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Abstract 

Access to safe drinking water is essential to life and health. The existing water problem in 

the Gaza Strip is becoming a real augmenting crisis which should be consider as a critical 

dangerous threat to life and environment in the region. This study aims to develop a low-

cost ceramic household water treatment system that is able to meet the water quality 

needs.  Specifically, it aims at determining the effect of the addition of kaolin, sawdust, 

sand, TiO2 nanoparticles to the ceramic material and optimum mixing ratio of these 

materials on the efficiency of chemical water contaminants removal (Hardness, chloride, 

and Nitrate). Laboratory batch experiments are performed to examine the suitability and 

optimum mixing ratio of the filter materials in producing efficient drinking water 

purification. 

The ceramic filter was prepared from the available local clay in the Gaza Strip. The 

collected sand sample was washed to remove excessively fine grains, dirt's and dust, then 

dried using the oven at 105 ℃ for 24 hr. Then used as modifiers for the ceramic filter, the 

sieve analysis was performed by shaking machine for 20 minutes. The sand material that 

passes through the 0.7 mm sieve used for the modification of ceramic filter with a mixing 

ratio of clay to sand (90%:10%, 50 %:50%).  The ceramic with kaolin ratio was 

(90%:10%, 50%:50%) respectively. The material mass used for filtration was (5, 10, 15, 

20, 25 g). The sawdust was washed by distilled water and dried using the oven at 90 ℃ 

for 24 hr then used as modifiers for the ceramic filters. Also, the TiO2 was added to 

ceramic and used as new modifiers for water treatment.  

The developed ceramic filters removal efficiency for cations (Mg2+ and Ca2+) after five 

hours was in the range of 21.9-38.5%. The removal of cations might be due to the ion 

exchange on the ceramic surface, formation of precipitate as oxides and hydroxides of the 

ions, and adsorption on activated carbon media formed in the ceramic body from 

combustible material. The maximum removal efficiency for Nitrate after one hour was 

75% by using ceramic filter with sawdust. The main mechanism for nitrate removal is 

most probably by adsorption process. By using ceramic & sawdust filter, the removal 

efficiency of chloride ion was 35.2%. Using ceramic & sawdust filter was more efficient 

than using ceramic and kaolin filter for removal of negatively charged ions (chloride and 

nitrate) and that could be related to the increase of negative charge on the filter surface 

through kaolin addition and the increase the available sites for adsorption through the 

addition of sawdust as burned materials. The pH value of the source water was relatively 

basic and it was slightly increased but still within drinking water standards after treatment 

through all ceramic filters. Best reduction of EC values was achieved by using ceramic 

filter alone and ceramic with sawdust mixture and it was in the range of 65.5% - 75% 

respectively. According to this study, the ceramic filters which were manufactured by 

10% of sawdust and 90% of clay and fired at 700 °C showed the best removal efficiency. 
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 ملخص الدراسة

في قطاع غزة  حاليامياه الشرب المأمونة ضروري للحياة والصحة. أصبحت مشكلة المياه  على الحصول

أزمة حقيقية متزايدة ينبغي اعتبارها خطراً بالغ األهمية تهدد الحياة والبيئة في المنطقة. تهدف هذه تشكل 

 معالجة مياهالمنزلية من السيراميك قادر على تلبية احتياجات المياه الالدراسة إلى تطوير نظام معالجة 

الكاولين كل من تأثير إضافة مدى  إلى تحديد الدراسة هدفتمنخفض التكلفة. على وجه التحديد، المالحة و 

نسبة الخلط األمثل لهذه معرفة كذلك و السيراميك ةدالم  2TiO ونشارة الخشب والرمل والجسيمات النانوية

تم إجراء تجارب تنترات(. الكلوريد ، ال، عسر الماءمياه )من الملوثات الكيميائية الالمواد على كفاءة إزالة 

 مياه الشرب بكفاءة معالجةالدُفعات المختبرية لفحص مدى مالءمة ونسبة الخلط األمثل للمواد المرشحة في 

 .عالية

و تم تحضير المرشح الخزفي من الطين المحلي المتاح في قطاع غزة. تم غسل عينة الرمل التي تم جمعها 

 501، ثم تجفيفها باستخدام الفرن على حرارة العالقة بهاوالغبار الدقيقة للغاية واألوساخ  يباتإلزالة الحبذلك 

دقيقة، ثم  40لمدة الغربلة ساعة. بعد ذلك، تم استخدام تحليل الغربال بواسطة آلة  42درجة مئوية لمدة 

مم  0.0 قطر غربالالعبر  تكمعدالت لمرشح السيراميك. المواد الرملية التي مر الرمال المنتجة استخدم

(. وكانت ٪ 10: ٪ 10،  ٪ 50: ٪ 00لتعديل مرشح السيراميك بنسبة خلط من الطين إلى الرمل ) متاستخد

كانت الكتلة المستخدمة للترشيح و ( على التوالي. ٪ 10: ٪ 10،  ٪ 50: ٪ 00نسبة السيراميك مع الكاولين )

 00استخدام الفرن عند جم(. تم غسل نشارة الخشب بالماء المقطر وتجفيفها ب 41،  40،  51،  50،  1)

إلى  2TiO ، تمت إضافة كذلككمعدالت لمرشحات السيراميك. ايضا ساعة ثم استخدم  42درجة مئوية لمدة 

 .السيراميك واستخدمت كمعدالت جديدة لمعالجة المياه

بعد خمس ساعات في حدود (  Ca+2 و Mg+2 ) كانت كفاءة إزالة المرشحات الخزفية المطورة للكاتيونات

. قد تكون إزالة الكاتيونات ناتجة عن التبادل األيوني على سطح السيراميك ، وتشكيل 21.9-38.5٪

مواد الكربون المنشط المتكونة  الملوثات من قبل متصاصدالرواسب كأكسيد وهيدروكسيدات لأليونات، وا

كانت أقصى كفاءة إزالة  .مثل نشارة الخشب قابلة لالحتراقالاد وماستخدام الن و الناتجة عفي الجسم الخزفي 

نشارة الخشب. اآللية  مع باستخدام فلتر السيراميك %75هي بعد ساعة واحدة  عليها الحصولتم  للنترات

الرئيسية إلزالة النترات هي على األرجح من خالل عملية االمتزاز. باستخدام فلتر السيراميك ونشارة 

أكثر كان استخدام فلتر السيراميك ونشارة الخشب ان . ٪21.4لكلوريد الخشب، كانت كفاءة إزالة أيون ا

يمكن أن  ذلكالكاولين إلزالة األيونات سالبة الشحنة )كلوريد ونترات( و كفاءة من استخدام فلتر السيراميك و

زيادة المواقع كذلك  سالبة على سطح المرشح من خالل إضافة الكاولين والشحنة الكون مرتبط بزيادة ي

لمياه ل. كانت قيمة الرقم الهيدروجيني قابلة للحرقالمتاحة لالمتزاز من خالل إضافة نشارة الخشب كمواد 

ً  قاعديةالمصدر التي تم جمعها من  استخدام من خالل  زيادة طفيفةقاعديتها بعد المعالجة زادت و قد نسبيا

 نقصان. تم تحقيق أفضل المسموح بهامياه الشرب  ضمن معايير تزال ماولكنها  جميع المرشحات الخزفية

 ذلك النقصان السيراميك مع مزيج نشارة الخشب وكانمرشح باستخدام المرشح الخزفي وحده و EC في قيم

أظهرت المرشحات الخزفية التي تم تصنيعها  فقدالدراسة لنتائج على التوالي. وفقا  ٪01 - ٪61.1في حدود 

درجة مئوية أفضل كفاءة  000 و حرقها عند درجة حرارةمن الطين  ٪ 00من نشارة الخشب و  ٪ 50بنسبة 

 .إزالة
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Background  
Access to safe drinking water and appropriate sanitation are both essential to life and 

health. The human rights to water are indispensable for leading a life of dignity. It is a 

pre-requisite for the realization of other human rights (UNDP, 2007). The crisis of water 

shortage is still the most important global challenge of the twenty first century. In 

quantitative term, although 75 % of the earth surface is covered by water, fresh water has 

the share of only 3 % of this amount, from which only one percent is available for 

different human uses (AWWA, 1999; Hammer, 2001). The demand for water is rapidly 

increasing at a rate of three times faster than the world’s population growth. Alarming 

statistics, such as 780 million people lack access to an improved water source: 

approximately one out of nine people (WHO/UNICEF, 2010), where more than 3.4 

million people die each year from water, sanitation, and hygiene-related cause  . Nearly 

all deaths percent, occur in the developing world (WHO, 2008). On the other hand, many 

of the 5.8 billion people who have access to an improved water source may face problems 

from contamination at the source, contamination in the piped distribution system, and/or 

recontamination in the home because of improper handling and storage (Erin et al., 

2011). 

About 98% of the world’s water is either brackish (1000–30,000 mg/L of salt 

concentration) or seawater (35,000 mg/L of salt concentration) and requires treatment 

processes to provide fresh water sources for human needs. In addition to desalination of 

brackish water and seawater, minimizing freshwater use and maximizing the reuse of 

wastewater by different industries are the long-term approaches to addressing the global 

water challenges. The most common water treatment methods used for brackish/seawater 

desalination or industrial wastewater treatment include membrane separation processes 

such as reverse osmosis (RO) or electrodialysis (ED) and thermal separation processes 

such as multi-effect distillation (MED) and multi-stage flash distillation (MSF). 

According to Borsani and Rebagliati, about 90% of desalination and water treatment 

plants worldwide use either RO or MSF systems. Thermal separation methods are 

generally more effective than membrane systems owing to their higher efficiency in 

desalination of highly saline seawater. However, they are more expensive, which is 

attributed to their higher energy consumption; they require large quantities of fuel to 

vaporize the salt water. Despite the commonality of RO and MSF systems in desalination 

and wastewater treatment plants, there are significant disadvantages associated with these 

methods. The major disadvantages of these RO and MSF techniques include inefficient 

energy usage, secondary environmental contaminations (from added chemicals during 

pre- and post-treatment processes as well as regeneration of membranes), corrosion, and 
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large capital/operational costs (Anderson, 2008). A considerable amount of research has 

been conducted to identify cheaper water treatment methods with less energy used while 

minimizing the impact of the use of chemicals on the environment. Developing a novel, 

cost- and energy-efficient water treatment method can considerably alleviate water 

management challenges. 

In recent years, filtration systems have gained new-found popularity as solutions to water 

issues in the developing world. Safe storage is an important aspect of some systems used 

for drinking water treatment or safe storage containers may be used as a stand-alone 

technology for protecting water quality where the main source of contamination is 

improper handling (Clasen, 2004). Ideally, filtration systems can also safeguard against 

stored water contamination in the home through unsafe water handling practices, known 

to be a major cause of degraded drinking water quality (Clasen, 2003). Filtration system 

includes porous clay filters, cloth or fiber filters, membrane filters, and granular media 

filter. These filters reduce microbes by a combination of physical, chemical and 

biological processes including physical straining, sedimentation, and adsorption. 

Filtration technologies are finding increasing application in developing countries where 

chemical disinfection or boiling may not always be practical or effective (Colwell, et al., 

2003). Studies have shown that these filters which are locally or commercially designed 

and produced are effective in the removal of microbial pathogens in water (Clasen, 

2013).  

One of the simplest and most common water treatment systems is the clay filter. Clay 

filtration is the use of porous fired clay to filter microbes or other contaminants from 

drinking water. The basic mechanism is the exclusion of particles larger than the mean 

pore size. The pore sizes are sometimes small enough to trap anything larger than a water 

molecule (Erhuanga, et al., 2014). The performance of clay filters can be significantly 

improved by the use of burnout materials which increase flow rate by creating a network 

of pores and the use of bactericidal compounds for destruction of pathogens. Low cost 

clay filtration for drinking water treatment in developing countries is diverse, varying by 

overall design, production method, clay and other materials, quality assurance and quality 

control, procedures, burnout material, firing temperatures and methods, and sometimes 

chemical (e.g., colloidal silver) amendments, and other characteristics (Cheesman,. 

2003). Unlike chemical or thermal disinfection, clay filters do not significantly change 

water taste or temperature and do reduce turbidity (Clasen, 2004; Brown, 2003). One of 

the most important properties of clay is its rheological properties which are a function of 

pH of solution, structure, particle size, shape, and surface characteristics of the dispersed 

phase (Ramos. 2003). Controlling the rheological property of clay is often indispensable 

in industrial processes and practical applications involving ceramics processing (melt-

processing behavior such as injection molding) or paper coating (Penner. 2001). 

Moreover, this property has allowed for the development of clay-based composites and 

nanocomposite materials.  
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While the removal of microbes from water is done using particle size occlusion, chemical 

contaminants can also be removed from water by adsorption process. This work was 

conducted to check the effect of various additions of sawdust, kaolin, TiO2 and sand on 

the performance of ceramic use as a water filters for brackish water treatment. 

 

1.2 Problem Statement  

The water quality in Gaza is very poor and the groundwater is affected by many different 

contaminants sources including soil/water interaction in the unsaturated zone due to 

recharge and return flows, mobilization of deep brines, seawater intrusion or upcoming 

and disposal of domestic and industrial wastes into the aquifer. The UN report "Gaza in 

2020, a liveable place?” has highlighted that Gaza aquifer will not be usable by 2016 and 

will be irreversibly damaged by 2012. Therefore, the unavailability of applicable local 

solutions for water treatment is a real problem facing sustainability of the life in Gaza 

Strip. This study is designed to fill the gap of information regarding efficiency of new 

local filters in water treatment. 

The Gaza Strip is one of the most densely populated areas in the world, about 4500 

people per km2 and the only source of water is represent by groundwater. For decades the 

Gaza Strip has been plagued by extremely poor water quality. The sole source of fresh 

water for the Gaza Strip is the Coastal Aquifer. This water source is contaminated and 

deteriorating. Today, only 5-10 % of the water of Gaza's portion of the Coastal Aquifer is 

safe to drink. (UNEP, 2009). Depending on the results of the groundwater chemical 

analyses carried out twice a year by Ministry of Health Lab (MOH) for about 211 

domestic water wells in Gaza Strip, PWA has audited and evaluated these results through 

preparing contour maps as well as graphs for the main ions such as Chloride as salinity 

indicator and Nitrate as pollution reference. The chloride concentration indicates only a 

limited part of the aquifer in North of Gaza and West of Khanyounis with Cl- 

concentration of 250-500 mg/l. The major parts of the aquifer have a Cl- concentration 

ranging between 600-2000 mg/l, while along the coastal line Cl- concentration exceeds 

2000 mg/l and can reach more than 10,000 mg/l at some spots due to effect of the 

seawater intrusion. Only 6.5% (14 wells) of the groundwater pumped from the domestic 

wells in Gaza Governorates are matching with the WHO standard for drinking use. 

Nitrate concentration in the municipal wells ranges from 50 to more than 200 mg/l. 13.3 

% of them had Nitrate concentration less than 50 mg/l (WHO allowable limit) while the 

remaining (86.7%) exceeds the WHO nitrate level. 

Shomar, in his study in 2006 for monitoring of 73 municipal and 21 private wells for 

more than 3 years concluded that only 10% of the municipal wells meet the WHO 

standards. Cl-, NO3
− and F- concentrations exceeded 2–9 times the WHO standards in 

90% of the wells tested with maximum concentrations of 3,000, 450 and 1.6 mg/l, 

respectively. Several private wells should not be used for drinking purposes as the 

average of Zn, Cd, Pb, Fe and As, was 58, 30, 270, 468 and 10 μg/l, respectively. 
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(Shomar, 2006). The existing water problem in the Gaza Strip are becoming a real 

augmenting crisis which should consider as a critical dangerous threaten the life and 

environment in the region. Serious efforts should take place from different levels to face 

the existing deterioration of the water sector in Gaza Strip. This thesis is focus on the 

improvement of the water quality in the Gaza Strip by studying the enhancement of water 

treatment using modified Household Ceramic Filter constructed by local media from the 

Gaza Strip for Brackish desalination.  

 

1.3 Goal and Objectives   

1.3.1 Goal  

        Development of low-cost ceramic household water treatment system that is able to 

meet the water treatment needs. 

 

1.3.2 Objectives 

1- Determining the level of removal efficiency of chemical water contaminants using 

modified household ceramic filter. 

2- Investigate the effect of addition of various materials such as kaolin, sawdust, sand, 

TiO2 nanoparticles on the performance of filtration system. 

3- Examine the suitability and optimum mix ratio of the materials (kaolin, sawdust, 

sand, TiO2 nanoparticles) in producing efficient filters for drinking water purification 

  

1.4 Significance of the Study 

There is a need to immediately undertake rational exploitation of water resources 

available as the search for ways to increase these resources through the treatment of 

brackish water means that fresh water can be saved for other purposes. Furthermore, this 

pragmatic approach will help in building the necessary expertise and consolidating the 

culture required for the wise exploitation of water resources, taking into consideration the 

needs of generations to come.  

Also, this study is an important contribution to these efforts, as it provides conclusions 

and recommendations worthy of consideration by policy makers and people working in 

development in general, and in developing water resources in particular. The outcome 

obtained from the study can be used by environmental scientists, Palestinian Environment 

Quality Authority (EQA), Palestinian Water Authority (PWA), the Coastal Municipality 

Water Utility (CMWU), Ministry of Health (MoH), and the Ministry of Agriculture 

(MoA), and other stakeholders for environmental pollution control. 
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1.5Thesis structure  

This thesis consists of four chapter as follows: 

Chapter one (Introduction): Chapter one includes general background about water 

problems in Gaza Strip, problem identification and objectives of the study. 

Chapter Two (Literature review): Chapter two covers a general literature review on 

water treatment and types of filter media. 

Chapter Three (Materials and methods): Chapter three discusses the methodology of 

study including the media preparation, investigations of filter efficiency for water 

treatment, analysis. 

Chapter Four (Results and discussion of the study):  Chapter four presents the results 

and findings of this study including figures show the relation between parameters of 

water sample and retention time before and after addition of media and removal 

efficiency.  

Chapter Five (Conclusion and Recommendations): Chapter five presents the main 

conclusion and recommendations of the study.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Introduction 

Water has a broad impact on all aspects of human life including but not limited to health, 

food, energy, and economy. In addition to the environmental, economic, and social 

impacts of poor water supply and sanitation (Mara, 2003). Groundwater are potentially 

unsafe for human consumption because they are constantly exposed to contamination 

from human, animal, industrial wastes, and from natural sources such as soil, vegetation. 

The chemical, physical and bacterial characteristics of groundwater determine its 

usefulness for various purposes (Olumuyiwa, 2012). It is estimated that 10–20 million 

people die every year due to waterborne and nonfatal infection causes death of more than 

200 million people every year (Leonard ,2003). While diarrhea is considered the most 

predominant water borne disease, infectious diseases caused by pathogenic bacteria, 

viruses, protozoa and fungi are regarded the most common and widespread health risk 

associated with drinking water (WHO, 2011). Chemical contamination of drinking water 

sources is also an issue of concern as millions of people are exposed to unsafe levels of 

chemical contaminants in their drinking water (WHO, 2011) and long term exposure to 

chemical pollutants can have serious health implications.  

Ceramic filtration is the use of porous ceramic (fired clay) to filter microbes or other 

contaminants from drinking water.  Low cost ceramic filtration for drinking water 

treatment in developing countries is diverse, varying by overall design, production 

method, clay and other materials, quality assurance and quality control procedures, 

burnout material, firing temperatures and methods, chemical (e.g., colloidal silver) 

amendments, and other characteristics (Lantagne 2001; Sobsey 2002; Cheesman 2003; 

Dies 2003).  Because the design and available materials and methods vary widely from 

region to region, few generalities can be made about low cost ceramic filters as a whole.  

Also, effectiveness data for one ceramic filter design may not be representative of other 

systems, or even in some cases of separate batches of filters made at the same factory.   

The main objective of this study is to develop a low-cost ceramic household water 

treatment system that is able to meet the water treatment needs. 

 

2.2 Water treatment 

Water treatment is the process of converting raw water from surface or sub-surface 

source into a potable from that is suitable for drinking and other domestic uses (Hofkes, 

1981). It also entails the removal of pathogenic organisms and toxic substances listed 

earlier, but does not necessarily make the drinking water pure or sterile in the analytical 

sense (Oluwand, 1983).The conventional methods by which water is made potable are 

namely aeration, coagulation, flocculation, sedimentation filtration and other means of 
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disinfection which make use of physical processes to achieve their objectives 

(Olumuyiwa, 2012). 

 

2.2.1 Particle removal  

By setting, clay, silt and sand particles are the main contaminants removed by this group 

of processes, but particle removed processes also improve the microbiological quality of 

the water by physically removing the micro-organisms. The most important task of 

particle removal, from a public health view points, is the removal of protozoa-some of 

which are not easily inactivated by chlorine (Chris Nokes, 2008). 

 

2.2.2 Filtration  

Turbidity and algae are removed from raw waters by screens, gravel filters, slow sand, 

rapid gravity filters or cartridge filters. The difference between slow and rapid sand 

filtration is not a simple matter of the speed of filtration, but in the underlying concept of 

the treatment process. Slow sand filtration is essentially a biological process whereas 

rapid sand filtration is a physical treatment process. Many small private water supplies 

will rely on cartridge filters consisting of a woven or spun filter within a standard 

housing. 

 

2.2.3 Filtration technologies  

Household or point-of-use (POU) filtration technologies include cloth or fiber filters, 

membrane filters, porous ceramic filters, and granular media filters. These filters reduce 

microbes by a combination of physical and chemical (and, in some cases, biological) 

processes including physical straining, sedimentation, and adsorption.  Filtration 

technologies has found increasing application in developing countries where chemical 

disinfection or boiling may not always be practical or effective (Colwell, 2003).    

Traditional membrane technology is generally expensive and therefore largely unknown 

for small scale drinking water treatment in developing countries, although reverse 

osmosis and other membrane technologies are common in developed countries (Payment 

et al.  1991; Hörman et al.,  2004) and may be used by travelers to developing countries 

(Backer 2002).  These advanced filters may include composite filters that employ several 

methods for reduction of microbes in water.  Some low-cost applications of these types of 

filters have been in development and may have a role to play in the future of household 

water treatment in developing countries. 

  

2.3 Types of household water treatment  

Household water treatment and safe storage (HWTS) has proven to be an effective 

alternative to conventional improvements in water supplies in developing communities 

(Clasen, 2008). HWTS could be a major contributor to meeting the UN’s Millennium 

Development Goals (MDGs) for safe drinking water. There are many options for 

household drinking water treatment in developing communities.  Some of the more well-
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known options include disinfection by SODIS (solar disinfection), chlorination or a 

combination of coagulant and chlorine, filtration by ceramic filter, and bio-sand filter or 

slow sand filter (Rayner,  2013). Numerous studies have shown that improving the 

microbiological quality of household water by point-of-use treatment reduces diarrhoea 

and other waterborne diseases. The most promising and accessible of the technologies for 

household water treatment are filtration with ceramic filters, chlorination with storage in 

an improvised vessel, solar disinfection in clear bottles by the combined action of UV 

radiation and heat, thermal disinfection (pasteurization) in opaque vessels with sunlight 

from solar cookers or reflectors and combination systems employing chemical 

coagulation-flocculation, sedimentation, filtration and chlorination. However each of 

these technologies have limitations and effectiveness can be increased by use of two or 

more treatment systems in succession for improved treatment and the creation of multiple 

barriers. In particular those treatments that provide no residual disinfectant, such as 

boiling, solar treatment, UV disinfection with lamps and filtration could be followed by 

chlorination to provide a multibarrier approach. Water purifiers based on multiple 

interventions such as filtration/ultrafiltration/activated carbon adsorption / UV rays 

disinfection are available in the market which can be used to purify the water at point of 

use. Water purifiers based on single interventions like candle filters, resins filters or 

ultraviolet lamp can be used in most places being supplied water after purification. 

Troops on operational move can purify water by fabric/resins filtration and chlorine 

disinfection or by flocculent-disinfectant (Agrawal. 2011).  

 

2.3.1 Charcoal and Activated carbon Adsorption 

Main application of charcoal and activated carbon is the reduction of toxic organic 

compounds as well as objectionable taste and odour compounds in the water (Visa, 2012) 

although fresh or virgin charcoal or activated carbon will adsorb microbes, including 

pathogens, from water, dissolved organic matter in the water rapidly takes up adsorption 

sites and the carbon rapidly develops a biofilm. In many point-of-use devices the carbon 

is impregnated or commingled with silver that serves as a bacteriostatic agent to reduce 

microbial colonization and control microbial proliferation in the product water. 

 

2.3.2 Commercial Activated Carbon Adsorbent  

Activated carbon (AC) filter media is relatively common, and is found in Brita or PUR 

filters.  The activation of carbon occurs when charcoal or matter rich in carbon (i.e. 

coconut husks, bones, plants) is treated with oxygen Works. According to Dr. V. Hauer, 

an activated carbon researcher, “activation can be achieved by passing water vapor (C + 

H2O -- CO+H2), air (C + 0.5O2 -- CO) or carbon dioxide-bearing gases (C + CO2 --- 

2CO) through a carbon substance at 700-900 ˚C.  This opens up the pores between carbon 

atoms that are highly attractive to many organic and some inorganic compounds. As 

water is forced through an activated carbon filter certain compounds adhere to the gaps.  
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Eventually the gaps become full and the filter will need to be replaced. Substances that 

adhere to the gaps include chlorine, organic arsenic, and other compounds. The 

advantages of activated carbon filter makes water taste good and eliminates chlorine and 

various organic compounds. While the disadvantages of this filter does not filter out 

nearly enough contaminants, and cannot be considered as primary filter.  AC filtration 

should only be used on water that has been tested and found to be bacteria free or 

effectively treated for pathogenic bacteria (How Stuff Works, 2005). Statements similar to 

this one were found from numerous sources, leading to the conclusion that activated 

carbon is simply unacceptable at removing bacteriological and viral contaminants. It is 

the recommendation of this report that activated carbon is used only as a secondary filter, 

or in areas where chlorine contamination is present. If ingestion of high amounts of 

chlorine occurs, individuals can become ill or die. In situations where chlorine is being 

added to water in an unregulated manner, the use of an activated carbon filter is highly 

recommended to prevent health complications (How Stuff Works, 2005).  

  

2.3.3 Fiber and Membrane Filter 

Most fabric and paper filters have pore sizes greater than the diameters of viruses and 

bacteria, so removal of these microbes is low, unless the microbes are associated with 

larger particles. However, some membrane and fiber filters have pore sizes small enough 

to efficiently remove parasites (one to several micrometers pore size), bacteria (0.1-1 

micrometer pore size) and viruses (0.01 to 0.001 micrometer pore size or ultrafilters). 

Paper filters have been recommended for the removal of schistosomes and polyester or 

monofilament nylon cloth filters have been recommended for the removal of the Cyclops. 

Such filters have been used successfully at both the household and community levels 

(Aikhomu, et al., 2000). Various types of sari cloth and nylon mesh can be used in single 

or multiple layers to remove from water the zooplankton and phytoplankton harboring 

Vibrio cholera, thereby reducing their concentrations by >95 to >99% (Huq , 1996). 

 

2.3.4 Plastic mesh micro-filters 

The plastic-mesh micro-filter is an exciting technology that has not reached its true 

potential. Plastic mesh micro-filters can be produced from many common polymers, 

usually polyethylene. Pore sizes as small as 0.5 microns can be consistently produced 

using tiny needles or lasers to perforate hundreds of individual layers of this fabric like 

material. Unlike the ceramic filter, which also has ~1 micron pores, the plastic mesh 

micro-filter has flow rates up to 10 times faster (15-50 liters/hr), and has a relatively 

lower degree of scientific error. This makes the mesh filters extremely reliable, and very 

effective. With the widespread distribution of plastics, it is becoming easier to obtain the 

necessary resources for the plastic mesh filter.  

The plastic mesh micro-filter is particularly applicable to communities dealing with 

natural disaster. These communities do not have time to set up a ceramic filter making 
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operation or build a sediment filter. The filters are extremely lightweight and much 

cheaper than shipping in bottles of purified water. The final development concerning the 

plastic mesh micro-filter is the surge in use of bioplastics. Bioplastics are created from 

agricultural crops instead of from petroleum. The only problem with bioplastics is that 

they decompose over time, which causes pores to enlarge and water to become 

contaminated. If the decomposition of bioplastics can be reduced in filtering applications, 

this will make the plastic mesh micro-filter a much more sustainable option. Advantages 

of the plastic mesh micro filter is cheap, recyclable, and the pore sizes are easily 

controlled. Having a such a controlled product creates higher reliability and allows for 

99.9% elimination of contaminants larger than the manufactured pore size. 

Disadvantages of the plastic mesh micro-filter is currently not sustainable, nor can it be 

manufactured in most unindustrialized nations. Not being able to locally produce the 

product makes it less culturally acceptable, and less likely that individuals will properly 

use it. It is also important to keep in mind that much of this data is based on current 

research or industrial applications, and flow rates will change drastically when they are 

not used in combination with a pumping system (WHO/UNICEF, 2004). 

 

2.3.5 Alum and Iron Coagulation and Sedimentation 

When potash alum was evaluated for household water treatment in a suburban 

community in Myanmar by adding it to water in traditional storage vessels, fecal coliform 

contamination was reduced by 90-98% and consumer acceptance of the treated water was 

high (Oo, 1993). In another study, alum potash was found to be effective in reducing 

illness among family members in intervention households (9.6%) than in control 

households (17.7%) in a cholera affected area (Khan. 1984).  

 

2.3.6 Point of Use Water Treatment: Ceramic Pot Filters  

Ceramic pot filters (CPFs) are now used around the world as a low cost method to treat 

water for potable use. CPFs have become increasingly used around the world based on a 

design originally developed by Potters for Peace in Nicaragua in the 1990s (PFP 2006).  

CPFs are produced in small factories around the world using locally available materials.  

A local clay soil is combined with a fine organic material (such as sawdust, ground rice 

husks, etc.) and water, pressed into the desired shape, and then fired in a brick kiln.  

When fired at high temperature the organic material burns away leaving small, 

interconnected pores. After firing, the CPFs are generally subjected to basic quality 

assurance testing before being sold.  CPFs without visible cracks are tested for flow rates 

and then coated with silver; those with cracks are broken down and recycled (Rayner, 

2013). 

Most modern ceramic filters are in the form of vessels or hollow cylindrical “candles”. 

Water generally passes from the exterior of the candle to the inside, although some 

porous clay filters are designed to filter water from the inside to the outside. Many 
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commercially produced ceramic filters are impregnated with silver to act as a 

bacteriostatic agent and prevent biofilm formation on the filter surface. However, all 

porous ceramic media filters require regular cleaning to remove accumulated material 

and restore normal flow rate. Porous ceramic filters can be made in various pore sizes and 

most modern ceramic filters produced in the developed countries of the world are rated to 

have micron or submicron pore sizes that efficiently remove bacteria as well as parasites. 

Ceramic filters in various countries of the developed world have been extensively tested 

for efficacy in reducing various waterborne microbial contaminants and some of these are 

rated to remove at least 99.9% of bacteria, such as Klebsiella terrigena, 99.9% of viruses, 

such as polioviruses and rotaviruses, and 99.9% of Giardia cysts and Cryptosporidium 

oocysts (EPA, 1992). 

 

2.3.6.1 Physical filter characteristics for household water treatment 

All material behavior is determined by its properties. Therefore, as a first step in any 

research for household water treatment, the filter material characterizing. The parameters 

to characterize the material are the material porosity, pore size distribution, permeability, 

and tortuosity and total pore area. It is thought that these parameters contribute to the 

understanding of the filter discharge and the removal efficiency of pathogenic 

microorganisms. 

 

2.3.6.2 Mechanism of filtration  

The porosity of the filter is the fraction of the volume that is occupied by pore or void 

space. In the case of ceramic filters it is important to distinguish several types of void 

space; one which forms a continuous phase within the porous medium, called 

‘interconnected’ or ‘effective’ pore space, and another which consists of ‘isolated’ pores. 

The isolated pores cannot contribute to the flux across the filter. ‘Dead-end’ pores are 

interconnected from one side only; the contribution of these pores to the flux is 

temporarily. It should be noted that the dead-end pores can also be connected to the 

interconnected pores, but as long as the route of these pores is a dead-end it will not 

contribute to the flux. When the filter is filled with water all pores connected to the inside 

will fill with water, including the ‘dead-end’ pores. This will result in a delay before a 

steady-state discharge of the filter is reached. 
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Figure (2.1): Types of pores 

 

The overall removal of impurities associated with the process of filtration, is done by a 

combination of different phenomena: (i) mechanical screening, (ii) sedimentation, (iii) 

adsorption, (iv) chemical and (v) biological activity (Huisman, 1996). 

 Mechanical screening is the purifying process that includes removing the particles 

of =-09q ASDFGJL 

 suspended matter that are too large to pass through the pores of the filter material. 

Clogging of the filter element will reduce pore sizes and, theoretically at least, the 

screening efficiency will increase in time.  

 Sedimentation removes particulate suspended matter of finer sizes than the pore 

openings by precipitation upon the surface of the clay material. Due to the larger 

density of the suspended matter than water it will follow a different path resulting 

from gravitational force.  

 Diffusion is the random motion of particles caused by collision with surrounding 

molecules, which could eventually lead to adsorption to the filter material.  
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Figure (2.2): Mechanism of filtration (sedimentation, screening and diffusion) 
 

Adsorption is an important purifying action, removing finely divided suspended matter 

as well as colloidal and molecular dissolved impurities. The forces of adsorption, 

however, exert their influence over extremely short distances only, not more than 0.01 to 

1 μm, while the water film surrounding the filter material has a 

 Much greater thickness. This means that purification by adsorption is only possible 

in combination with a second mechanism to bring the particle in the immediate 

vicinity of the clay surface. Many of these transport mechanisms are present in the 

flowing water: gravity, inertia, diffusion, hydrodynamic forces and turbulence. The 

forces responsible for the adsorption of suspended matter at a short distance from the 

filter material are: 

i. Physical attraction between two particles (Van der Waals’ forces); 

ii. Electrostatic attraction between opposite electrical charges (Coulomb forces). 

There are several types of adsorption phenomena, one due to electrostatic attraction to a 

charged surface. Clay minerals have a negative surface charge that is relatively constant 

in magnitude. When clay particles are brought into contact with an aqueous solution, the 

reactive surfaces of the clay particles will interact with the ions and molecules in the 

solution. The interaction between a negatively charged clay particle surface and the 

cations in the pore water will generate an electric double layer. Because the filter 

material has a negatively charged surface, electrostatic attraction for cations to form the 

double layer is an important phenomenon and this is usually described in terms of an ion 

exchange process.  

In changing environments, these counter ions can be replaced by others. The equilibrium 

of the reaction depends on the nature of the clay surface, and also depends on the nature 

(principally, charge density) and concentration of the dissolved species adjacent to the 

clay particle. A second mechanism of retention of metal ions on clay surfaces is 

associated with specific adsorption. Here the adsorption depends on the degree of the 
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chemical, as opposed to the electrostatic, affinity between the surface and the adsorbed 

metal ions. Under slightly alkaline conditions, precipitation of metals as hydroxides and 

carbonates can occur. Many various sorption mechanisms and precipitation all result in 

the removal and release of metals from the water, it is not easy to distinguish the various 

processes responsible for the removal. The primary factors that influence formation of 

precipitates include the pH of the clay and water, type and concentration of metals, 

availability of inorganic and organic ligands, and precipitation pH of the metal.  

Chemical activity is the process in which dissolved impurities are either broken down 

into impler, less harmful substances, or converted into insoluble compound 

 After which straining, sedimentation and adsorption may remove them from the 

flowing water. Biological activity is the action of microorganisms, living in and on 

the filter element. The bacteria present in the raw water are adsorbed on the filter 

material, where they multiply selectively, feeding on the inorganic and organic 

matter deposited here. This food is partly oxidized to provide the energy these 

bacteria need for their living processes (dissimilation) and partly converted into cell 

material for their growth (assimilation). 

 

2.4 Clays                                                                           

Clay is a finely-grained natural rock or soil material that combines one or more clay 

minerals with possible traces of quartz (SiO2), metal oxides (Al2O3, MgO etc.) 

and organic matter. Geologic clay deposits are mostly composed of phyllosilicate 

minerals containing variable amounts of water trapped in the mineral structure.  Although 

many naturally occurring deposits include both silts and clay, clays are distinguished 

from other fine-grained soils by differences in size and mineralogy. There are many kinds 

of clay: smectites (montmorillonite, saponite), mica (illite), kaolinite, serpentine, 

pylophyllite (talc), vermiculite, sepiolite, bentonite, kaolinite, diatomite, and Fuller’s 

earth (attapulgite and montmorillonite varieties). The adsorption capacities depend on 

negative charge on the surface, which gives clay the capability to adsorb positively 

charges species (Gupta. et al., 2009). Clays are ubiquitous materials. However, each clay 

belongs to type that has unique characteristics in terms of atomic arrangement or 

structure, chemical compositions and application.    

 

 

  

 

 

 

 

 

 



15 
 

2.4.2 Processing of Clays  

Generally, ceramics are brittle and fracture with little or no deformation.  Therefore 

ceramics cannot be formed into shape by normal deformation processes used for metals.  

In the case of Clay products, classified as traditional ceramics, the art of forming or 

molding and burning has been an ancient practice.  Burnt clay has been found dating back 

about 6500 B.C and commercialized by 4000 B.C.  These two processes have been 

possible due to change in rheological properties (plasticity of clay –water mixture) of the 

clay introduced when mixed with a water or liquid or binder.  

In addition, after drying the heat treatment of the fine particles of the clay causes the 

particles to agglomerate into cohesive, much stronger, finished product.  The essentials 

for processing of clays are preparation of fine particles, mixed with water or liquid, shape 

them (mold) and made them harder via firing or heating (Figure 2.6).  It is important to 

note that ability of clays to maintain their strength during forming (with appropriate clay-

water) and drying is a valuable unique property.  A stronger, denser green body is 

achieved after firing or heating in the required temperature range depending on 

application. 

 

 

Figure (2.3): Typical flow diagram for fired clay processing 

 

The critical factors to consider in forming and firing of clays are nature of the raw 

materials and their preparation.  The nature of the clays relates to the particles size and 

particle-size distribution (and also of pore-formers), whiles the preparation has to do with 

clay: water ratio, temperature firing range, mode or nature of drying, rate of heating or 

firing.  Typical clay materials have a particle-size distribution which ranges from 0.1 to 

50 microns for individual particles.  In the case of ceramic water filters, the pore – 

former, sawdust has at least 1mm particle size.  For plastic forming, the coherence of the 

mass and its yield point are determined by the capillarity of the liquid between particles; 

this force is inversely proportional to the particle size.  However, if all the materials were 

of a uniform fine particle size, it would not be feasible to form a high concentration of 

solids.  In addition, during the drying of a molded ceramic body, shrinkage occurs from 

the removal of water molecules/films between particle sheets.  Since the number of films 
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increases as particle size decreases, bodies prepared with a liquid binder and fine-particle 

materials have a high shrinkage.  This may result in warping and distortion if not even or 

uniform drying is ensured. 

After drying of ceramic body, further densification is ensured.  Ceramic materials are 

often fired to the temperature range 700 oC to 1800 oC.  This depends on the 

compositions and the desired properties. During firing further sintering of the particle 

mass occurs; sufficient atomic mobility, and grain growth pre-occurs sintering. The 

surface tension forces are allowed to consolidate the ware and reduce porosity. The 

volume shrinkage which occurs is just equal to the porosity decrease and varies from 30 

or 40 %, depending on the forming process and ultimate density of the fired ware. The 

most pressing problem with firing clay product is ensuring uniform heating as well as 

maintaining even heating rate. These two parameters can introduce micro cracks that may 

undermine the efficiency of the ceramic product depending on the application. 

Some clay products are often glazed after or during firing. The most common is to fire 

the ceramic ware without a glaze to the required temperature, and then a glaze is applied 

to the body and fired at a low temperature. Alternatively, the ware is fired to a low 

temperature; then apply glaze, the glaze and the body is then fired at a higher 

temperature.  The last option is to apply the glaze to the dried but unfired ware, and then 

heat them together in a one-fire process with careful caution to modifications on the 

surface of the ceramic piece.  

 

2.4.3 Physical characteristics of Clay filter 

Lantagne (2001) suggested that the manufacturing method with the hydraulic press 

mould influences the material structure of Clay Surface Properties (CSF). The mercury 

intrusion porosimetry test is used to determine the porosity, pore size distribution, pore 

volume and material permeability. With this method the measured pore size distributions 

and porosities are similar for all samples taken in one filter; bottom, middle and lip. 

Ceramic water filters contains pores in their structure which allows water molecules to 

flow through but often small enough to prevent microbes. The size and other 

characteristics such as skeletal density, tortuosity, of the pores are instrumental to 

microbial activity as well as the strength of the structure. Porosimetry is a technique used 

in characterizing the pore structure of ceramics.  

From these results it can be concluded that the manufacturing method does not result in 

variations in pores sizes throughout the filter material. This conclusion is checked by 

comparing an analytical model of the filter discharge with a constant hydraulic 

conductivity and the actual measured discharges. The main possible factors that 

determine the leaching or retention of metals in CSF; (i) changes in acidity of the system; 

(ii) changes of the systems ionic strength; (iii) changes in the oxidation-reduction 

potential of the system; and (iv) formation of complexes (Yong, 2001).  
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2.5 Clay-sawdust composite filter 

Sawdust consist of lignin, cellulose, and hemicellulose, with polyphenolic group playing 

important role for binding dyes through different mechanisms, which are active ion 

exchange compounds (Shukal , Zhang , 2002).  Most researchers were mixing sawdust 

with other green sorption media. (Xuan et. al, 2010).  

There is very limited literature explaining the mechanism of adsorption on sawdust solely 

in storm water. Since sawdust is abundant, inexpensive and unused resources from 

agricultural byproduct, the use of this material would be beneficial for both the 

environment and wood agriculture: polluted streams would be cleaned and a new market 

would be opened for the sawdust. (Hossain et al., 2009).  

Studied investigates the adsorption characteristics of sawdust for removing nutrients (e.g, 

NH3-N, NO3-N, and NO2-N) from storm water. Results revealed that maximum removal 

was obtained at lower initial concentration. An increase of adsorbent dosage increased 

the percent removal of NH3-N, NO3-N, and NO2-N. The maximum removal of NO3-N, 

and NO2-N was found 100%, While NH3-N removal was found 55%, these studies 

revealed that nitrate and nitrite as nitrogen are well adsorbed onto sawdust at lower 

concentration (Schipper et al., 2005).  

(Chidozie et al., 2016) explored the possibility of improving water quality and 

eliminating the possibility of recontamination by the use of point of use (POU) water 

filters made from cheap locally available materials. Sawdust was used as a burnout 

material in order to enhance the rate of filtration. The clay was first characterized and 

then various proportions (5%, 10%, 20%, 30% and 50% by weight) of sawdust were 

mixed with the clay for filter production. The clay was found to have a specific gravity of 

2.4, a high liquid limit of 81.6% and a medium plastic limit of 48.54%. The flow rates of 

the filters ranged between 0.0005 litres/hr for the filter with 5% sawdust and 0.8litres/hr 

for the filter with 50% sawdust. The average removal of suspended solids and 

biochemical oxygen demand was 98.6% and 33% respectively while the mean Log10 

reduction in total count was 93.1%. Result of analysis of variance showed that there was 

no significant difference between the performances of the filters. However, there was a 

significant difference between the flow rates with F (18.71) > F critical (5.14). This 

implies that while burnout materials improve water quality, increasing burnout materials 

in clay filters beyond 50% does not significantly affect the performance for the filter with 

respect to the quality of effluent but with respect to flow rate. 

 

2.6 Clay for Water Treatment 

Clays are one of the adsorbents that have been long used for water treatment. Most clay 

minerals have crystalline structures as a result of the combination of octahedral and 

tetrahedral sheets and exhibit properties of colloids (ROZIC, et al., 2000). These sheets 

have inorganic structures arranged in a 1:1 or 2:1 layers. Substitution of one cation by 

another cation of comparable radii in the inorganic layer results in an overall negative 
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charge which is counterbalanced by electrostatic adsorption of alkali and alkali earth 

cations. These cationic metals could be Ca, Mg or Na and this explains the removal of 

alkali and alkali earth metals by clays (FONSECA et al., 2006). Clay minerals are 

basically classed into two categories, the distinguishing factor being the number of 

tetrahedral and octahedral layers. In the 2:1 layer type, two silicon- oxygen tetrahedral 

sheets sandwich an alumina-oxygen-hydroxyl octahedral sheet (SKIPPER, et al., 1995). 

Permanent negative charges in clay minerals are as a result of the substitution of Al3+ for 

Si4+ in the tetrahedral sheet and Mg2+ or Fe2+ for Al3+ in the octahedral sheet (SKIPPER, et 

al., 1995). When in contact with water the layered structures of clays expand and this 

brings out an extra mineral surface capable of cation adsorption104 and this explains the 

removal of cationic species through adsorption and ion exchange by clays. 

Clay minerals have been reported to adsorb cationic, anionic and neutral species from 

water (Mohan et al., 2007). Clay minerals can remove phosphates when they are doped 

with lanthanum. Phosphates removal by clays could be as a result of inner sphere 

complexation of the phosphates on the clay surface via ligand exchange reaction 

mechanisms (TIAN, et al., 2009). It has been reported by (LI, 2003) that the use of 

pillared bentonite increases nitrates removal. Bentonite can also serve as a good 

adsorbent for ammonium due to the negative charge on the surface (LI, 2003). Amongst 

the vast methods used for defluoridation such as ion exchange, precipitation and 

electrodialisis, adsorption is still extensively used and clay minerals are one of the 

adsorbents that are being used (KAU, et al., 1997). Present exchangeable cations in clays 

such as Na+ and Ca2+ may form solid precipitates with F- and result in effective retention 

of F- by clays. Since clay minerals are abundant, cheaper and harmless to the 

environment, they can act as potential ionic exchangers for heavy metals which cannot be 

destroyed chemically like organic pollutants. 

 

2.7 Kaolin for Water Treatment 

 The name “kaolin” is derived from the word Kau-Ling, or high ridge, the name given to 

a hill near Jau-chau Fu, China, where kaolin was first mined (Sepulveda et al., 1983). 

Kaolin, commonly referred to as china clay, is a clay that contains 10–95% of the mineral 

kaolinite and usually consists mainly of kaolinite (85–95%). In addition to kaolinite, 

kaolin usually contains quartz and mica and also, less frequently, feldspar, illite, 

montmorillonite, ilmenite, anastase, haematite, bauxite, zircon, rutile, kyanite, silliminate, 

graphite, attapulgite, and halloysite. Some clays used for purposes similar to those for 

which kaolin is used may contain substantial amounts of quartz: “kaolin-like” clays used 

in South African pottery contained 23–58% quartz and, as the other major constituent, 

20–36% kaolinite (Rees et al., 1992). 

The structure of kaolinite is a tetrahedral silica sheet alternating with an octahedral 

alumina sheet. These sheets are arranged so that the tips of the silica tetrahedrons and the 

adjacent layers of the octahedral sheet form a common layer (Grim, 1968). In the layer 
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common to the octahedral and tetrahedral groups, two-thirds of the oxygen atoms are 

shared by the silicon and aluminum, and then they become O instead of OH. The charges 

within the structural unit are balanced. Analyses of many samples of kaolinite minerals 

have shown that there is very little substitution in the lattice (Grim, 1968). The molecular 

formula that is common for the kaolinite group (kaolinite, nacrite, dickite) is 

Al2Si2O5(OH)4 (Grim, 1968) 

Kaolin and the clay mineral kaolinite are natural components of the soil and occur widely 

in ambient air as floating dust. Kaolinite is formed mainly by decomposition of feldspars 

(potassium feldspars), granite, and aluminium silicates. It is also not uncommon to find 

kaolin deposited together with other minerals (illite, bentonite). The process of kaolin 

formation is called kaolinization (Grim, 1968). 

Geothite and kaolinite have been discussed by (Mohan et al.2007) to be good adsorbents 

of arsenic from wastewater and they can remove up to 0.23 mg/g arsenic. Arsenic (III) 

and arsenic (IV) removal with bentonite, kaolinite and illite has been reported. Arsenate 

adsorption by kaolinite, montmorillonite and illite was observed to be affected by 

presence on phosphates as competing ions for the adsorption sites (MANNING. 1996).   

Berna Hascakir and Deniz Dolgen investigated the utilization of clay minerals in the 

wastewater treatment. By testing kaolinite as coagulant and flocculant separately within 

the experimental studies, optimum doses were determined, and on the basis of treatment 

efficiencies, results were compared with the chemicals such as alum, lime and ferric 

chloride which are widely used. Higher treatment efficiencies were obtained when 

kaolinite was used as flocculant. For the domestic wastewater, 82% organic matter, 70% 

suspended solids matter, and 23% oil-grease removals were achieved when alum was 

used as coagulant and kaolinite was used as flocculant. The turbidity of wastewater was 

removed completely, and insignificant differences were observed in pH parameter. For 

industrial wastewater samples, the highest efficiency was obtained when ferric chloride 

was used as coagulant and kaolinite was used as flocculant. In this case, 99% organic 

matter, 83% suspended solids matter, and 85% oil-grease removals were obtained. For 

the industrial wastewater treatment, the usage of kaolinite as coagulant yielded also 

efficient results, 96% COD removal was obtained.  

(Xuejiao, et al., 2018). In their study, two soils were collected to investigate the optimum 

working conditions, performance and safety of them for removal of water contaminats. 

The turbidity removal efficiencies of soil A and soil B are 74.5% and 91.1% (initial 

turbidity=400 NTU), respectively. The pH of purified water can meet drinking water 

standards (pH=6.5-8.5). Both soils contribute to remove TOC when the initial 

concentration of it is high. A small amount (0.5 mg. L-1 or 1 mg. L-1) of poly-aluminum 

chloride can improve the performance of soil coagulants for the removal of turbidity.  

Agbo1 et al., 2015 developed an effective ceramic water filter candle for drinking water 

treatment. The ceramic bodies were formulated from local clay and combustible materials 

which act as pore-creating agent. The values obtained after filtration for total dissolved 

https://www.researchgate.net/profile/Berna_Hascakir
https://www.researchgate.net/profile/Deniz_Dolgen2
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solid (TDS) and total suspended solid (TSS) from water samples were 15 mg/L and 0.34 

mg/L, respectively, while the filter average removal efficiencies for these parameters 

were 76% and 70% respectively. 

 

2.8 Clay and Titanium dioxide for Water Treatment  

In recent years, nano TiO2 has been widely used to strengthen the tribological behaviors 

of the polymer composites due to its wear resistance, chemical resistance, UV-resistance 

and transparency (Chang, 2010) Graphene, a single-layer two-dimensional material, 

consisting of a single layer of sp2 bonded carbon atoms, shows superior electronic 

properties and chemical stability (ZS Xu, XL Shi, 2014). Although graphene is the 

thinnest material, it demonstrates the high strength due to its strong Combination of 

carbon-to-carbon bond. Polymeric composites are extremely suitable to be prepared by 

graphene with its excellent treatability and strong interaction with polymeric matrix (S 

Chowdhury, 2015). Furthermore, graphene offers good electrical properties, high 

flexibility, large surface area and lubricating property (He QY., 2012) making polymer 

composites closer to ideal materials. The authors found that the functionalized graphene 

sheets–PMMA nanocomposite modulus far exceeding an idealized upper bound is further 

strong evidence for improving polymer properties. Nowadays, the study of new materials 

with improved tribological properties is critical for getting higher efficiency and 

environmental protection at manufacture, power generation, and transportation industries 

(Belmonte, 2013) especially for micro-electromechanical systems (MEMS). Zang et al. 

reported that the large surface-to-volume ratio of carbon-based material make them prime 

candidates for sensing applications in MEMS. Liao et al., reported that carbon-based 

materials such as diamond, carbon nanotube, and graphene possess excellent properties 

such as low mass, high Young's modulus, high thermal conductivity, hydrophobic 

surface, and good electronic configuration, which makes these materials promising for 

water treatment. MEMS applications with better performance (Liao. 2011). Fabrication 

of the TiO2 matrix composites reinforced by graphene has been prepared by a variety of 

methods, such as sol-gel process (Macwan, 2011) electro deposition, chemical vapor 

deposition (CVD), physical vapor deposition (PVD), self-assembly method and spray 

pyrolysis technology (Kim, 2004). Among them, the sol-gel process is a method to 

produce solid materials from small molecules, which is widely used for metal oxides, 

especially the oxides of silicon and titanium. This process is based on the hydroxylation 

and condensation of molecular precursors in solution, originating from a “sol” of 

nanometric particles. Further condensation and inorganic polymerization lead to a three-

dimensional metal oxide network denominated wet “gel” (Laurent, 2009). The sol-gel 

techniques have several advantages, including high product purity, low processing 

temperature, precise composition control, and relatively low cost. 

For simultaneous removal of heavy metals and dyes from the wastewaters, several 

researchers have coated photocatalysts (TiO2) onto a variety of surfaces like, modified fly 
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ash (Visa, 2012), diatomite, bentonite and clay (Šljivić. et al., 2014). The TiO2 particles 

immobilized on adsorbent support can be more easily filtered, this is necessary for 

industrial applications. A novel composite based on Titanium oxide and clays 

hydrothermally was synthesized to be used as substrate in advanced treatment of 

wastewaters. The treatment consisted of one single step process combining photocatalysis 

and adsorption. The composite’s crystalline structure was investigated by X-ray 

diffraction and FTIR, while atomic force microscopy (AFM) and scanning electron 

microscopy (SEM) were used to analyze the surface morphology. The adsorption 

capacity and photocatalytic properties of the material are tested on pollutants matrix 

containing dye (Methylene Blue) and heavy metal (cadmium cation). The results under 

optimized conditions indicated a good removal efficiency using this novel composite 

material (Guillaume et al., 2018). In another study which was conducted by Florica 

Manea and Corina Orha showed that the main contaminants of natural organic matter, 

arsenic species, and nitrogen compounds from drinking water sources by the type of 

groundwater and surface water can be removed/degraded by sorption/photocatalysis 

using TiO2 supported onto carbon and/or zeolite. (Fatimah et al., 2018) has been 

successfully prepared Ceramic membrane based on TiO2/kaolinite composite. They 

concluded that TiO2/Kao is a promising composite photocatalyst material in ceramic 

membrane filtration as shown by the percentage of desinfection activity against 

Eschericia coli in water. The combination of filtration and photocatalytic oxidation can 

produce synergistic effects influenced by TiO2 content in the composite and also flow 

rate in the filtration system. 
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CHAPTER THREE 

MATERIAL AND METHODS 

 

3.1 Introduction  

 This chapter is provided with details about experimental methods, which were conducted 

separately to investigate the treatment efficiency of the modified household ceramic filter 

for removal of water contaminants. Experimental methods were classified as laboratory 

bench scale (batch experiment) and different addition of various materials such as kaolin, 

sawdust, sand, TiO2 nanoparticles were studied in order to examine the suitability and 

optimum mix ratio of addition of these materials for drinking water purification. During 

the research period, data were collected from the tests carried on the aqueous samples 

before and after treatment for chemical analysis and removal, trends were established. 

The materials, experimental setups and experimental procedures that were used during 

this research are delineated below. 

 

3.2 Method of Material Preparation  

The first step in the manufacture of ceramic filter production is the acquisition and 

preparation of raw materials. One of the advantages of ceramic filter production is the 

locally availability of the raw materials necessary for their manufacture. Clay, water, 

combustible material, and or grog are the primary materials used in the production of 

filters. Most of these materials, with the exception of water (usually), require processing 

before they can be mixed together. Detailed the steps required for processing these 

materials. In general, processing usually begins with grinding the material to a more 

uniform and smaller grain size. The material is then sieved using screens with specific 

mesh sizes. The choice of screen size depends on the characteristics of the material being 

used and also depend on the desired characteristics of the final product for specific use. 

The major component of ceramic filter production was clay which was collected from the 

local areas and prepared in local manufacture owned by Sabri Attallah. The sawdust as 

burning materials, Kaolin, sand and TiO2 were used in the mixture of different amounts. 

 

3.3 Clay preparation  

The first step in the manufacture of ceramic filter is the acquisition and preparation of the 

raw materials. Clay preparation starts with the mining of the clay. The Clay material used 

in this research was obtained from clay pit in the local lands in East Jabalia in the north of 

Gaza Strip. For this research the clay used was collected from the small stock of clay 

available at the factory. This clay was brought in the summer season and was spread on 

the ground for sun drying. The clay subsequently have to be dried, depending on the 

moisture content of the clay as delivered. Normally, if left in an uncovered stock, wind 

and sun are sufficient to dry the clay. Crushing the clay was done manually by wooden 
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hummer as a hand tools. The crushed clay was sieved to remove the larger particles. 

After that, the clay was put in a big pool it is added in water and stirred until the residues 

and waste comes up and is cleaned out. The clay then stirred in a giant mixer, and cubes 

were formed by a wheel. The prepared cubes were spread on the ground for one week in 

the sun for drying. After they dry fully, the cubes were put in a big oven of a temperature 

of 700 oC for 24 hr to finalize the process. The products were left inside the oven for 

three days until they are completely cold and safe to remove.  

Method of pot formation was not suitable for making pots due to very compact of the 

mixture and lack of the porosity of pots. So the pot was broken and converted into 

different size to increase the adsorption of contaminants. The resulted product again 

involved grinding the clay product using mortar and pestle. In this research and after clay 

having been crushed, the next step was mixing, where the clay and some additive such as 

sand, sawdust, kaolin, and TiO2 are proportioned and mixed. Then the prepared past was 

treated again as mention before by put in over for drying. Also, the resulted product with 

the additives again involved grinding the clay product using mortar and pestle to some 

suitable size. 

 

 

 

 

 

 

 

 

 

 

Figure (3.1): Photograph of clay used 

 

3.3.1 Sieving the ceramic product  

A sieve analysis (or gradation test) is a practice or procedure used to assess the particle 

size distribution of a granular material by allowing the material to pass through a series of 

sieves of progressively smaller mesh size and weighing the amount of material that is 

stopped by each sieve as a fraction of the whole mass. The size distribution is often of 

critical importance to the way the material performs in use. Sieve box with 18x14 

aluminum mesh (1.12 mm opening) was used to collect the product materials for using in 

further experiments for water treatment. 

 

3.3.2 Modified Ceramic Filter  

Preparation of modified ceramic filter was prepared by adding new additives, the selected 

additives which was used with ceramic filter were Kaolin, TiO2, Sawdust, and Sand. The 

https://en.wikipedia.org/wiki/Particle_size_distribution
https://en.wikipedia.org/wiki/Particle_size_distribution
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raw materials were initially subjected to preparation such as drying, milling and sieving; 

prepared by powdering in a laboratory to particle size smaller than 500 μm for both clay, 

kaolin, and sawdust for ceramic production. 

 

3.3.3 Sand 

The sand was collected from water beach sand and subjected to different treatment 

processes. The collected sand sample was washed by the running tap water to remove 

excessively fine grains, dirt's and dust, then dried using the oven (MOV-212, Japan) at 

105 oC for 24 hr.  The sieve analysis was performed by shaking machine for 20 minutes. 

Sieves metal wire screens attached to a frame is used for selection the suitable sand grain 

size. The material that passes through the 0.7 mm sieve is the filtration sand that goes into 

the ceramic production unit. The quantity of ceramic to sand ratio was (90g: 10g, 50g: 

50g) 

 
 

Figure (3.2): Chemical structure of Sand 

 

3.3.4 Kaolin 

Kaolin is any of a group of fine clay minerals with the chemical composition of 

Al2O3.2SiO2.2H2O, Kaolinite is the major mineral component of kaolin, which Kaolinite 

is a clay mineral with chemical composition Al2Si2O5(OH)4. It is a layered silicate 

mineral as show in figure (3.3) (Deer. et al, 1992). 

 

 

 

 

 

 

 

 

Figure (3.3): Chemical Structure of Kaolin 

 

3.3.5 Wood: (sawdust) 

All wood contains cellulose, lignin, and tannins or other phenolic compounds which are 

active ion exchange compound (Shukla. Y2002) as shown in figure (3.4). 
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Figure (3.4): Chemical Structure of sawdust. 

 

3.4 Sample Collection 

Six water samples were collected using sterilized 1000 ml plastic bottles from 

groundwater wells before chlorination additive. A composite sample was prepared from 

the collected samples (Three wells from Nusairat camp (Shiqaqi well, Farouk well and Al 

Furqan well, and other three wells from Deir Al-balah area (Al Montaza well, Abu Naser 

well and Fayroz well). The map figure (3.5) shows the location of sampling sites. 
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Figure (3.5): Location of water sampling sites 

 

3.5 Analytical Methods 

Relevant water quality parameters were measured before (initial concentration) and after 

treatment (final concentration) to evaluate the performance of the treatment process. 

Measurements were determined according to the Standard Methods for Examination of 

Water and Wastewater (APHA, 2000). The techniques, reagents and apparatus used to 

measure different parameters during the study are delineated below. 

 

3.5.1 Instruments  

For the measurement of PH-values, EC, nitrate and detergent concentration, the following 

instruments were used as described in the table (31). 

Table (3.1): Instruments used in analysis   

 Instrument Model Company 

1 pH-meter HI-3220 Hanna company, Japan. 

2 Conductivity –meter HI-4321 Hanna company, Japan 

3 UV/Vis Spectrophotometer UV-1601 Shimadzu, Japan 
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3.5.2 Chemicals and reagents 

The chemicals, reagents, formulas and sources were tabulated in table (3.2). The water 

used in preparation of reagents was demoralized for spectroscopy, and distilled water 

used for all other preparation. 

 

Table (3.2): Chemicals used in analyses 

# Compound  Formula Company 

1 EDTA Sodium salt C10H14N2Na2O8 · 2H2O Merck, Darmstadt, Germany. 

2 Eriochrome Black T C20H12N3NaO7S Merck, Darmstadt, Germany 

3 Ammonium Chloride  NH4Cl  Haifa, 26110, Israel. 

4 Potassium chromate K2CrO4 Haifa, 26110, Israel. 

5 Potassium chloride KCl Haifa, 26110, Israel. 

 

3.5.3 Methods of Analysis 

Nitrate Determination 

The method used for nitrate determination in water sample using UV 

Spectrophotometers, at wave length 220 nm and 275 nm with matched quartz cells of 1-

cm using UV-Spectrophotometers, (1601, JAPAN, shimadzu) according to the standard 

methods for examination of water and wastewater 19thed 1995. 

 

Reagents 

The chemicals and reagents used in the analysis of nitrate were free nitrate water 

(redistillated water was used for preparation and dilution). 

1. Preparation of stock nitrate solution: 

Dry potassium nitrate (KNO3) in an oven at 105 oC for 24h. Dissolve 1.653 g in distilled 

water and dilute to 1 liter, (1 ml =1mg NO3). The solution was preserved with 2 ml 

CHCL3 per liter, where this solution is stable for at least 6 months. An intermediate nitrite 

solution of 10 mg/L was prepared by dilution of 5 ml stock nitrate solution to 500 ml 

with distilled water (1.00 ml = 0.01 mg NO3) 

Standard potassium solution: The following nitrate solution from the intermediate 

stock solution for concentrations from zero to 10 mg/L was prepared as follow: 

 

Table (3.3): Relation between Nitrate concentration and Absorbance. 

Nitrate concentration mg/L 1 2 3 4 5 7 

Volume of stock nitrate solution 10 20 30 40 50 70 

Volume of distilled water 90 80 70 60 50 30 

Absorbance 0.041 0.104 0.158 0.217 0.278 0.406 
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Figure (3.6): Relation between Nitrate concentration and Absorbance. 

 

3.5.4 Water Hardness Determination  

Water hardness problem is reported to exist in various places around the world. Among 

several known forms of pollution, water pollution is great concern since water is the 

prime necessity of life and extremely essential for the survival of all living organisms. 

Worldwide, but its quality is constantly being changed by various human activities which 

amount of money is spent yearly to ensure that water is softened (minerals are removed) 

to avoid its negative impacts such as degrading soaps and precipitate deposition on 

faucets changes physicochemical properties of water (Hossein et al. 2008). Water 

hardness is determined by measuring the total concentration of magnesium and calcium 

in a water source.  

Water hardness impacts ecological, fish cultures as well as many other species that rely 

on a steady calcium carbonate concentration (Wang, 2009). Health request ions regarding 

drinking hard water has also begun to emerge. Inadequate intakes of calcium have been 

associated with increased risks of osteoporosis, nephrolithiasis (kidney stones), colorectal 

cancer, hypertension and stroke, coronary artery disease, insulin resistance and obesity 

(Ji-Suk et al. 2007).  

The hardness of water samples were determined by compleximetry method using EDTA 

reagents in presence of Eriochrome Black T. 

Reagents  

1. Standard EDTA Titrant (0.005M)  

Weigh 3.723g analytical reagent disodium ethylene diamine Tetraa-cetate, also called 

sodium salt (EDTA), dissolve in distilled water, and dilute to 1000 ml. Store in a brown 

glass bottle . 

2. Eriochrome Black T preparation: Reagent was prepared by dissolving of 0.5g 

Eriochrome Black T in 100g Sodium salt of triethanolamine. 
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3. Buffer solution  

 Dissolve 16.9g ammonium chloride in 143 ml conc. ammonium hydroxide. 

 Dissolve 1.179g disodium salt of ethylenediaminetetraacetic acid dehydrate 

(analytical reagent grade) and 780 mg magnesium sulfate (MgSO47H2O). Add 

this solution to ammonium buffer, and dilute to 250 ml distilled water. 

Adjust the buffer solution at pH 10 and Store the two solutions 1 and 2 in glass bottles for 

no longer than 1 month.  

 

Procedure: 

1. Titration of sample 

Add (1-2 drops) of indicator solution and 1ml of buffer solution to 10 ml of the sample. 

Add standard EDTA titrant slowly, with continuous stirring, until the last reddish tinge 

disappears. At the end point the solution normally is blue (A.D.Eaton, et al .1995). 

Calculation: 

Hardness (EDTA) as mg CaCO3/L= (M*M.W*1000)/V1 

Where: 

V1=ml of sample  

M= ml titration for sample and  

M.W=mg CaCO3 equivalent to 1.00 ml EDTA titrant. 

F=M*M.W*1000/V1 

Ppm CaCO3=F*V2 

V2=ml of EDTA 

 

3.5.5 Measuring pH  

pH is a measure of how acidic/basic water is. Since pH can be affected by chemicals in 

the water, pH is an important indicator of water that is changing chemically. Calibration 

of the pH instrument using initial buffer solution of pH 4.00 (potassium hydrogen 

phthalate) and the second buffer solution of 7.00 (potassium dihydrogen phosphate) was 

conducted, then the pH of the sample solution was measured by using pH meter. 

 

3.5.6 Measuring of Chloride 

Chloride in the form of chloride (Cl-) ion is one of the major inorganic anions in water. In 

potable water, the salty taste produced by chloride concentration is variable and depends 

on the chemical composition of water. Some waters containing 250 mg/L Cl- may have a 

detectable salty taste if sodium cation is present. On the other hand, the typical salty taste 

may be absent in waters containing as much as 1000 mg/L when the predominant cations 

are calcium and magnesium. In addition, a high chloride contents may harm metallic 

pipes and structures as well as growing plants. The measured chloride ions can be used to 

know salinity of different water sources. 
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Method: The Mohr Method uses silver nitrate for titration. The silver nitrate solution is 

standardized against standard chloride solution, prepared from sodium chloride (NaCl). 

During the titration, chloride ion is precipitated as white silver chloride. The indicator 

(potassium chromate) is added to visualize the endpoint, demonstrating presence of 

excess silver ions. In the presence of excess silver ions, solubility product of silver 

chromate exceeded and it forms a reddish-brown precipitate. This stage is taken as 

evidence that all chloride ions have been consumed and only excess silver ions have 

reacted with chromate ions. 

Apparatus: Burette, conical flask, pipette, measuring cylinder 

Reagents: Potassium chromate indicator solution, standard silver nitrate titrant. 

Steps: 

1. Take 10 ml sample in a conical flask. Measure sample pH. 

2. Add 1.0 ml indicator solution, 

3. Titrate with standard silver nitrate solution to pinkish yellow end point and note down 

volume of titrant used. Also measure sample pH. 

4. Calculate chloride ion concentration using the following equation 

Chloride Ion Concentration (mg/L) = (A×N ×35.45)*1000 / Vsample  

Where: A = volume of titrant used, N is normality of silver nitrate (here we used N/71 or 

0.0141 N), and Vsample is volume of sample used (mL). 

 

3.5.7 Measuring EC  

Electrical conductivity (EC) or specific conductance is total parameter for dissolved 

dissociated substances (cations and anions) in the solution. Its value depends on the 

concentration and degree of disassociation of the ions (cations and anions) as well as the 

temperature and mobility of the ions in the electric field. So, it is a measure of solution 

ability to carry electrical current. 

Apparatus: Electrical conductivity (battery, rechargeable, or main equipment) with 

single rod glass electrode. 

Sample preparation: Water sample require no preparation for EC measurement. 

 

Instrument calibration: 

Before starting measurement the EC meter has to be calibration. 

Rinse the cell cup three times with distilled water. 

Rinse the cell cup once with standard potassium chloride (KCl) solution. 

Rinse the cell cup once with standard potassium chloride (KCl) solution (0.01N). 

Select the range and push button to read directly, reading should be 1411 µmos/cm, if  

Reading is different set the needle by using calibration control screw located at the 

bottom of the instrument. 

Calibrations could be done according to the instruction of the instrument’s manual given 

by the manufacture. 
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3.6 Experiment setup and procedures 

The experiments were carried out in this research as a set in (batch reactor). Drinking 

water collected from groundwater wells was used as aqueous solution for contaminant 

removal using modified household ceramic filter. The effects of removal efficiency of 

relevant water Total hardness, chloride, pH, EC, NO3
- were studied during application of 

different variables factors. 100 ml of brackish water was treated at each batch by using 

different quantities of ceramic and additives as illustrated in the following table. 

 

Table (3.4): Percentage of ceramic and additives used for experiment using (5, 10, 

15, 20, 25) g. 

Filter Type Ceramic and additives used  

Ceramic  100% 

Ceramic with sawdust  (90% ceramic mixed with 10% sawdust). 

Ceramic with TiO2 

Nano particle  

(90g ceramic mixed with 10g TiO2  

Ceramic with Kaolin   (90% ceramic mixed with 10 % Kaolin)  

  (50% ceramic mixed with 50% Kaolin  

Ceramic with Sand   (90% ceramic mixed with 10% Sand)  

 (50% ceramic mixed with 50% Sand)  

 

Removal Efficiency 

After water treatment by electrocoagulation method, the removal efficiency was 

calculated using the following equation (Daneshvar et al., 2006):  

 

𝑪𝑹 =
𝑪𝟎 − 𝑪𝟏 

𝐂𝟎
∗  𝟏𝟎𝟎% 

Where   

CR is the removal efficiency %,  

C0 is initial concentration concentrations of wastewater before electrocoagulation in 

mg.l−1, 

C1 is the final concentration of wastewater after electrocoagulation in mg.l−1. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

 

4.1 Introduction  

Clay originates from the chemical and/or physical weathering of igneous rock over long 

periods of geologic time. There are three primary classes of clay: kaolinite, 

montmorillonite, and illite (Shepard, 1968). Each class differs slightly in its structure and 

presence of impurities; however in general, all clays have a distinct crystalline structure 

that resembles “platy” sheets stacked on top of each other. The chemical composition 

generally consists of hydrous aluminum silicates combined with trace amounts of mineral 

impurities like potassium or iron, which give rise to notable clay characteristics like 

color. Clays have the unique property of being plastic, or workable, when saturated with 

water. The plasticity of the clay and the cohesive forces acting between the clay particles, 

allow the ceramist to form or manipulate clay into shapes that maintain their form. 

Ceramic water filters were manufactured with locally available clay and some additives. 

These filters were low cost but considered as efficient and sustainable technology to treat 

drinking water in developing countries (Sobsey et al., 2008). This study aims at 

development of low-cost ceramic household water treatment system that is able to meet 

the water treatment needs. Specifically, it aims in determining the level of removal 

efficiency of chemical water contaminants using modified household ceramic filter. The 

filter mainly consist of ceramic with addition of different materials such as kaolin, 

sawdust, sand, TiO2 nanoparticles. Laboratory batch experiments are performed to 

examine the suitability and optimum mixing ratio of the filter materials in producing 

efficient drinking water purification. In this chapter, the results and discussion of the 

experiments for removal of drinking water contaminants are presented in the following 

sections. 

4.2 Using ceramic filter without addition 

Ceramic filtration is the use of ceramic (fired clay) to filter water contaminants from 

drinking water. Ceramic filtration for drinking water treatment has a long pedigree, 

having been used in various forms since ancient times. In this subsection the use of 

ceramic materials for removal of some water contaminants such as hardness, nitrate, 

chloride and electrical conductivity was tested. The removal efficiency was calculated for 

each contaminants under the use of different mass of ceramic materials and with time of 

the reaction. 
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4.2.1 Effect of Ceramic dose in Removal of Hardness. 

Hardness of water due to calcium and magnesium ions can be reduced by several 

methods, i.e., electrodionization (Ji-Suk et al. 2007), electro membrane processes, 

capacitive deionization membrane and fluidized pellet reactors, ion exchange process and 

adsorption. The use of low cost sorbents for the adsorption process is a promising 

technique (Apell, 2010). Ion exchange and adsorption is one of the few promising 

alternatives for this purpose, especially using low-cost natural sorbents such as clay 

materials, zeolite, biomass, perlite and diatomite (Baybars et al. 2012). 

 

Figure (4.1): Removal efficiency of hardness at different times and different dose of 

ceramic. 

 

Table (4.1): Initial and final concentration of hardness at different times and 

different dose of ceramic. 

 

Dose  

of Ceramic (g) 

initial 

conc 

mg/l 

final concentration  of Hardness by Time (hr) 

1 2 3 4 5 

5 960 720 700 680 682 659 

10 960 710 695 681 682 640 

15 960 700 690 682 668 630 

20 960 680 671 668 659 620 

25 960 673 670 661 651 615 

 

Clay needs to be thermally activated in order to become reactive within the reaction 

mixture. Examination of ion exchange of hardness (Ca2+ and Mg2+) was performed by 
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batch method. Different dose in the range of 5-25 g of fired clay was used for the 

treatment of drinking water. 500 ml of contaminated groundwater was used. The effect of 

contact time on adsorption efficiency by crushed ceramic filter was investigated in the 

range of 60–240 min, having an initial concentration of 060 mg/l. Contact time is 

inevitably a fundamental parameter in all transfer phenomena such as cation exchange 

process. As shown from Figure (4.1) the initial and final concentration of hardness from 

groundwater sample generally increase by increasing the contact time and ceramic dose. 

The rate of hardness removal was 35.9% after 5 hr of treatment and using 25 g of ceramic 

media. Starting with slow removal from time 1-4 hours and the removal may be due to 

ion exchange capacity of clay with water hardness increased rapidly at the time of 4-5 hr. 

It is found that the removal of hardness-producing ions increase with increase in contact 

time to some extent. The results of the present investigation show that natural clay which 

is abundant and low cost material can be synthesized for the removal of metals such as 

calcium and magnesium from water. 

 

4.2.2 Effect of Ceramic dose on Chloride removal.  

Chloride is not generally considered to be harmful to human health. However, high 

chloride concentrations are often associated with high total dissolved solids (TDS). 

Because chloride in drinking water concentration not, by itself, pose a health risk to most 

people, no health-based guidelines for chloride in drinking water have been proposed by 

the U.S. Environmental Protection Agency (USEPA). Instead, the USEPA has set a 

secondary maximum contaminant level (SMCL) for chloride of 250 mg/L or parts per 

million, which is the concentration of chloride at which the taste of the water starts to 

become undesirable. Salt concentrations of 200 – 300 mg/L or parts per million can be 

detected by taste. High chloride concentrations may also be associated with high sodium 

concentrations. Too much sodium intake can cause high blood pressure and can lead to 

damage to the heart and arteries. Chloride can be removed from drinking water by 

conventional physicochemical treatment methods such as distillation, reverse osmosis 

(RO) or deionization (DI). Boiling, carbon adsorption filters and standard water softeners 

do not remove chloride. Searching for a low cost water treatment for chloride removal is 

a must. Ceramic filtration might be considered one of methods that can be used for 

chloride ion removal. 
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Figure (4.2): Removal efficiency of Chloride at different times and different dose. of 

ceramic 

 

Table (4.2): Initial and final concentration of Chloride at different times and 

different dose of ceramic. 

Dose of Ceramic 

(g)  

initial 

conc 

mg/l 

final concentration of chloride by Time (hr) 

1 2 3 4 5 

5 1449.5 971 971 971 985 1027 

10 1449.5 964 960 985 993 1037 

15 1449.5 960 964 979 1000 1043 

20 1449.5 956 979 985 1003 1049 

25 1449.5 954 985 993 1058 1057 

 

As shown from Figure (4.2), the removal efficiency of chloride ions from water sample 

generally decreases by increasing the contact time. The chloride removals was achieved 

and in the ranges of 27-34.2%. By the increase of dose of ceramic materials the removal 

efficiency increase, the maximum value of removal at 25 g of ceramic filter dose. Hence, 

high dose of the filter media for chloride ion removals is appropriate.  
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4.2.3 Effect of Ceramic dose on EC reduction 

 
Figure (4.3): EC reduction (%) at different times and different dose. of ceramic 

 

Table (4.3): Initial and final concentration of EC at different times and different 

dose of ceramic. 

Dose of Ceramic 

(g) 

initial 

conc 

ms/cm 

final concentration of EC by Time (hr) 

1  2 3 4 5  

5 4839 1740 1770 1790 1810 1830 

10 4839 1740 1780 1790 1805 1835 

15 4839 1692 1740 1725 1740 1790 

20 4839 1692 1740 1765 1780 1790 

25 4839 1670 1692 1730 1740 1740 

 

As shown in Figure (4.3), the EC reduction from water sample generally decrease by 

increasing the contact time. The reduction of EC was achieved up to 65.5% at 25 g of 

ceramic filter after one hr. That means 65.5% of dissolved ions can be removed through 

the media since there is a close relation between dissolved solids and electrical 

conductivity. 

 

4.2.4 Effect of Ceramic dose on Nitrate removal.  

Nitrate is the most common groundwater contaminant worldwide and especially in the 

Gaza Strip because it is a stable and highly soluble nitrogen species, easily transported 

and accumulated in groundwater systems. These properties, coupled with increased 

anthropogenic discharges of nitrogen-containing compounds from point and non-point 
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sources, have resulted in elevated nitrate concentrations in groundwater. Non-point 

sources may have a larger impact on groundwater and are associated with agricultural 

and livestock practices and residential wastewater effluents. Nitrates can be removed 

either biologically or by physicochemical treatment techniques such as reverse osmosis, 

ion exchange, and electrodialysis. Conventional physicochemical treatment methods only 

concentrate nitrate into solutions that still require disposal. Searching for a low cost water 

treatment for nitrate removal is a must. Ceramic filtration might be considered one of 

methods that can be used for nitrate removal. 

  

 
Figure (4.4): Removal efficiency of Nitrate using different dose. Of ceramic after one 

hr 

As shown from Figure (4.4) the Removal efficiency of Nitrate from water sample 

generally increase by increasing the dose of ceramic Filter.  It can be considered that a 

high percentage of removal was achieved for nitrate ions by using 25 g of ceramic at the 

first hr. This results for nitrate removal is consistence with the chloride ions. That means 

the negative monovalent ions such as chloride and nitrate work in the same behavior. 

 

4.2.5 Effect of Ceramic dose on pH 

The pH of a water solution is considered as an important factor affecting metal adsorption 

processes due to its impact on the degree of ionization of metal species and the surface 

charge of the adsorbent. pH has the effect of neutralization and re-acidification on metal 

concentrations in solution in the absence and presence of ceramic media. pH is one of the 

important parameters to be considered in the adsorption/ion exchange process, because in 

many cases it changes the surface charge on the sorbents. 
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Figure (4.5): Variation of pH at different times using different dose of ceramic 

 

Ceramic  filters  were  evaluated  also for  conductivity  and  pH changes after treatment,  

and  all  ceramic  filters  reduced conductivity of source water while pH values was 

fluctuated within the values of 8 to 8.4. Electrical conductivity is directly related to the 

amount of ions present in a given solution. Removal of cations and anions directly affect 

the decrease in the EC values. The pH value of the source water was relatively high.  

Higher pH conditions might enhance adsorption of positively charged ions. 

(Durham, et al., 1994) observed that application of ceramic materials substantially 

reduces the NO3
- and NH4

+ in water. Ceramic acts as a biocarrier and mediates the 

binding of nitrate and ammonia, which also serves as a source of reserve nitrogen to the 

immobilized microorganisms. They also observed an interesting note that the ion 

exchange and adsorptive properties were observed with this biocarrier when the matrices 

were heavily colonized with microorganisms or covered with biofilm for extended 

periods. 

 

4.3 Ceramic with Sawdust Filter 

To evaluate the water treatment performance of ceramic filter combined with sawdust, 

the water qualities of the water before and after treatment were assessed. The test was 

carried by using different combination of prepared ceramic filter mixed to sawdust as 

combustible material for different times of treatment. The designs were created by 

changing the combustible material sawdust and also modifying ratio of clay to burnt out 

combustible material. Sawdust were mixed with the clay for filter production. According 

to (Wan, .2014) that the main characteristics of raw sawdust based on ASTM method D 

5373 include Carbon (53.4%), Hydrogen (6.7%), Oxygen (36.8%) and Nitrogen (3.1%). 

It was further established in the work of (Wan et al. 2014) that elemental compositions of 
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raw sawdust include elements like Al (13.89%), Ca (12.72%), Fe (8.35%), Mg (0.35%), 

Si (8.78%) and Zn (19.32%). To evaluate the performance of each filter combination, the 

difference in water quality were measured. The physicochemical test carried out 

includes; pH, hardness, electrical conductivity, nitrate and chloride. The analysis of the 

water before and after treatment was done using standard methods. 

 

4.3.1 Effect of using ceramic and sawdust mixture on Hardness removal 

As shown from figure (4.6), the removal efficiency of hardness from water sample 

generally increase by increasing the contact time, and dose of Ceramic & sawdust filter. 

As shown from figure, there was no high significant difference in conductivity removal 

of water filtered through ceramic filters made from different composition of clay to 

sawdust. As shown in the figure the increase of the percentage of sawdust improve the 

efficiency of water contaminants removal. This result is compatible with result of 

Ayokunle study in 2018. From the results, he concluded that the sawdust adsorbent 

performed effectively in making the water samples safe against almost all the physico-

chemical parameters. Hence, sawdust is established as a good filter material. It was also 

concluded in the work of (Ajayi, 2015), that introduction of sawdust ratio into a ceramic 

water filter composition can be effective for the removal of heavy metals and correction 

of physicochemical parameters in home use water. In addition to removal increase the 

porosity, permeability and overall flow rates increase with increasing volume fraction of 

sawdust (Ndungu, 2015). 

 
 

Figure (4.6): Removal efficiency of hardness at different times by using different 

dose of ceramic & sawdust filter (90%-10%). 
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Table (4.4): Initial and final concentration of hardness at different times by using 

different dose of ceramic & sawdust filter (90%-10%). 

Dose of  ceramic  

&sawdust (g)  

Initial conc. 

(mg/l) 

Final concentration (mg/L) of hardness by 

Time (hr) 

1 2 3 4 5 

5 960 705 700 688 660 650 

10 960 679 682 659 657 630 

15 960 659 657 651 651 629 

20 960 657 651 641 652 621 

25 960 632 631 623 612 590 

 

4.3.2 Effect of ceramic and sawdust dose on Chloride removal 

 
Figure (4.7): Removal efficiency of Chloride at different times by using different 

dose of ceramic & sawdust filter (90%-10%). 

 

Table (4.5): Initial and final concentration of Chloride at different times by using 

different dose of ceramic & sawdust filter (90%-10%). 

Dose of ceramic 

 &sawdust (g)  

Initial conc. 

mg/l 

Final concentration (mg/L) of chloride by Time 

(hr) 

1 2 3 4 5 

5 1449.5 964 960 971 985 990 

10  1449.5 964 971 974 993 1014 

15 1449.5 961 985 984 997 1023 

20 1449.5 956 974 985 1000 1029 

25 1449.5 939 984 988 1007 1033 
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As shown in Figure (4.7), the removal efficiency of chloride ion from water sample 

generally decrease by increasing the contact time, and this is may be to the desorption of 

chloride from the surface of ceramic after the first hr or due the completion from another 

negative ions exist in the water solution. The chloride removals achieved about 35.2% 

and in the ranges of 42.7-35.2%. By the increase of dose of ceramic materials with 

sawdust the removal efficiency increase. Hence, high dose of the filter media and short 

time for chloride ion removals is appropriate. This conclusion is match the use of ceramic 

media alone but the percentage of removal was improved by addition of combustible 

materials which may be to the increase of porosity and surface sites for adsorption. 

 

4.3.3 Effect of Ceramic and sawdust dose on EC reduction 

 
Fig (4.8): EC reduction (%) at different times by using different doses of ceramic & 

sawdust filter (90%-10%). 

 

Table (4.6): Initial and final concentration of EC at different times by using 

different dose of ceramic & sawdust filter (90%-10%). 

Dose of 

ceramic 

& sawdust (g) 

Initial 

conc. 

ms/cm 

Final concentration (ms/cm) of EC by Time (hr) 

1 2 3 4 5 

5 4839 1290 1350 1490 1590 1790 

10 4839 1350 1290 1535 1590 1890 

15 4839 1250 1390 1535 1637 1835 

20 4839 1290 1450 1590 1637 1835 

25 4839 1200 1490 1590 1692 1790 
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Electrical conductivity is directly related to the amount of ions present in a given 

solution. As shown from Figure (4.8), the EC reduction from water sample generally 

decrease by increasing the contact time. The highest percentage of removal was 75% by 

using 25 g of ceramic mixed with sawdust after one hr.  

 

4.3.4 Effect of Ceramic and sawdust dose on Nitrate removal.  

 

 

 

 

 

 

 

 

 

Figure (4.9): Removal efficiency of Nitrate using different dose of ceramic & 

sawdust (90%-10%) mixture after one hr 

As shown from Figure (4.9) the removal efficiency of Nitrate from water sample 

generally increasing by increasing the dose of ceramic and sawdust Filter. As the dose of 

ceramic & sawdust increase the removal of nitrate increase. The maximum removal was 

achieved by 75% using 25 gram of ceramic and sawdust mixture. 

4.3.5 Effect of Ceramic and sawdust dose on pH  

 

Figure (4.10): Variation of pH with time by using different dose of ceramic & 

sawdust mixture (90%-10%). 
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As shown in figure (4.10) the pH decreases by increasing the contact time and dose of the 

filtered media in the batch reactor. pH level in the raw water was 7.98, while pH level of 

all the filtrates from all the ceramic filters ranged from 7.9 to 8.5 thus; all the ceramic 

filter designs met WHO’s maximum desirable concentration levels for drinking water 

(between 6.5 to 8.5). pH values of all the filtrates from the same batch and same filters 

did not vary substantially which is an indication of a minimum contamination of all the 

filtrates and no highly difference between pH using different combination of combustible 

material. Slight decrease in pH of filtrate was observed as the quantity of sawdust in the 

filter decreases. The pH of the raw water samples were slightly basic, hence the decrease 

in pH of filtrate is possibly because of removal of dissolved solids by adsorption to the 

filter composite. The result compared between pH values of filters made from clay alone 

as mentioned in the previous section and using clay mixed with sawdust showed almost 

the same sequence in variation. The result of this study is compatible with the study 

which was conducted by (Ayokunle, 2018). He concluded that the sawdust adsorbent 

performed effectively in making the water samples safe against almost all the physico-

chemical parameters, but unsafe against the bacteriological parameters. He also found, 

the sawdust adsorbent brings about the slight increase in the level of some elements such 

as nitrate and total alkalinity in the water samples but the contaminant level of those 

elements is still within the water quality guidelines. Hence, sawdust is established as a 

good filter material. Also, (Alemu, 2019) found that the average removing efficiency of 

the ceramic filters with sawdust was 59%, 56%, 59%, 88%,76%, 52%, and 46% for 

turbidity, calcium, magnesium, sulphate, phosphate, iron, and nitrite respectively in the 

analysis. Based on their study result, they concluded that the ceramic water filtrate that 

prepared from 80, 15 and 5% clay, sawdust and grog at firing temperature of 750 °C and 

800 °C with lower porosity of the ceramic filter elements were found to be have the best 

removal efficiency. 

 

4.4 Ceramic and TiO2 Nanoparticles Filter 

The development of new filters with improved removal properties, high mechanical and 

thermal stability using inexpensive and naturally abundant materials is of utmost 

importance for sustainable development and environmental applications. Ceramic 

materials due to their high chemical, mechanical and thermal stability in combination to 

their facile surface functionalization have inspired material scientists to design innovative 

low-cost ceramic filter media.  

Titania is a very well-known and well-researched material due to the stability of its 

chemical structure, biocompatibility, physical, optical, and electrical properties. Its 

photocatalytic properties have been utilized in various environmental applications to 

remove contaminants from both water and air (Li Q. et al., 2008). Titania-based 

photocatalytic systems are used for a variety of applications such as decomposition of 
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unwanted and toxic organic compounds, destruction of pollutants from contaminated 

water and air and killing of harmful bacteria and cancer cells (Blake. et al., 1999).  

Many kinds of non-conventional adsorbent materials have been tested for their adsorption 

ability to remove water contaminants. As alternative adsorbents, non-conventional 

materials must possess similar adsorption capability to those commercial adsorbents, eco-

friendly production, and also abundantly available. The most promising and the materials 

as the candidate for alternative adsorbents are clay minerals. Clay material that can be 

found in many places around the world, including in Gaza. Red brown clay as which 

found in the local area is expected mostly composed of aluminum silicate framework, and 

it has a layer structure with negative charge evenly across its surface and possesses good 

cation exchange. In this work treated clay mixed (ceramic) with different concentration 

of TiO2 are used to study the removal efficiency of water contaminants. Clay and 

titanium dioxide ratio was (90%-10%). The Clay - TiO2 composite was subsequently 

used to adsorb water contaminants. The physicochemical test carried out 

includes; pH, hardness, electrical conductivity, nitrate and chloride. The analysis of the 

water before and after treatment was done using standard methods. 

 

4.4.1 Effect of Ceramic and TiO2 Nanoparticle on Hardness removal 

 

Figure (4.11): Removal efficiency of Hardness at different times by using different 

dose of ceramic & TiO2 (90%-10%) 
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Table (4.7): Initial and final concentration of Hardness at different times by using 

different dose of ceramic & TiO2 (90%-10%) 

Dose of 

 ceramic  

&TiO2 (g) 

Initial conc. 

(mg/l) 

Final concentration of hardness (mg/L) by Time 

(hr) 

1 2 3 4 5 

5 960 870 862 850 799 793 

10 960 862 840 799 793 780 

15 960 859 830 820 789 780 

20 960 820 815 799 781 750 

25 960 810 799 750 750 738 

 

As shown in Figure (4.11), the removal efficiency of hardness from water sample 

generally increases by increasing the contact time and dose of Ceramic & TiO2 Filter. 

There were slight differences in Hardness removal through ceramic filters made from 

ceramic with different composition of clay &TiO2 nanoparticle. The increase in the 

percentage of TiO2 improves the efficiency of water contaminants removal in a non-

considerable manner. By the comparison of using ceramic filter alone and using the 

ceramic filter with the addition of TiO2, there was a decrease in the percentage of 

hardness removal by the addition of TiO2. That means the addition of TiO2 affects the 

removal efficiency of hardness negatively. 

 

4.4.2 Effect of Ceramic and TiO2 on Chloride removal 

 
Figure (4.12): Removal efficiency of Chloride at different times by using different 

dose of ceramic & TiO2 (90%-10%). 
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Table (4.8): Initial and final concentration of Chloride at different times by using 

different dose of ceramic & TiO2 (90%-10%). 

 

 

 

 

 

 

 

 

 

As shown in Figure (4.12), the removal efficiency of Chloride ions from water sample 

generally decrease by increasing the contact Time. It can be considered that a high 

percentage of removal was achieved for chloride ions by using 25 g of ceramic & TiO2 at 

the first hr.  

 

4.4.3 Effect of Ceramic and TiO2 nanoparticle on EC reduction 

 

 

Figure (4.13): EC reduction (%) at different times by using different dose. of 

ceramic & TiO2 (90%-10%) 
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Dose of  

Ceramic 

 & TiO2 (g) 

Initial 

conc. mg/l 

Final concentration of Chloride  by Time (hr) 

1 2 3 4 5 

5 1449.5 1028 1029 1036 1035 1040 

10 1449.5 1022 1027 1028 1025 1036 

15 1449.5 1007 1014 1014 1025 1034 

20 1449.5 1014 1018 1020 1026 1041 

25 1449.5 1000 1008 1006 1026 1028 
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Table (4.9): Initial and final concentration at different times by using different dose 

of ceramic & TiO2 (90%-10%). 

Dose of  ceramic  

 &TiO2 (g) 

Initial 

conc. 

ms/cm 

Final concentration of EC  (ms/cm) by Time 

(hr) 

1 2 3 4 5 

5 4839 3822 3870 3870 3949 3949 

10 4839 3755 3850 3800 3900 3900 

15 4839 3755 3845 3799 3870 3900 

20 4839 3715 3755 3795 3870 3870 

25 4839 3655 3715 3755 3800 3870 

 

As shown in Figure (4.13), the EC reduction from water sample generally decrease by 

increasing the contact time. The highest percentage of removal was 24.4% by using 25 

gram of ceramic mixed with TiO2 after one hr. The removal efficiency increase by 

increasing the mass of mixture material.  

 

4.4.4 Effect of Ceramic and TiO2 dose on Nitrate removal. 

 
Figure (4.14): Removal efficiency of Nitrate by using different dose of ceramic & 

TiO2 (90%-10%) after one hr. 

 

As shown in Figure (4.14) the removal efficiency of Nitrate from water sample generally 

increase by increasing the dose of Ceramic and TiO2 mixture. As the dose of TiO2 

increase the removal of nitrate increase. The maximum removal of 69% was achieved by 

using 25 gram of ceramic & TiO2 after one hr. 
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4.4.5 Effect of Ceramic and TiO2 Filter on pH 

 
Figure (4.15): Variation of pH value at different times by using different dose of 

ceramic & TiO2 (90%-10%) 

 

pH is considered as one of the most important parameters controlling the adsorption 

process at water adsorption interfaces. As shown in Figure (4.15) the pH decrease by 

increasing Time and dose. pH values of all the filtrates from the same batch and same 

filters did not vary substantially which is an indication of minimum contamination of all 

the filtrates and no high difference between pH using Ceramic & TiO2 filter.  The activity 

of TiO2 nanoparticle has pH-sensitive. As mentioned by (Nasikhudin et al., 2018) the 

activity of TiO2 nanoparticle for the degradation of Methylene Blue in acid condition (pH 

4.1) is 40%, in neutral condition (pH 7.0) is 90%, and in base condition (pH 9.7) is 97%. 

The highest photocatalytic activity occurs in base condition, it causes in base condition 

OH- can be direct reaction with a hole to produce hydroxyl radical (OH*). In this 

research, decrease in the pH value of filtrate was observed as the quantity of TiO2 in the 

filter increase. The pH of the raw water samples was slightly basic, hence decrease in pH 

of the filtrate is possibly due to the removal of dissolved solids by adsorption to the filter 

composite. The result compared between pH values of filters made from clay alone as 

mentioned in the previous section and using clay mixed with TiO2 showed almost the 

same sequence in variation.  

 

4.5 Ceramic & Kaolin mixture Filter 

Clay originates from chemical and physical weathering of igneous rocks over a long 

period of time (Shepard, 1968). The kaolin has a distinct crystalline structure that 

resembles platy sheets stacked on top of each other. The chemical composition consists 

of hydrous aluminum silicates combined with traces amounts of minimal impurities like 
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iron which give distinct reddish color (Kenneth, .2005). The structure of kaolinite is a 

tetrahedral silica sheet alternating with an octahedral alumina sheet. The white kaolin 

clay is finer than the red and black clays trend to be purer than red clays and have fine 

pore structure than typical red clay. The combustible materials are used to increase the 

porosity of filter media by creating voids within internal structure after the material has 

been sintered during firing (Harvey, 2003), and used as a major element in the filtration 

and filters industry, has a perfect adsorption efficiency with low grain size if used alone 

(Serry., 1979). These materials require processing such as grinding and sieving before 

they can be mixed together into uniform mixture then pressed or molded into final shape, 

the size of these materials influence the final pore size in ceramic filters; to large particle 

size makes filter become to porous and fragile, too small makes the filter chalky (Potters, 

2003). In this study two percentages of clay and kaolin mixture were prepared (90% of 

Ceramic and 10% of kaolin - 50% of Ceramic and 50% of kaolin). The Clay − kaolin 

composite was subsequently used to adsorb water contaminants. The physicochemical 

test carried out includes; pH, hardness, electrical conductivity, nitrate and chloride. The 

analysis of the water before and after treatment was done using standard methods. 

 

4.5.1 Using ceramic and kaolin (90%-10%) Filter. 

4.5.1.1 Effect of Ceramic and kaolin mixture (90%-10%) on Hardness removal 

As shown in the following Figure (4.16), the removal efficiency of hardness from water 

sample generally increase by increasing the contact time and dose of ceramic & kaolin 

mixture. There was a high significant difference in hardness removal of water filtered 

through ceramic filters made from different composition of dose. of ceramic and kaolin 

mixture (90%-10%). As shown in the figure the increase of the percentage of kaolin 

improve the efficiency of water contaminants removal. The maximum removal was 25.0 

% at 25 g after 5 hr. Kaolin is one of the clay minerals, which have a balancer charge or 

container charge very few, this charge is centered on the outer surface of the mineral and 

is affected by pH, and created as a result of hydration the bonds which linking Si-O, Al-

OH formed hydroxyl ion (OH-) on the mineral surface (Drever, 1982). So the ion 

exchange capacity of the prepared material dependents on the pH value of the solution. 

Since the pH value is almost basic the dominant reaction take place is sorption process. 
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Figure (4.16): Removal efficiency of Hardness at different times by using different 

dose. of ceramic & kaolin mixture (90%-10%) 

 

Table (4.10): Initial and final concentration of Hardness at different times by using 

different dose of ceramic & kaolin mixture (90%-10%) 

Dose of Ceramic  

& kaolin 

mixture  

(90%-10%) (g) 

Initial 

conc. 

(mg/l) 

Final concentration of Hardness (mg/L) at 

different times (hr) 

1 2 3 4 5 

5 960 870 830 820 820 830 

10 960 799 770 750 752 760 

15 960 820 799 799 769 790 

20 960 840 799 790 760 759 

25 960 820 815 795 777 749 
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4.5.2 Effect of Ceramic & kaolin mixture (90%-10%) on Chloride removal  

 
Figure (4.17): Removal efficiency of Chloride at different times by using different 

dose of ceramic & kaolin mixture (90%-10%) 

 

Table (4.11): Initial and final concentration of Chloride at different times by using 

different dose of ceramic & kaolin mixture (90%-10%) 

Mass of Ceramic  

& kaolin  

mixture 

 (90%-10%) (g) 

Initial 

conc. 

(mg/l) 

 

Final concentration of Chloride (mg/L) at different 

times (hr) 

1 2 3 4 5 

5 1449.5 1320 1350 1360 1400 1415 

10 1449.5 1250 1300 1320 1350 1400 

15 1449.5 1211 1300 1300 1360 1390 

20 1449.5 1211 1233 1290 1390 1350 

25 1449.5 1200 1211 1290 1360 1350 

 

As shown in Figure (4.17), the removal efficiency of chloride ion from water sample 

generally decrease by increasing the contact time. The chloride removals achieved about 

17% and in the ranges of 2-17%. By the increase of ceramic and kaolin mixture (90%-

10%) dose at 25 g after one hr, the removal efficiency decreased.  
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4.5.3 Effect of Ceramic & kaolin mixture (90%-10%) on EC reduction 

 
Figure (4.18): EC reduction % at different times by using different dose of ceramic 

& kaolin mixture (90%-10%) 

 

Table (4.12): Initial and final concentration of EC at different times by using 

different dose of ceramic & kaolin mixture (90%-10%) 

Dose of ceramic 

 & kaolin 

mixture  

(90%-10%) (g) 

Initial conc. 

(ms/cm) 

 

Final concentration EC (ms/cm) by time (hr) 

1 2 3 4 5 

5  4839 3715 3715 3755 3870 3870 

10 4839 3665 3655 3655 3800 3800 

15 4839 3615 3655 3755 3755 3800 

20 4839 3615 3615 3655 3715 3755 

25 4839 3580 3615 3615 3715 3755 

 

As shown in Figure (4.18), the EC reduction from water sample generally decrease by 

increasing the contact time. The highest percentage of removal was 26% by using 25 

gram of ceramic mixed with kaolin after one hr. 

 

 

 

 

 

19

20

21

22

23

24

25

26

27

1 2 3 4 5

EC
 r

ed
u

ct
io

n
 (

%
)

Time ( hr )

5 g

10 g

15 g

20 g

25 g



53 
 

4.5.4 Effect of Ceramic & kaolin (90g+10g) on Nitrate removal  

 

 
Figure (4.19): Removal efficiency of Nitrate by using different dose of ceramic & 

kaolin mixture (90%-10%) after one hour.  

 

As shown in Figure (4.19) the removal efficiency of Nitrate increase by increasing the 

dose of ceramic and kaolin mixture. As the dose of ceramic and kaolin mixture (90%-

10%). The maximum removal was achieved by 64% using 25 gram of ceramic and kaolin 

mixture.  

 

4.5. 5 Effect of Ceramic & Kaolin (90%-10%) on pH 

 
Figure (4.20): Variation of pH at different times and different dose of ceramic and 

kaolin mixture (90%-10%) 
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As shown in Figure (4.20) the pH value increase by increasing the time and dose of 

Ceramic & kaolin mixture.  Increase in pH of the filtrate was observed as the quantity of 

ceramic and kaolin mixture (90%-10%) in the filter increase to be basic media. The pH of 

the raw water samples were slightly basic 7.98, the maximum value of pH was 9.4 at 25 g 

of mixture ceramic & kaolin (90%-10%) after 5 hr. This high value may be good for 

adsorption but in heath view, it is not suitable for drinking purposes according to the 

WHO recommendation and Palestinian Standard. )Frost , (2008) studied the removal 

(exchange‐adsorption plus precipitation) of Cu, Zn, and Cd from a municipal landfill 

leachate by kaolinite and they found the removal of heavy metals was dependent upon the 

pH and the ionic strength of the leachate. Sorption increased with increasing pH values 

and with increasing concentration of heavy metals. 

 

 

4.6 Using ceramic and kaolin (50%-50%) Filter. 

4.6.1 Effect of using ceramic and kaolin mixture (50%-50%) on hardness removal 

 
 

Figure (4.21): Removal efficiency of Hardness at different times and dose of ceramic 

and kaolin mixture (50%-50%) 
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Table (4.13): Initial and final concentration of Hardness at different times and dose 

of ceramic and kaolin mixture (50%-50%) 

Dose of ceramic 

 and kaolin 

 mixture 

 (50%-50%) (g) 

Initial 

conc. 

(mg/l) 

Final concentration of Hardness (mg/L) by Time 

(hr) 

1 2 3 4 5 

5 960 746 720 710 700 698 

10 960 733 718 709 697 692 

15 960 729 713 703 693 690 

20 960 728 710 700 690 683 

25 960 725 707 699 688 681 

 

As shown from Figure (4.21), the removal efficiency of hardness from water sample 

generally increase by increasing the contact time and increasing the dose of ceramic and 

kaolin mixture (50%-50%). The maximum percentage of hardness removal was 29% at 

25 gram of ceramic and kaolin mixture (50%-50%) after 5 hr. )Claire et al., 2000) found 

that the increase with pH of cation adsorption on the kaolinite surface is closely linked to 

the increase of Si-O surface species, implying a positive correlation between the kaolinite 

surface charge and pH. 

 

4.6.2Effect of using ceramic and kaolin mixture (50%-50%) on Chloride removal 

 

Figure (4.22): Removal efficiency of Chloride at different times and dose. of ceramic 

and kaolin mixture (50%-50%) 
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Table (4.14): Initial and final concentration of Chloride at different times and dose 

of ceramic and kaolin mixture (50%-50%) 

Dose of ceramic  

and kaolin 

mixture  

(50%-50%) (g) 

Initial 

conc 

mg/l 

Final concentration of Chloride (mg/L) by time (hr) 

1 2 3 4 5 

5 1449.5 1085 1043 1100 1100 1140 

10 1449.5 1115 1140 1100 1200 1200 

15 1449.5 1085 1140 1140 1200 1200 

20 1449.5 1057 1140 1140 1200 1300 

25 1449.5 1014 1172 1140 1245 1300 

 

As shown in Figure (4.22), the Removal efficiency of chloride ions from water sample 

generally decrease by increasing the contact time. The maximum percentage of chloride 

removal was 30% at 25 gram of ceramic and kaolin mixture (50%-50%) after one hr, 

between hr (2-4) the removal efficiency of chloride ion it was almost constant then 

decrease by increasing the times and dose of ceramic and kaolin mixture (50%-50%). 

4.6.3 Effect of ceramic and kaolin mixture (50%-50%) on EC reduction 

 
Figure (4.23): EC reduction % at different times and dose of ceramic and kaolin 

mixture (50%-50%) 
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Table (4.15): Initial and final concentration of EC at different times and dose of 

ceramic and kaolin mixture (50%-50%) 

Dose of ceramic 

 &kaolin mixture 

(50%-50%) (g) 

Initial 

conc. 

ms/cm 

Final concentration of  EC (ms/cm) by time (hr) 

1 2 3 4 5 

5 4839 3580 3615 3715 3870 3800 

10 4839 3615 3615 3715 3800 3800 

15 4839 3615 3655 3755 3870 3870 

20 4839 3655 3716 3800 3870 3900 

25 4839 3715 3715 3870 3900 3900 

 

As shown in Figure (4.23), the EC reduction from water sample generally decrease by 

increasing the contact time. Because the adsorption of EC on the surface of ceramic and 

kaolin mixture (50%-50%) decrease. The EC removals achieved about 26% and in the 

ranges of 19-26%. By the increase of dose of ceramic materials with kaolin the removal 

efficiency decreased. Hence, high dose of the filter media for EC removals is not 

appropriate. 

 

4.6.4 Effect of ceramic and kaolin mixture (50%-50%) on pH  

As shown in fig (4.24): the range of pH value (8.1-8.5) were slightly basic. The variation 

on pH values in the range of 8.1-8.5. The value is accepted in regards to the drinking 

water. As mentioned in the literature the adsorption process for positively charged ions is 

working better at basic media than the neutral or acidic media. 

Figure (4.24): Variation of pH values at different times and dose of ceramic and 

kaolin mixture (50%-50%). 

8

8.1

8.2

8.3

8.4

8.5

8.6

5 10 15 20 25

P
H

Mass of ceramic and kaolin mixture (50%-50%) (g)

hr1

hr2

hr3

hr4

hr5



58 
 

 

4.6.5 Effect of ceramic and kaolin mixture (50%-50%) on Nitrate removal 

 

Figure (4.25): Removal efficiency of Nitrate at different dose of ceramic and kaolin 

mixture (50%-50%) after one hour 

 

As shown in Figure (4.25) the removal efficiency Nitrate from water sample generally 

increase by increasing the dose of ceramic and kaolin mixture (50%-50%). As the dose of 

ceramic and kaolin mixture (50%-50%) increase the removal of nitrate increase. The 

maximum removal was achieved by 50% using 25 gram, and the minimum removal was 

38% by using 5 gram of ceramic and kaolin mixture (50%-50%).    

 

4.7 Ceramic and sand filter  

Filtration is defined as an interaction between a suspension and a filtering material, 

pollutants are removed from the solution when they become attached to the media or to 

previously captured particles, using of sand filtration is common for drinking water and 

wastewater treatment, Sand filters are also popular as storm water runoff treatment 

(Clark, 1999). AWWA (2001), (Torrens et al., 2009), (Anderson et al., (1985), and 

(Woelkers et al., (2006) stated that the successful choice of a filter media as sand filter to 

produce satisfactory desired pollutant removal performance depended upon the proper 

choice of  the depth of the filters, type of sand, sand size distribution, conditions of 

influent water, quality of effluent, the filtration rate, and dosing regime and resting period 

duration, all affected the hydraulic performance and purification efficiency of the filters.  

Sand consists of small grains or particles of minerals and rock fragments. Although these 

grains may be of any mineral composition, the dominant component of sand is the 

mineral quartz, which is composed of silica (silicon dioxide) its chemical structure as 
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shown in Fig (3.2). Other components may include aluminum, feldspar and iron-bearing 

minerals. Sand with particularly high silica levels that is used for purposes other than 

construction is referred to as silica sand or industrial sand (Dr. Kamar, 2004).  

Selecting and preparing the required sand is crucial for the treatment efficiency of the 

filtration process. Poor selection and preparation of the filtration sand could lead to poor 

performance and a considerable amount of work to rectify the problem. Grains of sand 

that have been shaped by water beach sand are rounded and uniform in size. 

4.7 Ceramic and Sand mixture (90%-10%)  

            

Figure (4.26): Removal efficiency of Hardness at different times and dose of ceramic 

and sand mixture (90%-10%)  
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Table (4.16): Initial and final concentration of Hardness at different times and dose 

of ceramic and sand mixture (90%-10%) 

Dose of ceramic  

and sand mixture 

 (90%-10%) (g) 

Initial 

conc.  

(mg/l) 

Final concentration of Hardness (mg/L) by time 

(hr) 

1 2 3 4 5 

5 960 651 647 644 632 624 

10 960 648 645 632 629 616 

15 960 633 632 629 924 612 

20 960 630 629 624 621 609 

25 960 626 625 621 612 605 

 

As shown in Figure (4.26), the removal efficiency of hardness from water sample 

generally increase by increasing the contact time and increasing the dose of ceramic and 

sand mixture (90%-10%). There was no high significant difference in conductivity 

removal of water filtered through ceramic filters made from different composition of 

ceramic and sand. By increasing the amount used of ceramic and sand mixture, the 

efficiency of water contaminants removal was improved. In addition to removal increase, 

porosity and permeability increase with increasing volume fraction of ceramic and sand 

mixture (90%-10%). The maximum percentage of hardness removal was 37% by using 

25 gram of ceramic and sand mixture after 5 hr. 

 

4.7.2 Effect of using ceramic and sand mixture (90%-10%) on Chloride removal 

 

Fig (4.27): Removal efficiency of Chloride at different times and dose of ceramic and 

sand mixture (90%-10%) 

26

27

28

29

30

31

32

33

34

35

1 2 3 4 5

R
em

o
va

l E
ff

ic
ie

n
cy

 (
%

)

Time (hr)

5g

10g

15g

20g

25g



61 
 

Table (4.17): Initial and final concentration of Chloride at different times and dose 

of ceramic and sand mixture (90%-10%) 

Dose of 

ceramic and 

 sand mixture  

(90%-10%) (g) 

Initial 

conc. 

(mg/l) 

Final concentration of Chloride (mg/L) by Time 

(hr) 

1 2 3 4 5 

5 1449.5 1000 1014 1028 1028 1029 

10 1449.5 971 1028 1014 1014 1014 

15 1449.5 985 1022 1000 985 1000 

20 1449.5 979 985 1000 985 1014 

25 1449.5 956 971 985 985 1000 

 

As shown in Figure (4.27), the removal efficiency of chloride ions from water sample 

generally decrease by increasing the contact time. The clay minerals have net negative 

charge resulting in attempts to balance the charge by cation attraction which is in 

proportion to the net charge deficiency and may be related to the activity of the clay. So 

negatively charged ions surrounding the clay from water mostly attracted by the some 

positive ions in the clay and sand mixture. The chloride removals achieved about 34% 

and in the ranges of 29-34%. By the increase of ceramic and sand mixture concentration 

of the removal efficiency increase. Hence, high dose of the filter media for chloride ion 

removals is appropriate.  

 

4.7.3 Effect of ceramic and sand mixture (90%-10%) on EC reduction 

 

Figure (4.28): EC reduction % at different times and dose of ceramic and sand 

mixture (90%-10%) 
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Table (4.18): Initial and final concentration of EC at different times and dose of 

ceramic and sand mixture (90%-10%) 

Dose of ceramic  

and sand 

mixture 

 (90%-10%) (g) 

Initial conc. 

ms/cm 

 

final concentration of EC (ms/cm) by time 

(hour) 

1 2 3 4 5 

5 4839 2065 2080 2120 2160 2170 

10 4839 2030 2030 2080 2080 2130 

15 4839 1969 2020 2040 2070 2080 

20 4839 2020 2030 2170 2130 2120 

25 4839 1935 1969 2065 2170 2210 

 

As shown in Figure (4.28)), the removal efficiency of EC from water sample generally 

decrease by increasing the contact time. The highest percentage of removal was 60% by 

using 25 gram of ceramic and sand mixture (90%-10%) after one hr, then the removal 

decrease by increase the percentage of ceramic and sand mixture (90%-10%) addition. 

 

4.7.4 Effect of using ceramic and sand mixture (90%-10%) on pH  

 

 
Figure (4.29): Variation of pH value at different time and dose. of ceramic and sand 

mixture (90%-10%). 

 

As shown in Figure (4.29) the pH increase by increasing the concentration of Ceramic & 

sand mixture (90%-10%) filter. The increase in pH of filtrate was observed as the 

quantity of ceramic and sand mixture in the filter increase and also with the time. The pH 
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of the raw water samples were slightly basic 7.98. The maximum value of pH was 8.9 at 

25 g of mixture ceramic & sand after 5 hr and in the range of (8.6-8.9) at 25 gram. 

 

4.7.5 Effect of ceramic and sand mixture (90%-10%) on Nitrate removal 

 

 

 

Figure (4.30): Removal efficiency of Nitrate at different dose of ceramic and sand 

mixture (90%-10%) after one hr. 

 

As shown in figure (4.30), the concentration of ceramic and sand mixture (90%-10%) 

(gram) increase the removal of nitrate by. The maximum removal was achieved by 54% 

using 25 gram of ceramic and sand mixture (90%-10%) after one hr. 

 

4.8 Ceramic and sand mixture (50%-50%). 

4.8.1 Effect of using ceramic and sand mixture (50%-50%) on Hardness removal 

As shown in the following Figure (4.31) and Table (4.19), the removal efficiency of 

hardness from water sample generally increase by increasing the contact time and 

increasing the concentration of ceramic and sand mixture (50%-50%). There was no high 

significant difference in conductivity removal of water filtered through ceramic filters 

made from different composition of ceramic and sand. The increase of the percentage of 

ceramic and sand mixture (50%-50%) improve the efficiency of water contaminants 

removal. In addition to removal increase, the porosity and permeability increase with 

increasing volume fraction of ceramic and sand mixture (50%-50%). The maximum 

percentage of hardness removal was 38% at 25 gram of ceramic and sand mixture (50%-

50%) after 5 hr. 
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Figure (4.31): Removal efficiency of Hardness at different times and dose of ceramic 

and sand mixture (50%-50%) 

 

Table (4.19): Initial and final concentration of Hardness at different times and dose 

of ceramic and sand mixture (50%-50%) 

Dose of ceramic and  

sand mixture  

(50%-50%) (g) 

Initial 

conc. 

(mg/l) 

 

Final concentration of Hardness (mg/L) by 

time (hr) 

1 2 3 4 5 

5 960 612 624 632 633 642 

10 960 613 612 624 621 632 

15 960 605 609 604 609 616 

20 960 602 605 605 602 605 

25 960 595 600 597 598 610 
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4.8.2 Effect of using ceramic and sand mixture (50%-50%) on Chloride removal 

 

Figure (4.32): Removal efficiency of Chloride at different times and dose. of ceramic 

and sand mixture (50%-50%) 

 

Table (4.20): Initial and final concentration of Chloride at different times and dose 

of ceramic and sand mixture (50%-50%) 

Dose of ceramic 

 and sand 

mixture  

(50%-50%) (g) 

Initial 

conc. 

(mg/l) 

Final concentration  of Chloride (mg/L) by time 

(hr) 

1 2 3 4 5 

5 1449.5 971 985 985 1014 999 

10 1449.5 970 971 981 999 997 

15 1449.5 971 980 971 971 972 

20 1449.5 969 971 963 963 1014 

25 1449.5 956 966 964 985 999 

 

As shown from Fig (4.32) and Table (4.20), the removal efficiency of chloride decrease 

by increasing the contact time. The maximum removal was 34% at 25 (gram) after one hr 

then the removal decrease by increasing the contact time.  
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4.8.3 Effect of using ceramic and sand mixture (50%-50%) on EC reduction 

 
Figure (4.33): EC reduction % at different times and dose. of ceramic and sand 

mixture (50%-50%) 

 

Table (4.21): Initial and final concentration of EC at different times and dose of 

ceramic and sand mixture (50%-50%) 

Dose of ceramic  

and sand 

mixture 

 (50%-50%) (g) 

Initial 

conc. 

(ms/cm) 

 

Final concentration of EC (ms/cm) by time (hr) 

1 2 3 4 5 

5 4839 1910 1935 1969 2080 2030 

10 4839 1935 1955 1935 2030 2065 

15 4839 1869 1880 1935 1935 1969 

20 4839 1880 1855 1880 1860 1880 

25 4839 1835 1860 1880 1869 1880 

 

As shown from Figure (4.33), the EC reduction from water sample generally decrease by 

increasing the contact time. The highest percentage of removal was 62% by using 25 

gram of ceramic and sand mixture (50%-50%) after one hr. 
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4.8.4 Effect of using ceramic and sand mixture (50%-50%) on Nitrate removal  

 
Fig (4.34): Removal efficiency of Nitrate at different dose of ceramic and sand 

mixture (50%-50%) after one hour 

 

As the concentration of ceramic and sand mixture (50%-50%) (gram) increase the 

removal of nitrate increase. The maximum removal was achieved by 69% using 25 gram 

of ceramic and sand mixture (50%-50%).  

 

4.8.5 Effect of using ceramic and sand mixture (50%-50%) on pH 

 

Figure (4.35): Variation of pH at different times and dose of ceramic and sand 

mixture (50%-50%) 
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As shown from Figure (4.35) pH increase by increasing time and dose of ceramic and 

sand mixture (50%-50%). Increase in pH of filtrate was observed as the quantity of 

ceramic and sand mixture in the filter increase. The pH of the raw water samples were 

slightly basic 7.98, but the pH increase by increasing dose of ceramic and sand mixture 

and this may be to the release of the hydroxyl ions from the media. The maximum value 

of pH was 8.9 at 25 g of mixture ceramic & sand (50%-50%) after 4 hour, rang pH (8.4-

8.9) at 25 gram 

 

4.9 Maximum removal and optimization 

Many of the important properties of clay minerals are related to the positive charge 

deficiency in the mineral resulting from the broken bond at the edges of the tiny crystal 

and isomorphism substitution within the crystal lattices. In minerals of a high charge 

deficiency, the interlayer ions that are tightly held, tend not to exchange with other ions. 

The bonding is weak and cation exchange commonly results when there is a change in 

the relative ion concentration in the water surrounding the minerals. When the charge 

deficiency is low and the crystals are relatively coarse in size there is a low exchange 

capacity because there are few charge sites on which the exchange can take place. The 

exchangeability of ions depends on several factors including the type of clay, the size of 

the clay crystallites, the type and availability of ions, the Eh and pH condition of the 

solution, temperature, and time. In general, the smaller the hydrated ion size, the more 

tightly the cation will be held by the clay, but this rule does not always strictly apply 

(Petti 1975, Vogel’s 1989). Most of the cation exchange capacity (80%) is due to the 

substitution with the structure, but a lesser amount (20%) is due to the charge at the edge 

of the sheet (Weaver, 1973). The edges of all the clay minerals have net negative charge 

resulting in attempts to balance the charge by cation attraction which is in proportion to 

the net charge deficiency and may be related to the activity of the clay. 

In order to improve the adsorption/ion exchange capacity of the clay, the clay was treated 

by burning in an oven over 700 oC and then some additives (sawdust, TiO2, Sand and 

kaolin) in different quantities were added to the mixture and burned again. Different 

masses of each composition were used to find the best percentages of removal of water 

contaminants including hardness, Chloride, Nitrate and EC. The following table shows 

the best removal efficiency for each contaminant at different quantity of ceramic and 

additives 
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Table (4.22): Best removal efficiency of water contaminants using different quantity 

of ceramic and additives   

Filter type: Ceramic filter. 

Parameters Maximum removal% Materials Used and Time of Treatment 

 NO3
- 72% 25g of ceramic after one hr 

Cl - 34.2% 25 g of ceramic after one hr 

EC 65.5% 25 g of ceramic after one hr 

hardness 34.2% 25 g of ceramic after 5 hr 

Filter type: Ceramic and TiO2 (90%-10%) filter 

 NO3
- 69% 25 g  of ceramic & TiO2 after one hr 

Cl - 31% 25 g  of ceramic & TiO2 after one hr 

EC 24.4% 25 g  of ceramic & TiO2 after one hr 

hardness 23.1% 25 g  of ceramic & TiO2 after 5 hr 

Filter type: Ceramic and sawdust  (90%-10%)filter 

 NO3
- 75% 25 g  of ceramic &  sawdust after one hr 

Cl - 35.2% 25 g  of ceramic &  sawdust after one hr 

EC 75% 25 g  of ceramic &  sawdust after one hr 

hardness 38.5% 25 g  of ceramic &  sawdust after 5 hr 

Filter type: Ceramic and kaolin (90% - 10%) filter 

 NO3
- 64% 25 g of ceramic & Kaolin mixture after one hr 

Cl - 17% 25 g of ceramic & Kaolin mixture after one hr 

EC 26% 25 g of ceramic & Kaolin mixture after one hr 

hardness 21.9% 25 g of ceramic & Kaolin mixture  after 5 hr 

Filter type: Ceramic and kaolin (50% - 50%) filter 

 NO3
- 50% 25 g of ceramic & Kaolin mixture after one hr 

Cl - 30% 25 g of ceramic & Kaolin mixture after one hr 

EC 23% 25 g of ceramic & Kaolin mixture after one hr 

hardness 29% 25 g of ceramic & Kaolin mixture after 5 hr 

Filter type: Ceramic and sand (90%-10%) filter 

 NO3
- 54% 25 g of ceramic & sand mixture after one hr 

Cl - 32% 25 g of ceramic & sand mixture after one hr 

EC 60% 25 g of ceramic & sand mixture after one hr 

hardness 37% 25 g of ceramic & sand mixture after 5 hr 

Filter type: Ceramic and sand (50%-50%) filter 

 NO3
- 69% 25 g of ceramic & sand mixture after one hr 

Cl - 34% 25 g of ceramic & sand mixture after one hr 

EC 62% 25 g of ceramic & sand mixture after one hr 

hardness 38% 25 g of ceramic & sand mixture after 5 hr 
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The developed ceramic filters remove cations (Mg2+ and Ca2+), chloride and nitrate ions 

with more than 38% efficiency from water. The removal of cations and anions might be 

due to the ion exchange on the ceramic surface, formation of precipitate as oxides and 

hydroxides of the ions, and adsorption on activated carbon media formed in the ceramic 

body from combustible material. The central cations in clay structure, aluminum, and 

silicon, with higher charge, might be replaced with lower charge ions such as magnesium 

and calcium by leaving net negative charge. 

Ceramic filters were evaluated for conductivity and pH changes after treatment, and all 

ceramic filters reduced the conductivity and pH of the water source. Electrical 

conductivity is directly related to the amount of ions present in a given solution. The pH 

value of the source water was relatively basic and it was increased after treatment through 

all ceramic filters. Higher pH conditions might enhance the adsorption of positively 

charged ions. The high reduction in conductivity of water filtered through ceramic filters 

made from composition of (90%-10%) ceramic & sawdust after one hr. Also, in the same 

manner, the Hardness and Chloride removal was achieved the maximum removal of 

38.5% and 35.5% respectively by using ceramic and sawdust. Ceramic water filtration is 

one of the recent low-cost water treatment methods from local materials. According to 

this study, the ceramic filters manufactured from 10 % sawdust, and 90 % clay that was 

fired at 700 °C showed better ion removal efficiency. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

Ceramic water filtration is one of the recent low cost water treatment methods from local 

materials. The results of the present investigation show that natural kaolin is an abundant 

and low cost material that can be synthesized for the removal of contaminants such as 

calcium, magnesium, chloride and nitrate from water. The results show that the 

developed filters were effective in the treatment of physio-chemical contaminants 

detected in the water samples. The results of this study indicate a good potential for 

removal of nitrate, EC, chloride ion from water through the filters with some additives 

but Hardness were removed partially from water samples. This study show the possibility 

to use the media of sawdust, kaolin, sand, and TiO2 nanoparticle as modified ceramic 

filter to reducing nitrate, chloride ion, EC and Hardness from polluted water. The 

techniques used in this study were efficient, simple, cost-effective and easy to extrapolate 

for a practical applications of the reduction of water contaminants. The applied water 

treatment by filtration was conducted without any chemical addition. So this technique 

can be considered environment friendly. 

The contact time of water has important for Hardness removal. The adsorption increase 

by increasing contact time. The best removals was archived by using ceramic, ceramic 

with sawdust and ceramic with sand filter. The burning material play an essential role for 

increase the adsorption sites and increase the permeability of the media. Sawdust was a 

good alternative burnout material in the body compositions. Increasing quantity of 

sawdust in the ceramic filter composition increased the filter’s ability to reduce 

concentration of water contaminants in the treated water sample 
The adsorption capacity depended on the mass of the adsorbent material. Adsorption 

capacity increased with mass for removal of positive charged ions but decreased with 

negative charged ions. The best removal of nitrate, chloride, and EC reduction was 

achieved after one hour by ceramic filter media with sawdust, TiO2, kaolin, and sand 

from water. The removal of water contaminants of negatively charged ions decreased by 

contact time and this is may be due to the repulsion of negative charge of the ceramic 

filter. Lack of adsorption is due to the inhibition of negative charges between the filter 

media and contaminant, so the removal efficiency decrease by increasing the contact 

time. The pH value of the source water was relatively basic and it was increased after 

treatment through all ceramic filters but it is still within the standard limits for drinking 

water application. Higher pH conditions might enhance the adsorption of positively 

charged ions.  

The result of this research is expected to widen the vision in the use of ceramic filters in 

the household by enhancing the use of the ceramic filters to cover the treatment of 
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chemical impurities in the water and thus making it a near-complete solution to 

household water treatment needs. This innovative decentralized treatment technology 

could be a solution in the provision of potable water to rural areas because it is easy to 

construct, operate and maintain. Also, it might represent an alternative to using expensive 

bottled water. 

 

5.2 Recommendations 

According to the result of this study, the following recommendation are made: 

1) This result of the research aspect needs to do more investigate further in order to 

promote the large-scale utilization of neglected natural resource for water 

treatment through filtration. 

2) Using natural media for water treatment applications are strongly recommended 

due to their local availability, an environmentally friendly, and cost-effectiveness. 

3) Investigation of using different forms of filter modifications by using another 

form of media toward the enhancing of the water treatment efficiency. 

4) Further investigations and researches on other pollutants using this technology 

will not only improve its efficiency, but also develop new modeling techniques 

5) Further study and research should be carried out on the development of water 

filters to improve upon its performance in water treatment by the government, 

nongovernmental and private sector to make it available in most homes thereby 

alleviating the issue of inadequate supply of safe water in our local area. 

6) Using ceramic filter should be tested for a long duration to ensure its suitability 

and durability for water treatment. 

7) Backwashing and regeneration of the filter media should carried clearly through 

scientific research to ensure reuse of these materials. 

8) Further tests should be conducted to find out how well the filter works in a wide 

range of situations. 
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