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Solid polymer electrolytes based on starch as a polymer host and Magnesium Sulphate

(MgSO4) as an ionic dopant were successfully prepared by a single-solvent via solution casting

technique. As determined by XRD and FTIR analyses, the solid polymer electrolyte films

were in amorphous phase and the coexistence of peaks of the materials (starch and MgSO4)

confirming that the complex films were successfully obtained. The SEM observations showed

the films appeared to be rough and flat shape of surface. The highest ionic conductivity (σ)

of 8.52 ×10−5 S cm−1 was achieved at room temperature (303K) for the sample containing 35

wt.% MgSO4. The presented results revealed that the as-prepared solid polymer electrolyte

has the potential as dual functional compound in electrochemical storage application.
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I. INTRODUCTION

A solid polymer electrolyte (SPE) with high

ionic conductivity at room temperature has

been an importance subject due to the inter-

est in the all solid-state electrochemical de-

vices development[1]. Attention in this field

began after Wright, (1978) reported that the

electrical conductivity exists in polyethylene ox-

ide doped with alkali metal salts [2]-[3]. Com-

monly, the SPE without ionic salts is identi-

fied to have poor performance at room tem-
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perature which is one of its drawbacks com-

pared to the present conventional liquid/hybrid

electrolytes [4]. Currently, several studies

on SPE mixed with selected ionic salts have

been executed and the research had tremen-

dous results. For example, in PEO-LiClO4

based-systems, the highest ionic conductivity

of 1.56 ×10−3 S cm−3 at 80◦C was gained

with 10 wt.% of poly(cyclotriphosphazene-co-

4,4-sulfonyldiphenol) [5], whereas for the PVA

systems, the maximum ionic conductivity can

be reached up to 1.50 ×10−3 S cm−1 [6]. Thus

far, the greatest ionic conductivity can also

be obtained for the PVC systems which is
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around 4.39 ×10−4 S cm−1 resulted from adding

30 wt.% lithiumbis-(trifluoromethanesulfonyl)

imide, (LiTFSI) [7]. These successful works had

proven that high ionic conductivity can be sim-

ply achieved, and the elasticity of SPE can be

well-maintained by adjusting the dopant content

in polymer system [8]-[13]. Consequently, ad-

vanced study on new SPE is crucial to explore

their potential application as well as their possi-

bility to be used in energy storage devices.

In SPE preparation, starch is used as a host

polymer. Starch is a carbohydrate extracted

from agricultural raw resources which is widely

present in factually thousands of everyday food

and non-food applications. Since it is renewable

and biodegradable, it is also a perfect raw ma-

terial as a substitute for fossil-fuel components

in numerous chemical applications such as plas-

tics, detergents and glues. It is possible as one

of the importance components in energy storage

field exclusively as a dual functioning film. In

some research works, starch was used as a host

polymer to create a high ionic membrane and

have been proven that its bare ionic conductiv-

ity may possibly enhanced if incorporated with

applicable ionic salts [14]-[17].

MgSO4 is an inorganic salt containing magne-

sium, sulfur and oxygen. It is often encountered

as the heptahydrate sulfate mineral epsomite

(MgSO4•7H2O), commonly called Epsom salt.

It is widely used in many applications such as

in beauty product, sport and agriculture sectors

[18]. It is freely soluble in water, very soluble in

boiling water and sparingly soluble in aqueous

ethanol [19]. Earlier studies had proven that the

polymers-based complexed with MgSO4 have an

acceptable ionic conductivity and employed as

electrolyte in all solid-state battery fabrication,

making it attractive for further exploration by

incorporating it with another polymer [20]-[22].

In present work, new polymer electrolyte

films have been prepared by using starch pow-

der complexed with MgSO4. The structural

modifications of SPE were investigated through

the techniques of X-ray diffraction and Infra-red

spectroscopy. The morphology evolutions have

been examined via SEM technique at high and

low magnification configurations. The electrical

conductivity properties were determined using

electrochemical impedance spectroscopy.

II. MATERIALS AND METHODS

A. Synthesis of ionic liquids

Sample Preparation

Starch (derived from corn) and MgSO4 with

99.99% purities were used to yield complex

membrane through a solution casting technique.

Briefly, the solutions were prepared by liquidat-

ing 1g of starch powder into 30 ml of glycerin-

distilled water solvent (heated at 60 to 70◦C).

Next, the amounts of MgSO4 (varied from 0 to

45 (in weight percentage, wt.%)) were added to

the solutions as planned in Table 1. The blends

were stirred constantly using magnetic stirrers
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until homogenous solutions were acquired. Sub-

sequently, the solutions were transferred into dif-

ferent plastic Petri dishes and were left to evap-

orate to form solid state films. Successively, the

films were reserved in desiccators (with silica gel)

for a certain period to reduce water content. A

schematic diagram of overall preparation process

is described in Figure 1. To note here, all the ex-

perimental works were carried out at room tem-

perature.

Figure 1. A schematic diagram to prepare

starch and starch-MgSO4 complex films.

B. Characterization

X-ray diffraction technique was used in deter-

mination of crystallinity of sample. A MiniFlex

II diffractometer equipped with an Xcelerator,

using CuKα radiation was ran to record XRD

patterns in range of 2Θ = 10◦ to 80◦.

The composition and complex formation in

the sample was analyzed by a Thermo Nicolet

Avatar 380 FT-IR spectrometer. It simultane-

ously collects spectral data in a wide spectral

range from 4000 to 675 cm−1 with spectra reso-

lution of 4 cm−1. The spectrometer is equipped

with an attenuated total reflection (ATR) ac-

cessory with a germanium crystal. The sample

was put on the germanium crystal and infrared

light was passed through the sample; the graph

is sketched.

In order to investigate the effect of MgSO4

on starch surface morphology, scanning electron

microscopy was employed to observe the surface

images of the sample. It was carried out using

the Model JEOL JSM-6360LA device with an

acceleration voltage of 20kV. The images were

taken for selected magnifications of x300, x5000

and x10000, accordingly. Through this tech-

nique, the crystalline or amorphous nature of the

sample can be directly observed.

Impedance spectroscopes for room temper-

ature (30◦C) were measured using the HIOKI

3532-02 LCR Hi-Tester which is interfaced to

a computer. It is used to determine the elec-

trical properties over a wide range of frequen-

cies from 50Hz to 1MHz. The prepared samples

were cut into 2 cm diameter size and placed be-

tween two stainless steel electrodes on a sample

holder which connected via leads to a computer.

The bulk resistance, Rb, can be directly obtained

from the imaginary impedance (Zi) versus the

real impedance (Zr) plots from the impedance

system. A micrometer-screw gauge was used to

measure the sample thickness which will be em-
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Table 1. The compositions of starch and MgSO4 powders.

Sample Solvent (ml) Starch (g) MgSO4 (wt.%) MgSO4 (g)

Pure 30 1 0 0

A 30 1 5 0.053

B 30 1 10 0.111

C 30 1 15 0.177

D 30 1 20 0.250

E 30 1 25 0.333

F 30 1 30 0.429

G 30 1 35 0.548

H 30 1 40 0.667

I 30 1 45 0.834

ployed to calculate conductivity of sample using

the Equation (1):

σ = t
RbA

.......(1)

where t = thickness of the thin film (in cm)

and A = area of the contact and Rb= bulk resis-

tance.

III. RESULTS AND DISCUSSIONS

Figure 2. Starch and hybrid starch-MgSO4

films.

Figure 2 shows the images of selected starch-

MgSO4 complex films with different amount of

ionic salts. With addition of ionic salt, the

film had switched from transparent to opaque

in response to the amount of salt, potentially

change its morphology and structure. Accord-

ing to literature, this phenomenon was due to

the presence of crystals which have a size equal

to or larger than the wavelength of light. In

this case, the MgSO4 salt plays a role to gener-

ate a small number of crystal growth and each

of them develops to a larger size compared to

the wavelength of visible light resulted scat-

ter visible light and inhibit straight propagation

thereof. Hence, formed films of transparent be-

come opaque [23]. To be noted, the film based

on this complexation only can be obtained with

up to 45 wt.% of ionic salt, in excess of that the

film was hard to be produced.

The XRD pattern was recorded from 2Θ =
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10◦ to 80◦ on starch and starch-MgSO4 complex

films is depicted in Figure 3. The starch diffrac-

tion pattern can be identified with two broad

peaks in different location of 2Θ , first is in be-

tween 15◦ to 27◦, and the other is in between

27◦ to 40◦. These peaks correspond to the amor-

phous nature of polymers. The present study on

starch diffraction pattern is in good agreement

with other studies on similar material as men-

tioned in literature [24]-[28]. The rest of XRD

patterns are referring to starch-MgSO4 complex

films. As can be seen from naked eye observa-

tions on all patterns, with addition of MgSO4, no

significant change can be detected and the films

have a certain similarity and presence in amor-

phous phase. However, a few peaks located at

16.8◦ and 19.6◦ were clearly visible in most of

starch-MgSO4 diffraction patterns, correspond

to MgSO4 peaks. The overall XRD results ex-

plained that the complex films incline to pres-

ence in amorphous and the coexistence of XRD

peaks for the studied materials ratify their com-

plexation in solid polymer electrolyte film [29]-

[32].

The FTIR spectra for starch and starch-

MgSO4 complex films are displayed in Figure

4. The major bands displayed at 3285, 1657,

1378 and 1024 cm−1 were attributed to the

starch. The absorption bands at 3285 cm−1

corresponded to the O-H stretching vibration,

whereas the typical absorption band at 1657

cm−1 apparently initiated from strongly bound

water existent in the starch molecules [33]-[34].

Figure 3. XRD pattern for starch and

starch-MgSO4 complex films.

Figure 4. FTIR spectra for starch and

starch-MgSO4 complex films.

The peaks at 1378 and 1024 cm−1 corre-

sponded to O-H bending and C-O stretching, re-

spectively. These bands were similar to those re-

ported for starch [35],[33]. From the observation

on the complex spectra, there were two modified

peaks can be detected, first at 2355 cm−1 which
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is with addition of 25 wt.% of MgSO4, the peak

started to emerge until 45 wt.% of MgSO4. Ac-

cording to Alagarsamy et al. (2018), this peak

corresponded to MgSO4 [36]. The other peak is

at 2934 cm−1 which was corresponds to starch

peak and it was disappeared with response to

the amount of MgSO4. Coates stated that if an

IR spectrum has the functional group of two dif-

ferent materials or any change occurred in spec-

trum (in this case, starch and MgSO4, it can con-

firm that the chain-reaction (or addition) poly-

merization process is successfully achieved due

to the existence or modification of each chain in

the spectra [37]. By associating the spectrum

of starch with those of starch-MgSO4 presented

all of the typical bands of starch and MgSO4

and did not illustrate any new bands, which con-

firmed that no chemical reactions occurred be-

tween starch and MgSO4. Table 2 is a summary

of the corresponding bands for the studied films.

It can be concluded, that the significant mod-

ifications in the chemical structure was due to

the doping of MgSO4 substantiated that MgSO4

has been inserted into starch in the complexation

process.

Figure 5 shows the scanning electron micro-

graph images of pure starch and starch-MgSO4

complex films. A starch film had a smooth

surface morphology (Figure 5a). No different

texture was seen with addition of 5 wt.% of

MgSO4 (Figure 5b). With addition of 10 to 25

wt.% of MgSO4 (Figure 5c-5f) the film texture

was changed with the presence of flat and circle

shapes surrounding the area of the film surface

and the size was decreased with additional salts.

The agglomeration on the top of film can be seen

with addition of 30 wt.% of MgSO4 and inter-

estingly, the pores also can be observed at cer-

tain areas (Figure 5g). In Figure 5h (35 wt.% of

MgSO4), the circle shape turn to be flat, jointly

each other′s and the pores structure appear in-

creasing in quantity more than previous sample.

The estimated diameter size of pore was in the

range of 20 to 70 nm, and was understood that

they have special characteristics which one of

them could contribute to enhancing the electri-

cal properties of the studied materials [41]-[42].

With addition of 40-45 wt.% of MgSO4, the ob-

vious individual circle shape structure had been

produced. It is believed that, this structure type

could provide the weak bonding and results the

cracked film (Figure 5i and 5j).

The value of bulk resistances, Rb and the

ionic conductivity, σ of the samples are tabu-

lated in Table 2, while Figure 6 presents a trend

of ionic conductivity variation as a function of

salt content at room temperature. The mea-

sured thicknesses of the samples were in between

7.4 x 10−3 to 1.6 x 10−2 cm and used together

with the bulk resistance to calculate the ionic

conductivity of sample using the Equation (1).

The bulk resistance of the pure starch film was

9.82 x 102Ω with an ionic conductivity of approx-

imately 1.35 x 10−6 S cm−1. With addition of

5 wt.% of MgSO4, the bulk resistance increased

to 1.30 x 103 Ω and the ionic conductivity in-
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Table 2. FTIR absorbance, functional groups and references of starchNaOH complex films

V(cm−1) related Functional Group Reference

crystal system

1024 (C-O stretching) He et al.,2016 [38]

1378 (O-H bending Tongdeesoontorn et al., 2011 [39]

vibration)

1657 Hydroxyl (H2O Mukurumbira et al., 2017 [33]

bending)

2355 Attributed to Alagarsamy et al. 2018 [36]

MgSO4

2934 Methyl (-CH2 Mukurumbira et al., 2017 [33]

stretching vibration)

3285 Hydroxyl (O-H Rachtanapun et al., 2012 [40]

stretching)

Figure 5. SEM micrographs for (a,) starch film, (b) 5 wt.% MgSO4 (sample A), (c) 10 wt.%

MgSO4 (sample B), (d) 15 wt.% MgSO4(sample C), (e) 20 wt.% MgSO4 (sample D), (f) 25 wt.%

MgSO4 (sample E), (g) 30 wt.% MgSO4 (sample F), (h) 35 wt.% MgSO4 (sample G), (i) 40 wt.%

MgSO4 (sample H) and (j) 45 wt.% MgSO4 (sample I).

creased to 2.10 x 10−6 S cm−1. The bulk resis-

tance (7.79 x 10−1 Ω) decreased after addition

of 10 wt.% MgSO4 and given the ionic conduc-

tivity of 2.22 x 10−6 S cm−1. With addition of
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Table 3. The bulk resistance and ionic

conductivity of starch and starchMgSO4

complex films at room temperature.

Sample Bulk Resistance, Conductivity, σ

Rb (Ω) S cm−1

Pure 9.82 ×102 1.35 ×10−6

A 1.30 ×103 2.10 ×10−6

B 7.79 x 102 2.22 x 10−6

C 1.20 x 103 2.59 x 10−6

D 1.26 x 103 4.70 x 10−6

E 1.35 x 102 2.85 x 10−5

F 4.52 x 103 5.55x 10−5

G 3.25 x 101 8.52x 10−5

H 9.20x 101 5.50x 10−5

I 9.68x 101 4.60x 10−5

Figure 6. The conductivity variation as a

function of salt content at room temperature.

15 wt.% of MgSO4, the bulk resistance increased

to 1.20 x 103 Ω and the ionic conductivity was

2.59 x 10−6 S cm−1. The measured resistance in-

creased to 1.26 x 103 Ω with addition of 20 wt.%

of MgSO4 and the ionic conductivity was 4.70 x

10−6 S cm−1. The increased trend of ionic con-

ductivity continued in 25 to 35 wt.% of MgSO4

with the highest value was 8.52 x 10−5S cm−1

which was obtained in 35 wt.% of MgSO4 com-

plex film. With addition of MgSO4 in polymer,

experimentally preventing the formation of com-

plex films and further investigation on the elec-

trical conductivity cannot be conducted thru ex-

isting equipment.

To summarize, there are two major factors

which contribute to the increase trend of ionic

conductivity, first is the amorphous structure

of complex samples which acts as a supportive

medium for fast ionic movement, as reported by

a number of researchers, the ionic conductivity

in amorphous complex structures is higher than

that in crystalline polymer salt complexes due to

its relatively low interfacial resistance in between

the solid electrolyte and the electrode [43]-[46].

The second factor is related to the inorganic salt

which supplies ionic conductors to the closed sys-

tem until a saturated condition is achieved. This

is due to the increase in conductivity with salt

content is attributed to the increase in the num-

ber of free mobile ions. For the decrease in ionic

conductivity trend, it might be due to ion asso-

ciation which decreases the number of free ions

available for conduction, or the decrease in mo-

bility of the ions [9]. The drop in conductivity

can also be due to the existence of wrecked film

and the increase in crystallinity of film which

are supported well by XRD and SEM analyses

as shown in Figure 3 and Figure 5, respectively.

These discoveries are also in good agreement to

the investigation conducted by Mellander and
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Albinsson, 1996 and Reddy et al., 2007 [47],[45].

IV. SUMMARY

In this work, the ion-conducting solid poly-

mer electrolytes based on starch-MgSO4 have

been successfully prepared via a solution cast-

ing method. The effects of MgSO4 on the starch

structure were investigated on the basis of X-ray

diffraction and scanning electron microscope. To

our understanding, this innovation of the starch-

MgSO4 complex films is the first has been docu-

mented, specifically on its structure, morphology

and ionic conductivity.

In summary, it can be concluded that the

complex films were presence in amorphous

state. The XRD and FTIR examinations fur-

ther proven that there are coexistent peaks at-

tributed to the materials studied on, confirming

the success of the complexation development oc-

curring in this film. Agreeing to the morphology

observations, the increment of MgSO4 can signif-

icantly modify the surface texture of the film, as

the highest conducting film containing 35 wt.%

of MgSO4 (8.52 x 10−5 S cm−1) are supported

by the amorphous phase and highly number of

free mobile ions.

V. ACKNOWLEDGMENT

The authors would like to thank School of

Fundamental Science and School of Ocean Engi-

neering Universiti Malaysia Terengganu for sup-

porting this research project.

[1] Sequeira, C, M, C, Santos, D, M, C, 2010, Intro-

duction to Polymer Electrolyte Materials, Poly-

mer Electrolytes, vol.-, pp. 3-61

[2] Wright, P, V, 1975, Electrical Conductivity in

Ionic Complexes of Poly(ethylene oxide), British

Polymer Journal, vol. 7, pp. 319324.

[3] Hallinan, D, T, Balsara, N, P, 2013, Polymer

Electrolytes, Annual Review of Materials Re-

search, vol. 43, pp. 503-525

[4] Dillip, K, P, Choudhary, R, N, P, Samantaray,

B, K, 2008, Studies of Dielectric Relaxation and

AC Conductivity Behaviour of Plasticized Poly-

mer Nanocomposite Electrolyte, International

Journal Electrochemistry Science, vol. 3, pp.

597-608

[5] Zhang, J, Huang, X, Wei, H, Fu, J, Liu, W,

Tang, X, 2011, Preparation and Electrochemi-

cal Behaviors of Composite Solid Polymer Elec-

trolytes based on Polyethylene Oxide with Ac-

tive InorganicOrganic Hybrid Polyphosphazene

Nanotubes as Fillers, New Journal of Chem-

istry, vol. 35, pp. 614-621.

[6] Francis, K, M, G, Subramanian, S, Shunmu-

gavel, K, Naranappa, V, Pandian, S, S, M,

Nadar, S, C, 2016, Lithium Ion-conducting

Blend Polymer Electrolyte based on PVAPAN

Doped with Lithium Nitrate, Polymer-Plastics

Technology and Engineering, vol. 55, pp. 25-35

[7] Ramesh, S, Ng H, M, 2011, An Investigation on

PAN-PVC-LiTFSI Based Polymer Electrolytes

System, Solid State Ionics, vol. 192(1), pp. 2-5.

[8] Hassan, M, F, Arof, A, K, 2005, Ionic Conduc-

25



ASM Science Journal Special Issue 2018(1)

tivity in PEO-KOH Polymer Electrolytes and

Electrochemical Cell Performance, Physica Sta-

tus Solidi-A, vol. 202(13), pp. 2494-2500

[9] Rajendran, S, Kannan, R, Mahendra, O, 2002,

Experimental Investigation on PAN-PEO Hy-

brid Polymer Electrolyte, Solid State Ionics, vol.

130, pp. 143-148.

[10] Choi, N, S, Park, J, K, 2001, New Polymer Elec-

trolytes Based on PVC/PMMA Blend for Plas-

tic Lithium-Ion Batteries, Electrochimica Acta,

vol. 46, pp. 1453-1469

[11] Pandey, K, Dwivedi, M, M, Asthana, N, Singh,

M, Agrawal, S, L, 2011, Structural and Ion

Transport Studies in (100-x)PVdF + xNH4SCN

gel Electrolyte, Materials Sciences and Applica-

tion, vol. 2, pp. 721-728.

[12] Feng, W, Wang, J, Wu, Q, 2005, Preparation

and Conductivity of PVA Films Composited

with Decatungstomolybdovanadogermanic Het-

eropoly Acid, Materials Chemistry and Physics,

vol. 93, pp. 31-34

[13] Hassan, M, F, Zainuddin, S, K, Kamarudin, K,

H, Sheng, C, K, Abdullah, M, A, A, 2018, Ion-

Conducting Polymer Electrolyte Films Based

On Poly (Sodium 4-Styrenesulfonate) Com-

plexed With Ammonium Nitrate: Studies Based

On Morphology, Structural And Electrical Spec-

troscopy, Malaysian Journal of Analytical Sci-

ences, vol 22.(2), pp. 238-248

[14] Lin, Y, Li, J, Liu, K, Liu, Y, Wang, X, 2016,

Unique Starch Polymer Electrolyte for High Ca-

pacity All-Solid-State Lithium Sulfur Battery,

Green Chemistry, vol. 18, pp. 3796-3803.

[15] Li, W, Chen, M, Wang, C, 2011, Spherical Hard

Carbon Prepared from Potato Starch using as

Anode Material for Li-Ion Batteries, Materials

Letters, vol. 65, pp. 3368-3370.

[16] Kim, Y, Kim, J, K, Vaalma, C, Bae, G, H, Kim,

G, T, Passerini, S, Kim, Y, 2018, Optimized

Hard Carbon Derived from Starch for Recharge-

able Seawater Batteries, Carbon, vol. 129, pp.

564-571

[17] Cheng, K, Zhang, F, Sun, F, Chen, H, Zhang,

Y, H, P, 2015, Doubling Power Output of Starch

Biobattery Treated by the Most Thermostable

Isoamylase from an Archaeon Sulfolobus toko-

daii, Scientific Reports, vol. 5, article number:

13184

[18] Dragunski, D, C, Pawlicka, A, 2002, Starch

Based Solid Polymeric Electrolytes, Molecular

Crystals and Liquid Crystals, vol. 374, pp. 561-

568

[19] Mydlarz, J, Jones, A, G, 1991, Solubility

and Density Isotherms for Magnesium Sul-

fate Heptahydrate-Water-Ethanol, Journal of

Chemical and Engineering Data, vol. 36(1), pp.

119121.

[20] Basha, S, K, S, Sundari, G, S, Kumar, K, V,

2016, Ionic Conductivity and Discharge Stud-

ies of PVP-MgSO4.7H2O Polymer Electrolyte

For Solid State Battery Applications, Interna-

tional Journal of Chemical Sciences, vol.14(2),

pp. 936-948

[21] Jian, T, H, Z, 2015, Building A Better Battery:

Ionic Conductivity of Granular Hydrate Crys-

tals, The Journal Of Student Science And Tech-

nology, vol. 8(3), pp. 48-54

[22] Basha, S, K, S, Sundari, G, S, Kumar, K, V,

Rao, M, C, 2018, Preparation and Dielectric

Properties of PVP-based Polymer Electrolyte

Films for Solid-State Battery Application, Poly-

mer Bulletin, vol. 75, pp. 925945

[23] Niaonakis, M, 2015, Biopolymers: Applications

and Trends, Elservier, USA, pp. 101.

26



ASM Science Journal Special Issue 2018(1)

[24] Hizukuri, S, 1961, X-Ray Diffractometric Stud-

ies on Starches, Agricultural and Biological

Chemistry, vol. 25(1), pp. 45-49

[25] Srichuwong, S, Isono, N, Mishima, T,

Hisamatsu, M, 2005, Structure of Lintner-

ized Starch is Related to X-Ray Diffraction

Pattern and Susceptibility to Acid and Enzyme

Hydrolysis of Starch Granules, International

Journal of Biological Macromolecules, vol. 37,

pp. 115121.

[26] Utrilla-Coello, R, G, Hernndez-Jaimes, C,

Carrillo-Navas, H, Gonzlez, F, Rodrguez, E,

Bello-Prez, L, A, Vernon-Carter, E, J, Alvarez-

Ramirez, J, 2014, Acid Hydrolysis Of Native

Corn Starch: Morphology, Crystallinity, Rhe-

ological and Thermal Properties, Carbohydrate

Polymers, vol. 103, pp. 596602.

[27] Han, F, Gao, C, Liu, M, 2013, Fabrication

and Characterization of Size-Controlled Starch-

based Nanoparticles as Hydrophobic Drug Car-

riers, Journal of Nanoscience and Nanotechnol-

ogy, vol. 13, pp. 69967007

[28] Ramirez, M, G, L, Muniz, GIBd; Satya-

narayana, K,G, Tanobe, V, Iwakiri, S, 2010,

Preparation and Characterization of Biodegrad-

able Composites based on Brazilian Cassava

Starch, Corn Starch and Green Coconut Fibers,

Revista Matria, vol. 15(2), pp. 330-337.

[29] Joshi, J, M, Sinha, V, K, 2006, Synthesis and

Characterization of Carboxymethyls Chitosan

Grafted Methacrylic Acid Initiated by Ceric

Ammonium Nitrate, Journal of Polymer Re-

search, vol. 13, pp. 387-395

[30] Parvathy, P,C, Jyothi, A,N, 2011, Synthesis,

Characterization and Swelling Behavior of Su-

perabsorbent Polymers from Cassava Starch-

Graft-Poly(acrylamide), Starch, vol. 64, pp. 207-

218.

[31] Hashimi, S, A, Kumar, A, Maurya, K, K, Chan-

dra, S, 1990, Proton-Conducting Polymer Elec-

trolyte 1: The Polyethylene Oxide + NH4ClO4

System, Journal of Physical D: Applied Physics,

vol.23, pp. 1307-1314

[32] Sekhon, S, S, Singh, G, Agnithotry, S, A, Chan-

dra, S, 1995, Polymer Electrolytes based on

Polyethylene Oxide-Silver Thiocyanate, Solid

State Ionics, vol. 80, pp. 37-44.

[33] Mukurumbira, A, Mariano, M, Dufresne, A,

Mellem, J, J, Amonsou EO, 2017, Microstruc-

ture, Thermal Properties and Crystallinity Of

Amadumbe Starch Nanocrystals, International

Journal of Biological Macromolecules, vol. 102,

pp. 241247.

[34] Navarchian, A, H, Jalalian, M, Pirooz, M,

2015, Characterization of Starch/Poly(Vinyl Al-

cohol)/ Clay Nanocomposite Films Prepared in

Twin-Screw Extruder for Food Packaging Ap-

plication, Journal of Plastic Film and Sheeting,

vol. 31(3), pp. 309336.

[35] Pereira, A, G, B, Paulino, A, T, Nakamura,

C, V, Britta, E, A, Rubira, A, F, Muniz, E,

C, 2011, Effect of Starch Type on Miscibility

in Poly(Ethylene Oxide) (PEO)/Starch Blends

and Cytotoxicity Assays, Materials Science and

Engineering C, vol. 31, pp. 443451.

[36] Alagarsamy, V, A, V, Andiyappan, K, Avuliya,

S, A, K, Abubacker, T, A, 2018, Retarding of

Preliminary Chemical Pollutants from Dye In-

dustry Effluents by Metal Nano Particles, Syn-

thesized Using Flower Extract of Catharan-

thus roseus, Oriental Journal of Chemistry, vol.

34(1), pp. 381-393

[37] Coates, J, 2000, Interpretation of Infrared Spec-

tra, A Practical Approach. In Encyclopaedia

27



ASM Science Journal Special Issue 2018(1)

of Analytical Chemistry, Meyers, R. A., Ed.;

Chichester: John Wiley Sons Ltd

[38] He, Y, Wu, Z, Ye, B, Wang, J, Guan, X, Zhang,

J, 2016, Viability Evaluation of Alginate-

Encapsulated Pseudomonas Putida Rs-198 Un-

der Simulated Salt-Stress Conditions and Its Ef-

fect on Cotton Growth, European Journal of

Soil Biology, vol. 75, pp. 135141

[39] Tongdeesoontorn, W, Mauer, L, J, Wongruong,

S, Sriburi, P, Rachtanapun, P, 2011, Effect

of Carboxymethyl Cellulose Concentration on

Physical Properties of Biodegradable Cassava

Starch-Based Films, Chemistry Central Journal,

vol. 5, PMC3041729.

[40] Rachtanapun, P, Simasatitkul, P, Chaiwan, W,

Watthanaworasakun, Y, 2012, Effect of Sodium

Hydroxide Concentration on Properties of Car-

boxymethyl Rice Starch, IFRJ, vol. 19, pp.

923931.

[41] Li, Y, Samad, Y, A, Polychronopoulou K, Al-

hassan SM, Liao K, 2014, Highly Electrically

Conductive Nanocomposites based on Polymer-

Infused Graphene Sponges, Scientific Reports,

vol. 4, article number, 4652.

[42] Angell, C, A, 1992, Mobile Ions in Amorphous

Solids, Annual Reviews of Physics Chemistry,

vol. 43, pp. 693-717.

[43] Bruce, P, G, Vincent, C, A, 1993, Polymer Elec-

trolytes, Journal of Chemistry Society Faraday

Transactions, vol. 89, pp. 3187-3203

[44] Maurya, K, K, Hashimi, S, A, Chandra, S,

1992, Evidence of Ion Association in Polymer

Electrolyte by Direct Mobility Measurements in

Solid State Ionics: Materials and Applications:

(ed) Chowdari BVR, Chandra S, Singh S, Sri-

vastava PC, Singapore: World Scientific.

[45] Reddy, C, V, S, Wu G, P, Zhao, C, X, Zhu,

Q, Y, Chen, W, Kalluru, R, R, 2007, Charac-

terization of SBA-15 doped (PEO + LiCIO4)

Polymer Electrolytes for Electrochemical Appli-

cations, Journal of Non-Crystalline Solids, vol.

353(4), pp. 440-445

[46] Srivastava, N, Chandra, A, Chandra, S, 1995,

Dense Branched Growth of (SCN) and Ion

Transport in the Poly(ethylene oxide) NH4CN

Polymer Electrolyte, Journal of Power Sources,

vol. 81-82, pp. 739-747.

[47] Mellander, B,E, Albinsson, I, 1996, Ion Associ-

ation in Alkali Triflate Salt-poly(propylene ox-

ide) Polymer Electrolytes in Solid State Ion-

ics: New Developments, (ed) Chowdari BVR,

Dissanayake MAKL, Carrem MA, Singapore:

World Scientific.

28


