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1 ABSTRACT 

 

Chairman: Professor Robiah Bt Yunus, Ph.D. 

Faculty: Engineering 

 

 

Coagulation is a critical step in water production process not only because it removes 

colloidal particles but it also gets rid of microorganisms that are often attached to the 

particles. The use of aluminium sulphate and other synthetic chemicals as 

commonly-used coagulants, has caused some environmental and health problems. 

Additionally, the cost of the imported chemicals and the disposal of scheduled sludge 

in hard currency have made to consider the natural coagulants as a promising 

alternative. 

 

 

In the present study, the potentials of natural coagulants extracted from various parts 

of plants and animal tissue which are indigenous and abundantly available in 

Southeast Asia were investigated. The most promising natural coagulant from the 

preliminary screening study was the seeds from Jatropha curcas. In terms of 

feasibility study, Jatropha seed is potential candidate as coagulant due to its 

availability in Malaysia and the low price of raw material. Additionally, Jatropha 

press cake is a byproduct of biodiesel production which so far has not had any widely 

special application in Malaysia. Dragon fruit foliage was removed from potential 

natural coagulant list due to lack of access; currently there is no available supplier in 

Malaysia and Southeast Asia that can supply the dragon fruit foliages for water 

treatment purpose. Moringa seed copes with the problems of availability, 

sustainability and high price in Malaysia; there is no available plantation in Malaysia 

for Moringa seeds. A main problem of application of chitosan for turbidity removal 

was smelling an unpleasant fishy odor of treated water by chitosan. In addition, water 

treatment plants are confronted by operation problems due to water solubility and 

overdosing complications of using chitosan. 
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After removal of oil from J. curcas kernel, several experiments were conducted on 

press cake to identify the parameters with significant effects on the turbidity 

reduction. To minimize the turbidity at pH 5 and 6 of synthetic turbid water by 

improvement of the extraction condition, the experiments were carried out using jar 

tests and a full factorial central composite design and response surface methodology 

(RSM) were applied to model the active agent extraction. The optimum condition for 

extraction of the active ingredient from J. curcas press cake was by using 13 mM 

NaOH and 0.1 M NaCl at an extraction temperature of 52C and an extraction time 

of 5 min to achieve a minimum turbidity at pH 5 and 6 of turbid water. Chemical 

analysis of two-coagulant solutions, distilled water extract (DWE-JcPc) and optimum 

condition extract (OCE-JcPc) of J. curcas press cake, showed the protein recoveries 

at 7.49±0.62% and 61.55±2.34% from the total solid dissolved, respectively. 

 

 

The active component isolation stage was then carried out using isoelectric 

precipitation followed by the dialysis. The active ingredient of J. curcas -extract 

coagulant was a protein with molecular weight 30-35 kDa. In a synthetic turbid water 

using kaolin particles at pH 5, OCE-JcPc coagulant reduced turbidity by at least 90% 

for a wide range of initial turbidities. It was discovered that the coagulant 

performance was sensitive to the initial pH of the water. 

 

 

The zeta potential of OCE-JcPc was found to be negative at its original pH, 

confirming that the negative charges are predominant in the crude coagulant solution. 

On the other hand, Ca2+ ions improved kaolin coagulation by OCE-JcPc. The 

coagulation mechanism of OCE-JcPc was postulated to be an enmeshment of kaolin 

with the net-like structure. In the case of Ca2+ ion (bivalent cations), at least 0.2 mM 

was necessary for coagulation at 10 mg/L dose of OCE-JcPc. 

 

 

The treatment of river water by OCE-JcPc in comparison with aluminum sulphate 

(Alum) showed that OCE-JcPc in the presence of bivalent cations performed better 

than alum in turbidity reduction. Water with final turbidity of less than 5 NTU, total 

solids 5 mg/L and chemical oxygen demand 43.75 mg/L was achieved when 80 

mg/L of OCE-JcPc natural coagulant and 2.5 mM of CaCl2 were used to treat the 

river water at initial pH level of 6.87. In another study, OCE-JcPc also reduced the 

turbidity of acidic river water by 4.6 NTU with total solids at 6.7 mg/L and chemical 

oxygen demand at 137 mg/L when 260 mg/L of OCE-JcPc natural coagulant and 0.5 

mM of CaCl2 were used. Additionally, the combination of 192 mg/L alum + 30 mg/l 

OCE-JcPc gave the lowest residual turbidity for the acidic river water sample 

corresponds to 40% savings in alum usage. 

 

 

This study concluded that natural coagulant solution extracted from J. curcas press 

cake has good coagulation properties for a wide range of conditions and would be a 

promising alternative coagulant to alum. 
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2 ABSTRAK 

 

Pengerusi: Professor Robiah Bt Yunus, Ph.D. 

Fakulti: kejuruteraan 

 

 

Koagulasi adalah satu langkah kritikal dalam proses penghasilan air, bukan sahaja 

kerana ia menghilangkan zalah koloid, tetapi ia juga menyahkan mikroorganisma 

yang biasanya melekat dengan zarah. Penggunaan aluminium sulfat dan kimia 

sintetik lain sebagai koagulan yang biasa digunakan, telah menyebabkan beberapa 

masalah alam sekitar dan kesihatan. Tambahan pula, kos bahan kimia yang diimport 

dan pelupusan enapcemar berjadual telah menyebabkan perlunya pertimbangan 

untuk menggunakan koagulan asli sebagai alternatif. 

 

 

Di dalam kajian ini, potensi koagulan asli yang diekstrak dari beberapa bahagian 

tumbuhan dan tisu haiwan yang asli dan didapati dengan banyaknya di Asia 

Tenggara telah dikaji. Koagulan semula jadi yang berpotensi daripada kajian 

pemeriksaan awal adalahbenih dari jataropha curcas. Dari segi kajian kemungkinan, 

benih jatropha adalah calon yang berpotensi sebagai koagulan berdasarkan 

ketersediaannya di Malaysia dan juga harga bahan mentah yang rendah. Tambahan 

pula, kek jatropha ialah hasil sampingan daripada penghasilan biodiesel yang belum 

lagi mempunyai kegunaan tersendiri di Malaysia. Dedaunan buah naga telah 

dikeluarkan daripada senarai koagulan asli berpotensi kerana kekurangan akses; tiada 

pembekal di Malaysia dan Asia Tenggara pada masa kini yang boleh membekalkan 

dedaunan buah naga untuk kegunaan rawatan air. Benih moringa pula bermasalah 

dengan ketersediaan, kemampanan dan harga yang mahal di Malaysia; tiada ladang 

untuk benih moringa di Malaysia. Masalah utama menggunakan chitosan untuk 

menghilangkan kekeruhan ialah bau seperti ikan yang tidak enak pada air yang 

dirawat oleh chitosan. Tambahan lagi, loji rawatan air menghadapi masalah operasi 

disebabkan kebolehlarutan air dan komplikasi terlebih dos dengan penggunaan 

chitosan. 
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Selepas penyingkiran minyak dari isirong J. Curcas, pelbagai eksperimen telah 

dijalankan pada kek untuk mengenalpasti parameter dengan kesan signifikan pada 

penurunan kekeruhan. Untuk meminimumkan kekeruhan pada pH 5 dan 6 air keruh 

sintetik dengan penambahbaikan kondisi penyarian, eksperimen telah dijalankan 

dengan menggunakan ujian balang dan reka bentukfaktorial kompositberpusatpenuh 

dansambutanmetodologipermukaan (RSM) telah digunakanuntuk membina 

modelpengekstrakanejenaktif.Keadaan optimum untuk pengekstrakan bahan aktif 

dari kek benih Jatropha curcas adalah dengan menggunakan 13 mM NaOH dan 0.1 

M NaCl pada suhu pengekstrakan 52 C dan masa pengekstrakan 5 min bagi 

mencapai kekeruhan minimum pada pH5 dan 6 air keruh. Analisis kimia kedua-dua 

larutan koagulan, ekstrak air suling (DWE-JcPc) dan ekstrak keadaan optimum 

(OCE-JcPc) kek J. curcas, menunjukkan pemulihan protein adalah 7.49 ± 0.62% dan 

61.55 ± 2.34% daripada jumlah pepejal terlarut, masing-masing.  

 

 

Peringkat pengasingan komponen aktif kemudiannya dijalankan dengan 

menggunakan presipitasi isoelektrik diikuti oleh dialisis. Bahan aktif koagulan J. 

curcas ekstrak adalah protein dengan berat molekul 30-35 kDa. Dalam model air 

keruh menggunakan zarah tanah liat kaolin pada pH 5, ekstrak alkali-garam koagulan 

mentah mengurangkan kekeruhan sekurang-kurangnya 90% bagi pelbagai kekeruhan 

awal. Didapati bahawa prestasi koagulan adalah sensitif kepada pH awal air.  

 

 

Potensi zeta OCE-JcPc didapati negatif pada pH asal, mengesahkan bahawa caj-caj 

negatif adalah utama dalam larutan koagulan mentah. Sebaliknya, ion-ion 

Ca2+perbaiki pengenapan kaolin oleh OCE-JcPc. Mekanisme pengenapan Oce-JcPc 

diandaikan merupakanjaringankaolin dengan struktur seperti jaring. Dalam kes 

ionCa2+ (kation bivalent), sekurang-kurangnya 0.2mM adalah perlu bagi pengenapan 

pada 10 mg/L dos OCE-JcPc. 

 

 

Rawatan air sungai oleh OCE-JcPc berbanding dengan aluminium klorida (tawas) 

menunjukkan bahawa OCE-JcPc dengan kehadiran kation bivalent berfungsi sama 

dengan alum dalam mengurangkan kekeruhan. Air dengan kekeruhan akhir kira-kira 

kurang daripada 5 NTU, jumlah pepejal 5 mg/L dan permintaan oksigen kimia 43.75 

mg/L boleh dicapai apabila 80 mg/L OCE-JcPc dan 2.5 mM CaCl2 telah digunakan 

untuk merawat air sungai dengan tahap pH awal 6.87. Dalam kajian yang lain, OCE-

JcPc juga boleh mengurangkan kekeruhan air sungai berasid sebanyak 4.6 NTU 

dengan jumlah pepejal 6.7 mg/L dan permintaan oksigen kimia 137 mg/L apabila 

260 mg/L koagulan semula jadi OCE-JcPc dan 0.5 mM CaCl2 telah digunakan. 

Selain itu, gabungan 192 mg/L alum + 30 mg/l OCE-JcPc memberi kekeruhan baki 

terendah sungai berasid sampel air sepadan dengan penjimatan 40% dalam 

penggunaan tawas. 

 

 

Kajian ini menyimpulkan bahawa larutan koagulan semulajadi yang diekstrak 

daripada kek Jatropha curcas mempunyai ciri-ciri yang baik pada koagulasi pelbagai 

keadaan dan merupakan koagulan alternatif yang memberangsangkan. 
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CHAPTER 1 

 

 

1 INTRODUCTION 

 

 

1.1 Background 

 

 

Producing tap water that is pure enough for drinking water is a challenge to many 

water treatment plants (WTP) in Malaysia. Due to heavy rains and variations in 

ground water characteristics, the turbidity of raw untreated water vary significantly, 

causing difficulties to WTP operators to maintain consistent tap water quality. 

Turbidity removal is one of the important steps in a water treatment process, which is 

generally achieved using coagulants. Many coagulants are widely used in 

conventional water treatment processes for tap water production. These coagulants 

can be inorganic coagulants (e.g. aluminum sulfate and polyaluminum chloride), 

synthetic organic polymers (e.g. polyacrylamide derivatives and polyethylene imine) 

or naturally occurring coagulants (e.g. chitosan and microbial coagulants). These 

coagulants are used for various purposes depending on their chemical characteristics. 

An inorganic salt, alum (aluminum sulfate), is the most widely used coagulant in 

water treatment because of its proven capability and lower cost. Some synthetic 

organic polymers are also equally effective and relatively inexpensive. Recently, 

significant amounts of synthetic organic polymers are widely used for water 

treatment. 

 

 

Polymers have been utilized in coagulation/flocculation processes for water 

purification for at least four decades (Bolto & Gregory, 2007). In comparison with 

alum, some of the advantages of using polymers in water treatment are: 

 

 

• lower coagulant dose requirements, 

• smaller volume of sludge, 

• smaller increase in the ionic load of the treated water, 

• reduced level of aluminum in treated water, 

• cost savings of up to 25–30% (Bolto & Gregory, 2007). 

 

 

Polymers are especially beneficial in coping with the problems of slow-settling flocs 

in low-temperature coagulation or in treating soft colored waters, where they 

improve settlebility and increase the toughness of flocs. The capacity of a treatment 

facility may be more than doubled with the formation of larger and stronger flocs, the 

rate of solid and water phase separation can be significantly increased, and the 

dosage of other chemicals lowered. Also, the range of raw waters that can be treated 

is wider. There are disadvantages of course, with higher costs in particular situations 

and environmental factors being the main concern. There is also greater sensitivity to 

incorrect dosage, with turbidity and natural organics removal less efficient in some 
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instances. All polymers used as flocculants in water treatment must be water soluble 

(Bolto & Gregory, 2007). 

 

 

Some studies have reported that aluminum which is the major component of alum 

and polyaluminum chloride, may induce Alzheimer's disease. It was also reported 

that monomers of some synthetic organic polymers such as acrylamide have 

neurotoxicity and strong carcinogenic properties (Okuda et al., 1999). On the other 

hand, naturally occurring coagulants are biodegradable and are presumed safe for 

human health. Some studies on natural coagulants have been carried out and various 

natural coagulants were produced or extracted from microorganisms, animals or 

plants. 

 

 

Natural coagulants of vegetable and mineral origin were in use in water and 

wastewater treatment before the advent of synthetic chemicals like aluminum and 

ferric salts. Previous studies however, have not determined whether such natural 

coagulants are economically and environmentally more acceptable than chemical 

coagulants. Recently there has been more interest in the subject of natural 

coagulants, especially to alleviate problems of water and wastewater treatment in 

developing countries and to reuse some by-products (Ndabigengesere et al., 1995). 

 

 

1.2 Problem Statement 

 

 

Conventional coagulants in water treatment are alum (Al2(SO4)3·14H2O), ferric 

chloride (FeCl3·6H2O), sodium aluminate, aluminum chloride and ferric sulfate. 

Conventional coagulants are basically salts of a strong acid (e.g., HCl or H2SO4) and 

a weak base (Al2 (OH)3 or Fe(OH)3); thus they are a mixture of a cation (from a 

base) and an anion (from an acid). However recent studies have pointed out several 

serious drawbacks of using aluminum salts, such as Alzheimer’s disease (Miller et 

al. 1984; McLachlan, 1995). Aluminum has also been indicated to be a causative 

agent in neurological disease like ‘per-senile dementia’ (Muyibi & Alfugara, 2003). 

There is also problem with alum reactivity towards natural alkalinity present in the 

water leading to a reduction of pH (Prasad, 2009). Voluminous sludge production by 

using aluminum salts is also another problem which has not been resolved (Fujita et 

al., 2000). Compared with alum, ferric chloride coagulates effectively over a broader 

pH range, forms a stronger, heavier floc, and, of course, does not contribute to 

aluminum residuals in the finished effluent. However, liquid ferric chloride is an 

acidic, corrosive, dark brown solution which causes staining and necessitates special 

materials of construction (Stephenson and Duff, 1996). 

 

 

Currently, more effective trivalent aluminum coagulants, such as poly aluminum 

chloride (PACI), poly aluminum silico sulphate and poly ferric sulfate (PFS) have 

been developed (Fujita et al., 2000; Prasad, 2009). Polymer coagulants have many 

advantages over monomeric forms, such as a wide range of pH applications, lower 

sensitivity to water temperature and lower residual aluminum/iron concentrations 

(Zhao et al. 2011). Although these new coagulants have improved the coagulation 
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process considerably, they have not corrected all the drawbacks mentioned earlier. 

Polyacrylamide (PAA) derivatives, for instance, a major group of organic synthetic 

polymers, are also used widely are not easily biodegraded in the natural environment 

and the monomers derived from them have both neurotoxicity and carcinogenicity 

(Vanhorick and Moens, 1983). Nonetheless, the main drawback of coagulation using 

these conventional coagulants in treating water is voluminous sludge production and 

problems associated with dewatering and disposing of generated sludge. Disposal of 

chemical sludge into landfills can cause secondary contamination such as landfill 

leachate and soil contamination. Therefore, a biodegradable and safe, i.e.; 

environmentally friendly, coagulant is required to be developed as an alternative to 

existing synthetic coagulants such as PAC and PAA. Natural coagulants of vegetable 

and mineral origin like Moringa oleifera, Prosopis juliflora and Cactus latifaria 

were used in water treatment before the advent of chemical salts, but have 

succumbed progressively under modernization and survived only in remote areas of 

some developing countries (Diaz et al., 1999). 

 

 

The number of bio materials which are indigenous to Malaysia and has the potential 

as coagulant is high but the easy available and physical sustainable materials are a 

point of discussion. Natural coagulants regard as more economical alternative for 

developing countries in where the biomaterial is available. To this purpose, the 

biomaterials should be carefully considered in terms of feasibility study after 

exhibiting the acceptable coagulative effect of them. Among studied biomaterials in 

present study, Jatropha curcas, in principle, is a potentially superior alternative for 

the existing natural polymers, e. g. Moringa and Chitosan in terms of feasibility, 

particularly due to availability. Currently, J. curcas press cake is a waste of oil 

extraction industries in Malaysia. In place of sending to landfill, a better application 

for press cake could be used in water clarification. 

 

 

Several main reasons emphasize the necessity for extracting and isolating 

coagulation active component from crude suspension. First of all, the crude extract of 

the coagulant results in higher residual dissolved organic content (DOC) of finished 

water (Sánchez-Martín et al., 2010). For instance, in terms of water treatment 

applications, extracted and purified forms of Moringa oleifera, , have been proved to 

be effective at removing suspended material, generate reduced sludge volumes in 

comparison to alum, soften hard waters and act as an effective adsorber of heavy 

metals (Bhatti et al., 2007; Kumari et al., 2006), surfactants (Beltrán-Heredia & 

Sánchez-Martín, 2009) and dyes (Prasad, 2009). These applications have been, and 

continue to be, important areas for researchers working primarily at laboratory level 

although some successful pilot and full scale water treatment trials have been 

reported (Muyibi & Alfugara, 2003). However, this technology has not yet been 

adopted on any treatment plant at any scale: thus far, research activity has not led to 

sustained use. The major concern in the use of seed extracts for water treatment 

applications is the residual organic seed material that will be present in the finished 

water. Interactions with disinfectants such as chlorine and subsequent potential risks 

due to trihalomethane formation are possible. Residuals may also act as substrate for 

subsequent microbial growth (Bhuptawat et al., 2007). 
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Furthermore, all laboratory studies that have been done so far reported that even 

though natural seeds possess effective coagulation properties, they have different 

characteristics and properties, therefore leading to a belief that a number of active 

coagulant components were present in these seeds (Bhuptawat et al., 2007). Hence, 

the importance of isolation of active component and investigation of structure and 

characterization are important to provide further insights. 

 

Finally, in spite of numerous reports about the application of natural coagulant, the 

technical and economic details are not fully presented by the authors. Naturally 

derived coagulant materials must compete against proprietary coagulants (aluminum 

sulphate, ferric salts, poly electrolytes, etc.) on technical and economic terms since 

proprietary coagulants are now sold in relatively high volumes at relatively low unit 

costs and the market is highly competitive and conservative.   Thus, it is inevitable 

that an efficient technology be developed to produce an alternative natural coagulant. 

Therefore, a coagulation activity test in fine detail as well as feasibility study on 

potential biomaterials are unavoidable and first step of introducing new alternative as 

coagulant. The aim of the research is to find a new method to extract active agent 

from seeds for water treatment plant. 

 

 

1.3 Research Objectives 

 

 

The main objective is to conduct an investigation to find a new method to extract 

active agent from seeds for water treatment. 

 

 

The specific objectives of this research are as follows: 

1. To identify effective and physically sustainable coagulant among selected 

biomaterials indigenous to Malaysia.  

 

 

2. To model and optimize the extraction of active ingredient from selected natural 

coagulant based on its coagulation activity using Response Surface Methodology. 

 

 

3. To characterize the active ingredient from selected natural coagulant and its 

mechanism of actions. 

 

 

4. To investigate the performance of selected natural coagulant in river water 

turbidity removal.  

 

 

1.4 Importance and Significance of the Study 

 

 

The importance and significance, which may be gained from this study, are: 
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1. The contribution in the investigation of the potential of Jatropha curcas seed as a 

new plant-based coagulant source and its application in turbidity removal. 

 

 

2. The attempt to replace the common chemical coagulants by using new plant-based 

coagulant in turbidity reduction to avoid toxic chemical sludge, may contribute 

towards green and easily-available material. 

 

 

1.5 Scope of Research 

 

 

1. To identify the coagulation property of plant-based materials by comparing with 

selected natural coagulants indigenous to Malaysia; Four natural coagulants, 

Moringa oleifera, Jatropha curcas, Chitosan, and Dragon fruit foliage, have been 

used to initially evaluate turbidity removal of water by coagulating process. The 

influence of pH on turbidity reduction across various dosages of coagulant was 

mainly investigated. Extracted coagulating agents were applied as coagulants in 

various dosages in two kinds of water; 200 NTU and 400 NTU synthetic water at 

different pH values and turbid river water. After evaluating coagulation properties of 

natural materials, conducting a feasibility study was essential to improve the decision 

about selected natural coagulant. The appropriate natural coagulant for further study 

would be selected based on several criteria such as the cost of coagulant preparation 

and raw material, the availability, the sustainability, the storage, and the toxicity of 

the natural materials. 

 

 

2. To model and optimize the extraction of active ingredient based on coagulation 

activity by parametric study– studies will be done on improving the coagulation 

efficiency, possibly by improving the extraction method using Response Surface 

Methodology. A preliminary study was required to identify operating parameters and 

their effective range in extraction and their effects on turbidity reduction. Given that 

the active agents of J. curcas solution were protein, key variables that affect the 

solubility of a protein include pH, ionic strength, and temperature, were examined. 

The results from the preliminary study results were applied to design  a new series of 

tests to find the optimum conditions for that extraction method. The classical 

optimization method (One-Variable-At-a-Time method (OVAT)) is not suitable to 

assess the combined interaction between operating parameters. Hence, response 

surface methodology (RSM) was applied to model the effective parameters in 

extraction process and possibly predict the optimal area . Ionic strength in the form 

of sodium chloride concentration, pH in the form of molarity of sodium hydroxide, 

and temperature of extractant solution were chosen as independent parameters and 

turbidity reductions of treated water at pH value 5 and 6 of 200-NTU kaolin water 

were responses. The coagulation property of active component from salt-alkaline 

extract was evaluated by testing various kaolin turbid waters. This part consisted of 

the required dose of optimized coagulant solution to produce optimum coagulation in 

different initial turbidities (50-800 NTU) of synthesis water and at various pH (4-9) 

values. 
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3. To characterize the active ingredient; including isolation and characterization of 

active agent by determination of molecular weight, FTIR, total protein, and total 

sugar content and its mechanism of actions. Identification of coagulation active 

component was carried out by applying a wide range of experiments. Enzymatic 

hydrolysis to identify the nature of active agent was conducted followed by active 

agent isolation. The active component was isolated from the crude extract through a 

sequence of steps that included using the principle of isoelectric precipitation, 

salting-out by dialysis and filtering. The coagulation mechanism of natural coagulant 

was investigated by measuring zeta potential of coagulant solution, kaolin turbid 

water and treated water, using SEM images and evaluating the effects of inorganic 

salt CaCl2 on coagulation activity. 

 

 

4. Performance evaluation of coagulant, Jatropha curcas, in river water turbidity 

removal. Samples of river waters collected from Sungai Langat and Sungai Sireh, 

Selangor, Malaysia were treated by natural coagulant and alum individually as well 

as a mixture of natural coagulant and alum at different concentrations of both 

coagulants. The turbidity, total suspended solids, pH and COD of treated water were 

measured to evaluate the coagulating efficiency for both coagulants. 

 

 

1.6 Thesis Layout 

 

 

This thesis is divided into seven chapters. Following this chapter is chapter two, 

which contains a general introduction to coagulants and types of impurities in the 

water as well as a review of relevant literature on natural coagulant extraction. The 

third chapter covers materials and methods, whereby the experimental work is 

described and discussed in detail. Chapter four presents the results and discussion of 

the coagulation performance of two new agro-based materials comparing with other 

two fully-expanded natural coagulants and selection of the best between them and a 

feasibility study to assess the economic viability of the proposed biomaterials. 

Chapter five addresses the effective parameters on active component extraction in 

order to model and optimize various variables to achieve maximum turbidity 

reduction. In order to assess the efficiency of optimized extract a parametric study 

was undertaken in chapter six followed by characterization of active coagulant 

agents. Additionally the application of natural coagulant in turbidity removal is 

presented in this chapter. Chapter seven includes the conclusion from the present 

study and some recommendations of using this method in water treatment and future 

studies. 
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