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Abstract

	 Various concentrations of Multi Walled Carbon Nanotubes (MCNT) fillers dispersed  
PVDF- HFP: NaClO4 nanocomposite polymer electrolytes (NPE) were prepared by solution casting 
technique. The dispersion of MCNT nano fillers raised the accessibility of more ions for attaining the 
highest conductivity. Electrical conductivity, Ohmic resistance (RΩ), Polarisation resistanace (Rp), and 
Warburg impedance (W) were studied using electrochemical impedance spectroscopy (EIS), which 
revealed ion transport mechanics in the polymer electrolytes. The best ionic conductivity is found to be 
8.46 × 10-3 Scm-1 for the 7 wt.% dispersed MCNT Nanocomposite Solid Polymer electrolyte among all 
polymer electrolyte samples. Electrochemical cell was made by PVDF-HFP:NaClO4:MCNT polymer 
electrolyte and exhibited 1.95 V open circuit voltage and 2.5mA short circuit current, respectively.

Keywords: Analysis of the electrochemical cell, Impedance spectroscopy of 
PVDF-HFP and CNT, Electrochemical cell and discharge rating.

INTRODUCTION

	 A significant amount of energy can currently 
be produced by electrochemical systems, which 
is the focus of electrochemists. A battery with a 
significant amount of energy storage capacity is 
one of them.These batteries have revolutionised the 
future usage of several technological applications.1 
Sodium is one of the elements being investigated 
as a replacement of lithium since it is easier to 
handle than lithium. It is an element that may be 
used efficiently in the manufacturing of solid polymer 

electrolyte (SPE) materials.2 The increasing need 
for portable, flexible, and wearable electronic 
devices such as roll-up displays and electrochromic 
windows requires the usage of power sources such 
as batteries, solar cells, and supercapacitors with 
flexible PE. The PVDF-HFP acts as gelling agent 
and polymer electrolyte for hoping of ions in polymer 
structure. This polymer is highly suited for high 
harvesting applications because of Piezoelectric 
breakdown voltage and it also exhibits superior 
mechanical stability.2 By incorporation of right aount 
of Na or Li salts in PVDF-HFP turns into effective 
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ionic nature. The solid polymer electrolyte may be  
doped with the appropriate nanofillers to boost ionic  
conductivity.3 The polymer PVDF-HFP is a semi-
crystalline substance with a high dielectric constant.4    
The C-F group in PVDF-HFP coordinates with Na 
or Li ions which increases salt dissociation and 
it lead to generate high porosity in PVDF-HFP 
poymer electrolyte.5 The semi-crystalline character 
of PVDF-HFP may be attributed to the fact that 
PVDF is crystallised while HFP has an amorphous 
nature.6 The amourphous nature support good ionic 
conductivity of polymer electrolyte, semicrystallinity 
of polymer result high mechanical and temperature 
stability of polymer. Nanofiller is an excellent 
choice for use in nanoelectronic devices because 
to it provides high dielectric strength, outstanding 
chemical stability, and resistance to corrosion.7 
These qualities make a perfect choice for preparation 
of polymer electrolyte for advance application. In the 
present investigation MCNT nanofiller is considered 
to be one of the most promising nanomaterial and 
doped in PVDF-HFP:NaClO4 polymer electrolytes. 
The conductivity of polymer electrolyte was 
studied by impedance spectroscopy and discharge 
characteristics of of fabricated Na/[PVDF-HFP: 
NaClO4: MCNT]/ (I2+MCNT(Nano)) electrochemical 
cell (EC) was studied.

EXPERIMENTAL

	 The materials PVDF-HFP with a molecular 

weight of less than 400,000, NaClO4 with a molecular 
weight of less than 331.3, and Nano powder MCNT 
with a particle size of less than 50,000 were procured 
from Sigma Aldrich. The well known solution casting 
process was used to produce nanocomposite 
polymer electrolytes. The PVDF-HFP, NaClO4 
and MCNT  were dissolved in the THF solvent for 
24 h, the mixture was then exposed to vigorous 
stirring at a 350C. After standardising the mixture, 
it was poured on Petri dishes and allowed to 
evaporate to obtain the film. The polymer electrolyte 
electrochemical impedance evaluation was carried 
out using stainless steel electrodes and an AUTO LAB 
TYPE II potentiostat/galvanostat computer-controlled 
controlled EIS at 303K in the frequency range of  
10 Hz to 1 MHz. In order to create the cathode, 
tetrahydrofuran (THF) is used to dissolved 100 mg of 
PVDF-HFP and 900 mg of MCNT nanotubes, and the 
mixture is agitated for twenty-four hours to generate 
a low-viscosity slurry. To increase the mobility of ions, 
100 millilitres of iodine were added to the slurry. The 
low-viscosity slurry was then stirred for 5 h to obtain 
the most compatible for preparing a film that was 1 
centimetre and 0.5 millimetres thick. The film produced 
is being used as the cathode in an Electrochemical 
Cell. Using a PVDF-HFP: NaClO4: nano MCNT 
nanocomposite polymer electrolyte membrane as a 
separator between the Na anode and cathode in an 
EC. As a result, a conductible cell is produced. At room 
temperature, the 0.1 C and 0.2 C EC discharge rates 
were examined at room temperature.

Table 1: Different nanocomposite solid polymer electrolytes in a range 
of composition ratios have been designated as the samples

Sample designation	                 Composition ratios of nanocomposite solid polymer electrolytes 
		  (PVDF-HFP: NaClO4: MCNT)
	 PVDF-HFP polymer	 NaClO4 salt	 Nano filler MCNT

          MCNT5	 1000mg	 400mg	 15mg
          MCNT7	 1000mg	 400mg	 17mg
          MCNT9	 1000mg	 400mg	 19mg

RESULTS AND DISCUSSION

Impedance spectroscopy
	 The most effective method for examining 
polymer electrolyte conductivity and transport 
mechanism is via electrochemical impedance 
spectroscopy (EIS). The impedance spectra of the 
samples MCNT05, MCNT07, and MCNT09 are 
shown in Fig. 1. The First zone of EIS pectra high 
frequency region Ohmic resistance (RΩ), meddile 

frequency regionwhich is known as charge transfer 
resistance (Rct), and the low frequency region 
is known as Warburg impedance (W). The high 
frequency intersecting point of semicircle on real 
axis of Z1 represent ohmic resistance (RΩ), The 
diameter of semi cirlcle represent the polarization 
resistance or charge transfer resistance of PE, 
And the intersecting point at real axis Z1 at lower 
frequency of impedance spectroscopy represence 
bulk resistance (Rb).8,9  At very low frequency region 
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Fig. 1. Depicts the impedance spectra of 
(a)MCNT05 (b)MCNT07 (d)MCNT09

Fig. 2  Schematicdiagram of ohmic resistance, charge 
transfer resistance and warburg impedance with pseudo 

capacitance

Fig. 3. Variation of ohmic resistanceof  
MCNT05, MCNT07, MCNT09

whereimpedance occurs for dispersion ions in PE 
represented by Warburg impdance (W).
 

				    (1)

	 The ohmic resistance, which is shown by 
"RΩ," is not only the total of the solution and film 
resistances. But itis also changes depending on 
the potential because conductivity changes with 
potential. The symbol"RΩ," represents the overall 
resistivity of the bulk material, which stands for 
“ohmic resistance” and is produced by the electrolyte, 
electrode, and counter electrode interactions. The RΩ 
is computed without an inductor and with the effects 
of the capacitor taken into account.

	 It is entirely dependent on the cyclic process 
of contact between electrodes and electrolytes broug 
ht on by oxidation and reduction.

	 The ohmic resistance quickly decreases as 
the number of nanofillers rises, as seen in Fig. 3. As 
the concentration of MCNT nanoparticle dispersion 
rises, the electrode-electrolyte, electrolyte-electrode, 
and electrolyte ohmic resistance decrease. Owing 
to an advantageous electron-ion interaction at 
the electrode-electrolyte and electrolyte-electrode 
interfaces without charge buildup.

	 The dispersed MCNT nanofillers at the 
polymer electrolyte Interfaces establish a link for 
the exchange of ions and electrons between the 
electrode and the electrolyte, as well as between 
the electrolyte and the electrode.At the electrode-
electrolyte and electrolyte-electrode interfaces 
as well as the porous interconnecting network, 
there is an accumulation of distributed nanofillers, 
causes the ohmic resistance to rise with increasing 
concentrations of MCNT nanoparticles. The 
diameter of the semicircle in the electrochemical 
impedance spectroscopy may be used to calculate 
the charge transfer resistance (Rct). Fig. 4 depicts 
this notion, also known as polarization resistance.
Ionic resistance falls under the charge transfer 
resistance umbrella. Polarization at each layer 
results in resistance to ionic electrolyte mobility, 
electrical resistance between electrode-polymer and 
polymer-current collector, as well as in the network 
of interconnected porous polymer membranes.

	 The resistance is the result, it becomes 
to the ion mement in the polymer matrics. Smaller 
charge transfer resistance is shown by the 
semicircle's short diameter in the impedance 
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spectra. The reason can be expected from R/C ratio, 
which reveals about combination of electrical and 
ionic resitance. Electrode/electrolyte, electrolyte, and 
electrolyte/counter electrode is the cause of Charge 
transfer resitance, this layers appears as capacitive 
elements as it posses polarization at every layer 
interface. The polarization resitance decreases as 
the concentration nan filler dispersion increases from 
sample MCNT05 to MCNT09. The least amount of 
polarization can be recorded to sample MCNT09. 
The Optimum concentration of MCNT nano filler 
dispersion can establish a contact between electrode 
and electrolyte interface. The contact between 
the electrolyte layer and electrode-electgrolyte 
may leads to reduction of polarization resistance, 
which is very essential for ion hoping. Further 
raise of concentration MCNT nano fillers in the 
sample MCNT12 leads to  increases of polarization 
resistance. The more dispersed concentration of 
MCNT nano fillers in the sample MCNT12 may act 
as polarization center ion hoping and it may leads to 
raise in polarization. Among MCNT05, MCNT09 and 
MCNT12, the optimum lest polarization is shown for 
the Sample MCNT09 in Figure. 5.

charge transfer resistance and Warburgimpedance are 
reduced, and the region of effective interface between 
nanofillers and polymer electrolytes is increased. 
which may support a rise in ionic conductivity. More 
number of porous non inter connctingnetwork may 
leads to highWarburgimpedance, as the porous 
network may  leads  to  pseudo-capacitance,10 which 
will incrase  the diffusion length.11 The increased 
concentration of fillers from MCNT05 to MCNT09 
results in a lower Warburg impedance. Good ionic 
conductivity may be established via a well-connected 
high porous network.

Fig. 4. Change of polarizationresistance of 
MCNT05, MCNT07, MCNT09

	 The Warburg dispersive impedance 
measures the amount of ion mobility in a polymer 
electrolyte. The semicircle deviates owing to  
non-ideal capacitance generated bythe properties 
of ions and electrons during diffusion in electrodes 
and polymer samples. Warburg impedance (W) in 
series with polarisation resistance also demonstrates 
this. Warburg impedance (W) may also occur as 
a consequence of diffuse mass transfer, which is 
especially visible at lower frequencies and is depicted 
in Pooja Vadhva et al., Due to the porous nature, 

Fig. 5. Variation of warburg impedanceof 
MCNT05, MCNT07, MCNT09

Fig. 6. Variation of conductivity of 
MCNT05, MCNT07, MCNT09

	 Higher concentration of MCNT nanofiller  in 
MCNT12 sample will distruct the inter connectivity 
of porosity, It may result bad ionic conductivy by 
producing pseudo-capacitance which may result 
of raise in warburg impedance.The variation of 
Warburg impedance can clearly can be seen 
Figure 6.
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	 The ionic conductivity variation can be 
seen the Fig. 7 And highest conductivity was 
recorded for the Sample MCNT09. Finally MCNT09 
is showing low ohmic Resistance (R), polarization 
resistance (Rp), or charge transfer resistance (Rct) 
and Warburg impedance (W) resulting a prominent 
ionic conductivity σ = 8.46 × 10-3 Scm-1.

Electrochemical discharge rating

as cathode.12 The discharge performance of [PVDF-
HFP: NaClO4: MCNT(nano)] polymer electrolyte 
employed between Na anode and (I2+MCNT) cathode 
was studied at the discharge  rate 0.1C and 0.2C at  
room temperature is depcted in Fig. 7. The discharge 
current was 260 milliamperes, Where as the open 
circuit voltage was notice as 1.9554 volts. 0.2C rate of 
discharging of EC represent a good stability till 120mA 
and for 0.2C rating discharge represent 130mA. A 
good electrochemical Voltage stability can be seen 
thought the EC discharge.

CONCLUSION

	 The solution cast method is used to dispers 
various MCNT (nano fillers) into PVDF-HFP:NaClO4 to 
prepared MCNT05, MCNT09 and MCNT12 polymer 
electrolytes. The polymer electrolyte membranes 
electrical studies such as Polarization resistance, 
Ohmic Resistance and Warburg impedance was 
done by Electrical impedance spectroscopy. Lowest 
Polarization resistance and Warburg impedance 
were noticed to MCNT12 Polymer electrolyte sample 
with highest conductivity 6.62 x10-2 Scm-1. And good 
electro chemical stability was represent by MCNT12 
polymer electrolyte sample with 0.1C and 0.2C rating 
of discharge of EC.
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Fig. 7. Discharge characteristics of an electrochemical cell 
with different C-ratings: a) 0.1C rating discharge; 

b) 0.2C rating discharge cover

	 A nanocomposite PE consisting of [PVDF-
HFP:Na(ClO4)2:nano MCNT] (1000:400:12) was 
put between the anode and the cathode in the 
configuration Na/(1000:400:17) [PVDF-HFP: NaClO4: 
MCNT]/(I2+MCNT(Nano)) to build the EC. Combining 
the right mix of MCNT and iodine will improve charge 
collection efficiency since the MCNT cathode boosts 
the composite cathodic nature, (I2+MCNT) is used 
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