material can accommodate the whole compartment producing a high energy density

battery.

Considerable efforts have been devoted towards the development of metal-air
batteries. Metals that have been considered are lithium, calcium, magnesium,
aluminum, zinc and ferum. However, the zinc-air electrochemical system has
received the most attention. Despite its abundance and low cost, zinc possesses
attractive electrochemical behaviour; among others, low equilibrium potential, high
electrochemical equivalence, compatibility with aqueous electrolyte, reasonably
good shelf life, high reversibility and it is the most electropositive metal which is
relatively stable in caustic alkali electrolyte [Huot, 1997; Linden, 1995; McBreen,
1984). The development and properties of the zinc-air electrochemical system and
its components will be reviewed in Chapter II [Othman and Arof, 1999; Othman

and Arof, 2000].

Zinc-air batteries must utilize a porous air electrode to permit air passage. Thus
they are susceptible to water loss and the electrolyte drying out, especially for the
non-cir(;ulaling electrolyte type. The AER Energy’s zinc-air battery incorporated a
built-in patented air diffusion manager, among others to overcome this problem
[Cheiky, 1990; Pedicini, 1994; Pedicini et al, 1996; Pedicini, 1997). Studies on
lead-acid batteries utilizing gelled electrolyte (jelly-type) showed encouraging
results, viz., enhanced battery life and performance, negligible water loss and no

topping-up needed, improved cycle-life and high charge acceptance [Diezz et. al,



1985; Vinod and Vijayamohanan, 1994; Vinod and Vijayamohanan, 2000; Vinod et.
al, 1998). In alkaline batteries, additives such as carboxymethylcelulose (CMC),
poly(vinyl alcohol) (PVA) and polytetrafluoroethlyne (PTFE) have been used to
thicken the electrolyte. However, there was no attempt to employ a jelly-like
alkaline electrolyte in a zinc-air electrochemical system to minimize the water
evaporation from the cell. Further, as the alkaline electrolyte is retained in jelly
granules, better electrolyte-carbon/catalyst-air interfaces will be provided and the
occurrence of flooding avoided. Thus the present work was initiated in Chapter IT1
with an attempt to utilize the aqueous potassium hydroxide electrolyte in the gel or
jelly-like form in the zinc-air cell [Othman et. al, 2000a; Othman et. al, 2001}, in
view of the performances potential mentioned above. Hydroponics gel was selected
due to its well known highly water absorbent property and has long been used in
hydroponics technology. The gel is capable of storing solutions from 20 up to 100
times its weight, or more, depending on types. As it is mixed with ar aqueous
solution, it expands into loosely bound elastic jelly granules. Moreover, the gel is
easily available from the local market and less expensive. The fabricated zinc-air
cells were characterized according to their open circuit voltage, operating voltage
and po(ver density profiles, and discharge capability to ascertain the viability of the
gelled KOH electrolyte. X-ray Diffraction (XRD) measurements and Scanning
Electron Microscopy analysis were also undertaken on both the zinc anode and the
air cathode to establish any side effects between the gel and the electrodes or the

electrolyte.



Zinc-air cells have been fabricated employing a simple design using a thin zinc
plate as the anode (which is of classical design), a potassium hydroxide (KOH)
electrolyte immobilized by hydroponics gel and a commercially available carbon-
based air cathode sheet. The discharge capabilities of the fabricated cells were
comparatively low, which was presumably attributed to the limited free electrolyte
nature of the gelled electrolyte. The aim of the work in Chapter IV is to address the
probable limiting factors mentioned above with the use of an electrolyte reservoir so
as to improve the cell discharge capabilities. Agar in its gelatinized form was
utilized as the electrolyte reservoir [Othman et. al, 2001a; Othman et. al, 2002]. The
use of agar in its gelatinized form was inspired by the fact that agar in its natural
form serves as a water reservoir in the algae cell wall [Concidine, 1983; Lapedes,
1977). It was anticipated that the agar layer would induce a better and more uniform
surface area contact with the KOH electrolyte jelly granules and, improve as well as
maintain the wettability of the electrodes. These in turn would lead to an intrease in
the electrode rate capability and active material utilization, thus improve the cell

discharge capacity.

The.remaining aspects of the improvement of the zinc/gelled-electrolyte/air cell
that are to be considered in the present work are the use of a porous zinc electrode
and employing a substantially higher concentration of the KOH electrolyte. By
providing an enhanced and intimate interfacial area per unit volume, the porous
electrode increases the kinetics and mass transfer of the electrochemical reaction.

This would lead to the decrease in the current density, better electrode rate



capability, minimizing the energy loss, improved active material utilization, thus
enhancing the cell discharge capacity. Thus the work in Chapter V was focused on
the fabrication of a porous zinc anode from zinc-graphite-gelatinous agar paste, its
optimization and application in the zinc-air cell [Othman et. al, 2002a). Besides, a
higher KOH concentration of 6 M was also employed, as the concentration of 2.8 M
used throughout this work was comparatively low. Despite the use of a natural
biodegradable polymer in the electrode fabrication, the electrode preparation
technique adapted in this work is simple, fast and does not require either elevated

heat treatment or a mould and hydraulic press.

In Chapter VI, a cyclic voltammetry characterization was performed on the zinc
and air electrodes in gelled electrolyte to verify the consequence of gelling and the
use of the hydroponics gel, on the electrode kinetics and make comparison to their
properties in aqueous electrolyte. Cyclic voltammetry analysis was also performed
on the electrode coated with a thin agar layer in gelled KOH as its application had
been demonstrated beneficial to the zinc-air cell discharge capabilities [Othman et.

al, 2001a; Othman et. al, 2002; Othman et. al, 2002a).

The various aspects of the fabrication, components, cell design and performance
of the alkaline zinc-air cell developed throughout the present study will be discussed

in Chapter VII, before finally being summarized in Chapter VIIL
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