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Abstract 

 

The present work is a comprehensive of drinking water 

quality from various rural regions of Egypt. People are 

living in these rural regions have a problem of scarcely 

water resources. They mainly depend on groundwater 

resources for drinking. These water resources may be 

contaminated with both naturally and/or industrial 

pollutants unexpected. In this study, several groundwater 

samples are obtained from certain regions in Egypt; 

physical, chemical and radiological parameters are 

examined. Then, compared to the standard limits values of 

the world health organization. A new modified ion 

exchange resin was prepared in our laboratory with a high 

efficiency factor which may be used for reducing the heavy 

metals that are being found in groundwater samples. The 

removal of heavy metals such as, Pb (II), Co (II) and Mn 

(II) ions was carried out by the modified ion exchange resin 

using Batch sorption experiments. The optimum condition 

of the removal efficiency was conducted under different 

parameters such as; effect of pH, initial ion concentrations, 

weight loaded and contact time to determine the optimum 

conditions for the resin function. Kinetic studies are 

performed using first and second order kinetic equations. 



Abstract 

 

The sorption kinetic experiments are found to be agreeing 

well with the second order kinetic equation. The particle 

diffusion model was also studied. three isotherm equations 

are applied for sorption of the investigated elements at 

equilibrium are well described by the  Freundlich isotherm 

equation indicating that sorption process of those elements 

are applied with heterogeneous adsorption reaction. Dubinin 

& and Radushkevich (D-R) isotherm equation is also 

applied.  The free energy of the adsorption process is also 

given in the range of the ion exchange reaction. 

Key words: Groundwater, heavy metals, Resin, pH, 

Contact time, Adsorption isotherm.  
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According to the importance of the groundwater 

as a major source of drinking water in rural and sub 

urban communities in Egypt. So that, the investigation 

of a new material for the removal of heavy metals and 

radionuclides from groundwater being of high 

importance.             

This thesis is directed to investigate the following; 

The first goal of the work is to determine the 

physical and chemical properties of groundwater using 

different elemental techniques. 

Determination of heavy metals concentrations in 

groundwater by means of inductive coupled plasma 

atomic emission spectrometry beside the determination 

of radionuclides concentration in groundwater by means 

of liquid scintillation. 

Second goal is to show the agreement between heavy 

metals concentration in ground water using inductive 

coupled plasma atomic emission spectrometry (ICP-

AES) and that of the recommended values stated by the 

world health organization (WHO). 
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Third goal is the preparation of a Synthetics ion 

Exchange resin (Modified ion exchange resin) for water 

treatment and showing its characteristics using XRD, 

SEM and FTIR. And then determine its efficiency by 

elemental analysis technique. 

Fourth goal is the removal of Co, Mn and Pb ions from 

synthesized water using the synthetic Cation Exchanger 

by studying the factor affecting the removal process 

such as Contact time, amount of resin dosage and pH.  

Fifth goal is the application of the modified ion 

exchange resin on the groundwater and determination of 

its removal efficiency using ICP-AES technique.  
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1.1. General outlook of water in Egypt 

Water is the most important natural resource that 

man can be utilized it for his essential needs. About 

97% of the water resource in Egypt was extracted from 

the river Nile. The rest is from winter rain and non-

renewable ground water aquifers.  Management of 

water quality, control of water pollution and 

environmental protection are the major issues to save 

our future.  Egypt has been listed among the ten 

countries that were threatened by want of water by the 

year 2025 due to the rapidly increasing with population 

(1). More than three billion of people did not have 

enough clean water to meet their daily needs, and there 

was not available sufficient of surface water for human 

consumer, however groundwater potential is suitable for 

drinking in a good quality and quantity.  Unfortunately, 

most of the private and general groundwater wells in 

certain regions in Egypt were naturally and/or 

artificially polluted with heavy metals and 

radionuclides. This thesis discusses the preparation of 

ion exchanger to clean certain ground water.  A 

thorough study in this research was directed to prepare a 
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cheap certain ion exchanger material to clean certain 

groundwater samples that may be used for drinking. 

 

1.2. Types of Water Resources 

The total water resources of the earth including 

Saltwater Resources, Groundwater Resources and 

Surface Water equal 326 million cubic miles, with each 

cubic mile equal to 1 trillion gallons of water. Only 2.5 

percent of water is freshwater; 97.5 percent is saltwater. 

Almost 69 percent of freshwater resources are tied up in 

glaciers and ice caps; about 30 percent is groundwater, 

and a mere 0.27 percent is surface water. Water 

resources are important for the survival of the planet (2). 

The Water Resources in Egypt can be classified as (3): 

1.2.1. Conventional Resources 

The conventional water resources in Egypt are limited 

to the Nile River, groundwater in the Delta, Western 

deserts and Sinai, rainfall and flash floods. Each 

resource has its limitations on use. These limitations 

relate to quantity, quality, location, time, and cost of 

development. 
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The Nile is the predominant source of fresh water in 

Egypt. Presently, its flow rate relies on the available 

water stored in Lake Nasser to meet needs within 

Egypt’s annual share of water, which is fixes at 55.5 

Billion Cubic Meters (BCM) annually by an agreement 

signed with Sudan in 1959. 

Groundwater exists in the western desert within the 

Nubain sandstone aquifer that extends below the vast 

area of the New Valley and its sub-region East of 

Owaynat. This aquifer stores about 200,000 BCM of 

fresh water. However, this groundwater occurs at great 

depths and the aquifer is generally non-renewable. 

Therefore, the utilization of such water depends on 

pumping costs and its depletion rate versus the potential 

economic return over the long run.  

Groundwater in Sinai exists mainly in three different 

water-bearing formations; the shallow aquifers in 

Northern Sinai; the valley aquifers; and the deep 

aquifers. The shallow aquifers in the Northern part of 

Sinai are composed of sand dunes that hold the seasonal 

rainfall, which helps in fixing these dunes. The aquifers 

in the coastal area are subject to salt-water intrusion. 

The total dissolved solids in this water range from 2,000 
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to 9,000 ppm. The groundwater aquifer underlying the 

Nile valley and Delta is recharged by seepage losses 

from the Nile, the irrigation canals and drains, and deep 

percolation of water from irrigated lands. The total 

available storage of the Nile aquifer is estimated at 

about 500 BCM but the maximum renewable amount 

(the aquifer safe yield) is around 7.5 BCM. The existing 

rate of groundwater abstraction in the Valley and Delta 

regions is about 4.8 BCM/year, which is still below the 

potential safe yield of the aquifer. 

Rainfall on the Mediterranean coastal strip decreases 

eastward from 200 mm/year at Alexandria to 75 

mm/year at Port Said. It also declines inland to about 25 

mm/year near Cairo. Rainfall occurs only in the winter 

season in the form of scattered showers. Therefore, it 

cannot be considered a dependable source of water. 

Nevertheless, some seasonal rain-fed agriculture is 

practiced in the northern coast to the west of Alexandria 

and in Sinai utilizing these small amounts of water. 

Floods occurring due to short period, high intensity 

storms are a source of environmental damage, 

especially in the Red Sea area and southern Sinai. 
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1.2.2. Non-Conventional Water Resources 

Non-conventional water resources include agricultural 

drainage water, desalinization of brackish groundwater 

and/or seawater, and treated municipal wastewater. 

Desalination is practised on a small scale at present, 

mainly along the Red Seacoast. Treated municipal water 

is presently in the research and pilot testing stage. These 

latter two sources are not discussed further herein. 

Reuse of agricultural drainage has been practiced for 

many years. Plans are underway to increase this source 

in future. Agricultural drainage reuse is considered a 

significant water source and therefore warrants separate 

discussion as follows. 

 

1.2.2.1. Agricultural Drainage 

The agricultural drainage of the southern part of Egypt 

returns directly to the Nile River where it is mixed with 

the Nile fresh water and reused for different purposes 

downstream. The total amount of such indirect reuse is 

estimated to be about 4.07 BCM/year in 1995/96. This 

drainage flow comes from three sources; tail end 

discharges and seepage losses from canals; surface 

runoff from irrigated fields; and deep percolation from 
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irrigated fields (partially required for salt leaching). The 

first two sources of drainage water are of relatively 

good quality water. The deep percolation component is 

more salty and even highly saline, especially in the 

northern part of Delta, due to seawater intrusion and 

upward seepage of groundwater to drains. 

In addition, it is estimated that some 0.65 BCM/year of 

drainage water is pumped to El- Ibrahimia and Bahr 

Yousef canals for further reuse. Another 0.235 

BCM/year of drainage water is reused in Fayoum while 

about 0.65 BCM/year of Fayoum drainage is disposed 

of in Lake Qarun 

In the Delta region the amount of agricultural drainage 

water reuse was estimated in 1995/96 to be around 4.27 

BCM in addition to about 0.3 BCM lifted to Rossetta 

branch from west delta drains. This constitutes the 

official reuse carried out by pumping stations of the 

Ministry of Water Resources and Irrigation (MWRI). 

Additional unofficial reuse done by farmers themselves, 

when they are short of canal water, has been estimated 

to be around 2.8 BCM. The remaining drainage water is 

discharged to the sea and the northern lakes via 

drainage pump stations. The total amount of drainage 
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water that was pumped to the sea during the year 

1995/96 has been estimated to be 12.41 BCM. Reuse of 

agricultural drainage water in the Delta is limited by the 

salt concentration of the drainage water. Moving from 

upstream to downstream, the level of salinity increases 

but in most of the valley and in the southern part of the 

Delta region, the salinity remains below the critical 

level of 1,000 ppm making it possible for reuse. 

However, in the northern part of Delta region, large 

quantities of salt seep through groundwater to the 

drainage water due to the sea water intrusion. The 

amount of seawater that seeps into the drains is 

estimated to be about 2.0 BCM/year. This water is 

pumped back to the sea and northern lakes to maintain 

the salt balance of the system. 

 

1.3. Source of pollution in water 

Water pollution can be defined in many ways. Usually, 

it means one or more substances have built up in water 

to such an extent that they cause problems for animals 

or people. Oceans, lakes, rivers, and other inland waters 

can naturally clean up a certain amount of pollution by 

dispersing it harmlessly. 
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Thus, water pollution is all about quantities: how much 

of a polluting substance is released and how big a 

volume of water it is released into. A small quantity of a 

toxic chemical may have little impact if it is spilled into 

the ocean from a ship. But the same amount of the same 

chemical can have a much bigger impact pumped into a 

lake or river, where there is less clean water to disperse 

it. 

Water pollution almost always means that some damage 

has been done to an ocean, river, lake, or other water 

source (4).  

When the pollution has a single source like an oil spill, 

it is called point-source pollution. In case the pollution 

has multiple sources, it is called nonpoint-source 

pollution. Many types of pollution affect the immediate 

area surrounding the source. When the pollution affects 

the environment many miles away from the source, like 

nuclear waste, it is called transboundary pollution. 

1.3.1. Surface Water Pollution 

These are the natural water resources of the Earth. 

These are found on the exterior of the Earth's crust like 

oceans, rivers and lakes. 
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1.3.2. Groundwater Pollution    

Considerable amount of Earth's water is found in soil or 

under rock structures called aquifers. People use 

aquifers to obtain drinking water and build wells to 

access it. In case this water becomes polluted, it is 

called groundwater pollution. This is caused by 

pesticide contamination from the soil and this can infect 

the drinking water many and huge problems. 

 

1.3.3. Microbiological Pollution 

This is a natural form of water pollution caused by 

microorganisms. Most of these microorganisms thrive 

in water and fish, land animals and humans to become 

ill. Microorganisms like bacteria, viruses and protozoa 

cause serious diseases like cholera. In poor countries, 

there are no facilities to treat polluted water and hence 

the health of people is affected. 

 

1.3.4. Oxygen depletion Pollution 

Microorganisms that thrive in water feed on 

biodegradable substances. When a lot of biodegradable 

material is mixed with water, the numbers of 

microorganisms increase and utilize the available 



Introduction 
 

 

 ١٠

oxygen. This is called oxygen depletion. As oxygen 

levels in water are depleted, harmless aerobic 

microorganisms die and anaerobic microorganisms 

prosper. Some anaerobic microorganisms are harmful to 

people, environment and animals and they produce 

toxins like ammonia and sulfides. 

 

1.3.5. Nutrients 

These are necessary for plant growth and development. 

Most of these are found in wastewater and fertilizers. 

These can cause excess weed and algae growth if there 

are large concentrations in water. Drinking water and 

clog filters can be contaminated. The algae use up the 

oxygen in the water and leave none for the surrounding 

marine life and this can damage other aquatic 

organisms. 

 

1.3.6. Suspended Matter 

As the molecules are very large to mix between the 

water molecules, some pollutants do not dissolve in 

water. This material is termed as particulate matter and 

can lead to water pollution. The suspended particles 

finally settle and form thick silt at the bottom. The 



Introduction 
 

 

 ١١

marine life on the floor of rivers and lakes are harmed. 

Biodegradable substances are suspended in water and 

raise the quantity of anaerobic microorganisms present. 

The toxic chemicals that are suspended in water are 

harmful to the development and survival of aquatic life. 

 

1.3.7. Chemical substances 

Agricultural and Industrial work has the use of many 

chemicals that can run-off into water and pollute it. 

Metals and solvents from industrial work pollute rivers 

and lakes. Aquatic life is endangered by these and made 

infertile. Pesticides are used to control weeds, insects 

and fungi. Run-off's of these pesticides poisons aquatic 

life. If birds, humans and other animals eat infected fish 

they may be poisoned. Petroleum is a different type of 

chemical pollutant that pollutes water by oil spills in 

case a ship ruptures. Oil spills have a localized affect on 

wildlife, but can spread for miles. This oil can affect the 

death of many fish and stick to the feathers of seabirds; 

this loses their ability to fly. 

Pollution happens when silt and other suspended solids 

like soil, construction, and wash off plowed fields enter 

river banks. Eutrophication occurs under natural 
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conditions, lakes, rivers and other water bodies. This is 

an aging process that fills in the water body with 

sediment and organic matter. In case these sediments 

enter various water bodies, fish respiration is affected; 

plant productivity and water depth is decreased (5). 

 

1.4. Heavy Metals in Groundwater 

The presence of heavy metals in groundwater can pose 

a significant threat to human health and ecological 

systems. The chemical form of the metal at the 

contaminant site influences its mobility and toxicity in 

ground-water systems. This chemical form of the metals 

depends on the source of the metal waste, soil and 

ground-water chemistry at the specific site. In Egypt the 

most commonly occurring metals at different 

groundwater sites are cobalt (Co), manganese (Mn) lead 

(Pb), chromium (Cr), arsenic (As), zinc (Zn), cadmium 

(Cd), copper (Cu), and mercury (Hg), A range of 

technologies was available for metals-contaminated 

groundwater at different sites. The General approaches 

were used for reduction of heavy metals including 

immobilization, toxicity reduction, physical separation 

and extraction.  Technology selected for treatment of 
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metals at a contaminated site will depend on the source 

of the contamination and the other site specifies the 

characteristic of the heavy metals in the environment. 

Our study was interested by studying of effect of 

different puppeteers for sorption of cobalt, manganese 

and lead by the synthetic ion exchanger. The summary 

of some characterization of heavy metals in the 

environment are given below (6). 

 

1.4.1. Cobalt (Co) 

Co species exist naturally as Cobalt II and Cobalt III in 

most of the rocks, soils surface and underground water.  

Cobalt compounds are found fairly widely distributed in 

nature. Cobalt species were found in different chemical 

forms throughout the environment. Cobalt usually 

occurs in association with other metals such as copper, 

nickel, manganese and arsenic. Cobalt exist with 

sulphides, the principal cobalt sulphide minerals are 

(CoS, CoS2, and CoS4.  Cobalt will form different 

chemical species with arsenic, the chief arsenides are 

being; (CoAs2), CoAs3), cobalt form species with which 

both sulfur and arsenic as (CoAsS). Cobalt may be also 

released to the environment from burning coal and oil, 
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from car, truck and airplanes exhausts, and from other 

industrial chemical processes. 

 

1.4.2 Manganese (Mn) 

Mn is relatively insoluble in water, it is harmful to 

health, is ubiquitous in the environment. It comprises 

about 0.1% of the Earth’s crust (7, 8).  

Manganese does not occur naturally as a base metal but 

is forms different chemical complex species with 

different anions including; sulfides, oxides, carbonates, 

silicates, phosphates, and borates (NAS, 1973). 

Manganese species were also produced from vegetation, 

and volcanic activity (9, 10). Municipal wastewater 

discharges, sewage sludge, mining and mineral 

processing are other sources of manganese specie, it 

also released from the combustion of fuel additives (11)
. 

 

1.4.3 Lead (Pb) 

Lead (Pb) has been known to be toxic to human. Lead 

forms different species in the environment, it forms 

different species with sulfur as (PbS) and (PbSO4), it 

form PbCO3 species with carbonates. The presence of 

Pb in drinking water decreased the child's intelligence, 



Introduction 
 

 

 ١٥

it was reported that lead can cause a reduction of 

between 5-15% of a child's intelligence, the amount of 

this reduction depending on the amount of Pb that were 

found in the water (12). 

The removal of heavy metal from aqueous solutions can 

be achieved by carrying out several processes, these 

include; chemical precipitation, adsorption, solvent 

extraction, reverse osmosis, ultra filtration or ion 

exchange. Among these methods the currently used 

ones to eliminate metals are essentially followed by 

settling and/or filtration, adsorption on activated carbon 

and extraction by using different solvents. However, 

these processes have disadvantages such as low yield, 

expensive and high sludge production (13). Although 

there are many methods available for the removal of 

heavy metals, ion exchange technique is considered to 

be one of the most effective if low cost ion exchangers 

were used. 
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1.5. Radioactivity in water 

Background radiation is present everywhere, their 

distributions in the environment (soil, water, air) are not 

constant. Certain materials have higher concentrations 

of background radiation than the others; the variation of 

the radionuclide concentrations in the environment was 

the references to the changes in the environmental 

conditions. . Environmental radiation originates from a 

number of naturally occurring radionuclide, namely 

uranium (238U), thorium (232Th) decay series, and the 

radioactive isotope of potassium (40K), by far the largest 

proportion of human external and internal exposure to 

the radiation comes from natural sources – including 

cosmic, terrestrial radiation, and from inhalation of 

radon or ingestion of radioactive materials containing 

water, these exposure come from natural and/or 

artificial radiation (14). An internal of gamma radiation 

produced from food/water and inhalation of radon gas. 

Figure (1) shows the natural and artificial percentage of 

the gamma radiation exposure produced from different 

sources of radiations, while the average annual effective 

dose (mSv/y) and the range of these exposure doses for 
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these different sources of exposure are given in Table 

(1). Certain area in the earth crust contain a higher of 

background natural radioactivity, these are found in  

certain areas of the world, such as parts of the Kerala 

state in India and the Pocos del Caldas plateau in Brazil, 

where the levels of background radiation are relatively 

high. 

 

 

 
 

Fig. (1): The environmental radiation that originates 

from a number of naturally occurring and human-

made sources. 
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Table 1: The ranges of the external and internal 

exposure from the different radiation sources (WHO 

Guidelines) 

 

Different radioactive wastes are produced from human 

activities, and man made sources (i.e. different 

industrial operations). The sources of these wastes may 

produce from medical or industrial use of radioactive 

sources; it may be discharged and released into air, and 

earth components. 

These wastes may contain heavy metals and/or 

radioactive species, from which the groundwater and 

surface water supply may be polluted (15)
. 

Radioactive constituents of drinking-water can result 

from naturally occurring radioactive species (e.g., 
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radionuclides of the uranium (238U) and thorium (232Th) 

decay series, these were also decaying to other 

radionuclides having a various half life ranged from one 

second to million of years. Table 2 gives the guideline 

values of the radioactivity in drinking water. 

Radium (226Ra) is one of the decay series of uranium 

(238U); gamma emitter has the half life > 1600 year.  

Radium (228Ra) is one of the decay series of thorium 

(232Th), beta emitter has the half life period ~ 5 years 

(16). The probability of the existing of these 

radionuclides in water is great. Technological processes 

involving naturally occurring radioactive materials, 

these radionuclides may produced from  mining and 

processing of mineral sands or phosphate fertilizer 

production, other radium decay series may produced 

from radionuclides that  discharged from nuclear fuel 

cycle facilities, others may produced from using of 

sealed and/or unsealed radioactive sources, these 

radionuclide might enter drinking-water supplies as a 

result of regular discharges and, in particular, in case of 

improper medical or industrial uses, these contributions 

produced from these sources are normally limited by 

regulatory control of the source. 
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Table (2): The guidance levels for the radionuclides 

in drinking-water (WHO Guidelines). 
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Table (2): Cont. 

 

1.6. Ion Exchangers 

1.6.1. Theory of ion exchange 

Ion exchange is a very common natural phenomenon 

and occurs in such diverse material as soils and living 

tissue. Despite it prevalence, it was not used until 1850 

that Thompson (17) and Way (18) recognize the process 

and began systematic investigation on this phenomenon. 

Until 1935, the materials studied were predominantly 

inorganic and investigations were strictly empirical. 

With the discovery of synthetic organic ion exchange 

resins by Adams and Holmes (19) it became able to 

prepare materials with desired properties. This 
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discovery, more than any other, accelerated the 

introduction of ion exchange process into technological 

and laboratory uses. Ion exchange is the reversible 

interchange of ions between a solid (ion exchange 

material) and a liquid in which there is no permanent 

change in the structure of the solid. The solid material 

in a particular form should have a very low solubility 

(insoluble) in the solvent (particularly water). The 

ionized groups that were chemically bonded to the solid 

phase (polymer matrix) are known as ionogenic groups, 

these ionogenic groups may be positively and/or 

negatively charged depending on the group type in the 

ion exchanger.  When these ionogenic groups were 

arranged in the particular ion exchangers, other ions 

with an opposite charge of the counter ions were weakly 

bounded with the ion exchanger to make neutrality; 

these were known as counter ions. The two ions with 

similar charges may be reversible until equilibrium may 

be set up. 

An ion exchange reaction may be defined as the 

revisable interchange of ions between a solid phase (the 

ion exchanger) and an aqueous phase.  If an ion 

exchanger M- A+  carrying A+ as the exchanger ions was 
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placed in aqueous solution phase containing B+ cations 

(20)
 , an ion exchange reaction was taken place 

represented by the following Equation(1) as: 

Solid-M
-
A

+
 + solution-B

+
 ⇔⇔⇔⇔ solid-M

-
B

+
 +solution-A

+           (1) 

An equilibrium of the above reaction represented by the 

cation exchange, where, A+ and B+ are given by the 

counter ions, whilst ions in the solution which bear the 

same charge as the fixed anion of the exchanger are 

called co-ions. By the same way, the anion exchange 

reaction was given by equation (2): 

Solid-M
+
A

-
 + solution-B

-
 ⇔⇔⇔⇔ solid-M

-
B

-
+solution-A

-         (2) 

Ion exchange is used in water treatment and also 

provides a method of separation in many non-aqueous 

processes. It has special utility in chemical synthesis, 

medical research, food processing, mining, agriculture 

and a variety of other areas. The utility of ion exchange 

rests with the ability to use and reuse the ion exchange 

material. For example, in water softening: 

2RNa
+
 + Ca

2+
  ⇔  R2Ca

2+ 
+ 2Na

+
                              (3) 

The exchanger R in the sodium ion form is able to 

exchange with calcium and thus, to remove calcium 

from hard water and replace it with an equivalent 

quantity of sodium. Subsequently, the calcium loaded 
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resin may be treated with a sodium chloride solution, 

regenerating it back to the sodium form, so that it is 

ready for another cycle of operation. The regeneration 

reaction is reversible; the ion exchanger is not 

permanently changed. Millions of liters of water may be 

softened per cubic meter of resin during an operating 

period of many years. 

Ion exchange occurs in a variety of substances and it 

has been used on an industrial basis since (Circa 1910) 

with the introduction of water softening using natural 

and later, synthetic zeolites. Sulfonated coal, developed 

for industrial water treatment, was the first ion 

exchange material that was stable at low pH. The 

introduction of synthetic organic ion exchange resins in 

1935 resulted from the synthesis of phenolic 

condensation products containing either sulfonic or 

amine groups which could be used for the reversible 

exchange of cations or anions. A variety of functional 

groups have been added to the condensation or addition 

polymers used as the backbone structures. Porosity and 

particle size have been controlled by conditions of 

polymerization and uniform particle size manufacturing 

technology. Physical and chemical stability have been 
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modified and improved. As a result of these advances, 

the inorganic exchangers (mineral, greensand and 

zeolites) have been almost completely displaced by the 

resinous types except for some analytical and 

specialized applications. Synthetic zeolites are still used 

as molecular sieves. Materials which undergo ion 

exchange reactions are numerous but can be divided 

into two main categories (21). 

 

1.7. Physical Properties of Resins 

A conventional ion exchange resin consists of a cross-

linked polymer matrix with a relatively uniform 

distribution of ion-active sites throughout the structure. 

A cation exchange resin with a negatively charged 

matrix and exchangeable positive ions (cations) is 

shown in Figure. (2). When this resin was immersed in 

a solution containing a positive and negative charge 

ions, an ion exchange process was occurred, the solid 

resin which has a surface positively charge ions can be 

exchanged with other positive charge ions immersed in 

the solution (22).  
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Fig. (2): Cation Exchange Resin Schematic with the 

Negatively Charged Matrix and Exchangeable 

Positive Ions. 

Ion exchange materials are sold as spheres or sometimes 

granules with a specific size and uniformity to meet the 

needs of a particular application. The majority are 

prepared in spherical (bead) form, either as 

conventional resin with a poly dispersed particle size 

distribution from about 0.3 mm to 1.2 mm (50-16 mesh) 

or as uniform particle sized (UPS) resin with all beads 

in a narrow particle size range. In the water swollen 

state, ion exchange resins typically show a specific 

gravity of 1.1-1.5. The bulk density as installed in a 
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column includes a normal 35-40 percent voids volume 

for a spherical product. Bulk densities in the range of 

560-960 g/l (35-60 lb/ft3) are typical for wet resinous 

products. 

 

1.8. Chemical Properties of Resins 

1.8.1 Ion Exchange Capacity 

The term ion exchange capacity is introduced to 

describe the total available exchange capacity of an ion 

exchange resin, as described by the number of 

functional groups on it. This value is constant for a 

given ion exchange material and is generally given as 

mill-equivalents per gram (meq /g), based on the dry 

weight of material in a given form (such as H+ or Cl-) or 

organic ion exchange resins it can be given as mill 

equivalents per milliliter (meq / ml), based on the wet 

fully swollen volume of a settled bed of resin. The 

numbers quoted in the literature vary widely for 

different resins. This number can be used to compare 

different resins or to calculate the total amount of resin 

to be added during a batch exchange process. For the 

characterization of ion exchangers two capacity 
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parameters are commonly used: The total static 

exchange capacity (which is determined under static 

conditions) and the dynamic exchange capacity (which 

is determined by passing a solution through a bed of the 

exchanger). The exchange capacity depends on the 

number of functional group per gram of the exchanger. 

The extent of the use of the total exchange capacity 

depends on the level of ionization of the functional 

groups of the exchanger and on the chemical and 

physical conditions of the process (23).              

 

1.8.2. Swelling 

Water swelling of an ion exchanger is primarily a 

hydration of the fixed ionic groups and increases with 

an increase in capacity to the limits imposed by the 

polymer network. Resin volumes change with 

conversion to ionic forms of differing degrees of 

hydration; thus, for a cation exchanger, there is a 

volume change with the monovalent ion species, Li+ > 

Na+ > K+ > Cs+ > Ag+. . With polyvalent ions, hydration 

is reduced by the cross-linking action; therefore, Na+ > 
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Ca2+ > Al3+. In more concentrated solutions, less water 

is taken up owing to greater osmotic pressure (24, 25). 

 

1.8.3. Selectivity 

Ion exchange reactions are reversible. By contacting a 

resin with an excess of electrolyte (B+ in the following 

reaction), the resin can be converted entirely to the 

desired salt form (26): 

RA
+
 + B

+
 ⇔  RB

+
 + A

+ 
                                             (4)  

However, with a limited quantity of B+ in batch contact, 

a reproducible equilibrium is established which is 

dependent on the proportions of A+ and B+ and on the 

selectivity of the resin. The selectivity coefficient, A

B
K  

for this reaction is given by (27): 

sin)(Re

)(

__

__



































=

BA

AB

A

B

mm

Solutionmm

K                        (5) 

Where m and 
__

m refer to ionic concentrations in solution 

and resin phase, respectively. Resin selectivity 

coefficients have been determined for a range of ionic 

species and related to H+ for cations and OH– for 

anions, which are assigned selectivity values of 1.00. 
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1.8.4. Kinetics 

Is the speed with which ion exchange takes place. The 

ion exchange process involves diffusion through the 

film of solution that is in close contact with the resins 

and diffusion within the resin particle. Film diffusion is 

rate-controlling at low concentrations and particle 

diffusion is rate-controlling at high concentrations. 

Whether film diffusion or particle diffusion is the rate 

controlling mechanism, the particle size of the resin also 

is a determining factor. Uniform particle sized resins 

exhibit enhanced kinetic performance compared to 

conventional poly dispersed resins due to the absence of 

kinetically slow larger beads (28). 

 

1.8.5. Stability 

Strong oxidizing agents, such as nitric or chromic acid, 

rapidly degrade ion exchange resins. Slower 

degradation with oxygen and chlorine may be induced 

catalytically. For this reason, certain metal ions, for 

example, iron, manganese and copper, should be 

minimized in an oxidizing solution. With cation 

exchangers, attack is principally the polymer backbone. 
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Highly cross linked cation resins have an extended 

useful life because of the great number of sites that 

must be attacked before swelling reduces the useful 

volume based capacity and produces unacceptable 

physical properties, for example, crush strength 

reduction and pressure drop increase. With anion 

exchangers, attack first occurs on the more susceptible 

functional groups, leading to loss of total capacity 

and/or conversion of strong base to weak base capacity 

(29). 

The limits of thermal stability are imposed by the 

strength of the carbon-nitrogen bond in the case of 

anion resins. This strength is sensitive to pH and low 

pH enhances stability. A temperature limitation of 60°C 

(140°F) is recommended for hydroxide cycle 

operations. Cation resin stability also is dependent on 

pH; the stability to hydrolysis of the carbon-sulfur bond 

diminishes with a lowering of pH. They are much more 

stable than anions however and can be operated up to 

150°C (300°F) (30).  
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1.9. Applications of ion exchangers  

Ion exchanger material was used in 

Demineralization of water (31, 32), synthesis of Ultra- 

Pure water (UPW) which used in many industrial 

applications such as fabrication of integrated circuits 

boards in semiconductor industry. Purification of 

contaminating acids, alkalis, salts, or mixtures from 

non-ionized and/or slightly ionized organic/inorganic 

substances. It was found, that formic acid was removed 

from  50 % percent formaldehyde solutions, amines was 

removed from methanol and  iron was removed from 

steel pickling operations. Ion exchange resin is used for 

the removal of nitrates from nitrate polluted waters, 

metal extraction, separation and concentration process. 

The method were used in these operations were based 

on that ion exchange resin was selective for a specific 

ion more than the other ion. Ion exchange material was 

also used in ion chromatographic separation, Ion 

exchange is used in radioactive waste systems in 

nuclear power plants, recovery of uranium from sulfuric 

acid; it was also used in sugar separation, purification 

process of water and waste waters. Ion exchange resins 
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also shows particularly strong acid cation exchange 

resins in the dry state, which are useful as desiccants.  
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1.10. Literature Review 

1.10.1. Removal of Pb 

Debasis Das et al (33) was prepared a new resin 

incorporating benzimidazolylazo group into a matrix of 

polystyrene divinylbenzene. The exchange capacity of 

the resin for the ions of mercury (II), silver (I) and 

palladium (II) as a function of pH has been determined. 

The resin exhibits no affinity for alkali or alkaline earth 

metals. It is highly selective for Hg (II), Ag (I) and Pd 

(II). In column operation, it has been observed that Hg 

(II), Ag (I) and Pd (II) in trace quantities can be 

selectively separated from geological, medicinal and 

environmental samples. 

those methods, ion exchange is the most simple and 

efficient one. 

Chuh-Yean Chen et al (34) have synthesized a 

magnetic Fe3O4–glycidyl methacrylate–iminodiacetic 

acid–styrene–divinyl benzene resin (MPGI) by the 

polymerization of glycidyl methacrylate–iminodiacetic 

acid (GMA–IDA), divinyl benzene and styrene in the 

presence of magnetic Fe3O4 for the removal of Cu (II), 

Cd (II) and Pb (II) from aqueous solutions. The weight 
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fractions of Fe3O4 and GMA–IDA within MPGI were 

analyzed by potentiometric titration of carboxylic acids 

and thermogravimetric analysis. The equilibrium 

adsorption capacities of MPGI from their single-metal 

ion solutions were 0.88 mmol/g for Cu (II), 0.81 

mmol/g for Pb (II) and 0.78 mmol/g for Cd (II). 

Increasing the concentration (0–0.3 M) of KCl, NaCl, 

MgCl2 and CaCl2 in Cu (II) or Pb (II) solution affected 

the adsorption behavior slightly. As the salt 

concentrations in Cd (II) solution increased, the 

adsorption capacities of Cd (II) decreased in the order: 

Mg2+ >Ca2+ >Na+ >K+. Within the pH range of 2–5, 

decreasing the pH of the Cu (II) solution did not 

produce remarkable changes in the equilibrium 

adsorption capacities. However, significant decrements 

occurred for the adsorptions of Pb (II) or Cd (II) when 

the pH values of the solutions were less than 3. The 

competitive adsorption tests verified that this resin had 

good adsorption selectivity for Cu (II) with the 

coexistence of Pb (II) and Cd (II). 

Erol Pehlivan and Turkan Altun (35) had been 

achieved a Removal of trace amounts of heavy metals 

by means of selective ion-exchange processes. The 
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newly developed resins offered a high resin capacity 

and faster sorption kinetics for the metal ions such as 

Pb2+, Cu2+, Zn2+, Cd2+, and Ni2+ ions from aqueous 

solutions. Experimental investigations were undertaken 

using the ion-exchange resin Lewatit CNP 80 (weakly 

acidic) and were compared with Lewatit TP 207 

(weakly acidic and chelating). The optimum pH range 

for the ion-exchange removal of the above mentioned 

metal ions on Lewatit CNP 80 and Lewatit TP 207 were 

7.0–9.0 and 4.5–5.5, respectively. 

The influence of pH, contact time, metal concentration 

and amount of ion-exchanger on the removal process 

was investigated. For investigations of the exchange 

equilibrium, different amounts of resin were contacted 

with a fixed volume of Pb2+, Cu2+, Zn2+, Cd2+, and Ni2+ 

ion containing solution. The obtained sorption affinity 

sequence was found to be Ni2+ >Cu2+ >Cd2+ >Zn2+ 

>Pb2+. The metal ion concentrations were measured by 

AAS methods. The distribution coefficient values for 

metal ions of 10−3M initial concentration at 0.1 mol/L 

ionic strength show that the Lewatit CNP 80 was more 

selective for Ni2+, Cu2+ than it was for Cd2+, Zn2+ and 

Pb2+. Langmuir isotherm was applicable to the ion-
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exchange process and its contents were calculated. The 

uptake of metal ions by the ion-exchange resins was 

reversible and thus has good potential for the removal 

of Pb2+, Cu2+, Zn2+, Cd2+, and Ni2+ from aqueous 

solutions. The amount of sorbed metal ion per dry gram 

resin were calculated as 4.1, 4.6, 4.7, 4.8, and 4.7 

mequiv./g dry resin for Pb2+, Cu2+, Zn2+, Cd2+, and Ni2+, 

respectively. Selectivity increased in the order: Cd2+ 

>Pb2+ >Cu2+ >Ni2+ >Zn2+. The results obtained showed 

that Lewatit CNP 80 weakly acidic resin had shown 

better performance than Lewatit TP 207 resin for the 

removal of investigated metals. The change of the ionic 

strength of the solution exerts a slight influence on the 

removal of Pb2+, Cu2+, Zn2+, Cd2+, and Ni2+. The 

presence of low ionic strength or low concentration of 

NaNO3 does not have a significant effect on the ion-

exchange process of these metals by the resins.  

Asem A. Atia et al (36) stated that a magnetic 

chelating resin with iminodiacetate functionality was 

prepared and investigated. This resin showed a 

powerful uptake behavior towards Pb (II), Cd (II), Zn 

(II), Ca (II) and Mg (II). Kinetic and thermodynamic 

characteristics of uptake process were evaluated. The 
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uptake values obtained are comparable to that of 

commercial resin with the same functionality (Lewatit 

TP-207) but with faster kinetics. A correlation was 

found between the affinity of the resin towards the 

investigated metal ions and the values of stability 

constants of their complex formation. The regeneration 

of the resin was carried out using 0.2M EDTA with 

efficiency over 96%. Recovery of Pb (II) (as an 

example) from aqueous solutions using column 

technique was carried out. The total adsorption capacity 

(No) value obtained from bed depth service time 

(BDST) model was found to be comparable with the 

experimental value of qs. The values of critical bed 

height (Zo) and rate constant of adsorption (Ka) were 

found to be 0.583 cm and 41.9 L/ (mol min). A new 

chelating resin was synthesized by the modification of 

styrene/divinylbenzene (2%) copolymer and 

incorporation of dithiocarbamate groups (37). The 

polydithiocarbamate resin was characterized by 

elemental analysis, thermal studies and IR studies. The 

analytical characteristics of the sorbent were established 

and optimum sorption conditions for Cu, Ni, Pb, Fe, As 

and Mn determined. The total sorption capacity of the 



Introduction 
 

 

 ٣٩

resin was 37 mg/ g for Ni (II), 35 mg/ g for Cu (II), 29 

mg/ g for Fe (III) and 23 mg/ g for Pb (II). The 

optimum pH for the removal of metal ions was ranging 

between 3 and 5 for Ni (II), 5 for Cu (II), 4 for Fe (III) 

and ranging between 4 and 5 for Pb (II). High sorption 

capacity was observed when compared with other 

conventional chelating polymers. The sorption kinetics 

was fairly rapid, as shown from the loading half time 

t1/2 values, indicating a better accessibility of the 

chelating sites. 

The removal of poisonous Pb (II) from 

wastewater by different low-cost abundant adsorbents 

was investigated. Rice husks, maize cobs and sawdust, 

were used at different adsorbent/metal ion ratios. The 

influence of pH, contact time, metal concentration, 

adsorbent concentration on the selectivity and 

sensitivity of the removal process was investigated (38). 

The adsorption efficiencies were found to be pH 

dependent, increasing by increasing the solution pH in 

the range from 2.5 to 6.5. The equilibrium time was 

attained after 120 min and the maximum removal 

percentage was achieved at an adsorbent loading weight 

of 1.5 gm. The equilibrium adsorption capacity of 
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adsorbents used for lead were measured and 

extrapolated using linear Freundlich, Langmuir and 

Temkin isotherms and the experimental data were found 

to fit the Temkin isotherm model. 

A gel resin containing sulfonate groups (Dowex 

50W) was investigated for its sorption properties 

towards copper, zinc, nickel, cadmium and lead metal 

ions (39). The use of selective ion exchange to recover 

metals from aqueous solution has been studied. The ion 

exchange behavior of five metals on Dowex 50W, 

depending on pH, temperature, and contact time and 

adsorbate amount was studied. The maximum 

recoveries (about 97%) Cu2+, Zn2+, Ni2+, Cd2+ and 

(about 80%) Pb2+ was found at pH ranges 8–9. The 

amount of sorbed metal ion was calculated as 4.1, 4.6, 

4.7, 4.8, and 4.7 mllequiv. /gram dry resin for Pb2+, 

Cu2+, Zn2+, Cd2+, and Ni2+, respectively. The precision 

of the method was examined at under optimum 

conditions. Selectivity increased in the order: Pb2+ 

>Cd2+ >Cu2+ > Zn2+ > Ni2+. It has been observed that, 

selectivity of the –SO3H group of the resin increases 

with atomic number, valance, degree of ionization of 

the exchanged metals. The equilibrium ion exchange 
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capacity of resin for metal ions was measured and 

explored by using Freundlich and Langmuir isotherms. 

Langmuir type sorption isotherm was suitable for 

equilibrium studies. 

 

1.10.2. Removal of Co 

Ahmad Baraka et al (40) Melamine–

formaldehyde– diethylene triamine penta acetic acid 

(MF– TPA) resin was prepared as a new adsorbent for 

removing heavy metals from wastewater effluents. The 

resin was synthesized by anchoring the chelating agent 

diethylenetriaminepentaacetic acid (DTPA) to 

melamine via amide covalent bond during melamine–

formaldehyde condensation reaction in an acidic 

aqueous medium. The effects of reaction parameters 

(temperature, acidity, and water content) on resin 

characteristics (water regain, rigidity, DTPA 

functionality, and porosity) were monitored to specify 

the best synthesis conditions. 

The resin was chemically characterized using infrared 

spectroscopy (FTIR), elemental analysis (EA), thermal 

programmed decomposition-mass spectrometry (TPD-

MS), solid- state 13C NMR and 15N NMR, and was 
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morphologically characterized using N2 gas 

adsorption/desorption (BET analysis) and field 

emission-scanning electron microscopy (FESEM). The 

water regain factor was also calculated to determine 

hydrophilic character of the resin. The simultaneous 

adsorption performance of MF–DTPA resin towards 

selected heavy metals, Co (II), Cd (II), Zn (II), and Cu 

(II), was discussed. 

Quantitative analysis for adsorption was conducted 

using atomic absorption to investigate the kinetics, 

adsorption isotherm and thermodynamics of the 

removal process considering pH, initial concentration, 

temperature, and contact time as controlling parameters. 

The mechanism of adsorption was suggested based on 

experimental results. This work shows the potential 

application of the MF–DTPA resin for removing heavy 

metals from wastewaters. There are many methods 

available to remove heavy metal ions from water and 

wastewater. Among those methods, ion exchange is the 

most simple and efficient one. 

Maria Valentina Dinu and Ecaterina Stela Dragan 

(41) have been studied The adsorption properties of some 

novel chelating resins (CRs) bearing iminodiacetate 
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groups for removal of heavy metal ions like: Cu(II), 

Co(II) and Ni(II) from aqueous solutions comparative 

with the commercial resin Amberlite IRC-748 by a 

batch equilibrium technique. Quantitative analysis for 

adsorption was conducted using UV–vis spectroscopy 

to investigate the kinetics, adsorption isotherm and 

thermodynamics of the removal process considering 

equilibration time, pH, metal ion concentration and 

temperature as controlling parameters. The metal 

adsorption capacities, at pH= 5, were in the order Cu 

(II) > Ni (II) > Co (II), for both the CR with 10 wt. % 

DVB (CR-10) and the commercial resin Amberlite IRC-

748. The adsorption capacities on CR-10 were higher 

for Ni (II) and Co (II) ions, but lower for Cu (II) ions 

compared with Amberlite IRC-748. Both Freundlich 

and Langmuir isotherms well fitted on the adsorption 

results of Cu (II), Ni (II) and Co (II) ions on all 

iminodiacetate resins. 

Wei Qiu and Ying Zheng (42) were synthesized a 

cancrinite-type zeolite (ZFA) from Class C fly ash via 

the molten-salt method. Adsorption equilibriums of 

Pb2+, Cu2+, Ni2+, Co2+, and Zn2+ on ZFA were studied in 

aqueous solutions and were well represented by 
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Langmuir isotherms. The increase of pH levels during 

the adsorption process suggests that the uptake of heavy 

metals on ZFA was subjected to an ion exchange 

mechanism. It is found that the maximum exchange 

level (MEL) follows the order: Pb2+ 

(2.530mmolg−1)>Cu2+ (2.081mmolg−1)>Zn2+ 

(1.532mmolg−1)>Co2+ (1.242mmolg−1)>Zn2+ 

(1.154mmolg−1). Comparison with previous studies 

shows that the MEL of ZFA is higher than the 

commonly used natural zeolites; and it is also 

comparable to (or higher than) several synthetic zeolites 

and ion exchange resins. The high MEL of heavy 

metals on ZFA is attributed to the high cation exchange 

capacity (CEC) and proper pore size of cancrinite. The 

pseudo-first-order kinetics suggests that the ion 

exchange processes were diffusion-controlled. 

In this research Manohar D.M. et al (43), the 

natural bentonite clay collected from Ashapura Clay 

Mines, Gujarat State, India, was utilized as a precursor 

to produce aluminium- pillared bentonite clay (Al-

PILC) for the removal of cobalt(II) [Co(II)] ions from 

aqueous solutions. The original bentonite clay and Al-

PILC were characterized by chemical analyses, 
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methylene blue (MB) adsorption isotherm, powder X-

ray diffraction (XRD), scanning electron microscopy 

(SEM) and infrared spectroscopy (IR), while the 

thermal stability of the samples were studied using 

thermogravimetry (TG). Surface charge density of the 

samples as a function of pH was investigated using 

potentiometric titrations. Adsorption experiments were 

conducted under various conditions, i.e., pH, contact 

time, initial concentration, ionic strength, adsorbent 

dose and temperature. The most effective pH range for 

the removal of Co (II) ions was found to be 6.0–8.0. 

The maximum adsorption of 99.8% and 87.0% took 

place at pH 6.0 from an initial concentration of 10.0 and 

25.0 mg/ L, respectively. Kinetic studies showed that an 

equilibrium time of 24 h was needed for the adsorption 

of Co (II) ions on Al-PILC and the experimental data 

were correlated by either the external mass transfer 

diffusion model for the first stage of adsorption or the 

intraparticle mass transfer diffusion model for the 

second stage of adsorption. The intraparticle mass 

transfer diffusion model gave a better fit to the 

experimental data. The kinetic and thermodynamic 

parameters were calculated to explain the theoretical 
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behaviour of the adsorption process. The equilibrium 

isotherm data were analyzed using the Langmuir, 

Freundlich and Scatchard isotherm equations and the 

adsorption process was reflected by Freundlich 

isotherm. The efficiency of the Al-PILC was assessed 

by comparing the results with those on a commercial 

ion exchanger, Ceralite IRC-50. The suitability of the 

Al-PILC for treating Co (II) solutions was tested using 

simulated nuclear power plant coolant samples. Acid 

regeneration was tried for several cycles with a view to 

recover the adsorbed Co (II) and also to restore the 

adsorbent to its original state. 

E. Korngold et al (44) was carried out the Selective 

removal of metals such as Cu, Ni, Co and Cd from tap 

water containing small amounts of complexing agents 

such as humates and salts of carboxylic acid with a 

cation-exchange resin possessing a chelating 

iminodiacetic group. Some of the complexing agents 

investigated had little effect on leakage, and eluate 

residues remained below levels permitted for drinking 

water; other agents (e.g., EDTA) affected the process 

significantly. Removal of the metals from the resin was 

successfully performed with 3N HCl or HNO3. 
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I. Smicˇiklas et al (45) was studied the removal of 

cobalt ions from aqueous solutions by synthetic 

hydroxyapatite was conducted in batch conditions. The 

influence of different sorption parameters, such as: 

initial metal concentration, equilibration time, solution 

pH and presence of EDTA on the amount of Co2+ 

sorbed was studied and discussed. The sorption process 

followed pseudo second- order kinetics with necessary 

time of 24 h to reach equilibrium. Cobalt uptake was 

quantitatively evaluated using the Langmuir and 

Dubinin–Kaganer–Radushkevich (DKR) model. The 

Langmuir adsorption isotherm constant corresponding 

to adsorption capacity, Xm, was found to be 20.92 

mg/g. Sorption of Co2+ is constant in the initial pH 

range 4–8, because HAP surface buffers these solutions 

to the constant final pH value of 5.1. In the presence of 

EDTA, sorption of Co2+ decreases due to formation of 

complex with lower sorption affinities. Cobalt 

desorption depends on the composition of the extracting 

solution. The desorbed amount of cobalt decreased 

continuously with increasing pH, and increased with 

increasing Ca2+ concentration in leaching solution. 
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1.10.3. Removal of Mn 

Silvio Roberto and Taffarel, Jorge Rubio (46) were 

studied the studies of preparation, activation and 

physical characterization of a Chilean zeolite (Ch-

zeolite) employed as adsorbent for manganese ions 

from aqueous solutions. The zeolite sample, composed 

mainly of clinoptilolite and mordenite, had a specific 

surface area of 118 m2 g-1 (N2 adsorption), the particles 

were negatively charged in a wide pH range and 

presented a cation-exchange capacity of 1.09 meq NH 4 

g-1. The medium pH influenced significantly the Mn2+ 

ions adsorption capacity and best results were obtained 

at pH 6–6.8. The adsorption onto the activated zeolite 

followed the pseudo-second- order kinetic model and 

activation of the Ch-zeolite with NaOH resulted in the 

highest reaction rate. The equilibrium data showed 

excellent correlation with the Langmuir isotherm 

model. Ch-zeolite modification by treating it with NaCl 

(0.77 meq Mn2+ g-1), NaOH (0.76 meq Mn2+ g-1), 

Na2CO3 (0.72 meq Mn2+ g-1) and NH4Cl (0.67 meq 

Mn2+ g-1) increased its uptake ability when compared 

with the natural Ch-zeolite (0.26 meq Mn2+ g-1). These 

data contribute to the understanding of mechanisms 
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involved in zeolite activation and provide some 

practical clues to improve the adsorption efficiency 

(uptake capacity and kinetics) of manganese ions. 

Maria G. da Fonseca et al (47) was applied the 

Vermiculite, a 2:1 clay mineral, as adsorbent for 

removal of cadmium, zinc, manganese, and chromium 

from aqueous solutions. 

Parameters such as time of reaction, effect of pH and 

cation concentration were investigated. All isotherms 

were L type of the Gilles classification, except zinc 

(type S). The adsorbent showed good sorption potential 

for these cations. The experimental data was analyzed 

by Langmuir isotherm model showing reasonable 

adjustment. The quantity of adsorbed cations was 0.50, 

0.52, 0.60, and 0.48 mmol g−1 of Cd2+, Mn2+, Zn2+, and 

Cr3+, respectively. 

Anthoula Dimirkou and Maria K. Doula (48) were 

used Clinoptilolite, a natural zeolite, for the synthesis of 

a high surface area clinoptilolite-iron oxide system 

(Clin–Fe system) to be used for the removal of Mn2+ 

and Zn2+ ions from drinking water samples. The new 

system was obtained by adding natural clinoptilolite to 

an iron nitrate solution in the presence of KOH solution. 
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The Clin–Fe system had a specific surface area equal to 

151 m2/g and was fully iron exchanged (Fe/Al = 1.23). 

Batch adsorption experiments were carried out to 

determine the effectiveness of the Clin and of the Clin–

Fe system in the removal of zinc and manganese from 

drinking water. For our experimental conditions, the 

maximum adsorbed Mn amount for Clin was 7.69 mg/g, 

whereas that for the Clin–Fe system was 27.1 mg/g. The 

values for the adsorption of Zn were 71.3 mg/g and 94.8 

mg/g, respectively. In addition, the release of 

counterbalanced ions (i.e. Ca2+, Mg2+, Na+ and K+) was 

examined, as well as the dissolution of framework Si 

and Al. Desorption experiments were also carried out to 

determine which of the substrates is more effective in 

holding the adsorbed metals on its surface sites. 

 
 

Maria K. Doula (49) was studied the Batch 

adsorption experiments 

showing that Clin–Fe system has very large Cu, Zn and 

Mn adsorption capacity and for most of the cases the 

treated water samples were suitable for human 

consumption or agricultural use. New experiments were 

conducted to study the effectiveness of clinoptilolite 
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and of the Clin–Fe system in removal of Cu, Mn, and 

Zn, present simultaneously in water samples, so that the 

study of metal–sorbent chemical behavior and of the 

adsorption selectivity would be feasible. Desorption of 

metals was also examined and an integrated approach of 

the effectiveness of such materials in drinking water 

treatment is presented. 

 

1.10.4. Removal of Co, Mn and Pb 

 

The increasing demand for batteries of higher 

performance characteristics has led to the development 

of several types of manganese dioxides with optimal 

battery characteristics (50). One of these types is 

produced by a partial leach of a manganese ore, to 

remove the non-manganese metals to a level acceptable 

for direct use in batteries. The resulting leach solution 

must, however, undergo treatment to remove the 

impurity metals. This paper reports the uptake of 

copper, nickel, cobalt, lead, iron and manganese from 

manganese chloride leach solution onto the chelating 

resin Dowex M-4195 in column experiments. The 

results demonstrate the ability to remove contaminants 
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to an extent satisfying the quality criteria required for 

the utilization of the manganese chloride solution for 

preparing manganese chemicals. Column elution tests 

demonstrated that a two-stage elution scheme whereby 

sulfuric acid is first used to elute iron, nickel and cobalt 

from the resin, then a subsequent ammonium hydroxide 

elution recovers almost all of the copper is superior to a 

scheme in which ammonium hydroxide is used before 

sulfuric acid. However, neither of these elution schemes 

fully eluted all the metals tested in the study. 

E. kornogold et al (51) was carried out the 

selective removal of Cu, Ni, Co, Mn, Cd and Pb from 

tap water that contains relatively high concentrations of 

Calcium and magnesium a cation exchanger resin 

processing a chelating iminodiacetic acid group. When 

the concentration of each of these metals in tap water 

was of the order of few ppm, their leakage fell below 

the permitted level in drinking water. The removal of 

heavy metals from the resin was successfully performed 

with 3 M HCl or HNO3. 
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This chapter provides the different experimental 

procedures, chemicals, reagents, instruments, apparatus, 

and analytical methods that have been used in this study.  
 

2.1.   Chemicals and Reagents 

All reagents were used in the experimental work 

were of analytical grade.  The chemicals, and its purity 

used in this study is stated below. All the standard aqueous 

solution of the cation concentrations were used part per 

million (ppm).  

Aluminuim (Al), Arsenic (As), Cadmium (Cd), Calcium 

(Ca), Chromium (Cr), Cobalt (Co), lead (Pb), lithium (Li), 

Magnesium (Mg), manganese (Mg), iron (Fe) and 

vanadium (V) are the standards aqueous solutions (1000 

±10 ppm) have purity (99% ± 0.1) obtained from  Alfa 

Aesar A Johnson Matthey Company France. 

Activated carbon has purity 99.6 % obtained from Jacobin 

Carbons Agents World Wide, Sweden. 

Acetic Acid Glacial 99.8 % "GR, hydrochloric Acid 99%, 

sodium hydroxide 99%, sulphanilic acid 99%, xylene 99.8 

are obtained from MERCK & Co., INC, Germany. 

Formaldehyde aqueous solution 37% extra pure stabilized 

with approximately 10% methanol are obtained from 

Scharlau Chemie, Spain and oxalic acid 99 % is obtained 

from WILKINSON-VICHERS LTD, England. 
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2.2. Instrumentation and apparatus 

        In the course of this thesis, many instruments were 

used. Some of these are specialized and the others are 

for general use. Among these, a digital microprocessor 

pH meter, Hanna instruments, microprocessor pH Meter, 

Italy, was used for hydrogen ion measurements.  A 

thermostated mechanical shaker of the type Julabo SW-

20C, Germany, with controlled temperature within ± 1.0 

oC, and stirring range 20-2000 rpm was used for mixing. 

High sensitive analytical balances from U.K. were used 

for weighing different materials having maximum 

sensitivity of 10-3 and 10-4 gramme. 

  Other instrumentations of specialized applications are 

the following; 

2.2.1. Inductively Coupled Plasma Atomic 

Emission Spectrometer: 

2.7.1.1. Principle  

The ICP-ES Spectrometer (52-56) was used for the heavy 

metals determination of the elemental analysis in the 

range of trace and ultra trace concentrations; cobalt, 

cadmium, chromium, arsenic, copper, iron, and 

manganese concentrations were determined. The 

detection limits of these elements from   0.1 to d 10.0 
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(ppb) and thé sample consumption rate for analysis is 

between 3-15 ml / sample. The sample was introduced 

into the ICP-AES apparatus that contain less than 0.1% 

dissolved solids to prevent salt build –up. Before 

measurements concentrations of the desired element, the 

apparatus was calibrated for each element. 

 

2.2.1.2. Calibration of ICP-AES for elemental 

analysis:  

Calibration of this apparatus was carried out by 

comparing the standard curve of aqueous solutions for 

the desired element to be measured with the 

concentration of the element in the aqueous sample.  

The standard aqueous solutions was determined in the 

concentration range 1, 2 and 4 ppm for each element 

were introduced into Nublizer ICP-AES which excited, 

each  the emitted wavelength was related to each 

elements that found in the filtrated  water samples with 

known emission wavelength . Concentrations values of 

the desired element in the aqueous sample were 

calculated by comparison with the calibration curve. 

This test method covers of nanogram amounts of each 

element of the desired measurements. The detection 
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limits of the elements are 0.01 µg/ml and 0.05 µg/ml. 

The calibration curve of the ICP-AES is shown in Fig.3. 

Precision and Accuracy: The range of application is 

more than 0.005µg Co/ml in diluted aliquot. The relative 

standard deviation is 2% within this range.  
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Fig. (3):  the intensity against concentration that used 

for calibration of cobalt by using ICP-EM apparatus. 
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2.2.2. Fourier Transform Infra red 

spectrophotometer  

       FT-IR Nicolet Instrument Corporation Japan, which 

is installed at the Chemical Laboratory, Central Lab, 

Faculty of Science Ain Shams University, Egypt. 

Infrared (IR) spectroscopy is one of the most common 

spectroscopic techniques used for organic and inorganic 

chemists. Simply, it is the absorption measurement of 

different IR frequencies by a sample positioned in the 

path of an IR beam. The main goal of IR spectroscopic 

analysis is to determine the chemical functional groups 

in the sample. Different functional groups absorb 

characteristic frequencies of IR radiation. Using various 

sampling accessories, IR spectrometers can accept a 

wide range of sample types such as gases, liquids, and 

solids.  

         Infrared radiation spans a section of the 

electromagnetic spectrum having wave numbers from 

roughly 13,000 to 10 cm–1, or wavelengths from 0.78 to 

1000 µm. It is bound by the red end of the visible region 

at high frequencies and the microwave region at low 

frequencies.   
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            A milligram of the solid organic sample is 

squeezed between two potassium chloride cells to form 

a film of approximately 0.01 mm in thickness for the 

FTIR measurements. 

 

2.2.3. Scanning Electron Microscopy (SEM):   

        It was used for analysis particle size, and used to 

multiply the surface of the samples, and contains 

electroscaning absorbance X-ray (EDAX) which 

provides information about the element percent in the 

samples,  which is installed at the Central Laboratory, 

Nuclear Research Center, Atomic Energy Authority, 

Egypt. 

         In SEM the focused high energy electron beam is 

used to create images in a scanning electron microscopy 

(SEM). This can generate characteristics x-ray in the 

part of the specimen which is under exposure and 

therefore, is used as a microprobe for surface analysis. A 

SEM is equipped with a suitable x-ray analysis, which 

provides a non-destructive means of analyzing chemical 

variations on the micrometer scale in the specimen 

surface. 
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2.2.4. X-ray diffraction analysis: 

The produced resin sample was characterized by the 

XRD tools to check the crystalinity of the produced 

resin. The diffraction pattern was obtained means of a 

chart recording Brukur D8 advanced X- ray 

diffractometer using copper (Kα) target with secondary 

monochromator. The instrument properly calibrated and 

adjusted with respect to the X-ray source. A high 

voltage of 40 kv and anode current of 40 mA were 

chosen.    

 

2.2.5. Micrometric Sedigraph 5100:  

        It was used for the analysis of particle size 

distribution; this was supplied from Micrometric 

Instrument USA, which is installed at the Chemical 

Laboratory, Second Research Reactor, Nuclear 

Research Center- Atomic Energy Authority- Egypt. 

       Powder production is often monitored using rapid 

Particle Size Distribution Analysis by X-ray 

Monitoring of Gravitational Sedimentation. Particle 

size distribution analysis is frequently used to 

characterize of powders. Efficacy often correlated to 

median or mean particle diameters. Sedigraph 5100 
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can be used to quickly provide high resolution particle 

size distribution analyses.  

       Sedigraph 5100 particle size analyzer measures 

the equilibrium velocities of particles settling through 

a liquid under the influence of gravity. Stoke's law 

relates these velocities to particle diameters for 

spherical particles. The instrument determines the 

settling velocity of particles of any shape and applies 

Stoke's law to determine diameters. It thus measures 

nonspherical particles in terms of the diameter of a 

sphere of the same material that settles at the same 

velocity, i.e., it determines equivalent spherical 

diameters.  

        The Sedigraph 5100 contains an internal fixed 

position X-ray source/detector assembly and a vertical 

cell movement assembly. Micromeritics software is 

used for analysis and plotting of data. The particle 

size analysis system with the following specifications;  

 -Measurement range: 300-0.10 µm, 

 -Resolution:  narrow beam < 0.2 % of total distance 

scanned 

 -Accuracy and precision: N.I.S.T. traceable standards 

99% confidence limits. 
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2.2.6. Micromeritics Gemini 2360 Surface 

Area Analyzer  

          Gemini 2360 V5.00 Micrometric Instrument 

USA, which is installed at the Chemical Laboratory, 

Second Research Reactor, Nuclear Research Center, 

Atomic Energy Authority, Egypt. 

       Gemini 2360 determines the surface areas of 

solid materials. The instrument provides rapid and 

accurate sample analysis. Gimini are fully automated 

instruments for fast and reliable response for quality 

control to units for the occasional user. Gas 

adsorption on solid surfaces and in pore spaces is a 

complex phenomenon involving mass and energy 

interaction and phase changes and the theoey of the 

Gemini depend on it. 

 

2.2.7. Micrometric AccuPyc 1330 Density 

Analyzer  

       AccuPyc 1330 Micrometric Instrument USA, 

which is installed at the Chemical Laboratory, Second 

Research Reactor, Nuclear Research Center, Atomic 

Energy Authority, Egypt. 
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      AccuPyc 1330 determines the density of solid and 

liquid. A change in the pressure of a nonadsorbing, 

pure gas (helium gas 99.99%) within an enclosed 

vessel accompanying a discrete change in the volume 

of the vessel is a function of the volume of any solid 

object also in the vessel. The error of the method is 

within 0.5% on clean, dry, thermally equilibrated 

samples 

 

2.2.8. Radioactivity measurement device: 

Low Back ground (α,β,γ) counter (Tennelec 

Model/L.B.1000) instrument which was installed in 

the Nuclear Research Center, Atomic Energy 

Authority, Egypt. It was used for the (α and β) 

measurements of the groundwater samples having the 

following characteristics which are summarized in 

(table.3). 
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Table (3) gives the apparatus that used in the 

Radioactivity measurements. 

Parameter 
Radiochemical 

procedure 
Detector Efficiency 

Background 

(CPS) 

Gross 

alpha 

Evaporation in a 

planchet 

Low Back 

ground (α,β,γ) 

counter.Tennelec 

Model/L.B.1000 

0.026 0.0011 

Gross beta 
Evaporation in a 

planchet 

Low Back 

ground (α,β,γ) 

counter.Tennelec 

Model/L.B.1000 

0.260 0.1050 
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2.3. Sampling 

Groundwater samples have the code numbers 1-11 were 

taken from different site locations parallel to Ismailia 

canal water stream near to the Atomic Energy Authority 

in Egypt. Fig (4) showed the site locations of the 

groundwater samples have the code numbers 1-11. 

 

Note: AEA is the Atomic Energy Authority 

1- Shibin Al-Qanater    2- Kafr Hamza             3- Seriaqos 

4- Masaken Abu-Zabal   5- Menia Shiha      6- Tal Bani-Tamim 

7- Al-Sahafa                  8- Al-Khanka                       9- El-Munyer 

10- Arab Guhaina                    11- Shebin Al-Qanater 2 

Fig. (4):  a map showing the selected sites of 

groundwater samples. 
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2.4. Physical properties 

      Drinking water should be colorless, have no taste, 

and odor. It also should be free from suspended matter 

such as clay, silt, and other fine particles.  

2.4.1. Total dissolved solid (TDS) measurement 

TDS in the groundwater samples was evaluated 

by filtrating a certain volume of the sample, ranging 

from 50 to 100 ml. The filtrated aqueous sample was 

placed in 100 cm3 aluminum plate, and then heated at 

100 oC on a water bath for evaporation. The TDS 

content (g/l) was calculated from the difference between 

the residue before and after heating (13). 

2.4.2. Conductivity  

It was known by the ability of a water sample to conduct 

an electric current; conductivity depends on the total 

concentration of the ionized substances dissolved in the 

water sample and the temperature of the water sample 

(57).      

Monitoring equipment of the type HANNA, HI99301 

was used for the conductivity measurements. 
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2.5. Chemical Analyses  

The chemical analyses of groundwater samples 

including the determination of major cations, anions and 

heavy metal concentrations. The major cations are 

sodium (Na+), potassium (K+), calcium (Ca2+) and 

magnesium (Mg2+), the major anions are chloride (Cl-), 

sulfate (SO4
2-), phosphates (PO4

3-), nitrite (NO2
-) and 

nitrate(NO3
-) , the heavy metals are chromium (Cr3+), 

cadmium (Cd2+), aluminum(Al3+), cobalt (Co2+), iron 

(Fe2+), manganese (Mn2+), lead (Pb2+) and arsenic 

(As(total)). Concentration of these elements were 

determined in mg/l Radioactivity analyses in the 

groundwater samples include gross alpha ( α ), and 

gross beta (β) activity concentrations (Bq/l).  

 

2.5.1. Determination of sodium and potassium: 

    Sodium and potassium ion concentrations were 

quantitatively determined using flame photometry. The 

solution to be analyzed was sprayed into a gas of the 

flame, where the monochromatic light of the device is 

used to isolate the desired spectral line. The intensity of 

emitted light is proportional to the concentration of the 

element (58).  A set of standards were run with every set 

of samples. The standard sodium concentration at the 
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range of 10 to 100 ppm and the standard potassium 

concentration were drawn in the range of 1 to 10 ppm. 

Concentrations of sodium and potassium in the 

groundwater samples were compared with that were 

given by the standard curves of sodium and potassium.  

 

2.5.2. Determination of calcium and magnesium: 

     Ethylene diamine tetra acetic acid (EDTA) reacts 

with calcium and magnesium at high pH value (10-12) 

to form chelating blue complex compound with the aid 

of Erichrome black T (EBT) indicator, ammonia 

solution was used as buffer.  Calcium can form a 

chelating complex compound with EDTA in presence of 

the Muroxide reagent. The blue complex was formed at 

the pH value of 10 by aid of sodium hydroxide as a 

buffer solution. Magnesium concentration evaluated by 

calculation, it was calculated by subtracting the total 

calcium and magnesium concentrations from the 

calcium concentration that obtained experimentally.  
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2.5.3. Major anions 

2.5.3.1. Determination of chloride ions:  

  Chloride in water samples was determined by 

titration of an  aqueous solution with a standard aqueous 

silver nitrate solution in the presence of potassium 

chromate as indicator according to the following 

eauation: 

NaCl + AgNO3   →    NaNO3  +  AgCl                 (6) 

The red color of AgCl precipitate was formed.  

2.5.3.2. Determination of phosphate ions: 

     Ammonium molybdate reacts with the phosphate 

ions at acidic medium to form molybdophosphoric acid 

which was reduced with stannous chloride to form the 

blue complex compound at the wavelength 690 nm (58) 

in the range of the standard phosphate ions using 

phosphate concentrations between 0.01 and 0.60 mg/l. 

 

2.5.3.3. Determination of Sulfate ions:  

The determination of the sulfate ion 

concentrations was carried out by the formation of the 

colloidal solution of barium sulphate in acidic medium. 
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The conditioning working solution was used as a 

buffering reagent consists of glycerol and ethanol. 

Barium sulfate (BaSO4) colloidal solution was measured 

spectrophotometrically at the wavelength of 420 nm. 

2.5.3.4. Determination of nitrite ions: 

Sulphanilic acid reacts with naphthylamine 

hydrochloride in acidic medium at the pH value 2 to 2.5. 

The reddish purple color of the nitrite complex aqueous 

solution was measured spectrophotometrically at the 

wavelength 520 nm. This method was used for the 

determination of nitrite ion as nitrogen at the range 

0.001 to 0.025 mg/l. 

2.5.3.5. Alkalinity  

The alkalinity in water expressed as CaCO3 

alkalinity. This was determined by titration method. A 

certain volume (100 ml) of the water sample was titrated 

against standard 0.02N H2SO4 aqueous solution; 

phenolphthalein and/or methyl orange were used as 

indicators. Alkalinity can be expressed as bicarbonates 

(HCO3
-), carbonates (CO3

2-) and/or hydroxides (OH-), it 

depending on the pH value and the volume of H2SO4 
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standard aqueous solution that used for neutralization 

reaction. Let P expressed by the volume of the standard 

sulphuric acid that may be used in the titration method 

using phenolphthalein indicator and T is the volume of 

this acid that may be used for the total titration that 

determined by both phenolphthalein and methyl orange 

indicators. The following equations illustrate the 

reactions occurring when each of the three types of 

alkalinity was titrated with an aqueous acidic solution:  

Hydroxide   2NaOH + H2SO4 → Na2SO4 + 2H2O     (7) 

    

Bicarbonate 2Na2CO3 + H2SO4 → 2NaHCO3 + Na2SO4         

(8) 

Carbonate 2NaHCO3  + H2SO4  → Na2SO4 +2H2O 

+2CO2    (9) 

Five conditions were reported for identification 

the three kinds of alkalinity are given (58) in Table (4). 
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Table(4): The standard method for the 

determination; bicrbonate, carbonate and hydroxide 

alkalinity in water. 

Hydroxid Carbonate Bicarbonate 
Titration 

mg/l 

P = 0 

P  <  1/2 T 

P  =1/2 T 

P >1/2 T 

P =T 

0 

0 

0 

(2P-T) ×10 

P ×10 

0 

2P ×10 

T ×10 

2 (T- P) ×10 

0 

T 

(T-2P) ×10 

0 

0 

0 

When P = 0, all alkalinity expressed as bicarbonate 

(mg/l) = T ×10 

When P < 1/2T, alkalinity expressed as carbonates and 

bicabonates.  

Carbonate = 2P ×10, and bicarbonates = (T-2P) ×10 

When P = 1/2T, all alkalinity. 
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2.6. Radioactivity measurements 

2.6.1. Gross alpha and gross beta radioactivity in 

drinking water: 

Gross alpha and gross beta activity concentration 

measurements depending on the TDS in the water 

sample. The thickness of the TDS should not exceed 

than 5 mg/cm2 for the gross alpha particles 

measurements and not more than 10 mg/cm2 for the 

gross beta particles measurements. The standard 

americium-241 was used for the calibration gross alpha 

particles and the standard potassium-40 was used for the 

calibration of gross beta activity particles, these 

chemicals were obtained from Amersham (USA).  

Efficiency was determined for both gross alpha and 

gross beta measurements.  

 

2.6.2. Procedures: 

 An empty dry special stainless steel planchet was used 

for counting was weighted. A large volume of the 

groundwater sample was filtrated, evaporated to a small 

volume. An aliquot of this water sample containing not 

more than 100 mg/l of TDS was used for the alpha 

counting rate and another one contains not more than 
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200 TDS/l was used for the beta determination, a  small 

volume of this sample (5 –10 ml) was evaporated to 

dryness in the stainless steel planchet. The net counting 

rates (cpm) was calculated for alpha and beta activities, 

the volume of aqueous sample and the residue were 

determined before and after evaporation of the water 

samples, these steps were  repeated in order to obtain a 

constant weights of the residue (59). 

       Alpha (α) and beta (β) activity concentrations (Bq/l) 

have been   calculated (60) as follows: 

V

A

×

×
=

)(

1000

αε
α

(Bq/l)                                         (10)    

and 

V

B

×

×
=

)(

1000

βε
β

(Bq/l)                                         (11) 

Where,  

A and B, are the net alpha and beta sample count rates 

per minute (cpm), ε (α) is the alpha efficiency factor of 

the standard Americium-241 against different solid 

contents.  ε (β) is the beta efficiency factor determined 

using standard potassium-40 and, V, is the volume of the 

sample aliquot (ml). The previously calculations will 

give the net alpha and beta activity concentrations 
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(Bq/l). The standard errors ( Ss) for these measurements 

was taken into consideration, it can be calculated from 

the gross counting rate, cpm,  (Rs)  and the background 

of counting rate, (Rb).   

 

2.6.3. Counting error calculation: 

      Ss = (Rs/T + Rb/T) 1/2                                       (12) 

Where, Ss is the standard deviation of the net count rate 

of the sample, Rs is the gross count rate for sample; Rb 

is the background count rate (cpm). 

The detection limit, standard error of the gross alpha and 

beta activity measurements were determined.  

     The minimum detectable activity (MDA) was 

calculated using the Curie formula (61) as below:  

 

Ld(cpm)=2.71+4.65×(B×T)
1/2
                                                (13) 

 

MDA(Bq/kg)= Ld×(ε×T×Q)-1                                     (14) 

     Where, Ld is the lower detection limit,  ε is the 

detection efficiency, T is the counting time (sec.), Q is 

the weight of the solid sample (kg), and B is the 

background rate (s-1). 
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2.7.1. Synthesis of the modified ion exchanger 

resin 

The Dean-Stark apparatus used for the preparation of 

dioxaloyl p-sulphanilic acid designed to collect water 

that produced during reaction between oxalic and 

sulfanilic acids the reaction was performed in xylene as 

a reaction medium the dean and Stark apparatus is given 

in Fig. (5).  
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Fig. (5):  The Dean and Stark apparatus that used in 

preparation a synthetic resin obtained from refluxing 

oxalic acid with sulphanilic acid in xylene aqueous 

solution. 
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2.7.2. Preparation of dioxaloyl para sulphanilic 

acid  

The reaction was performed between 0.1 mole 

sulphanilic acid and 0.2 mole oxalic acid in the dean and 

stark apparatus as shown in the following equation: 

 

The produced H2O from the condensation reaction of the 

carboxylic group (from oxalic acid) and amino group 

(from sulphanilic acid) are collected in side tube in the 

dean and stark apparatus.  After the collection of the 

physical quantity of water, the reaction was stopped and 

solid material was found in the apparatus flask. The 

reaction product was filtrated from xylene, dried in an 

oven at 140 oC to remove traces of xylene then washed 

with warm distilled water (40 oC) to remove the 

unreacted oxalic acid and finally dried in an oven at 70 

oC till constant weight. The dry solid material was 

recrystallized from distilled water and dried. 
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2.7.3. Preparation of the modified phenolic resin 

(Phenol- dioxaloyl p- sulphanilic acid)/ 

formaldehyde: 

13.6 g of the produced crystalline solid was added to 

300 ml of acetic acid and stirred well by a glass rod. 25 

g of phenol was added to the mixture then add 30 ml of 

concentrated H2SO4 followed by the drop wise addition 

of 67.5 g formaldehyde in a period of 2 hours. Leave the 

mixture (exothermic reaction) till it attains the room 

temperature. The produced solid was filtered and then 

washed repeatedly till neutral. The solid phase was 

separated, dried at 110 oC, grinded and sieved to get the 

grain size distribution. The scheme for the modified 

phenolic resin occurred as follow:  
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Scheme (1): The synthesized cation exchange resin 

showing its chemical structure. 
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2.7.4. pH titration curve: 

A known weight (0.5 g) of the prepared ion exchange 

resin was mixed with 100 ml of 0.05 M NaCl aqueous 

solution, this mixture was kept for 2h; the pH value of 

this mixture was measured. Titration process was carried 

out using 0.015 M NaOH aqueous solution. The pH 

values of the mixture were recorded after each addition 

1.0 ml of the titrant aqueous solution.  Titrations were 

continuous carried out until the pH values were given by 

a constant reading; this technique was used for the 

determination the exchangeable capacity of the solid 

sample (meq/g).  The number of millieqiuvalent of OH- 

ions consumed was calculated after addition the known 

volume of the titrant. Titration curve (62-65) was 

developed by plotting the relation between the numbers 

of the millieqiuvalent OH- ions consumed against the 

change of the pH values. 

2.7.5. Cation Exchange capacity: 

About 5 g of the resin converted to the H + form. About 1 

g was weighted into a dry 250 ml Erlenmeyer flask. 

Exactly 100 ml of standard 0.1 M NaOH was added to 
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the flask. After standing overnight in the stoppered 

flask, 10 ml of aliquots of the supernatant solution was 

back titrated till  phenolphathaline end point with 

standard 0.1 M HCl (66-68). 

 

2.8. Sorption experiments 

  A known weight (0.01 to 0.2 g) of the dry synthetic ion 

exchange resin sample was shaken at 180 rpm with a 

constant volume (50 ml) of natural groundwater sample 

in 100 ml polyethylene bottles After 24 hours, an 

equilibrium was attained the solid phase was separated 

from the aqueous phase by centrifugation at 180 rpm for 

30 minutes.  The aqueous phase of each sample was 

filtered and analyzed for Al, As, Cd, Cr, Co, Fe, Mn, Pb 

and V using ICP-AES. The cation removal (mg/g) was 

calculated. 

 

2.8.1. Effect of pH: 

These experiments were carried out to determine the 

optimum pH (69-73) required for sorption Co, Mn and Pb 

by the synthetic resin. Batch technique was performed; 

0.1 g of the synthetic resin was added to 50 ml of double 

distilled water containing 25 mg/l of Co, Mn and Pb 
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standard aqueous solutions.  The pH of metal ion in 

solution was adjusted prior to equilibration over the 

range of 2 to 10 with 0.01 M HNO3 and 0.01 M NaOH 

aqueous solutions. The amount of the metal ion 

remaining was determined using ICP-AES.  

 

2.8.2. Effect of resin Dosage: 

A known weight (0.01 to 0.2 g) of the dried synthetic 

resin sample (74-78) was shaken at 180 rpm with a 

constant volume (50 ml) of distilled water containing 25 

mg/l of Co, Mn, and Pb aqueous solution in 100 ml 

polyethylene bottles After 24 hours, an equilibrium was 

attained the solid phase was separated from the aqueous 

phase by centrifugation at 180 rpm for 30 minutes.  The 

aqueous phase of each sample was filtered and analyzed 

for the Co, Mn and Pb remained using ICP-AES. The 

cation removal percentage was also calculated.   

 

2.8.3. Effect of concentrations: 

Batch sorption experiments were performed for the 

determination of the effect of different initial 

concentration (79-83) on the percent of heavy metals 

removal from the water samples; a certain weight of the 
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synthetic rein samples (0.1 g) has been mixed with 50 

ml of 0.5 to 10, 15 and20 mg/l standard aqueous 

solution containing Co, Pb and Mn respectively in 250 

ml polyethylene bottles. The bottles have been shaken at 

180 rpm for 24 hours, the supernatant aqueous phase 

was then separated from the solid phase and the 

concentration of the heavy metals in the supernatant 

solution was measured using ICP-AES. 

 

2.8.4. Effect of Contact time 

Kinetics experiments were carried out in order to 

determine the effect of contact time (84-89) on the 

percentage of the, Co, Mn, and Pb removal by the 

synthetic resin, and to determine particle diffusion of 

investigated cations. About 0.1 g of the synthetic resin 

was added to 50.0 ml aqueous solution containing 25 

mg/l of each Co, Mn, and Pb ion in several Stoppard 

flasks. The flasks were shaken at 180 rpm for different 

contact time intervals 1, 10, 30, 60, 90, 120 … min to 24 

hours at room temperature. Then the supernatant 

aqueous solution was separated using whattman filter 

paper, concentrations of the cations adsorbed was 

determined by the ICP-AES apparatus. 
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The results of this study is summarized into four 

parts 

1. The modified ion  exchange resin characterization 

2. Groundwater analyses 

3. Sorption studies of lead, cobalt and manganese on 

the prepared ion exchange resin as adsorbent. 

4. Removal of heavy metals from groundwater 

samples by synthesized ion exchange resin 

3.1. The modified ion exchange resin 

characterization  

3.1.1. Particle size distribution: 

Particle size distribution of the fine particles plays 

essential roles in the characterization of the synthesized 

powder. Due to the synthesis process of chelation there 

are differences in particle size distribution of modified 

ion exchange resin as shown in Fig (6), it was found that 

the mean particle diameter of the  synthetic ion 

exchange resin, 1.8 ± 0.1  µm that determined from the 

mass percentage and/or the cumulative percentage 

against  the mean diameter. 
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Fig (6) Particle size distribution of the modified ion 

exchange resin 
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3.1.2. Surface area: 

The surface area of the modified ion exchange resin, as 

an ion exchanger, is of major importance. It greatly 

affects its ion exchange behavior, conductivity and its 

catalytic properties (91 and 92).  

The adsorption properties of the modified ion exchange 

resin depend principally on its inner surface area. The 

specific surface area is usually derived from the nitrogen 

adsorption isotherm. The starting point in estimating the 

specific surface area is the adsorption isotherm. The 

isotherm is Type I, on which monolayer adsorption can 

occur. The degassing of the samples before the 

measurement of the surface area of the samples, is very 

important to remove any adsorbed gas in the surface of 

the samples before the measurement. The degassing 

process is temperature dependent as shown in Fig (7). It 

was found that the prepared modified ion exchange resin 

has the specific surface area of 5.2 m2/g. 
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Fig (7): The effect of temp of degassing on the sample 

preparation for the surface area measurement for 

prepared modified ion exchange resin. 
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3.1.3. FTIR Spectroscopic analysis: 

From the Infra red absorption bands that were given in 

Figure (8) and their characteristic assignments shown in 

table (5), it shows a characteristic strong absorption 

bands appeared at the wave-number 686 cm-1 could be 

attributed to the bending deformation of SO2 group. The 

absorption band appearing at 835 cm-1 may be attributed 

to the multisubstituted benzene ring (C-H group) out of 

phase deformation. The strong absorption band 

appearing at 1423 cm-1 is due to the symmetric 

stretching vibrations for CH2 Group. The strong 

absorption band appearing at 1601 cm-1 could be 

attributed to the symmetric stretching vibration for  

C = C in benzene ring. The strong absorption band 

appearing at 1631cm-1 is due to stretching vibration of 

carbonyl group in ( N-C = O) group. The medium 

absorption band at 1732 cm-1 is due to stretching 

vibration of the carbonyl group in free carboxylic group. 

The broad band appearing at 3300 to 2648 cm-1 is due to 

the overlap of OH group in the sulphonic and carboxylic 

acid groups. 
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Fig (8): The Infra red spectrum of the modified ion 

exchange resin.  
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Table 5: The peak assignment for each wave 

number (cm-1)of the IR spectrum at the 

modified ion exchange resin. 

Wave number( cm-1) Peak assignment 

686 s 
Bending deformation of SO2 

group 

835 s 
CH out of plane bending for 

multisubstituted benzene ring. 

1009 s, 1035 s, 1167 s 

and 1246 s 

Symmetric Stretching for C-O 

group 

1423 s 
Symmetric stretching for CH2 

group 

1601 s 
Symmetric stretching for  C = 

C  group in benzene ring 

1631s 
Symmetric stretching for C = O 

group in 
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C

C

O

O

C

C

O

O

N

group 

1732 s 
Symmetric stretching for  C = 

O  group in carboxylic group 

3300 s 

Symmetric stretching for OH 

group in phenolic ring, 

Sulphonic and carboxylic 

group. 

 

3.1.4. Scanning electron microscopy (SEM): 

Imaging of the modified ion exchange resin powder with 

Scanning electron microscopy enables visual 

characterization and determination of its morphologies 

in a qualitative or semi- quantitative manner. In addition 

it is generally used to detect the topography of the resin 

grain surface and molecules orientation in space. 

Figure (9) shows the SEM of the synthesized modified 

ion exchange resin powder at different increasing 

magnification powers and at different plane sectors. It is 
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clear from these figures that the prepared resin is in the 

form of micro tubular structure.       

 

3.1.5. X-ray diffraction pattern: 

From the X-ray diffractogram of the prepared modified 

ion exchange resin represented in Fig (10), the X-ray 

studies demonstrated that the resin shows essentially an 

amorphous with small portion of crystallinity structure. 

Confirming that, the resin structure is a single phase 

with low crystalinity products. 
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Fig (9): Scanning Electron Microscope of the 

modified ion exchange resin at different 

magnification powers. 
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Fig (10): X-ray diffraction pattern of the modified 

ion exchange resin. 
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Table 6: The physical parameters of the 

synthetic ion exchange resin. 

Parameter Value 

Specific cation exchange 

capacity 
3.1 meq/g 

Particle size 1.1 ± 0.01µm 

Density 1.4 ± 0.01 

Specific surface area 5.2 ± 0.01m2/g 

The ionogenic Functional 

groups 

-COOH & -

SO3H
+ 

 

3.2. Groundwater samples 

3.2.1. Physical and Chemical parameters  

Physical parameters (pH, conductivity, turbidity and 

total dissolved solids TDS)  of the groundwater samples 

are given in Table (7) High concentrations of the TDS at 

the groundwater samples no. 5, 6, 8 and 9 indicated that 

high salt storage content at the studied samples. The 

high TDS impact are also associated with the industrial 
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aqueous wastes released to the groundwater samples, 

these TDS with the change in the pH values have an 

effect on the cation solubility. The pH varied from 7.1 to 

7.9. Concentrations of the major cations, (Na+, K+, Ca2+, 

and Mg2+), and anions  (F-, Cl-, HCO3-, SO42-, NO3
-, 

NO2
-, and PO4

3-) are summarized in Table (8). The 

concentrations of the heavy metals (Al, As, Cd, Co, Cr, 

Fe, Mn, Pb, Si, and V) at the groundwater samples are 

given in Table (9). All concentrations are determined as 

ppb/l.  Concentrations of Al, As, Cd, Co, Cr, Fe, Mn, 

Pb, Si, and V are compared with the standard guideline 

values of the world health organization. The quality of 

the water analyses were assessed for reliability by 

determining the Charge balance error (Char. Bala. Err 

%) factor is given in Figure. (11), which calculated from 

the equivalent of major cations and the equivalent of 

major anions using the following relationship: 

The charge balance error (%) = 

  
∑ ∑
∑ ∑

+

×

anions) of equivalent  cations of equivalent(

100  anions) of equivalent - cations of equivalent(
   (15) 

If the calculated charge balance is less than 5 %, the 

quality of the analysis is considered in the acceptable 

range. The charge balance is required for the conversion 
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factor from (mg/l) unit into (meq/l) unit. (Conversion 

factors from (mg/l) × A = meq/l, where A is the molar 

volume = weightmolecular

echarg1×

, this factor depends on the 

ionic charge and the molecular weight of the ion.  The 

calculated charge balance of the groundwater chemical 

analyses was found to be between 1.48 % and 4.34 %, 

which are within the acceptable range (c.f. fig 11). In 

order to determine the major ionic species of the 

groundwater samples, the concentrations of the cations 

and anions in meq/l of the groundwater are represented 

in Figs. 12 and 14.  Concentrations of the cationic 

species are found to   decrease in the following order: 

Na > Ca > Mg > K , and the anionic concentrations  of 

the  SO4
2-species is higher than the anionic 

concentrations of the  HCO3
- species, Therefore, most of 

the cations species of sodium,  calcium and magnesium 

in the groundwater samples are found as  bicarbonates 

and sulphate species.    
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Fig (11): Charge balance error % of the Cationic 

and anionic species of the groundwater samples. 
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Table 7: The physical parameters of the 

groundwater samples (1-11). 

Physical parameters 

Sample No. 

pH 
Conductivity 

(µS/cm) 

Turbidity 

(NTU) 
TDS (mg/l) 

1 7.4 385 1.54 222 

2 7.3 735 3.17 426 

3 7.3 536 2.07 311 

4 7.2 676 1.02 392 

5 7.5 1441 8.56 836 

6 7.9 1171 5.39 679 

7 7.5 525 2.35 305 

8 7.2 1215 2.17 705 

9 7.1 1587 0.68 920 

10 7.9 380 2.49 223 

11 7.8 300 2.3 250 
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Table 8: The major cations, anions and the 

charge balance error (%) of the Groundwater 

samples. 

Cl- F- NO3
+ NO2

- PO4
3- SO4

2- HCO3
- Ca2+ Mg2+ K+ Na+ 

Well 

no. 

(mg/l) 

Ch.Ba. 

Err. 

(%) 

1 38.2 0.32 0.24 0.01 0.01 31.7 134.0 22.4 11.4 3.6 21.6 -4.06 

2 76.0 0.38 0.06 0.68 0.02 33.6 270.0 59.9 21.3 3.6 25.6 -2.64 

3 30.0 0.44 0.034 0.18 0.07 9.0 254.0 35.3 17.8 2.5 21.3 -2.95 

4 44.0 0.41 5.60 0.01 0.20 68.9 238.0 57.7 14.2 5.2 23.9 -4.34 

5 138.0 0.55 0.12 0.43 0.13 221.7 451.2 75.7 29.4 7.3 122.8 -1.54 

6 157 0.19 0.73 0.01 0.05 81.90 366.0 77.6 26.3 5.7 66.5 -4.28 

7 32.8 0.27 0.26 0.01 0.10 31.20 224.0 47.8 13.25 9.4 20.1 -1.92 

8 128.0 0.68 26.89 0.06 0.92 188.5 344.0 80.4 80.4 14.9 59.4 0.08 

9 157.0 0.97 2.38 2.18 0.22 421.2 380.0 84.3 27.9 18.7 83.2 -3.73 

10 39.0 0.46 0.35 0.03 0.15 31.85 130.0 1.1 116.1 22.8 446.1 1.48 

11 32 0.32 0.35 0.03 0.17 30.0 132.2 1.2 88 9.2 40 -1.3 
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Table 9: Concentrations of the heavy metals 

(mg/l) in the groundwater samples. 

Heavy Metals Concentration (mg/l) 
S 

Al As Cd Co Cr Fe Mn Pb Si V 

1 0.39 0.24 0.02 0.02 0.01 0.08 0.11 0.09 1.66 ND 

2 0.11 0.23 0.03 0.01 ND 0.61 0.31 0.11 15.32 0.01 

3 0.09 0.24 0.03 0.03 0.02 0.42 0.47 0.10 13.46 0.01 

4 0.09 0.23 0.01 0.02 ND 0.27 0.01 0.11 6.67 0.01 

5 0.12 0.24 0.03 0.04 ND 0.64 0.31 0.29 13.52 0.01 

6 0.16 0.23 0.04 0.02 ND 0.78 0.511 0.13 19.85 0.01 

7 0.09 0.24 0.02 0.01 ND 0.87 0.14 0.30 11.64 0.01 

8 0.09 0.24 0.01 0.02 0.01 0.45 0.29 0.28 9.28 0.02 

9 0.09 0.24 0.02 0.02 0.01 0.08 0.10 0.14 13.30 0.06 

10 0.31 0.02 0.01 0.02 0.007 0.08 ND 0.23 12.91 0.06 

11 0.32 0.03 0.01 0.02 0.07 0.07 0.01 0.30 12.91 0.06 

ND = not detected 
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Chemical analyses of the groundwater samples indicated 

significant difference in concentrations of the major 

ions, and trace metals. (Table 8 & 9). The pH values are 

varied from 7.1 to 7.9. An increase in the conductivity 

from 380 up to the value 1587 µSm/cm2.  

These tables show a variation of dissolved ions among 

the aquifer groundwater samples indicated by the 

different in water chemistry at the aquifer region of the 

investigated samples.  

    Concentrations of the major cations and anions are 

below the maximum contamination level that estimated 

by the world health organization (15), while 

concentrations of heavy metals such as; Cd, Co, Fe, Mn, 

and Pb are higher than the standard limit values (15).  

Table (10) gives the concentrations of the cation species 

in groundwater samples. 

Figure. (13) Gives the physical parameters for the 

groundwater samples, while Figs (14-16) give the 

chemical parameters as a function of the groundwater 

samples.  

Concentrations of heavy metals (meq/l) in the 

groundwater samples are decreased by the following 

order; Pb > Fe > Mn Co and Cd. These ions may found 
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in the groundwater samples in different species as free, 

bicarbonates, sulphates and arsenate ionic species.  

Table 10: The concentration ranges of the ionic 

species at the Groundwater samples and the 

standard guideline of drinking water 

Parameter 
Standard  guideline 

(mg/l) 

Concentrations 

parameters in our wells 

F 2.0 0.20 – 1.00 

Cl- 300 30.0 – 138.0 

SO4
2- 300 9.0– 421.2 

As 0.01 0.23 – 0.24 

Cd 0.01 0.01 – 0.35 

Co Nil 0.15 – 0.93 

Cr 0.10 0.004 – 0.017 

Pb Nil ٠J٠ – ١٣٧J٢٩٥  

Mn 0.05 0.10 – 0.51 

Fe 0.3 0.027 – 0.90 

N < 10 0.10 – 26.9 
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3.2.2. Radionuclide activity concentrations 

3.2.2.1. Radiometric Analyses (The gross alpha 

and beta activity   concentration):  

The radiometric parameters in drinking water include 

gross alpha and gross beta activities. Activity 

concentrations (Bq/l) for the gross alpha and the gross 

beta particles were calculated and the data are 

summarized in Table (11).  

The average of the gross alpha activity concentrations 

between 0.17 and 0.52 Bq/l at the groundwater samples 

1, 2, 3 5, 10 and 11 are observed in (Table 11) are 

slightly higher than the standard guideline limited values 

0.1 Bq/l of drinking water, these are generally due to the 

discharge of 226Ra (t1/2 = 1600 years) that released from 

phosphate fertilizers at the cultivated area of these sites. 

The gross beta activities are between 0.01 1nd 0.64 Bq/l 

at the groundwater samples no. (1-11) are observed in 

Table ( 11 ) which are lower than the standard limited 

values 1.0 estimated by the WHO, 2004.  High activity 

concentrations of the gross alpha activities are given in 

Table 11 are reduced by the synthetic ion exchange 

resin., These results are lower than the gross alpha 
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values between 1.0 and 4.3 Bq/l are within the range of 

0.129 and 0.793 of the gross beta activities at drinking 

groundwater samples of certain farming area in Nigeria. 

(93). 
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Table 11: The gross alpha and beta activity 

concentrations values 

 (Bq/l) of the groundwater Samples (1-11). 

Gross beta(Bq/l) Gross alpha(Bq/l) 

After before After before 

Well No. 

Nil 0.08 Nil 0.17 ١ 

0.20 0.44 0.13 0.52 2 

Nil 0.03 0.07 0.34 3 

0.38 0.64 Nil Nil 4 

Nil 0.19 Nil 0.17 5 

Nil 0.16 Nil Nil 6 

Nil 0.01 Nil Nil 7 

Nil 0.01 Nil Nil 8 

Nil 0.17 Nil Nil 9 

0.08 0.27 Nil 0.17 10 

Nil 0.01 Nil 0.10 11 
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3.3. Ion exchange process  

Ion exchange is processes in which mobile ions from an 

external solution are exchanged by ions that are 

electrostatically bound to the functional groups 

contained within solid materials, the displacement of 

ions in these processes have the same charge as the ions 

of interest in the fluid phase.   

These ion exchange processes are used in removing of 

both positively and negatively charged hazardous ions 

from aqueous solutions. The removal of the charged ions 

depends on many factors such as; ion – binding 

capacity, ionic radii, and the counter ion of the resin.  

• The ion – binding capacity factor is known as 

the total quantity of cations that exchanged per 

unit mass of the resin it is usually expressed as 

an equivalent or millieqiuvalent per gram. The 

exchangeable capacity is not a unique value; it 

changes with pH, particle size and method of 

measurements (Gim, 1953).     .  

• Ions with high ionic charges have smaller 

hydrated radii and thus have more affinity to 

exchange with the functional groups at the 

surface sites of the resin.  
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• Ion exchange resins are known as polymers, 

these polymers contain bindings of counter-

charged ions which have electrically – charges, 

it may be displaced with other ions with the 

same charge in solution.  The electrically – 

charged sites have functional groups, these 

functional groups may be weak and/or strong. 

Weak ion exchange resins (exchangers) loose 

their charges outside at a narrow pH ranges.  

Strong ion exchange resin can work in a wide 

pH ranges. 

For a binary reaction (a reaction involving two ions). 

An ion exchange reaction can be written as follows: 

vAC (aq.) + uBX(s.)⇔⇔⇔⇔uBC( aq.)+vAX(s.)            (16) 

 where Av+ and Bu+ are the exchanging cations, C is 

the aqueous phase (aq.) and X represents the 

exchanger of the solid phase (s.) represents the 

solution or aqueous phase, and (s) represents the 

solid or exchanger phase (Donald 1995). Equilibrium 

constant can be determined by applying mass action 

relation which is normally used to describe the 

reaction in terms of selectivity coefficients. These 
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coefficients depending on the way in both the sorbed 

and aqueous quantities are treated (Bruggernwert and 

Kamphorst, 1982), the selectivity coefficient ( )ABK for 

the above reaction (Eq. 5) is given as: 

[ ] ( )
[ ] ( )uv

v

u

v

u

u

vA

B
BXAC

AXBC
K =

 

Where, brackets [ ] indicate the concentration in the 

aqueous phase in mmol/ml, and bracket (  ) indicate 

the concentration in the solid or exchanger phase in 

mmol/g. These cation exchange reactions are usually 

fast and reversible.  

Different values for the selectivity coefficients are 

expected which depending on the exchangeable 

capacity of the solid phase, and the conditions of the 

laboratory experimental used.   

 

 

 

3.4. Sorption studies 
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3.4.1. pH titration curve: 

The cation exchange capacity of the prepared modified 

ion exchange resin was determined using titration 

method. The change of the pH values as a function of 

the exchangeable hydrogen ions concentrations (meq/g) 

of the prepared sample is represented in figure (16). 

Sharply increased in the CEC values was observed at the 

two pH values 2.6 and 10.4 respectively these pH 

changes may be expressed by the polyfunctional groups 

represented by  both strong and weak acids of the 

sulphanilic and oxalic acids function groups respectively 

which  corresponding to the exchangeable values 1.2 

and 3.2 meq/g. The CEC values of this sample was 

within the ranges, 2 – 10 meq/g of the  strong and weak 

acids groups of the weak and strong acid function 

groups for other ion exchange resins (21). 
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Fig.(16) pH titration Curve of the Resin against 

0.1 M NaOH. 
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Sorption studies 

Sorption is the removal of certain ions from a specific 

solution under the particular experimental conditions 

that exist during the contact period. 

Sorption covers the terms of absorption, adsorption and 

ion exchange, where, the sorption is defined as being the 

attraction of an aqueous species that dissolved in 

aqueous phase to the surface of a solid phase.  The 

sorption of a contaminant is one of the significant 

processes that can hinder the remediation of a ground 

water aquifer system (94). Adsorption at a surface or 

interface is the result of binding forces between the 

individual atoms, ions or molecules of an adsorbate and 

the surface of the solid. The affinity of an adsorbent for 

a specific adsorbate was increased. Four principal types 

of adsorption namely; ion exchange, physical, chemical 

and specific adsorption have been distinguished.  

A number of parameters, that affect the adsorption 

process in a given system, have been discussed by the 

different authors (95), these parameters include; 

concentration of solution, effect of adsorbent weight, 

structure, polarity, configuration and the nature of 

background or competitive of adsorbents. 
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3.4.2. Effect of pH 

     The pH, either directly or indirectly affects several 

mechanisms of metal retention by ion exchange resin. 

Figure (18) shows the impact of the ion exchange resin 

pH on adsorption of lead, cobalt and manganese by the 

prepared ion exchange resin. the pH are adjusted 2-10 , 

the number of negative sites fractions adsorption 

dimensions, while the number of sites for major 

adsorption increased, the solid surface become more 

acidic by hydronium ions  (H3O
+) and the metal ions 

also fate competitive for available changes sites by H+ 

ions. Therefore, the metals are poorly adsorbed at the 

low pH values.  

Under alkaline conditions, metal hydroxides, oxides 

increased on the solid surfaces, precipitation of the 

metals are also increased. , The maximum adsorption 

capacities are found at the pH value 6-8, The positively 

charged cations that dissolved in solutions are then 

accumulated on of the ion charge resin at the higher pH 

values, the cations may precipitate on the solid surface 

sites, excess of the positive ions are then released from 

the solid surfaces to the solution, therefore, the 

adsorption efficiency of the solid surfaces are then 
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decreased.   These results are in a good agreement with 

that reported by other investigators (96-99).  

     Due to the different in electronegativity charges of 

the cations, the attraction of these ions to the ion 

exchange resin is changed. Adsorption process of the 

cations on the solid surfaces is different. It was observed 

that the adsorption of the investigated heavy metal ions 

was 0.079, 0.087 and 0.174 mmole/g for Co2+, Mn2+ and 

Pb2+ respectively by the modified ion exchange resin. 

The optimum pH values at which the maximum metal 

sorption capacity was observed in the range of pH 5.0 - 

6.0 for the three investigated metal ions. Hence, metal 

sorption is a critically linked with pH. Not only different 

metals show different pH optima for their adsorption but 

may also vary from one kind of resin to the other. 

 

3.4.3. Effect of weight loaded 

Effect of weight loaded for the cation ions 

sorption is given in Fig (19). The sorption 

capacity of the prepared ion exchange resin is 

increased by the increasing of the solid loaded, 

these results can be attributed by increasing of 
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the available exchangeable sites for the cations 

sorption, it was observed that the optimum 

condition of the solid loaded for the ions sorption 

is 0.1 g with respective values of 0.086, 0.05 and 

0.177 mmol/g for Co
2+

, Mn
2+

 and Pb
2+ 

Ions 

Respectively. Where the capacity of the ion 

exchange resin beyond this value increased and 

become saturated for the available surface sites
 

[100 and 101]
 

3.4.4. Effect of Contact time 

The effect of contact time is very important factor when 

the batch or static technique is used in the process of 

determination for the metal sorption capacity values by 

ion exchanger. Three metal ions were selected to 

perform the effect of contact time values from 1 minute 

to 24 hours on the metal sorption by the synthesized 

modified ion exchange resin. These experiments were 

measured under the same conditions of pH, Resin 

dosage and concentration of the investigated heavy 

metal ions (Co, Mn and Pb) (102 and 103). 

The effect of contact time on the removal of Co2+, Mn2+ 

and Pb2+ is shown in figure (20) It has been seen that the 
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rate of Co2+, Mn2+ and Pb2+  uptakes was initially quite 

high, followed by a much slower subsequent removal 

rate leading gradually to an equilibrium conditions. 

More than 0.058 , 0.077 and 0.168 mmole/g for Co2+, 

Mn2+ and Pb2+ respectively was removed during the 

optimum contact time of 2 hours, while only a very 

small part of the additional removal occurred with 

increasing the contact time. These results reflect the 

efficiency of the synthesized resin for removal of heavy 

metals from aqueous solutions in a wide range of 

concentrations. 
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3.3.6. Adsorption isotherms 

    In order to determine the adsorption efficiency of the 

prepared ion exchange resin as adsorbent for Lead, 

cobalt and manganese ions adsorption, the equilibrium 

adsorption studies were carried out at room temperature 

using three adsorption isotherm models. 

The adsorption of a metal ion from an aqueous  phase to 

the solid phase at constant temperature in a specific 

system leads to a thermodynamically adsorption 

isotherms, these can be described by distribution 

coefficient, Freundlich, Langmuir, Dubinn- isotherms 

and other isotherms (104-107). There was no single model 

has been found to be in generally applicable. According 

to Veith et al (108 and 109), the adsorption isotherms are 

purely empirical in nature and can not be used for 

distinguishing the sorption mechanism. 

3.3.6.1. Langmuir isotherm 

 This model (110) is given by the specific homogeneous of 

monolayer of the surface covering adsorption, in which 

the surface of the adsorbed layer decreased rapidly with 

the increasing of the adsorbed surface.  The linear form 
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of the Langmuir equation [111 and 112] which is based on 

this assumption is given as follows: 

eoLoe CQKQq

111
+=                                     (17) 

Where qe  is the amount of solute adsorbed on the 

surface of the adsorbent (mmol/g), Ce is the equilibrium 

ion concentration in the solution (mmol/l), Qo is the 

maximum surface density  of monolayer coverage and  

KL  is the langmuir adsorption constant (l/mmol). The 

plots of  eq

1

 against  eC

1

 is given by the straight line 

with high correlation coefficient, indicating that the 

system of the solute adsorption obeys by the Langmuir 

isotherm. The values of Qo and KL can be calculated 

from the intercept and the slope of the plots.  

 

3.3.6.2. Freundlich isotherm 

This model (113) is given by the multilayer of 

heterogeneous adsorption and it is characterized by the 

following equation: 

qe = KF Ce 1/n                                                             (18)                                               

KF is the Freundlich constant (mmol/g), n is an integer 

factor. 
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It has been used by many researchers (114-116) in the 

adsorption of heavy metals in the equilibrium 

solutions containing the adsorbent. The linear form 

of the Freundlich equation can be obtained by taking of 

the logarithms of the Eq. (19) as follows: 

Logqe =logKF + 
eC

n
log

1

                                             (19) 

The plot of log qe against log Ce would give a straight 

line with high correlation coefficient, KF and n values 

can be calculated from the intercept and the slope of the 

straight line relationship which is 1/n is indicative of 

the energy or intensity of reaction (117).   

 

3.3.6.3. Dubinin and Radushkevich (D-R) 

isotherm  

The Dubinin and Radushkevich [118] isotherm equation is 

expressed as: 

 

qe = b exp (-K 
2ε )                                                (20) 

Or the linear form of this equation is given as: 

 

Ln qe = ln b - K 
2ε                                                (21) 
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Where qe is the equilibrium ionic concentration on the 

solid phase (mol/kg), b is the maximum sorption 

capcity, K is a constant related to the sorption energy 

(mol2/J2), and ε  is the polonyi potential (J/mol) (119). 

ε =Rtln(1+ eC

1

)                                                           (22) 

Where, R is the universal gas constant (8.314 J/mol.K), 

T is the absolute temperature (oK) and C is the 

equilibrium concentration of ion in the bulk solution 

(mol/m3), where m3 = 1000 liter  

Plots of ln qe against 
2ε  should give a straight line for 

the D-R isotherm.  

K is the slope of the straight line, where K is related to 

the mean energy of sorption [120 and 121]. This mean energy 

is calculated as: 

  

E=(-2K)-0.5                                                                  (23) 

 

The constant parameters of the isotherm equations for 

this adsorption process were calculated by regression 

using linear form of isotherm equations. 

     The sorption data of this work are well described by 

both the Freundlich and D-R isotherm equations. 
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Figures (19-21) represents the relation between log (qe ) 

versus log (Ce) for the sorption of Co2+, Pb2+ and Mn2+ 

ions of the Freundlich straight line equation, the  slopes 

less than one is given in Table (12) , regression 

coefficients are near to one, these means that sorption of 

these ions on the synthetic ion exchanger material is 

concentration dependent non linear sorption. The plots 

of ln qe against ε2 are shown in Figs (22-24). The 

parameters; K and b are calculated from the slope and 

the intercept of the straight lines and are given in Table 

(13). The mean energy (E) was calculated. The 

magnitude of E is useful for estimating the type of 

sorption reaction. It was found to be 11.2 – 13.0 which 

are within the energy range of ion exchange reaction 8-

16 kJ/mol [122 and 123]. 
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Table 12: Freundlich and D-R sorption 

isotherms Parameters. 

Species Cobalt 

Isotherms K N b (mol/g) K  (mol2/kJ2) R2 

Freundlich sorption 

isotherm 
1.219 0.750 - - 0.991 

D-R sorption isotherm - - 6.3 × 10-7 0.004 0.993 

Species Lead 

Isotherms K N b (mol/g) K (mol2/kJ2) R2 

Freundlich sorption 

isotherm 
7.063 0.841 - - 0.983 

D-R sorption isotherm - - 1.6 × 10-6 0.003 0.993 

Species Manganese 

Isotherms K N b (mol/g) K (mol2/kJ2) R2 

Freundlich sorption 

isotherm 
2.999 0.906 - - 0.995 

D-R sorption isotherm - - 6.6 × 10-7 0.0035 0.991 
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3.5. Kinetic studies 

To investigate the sorption capacity of the metals; 

Co(II), Pb(II), and Mn(II) species by the modified ion 

exchange resin,  concentrations of the adsorbed  

elements (mmol/g)  are determined after 1, 2, 3, minutes 

and after 24 hours.  Fig (19) shows the sorption 

capacities of the metal ions by the synthetic ion 

exchange resin as a function different contact time 

intervals. The efficiency of the modified ion exchange 

resin was found increased rapidly during the first few 

minutes then became slower and finally approached to 

an equilibrium state, the different in the metal sorption 

values on the synthesized ion exchange resin is due to 

the different in the electronegativity of the ions present 

in solution [124 and 125].   

 

3.3.5.1. Kinetic models 

Three simplified kinetic models namely pseudo-first 

order, pseudo second order, and weber and Morris 

interparticle diffusion models have been discussed to 

identify the rate and kinetics of sorption for lead, cobalt, 
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and manganese on prepared ion exchange resin as 

adsorbent. 

 

3.3.5.1.1. Pseudo first order model  

The Lagergren's rate equation [126] is one of the most 

widely used rate equations to describe the adsorption of 

an adsorbate from the liquid phase which is given as:  

( )te
t qqk
dt

dq
−= 1

                                                  (24)    

Or its linear form  

 
( ) ( )

303.2
log 1tkqqq ete −=−

                                            (25) 

Where qe and qt (mmol/g) are the amount of metal ions 

adsorbed at equilibrium and at time t, respectively, and 

k1 is the pseudo- first- order rate constant at equilibrium 

and t is the time (min.). 

qt and qe can be estimated from the following relations: 

qt=(Co–Ct)V/m                                                          (26)                 

And                       

qe=(Co–Ce)V/m                                                         (27) 

Where, Co is the initial liquid phase concentration of the 

solutes (mmol/g), Ct is the solute concentration at time t 



Results and Discussion 

 134 

(mmol/g), V is the aqueous volume (liter) and m is mass 

of the solid sample (resin) (g). 

Figures (25 – 27) show the plots of linearized form of 

pseudo-first-order kinetic model of lead, cobalt and 

manganese adsorption on the prepared ion exchange 

resin as adsorbent.  The slopes and intercept of log (qe – 

qt) versus t plot were used to determine the first –order 

rate constant k1 and qe which were given in Table (13), 

along with correlation coefficient (r2) values were also 

given. It is seen from Table (13) that the theoretical qe 

(calc.) values calculated from the pseudo-first-order 

model did not give reasonable values with regard to the 

experimental uptake one, qe (exp). . Further, the 

correlation coefficient (r2 = 0.97) suggesting that the 

present adsorption system does not follow pseudo – 

first- order kinetic model. 
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Fig. (26): Pseudo-first-order kinetic m odel plots of lead 

adsorption on prepared ion exchange resin adsorbent

Fig.(27): Pseudo-first-order kinetic m odel plots of cobalt 

adsorption on prepared ion exchange resin sorbent

Fig. (28): Pseudo-first-order kinetic m odel polts of manganese

adsorption on prepared ion exchange resin sorbent
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3.3.5.1.2. Pseudo second order 

Pseudo second order model [127] is expressed as: 

( )22 te

e qqk
dt

dq
−=

                                                  (28)   

Or by its linear form: 

  eet q

t

qkq

t
+=

2

2

1

                                                   (29) 

k2 is the pseudo second order rate constant (mmol /min) 

  

Plotting of t/qt against t for Pb2+, Co2+ and Mn2+ ions are 

shown by the straight lines relationships with high 

correlation coefficients as shown in Figures (28-30).  

The intercept and the slope of the straight line 

relationships are given by the rate constant (k2) and the 

sorption capacity (qe) respectively in Table (13). 

Comparison between the experimental exchangeable 

capacities qe (exp.) and the theoretical qe (calc.) that are 

estimated using the second order kinetic model. Table 2 

shows that the experimental q(exp.) are in a good 

agreement with the second order kinetic model with the 

high correlation coefficients ( r2 )  suggesting that the 
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present adsorption system can be described by the  

pseudo-second-order kinetic model.   

Table 13: Comparison of pseudo-first-order and second-

order model parameters and calculated amount adsorbed, 

qe(calc.) and experimental amount adsorbed qe(exp.) values. 

Pseudo-first-order model 

qe (exp.) qe(calc.) Element 
Initial conc. 

(M) 

(mmol/g) 

r2 K1 

Lead 121 × 104- 0.180 0.138 0.971 0.0207 

Cobalt 417 × 104- 0.086 0.074 0.976 0.0184 

Manganese 455× 104- 0.058 0.026 0.973 0.0124 

Pseudo-second-order model 

Element 
Initial conc. 

(M) 
qe (exp.) qe (calc.) r2 K2 

Lead 121 × 104- 0.180 0.179 0.9921 0.581 

Cobalt 417 × 104- 0.086 0.113 0.977 0.147 

Manganese 455× 104- 0.058 0.057 0.992 2.192 
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3.3.5.1.3. Interparticle diffusion model 

    Kinetic data were also analyzed using the Interparticle 

diffusion model based on the theory proposed by Weber 

and Morris [128]. The amount of lead, cobalt and 

manganese ions adsorbed (qt) at time  (t) were plotted 

against the square root of time (t1/2) , according to Eq. ( 

30 ) and resulting plots are shown in Figs (31-33).  

 

 qt=k(diff.)t1/2+C                                                       (30) 

 

Where k (diff.) is the interparticle diffusion rate constant 

and C is the intercept related to the thickness of the 

boundary layer. According to Eq. (30), a plot of qt 

versus t1/2 give a straight line passes through the origin 

only in the case of interparticle diffusion. It is clear from 

Figures (31-33), that the linear straight line pass through 

origin in Figure (30). Therefore, the adsorption of lead 

on the prepared ion exchange resin can be attributed by 

interparticle diffusion. Other investigated ions, are given 

by the deviation from the straight line relationship in the 

state of sorption of cobalt on lemon peel (biosorbent) 

[129].  
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Fig.(32): Application of interparticle diffusion model plots of lead 
sorption on prepared ion exchange resin adsorbent.

Fig. (33): Application of interparticle diffusion model plots of cobalt

sorption on prepared ion exchange resin adsorbent

Fig.(34): Application of interparticle diffusion model plots of manganese

sorption on prepared ion exchange resin
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3.4. Application of the modified ion exchange 

resin on the groundwater samples: 

The chemical analyses of the groundwater samples 

(Table 14) showed that concentration of Cr (II) ion is 

lower than the detectable limit value (0.1 mg/l). The 

divalent ions of, Pb (II), Co (II) and Cd (II) have higher 

concentrations values than of this estimated by the 

guideline values [15]. These results attributed by 

increasing of industrial effluent pollutions at the 

investigated areas of the groundwater samples. Lead 

may be accumulate on soils and diffused in 

groundwater. The standard guideline of drinking water 

should be free of Pb (II) and Co (II) ions. The standard 

limit values of Cd and Mn ions are 0.01 and 0.05 mg/l 

respectively. All of the groundwater samples are found 

to have higher concentrations values of Cd and Mn ions 

except samples 4, 10 and 11, which are also contain 

higher concentrations values of the trivalent ions of As 

(III), Fe (III) and Al (III) ions species than the standard 

limit values of these ions.  

    The uptake (ppb) of the metal (Al(III), As(III), Cd(II), 

Co(II), Fe(III), Mn(II), Pb(II) ) sorbed /g of the sorbent 
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and the removal efficiency (%) of these  ions by the 

modified ion exchange resin are determined and data are 

summarized in table (14). 

The chemistry of multi-competing ions such as, Pb (II), 

Cd (II), Co (II), Mn (II), Al (III), As (III) and Fe (III) 

ions in aqueous groundwater samples are more 

complicated due to the variety of solute – surface 

interactions Batch sorption experiments were carried out 

under variety of initial metal ions concentrations of the 

ranges values which are present in groundwater samples 

(c.f Table 14). To understand the sorption mechanism of 

the removal of divalent heavy metals and trivalent iron, 

aluminum and arsenic by the modified ion exchange 

resin, the cations in solutions were analyzed using ICP-

AES before and after sorption by the modified ion 

exchange resin. The change of solution chemistry during 

the sorption reaction was determined after 24 hours.  

Figures (34-44) show the amount of the metal ions 

before and after adsorption by the modified ion 

exchange resin, the amount of sorption are found varied 

between the samples, these sorption may be attributed to 

the difference in electro-negativity of the metallic 

elements between the aqueous and the solid phases. It 
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was observed from Figs (34-44) and Table (14) that the 

sorption % of heavy metals by the modified ion 

exchange resin is varied between the samples. The 

sorption of heavy metals is depended on many factors, 

these factors including: 

• Competing ions 

The removal of heavy metal ions decreased by 

increasing of competing ions in the groundwater 

samples. 

• Valence of metal ions 

The ion exchange resin is preferred the cation that has a 

high valance state.  Among the ions having the same 

charge, the sorption process is preferred for ions have 

the smallest hydrated diameter. (Ions with larger 

anhydrate ionic diameter such as lead ions tend to have 

smaller hydrated diameter and therefore preferred). The 

removal percentage of arsenic ions by the modified ion 

exchange resin is higher than other ions which are found 

in aqueous groundwater solutions. Figures (34-44) show 

that the removal of heavy metals of the divalent ions at 

the ground water samples are decreased by the following 

order: Pb2+ > Cd2+ > Co2+ > Fe2+ > Mn2+ ions, in which 

these removal depends on the selectivity of the ion 
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exchange resin toward different ions. The results are 

within of the agreement of that reported [130 and 131]. 

Metals uptake by both sorbents is almost completed at 

low sorbate concentrations and decreases at high 

concentrations.  At low metal concentrations, the metal 

sorption occur at higher energy surface sites and as the 

metal concentrations increase, sorption efficiency is 

decreased because higher energy surface sites are 

saturated and sorption begins on low energy surface 

sites.    

• Specific sorption by arsenic  

Concentrations of arsenic in the aqueous solutions are 

negligible after sorption by the modified ion exchange 

resin, these results indicating that specific sorption onto 

the prepared ion exchange resin, whereas the specific 

sorption of the neutral As (III) species on the mineral 

surfaces may be attributed by the interaction between 

the charged As (V) with the hydrogen ions on the solid 

surfaces of the ion exchange resin.   
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Table (14): the removal percentage of the 

investigated ions by the modified ion exchange 

resin. 

Removal percent (%) 

Sample code no. 

As Cd Cr Co Fe Mn Pb V 

1 96.0 97.0 88.5 76.8 79.2 89.7 88.5 82.2 

2 99.9 93.5 72.6 71.4 85.5 52.1 93.0 60.7 

3 99.6 99.7 97.0 92.8 66.7 84.1 99.2 86.9 

4 95.9 87.6 19.5 75.3 96.3 69.9 93.6 83.2 

5 95.8 98.8 68.8 84.4 82.1 49.1 95.2 43.3 

6 96.1 91.5 66.7 93.5 84.2 30.7 88.6 76.8 

7 95.0 98.4 42.4 98.7 55.1 71.5 83.1 78.1 

8 95.8 98.4 87.1 86.9 33.6 31.2 76.1 61.0 

9 96.0 97.8 86.6 49.1 75.4 42.1 97.1 88.5 

10 96.0 92.9 11.7 73.1 70.9 94.5 97.2 85.5 

11 93.9 92.8 20.2 72.2 78.1 89.9 85.4 42.2 
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Fig. (35): Conc. of Al, As, Cd, Cr, Co, Fe, Mn, Pb, and V (ppb) ionic species

 before and 

after using the synthetic ion exchange material
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Fig.(36) : Conc. of Al, As, Cd, Cr, Co, Fe, Pb, Mn and V ionic species  

at the groundwater sample no. (2)

at the groundwater sample no. (1)

where, 
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Fig. (37): Conc. of Al, As, Cd, Cr, Co, Fe, Mn. Pb and V (ppb) ionic species
at the groundwater sample no. (3)

Fig. (38): Conc. of Al, As, Cd, Cr, Co, Fe, Mn, Pb and V (ppb) ionic species 

at the groundwater sample no. (4) where, is before and

is after using the synthetic ion exchange material.
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Fig. (39): Conc. of Al, As, Cd, Cr, Co, Fe, Mn, Pb, and Mn (ppb) ionic species 

at the groundwater sample no. (5)

Fig. (40): Conc. of Al, As, Cd, Cr, Co, Fe, Pb and Pb (ppb) ionic species 

at the groundwater sample no. (6), where is before and

is after using the synthetic ion exchange material
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Fig. (41): Conc. of Al, As, Cd, Cr, Co, Fe, Mn, Pb, and V (ppb) ionic species 

at the groundwater sample  no. (7).

is before and 

Fig. (42): Conc. of Al, As, Cd, Cr, Co, Fe, Mn,  Pb and V ionic species

at the groundwater samples no. (8), where, 

is after using the snthetic ion exchange resin.
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Fig. (43): Conc. of Al, As, Cd, Cr, Co, Fe,  Mn, Pb and V (ppb) ionic species 

at the groundwater sample no. (9)

Fig.(44): Conc. of Al, As, Cd, Cr, Co, Fe, Mn, Pb, and V (ppb) ionic species

at the groundwater sample no. (10), where, is before and

is after using the synthetic ion exchange material



Results and Discussion 

 151 

 

Ionic species

Al As Cd Cr Co Fe Mn Pb V

C
o

n
c.

 (
p

p
b

)

0

100

200

300

400

500

600

700

800

900

1000
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     The present work is a comprehensive of drinking 

water quality from various rural regions in Egypt. 

People are living in these rural regions have a problem 

of scarcely water resources. They mainly depend on 

groundwater resources for drinking. These water 

resources may be contaminated with both naturally 

and/or industrial pollutants. The current study are 

divided into two parts; groundwater samples  and a 

modified ion exchange resin analyses,  then the removal 

of heavy metals from the groundwater samples by the 

modified ion exchange resin. 

 The thesis consists of three chapters: 

     Chapter one is the introduction and historical 

background on the sources of heavy metals and 

radioactive materials that contaminated groundwater 

resources. The methods that are used in drinking water 

treatment process are also given. A literature survey is 

reported to cover information about almost mentioned 

in the last two decades for example the synthesis of 

synthetic ion exchange resin and its use for the removal 

of heavy metals and harmful materials from 

groundwater samples. 
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     Chapter two contains the experimental part; it 

includes chemicals, methods of chemical and 

radiometric analyses, the instrumentation, the analytical 

techniques and the procedures that are used to perform 

this work. 

     Chapter three deals with the results and discussion. 

The current study is summarized as follows; eleven 

groundwater samples were taken from certain regions 

in Egypt, parallel to Ismailia canal water stream and 

near to Atomic energy Authority of Egypt. These 

groundwater samples are examined for the physical, 

chemical and radiological parameters.  Some of the 

groundwater samples are found to be turbid. The 

major cations; sodium (Na), and potassium (K) 

species were analyzed using a flame photometer, 

calcium (Ca) and magnesium (Mg) concentrations 

were determined by the titration method. The major 

anions such as Chloride (Cl
-
), sulphate (SO4) were 

determined by turbidmetric method. Phosphates 

(PO4
3-

), nitrates (NO3
-
) and nitrites (NO2

-
) ions 

concentrations were determined by colorimetric 

method. Alkalinity was also determined as 
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bicarbonates (HCO3
-
) and calculated as calcium 

bicarbonates. The groundwater samples are found to 

have high concentrations of bicarbonates and 

sulphate ion species. Heavy metals  such as; cobalt 

(Co), lead (Pb), cadmium (Cd), Chromium (Cr), 

manganese (Mn), and iron(Fe) ions concentrations 

were determined using inductive couple plasma –

atomic emission spectroscopy (ICP-AES). 

Concentrations of the heavy metal ions species are 

determined as (mg/l), it were compared with that are 

estimated by the guideline values of the world health 

organization (WHO).  Excess of heavy metals in the 

groundwater samples are due to the water pollution, 

these heavy metal ions may be found as bicarbonates 

and sulphate ion species. Radiological analyses in the 

drinking water expressed as gross alpha (α) and gross 

beta (β) activity concentrations, Becquerel/l (Bq/l) is 

the unit that used for the determination activities in 

water. The groundwater samples are found to have 

higher values of heavy metals concentration than that 

estimated by the WHO.  The gross alpha and gross 

beta activity concentrations values are found to have 
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lower values and/or within the guideline limit values 

of the WHO.   

A modified ion exchange resin was prepared in our 

laboratory for the purpose of removal and/or 

reduction of heavy metal ion concentrations in the 

ground water sample. This modified ion exchange 

resin is prepared by chemical reaction between 

Oxalic acid and Sulphanilic acid 2:1 using Dean and 

Stark apparatus to form dioxaloyl-P-Sulphanilamide 

which is used for preparation of the modified resin by 

the polycondensation reaction between (phenol 

dioxaloyl-P-Sulphanilamide) and formaldehyde in 

glacial acetic acid as a reaction medium and H2SO4 

as a dehydrating agent.  The total cation exchange 

capacity, particle size distribution, density and the 

specific surface area were determined. It was also 

examined by the Fourier Transform Infra- Red 

spectroscopy (FTIR), X-ray diffraction, and 

Electronic Microscopy. This modified ion exchange 

resin was found to have the total cation exchange 

capacity 3.0 meq/g, specific surface area of 5.1 cm/ 

m
2
, grain particle size of 1.1 µm.  IR spectroscopy 
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shows that this ion exchange resin contains strong 

absorption band appearing at 686 cm
-1

 could be 

attributed to the bending deformation of –SO3H 

groups. The absorption band appearing at 835 cm
-1

 

may be attributed to multisubstituted benzene ring 

(C-H groups) out of phase deformation.   X-ray 

diffraction indicated that this organic modified ion 

exchange resin is an amorphous structure and has a 

small portion of the crystalline structure.  Electronic 

microscopy shows that the ion exchange resin has a 

micro tubular structure.  The sorption experiments 

were carried out using batch technique to test the 

efficiency of this ion exchange resin for the heavy 

metals removal. This ion exchange resin was found 

to have a high efficiency factor towards the removal 

of As, Cd, Pb, Co, Fe and Mn ionic species from the 

groundwater samples. The removal of those heavy 

metal ions from the aqueous groundwater samples 

was found different and depending on many factors 

such as the atomic radius, valance of the metals and 

the selectivity of the ion exchange resin. 
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The removal of heavy metals such as, Pb (II), Co (II) 

and Mn (II) ions was carried out by the modified ion 

exchange resin using 25 mg/l of these aqueous 

solutions. Batch sorption experiments were 

conducted. The optimum condition of the efficiency 

removal was conducted under different parameters 

such as; effect of pH, ion concentrations, weight 

loaded and contact time. This modified ion exchange 

resin has strong active functional groups of –SO3H 

and –COOH- acid groups. The removal of these 

heavy metals was successfully performed at high 

heavy metals concentrations values till 25.0 ppm.   

The efficiency of this modified ion exchange resin 

for the removal of these heavy metals was performed. 

The uptake (mmol/g) of cobalt (Co), lead (Pb) and 

manganese (Mn) ions by the synthetic ion exchange 

resin was studied under the effect of different contact 

time intervals Different models such as pseudo first 

and second order kinetic models are applied.  The 

experimental data are found to be agreed with the 

pseudo second order kinetic equation.  The uptake 

(mmol/g) of those ions by the synthetic ion exchange 

resin was also given using different ions 
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concentrations, the experimental data were 

interpreted using three isotherm equations such as 

Freundlich, Langmuir, and Dubinin & Radushkevich 

(D-R) isotherm equations. These experimental data 

are found to be agreed with both the Freundlich and 

D-R isotherm equations. The free energies for the 

uptake Co, Pb and Mn ions were calculated  from 

application of D-R isotherm equation, it were found 

in the range of the ion exchange reaction. 
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�!��5� ا�/�اص ا��8�����2و ا���>����2 و . ��ا�C��A ا�%ر��ا��� F�

5��ا;��ت ا��و��� � �B��CاJO ���� و �?�� و#�د � [ ا� ���ت \�� 

����� ا�!�� ا� ��^� �"� .ا�0( +�د

����� �7?� ا� 8�رة و ا��0;���5 ا�8"�����2 و ��آ�> ا-����ت ا�7��2ة و  F�

��آ�>ات ا� ��;� .ا�8������ت ا�7��2ة ����Cق ا��5�5�0 ا� �د�� ��� � F�و 

�C�ف أ-0!�ص ا�%رى ���0_�� ا�?1ز( ا�( ا��5�BL �_�0/�ام #"�ز 

 )�� J-ط ا�ا��� )�������� أ# �L#��R ا��5�0� ا-J ��( �5 ���ت 

�74��ت ا��� و ��0��. 

[ ا-وآb�57 و �+ �� آ1 ���0� ��5ً� �/�5	 ا��?�دل ا-���(  F�

� b����57ا� ]�+ �?7�٢:١ Rآ�-dioxalyl-P -�0�ج 

Sulphanilamide  ه������ ���5 �_�0/�ام ا�����ل و ا���ر F�و ا�%ى 

 .-�0�ج ا��?�دل ا-���( ا��07/�م �( ا��را��

 ���� ا#���( �Aرة ا��?�دل  �L� ��� !E�Y2 ا��?�دل ا-���(  F�

 )����8��)ءCEC (٣(ا�8� )557�+� ا�C7{ ا�����#�ام/   � 

 ٥�١  m2/g  دل�?�5� ���8���8و�١�١�0+F4 ا��?��ت ا� . 



 ا��
	� ا�����

 
 ���>ة ���آ?�ت FTIRو ��5�05� �4�0��F ا-0!�ص ا�A ����� F� 

amide .  ��� دل�?�و �F ا�0/�ام #"�ز +��د ا-J � ا�I- ����7?�ت ان ا�

<��8� ��55رى J =���. 

�5�BL;� ا��دل ا-���( �( ازا�� ا� ��?��F أ�0/�ام ا� �B5/�� ا����� ا� 

��آ�>  )���0 �5��� ���;� ا��8���� و ا���4��> و ppm ٢٥ا� 18� 

�5� ا��;�ص و ا�%ى اI?� آ��ءة ����� �( ازا�� B0�5 او ا��BL;� ا��ا� �

7��ح �"��D ا���ود ا��و���ا � R���0� ��� �"�. 

 �L��ذج ا-0>از ا���ارى � 	�?C� F� Freundlich isotherm و 

equation و 

Dubinin and Radushkevich (D-R) isotherm equation 

� . ��8�ءة �����L ��8���C?�	 � [ ا��را��ت ا��8�� R��# )ا�first 

order kinetic equations و  second order kinetic equation  

 .The interparticle diffusion modelو  

 

   

 

 



 

        

 الستكمال متطلبات  الستكمال متطلبات  الستكمال متطلبات  الستكمال متطلبات  الستكمال متطلبات  الستكمال متطلبات  الستكمال متطلبات  الستكمال متطلبات رسـالــــة مقدمـــــــةرسـالــــة مقدمـــــــةرسـالــــة مقدمـــــــةرسـالــــة مقدمـــــــةرسـالــــة مقدمـــــــةرسـالــــة مقدمـــــــةرسـالــــة مقدمـــــــةرسـالــــة مقدمـــــــة
@الحصول علي درجة الماجستير في الكيمياءالحصول علي درجة الماجستير في الكيمياءالحصول علي درجة الماجستير في الكيمياءالحصول علي درجة الماجستير في الكيمياءالحصول علي درجة الماجستير في الكيمياءالحصول علي درجة الماجستير في الكيمياءالحصول علي درجة الماجستير في الكيمياءالحصول علي درجة الماجستير في الكيمياء

  
        

    مـن الـدارسمـن الـدارسمـن الـدارسمـن الـدارسمـن الـدارسمـن الـدارسمـن الـدارسمـن الـدارس

 

 

 )جيد جداً ( و الفيزياءبكالوريوس العلوم في الكيمياء

 ٢٠٠٢  فرع الفيوم-جامعة القاهرة
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