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Abstract

In the present work polymer electrolytes were formulated using the
solvent casting technique. Under special conditions, the electrolyte
content was of fixed ratio of polyvinylpyrolidone (PVP):
polyacrylonitrile (PAN) (25:75), ethylene carbonate (EC) and propylene
carbonate (PC) (1:1) with 10% of potassium iodide (KI) and iodine
I = 10% by weight of KI. The conductivity was increased with the
addition of ZnO nanoparticles. It is also increased with the temperature
increase within the range (293 to 343 K). The conductivity reaches
maximum value of about (0.0296 S.cm™) with (0.25 g) ZnO. The results
of FTIR for blend electrolytes indicated a significant degree of
interaction between the polymer blend (PVP and PAN) and the KI salt.
From the electrolyte observations of the nanocomposites, the broad peak
became narrower after adding the ZnO nanoparticle to the Kl salt. The
dielectric reaction decreased with the increase of the frequency at room
temperature. The high dielectric permittivity of the polymer at lower
frequencies can be attributed to the dipoles having sufficient time to get
aligned with the electric field, resulting in higher polarization.
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1. Introduction

In the coming future, thanks to the full exploitation of nanotechnology, lithium
batteries are expected to play a major role not only in powering small electronic
equipment, but also in fueling more demanding sectors such as automobile storage and
massive networks [1]. However, this paradigm change is hardly achievable. Research
have been directed to the preparation and characterization of electrolytes that display
higher ionic conductivity at room temperature[2]. The electrolyte is sandwiched
between anode and cathode of a battery to complete the circuitry. Initially, the routine
fluid electrolytes were supplanted by gel polymer electrolytes and afterward by
composite strong polymer electrolytes [3]. With the utilization of polymer electrolyte
of lithium batteries, tall particular vitality and particular control, secure operation,
adaptability in bundling and fetched of creation can be anticipated [4]. The conductivity
of strong polymer electrolyte can be upgraded by including a plasticizer to create a gel
polymer electrolyte occurs [5-7]. The nanocomposite improves the mobility of cation,
while drastically reduce the mobility of anion due to the intercalation of cations into the
layered silicate where the bulky anions are not able to enter. Such a class of materials
is termed polymer nanocomposites [8]. This featuring idea was put forward by Aranda
and Ruiz-Hitzky and it was popularized by Vaia et al. [9]. Lately, a number of studies
on polymer nanocomposites have been published [10, 11].
It is emphasized that the ionic transport takes place in the amorphous phase as compared
to the crystalline phase [12-14]. The mean aim of this search is to study the effect of
ZnO nanoparticle on the conductivity and dielectric properties of the polymer blend
nanocomposites, in addition to the variation of the band and bond position.

Iraqgi Journal of Physics is licensed under a Creative Commons Attribution 4.0 International License
15


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.30723/ijp.v19i51.689

Iragi Journal of Physics, 2021 Elaaf Ali Swady and Mohammed Kadhim Jawad

2. Experimental work

2.1. Materials and method

PAN (Mw 150000), PVP (average Mw 40.000), KI, ZnO, I», (PC), and (EC)
all with pureness more than 98%, were bought from Sigma Aldrich. The samples were
prepared with a constant ratio of PAN (75%), PVP (25%), K1 50%, EC, and PC of (1:1)
ratio as tabulated in Table 1. At first, sufficiency amount of EC, PC, and KI were
blended in a glass tube with uninterrupted stirring for 2 h at 50 °C. PAN and PVP were
added to the mixture with an additional stirring for 2 h at 40 °C. After that ZnO
nanoparticles were added to the electrolyte with diverse weight percent with very slow
stirring for half hour to prevents much as possible any aggregation and any
agglomeration of ZnO nanoparticles. Finally, iodine 12 (10% wt. of KI) was added to
the mixtures seen in Table 2 with uninterrupted stirring for 20 min until obtained
gelation.

Table 1: The composition of (PVP&PAN) electrolytes Cs.

Assignments | Kl % Kl (g) | Nano-ZnO (g) 12 (9)
Cl 50 0.4 0.05 0.0612
C2 50 0.4 0.1 0.0612
C3 50 0.4 0.15 0.0612
C4 50 0.4 0.2 0.0612
C5 50 0.4 0.25 0.0612

Table 2: FTIR bands for pure blend PVP: PAN and nanocomposites reinforced with
different ZnO NPs concentrations.

Band Type Pure F1 F2 F3 F4 F5
(Cm™) Cm% | Cm) | Cmh) | (Cmh) | (Cm™)
O-H 3583.08 3563.41 | 3560.91 | 3563.41 | 3575.88 | 3563.41
CH2 symmetric 2988.52 2989.60 | 2989.60 | 2989.60 | 2987.11 | 2989.60
CH2 asymmetric 2928.70 2929.73 | 2929.73 | 2929.73 | 2929.73 | 2929.73
C=N 2354.08 2353.43 | 2350.94 | 2350.94 | 2350.94 | 2350.94
2323.26 2323.49 | 2321.00 | 2323.49 | 2318.50 | 2321.00
C=N 2241.69 2241.16 | 2243.66 | 2241.16 | 2241.16 | 2241.16
Ester 1964.35 1964.24 | 1964.24 | 1964.24 | 1964.24 | 1964.24
C=0 stretching 1788.52 1787.11 | 1792.10 | 1789.60 | 1789.60 | 1787.11
C=C aromatic 1683.38 1684.82 | 1679.83 | 1664.86 | 1677.34 | 1682.33
1558.31 1555.09 | 1557.59 | 1555.09 | 1557.59 | 1557.59
C-H 1482.18 1480.25 | 1480.25 | 1480.25 | 1480.25 | 1482.74
. 1453.17 1452.81 | 1452.81 | 1452.81 | 1452.81 | 1452.81
CH2 bending

1391.54 - - - - -
K-l - 1390.44 | 1390.44 | 1390.44 | 1387.94 | 1390.44
- 1353.01 | 1350.52 | 1353.01 | 1350.52 | 1353.01
C-O phenol 1174.02 1173.39 | 1175.88 | 1173.39 | 1173.39 | 1170.89
C-O-C stretching 1120.64 1121.00 | 1121.00 | 1118.50 | 1118.50 | 1118.50
1072.51 1076.09 | 1073.60 | 1073.60 | 1071.10 | 1073.60
Alkaline mono 972.81 971.31 971.31 | 971.31 971.31 971.31
substitution 893.05 893.97 893.97 | 893.97 893.97 893.97
849.55 849.06 849.06 | 846.57 849.06 849.06
Aromatic meta 775.23 774.22 776.72 | 774.22 774.22 776.72
substitution 715.41 716.84 716.84 | 716.84 716.84 716.84
Zn-0 - 470.50 470.66 | 471.45 470.34 470.34
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2.2. Characterization of materials

FTIR analysis using a Prestige-21 Spectrum over a range of 400-4000 cm™
with a resolution of 4 spectra were acquired at room temperature. The resistance value
was completed using LCR-8110G/8105G, impedance analyzer in the 50 Hz — 1 MHz
frequency range for the samples. The specific ionic conductivity ¢ with the bulk
resistance Ry can be shown in Eq. (1) [15]:

o=L/(R,*A) 1)

where L (cm) represents the separation distance between the electrodes, and A (cm?) is
the area of the electrode. The temperature of the sample changed from 293-343 K. The
real parts of dielectric constant (er) values were obtained using the following Eq. (2).

Z,
‘T i+ 7] )

Where o is the angular frequency (0=2xnf), C, is vacuum capacitance and Zr and Zi are
real and imaginary parts of resistance.

3. Results and discussion

3.1 FTIR

FTIR spectroscopy is a fundamental mechanism in studying the band structure of
materials that varies relying on their formulations and it might display the complexity
and the interaction between different components, such as polymer, ions, and cations
[16]. Fig.1 displays a comparison between the pure blend PVP: PAN and the blend
nanocomposites with fixed ratio (50%) KI salt at different concentration of ZnO NPs.
Additional peaks appearance in the reinforced samples of the doublet band at (1391.86
cm?, and 1351.70 cm™?) for the K-1 bond and the broad band appeared around 470 cm-
! corresponding to the Zn-O bond as tabulated in Table 2[17]. The intensity of the C=0
band at 1788 cm™was enhanced at low addition ratio and decreased with more ratio
suggesting the incorporation of carbonyl groups in the conjugated structure. Also the
intensities of nitrile peaks and C—H group peaks at 1482 cm™! were decreased according
to the dehydrogenation and cyclization reactions between the polymer chains [18].

3.2. lonic conductivity

Fig.2 (a and b) show the conductivity of Cs electrolyte as the temperature rises
from 293 K to 343 K. Salt and ZnO nanoparticles are dissolved in a solvent to form free
ions, ion pairs, and ion groups in the electrolyte framework. As the concentration of
nano-ZnO increases, the probability of the occurrence of aggregation increases,
resulting in the observed initial rise in conductivity as seen in Fig.2 (a). It is obvious
that increasing the weight ratio of ZnO NPs by 0.1 g increases the conductivity rather
than decreasing it [19]. The electrolyte C5showed the highest conductivity with a value
of (0.0296 S.cm™). Different forms of polymer electrolytes have also shown similar
findings. The ionic conduction action of Cs electrolytes is depicted in Figure (2-b), it is
clear that the ionic conductivity rises as the ZnO weight ratio rises.
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Figure 1: FTIR spectra for pure blend PVP: PAN electrolyte and blend
nanocomposites reinforced with different ZnO NPs concentrations.

The formulation of the ZnO ratio can aid in improving the synergistic effects of
polymer blends. As a result, pre-determination of the ZnO mixture ratio is critical for
improving the versatility and efficiency of the polymer electrolyte. The combination of
K1 and nano-ZnO helps to improve electrical conductivity [20].
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Figure 2: lonic conductivity of blend nanocomposites Cs: (a) temperature dependence on
ionic conductivity and (b) ionic conductivity dependence on ZnO weight ratio percent.

3.3. Dielectric constant

In the materials that make up the polymer electrolytes, dipole relaxation occurs.
A wide frequency spectrum was investigated [21]. When an electric field is first created,
the dipoles are added to a substance, the material's propensity to orient itself is shown
in the direction of the field of application. In reality, the dipole's mobilization is reliant
on based on the materials properties the polymer dipoles delayed response dielectric
relaxation occurs when an electrical field is exerted on it [22]. Figure.3 depicts that the
dielectric constant values on adding the nanomaterial (ZnO) at low frequency is very
high values are at room temperature. This is due to the polarization of the insulating
material. Mobile ions cannot move into the external circuit as the electrode does
Blocking portable ions [23, 24].

3.5E-08
—_—C1 c2 C3 ===(4 ==(5
3E-08
2.5E-08
2E-08

&5 1.5E-08

1E-08

5E-09

0

0 1 2 3 4 5 6 7
Log F

Figure 3: Dielectric constant vs. Log frequency of blend nanocomposite
electrolytes Cs with ZnO.

As a result, the moving ions move around the polymer and the arrays will
accumulate at the electrode, electrolyte interface. At a higher frequency fast average
reflection occurs because mobile ions cannot simply point a direction applied field.
Hence, the interface cannot be created because there is no time for that. Therefore, the
dielectric loss decreases as the polarization decreases because of the accumulation of
shipments. This phenomenon indicates a multiplicity relaxation mechanism [25, 26].
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4. Conclusions

In this study, polymer blend electrolytes and polymer blend nanocomposite
electrolytes systems were prepared and characterized. FTIR results for electrolytes F
indicate a significant degree of interaction between (PVP) and PAN molecules. For
electrolytes, C indicates that the interactions among polymer blends and KI are
associated with changes in intensity, shape, and position of stretching modes. The
results showed that the ionic conductivity values increased with increasing the weight
of the ZnO nanoparticles. Conductivity was found to rise upon increasing the
temperature. When temperature increases, the electrolytes are expands incrementally,
which creates more freedom. Maximum conductivity was reached for the electrolyte
C5 when 0.25gm ZnO nanomaterial was added i.e., as the nanoparticle increases the
conductivity increases. It was observed that er decreases with increasing the frequency
at the lower frequency region and stops leveling at the higher frequency domain.

Acknowledgements
The authors are grateful to advance materials laboratory and department of
Physics for support and providing the necessary materials and equipment.

Conflict of interest
Authors declare that they have no conflict of interest.

References

1. Pomerantseva E., Bonaccorso F., Feng X., Cui Y., and Gogotsi Y., Energy storage:
The future enabled by nanomaterials. Science, 2019. 366.(6468)

2. Ulaganathan M., Nithya R., and Rajendran S., Surface analysis studies on polymer
electrolyte membranes using scanning electron microscope and atomic force
microscope, in Scanning Electron Microscopy. 2012, Intechopen.

3. Gray F.M., Polymer Electrolytes. RSC Materials Monographs, ed. J.A. Connor.
1997, Cambridge, UK: Royal Society of Chemistry.

4. Gray F.M ,Solid Polymer Electrolytes: Fundamentals And Technological
Applications. 1991, New York: Wiley-VCH, Weinheim.

5. lleperuma O., Gel polymer electrolytes for dye sensitised solar cells: a review.
Materials Technology, 2013. 28(1-2): pp. 65-70.

6. Su’ait M.S ,.Rahman M.Y.A., and Ahmad A., Review on polymer electrolyte in dye-
sensitized solar cells (DSSCs). Solar Energy, 2015. 115: pp. 452-470.

7. Wul, LanZ., LinJ., Huang M., Huang Y., Fan L., and Luo G., Electrolytes in dye-
sensitized solar cells. Chemical reviews, 2015. 115(5): pp. 2136-2173.

8. Aranda P. and Ruiz-Hitzky E., Poly (ethylene oxide)-silicate intercalation
materials. Chemistry of Materials, 1992. 4(6): pp. 1395-1403.

9. Vaia R.A., Vasudevan S., Krawiec W., Scanlon L.G., and Giannelis E.P ,.New
polymer electrolyte nanocomposites: Melt intercalation of poly (ethylene oxide) in
mica-type silicates. Advanced Materials, 1995. 7(2): pp. 154-156.

10. Pinnavaia T.J. and Beall G.W., Polymer-clay nanocomposites. 2000: Wiley.

11. Ray S.S. and Okamoto M., Polymer/layered silicate nanocomposites: a review from
preparation to processing. Progress in polymer science, 2003. 28(11): pp. 1539-
1641.

12. Tjong S.C., Structural and mechanical properties of polymer nanocomposites.
Materials Science Engineering :R: Reports, 2006. 53(3-4): pp. 73-197.

20



Iraqi Journal of Physics, 2021 Vol.19, No.51, PP.15-22

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Berthier C., Gorecki W., Minier M., Armand M., Chabagno J., and Rigaud P.,
Microscopic investigation of ionic conductivity in alkali metal salts-poly (ethylene
oxide) adducts. Solid State lonics, 1983. 11(1): pp.95-91 .

Kumar M. and Sekhon S., Role of plasticizer's dielectric constant on conductivity
modification of PEO-NHA4F polymer electrolytes. European Polymer Journal, 2002.
38(7): pp. 1297-1304.

Gray F.M., Polymer electrolytes. 1997: Royal Society of Chemistry, Cambridge.
Rajendran S. and shanker Babu R., lonic conduction behavior in PVC-PEG blend
polymer electrolytes upon the addition of TiO 2. lonics, 2009. 15(1): pp. 61-66.
Bandara T., Fernando H., Furlani M., Albinsson 1., Dissanayake M., Ratnasekera
J., and Mellander B.-E., Dependence of solar cell performance on the nature of
alkaline counterion in gel polymer electrolytes containing binary iodides. Journal
of Solid State Electrochemistry, 2017. 21(6): pp. 1571-1578.

Chan Y.-F., Wang C.-C., and Chen C.-Y., Quasi-solid DSSC based on a gel-state
electrolyte of PAN with 2-D graphenes incorporated. Journal of Materials
Chemistry A, 2013. 1(18): pp. 5479-5486.

Saeed M.A. and Abdullah O.G., Effect of Structural Features on lonic Conductivity
and Dielectric Response of PVA Proton Conductor-Based Solid Polymer
Electrolytes. Journal of Electronic Materials, 2021. 50(2): pp. 432-442.

Jawad M.K., ALSAMMARRAIE A., and Al-Ajaj E.A., Influence of Succinonitrile
and Potassium lodide Concentration on lonic Conductivity and Performance of
Dye-Sensitized Solar Cells Based PMMA-PVA Polymer Blend Electrolyte. Asian
Journal of Chemistry, 2016. 28.(8)

Rajendran S. and Prabhu M.R., Effect of different plasticizer on structural and
electrical properties of PEMA-based polymer electrolytes. Journal of applied
electrochemistry, 2010. 40(2): pp. 327-332.

Jana S. and Zhong W.-H., Electrical conductivity enhancement of a polymer using
butyl glycidyl ether (BGE)-lithium hexafluorophosphate (LiPF 6) complex. Journal
of materials science, 2008. 43(13): pp. 4607-4617.

Ramesh S. and Liew C.-W., Exploration on nano-composite fumed silica-based
composite polymer electrolytes with doping of ionic liquid. Journal of non-
crystalline solids, 2012. 358(5): pp. 931-9.40

Raghu S., Kilarkaje S., Sanjeev G., Nagaraja G., and Devendrappa H., Effect of
electron beam irradiation on polymer electrolytes: Change in morphology,
crystallinity, dielectric constant and AC conductivity with dose. Radiation Physics
Chemistry :98 .2014 ,pp. 124-131.

Raghu S., Kilarkaje S., Sanjeev G., and Devendrappa H., Electron beam induced
modifications in conductivity and dielectric property of polymer electrolyte film.
Radiation measurements, 2013. 53: pp. 56-64.

Ravi M., Pavani Y ,.Kumar K.K., Bhavani S., Sharma A., and Rao V.N., Studies on
electrical and dielectric properties of PVP: KBrO4 complexed polymer electrolyte
films. Materials Chemistry Physics, 2011. 130(1-2): pp. 442-448.

21



Iragi Journal of Physics, 2021 Elaaf Ali Swady and Mohammed Kadhim Jawad

A gILN iy g S 3 yatiasal) dulua gill g o) paad) ciad Al 98 D At Al o
48 i)

3 g ABlS dana ) g (Ao D)
Bl calazy calar daals ‘H.Ld\ S e ) (uﬁ
duadAl
hlat o5 cdsne gyl cand layial) o B Aladly el gll il g S S Jaall 138 b o5
(PANPolyacrylonitrile PVPPolyvinylpyrolidone,) 4l dasy & jad sall <l g ySIYI (5 sina
(K1) pssli sl 2350 10% a0 (PC) bisi)S Gilis s «(EC) lis S Y e (1:1) 5 (25:75)
, Al el 3lans ol (338 ddlial e dglia il Gl o sanli sl 3350l 05 00 10%= 12 O s
s N ailuaglldad aliay (8K (343 ) 293) Gaall aa b)) all da 50830 ) s ko)) Lyl
Ladal o) yeall Cand andd 58 D sad @il o jlal ZN0 il a5l (o20.25) a= (0.0296 )
Allaadle (o psmlipll aogl mley el pll ldll o Jelall 48 4a )2 dga sl Gl pSIY)
g mle I ol @il 2l dilia) pe Ji) 4l plud) maal g il LS il i 5 SSIY)
alewdl (25 O (Say 48 a0 350 ) da a8 a0 il 3ol ) ae (AL seSI el Je i (il ca a5l
$13laay (<8 By A0l _8SH ¢ ) ja g ) dmiaial) culnn il sie e sl Aullad) 41 el Al 1S
) AU 833 ) (523 Laa ¢ 3l jeSU Jlaall

22



