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ABSTRACT

Water is one of basic needs and is essential for every living organism on Earth to
survive. With increasing population, water has become scarce resource since the water
demand is more than water supply. There are several methods to treat water such as
evaporation, membrane processes and ultraviolet disinfection. However, these methods
have limitations. Thus, researches have to find alternative ways, and this leads to the
development of progressive freeze concentration (PFC) process. In this study,
stormwater is chosen as alternative resource of water. By treating stormwater, not only
water can be purified, but also water pollution can be prevented. This research aims to
study the effect of initial concentration and stirring speed in stormwater purification via
PFC towards effective partition constant (K) value, solute recovery (Y) and
concentration efficiency. The range of initial concentration and stirring speed were
determined at 2, 4, 6, 8 and 10 ppm and 150, 200, 250, 300 and 350 rpm. Simulated
stormwater was created by using zinc chloride instead of actual stormwater to ease the
process. Each effect was run at constant coolant temperature and time, -8 °C and 15
minutes. The results show at lowest initial concentration, the lowest K value was
obtained with 0.25 and the highest Y value of 0.686. It was found that at stirring speed
of 350 rpm produced lowest K value, 0.2305 and utmost value of Y, 0.85. Best
efficiency of PFC system was achieved at 2 ppm initial concentration which is 75% and

350 rpm stirring speed which is 76.95%.
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CHAPTER ONE

INTRODUCTION

1.1  Research Background

Water is one of basic needs and is essential for every living organism on Earth
to survive. For example, plants need water to carry out photosynthesis process, animals
and humans to carry out cell activity. For good health, we need a safe, reliable,
affordable and easily accessible water supply. However, Hunter et al., (2010) stated that
about a billion people in developing countries have not had a safe and sustainable water
supply for several decades. Although our world consists of 71 % of water, not all of
them are good for consumption. In fact, a study conducted by Leusbrock (2011) stated
that fresh water is only 2.53 % of the total amount of water. Among 2.53 % of the fresh
water, 68.7 % is located in the glaciers of Antartica, Greenland and Arctica, 30.7 % are
groundwater and the remaining two percent are surface water, ground ice in permafrost
zones and air humidity. This statistic has led to the growth of water treatment plant all
around the world so that water scarcity can be prevented and provide clean water supply

for everyone.

Malaysia is blessed with abundance rainfall per year, 97 % are surface water
and 3 % are groundwater. In 2015, Malaysia Kini newspaper stated that even though
this country is rich with water resources, Malaysia’s water consumption is unsustainable
and in 2014, the average water consumption per day of Malaysians was 212 litres which
is 2 litres more than previous year 2013. This indicates that the consumption is still far
beyond the recommended water usage by the World Health Organization (WHO). The
WHO recommended 165 litres per day for Malaysians (Abdullah, 2015). To prevent
occurrence of water shortage in Malaysia, researchers need to find a new way to recover

the water consumption.

There are many types of water treatment plant with different processes. Usually
these water treatment plants use raw water from rivers, lakes, oceans and groundwater
and physically and chemically purify the water. Common processes that have been used

in industry right now are reverse osmosis, evaporation and membrane process.
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