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Abstract Biodegradable and natural rice starch (RS) polymer
with lithium iodide salt (Lil) was used to prepare polymer
electrolytes using solution cast technique. Polymer electrolyte
films were characterized by thermogravimetric analysis
(TGA), differential scanning calorimetry (DSC), X-ray dif-
fraction (XRD), and scanning electron microscopy (SEM).
TGA and DSC thermograms demonstrate that decomposition
temperature (T4c) and glass transition temperature (T,) for rice
starch shift upon complexation with lithium iodide salt.
Thermolysis studies using TGA show decomposition temper-
ature decreases with the addition of lithium iodide salt. XRD
patterns show increase in amorphous behavior with doping of
lithium iodide salt. The morphology studies were observed
using SEM in terms of smoothness and miscibility.

Keywords Solid polymer electrolyte - Rice starch - Lithium
iodide - TGA - DSC

Introduction

Nowadays, due to non-environmental friendly effects of many
synthetic polymers, biodegradable-based polymers have
much attraction and portion in investigations. Environmental
friendly biodegradable polymer electrolytes have been studied
significantly [6, 13, 15] and have many applications in elec-
trochemical devices such as supercapacitors, fuel cells, and
solar cells [1, 5, 8, 14, 16]. Among biodegradable polymers,
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starch has been impressively investigated by researches for
some advantages like natural based, eco-friendly, climate
protection through CO, reduction, cheap, abundances in na-
ture, water solubility, good thermal, mechanical, and adhesive
properties, and good ability of film forming [3, 4, 7, 9]. Starch
is composed of 1,4-a-D-glucopyranosyl units: amylose and
amylopectin. The amylose is almost linear, in which the
repeating units are linked by 1,4-« linkages; the amylopectin
has a 1,4-« linked backbone and ca. 5 % of 1,6-«-linked
branches. The relative amounts of amylose and amylopectin
depend upon the plant source [10, 11].

In this work, rice starch was used as biodegradable poly-
mer. Rice starches have low viscosity and high amylose [18].
As 1,4-x linkages in amylose are more stable and less steric
than 1,6- linkages, the mobile ions after addition of salt
attach more on the amylose units. Thus, rice starches are
expected to have more mobile ions and higher conductivity
and more amorphism and shift in thermograms as will be
discussed in this work. These reasons provide more interest
to study on rice starch in this work.

This work reports the influence of lithium iodide salt on
thermal properties of rice starch according to thermogravimet-
ric analysis (TGA) and differential scanning calorimetry
(DSC) thermograms, structure of films for different salt ratios
using X-ray diffraction (XRD), morphology of samples, and
relation of these properties with ionic conductivity of films.

Experimental

Materials

Biodegradable rice starch (RS) purchased from Sigma-
Aldrich was used without further purification. Lithium iodide

salt (Lil) was purchased from Aldrich (crystalline powder,
99 % trace metals basis) and kept dry before use.
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Table 1 Designation of polymer electrolyte compositions

Designation RS:Lil (wt.%) Conductivity,
composition o(Sem ") [2]

RS-0 100:0 6.87x107"°
RS-1 95:5 1.87x107°
RS-2 90:10 333x10°8
RS-3 85:15 1.66x1078
RS-4 80:20 1.59x1077
RS-5 75:25 247x10°°
RS-6 70:30 3.83x107°
RS-7 65:35 4.68x107°

Preparation of polymer electrolyte films

Polymer electrolyte films were prepared using solvent cast
method. Polymer electrolyte films of RS/Lil system were
prepared according to equation RS+x wt.% Lil (x=0, 5, 10,
15, 20, 25, 30, 35). Distilled water as solvent was used with
the amount of 25 ml for each sample. Appropriate amounts of
rice starch were added into distilled water and heated until
80 °C for about 15 min to dissolve and gelatinize the rice
starch. After gelatinization of the rice starch, appropriate
amounts of Lil were added according to Table 1. The mixtures
were stirred to get homogenous solution and cast onto Teflon
petri dish. Furthermore, any amount of water was evaporated
in drying oven at 60 °C for 24 h. After drying, solid films were
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cast and analyzed directly at room temperature. Above
35 wt.% Lil, casting films was not applicable and not easy
to handle. Table 1 exhibits designation of samples with related
ionic conductivity according to our previous work [2].

Characterization methods
Thermogravimetric analysis

The samples were analyzed for thermogravimetric analysis
with TA Instrument Universal Analyzer TGA Q500. The
nitrogen flow rate for balance gas and sample gas were 40
and 60 ml/min, respectively. The samples were heated with a
ramping rate of 50 °C/min from 4 to 700 °C to obtain decom-
position temperature (Tyc).

Differential scanning calorimetry

Polymer electrolyte samples were analyzed for DSC using TA
Instrument Universal Analyzer DSC Q2000 with refrigerated
cooling system (RCS90). The experiment was performed
under nitrogen flow rate of 50 ml/min. Samples followed the
range of 3—-5 mg weight and sealed in the Tzero aluminum
hermetic pan. The samples were analyzed in heat-cool-
heat process within 4 cycles with heating and cooling rate of
20 °C/min. At first, the system was equilibrated at 105 °C for
2 min for isothermal purposes and equilibrated at =90 °C for
cycle 1. In cycle 2, the rate of 20 °C/min was applied to
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Fig. 1 TGA curves of a pure rice starch, b RS-5, ¢ RS-6, and d RS-7 polymer electrolyte films
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Fig. 2 Comparison of TGA curves for polymer electrolyte samples

230 °C. In cycle 3, this procedure was applied to —50 °C from
previous cycle. Finally, in cycle 4, this process was applied to
230 °C. The cycle 4 was used to calculate glass transition
temperature (Tj).

X-ray diffraction

XRD patterns of samples were recorded with XRD Siemens D
5000 diffractometer (40 kV, 40 mA) with Cu-K« radiation
and wavelength of A=1.540600A for 20 range of 5-80° at
ambient temperature.

Scanning electron microscopy

Micrographs of samples were observed using scanning electron
microscopy (SEM) (Leica S440). The samples were gold coated
to prevent electrostatic charging. The samples were studied with
magnification of 1,000 (at 10 kV and 100 pA).

Results and discussion
TGA analysis

The thermal stability of samples was examined by TGA
analysis. Figure 1 shows the results for selected samples for
(a) pure rice starch, (b) RS-5 (25 wt.% Lil), (c) RS-6 (30 wt.%
Lil), and (d) RS-7 (35 wt.% Lil) with highest ionic
conductivity. All selected samples show one-step decomposition
with different Ty.. The first derivative weight changes of TGA
curves (as reference) confirm that only one-step decomposition
process exist for all samples. The decomposition temperature is
the temperature where the weight change starts to decrease
dramatically. Ty is ~292 °C for pure rice starch. Ty, for RS-5,
RS-6, and RS-7 is ~245, 230, and 224 °C, respectively. Figure 2
shows the comparison between samples with different Lil salt
content. The results in Fig. 2 confirm that Ty, decreases with

Table 2 TGA and DSC data for RS/Lil polymer electrolyte system

Samples Decomposition Decomposition Glass transition
temperature steps temperature
(Tae) (°C) (Ty) O

RS-0 292 Single step 76

RS-5 245 Single step -23

RS-6 230 Single step -22

RS-7 224 Single step -12

addition of lithium iodide salt content. In previous work, FTIR
results confirmed that the complexation between RS and Lil at
different band assignments has occurred [2]. This complexation
can reduce the thermal stability of RS/Lil system compare to RS
without Lil (uncomplexed). This is the reason of decreasing T,
with the addition of lithium iodide salt content. Summary of data
obtained from TGA is tabulated in Table 2.

DSC analysis

The thermal properties of samples were further studied
through DSC analysis. Figure 3 shows thermograms of sam-
ples for RS with and without addition of salt. The figure shows
small changes in heat flow from exothermic to endothermic
which is known as glass transition temperature (T,). The T,
for pure rice starch is ~76 °C. After the addition of salt, glass
transition temperature suddenly decrease. T, values as
depicted in Table 2 for samples of RS-5, RS-6, and RS-7 are
—23,-22,and —12 °C, respectively. The results show T, shifts
to higher temperatures with increasing salt content. This is due
to existing complexation with addition of salt with flexibility
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Fig. 3 DSC thermograms of pure rice starch, RS-5, RS-6, and RS-7
polymer electrolytes
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Fig.4 XRD patterns of RS/Lil polymer electrolyte system fora RS-5, b
RS-6, ¢ RS-7, d pure rice starch, and e pure lithium iodide salt

of polymer chains [17]. Moreover, increase in the salt content
and complexation with polymer results in the increasing number
of ionic charge carriers, higher ionic conductivity, and more
segmental flexibility of polymeric network due to complexation.

Fig. 5 SEM micrographs of a
pure rice starch, b RS-5, ¢ RS-6,
and d RS-7 polymer electrolyte
films
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XRD studies

XRD recorded patterns of samples are illustrated in Fig. 4. The
figure shows patterns of (a) RS-5 (25 wt.% Lil), (b) RS-6
(30 wt.% Lil), (c) RS-7 (35 wt.% Lil), (d) RS-0 (pure rice
starch), and (e) Lil salt. Figure 4e shows very sharp crystalline
peak at 20 =21° and other crystalline peaks at 20 =12 and 30°
for lithium iodide salt denoting crystalline characteristic of Lil
salt. Pure rice starch pattern in Fig. 4d exhibits amorphous
characteristics with small peak at 20 =19° and broad hunch at
20=17-22°. After addition of Lil salt, the peaks in pure rice
starch shifted and 26 increased slightly to the range of 20-25°
for RS-5, 19-21° for RS-6, and 19-22° for RS-7 as highest Lil
salt concentration and conductivity in this system. The results
confirm that the intensity of the broad range of sample de-
creasing with doping of Lil salt which is evidence of dissolu-
tion of salt because of elimination of the peaks in salt patterns.
The graphs further confirm complexation of polymer with salt
which disorders the crystallinity and oriented arrangement of
system. The XRD patterns further emphasize that addition of
salt increases the amorphous behavior of the RS/Lil system
which enhances the ionic conductivity [12] and increase the
ion mobility and flexibility of polymer structure.

SEM studies

The micrographs of samples were observed by SEM and illus-
trated in Fig. 5. Figure 5 shows the surface morphology of (a)
pure rice starch, (b) RS-5, (c) RS-6, and (d) RS-7. Figure 5a
shows porous surface with small size and unequal pores. Upon
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addition of salt, the pores became larger in RS-5 micrograph
which shows more amorphous matrix. In RS-6 micrographs,
there is no porosity and surface became smooth and compact
with some small conglomerations which are due to more salt
concentration and complexation. Brightness in Fig. 5c, d
micrographs can be related to SEM probe for more conductive
surface of RS-6 and RS-7 which enhance electron transformation
to probe. Because the increased numbers of electrons reaching
the detector in SEM can result in brighter display of the sample
image that the microscope produces. At highest salt concentra-
tion with highest conductivity, RS-7, the surface had more
smoothness and compactness compare to RS-6. Because the
concentration of Lil salt is higher in this RS/Lil system.

Conclusion

The biodegradable-based rice starch polymer electrolytes
were prepared by incorporating the lithium iodide salt. Ther-
mal and structural properties were studied for RS/Lil polymer
electrolytes and further confirmed the complexation between
polymer and salt. Thermal studies demonstrate that the RS-7
sample with 35 %.wt. of Lil salt with highest achieved ionic
conductivity has the lowest decomposition and glass transition
temperatures. XRD patterns confirmed more broadening and
amorphous matrix which is important for conductivity
enhancement. XRD patterns became more broaden and less
intense in RS-7. Role of doping of Lil clarified and influence
of Lil on surface observed on SEM micrographs. The results
revealed that the addition of Lil salt results in increasing ionic
mobility of charge carriers, ionic conductivity, amorphous
behavior, and decrease in decomposition temperature and
glass transition temperature due to increasing the number of
charge carriers and flexibility of polymeric chains.
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