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ABSTRACT

The current trend for electronics demands portable, miniature, connected, and highly
integrated devices, for example, wearable electronics and the internet of things (1oT).
Miniaturization of these devices includes shrinking power sources or batteries.
Compared to conventional batteries, printed batteries have relatively small form factors
and are very thin. The printed battery is a battery system in which most of its
components are printable. The batteries’ elements, such as electrodes and ionic
solutions, are developed in ink form such that it can be printed. For this work, a printed
zinc battery was designed, fabricated using a screen printing method, and packaged in
a pouch. The zinc battery system is chosen over lithium-ion batteries because of the
abundance of zinc; zinc batteries are also cheaper, safe, and environmentally friendly.
Screen printing was the fabrication method of choice as it is a widely used method,
simple, and relatively cost-effective for research and development. In this research, two
different battery systems were developed, compare both performances, which are Ni-
Zn and Ag-Zn. Each of the battery elements (current collector, electrodes, electrolytes)
were tested separately to evaluate its functionality and performance using
electrochemical analyses such as cyclic voltammetry and charge-discharge. Through
the experimental studies, polyvinyl butyral was selected as the binder of the battery
electrodes due to its better electrochemical performance as compared to polyvinyl
pyrrolidone, which is one of the crucial breakthroughs in this project. The selection of
silver ink as the current collector was preferred since carbon ink has high resistance,
which fails the battery. However, the silver ink is not suitable for cathode current
collector, especially for the Ni-Zn system because it reacts on behalf of Ni(OH). due to
its high reduction potential. Thus, the battery will function as an Ag-Zn battery instead,
although the XRD data showed the presence of both Ni(OH)2 and ZnO on cathode and
anode, respectively. The printed zinc-silver battery system was tested and was proven
to work with a nominal voltage of 1.56V and a discharge capacity of 1.3407 mAh. The
electrode surface area was found to be 8.78 cm? which is equivalent to the areal capacity
of 0.153 mAh.cm with an overall thickness of 200-250 pum. This work is a proof-of-
concept that zinc-silver batteries can be fabricated using screen printing techniques.
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CHAPTER ONE

INTRODUCTION

1.1 OVERVIEW

Nowadays, due to the advancement of technology, electronic devices are getting
smaller and smaller over time, and many features can be integrated into a single device like
smartphones that have cameras, GPS, music player, video player, Bluetooth, NFC, Wi-Fi,
etc. Due to the multiple features built-in, users will bring along the device wherever they
go in daily life. So, the portability of the device is really important since it will provide a
better user experience. In the future, the market trend is aiming for wearable devices,
Internet of Things (IoT), and environmental sensors (He, 2015). With this trend envisioned,
industries are aiming further to shrink the current electronic devices at the same time
introduce new technology whereby our daily things such as outfits, shoes, watch, and wallet
can become intelligent by integrating them with electronics, sensors, actuators, display and
most importantly energy supply which is the battery. Therefore, the battery must be small
and thin form factor to fit in into those devices, unlike the conventional batteries, whereby

there are thick and bulky, which cannot fit into small form factor electronic devices.

Lithium-ion batteries are the most well-known battery used in most of the electronic
devices today, such as laptops, smartphones, cameras, smartwatches, etc. because of high
energy density and high life cycle. However, it is expensive, not environmentally friendly,
flammable, and very strict handling conditions due to its moisture sensitivity. So, zinc

batteries are preferred because of abundance, cheap, environmentally friendly, and room



temperature handling. The development of printed zinc batteries is a cost-effective way to

research and explore more on printed battery technologies.

1.2 PROBLEMS STATEMENT AND ITS SIGNIFICANCE

Most of the consumer product industries are towards miniaturization of electronic
devices, whereby they become more portable, compact, and convenient to be worn all the
time. However, with the currently available technology, there are still a lot of constraints
to minimize the size of the devices. One of the reasons is the size of the battery that needs
to be used to supply electricity to the device. This problem is caused by the bulky design
of the conventional battery, which prevents the battery from fitting into the small form
factor device. For example, the next generation of a smart card is going towards powered
smart cards in which the conventional EMV card is featured with an additional built-in
battery, microcontroller unit, and other features such as NFC, RFID, acoustics, LED lights,
and fingerprint sensor (Davies, 2018). This project is very significant as it is estimated that

the market for flexible batteries to be worth USD 471 million in the year 2026 (He, 2015).

A lot of researches have been done related to printed zinc batteries. One of the problems
that were addressed is the low open-circuit voltage of the zinc battery. Besides that, with
the reduction of the size of the battery, will compromise its capacity. Another problem with
zinc-based battery with its low of the charge-discharge cycle due to corrosion of zinc and
dendritic growth of zinc (Banik & Akolkar, 2015; Pei, Wang, & Ma, 2014) which leads to
short circuit. Furthermore, issues such as zinc passivation and zinc dissolution also shorten

the life cycle of zinc-based batteries. Therefore, to produce such a reliable printed battery,



these problems need to be addressed, especially for a rechargeable battery system so that it
can be used as an alternative for lithium-ion batteries due to its cheaper cost,

environmentally friendly, non-flammable, and safe.

1.3 RESEARCH OBJECTIVES

This project aims to achieve these objectives:

1. To develop a thin, screen-printed nickel-zinc and silver-zinc battery.

2. To test and evaluate the performance of the developed screen-printed zinc
battery.

3. To compare the developed screen-printed battery performance with other

developed battery.

1.4 RESEARCH METHODOLOGY

The research started with conducting a literature review towards understanding the
fundamentals of battery, printing technologies, printed battery, design, etc. Then, a simple
printed battery is designed as the test vehicle for the research. Next, fabrication of the
printed battery will be kicked off and followed by packaging. Furthermore, every single
element of the printed battery, such as current collector, anode, cathode, and electrolyte,
are tested and evaluated before the final printed battery testing. Finally, the results will be
analyzed and concluded. The flow chart of the research methodology is shown in Figure

1.1 below.



Literature Review

Design printed battery

Printed battery fabrication

Test single element of
printed battery separately
(current collector,
electrodes, and
electrolytes)

Printed battery packaging

Final testing

Result analysis and
conclusion

Figure 1. 1 Research Methodology





