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ABSTRACT

Searching a new material for the development of proton conducting polymer
electrolytes that can be used in protonic electrochemical cells is the focus of this
research study. In this study, the proton conducting polymer electrolytes were
prepared by solution cast technique. Poly (vinyl chloride) PVC is used as the polymer
host, ammonium triflate (NH4CF3803) as the doping salt and ethylene carbonate (EC)
and butyltrimethyl ammonium bis trifluoromethyl sulfonyl imide (Bu3MeNTf2N) is
used as the plasticizers. Characterization techniques of EIS, XRD, FTIR, FESEM,
DSC, TGA, transference number and linear sweep voltammetry measurements were
used to study the properties of the PVC based proton conducting polymer electrolytes.
Pure PVC exhibits room temperature ionic conductivity of 1.55 x 10-10 S ern
I.Various combinations of PVC and NH4CF3S03 compositions were attempted and
the highest conductivity achieved was 2.50 x 10-7 S ern" when 30 wt. % NH4CF3S03
(A4) was incorporated into PVC which is an increase of about three orders of
magnitude, The increase in conductivity with addition of NH4CF3S03 is attributed to
increase in number of mobile ions and decrease in crystallinity of the films as shown
by XRD, FESEM and DSC results. A further increase in ionic conductivity is
observed when the polymer-salt electrolyte with the highest conductivity (A4) was
added with plasticizers EC and BU3MeNTf2N. The highest ionic conductivity
achieved was 3.06 x 10-5 S cm-1 when 5 wt. % ofEC (B1) was incorporated to the A4
polymer electrolyte. When 15 wt. % BU3MeNTf2N (C3) was added to the A4 polymer
electrolyte, the highest ionic conductivity achieved was 1.56 x 10-4 S ern"

I.Temperature dependence of conductivity study showed that conductivity increased
with temperature and is found to obey the Arrhenius relationship. XRD studies
showed that amorphous PVC becomes largely amorphous in nature upon addition of
NH4CF3S03. Largely amorphous in nature is also obtained upon addition of EC and
BU3MeNTf2N to PVC-NH4CF3S03. The degree of crystallinity, Xc is obtained by DSC
and showed that the plasticized system has lower fraction of crystallinity compared to
the salted systems with BU3MeNTf2N plasticized system having concentration of 15
wt. % (C3) having the least crystallinity. The transference number of this electrolyte
is found to be 0.82 while its electrochemical window stability is 1.8 V.
Electrochemical cells were fabricated using C3 electrolytes. The cells were
discharged at different loads of 1.5 kQ, 62 kQ and 95 kQ. The OCV of a cell based on
the highest conducting electrolyte with configuration: Zn+ZnS04.7H20+PTFE I 85
wt. % (PVC-NH4CF3S03) +15 wt. % BU3MeNTf2N (C3) I Mn02+PTFE is ~ 1.52 V
while its discharge capacity is 0.55 rnA h. The discharge performance of the cells
showed that the protonic polymer electrolyte film proposed in this work has potential
for application in protonic electrochemical cells for proton battery.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

Generally, polymers are known to be electrical insulators. These insulating

materials can be made to conduct electricity by introducing ions in their matrices and

are known as polymer electrolytes. The first ion conducting polymer electrolytes was

discovered in 1973 (Fenton et al., 1973). This was followed by practical application of

all-solid-state battery using ion conducting polymer films in 1979 (Armand et al.,

1979). These novel discoveries motivated scientists both from academic institutions

and industrial sectors to intensively pursue research in the area of materials science.

Consequently, a large number of polymer electrolyte materials involving different

types of transporting ions, namely Li" (Chew et aI., 2008), Na+(Sasikala, Kumar, Rao,

& Sharma, 2012), K+ (Lewandowski, Skorupska, & Malinska, 2000), Cu" (Mani,

Srivastava, & Strasser, 2011), Ag+ (Hirankumar, Selvasekarapandian, Bhuvaneswari,

Baskaran, & Vijayakumar, 2005), H+(Noda et aI., 2003) , etc., have been investigated

since then.

Among these, lithium ion conducting polymer electrolytes have attracted great

attention due to its high conductivity and potential applications in various

electrochemical devices especially solid state batteries. The electrochemical window

for u' ion batteries is generally high (--- 4 V) while that for proton (H+ ion) batteries is

low (--- 1 V). This gives preferential advantage to the fanner on the basis of energy

density considerations. However, proton conductors are more environmentally

friendly and cost effective, and so appear as a good alternative for low energy density

applications (Agrawal, Hashmi, & Pandey, 2007).

The interest in proton conducting polymer electrolytes started with the

development of perfluorinated sulfonic membranes in the 1960s. In recent years, a

variety of proton conducting polymer electrolytes have been developed using different

polymer hosts complexed with various inorganic acids and ammonium salts. Among

the commonly used inorganic acids are H3P0 4 (Tanaka et. aI, 1995), salicylic acid

(Sekhon et. aI., 2003), benzoic acids (Singh and Sekhon 2003) and oxalic acid

(Missan et. aI., 2006). The most commonly studied ammonium salts include
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