casted into
a Teflon plate. The solvent was allowed to slowly evaporate
in a fume hood at room temperature for 24 h. The films were
yellow in color, translucent, and free standing.

2.3. Measurements. The ionic conductivity measurements
were carried out by EIS using a high frequency resonance
analyzer (HFRA; Solartron 1260, Schlumberger) with applied
frequency ranging from0.1 to 106Hz at a perturbation voltage
of 1000mV. The disc-shaped sample of 16mm diameter was
sandwiched between two stainless steel blocking electrodes.
The ATR-IR spectrum was recorded by Perkin Elmer Spec-
trum 2000 in the range of 4,000 to 650 cm−1 with a scanning
resolution of 4 cm−1. The analysis was conducted to study the
interaction between LiCF

3
SO
3
salt and the functional groups

presence in polyurethane polymeric chain. XRD model D-
5000 Siemen was used to determine presence of crystalline

Table 1: The effect of LiCF3SO3 salt on the ionic conductivity of the
polymer electrolyte.

LiCF3SO3, (wt%) Ionic conductivity (𝜎), (S⋅cm−1)
0 ∼10−12

5 1.8 × 10
−8

10 1.3 × 10
−7

15 6.6 × 10
−7

20 4.0 × 10
−6

25 4.5 × 10
−6

30 1.6 × 10
−5

or amorphous phase as a function of salt concentration. The
data was collected at diffraction angle 2𝜃 of 5∘ to 60∘ at the
rate of 0.04∘⋅s−1. The morphologies of the cross-sectioned
polymer electrolytes were analyzed using SEM Philip model
XL30 at 1000x magnifications with 17 kV electron beam. The
thickness of the film obtained ranged from 0.11 to 0.17mm.
The whole analysis was conducted at room temperature.

3. Results and Discussion

3.1. Ionic Conductivity. In the complex impedance plot, the
real quantityZ (x-axis) was plotted againstZ (y-axis) which
displayed the polymer electrolytes characteristics as an arc
followed by linear spike that was a straight line inclined
to the real axis. The bulk resistance (Rb) of the electrolyte
system was determined from an impedance plot where the
ionic conductivity (𝜎) was calculated from Rb that was
obtained from the intercept on the real axis (Z), the film
thickness (l), and the contact area of the thin film (𝐴 =
𝜋𝑟
2
= 𝜋(0.80 cm)2 = 2.01 cm2) according to the equation

𝜎 = [l/(ARb)] [8, 9]. Table 1 shows the conductivity of PU-
LiCF
3
SO
3
electrolyte at varying concentration of LiCF

3
SO
3

salt conducted at room temperature. The ionic conductivity
increased with increasing concentration of LiCF

3
SO
3
salt.

The ionic conductivity increased threemagnitudes compared
to pristine PU, with the addition of only 5wt% LiCF

3
SO
3

(1.8 × 10−8 S⋅cm−1). The highest conductivity was recorded
at 30wt% LiCF

3
SO
3
with conductivity of 1.6 × 10−5 S⋅cm−1.

This increment was contributed by the number of conducting
species in the electrolyte caused by ion dissociation of
LiCF
3
SO
3
. This occurred due to the presence of coordinating

atoms in the polymer host [10, 11]. The conducting species
or free mobile ions present in the polymer may increase the
amorphous structure of the polymer host through favorable
free volume; thus, it eases the ion migration [12, 13]. The
ion transport phenomenon was further discussed in the IR
spectroscopy analysis.

3.2. IR Spectroscopy Analysis. Previous studies [14–17] have
reported the presence of strong hydrogen-bonding inter-
action in poly(ether-urethane) that leads to changes in
PU microstructure consisting of soft and hard segments.
The nature of the interaction and coordination of Li+ and
CF
3
SO
3

− ions transport within the PU chains was analyzed
by mean of the IR spectrum [18]. In the hard segment,
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Figure 1: The N-H peak of PU at 3290 cm−1 shifted to the right as
the concentration of the lithium salt increased.

the urethane groups have electrostatic charges at hydrogen,
oxygen, and nitrogen atoms forming dipoles which attract
another atom of opposite charge.Themain functional groups
in the regions such as 3600–3100 cm−1 (the hydrogen bonded
N–H stretching mode and the free N–H stretch), 1750–
1650 cm−1 (the carbonyl symmetric stretching vibration or
amide band) (–C=O), and 1150–1000 cm−1 (the –C–O–C–
stretch) were identified to discern the effect of LiCF

3
SO
3

on the chemical interaction of the PU electrolyte. Figure 1
exhibited that the N-H peak of PU at 3290 cm−1 shifted to a
higher wave number as the concentration of the lithium salt
increased, indicating that free N-H was generated and there
was less hard-hard segment hydrogen bonds left [19, 20].

Peak of ether group (–C–O–C–) at 1017–1029 cm−1
(Figure 2) became intense while peak at 1105 cm−1 became
almost a plateau due to overlapping peaks contributed by the
Li+ bonded ether group, free bonded ether, and hydrogen
ether.

However, Figure 3 indicated a reduction in intensity of
the hydrogen bonded carbonyl group at 1707 cm−1 as the
concentration of salt increased. Meanwhile, peak of the
nonhydrogen bonded carbonyl urethane group at 1720 cm−1
shifted to a lower frequency due to the interaction with
lithium ions. From the observation conducted on the ATR-IR
spectroscopy analysis, it can be deduced that lithium salts had
interacted with both the hard segments which were the N–H
and C=O and also the soft segment which was –C–O–C– of
polyurethane and affected the crystallinity of polyurethane as
observed in the XRD analysis [19].

3.3. X-Ray Diffraction Analysis (XRD). The X-ray diffraction
analysis is used to determine the structure, complexation,
and crystallization of the polymer matrix. The effect of
complexation of PU-LiCF

3
SO
3
system was investigated by

performing XRD analysis where the appearance of the amor-
phous region or the reduction of the crystalline region would
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Figure 2: Peak of ether group (–C–O–C–) at 1017–1029 cm−1and
1105 cm−1 for the free bonded ether and hydrogen ether.

1660168017001720174017601780

0%

10%
20%

30%

Wavenumber (cm−1
)

PU1 + 0% LiCF3SO3

PU1 + 10% LiCF3SO3

PU1 + 20% LiCF3SO3

PU1 + 30% LiCF3SO3

Tr
an

sm
itt

an
ce

, T
 (%

)

Figure 3: The hydrogen-bonded carbonyl group at 1707 cm−1 and
the nonhydrogen bonded carbonyl urethane group at 1720 cm−1.

result in high ionic conductivity compared to the crystalline
and semicrystalline region as reported by Su’ait et al. [21].
The measurement was conducted in the range of 5∘–60∘
at diffraction angle of 2𝜃. Figure 4 shows the XRD pattern
of pristine PU and the PU-LiCF

3
SO
3
to study the change

of crystalline structure upon addition of different weight
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Figure 4: XRD patterns of PU1 with varying amount of LiCF
3
SO
3
.

percentages (10%, 20%, and 30%) of LiCF
3
SO
3
. From the

diffractogram, we can observe that the pristine PU film was
a semicrystalline polymer with a broad hump at 20∘ and
crystalline peaks at 31∘, 52∘, and 53∘. As the salt addition
increased, the crystalline peaks decreased and disappeared
as 30wt% of LiCF

3
SO
3
was added into PU. The hump

becomes broader and flatter proving that the PU became
more amorphous upon the salt addition [22]. In amorphous
state, greater ionic diffusivity can occur as ions can move
in the amorphous phase freely because of low energy bar-
rier. Besides, the amorphous polymer exhibits more flexible
backbone which can increase local chainmobility. Hence, the
segmental motions of the polymer will also increase.This will
then improve the transportation property of the electrolyte
system [9].

3.4. Scanning Electron Microscopy (SEM). Figure 5 shows the
SEM micrograph of the pristine PU film. It exhibited a clear
and smooth surface. However, the presence of LiCF

3
SO
3
in

the PU film was obviously shown upon drying of the sample.
Higher loading of the LiCF

3
SO
3
gavemore distribution of the

LiCF
3
SO
3
salt on the PU film. This was strongly supported

by the XRD analysis where there was a reduction in the
crystallinity of the sample. Thus, higher conductivity was
observed. The micrographs of the PU electrolytes at 10,
20, and 30wt% showed the uniformly distributed spherical
grains in the electrolyte system (Figures 6, 7, and 8). The
more the appearance of the LiCF

3
SO
3
salt on the PU film,

the higher the conductivity increase.

4. Conclusion

In this study, palm-based polyurethane solid polymer
electrolyte was successfully prepared via prepolymeriza-
tion method. The highest conductivity obtained was 1.6
× 10−5 S⋅cm−1 at 30wt% of LiCF

3
SO
3
. FTIR spectroscopy

analysis confirmed that there was possible interaction that
occurred between PU and lithium ions in the amine, ether,
and carbonyl group.The structural analysis recorded by XRD

Figure 5: SEM micrograph of pristine polyurethane.

Figure 6: SEM micrograph of the PU film containing 10wt%
LiCF
3
SO
3
.

Figure 7: SEM micrograph of the PU film containing 20wt%
LiCF
3
SO
3
.

Figure 8: SEM micrograph of the PU film containing 30wt%
LiCF
3
SO
3
.
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showed the reduction of the PU crystalline phase at the
highest conductivity.
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