P Karthika 
email: a-pkarthikaa@gamil.com
  
AC Impedance, Surface & TGA/DTA Analysis of PVC-LiNO3 -CdO 1

Keywords: NCPE, AC Impedance, SEM & TGA/DTA

Polymer electrolytes PVC -LiNO3 -CdO were prepared using solution casting technique and were characterized by AC impedance, SEM & TGA/DTA techniques. Ionic conductivity of the polymer electrolytes was determined using AC impedance method. Maximum value of ionic conductivity was observed for the optimized composition of PVC and LiNO3 in the polymer electrolyte. SEM micrographs brought out a good correlation among the surface morphology, ionic conductivity and amorphous/crystalline structures of the studied polymer electrolytes.

The thermal properties of polyvinyl chloride (PVC) -Lithium Nitrate (LiNO3)-Cadmium Oxide(CdO) by Thermo Gravimetric Analysis(TGA) gives rise the information on the thermal stability of polymer electrolytes.

Introduction.

Recent days, there is very much interest in studying the ionic conductivity at ambient temperature due to their good performance in high power rechargeable lithium battery, which may be used in laptops and even an electric vehicles & other portable electronic equipment. The polymer electrolytes prepared with high conductivity, good mechanical strength and thermal stabilities , have interest due to the role of polymer electrolytes in lithium batteries, electrochromic windows, sensors and fuel cells etc. [START_REF] Ramesh | Ionic conductivity studies of plasticized poly (vinyl chloride) polymer electrolytes[END_REF]. Polymers are widely used in our routine life due to their fascinating and extraordinary characteristics. These materials are found to replace the conventional materials in terms of strength, stability and toughness. Since the beginning of plastic industry, it is observed that blending yields materials with superior features of the individual components. Blending of polymers provide new materials which combine the useful property of all constituents.

Polymer electrolytes have technological interest due to their applications as solid electrolytes in various electrochemical devices such as energy conversion units, electro-chromic display devices, photo chemical solar cells and sensors. Lithium batteries with polymer electrolytes are mostly studied among the various applications. A polymer electrolyte acts as a separator as well as an electrolyte in a secondary battery. Studies on polymer electrolytes have great intention to explain the enhancement mechanism of conductivity. In various ionic species, the concentrations are important to understand the overall mechanism of conductivity. The surface and morphological behaviors of polymer electrolytes have been studied by SEM. Here, the polymer electrolytes are prepared by solution casting technique, which contained polyvinyl chloride (PVC) as a host polymer and lithium nitrate (LiNO3) as a salt. The nano filler CdO is added with various proportion to this polymer electrolytes to get nanocomposite polymer electrolytes (NCPE). Then, the thermal characteristics have been done by Thermo Gravimatric Analysis (TGA). Conductivity studies are done with the help of ac impedance analyzer.

Experimental Techniques.

Materials & Methods. Chemicals with AR/BDH grade purchased from Aldrich, Merck companies and used as such, Tetra Hydro Furan (THF) used after distillation only. Polymer: Poly(vinyl chloride), Polyelectrolyte: Lithium nitrate(LiNO3), Solvent: Tetra Hydro Furan (THF), Nano filler: Cadmium Oxide (CdO).

The polymer complex prepared by solvent casting technique. It was very simple and most widely used technique for preparation of thick films. The appropriate quantity of PVC & LiNO3 dissolved in Tetra hydro furan. After a complete dissolution of polymer and salt, metallic filler CdO added and stirred for 4 -5 hours. A homogeneous solution obtained after stirrer and resulting solution poured on to a glass plate and THF allowed to evaporate in air at room temperature in dust free atmosphere. The films dried for another one day to remove any trace of THF. For various concentration of CdO the films were prepared.

Result and Discussion

AC Impedance Analysis. PVC composite with LiNO3 analyzed in order to understand the effect of polymer electrolyte conductance. Ionic conductivity determined by ac impedance analysis at room temperature say around 302K. Various combination of the three components PVC-LiNO3-CdO compared and one of them shown in Fig. 1, (e). The ionic conductivity of polymer electrolyte can be calculated using the formula given. σac=Thickness/(Area) × (Resistance) = s/cm. Ionic conductivity of polymer electrolyte varied due to the concentration of conducting species and their mobility. Increasing conductivity against the concentration of CdO can be seen that PVC -LiNO3 exhibited the lowest conductivity as 5.27 × 10 -10 s/cm. The effect of concentration of nanofiller CdO on the ionic conductivity of the films showed that the increase in concentration of CdO, ionic conductivity also increased which may be due to increase in the number of mobile ions in the solid polymer electrolytes. A highest value of 6.33 × 10 -6 s/cm was obtained at 10 Wt % of CdO. The addition of nanofiller with the polymer electrolyte system made the system be more amorphous and promoted more free lithium ions from the inorganic salt of LiNO3 [START_REF] Ramesh | Ionic conductivity studies of plasticized poly (vinyl chloride) polymer electrolytes[END_REF]. Increase of nanofiller reduced the crystallinity of composite polymer electrolyte. A polymer chain in the amorphous phase was more flexible which increased segmental motion of polymer. Oxygen concentration enhanced the conductivity of electrolyte [START_REF] Shah | Dielectric properties and surface morphology of proton irradiated feuic oxalates dispersed PVC films[END_REF]. The lithium (Li + ) ion moved like a gaseous molecule in free volume model where Li + transferred to coordinating sites in the same polymer chain. The segmental motion of increased ionic conductivity. When smaller size nanofiller added to polymer electrolytes may be promoted amorphous region there by enhancing the transportation of ions in membrane.

Based on Lewis acidbase interaction, ceramic filler influenced the ionic conductivity of polymer electrolyte due to interactions between the surface groups of ceramic particles and lithium salt [START_REF] Ahmad | Preparation and characterization of PVC -Al2O3-LiClO4 composite polymeric electrolyte[END_REF]. Li + served as a strong Lewis acid where as polymer and filler CdO served as a Lewis base centers. Therefore, the polymer -Li + cation and filler -Li + cation interactions may be widely used to explain the polymersalt complex interaction [START_REF] Zorek | Composite polyether based solid electrolytes, The Lewis acid base approach[END_REF]. This created structural modification, which may be acted as a cross linking centers for the polymer segment and the salt anions.

The Lewisbase interaction centers lowered ionic coupling there by salt dissociation promoted via a sort of ionceramic complex formation. The mentioned two effects enhanced the conductivity of nanocomposites. Oxygen and OH surface groups on CdO grains interacted with cations and anions based on Lewis acidbase and promoted additional site creating favorable high coordinating pathways in the vicinity of grains for the migrations of ions [START_REF] Croce | Nanocomposite polymer electrolytes and their impact on the lithium battery technology[END_REF]. It enhanced the mobility for migrating ions. SEM Analysis. Fig. 2 (a) showed that the rough surface with streaks. PVC -LiNO3 complex with CdO (3 Wt %) showed maximum number of pores of random shapes giving rise to increase in conductivity of this sample. There are two possible ways for formation, first one was the evaporation of solvent and second one was the casting of the film. Plasticizer occupied the pores, which acted as the tunnel for ionic transport. It was observed that pores in 3 Wt % disappeared when CdO concentration increased to 5 Wt %. This might be occurred due to fill the pores of CdO there by promoting amorphicity through plasticizing effect of filler.

In Fig. 2 (b), it was noticed that the appearance of number of uniform tracks of few micrometer size along with reduced size which was responsible for the enhancement o ionic conductivity of PVC-LiNO3 -CdO (8 Wt %). The distinct spherules by dark boundaries showed in solid polymer electrolyte with CdO 10 Wt %. This was due to amorphous phase [10]. Thus, SEM study supported the conclusions drawn through ac conductivity studies.

TGA/DTA Analysis. Based on the TGA graph, the percentage total weight loss of sample can be calculated through the direct subtraction of the percentage residue from 100 Wt %. Since this graph was plotted as weight as temperature. In Fig. 3 (a), the TGA/DTA trace of pure PVC, the weight losses corresponding to various temperature regions were shown. It showed that six stages of degradation. The first stage of degradation occurred in region 0˚ C -250 ˚ C with weight loss of 1.54 % which ascribed to the removable of unsaturation of PVC [START_REF] Croce | Nanocomposite polymer electrolytes and their impact on the lithium battery technology[END_REF]. The unbroken double bonds of vinyl chloride monomers presented in some of PVC macromolecules as a consequences of the disproportionate chain termination reaction during polymerization and called unsaturation reaction. These double bonds would be broken at the first stage of degradation and would be led to monomers evaluation as observed in the case of PMMA [START_REF] Croce | Nanocomposite polymer electrolytes and their impact on the lithium battery technology[END_REF].

In pure PVC + LiNO3, 1 st degradation occurred at 0 C-150 C with 16.59% weight loss which was very much higher than Pure PVC. There was gradual then faster degradation around 150 C that indicated the thermal stability of complexes initially lower than PVC. Around 250 C -315 C , there was 40.87% weight loss compared with PVC, then the thermal stability was higher. 
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 1 Fig. 1. Impedance Plot for PVC + LiNO3 + CdO (10 Wt).

Fig. 2 .

 2 Fig. 2. (a) SEM Micrograph for PVC + LiNO3, (b) SEM Micrograph for PVC + LiNO3 + CdO (8 Wt %).

  Around 315 C -445 C, 6.22% weight loss and around 445 C -555 C, 17.95% weight loss occurred, both indicated higher thermal stability. Thermally irreversible state reached by following degradations such as around 555 C -610 C, 2.86% weight loss ,610 C -770 C, 7.704 % weight loss and 770 C -1050 C, 1.85% weight loss. PVC + LiNO3 initially exhibited lower thermal stability when compared with PVC & then above 150 C showed higher thermal stability.

Fig. 3 .

 3 Fig. 3. TGA -DTA plot for pure PVC.
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enhanced the ionic conductivity. SEM confirmed the plasticizing action of CdO. TG-DTA provided the information with regard to their thermal stability, crystallinity & other thermal parameters.