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ABSTRACT 

 

The scarcity of clean water due to industrialization, the growth of the population, 

urbanization and the climate changes was becoming a concern for the world.  There are 

several methods that were usually used to purify water by the industries such as reverse 

osmosis (RO) and evaporation. However, these methods have several flaws and 

Progressive Freeze Concentration (PFC) was introduced as a better method. In previous 

researches, it stated that PFC has low energy consumption compared to evaporation 

method. It also has lower capital cost and maintenance fees compared to reverse osmosis. 

Therefore, PFC was introduced in this research  as an alternative method to purify the 

stormwater The objectives of this research were to investigate the effect of operation time 

on K value and water recovery and to study the effect of coolant temperature on K value 

and water recovery. The experiment was conducted with simulated stormwater as raw 

material. Coolant bath, stirrer, motor and crystallizer were gathered to form the PFC 

system. The experiment was conducted by varying the studied operating condition such as 

coolant temperature and operation time while other operating conditions such as initial 

concentration and speed rotation were kept constant. The required data were measured, 

collected and calculated for evaluation of K value, water recovery and efficiency. As the 

result, it was found that the best operation time is at 20 minutes with K value, water 

recovery percentage and the efficiency percentage of 0.1329, 23.8% and 88.27%, 

respectively. Meanwhile, the best coolant temperature is -10°C with of K value, water 

recovery percentage and the efficiency percentage of 0.1829, 34.7% and 88.3% 

respectively. 

 

 

 

 

 



vii 
 

ACKNOWLEDGEMENT 

 

First of all, I am very grateful to Allah S.W.T for giving the opportunity and helping me 

passes through the challenges to finish up my Research Project. My journey was not always 

pretty but Allah S.W.T has ease everything to me and through those challenges I learnt a 

lots and it was very good experiences. I also would like to give my gratitude toward my 

supervisor, Dr. Farah Hanim Ab Hamid for giving me a guidelines. She also very patient 

in assisting me and I am very thankful to her for that. Besides that, I also want to extend 

my thankfulness to Dr. Nornizar and Dr. Siti Nurul Ain for giving me a change to use their 

crystallization laboratory. Furthermore, I would like to thank the laboratory assistants and 

the master students for providing the facilities and giving a guide of using the cooling bath 

equipment. Apart of that, I would like to thank the members under Dr. Farah Hanim Ab 

Hamid supervising for their cooperation and helps. Last but not least, I would like to extend 

my gratefulness to my parents for their supports and prayers.  

 

 

 

 

 

 

 

 



viii 
 

Table of content 
AUTHOR’S DECLARATION .................................................................................................... iv 

SUPERVISOR’S CERTIFICATION ........................................................................................... v 

ABSTRACT ................................................................................................................................... vi 

ACKNOWLEDGEMENT ........................................................................................................... vii 

CHAPTER 1 ................................................................................................................................... 1 

INTRODUCTION.......................................................................................................................... 1 

1.1 Background Study ............................................................................................................ 1 

1.2 Problem Statement ........................................................................................................... 2 

1.3 Objectives ........................................................................................................................ 3 

1.4 Scope of Research ............................................................................................................ 4 

CHAPTER 2 ................................................................................................................................... 5 

LITERATURE REVIEW ............................................................................................................. 5 

2.1  Introduction ...................................................................................................................... 5 

2.2  Water Treatment Method ................................................................................................ 5 

2.2.1  Reverse Osmosis ...................................................................................................... 5 

2.2.2 Evaporation .............................................................................................................. 8 

2.3 Freeze Concentration ........................................................................................................... 10 

2.3.1 Suspension Freeze Concentration (SFC) ............................................................... 12 

2.3.2 Progressive Freeze Concentration (PFC) ...................................................................... 14 

2.3.3  Block Freeze Concentration (BFC) ........................................................................ 15 

2.4  Effecting Factors on PFC Performance ......................................................................... 17 

2.4.1  Operating Time (OT) ............................................................................................ 17 

2.4.2 Coolant Temperature (CT) ............................................................................................ 19 

2.5  Observed Parameters ..................................................................................................... 21 

2.5.1  K Value ................................................................................................................. 21 

2.5.2 Water Recovery ............................................................................................................ 22 

CHAPTER 3 ................................................................................................................................. 24 

METHODOLOGY ...................................................................................................................... 24 

3.1 Introduction .................................................................................................................... 24 

3.2 Material .......................................................................................................................... 26 

3.3 Experimental Set-up ....................................................................................................... 26 



1 
 

 

CHAPTER 1 

INTRODUCTION 

 

1.1 Background Study 

It’s been 60 years since the Independence Day, Malaysia has becoming more and more 

developed to achieve improvement. In the process to achieve the advancement, Malaysia 

also faced lots of crisis including the water crisis. Water scarcity is one of hot issues occurs 

in Malaysia. According to Chan (2009), more than 95% of the population were served by 

the water for 24 hours. However, the improvement is still needed in some areas. On 

February 2012, the resident of Rompin, Pahang experienced the shortage of clean water 

supply due to the flash flood and the clean water appeal was ignored (“Air Tercemar Punca 

Derita ,2012”). The residents had to use river water as their water supply but the river water 

was already polluted by the flash flood. As a result, some residents were infected by 

scabies.  

Although Malaysia is one of the countries that has high rainfall rates, it still faced 

the scarcity of clean water due to the population growth, industrialization, urbanization and 

climate changes (“Quest to Solve Water Scarcity”, n.d.). Some areas in Malaysia has high 

tendency to be hit by natural disaster every year and due to the disaster, the areas high 

probably will face water disruption. The disruption of water will cause the residents to lose 

clean water supply and urge the residents to use any source of water for daily uses. The 

water used may be contaminated by bacteria, viruses and chemical waste which later could 

risk the health of the residents.  

Department of Irrigation and Drainage Malaysia prepared the Urban Stormwater 

Management Manual for Malaysia to manage the stormwater in a more environmentally 

approach instead of just draining it away(Zakaria et al., 2004). This manual proposed the 

purification, infiltration and utilizes retention/detention of stormwater. This manual also 

considers the stormwater that was collected from river pollution, hill development, flash 

flood, and soil erosion. The stormwater management is needed in Malaysia to avoid the 

increases of flash flood incidence due to the poor drainage system. The usual technologies 


