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Summary 

Wastewater, heavy metal toxicity, and phytoremediation have been the 

main topics of this thesis. These topics depend on a variety of structural 

elements and the optical characteristics of modified nanocomposite materials. 

And isothermal adsorption, which looks at the relationship between the amount 

of adsorbent and the amount of dissolved adsorbate in the liquid at equilibrium. 

And discusses the thermal adsorption models to get the most out of adsorption.  

Heavy metals, when in abundance, can be very toxic to the medium in 

which it is dissolved. Adsorption has been used as a suitable water treatment 

process to remove heavy metal. Many studies have been conducted to remove 

these Chromium (VI) by using different materials.  

Sunflower (Helianthus annuus L.) stalks were used as the adsorbent to 

remove Cr (VI) from wastewater. The synthetic wastewater was produced in 

the laboratory to conduct the experiments. Were conducted the filtration 

process which is the most commonly used in treatment plants for wastewater. 

Batch tests were conducted to assess the performance of Cr (VI) removal 

adsorption under different process conditions. Samples has been characterizing 

by UV-visible spectrophotometer, X-Ray diffraction studies, Fourier transform 

infrared spectroscopy and magnetic hysteresis.  

Study indicated that better adsorption is achieved at increased of the pH of 

the aqueous solution. The optimum removal of the Cr (VI) at pH=7 and 0.03 g 

of adsorbent dose and 25∘C temperature, the applicability of Langmuir, 

Freundlich and Temkin isotherms was also tested at a range of temperatures 

(25,35 and 45)
o
C .  

It was shown that Langmuir isotherm was better able to fit the linearized 

data points than Freundlich and Temkin with Cr (VI). The results revealed that 

the hexavalent Cr (VI) is considerably adsorbed on sunflower stalks and it 

could be an economical method for the removal of hexavalent chromium from 

aqueous systems. 
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1.1 Introduction 

     Industrial wastewater contains high levels of heavy metals that may 

pollute the water once it is discharged to the nature. These metals include 

arsenic, chromium, copper, zinc, aluminum, cadmium, lead, iron, nickel, 

mercury, and silver.  Heavy metals are elements that have more than five 

times the specific gravity than that of water. They are one of the most toxic 

types of water pollutants. At least 20 metals are considered to be toxic, and 

approximately half of these metals are emitted to the environment in 

quantities that are hazardous to the environment and the human health [1].  

Some of the treatment processes that have been used to remove heavy metals 

from wastewater include precipitation with coagulation and flocculation, ion 

exchange, complexation of dry biomass and adsorption. However, there are 

limitations: Precipitation produces large quantities of heavy metals rich 

waste sludge; ion exchange and biomass methods are costly and cannot be 

readily applied to large scale applications [2]. Adsorption is used for its 

inexpensive cost and large-scale application. Activated carbon adsorbs 

dissolved organic substances in water treatment, but it cannot treat highly 

soluble organics or high concentrations of organic and inorganic 

compounds. Operation costs are also substantial [3]. 

 Other adsorbents that have been used include synthetic polymers and silica-

based substances [4,5]. However, these materials are more costly compared 

to activated carbon. Hence, there is a perceived necessity and growing 

interest in finding adsorbents that are more cost-effective and produce fewer 

limitations including high temperatures and pressures. Therefore, finding 

suitable materials and operating conditions are essential to addressing the 

concerns of heavy metal pollution. 
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1.2 Heavy Metal Toxicity 

    A metal is classified as a heavy metal when its density is five times that of 

water. Such as metals, chromium, nickel, copper, cobalt, manganese, 

mercury, lead, zinc, cadmium, silver, arsenic, and barium are the most 

abundant found in wastewater. These metals originate from industrial 

wastewater that is emitted in the neighbouring water. However, because of 

their toxicity, it is important that they are removed from the wastewater 

before discharging to water. Of these heavy metals, the ones that was chosen 

for this research were Chromium mostly due to it abundance in the 

wastewater, and also due to it level of toxicity [6] Table 1. Shows the 

toxicological effect of some heavy metals on human health .       

                         

Table 1: Sources and toxicological effects of some heavy metals [7]:     

Heavy Metal Sources Effects 

 

 

 

 

Copper 

Water pipes; Copper water 

heaters and canned greens 

using copper to produce a 

ultragreen color ,Alcoholic 

beverage ,equipment 

Instant gas hot water 

heaters Hormone pills; 

Pesticides insecticides 

fungicides Copper cooking 

pots 

 

 

 

 

Mental disorders, Anaemia 

Arthritis/rheumatoid 

arthritis Hypertension, 

Nausea/vomiting 

Hyperactivity, 

Schizophrenia Insomnia, 

Autism, Inflammation and 

enlargement of liver, heart 

problem, Cysti fibrosis. 
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Heavy Metal Sources Effects 

 

 

 

Chromium 

 

Steel and textile industry Skin rashes, respiratory 

problems haemolysis, 

acute renal failure 

weakened immune systems 

kidney and liver damage 

alteration of genetic 

material, lung cancer, 

Pulmonary fibrosis 

 

 

 

Nickel 

Effluents of silver 

refineries electroplating, 

zinc base casting and 

storage battery industries                                

Dermatitis, Myocarditis 

Encephalopathy, 

pulmonary 

fibrosis, cancer of lungs, 

nose and bone, headache, 

dizziness, nausea and 

vomiting, chest pain, rapid 

respiration                                        

 

 

 

 

Lead 

 

Industries such as mining, 

steel automobile, batteries 

and paints Pollutants 

arising from increasing 

industrialization 

 

Nausea, Encephalopathy 

Headache and vomiting, 

Learning difficulties, 

Mental retardation 

Hyperactivity, Vertigo, 

kidney damage, Birth 

defects, Muscle weakness, 

Anorexia, Cirrhosis of the 

liver, Thyroid dysfunction  

Insomnia, Fatigue, 

Degeneration of motor. 
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Heavy Metal Sources Effects 

 

 

 

 

Mercury 

Industries like chloro-alkali, 

paints, pulp and paper, oil 

refining, rubber processing 

and fertilizer, batteries, 

dental fillings adhesives, 

fabric softeners, drugs, 

thermometers  fluorescent 

light tubes and high 

intensity street lamps, 

pesticides, Cosmetics and 

pharmaceuticals 

Tremors, Birth defects, 

Kidney damage, Nausea, 

Loss of hearing or vision, 

Gingivitis, Chromosome 

damage,Mental retardation, 

Tooth  loss, Seizures, 

Cerebral palsy, Blindness 

and deafness, Hypertonia – 

muscle rigidity, Minamata 

disease. 

 

 

1.2.1  Environmental Impact of Heavy Metals 

    Remove heavy metals from wastewater is one of the important tasks in 

wastewater treatment, especially in developing countries. The reason is due 

to the environmental impacts on plants, aquatic life, and ecology. Many 

heavy metals are even toxic to the human body because they can accumulate 

in the body and cause serious health problems .Generally, heavy metals may 

exist in soil, water, and air depending on their chemical and physical state. 

The heavy metals in the soil will be taken by the plant and then enter food 

chains that will have an impact on the ecosystem. The heavy metals in water 

have impacts on almost all organisms. The heavy metals in the air will 

mainly have impacts on human and animals health since it can be inhaled or 

cause skin problems [8].   
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1.3 Chromium (Cr) 

     Chromium is the most abundant of all the heavy metals that can be found 

in wastewater. It is discharged from the wastewater of the steel 

manufacturing industry, paints industry, leather tannery products, dye and 

textile industry, paper industry, electroplating, and chrome plated products 

[9,10]. Chromium exists in two forms: trivalent Cr (III) and hexavalent Cr 

(VI). Its abundance is harmful to the marine life, vegetation and plants, in 

addition to humans due to its toxicity. Cr (VI) is also a strong oxidizing 

agent, as well as a potential carcinogen. Other potential harmful effects on 

humans due to long term exposure to the metal include liver damage, kidney 

circulatory damage, nerve tissue damage and dermatitis. In general, 

chromium results in very grave harmful effects on human health [11].  

Cr (III) is less toxic than Cr (VI) as it only affects plants, not humans. Thus, 

the total concentration of Chromium in the form of both Cr (VI), Cr (III), in 

addition to other forms, is regulated to a threshold of 2 mg/L. The reduction 

of chromium concentration is crucial in order to meet this threshold. Hence, 

the U.S. Environmental Protection Agency (EPA) regulates a threshold of 

maximum allowed concentration of the metal allowed to be discharged into 

water bodies without treatment to be 0.05 mg/L. The US EPA also set the 

maximum contamination level for chromium to be 0.1 mg/L in drinking 

water [6]. 

 

1.3.1  Sources of Chromium 

    Chromium in soils is inherited from parent rock and tends to be higher in 

soils derived from volcanic and mafic parent materials [12]. An elevated 

amount of natural Cr concentrations (1,700 - 10,000 mg Cr/kg) was found by 

researchers in a 2009 study conducted on surface soils sampled from the 

Sierra Nevada and Coast Range geographic provinces in northern California, 
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USA. Serpentine rocks that are rich in Fe and Mg silicate minerals dominate 

the geochemical processes and mineralogy of this particular area. The 

ultramafic serpentine comprises Cr-rich minerals, i.e., chrome magnetite 

(Fe
2+

(Fe
3+

,Cr)2O4) and chromite (FeCr2O4) [13]. Soils on serpentines 

typically contain from 2.0-4.0 g/kg from Cr, which is much higher than the 

average worldwide surface soil content of 0.054 g/kg [12].  

Through its presence in the soil, humans consume Cr in food and beverages, 

principally as Cr (III). The mean concentration of Cr ranged from 0.10 to 

0.40 mg/L in canned beers sampled from Warri, Nigeria and included 

common brand names as Becks, Heineken, and Guinness Stout [14]. Food 

sources of Cr include broccoli, grape juice, mashed potatoes and turkey 

breast [15]. Trivalent Cr as an essential element and nutrient for plants, 

animals and humans is controversial and research results are contradictory, 

and will be addressed [16,17,18].  

 

1.3.2 Health Effects and Regulation of Chromium 

     Data on workers exposed to air borne Cr (VI) over an extensive period of 

time showed an increased risk of developing lung cancer [19]. though the 

results were confounded by the high rate of smoking by such workers. 

Recent studies have shown Cr (VI) to cause cancer and certain mutagenic 

disorders via oral ingestion in drinking water over a lifetime. In July of 2008 

the National Toxicology Program (a part of the NIH) released a report on the 

carcinogenic effects of sodium dichromate dehydrate (Na2Cr2O7•2H2O), a 

common Cr (VI) containing-chemical. Dosages equivalent to 0, 5, 20 , 60 

and 180 mg Cr/L were given to 100 rats and dosages equivalent to 0, 5, 10, 

30, and 90 mg Cr/L were given to 100, both in their drinking water. The 

conclusion of the two-year drinking water study was that exposure to Cr 
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(VI) caused cancer, based on increased incidences of tumors in the small 

intestine of mice (within the duodenum,jejunum, and/or ileum) [20]. 

The researchers also saw a significant increase in the incidence of squamous 

cell carcinoma, a type of oral cancer, when experimenting with rats [20,21]. 

Besides being mutagenic, Cr (VI) is also corrosive and allergenic [22].  

   Due to its high solubility, Cr (VI) readily enters and damages cells. The 

disorders caused by Cr (VI) have been studied thoroughly and a principal, 

proposed mechanism is during reduction of Cr (VI) to Cr (III) in cells, a 

reactive carbon-based radical species is formed from the oxidation of a 

carbon-based reductant, such as ascorbic acid (Vitamin C), which is 

regularly found in the body. It has been suggested that this unidentified and 

yet to be discovered carbon-based radical causes DNA strand breakage and 

other types of chromosomal changes. 

 A second hypothesis suggests that a hydroxyl radical (OH), generated from 

Cr (III) and reactive intermediate species Cr (V) in the presence of elevated 

levels (mM) of H2O2, may also lead to oxidative DNA damage and strand 

breaks [23]. Another hypothesis is that Cr (V) and Cr (IV) are reactive 

intermediates that are toxic as potent oxidants [24]. The Institute of 

Medicine (IOM) advises a daily intake of 25 and 35 µg Cr (III) for females 

and males, [25]. Absorption of inorganic Cr (III) ranges from 0.4 to 2% of a 

daily intake of 40-240 µg, while organic Cr (III) is estimated to be greater 

than ten times more bioavailable [26,27]. 

 

1.4 Nanocomposites 

     The field of nanocomposites involves the study of multiphase material 

where at least one of the constituent phases has one dimension less than 100 

nm. The promise of nanocomposites lies in their multifunctionality, the 

possibility of realizing unique combinations of properties unachievable with 
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traditional materials. The homogeneous dispersion of nanoparticles is the 

primary condition of the preparation of nanocomposites with acceptable 

properties. Parallel alignment of there inforcement with the external load, as 

well as good adhesion are further conditions tobe met, if the particles are 

anisotropic (layered silicates, nanotubes) and the composite isused in load-

bearing application. The constituent that is generally present in greater 

quantity is called the matrix. The constituent that is embedded into the 

matrix material in order to improve the mechanical properties of 

nanocomposites is called reinforcement (or nanomaterials). Reinforcement is 

generally in the form of nanosized filler materials.[28]. The properties of 

nanocomposites do not depend on the properties of individual components 

but also depends on the following parameters: 

 Process used in nanocomposite fabrication. 

 Types of filler materials and their orientations . 

 Degree of mixing of two phases. 

 Type of adhesion at the matrix interface. 

 Volume fraction of nanoparticles. 

 Nanoparticle characteristics. 

 Nature of the interphase developed at the matrix interface. 

 Size and shape of nanofiller materials and Morphology of the 

system. 

   In order to achieve enhanced properties of nanocomposites,the nanosized 

particles should be dispersed and distributed in the matrix material properly, 

otherwise there will be agglomeration of particles and the properties of 

nanocomposites will deteriorate. These aggregates will act as defects and 

limits the property enhancement of nanocomposite, therefore to achieve 

maximum property enhancement, the nanoparticles should be 

homogeneously dispersed in the matrix [29]. 
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1.5 Literature Survey 

This paragraph includes several studies , the most important of which are :   

 

     In (2010) Attia. A  et al., [30] activated carbon derived from olive stones 

was chemically activated with sulfuric acid (OS-S) and used as an adsorbent 

to remove Cr (VI) from an aqueous solution at concentrations ranging from 

4 to 50 mg/L. The results show that biomass (OS-S)-activated carbon is a 

better sorbent than commercial active carbon that has been processed. The 

pH of the system was shown to be a major factor in the adsorption of Cr 

(VI), with pH 1.5 producing the best results. Low pH levels can cause a 

significant amount of Cr (VI) to be converted to Cr (III). When using lower 

amounts, chromium (VI) was readily absorbed. 

 

     In (2012) Pal. A et al., [31] studied the low-cost biosorbents used, viz., 

Anabaena and Vetiveria. The biosorption phenomenon is more or less like a 

chemical reaction, and so several parameters are bound to affect the process. 

The results indicate that the adsorption of Cr (VI) by Vetiver root and the 

Cyanobacteria Anabaena proves to be a cost-effective adsorbent for the 

removal of Cr (VI) from plating effluent. Langmuir was found to be the best 

fit. Anabaena was found to adsorb a maximum of 87.03% of Cr (VI) at a low 

contact time of 60 minutes, compared to 84.32% by Vetiveria sp. at a low 

contact time of 60 minutes. Using the data from the experiments and 

modeling, an efficient treatment plant for Cr (VI)-rich effluent could be 

designed and built.  

 

   In (2013) Palanisamy. K.L et al., [32] studied the removing a heavy 

metal, copper, nickel and chromium, from its aqueous solution by carrier 

oils mediated iron oxide nanoparticles filtration. The prepared nanoparticles 
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were studied in terms of size morphology, magnetic behavior, structure, 

surface area including surface chemical structure and charges using different 

techniques such as XRD, FTIR and TEM. The results indicate that the 

electrostatic attraction was responsible for the metal removal in the case of 

magnetite nanoparticles. The obtained data represents only the preliminary 

result obtained for achieving a systematic study regarding the removal of 

heavy metals from wastewaters using as adsorbents the nanoparticles with 

high capacity of adsorption due theirs high surface area. 

 

    In (2013) Barakat. M et al., [33] studied the strong anion exchange resin 

(Spectra/Gel IE 1x8) can be used as adsorbent for the efficient removal of Cr 

(VI) ions from synthetic wastewater solutions. Batch experiments were 

conducted with initial Cr (VI) ions concentration ranging from 25-300 mg/L. 

Different parameters influencing Cr (VI) adsorption process such as; 

solution pH, Cr (VI) and adsorbent concentration and contact time were 

investigated. The results showed better fits with Langmuir isotherm than the 

Freundlich isotherm. The calculated isotherm parameters confirmed the 

favorable adsorption of Cr (VI) on the Spectra/Gel sorbent. 

 

    In (2014) Liu. W el at., [34] studied the one-step efficient simultaneous 

removal of Cr(VI) and Cr(III) with mixture of TiO2 and titanate nanotubes 

(TNTs). Unlike the conventional two-step Cr removal with a first 

photocatalytic reduction of Cr(VI) and a subsequent adsorption of Cr(III), 

the proposed single process significantly reduced reaction time (over 50%). 

The synergetic mechanism was interpreted and indirectly confirmed with 

H2O2 variation during photocatalysis. indicating good synergy of 

photocatalysis and adsorption even at high ionic strength of electrolyte. 

Besides, the desorbed TNTs could be easily regenerated by remedying the 
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damaged tubular structure and reused for Cr removal with excellent 

performance. The outstanding synergetic effects with essential explanation 

of the mechanism make this study not only fundamentally important but also 

potentially practical applicable . 

 

   In (2016) Beheshti. H el at., [35] studied the chitosan/MWCNT/Fe3O4 

composite nanofibrous adsorbent fabricated by electrospinning process and 

its application for the removal efficiency of Cr (VI) ions from aqueous 

solutions. The prepared nanofibers were characterized using XRD, FTIR, 

SEM and TEM analysis. The effects of sorption parameters such as contact 

time, initial concentration and temperature were evaluated in a batch system. 

The kinetic and equilibrium data were well described by pseudo-second-

order kinetic and Langmuir isotherm models. The results showed the high 

potential of chitosan/MWCNTs/Fe3O4 nanofibers for the removal of Cr (VI) 

ions from water and wastewater. 

 

    In (2018) Sobhanardakani. S el at., [36] studied the chitosan used for the 

removal of Cr (VI) ions from aqueous solution. The maximum removal of 

Cr (VI) by chitosan was found at pH 4.0. Moreover, increasing in the initial 

concentration of Cr (VI) ions in aqueous solution from 100 to 1000 mg L
-1

, 

lead to reduction in adsorption percentage of Cr (VI) ions from 79% to 65% 

by chitosan. The Cr (VI) adsorption equilibrium was attained after 200 min 

and by increasing agitation speed, and adsorbent dose the amount removed 

was increased. Adsorption of Cr (VI) ions onto chitosan follows Freundlich 

model and kinetic of adsorption process follow pseudo-second-order model. 

The results revealed that chitosan could be used as an efficient adsorbent for 

the rapid removal of Cr (VI) ions from water samples. 
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    In (2019) Obaid. S.A ,[37] studied the magnetic activated carbon Nano 

composite made by burning Gundelia tournefortii straw in a simple and 

inexpensive method. Effects of the magnetic activated carbon Nano 

composite on Chromium (VI) adsorption from water was measured in terms 

of various parameters. Of the FTIR analysis it observed that the hydroxyl 

and C-H groups near the cover of the adsorbent add to chromium adsorption. 

The results from FTIR analysis showed that all of the nanoparticles had the 

functional groups expected.  

 

    In (2021) Ranieri. E et al., [38] studied the experimental tests to evaluate 

the effects of prolonged contamination by Cr on Moso Bamboo (MB) 

(Phyllostachys pubescens) and the adaptability of the MB to the 

Mediterranean climate. A preliminary test on the MB was developed in the 

laboratory, simulating irrigation under Mediterranean conditions (600 mm 

per year) and tropical conditions (1800 mm per year), to evaluate the rate of 

growth and the MB‘s capability for Cr phytoextraction from contaminated 

soil. 

 

    In (2021) Karimi-Maleh. H et al., [39] studied the efficient removal of 

Cr (VI) before releasing into the environment became an essential issue from 

both biological and environmental perspectives. Currently, numerous 

techniques have been studied for Cr (VI) removal and its recycling from the 

wastewater. The results regarding the tolerance of the plant to Cr showed a 

good response of the plant to 100 mg Cr/L solution, utilized for irrigation of 

the pots. Plant growth during exposure to Cr was reduced to about 1 

cm/week, as average. The Cr removal percentages were also noteworthy, 

showing that the rate of MB‘s removal of Cr from soil ranged from 49.2% to 

61.7% as a function of the soil degree of contamination.   
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1.6 Aim of the Work 

    In this work, the principle aim is to remove the Cr (VI) from water using 

Sunflower : 𝐹𝑒𝐶𝑙3 Nano composite. During the work there will be some 

complementary measurements which leads to the following objectives: 

1- Study the concentration effect upon chrome removal. 

2- Study time effect upon chrome removal. 

3- Study the absorbed dose effect upon ions of chrome. 

4- Study of optical and structural properties. 

5- Study the absorption of the thermal equilibrium and its relation with           

concentration.  
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2.1 Introduction 

      Many methods have been used by researchers to obtain the most optimal 

and cost effective method to remove soluble solids from wastewater. of 

these solids, metals have received a lot of attention due to their harmful and 

toxic effect when present in abundance. At least 20 metals are considered to 

be toxic, and approximately half of this number is emitted to the 

environment in quantities that are hazardous to the environment in addition 

to the human health [40]. The most abundant metal existing in wastewater is 

Chromium and is considered the most dangerous metal due to it being 

mutagenic and carcinogenic [41].  

Other metals in high quantities include magnesium, calcium, copper, 

aluminum, nickel, zinc, and arsenic. Some of the methods employed, or 

studied, include precipitation, filtration, coagulation, ion-exchange, magnetic 

fields, fluidized bed reactor, ion flotation, flue gas purification, and 

adsorption [42]. These methods have their advantages; however, to choose 

the suitable method, the disadvantages need to be compared. Precipitation, 

for example, cannot be used when low concentrations of heavy metal ions 

are present in large volumes of water.  

Flocculation or coagulation needs to accompany precipitation, which usually 

results in large volumes of sediments containing heavy metal ions forming. 

Also, small concentrations of the metals are still dissolved in the water after 

the process has been complete, hence, resulting in it as an unsuitable method 

for this research [43].  

Other methods are either time consuming, expensive, or cannot be applied 

on large volumes of waste. however, adsorption is a cost effective, relatively 

quick method of removing heavy metals from water regardless of the 

concentration of the metals or the volume of water that it is dissolved in. 

Different materials may be used as adsorbents which collect, or adsorb, the 
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heavy metals from the wastewater. of those investigated in prior research 

include cashew nut shells [44], olive cake [45], date pits and fruits [46,47], 

tea factory waste [40], maize cobs [48], and wood saw dust [49], to name a 

few. Waste products and other natural products are readily used as 

adsorbates, hence, allowing for an inexpensive and feasible method of 

removing solids from wastewater [49]. 

 

2.2 Adsorption 

      Adsorption is a process that collects, or adsorbs, dissolved substances in 

water to the surface of the materials being used, or adsorbent. Adsorption 

has not been readily used to treat wastewater, but as the demands for better 

water quality become more rigorous, extensive research have been 

conducted on the process of adsorption to provide better quality and reduced 

toxicity of water. Adsorption with activated carbon was the most sought-on 

process, where the carbon was used as a ―polishing process‖ to remove a 

fraction of the existing dissolved substances in the water after treatment 

[50].  

Adsorbents previously used usually require a chemical process for its 

production. This is usually accompanied by a complex or time-consuming 

process or one that results in a lot of waste or bi-products. Other adsorbents 

that have been used require organic materials such as nuts [51], leaves, shells 

[52], bark [53], pits [54,46], wood [49], etc, to be heated to high 

temperatures and undergo rigorous processes for them to form an activated 

carbon [50]. In the case of organic substances and activated carbon, 

interactions known as ―specific adsorptions‖ occur between the surfaces of 

the adsorbent and the different functional groups of the adsorbate. An 

attraction occurs between the adsorbate and the adsorbent primarily due to 

one or more of the following phenomena: 



Chapter Two                                                                  Theoretical Part 

 

16 
 

1. exchange adsorption – electrical attraction. 

2. physical/ideal adsorption – Van Der Waal force attraction. 

3. chemical adsorption – chemical reactions. 

Also, the solubility of the substance in water plays an important role in 

adsorption, since the more hydrophobic the substance is in water, the higher 

its ability to be adsorbed, and the more hydrophilic it is, the lower its ability. 

This is due to the effect the soluble substances have on the surface tension of 

the water: the more substances are dissolved and soluble in the liquid 

solution, the more the alterations to the surface tension of the liquid solution. 

Adsorbents that have active surfaces, such as activated carbon, will result in 

reduced surface tension upon the substances‘ movement to the surface. The 

movement results in a diminution of effort to increase surface area that is 

proportional to the amount of adsorbate at the surface. Moreover, 

hydrophobic impurities in the water reduce the tension at the surface of 

water [55].  

 

2.2.1 Activated Carbon  

      Activated carbon has been used extensively by previous researchers due 

to its high capacity of removing heavy metals and other organics dissolved 

in water. Activated carbon is obtained by initially heating the material such 

as pits or barks at a high enough temperature to allow for water to evaporate 

completely. The material is then impregnated with an acid, and then 

carbonated in a furnace at very high temperatures of around 500 C to 900 C 

[54,56]. 

The reside is washed in hot distilled water to achieve the desired pH level, 

and finally the activated carbon is crushed and sieved to the required 

diameter. As it is known, the smaller the diameter of the carbon the better it 

is for adsorption as it allows for a greater surface area to volume ratio. The 
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larger the ratio, the greater the ability of the carbon to attach the dissolved 

substances, such as heavy metals, in the water to it. Many previous studies 

and experiments on adsorption have been conducted using activated carbon. 

The activated carbon has been made from bark, date seed, food and 

agricultural waste, and other low cost waste materials. However, the 

problem with activated carbon is the extensive pretreatment required to 

produce it. In other words, a lot of energy and funding is spent on 

maintaining specific conditions to produce activated carbon. Very high 

temperatures are required, in addition to the use of acidic chemicals. Hence, 

what started off as a cheap waste material ends up as a costly adsorbent after 

a long process [50].  

 

2.2.2 Low Cost Materials 

     Adsorption is a low-cost process as it uses relatively cheap materials. The 

method to obtain and prepare the materials is effortless and does not require 

the use of other resources, chemicals, or processes. Low cost material that 

only requires thorough washing and drying to remove moisture before being 

sieved is the latest research material being employed for successful 

adsorption [57]. Evaluation of tree leaves hazelnut shells ,  agricultural waste 

[58], date pits [47], cashew nut [44], barks [53], maize corn [48], saw dust 

[49] etc has been done to test adsorption capability on different metals at 

different conditions. Conditions that are tested for include obtaining optimal 

pH, contact time, agitation speeds, and initial concentrations of metals and 

dosage of adsorbent. Different conditions yield different results for different 

metals and adsorbents. Hence, what may apply for a certain combination of 

experimental conditions, metals, and adsorbents, may not apply for another 

[59]. 
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2.3 Phytoremediation 

     Phytoremediation uses variety of plants to degrade, extract, contain, or 

remove contaminants from soil and water, including groundwater.These 

contaminants involve heavy metals and their compounds . 

    Phytoremediation mechanisms are phytoextraction, phytostabilization, 

phytostimulation,rhizofiltration, phytodegradation and phytovolatilisation  

[60-64].  

 Phytoextraction/phytoaccumulation/phytoabsorption/phytosequestrati

on: This technique, plant roots absorb the contaminants from soil then 

translocate to the shoots or some parts of the plants. 

 Phytostimulatio /rhizodegradation:It uses plants to reduce the 

contaminated soil by their roots. This technology has some successes 

in treatment of organic chemicals, including petroleum hydrocarbons, 

polycyclic aromatic hydrocarbons (PAHs), chlorinated solvents, 

pesticides, polychlorinated biphenyls (PCBs), benzene, toluene, 

ethylbenzene, and xylenes .  

 Rhizofiltration: It uses plants to clean up communal wastewater or 

contaminated wetland, surface water. The contaminants involve heavy 

metals or other inorganic compounds, e.g. Pb, Cd, Cu, Ni, Cr and Zn. 

These are adsorbed or precipitated by plant‗s roots.  

 Phytodegradation: This technique uses plants to degrade the organic 

pollutants from soil, sediment, or groundwater. It can also degrade the 

synthetic herbicides and insecticides. However, phytodegradation is 

limited to remove organic pollutants only. Therefore, it can not apply 

to remove heavy metals because heavy metals are non-biodegradable.  

 Phytovolatilisation: This technique uses plants to absorb and transpire 

the contaminants or pollutants from the soil to the atmosphere by 

conversion them to volatile form. Phytovolatilisation is available for 
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removal of organic pollutants and some heavy metals such as Hg and 

Se. 

 

2.3.1 Advantage and Disadvantage of Phytoremediation 

      Phytoremediation has been accepted for environmental treatment in a 

recently year. This technology is used for cleaning-up contaminated sites 

with metals, especially contaminated soil and water including groundwater. 

Additionally, it is the lower cost treatment than another technology. It is also 

the environmental friendly technology. Although the phytoremediation is the 

cleanest and cheapest technology, it still has limitation. This is caused by 

climatic and geologic conditions of the sites. The temperature, altitude, soil 

type and accessibility for agricultural equipment are considered as the 

limitation of phytoremediation . 

Phytoremediation takes time longer than another technology to treat the 

contaminants. The contaminants can be accumulated in fuel wood. 

Moreover, the collected contaminants in leaves can be released again into 

the environment during litter fall. The formation of vegetation may be 

limited by extreme environment toxicity [65,66]. 

 

2.3.2 Metal Extraction from Plants: ‘Phytoextraction’ process  

The most common methods used nowadays for the determination of 

heavy metals in environmental samples involve highly sensitive 

spectroscopic techniques, such as atomic absorption spectroscopy and 

inductively coupled plasma-optical emission and -mass spectrometry, the 

drawback of these techniques is that they first require the solid sample to be 

transformed into solution. Sample digestion is mainly carried out by a fusion 

or a wet procedure based on an acid digestion with a heated mixture of 

mineral acids.  
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There are different heating systems that can be used for digestion such 

as, sand-bath, heating plate, pressure digestion and aluminium blocks. The 

introduction of microwaves, with both open and closed pressurised systems, 

has allowed a considerable reduction in the total time of analyses as well as 

in the risk of sample contamination. Whereas the use of closed digestion 

systems is mandatory for total determination of volatile elements to avoid 

losses (for example As, Hg, Cr), use of open systems allows a higher sample 

intake and facilitates the acid evaporation to dryness, reducing in that way 

following analytical problems associated with high acid 79 concentration 

[67].  

Microwave-assisted sample digestion is a widely used method in sample 

preparation, and several standard methods have been developed on the basis 

of this technique. To reduce contamination from the handling steps during 

sample preparation, Hoffman (1988) developed a one-pot method for sample 

digestion. In this method a quartz insert was placed inside a digestion vessel 

during the sample preparation stage. The sample was weighed, digested, 

diluted and measured in the same insert. As there are no sample transfer 

steps during this type of preparation, contamination was reduced 

considerably. Vapour-phase digestion has been used with conductive 

heating, and more recently with microwave heating. Vapour-phase digestion 

is primarily used to reduce contamination, because the reagents are 

vapourized during sample digestion and only the vapour from the reagents 

comes into contact with the sample [68].  

 

2.3.3 Accumulation of Heavy Metals in Plants  

Accumulation of a metal is a function of uptake capacity and 

intracellular binding sites. Waste water or water with multi-cellular 

organism has complexities in terms of the tissue and cell specific 
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differences, intracellular transport concentration, affinities of chelating 

molecules, as well as the presence and selectivity of transport activities 

which can affect metal accumulation rates [69]. In addition to these factors, 

processes such as mobilization and uptake from the soil, 

compartmentalization and sequestration within the root, efficiency of xylem 

loading and transport, distribution between metal sinks in the aerial parts, 

sequestration and storage in leaf cell impact on the metal accumulation rate 

in the plants [70].  

Many plants have shown the capability to extract and to process high 

concentrations of organic compounds with no significant toxic effects. Some 

plant species have developed the heavy metal tolerance capabilities which 

enable them to survive and to grow in the highly metal contaminated waters 

and soils [71,72].  

By accumulation of heavy metals, xenobiotics and radinuclides through 

phytoremediaiton characteristics of plants, the cost effective treatment of 

wastewater, ground water and soil is possible. Once accumulated in the 

plants, these extracted heavy metals can be transformed rapidly to reduced 

toxicity metabolites. Also, these toxic metals can be translocated with the 

help of plants to surface shoots during phytoextraction, later which can be 

harvested, and the tissue processed by drying, ashing or composting. 

A further application of these plants with extracted metals is to filter metals 

from water onto rootsystems that is called rhizofiltration or to stabilize 

hazardous metal containing sites which is called phytostabilization. With 

accumulation of heavy metals utilizing phytoremediation process, the 

volume of toxic waste produced is just a fraction of what other traditional 

methods of landfill and incineration typically generates [73]. 
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2.3.2 Plant of Sunflower 

      The successful phytoremediation depends on the properties of selected 

plant species. Plants are able to be heavy metals hyperaccumulators, and also 

produce the high biomass productivity. Several common plants applying for 

phytoremediation are Typha latifolia [74]. Echhornia crassipe [75, 76]. 

Scirpus tabernaemontani [77]. paniculata Franch [78].   

      In recent years phytoextraction has been suggested by several authors as 

a green and low-cost technology to clean up metal polluted sites This 

technique uses the ability of certain plants to accumulate heavy metals in a 

high concentration in their aboveground parts. The success of a 

phytoextraction process depends on biomass production and metal 

concentration in plant shoots . Results of several studies under greenhouse or 

growth chamber conditions indicated that some crops and hyperaccum-

ulating species have the potential to remove metals from polluted soils [79].   

The sunflower (Helianthus annuus L.) is a member of the Asteraceae family. 

There are 65 distinct species in the genus Helianthus. The species trait that 

makes this family distinct is the plant features rough, hairy leaves, a wide, 

coarsely serrated stem, and round flowerheads. The heads are made up of 

several individual blooms that develop into seeds at the foot of a receptacle 

[80]. 

 

2.4 Filtration for Water Treatment  

    Filtration is a commonly used, physical, chemical, and in some instances, 

biological process of water treatment. The filtration process involves 

separation of suspended solids and impurities from water by passing it 

through porous media. The filtration process is a simple and an effective 

method of treating drinking water, and thus it is a suitable process to be use 

for treatment systems. The filtration process  does not require any addition 
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of chemicals and can be operated without a power supply. It is also easily 

adaptable to household-scale systems.  These devices treat relatively small 

volumes of water typically only treat drinking and cooking water. There are 

numerous of point of use water treatment systems available for various 

purposes and efficacy. Filtration is the most commonly used treatment 

process for such systems [81].  

 

2. 6 Batch Tests 

      Most of the research conducted on adsorption of metals using waste 

materials underwent batch tests to analysis how the adsorbate and adsorbent 

perform under various conditions. These conditions include pH levels, initial 

concentration of metal solution, concentration of adsorbent, temperature, 

agitation speed, and contact time. All of these conditions produce different 

results once changed; however, the magnitude and significance of change 

alters between the different conditions as each has a different effect on the 

adsorption process. As adsorption is a process which involves reactions 

between the adsorbate and adsorbent, varying the conditions may improve or 

exacerbate the rate and amount of adsorption. pH affects adsorption 

reactions through H
+
 and OH- ions that are emitted into the solution. A more 

acidic pH releases more H
+
 ions that may react with the adsorbent or 

adsorbate, it will be affected by results. Likewise, an alkaline pH solution 

releases OH
-
 which may also react with the adsorbent or adsorbate [82]. 

Hence, it is crucial when performing batch tests to evaluate the process at 

different pH levels. Unfortunately, a universal pH value cannot, be 

determined and set due to the different types of adsorbents used and their 

chemical constitutions.  

Hence, tests need to be performed to determine the most efficient 

value of pH. Like pH, contact time is another crucial factor to consider when 
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performing tests. This is also significant as the adsorbents used are organic 

materials, which may release additional organic materials in the system. Not 

allowing for enough contact time will not effectively complete the 

adsorption process, hence, results obtained will be incomprehensible and 

void. The greater the contact time, the greater the possibility that equilibrium 

has been reached, and hence, adsorption has reached its potential. Agitation 

speed is another important criterion to be test, as this either speeds up or 

slows down adsorption. Although, a higher excitation speed is not 

necessarily mean a higher rate of adsorption. Adsorption is highest at a 

certain speed that needs to be determined through experimentation.  

Different initial concentrations of the metal solution evaluate the capacity of 

the adsorbent in its ability to adsorb and remove the metals from the 

solution. Usually, the lower the concentration of the metal, the better the 

adsorption, as there is less adsorbate for the adsorbent to remove. However, 

some adsorbents perform extremely well in high initial concentrations of 

adsorbate, and hence, have a higher adsorption capacity. These adsorbents 

are thus favorable due to their capacity. Also, to test the capacity of the 

adsorbent, the concentration dosage in the liquid solution needs to be 

evaluated. If only a small quantity is required to remove a large portion of 

the adsorbate, then the adsorbent is favorable. Likewise, the more the 

quantity that is required, the least favourable as its capacity is low. One way 

to reduce the quantity of adsorbent is to increase the surface area. This can 

be achieved by using very small diameters of the adsorbent. Larger surface 

areas are a lot more successful in adsorption, and hence, the same adsorbent 

may require smaller dosages once ground compared to its larger 

counterpart[59]. 
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2.7 Adsorption Isotherm  

     Analysis of the isotherm data is necessary in order to develop an equation 

that can accurately represent the results and could be used for design 

purposes [75]. An adsorption isotherm describes the relationship between 

the amounts of adsorbants which is adsorbed on the adsorbent and the 

concentration of dissolved adsorbate in the liquid at equilibrium [83]. The 

parameter Ce corresponds to the remaining metal ion concentration in the 

solution and Qe  refers to the amount of metal ion adsorbed per unit weight 

of adsorbent [84].  

- The Langmuir isotherm assumes monolayer adsorption on a uniform 

surface with a finite   number of adsorption sites. Once a site is filled, no 

further sorption can take place at that site. As such the surface will 

eventually reach a saturation point where the maximum   adsorption of the 

surface will be achieved. the Langmuir isotherm models linear structure is as 

follows [85,86]:                                                                                        

Ce/Qe= b Qm +Ce/Qm  ……………(1) 

where b is the constant  of Langmuir proportional to adsorption energy and 

Qm  is the capacity maximum for adsorption (mg/g) . 

-The Freundlich isotherm is applicable to both monolayer (chemisorption) 

and multilayer adsorption (physisorption) and is based on the assumption 

that the adsorbate adsorbs onto the heterogeneous surface of an adsorbent. 

The linear form of Freundlich equation is expressed as [86, 87].  

log Qe = log KF + 1/n log Ce ………..(2) 

Where KF and n are Freundlich isotherm constants related to adsorption 

capacity and adsorption intensity, respectively and Ce is the equilibrium 

concentration ppm. A value of n ~1 reduces equation 2 to the linear isotherm 

typically observed for the adsorption of dyes on to solid adsorbents [87]. 
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-The Temkin isotherm model assumes that the adsorption energy decreases 

linearly with the surface coverage due to adsorbent–adsorbate interactions. 

The linear form of Temkin isotherm model is given by the equation [86, 87]. 

Qe = B ln KT + A ln Ce ……….. (3) 

Where B: is the Temkin constant related to the heat of sorption (J/mol) and 

A: is the Temkin  isotherm constant (L/g).        
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Introduction   3.1 

       This chapter includes a description of all tools and devices used in this 

work which are shown in Diagram (3.1).   

                                

 

 

 

 

 

 

  

Figure (3.1):  A schematic diagram of experimental the main steps for procedure. 
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3.2 Samples Preparation 

3.2.1 Preparation of Sunflower (Helianthus annuus L.) 

     Sunflowers were gathered from fields in the city of Hilla, Iraq, washed in 

distilled water for 24 hours at 60 ºC in an oven, dried, and then put for 24 

hours in a solution of 99% ethanol and FeCl3. To get the required 

concentration for the study. A small amount of straw was burned, becoming 

powder (nanocomposite).   

 

3.2.2 Chromium Solution: 

     Different concentrations of soluble chromium using potassium 

dichromate (K2Cr2O7) salt and distilled water was prepared. All experiments 

were conducted at room temperature, rotational speed of the stirrer at all 

stages 100 rpm.  

 

3.3 Batch Adsorption Studies                                                           

     The majority of trials were conducted in batches by melting and diluting a 

suitable amount of potassium dichromate (K2Cr2O7), A stock solution 

containing 1000 mg/L Cr (VI) was made using deionized water. By diluting 

the stock solution with water repeatedly, the Cr (VI) concentrations in all 

experimental solutions were determined. Each of our equilibrium adsorption 

investigations was conducted in a thermostatic shaker rotating at a speed of 

200 rotation per minute (rpm) while maintaining a constant temperature 

[88]. Experiments were conducted using a range of pH values, from 2 to 7, 

metal concentrations of 10, 20, 30, 40, and 50 ppm, and adsorbent dosages 

of 0.03- and 0.1 g/L respectively.  

Batch adsorption studies were performed by mixing 1250 ppm Kr2Cr2O7 

was prepared by dissolving amount in the water 100 mL to become a 

standard solution. All experimental solutions of desired Cr (VI) 

concentrations were obtained by successive dilution of the stock solution. 
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Experiments on adsorption equilibrium were carried out in a thermostatic 

shaker with temperature control that rotated at a rate of two hundred 

revolutions per minute. The effects of pH on the elimination of Cr (VI) by 

the sunflower were investigated by changing the pH of the solution from 

2.09 to 7. In addition, the pH of the solution was altered by adding either 0.1 

M HCl or 0.1 M NaOH. Using an ultraviolet-visible spectrophotometer, one 

may determine the levels of chromium and iron by determining the 

absorbance of the sample at 540 nm (Shimadzu UV-1800, Japan). It was 

determined how to compute the percentage of chromium removal%R for 

each of the following expressions [89].  

R% = (
     

  
)   × 100  …………(1) 

where Ci and Cf are the initial and final concentration of chromium in the 

solution. The adsorption capacity of an adsorbent which is obtained from the 

mass balance on the sorbate in a system with solution volume V is often 

used to acquire the experimental adsorption isotherms.  

Adsorption tests were carried out at a pH of 2.09 and 20ml of adsorbent was 

utilized, using 100 mg/L Cr (VI) solutions with two concentrations (10-50 

ppm of each main component). 20ml of adsorbent was utilized. The 

adsorbent was removed from the solution after the adsorption process had 

achieved an equilibrium. After that, the filtrate was examined for the 

presence of any residual Cr (VI). To test the Sunflower capacity for 

removing of Cr (VI) from real wastewater samples, a sample from the 

mining industry was used in batch mode. Sunflower extract was shown to be 

effective in the elimination and recovery of chromium in this investigation. 

Batch experiments done with varying amounts of chromium revealed that 5 

minutes was sufficient to eliminate 90.18 percent of the chromium. Table (2) 

shows the effect of different adsorption parameters to removal of Cr (VI) . 
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Table (2) Effect of different adsorption parameters of Cr (VI) 

adsorption on sunflower. 

parameters of the adsorption 

Contact time 

(min) 

pH Dosage( g L
-1

 ) Concentration 

of Cr (VI) ppm 

20 2.09 0.03 10 

30 3.04 0.05 20 

60 5.16 0.07 30 

90 6.02 0.09 40 

120 7 0.1 50 

 

3.4 Adsorption Isotherms Studies  

      All of the chemical reagents employed were analytical grade and did not 

require any further purification. With concentrations of 10 -50 ppm and 

various sizes have been prepared and added 25 ml of distilled water after we 

added weight of 0.03 g of Chromium powder to each flask and put all of 

them on the flasks devices shaker (25 at room temperature, 35, 45) 
◦
C for 

two hours and solutions had been nominated by filter paper, and examined 

using a spectroscopic method. As a result of the calibration curve's work, 

each substance has been assigned a maximum wavelength in the 

concentration range. 

The absorption values were recorded to calculate the percentages of 

adsorption, and the solution concentration was designated when Ce ppm 

reached equilibrium. And using Langmuir, Freundlich and Temkin  equation 

in chapter two.  
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3.5 Methodology  

In this study, experimental procedures and measurement techniques used 

throughout this study were described. UV-Visible spectroscopy, X-ray 

diffraction (XRD) was used to acquire structural and morphological 

observations, and scanning electron microscopy (SEM) has been used to 

carry out experiments. Also Fourier transforms infrared spectra Magnetic 

hysteresis.   

  

3.5.1 UV-Visible Absorption Spectrophotometer 

UV-Visible absorption spectra have been recorded on Shimadzus (1800)   

UV-Visible spectrophotometer. The optical component of a 

spectrophotometer is made up of three parts: the source, the monochromator, 

and the detecting system in Fig. 3.2, these components are typically 

integrated into a unique framework to make spectrometers. The optical 

properties of solution at different parameters were investigated in the range 

of wavelengths (250-1050) nm. The spectrometer is powered by two light 

sources: deuterium and tungsten lamp, which operate at wavelengths of 

(190–390) nm and (390–1100) nm, respectively. The output data for 

wavelength, transmission, and absorption were utilized to calculate the 

optical energy band gap and basic optical edge using a computer algorithm.  
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Figure (3.2): Schematic of UV spectrophotometer . 

 

 3.5.2 X-Ray Diffraction (XRD)  

     The main purpose of these measurements is to investigate the type of the   

structure of the prepared solution. X-ray diffraction is used to characterize of 

the materials, by which their orientation it is possible to determine the 

crystal structure and crystallites size. A typical X-ray wavelength that is 

equivalent to the interatomic distance in a crystal is used to communicate the 

characterization [90]. Samples were examined by sending the samples 

abroad (Islamic Republic of Iran). The solution was deposited on glass slides 

for carrying out these measurements.   

 

3.5.3 Scanning Electron Microscopy (SEM)   

    Scanning electron microscopy (SEM) is one a type of electron 

microscope. The surface of a specimen to be examined is scanned with an 

electron beam, and the reflected (or back-scattered) beam of electrons is 

collected, and then displayed at the same scanning rate on a cathode ray tube 

(similar to a television screen). The image on the screen which may be 

photographed represents the surface features of the specimen. 
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Magnifications ranging from 10 to 100,000 times are possible  . The surface 

morphology of the prepared samples was observed by sending the samples 

abroad (Islamic Republic of Iran). The solution was deposited on glass slides 

for carrying out these measurements.     

     

3.5.4 Fourier Transform Infaraed Spectrometer (FT-IR)    

     Fourier Transform Infaraed Spectrometer is a wavelength and intensity 

measurement. Infrared spectra, bending, spinning, and vibrational 

movements of atoms in a molecule are all twisting. There are two sorts of 

molecular vibrations that may be used to characterize all of the movements. 

A stretch is one sort of vibration that results in a change in bond length. A 

stretch is a repetitive movement along the atom-to-atom line [91]. Infrared 

spectra of the solution prepared have been taken by sending the samples 

abroad (Islamic Republic of Iran).  

   

3.5.5 Vibrating Sample Magnetometer  

    The magnetic properties of samples were examined using a sample 

magnetometer that vibrates (VSM, Magnetic Danesh Pajoh Co.) Magnetic 

characteristics were investigated at room temperature utilizing hysteresis 

curves and a magnetic field of up to 1 Tesla.  
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4.1 Introduction  

    This chapter includes the results and the analysis of the experimental 

measurements of the solution with various concentration (10, 20, 30, 40 and 

50) ppm and (0.03, 0.05 , 0.07 , 0.09 and 0.1 ) g of adsorbent dose and 

varying the solution pH from 2.09 to 7. In addition, we study the structural 

and optical properties of prepared solution. 

4.2 UV-Visible Absorption Spectra 

      The preparation solution was measured by the optical properties and 

determined using UV-visible adsorbance at the (190 - 1100) nm, wavelength 

range and spectrofluorometer. 

4.2.1 Absorption Analysis 

     Fig. (4.1)  shows the UV-visible absorption spectra of the Cr (VI) 

solution. The reduction of the absorption peak intensity during exposure 

time indicates the reduction of Cr (VI) concentration in solution in contact to 

the nanocomposite. Results showed that after 5 min of exposure, over 30 % 

of chromate in the solution has been removed by nanocomposite powder. 

Considering the advantage of rapid removal process (lower exposure time), 

it can be concluded that one minute of exposure is enough to remove over 

than 90.18 % of Cr (VI). With increasing concentrations the peaks increase 

and this indicates the generation of new transitional levels. 
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Figure 4.1 : Show of Absorbance with Concentration (20,30,40,50) ppm of 

Sunflower Nanocomposite.  

 

4.2.2  X-Ray Diffraction Measurements (XRD) 

     X-ray diffraction is a versatile and non-destructive technique for 

classifying materials.crystalline phases seen in dense materials, as well as 

studying the structural properties of these states, such as stress, crystal size, 

phase structure, crystal orientation, and flaws are examples of such factors 

[92]. In the Fig. 4.2 (a ,b ,c and d) XRD analyses confirmed that the 

synthesized nanocomposite is magnetite (Fe2Cl3). The sharp diffraction peak 

at 2θ = 40.331 indicates good crystallinity of Fe2O3 nanoparticles and the 

crystallite size decrease with increasing of the concentration. This behavior 

can be explained  the solution that has crystal defect and became good 

arrangements  and more crystallized and to became nano scale. Structural 

analysis by XRD indicated that the high excess of Cl
−
 in the reacting mixture 

enabled the more favorable production of chloro-oxy-hydroxides In Fig. 4.2 

(a, b, c and d) the multiple observed peaks were identified by variations in 
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composition and crystallinity of the Cr (II) oxy-hydroxide with the formula 

Cr21Cl16(OH)14O6 . The average crystallite dimension was calculated using 

the following equation [93 ,94].  

D = K λcu-Kα / cos θ FWHM  

D = 0.89 λ / β cos θ 

Where; 

D: crystallite dimension, 

K: a coefficient (0.89). 

λcu-Kα: wavelength of the emission from the diffraction tube. 

FWHM: full width at half maximum of diffraction in the 2 θ scale (rad). 

θ: The Bragg angle of diffraction. 

 

Figure 4.2 (a) : Show of XRD with concentration of (20) ppm for the 

Solution. 
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Figure 4.2 (b) : Show of XRD with concentration of (30) ppm for the 

Solution. 

 

Figure 4.2 (c) : Show of XRD with concentration of (40) ppm for the 

Solution. 
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Figure 4.2 (d) : Show of XRD with concentration of (40) ppm for the 

Solution. 

 

 

4.2.3 SEM Analysis 

The scanning electron microscope may be used to directly observe the 

surface microstructures of adsorbents. The existence of new shiny bulky 

particles on the surface of metal-laden adsorbents that weren't there before 

the metal ions were loaded was clearly shown in Fig. 4.3. The adsorbent had 

a constant size and shape that resembled a semi-sphere. Due to a 300% 

increase in FeCl3 concentration from 0.7 to 2 g the particle size has changed. 

The aggregation is assumed to be caused by the magnetic interaction 

between the iron particles [95]. 
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Figure 4.3: SEM images of solution at the concentration of (20, 30, 40, 50) ppm. 

 

4.2.4 Fourier Transform Infrared Analysis (FT-IR) 

    Changes in the functional groups in the adsorbents. The spectra of the 

adsorbents was measured within the wave length range of 500-4000 cm
−1

. 

The spectra were plotted using the same scale on the transmittance axis for 

all the adsorbents. The FT-IR spectra of the adsorbents display a number of 

absorption peaks indicating the complex nature of studied adsorbents. FT-IR 

spectra of both the adsorbents (native as well as chromium loaded) as shown  

in Fig. 4.4 (a, b, c and d ) the broad absorption peak at 3276.75cm
−1

 is 

indicative of the existence of bonded hydroxyl group. It seems that this 

  

  

20 ppm  30 ppm 

40 ppm 50 ppm 
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functional group participates in metal binding. The possible adsorption on 

these adsorbents may be due to physical adsorption, complexation with 

functional groups, ionic exchange, surface precipitations and chemical 

reaction with surface sites. The changes in FT-IR spectra confirm the 

complexation of Cr (VI) with functional groups present in the adsorbents 

.The intense bend at about region 2852.16–2933.13 for the precursor was 

attributed to the asymmetric and symmetric vibration modes of methyl and 

methylene group (C
__

H group) [96].  

 

Figure 4.4 (a): FTIR Spectra of solution at the concentration of 20 ppm. 
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Figure 4.4 (b): FTIR Spectra of solution at the concentration of 30 ppm. 

 

Figure 4.4 (c): FTIR Spectra of solution at the concentration of 40 ppm. 

 



Chapter Four                                                    Results and Discussion 

 

41 
 

 

Figure 4.4 (c): FTIR Spectra of solution at the concentration of 50 ppm 

 

4.2.5 Vibrating Sample Magnetometer Analysis  

    The magnetic properties of the magnetic composites were also measured 

after the treated with Cr (VI). As shown in Fig. 4.5 (a, b, c and d). the 

magnetic  composite after treated with Cr (VI) were 46.74 and became 79.09 

emu/g with increasing of the concentration.The coercivity (coercive force, 

Hc) is observed to be 0 Oe in both samples, and typical S curve indicating a 

super paramagnetic behavior. The magnetic composite after treated with Cr 

(VI) could still be attracted by a permanent magnet [97].  
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Figure 4.5 : Diagram of Activated Hysteresis Nanocomposites. 

 

4.2.6 Effect Concentration of Chromium (VI) 

    The removal of Cr (VI) on to sunflower as a function of their 

concentrations was investigated at constant temperature (25˚C) by different 

the Cr (VI) concentration of 10 – 50 ppm while keeping all other parameters 

constant. The adsorption results of Cr (VI) by the sunflower are shown in 

Fig. 4.6 by increasing the concentration of Cr (VI) ions in aqueous solution, 

removal percentage was decreased, so that in the concentration of 10 ppm 

and constant contact time, the highest adsorption percentage was observed 

and with increasing in concentration amount of 10 - 50 ppm adsorption 
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percentage decreased of 90% to 29 %. The decrease in the adsorption 

percentage is probably due to the saturation of the active sites on the 

sunflower surface at higher Cr (VI) concentrations. On the other hand, by 

increasing the Cr (VI) concentration the actual amount of Cr (VI) adsorbed 

per unit mass of the sunflower increased. The higher initial concentration of 

Cr (VI) provides an important driving force to overcome the mass transfer 

resistance for Cr (VI) transfer between the solution and the surface of the 

sunflower. This results is similar to the work of the researchers [98].  

 

Figure 4.6: The effect of initial concentration on the percentage 

removal.  

 

4.2.7 Effect pH on Adsorption of Chromium (VI) 

    The pH is one of the important parameters for adsorption process as it 

controls the adsorption capacity due to its influence on the adsorbent surface 

properties and ionic forms of metal ions in the solution. Adsorption 

experiments were carried out in the pH range of 2.09 –7.0 keeping all other 
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parameters constant chromium concentration = 50 ppm adsorbent dose = 

0.03 g, and stay to stirred for 2 hours. The best adsorption for solutions 

containing acidic pH 7-2. This suggests that at acidic pH or CrO
4-

 and 

HCrO
4-

  ions there are often tends to absorption Fig. 4.7  Similar 

phenomenon also has been shown in the adsorption of Cr (VI) ion from 

water with Cu-Zn powders [99]. 

 

Figure 4.7 : Effect the PH on the percentage removal. 

 

4.2.8 Effect of Contact Time 

    Equilibrium time between adsorbate and adsorbent is one of the most 

important parameters in the design of economical wastewater treatment 

systems Fig. 4.8 shows effect of contact time on removal percentage of Cr 

(VI) onto Sunflower from solution. Cr (VI) removal efficiency on to 

sunflower increased of 12% to 82% when contact time was increased of 20 

to 120 min. A equilibrium adsorption is observed within 120 min for Cr (VI) 

ions, that due to the availability of large number of vacant sites. 

Subsequently, the less availability of the remained active sites and the 
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decrease in the driving force lead to the slow adsorption process. Therefore 

optimum contact time for Sunflower adsorbent was 120 min for the 50 ppm 

concentration. This results are agree with the result of the researchers [100]. 

Figure 4.8 : Effect the time on the percentage removal. 

 

4.2.9 Effect of Adsorbent Dosage 

     The effect of magnetic activated carbon adsorbent for the removal of 

Chromium using the values Sunflower consists of (0.03, 0.05, 0.07, 0.09, 

0.1) g were investigated at this study .The specific adsorption rate and total 

volume level porous depends. At various stages of testing amounts to 25 ml 

of the solutions at constant concentration of chromium was added 30 ppm 

with adsorbent the solutions was stirred for 120 min. 

     The maximum absorbed at 0.03 g of the sunflower is adsorbent Fig. 4.9 

Further adsorbent by increasing doses of 0.03 g to show to the adsorbent of 

composite nanoparticles glomerate, the resulting free surface available for 

adsorption decreases .So with absorbent increasing dose the adsorption rate 

is fixed and will not increase [37]. 
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Figure 4.9 : Effect the dose adsorbent on the percentage removal. 

 

4.2.10 Effect the Adsorption Isotherm Modals on Cr (VI) 

     The isotherms of sunflower are presented in Fig. 4.10 , 4.11 and 4.12. 

They are usually represented by Langmuir, Tamkin, and Freundlish models. 

The various models were able to find the best fits for the experiments. The 

results of the tests revealed that the surface coverage of Sunflower varied 

depending on the activation energy. The Langmuir isotherm model is 

commonly used for determining the Qm of Sunflower adsorption capacity. It 

does so due to the various modifications that were involved in making the 

materials. The greater the association the coefficient for the Freundlich 

model shows that the Freundlich model suited the adsorption data better than 

any other model. The Langmuir model shows that a multilayer adsorption 

process has occurred on the surface of the object sunflower. For Cr (VI) 

ions, a value of n >1 suggests adsorption is diverse in nature and these 
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results are a good approximation with the results of the researcher [101] and 

other parameters as shown Table 3.  

Table (3). Isotherm parameters that found for the adsorption of Cr (VI) 

onto sunflower. 

Langmuir isotherm 

Temperature (CO
) Qm (mg/g) b(L/mg) R

2
 

25 23.6 0.33 0.917 

35 28.3 0.50 0.980 

45 32.4 0.71 0.990 

Freundlich isotherm 

Temperature 

(C
O

) 

KF (mg/g)(1/g)I/n 
 1/n R

2
 

25 82.25 1.226 0.989 

35 88.38 1.213 0.986 

45 100.92 1.031 0.987 

Temkin isotherm 

Temperature(C
O

) A B R
2

 

25 3.63 174.6 0.994 

35 3.69 225.5 0.960 

45 3.88 299.3 0.947 
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Figure 4.10:  Langmuir model of Cr (VI) of the sunflower. 

 

 

Figure 4.11:  Freundlich model of Cr (VI) of the sunflower.  
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Figure 4.12 : Tamkin model of Cr(VI) of the sunflower. 

 

4.3  Conclusions  

In this section will show the main conclusions that we have obtained in our 

research. From overall measurement and observations , one can conclude the 

following : 

1- X-ray diffraction studies confirmed that the synthesized nano-composite 

were magnetite (Fe2Cl3) by increasing in the intensity of diffraction 

peaks.    

2- The results of the study of parameters affecting the rate of adsorption 

showed that the variables such as: contact time, pH of the solutions, their 

concentrations and the absorbed dose affect the capacity and efficiency of 

adsorption of sunflower plants. The greater effectiveness was at time T = 

25 , pH = 7 and The absorbed dose = 0.03 

3-  The results showed that the sunflower plant has a high efficiency of 

removing hexavalent chromium from the aqueous solution, and this has a 

great economic value. 
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4- FT-IR spectra of Cr (VI) show a peak around (1600 - 1800) cm-1 is 

assigned to C=C stretching in the aromatic ring. The peak around (2650-

3500) cm-1 is assigned to the compensation of carbon dioxide and water 

at the surface.The absorption peaks of the nanocoposite shifted towards 

higher wavelength, d to stronger interactions  between C-O groups (500-

1400) cm-1. 

5- The results showed that the sunflower plant has a good efficacy to 

remove mainly chromium. Where the removal efficiency ranged between 

90.18 %  

6- The SEM images showed the homogeneously distributed throughout the 

solution Cr : sunflower  with an obvious agglomeration  of  the Cr 

particles.   

7- The results of the three models, under the conditions of thermal 

equilibrium adsorption, showed that the Langimure model represents the 

best among the two models due to the increase in the adsorption capacity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter Four                                                    Results and Discussion 

 

51 
 

4.4 Suggestion for Future Work  

For future work it can be suggested the following:  

1- Arsenic removal from aqueous solution using sunflower.  

2- Studying the effect of adsorpation on coffee in removing some heavy 

metals from aqueous solutions .  

3- Studying the effect of the bio-adsorption technique of chromium from the 

artichoke plant.  

4- Application of nanomaterials to remove heavy metals using biological  

methods. 

 

4.5 Build and solve a problem  

    In this work The Chromium (Vl) has been determined to study the extent 

of its ability to remove within the aqueous solution using the sunflower 

plant, and it was done within certain concentrations, as well as calculating 

the adsorption equilibrium for each of Lanqimur, Freundlich and Tamkin 

under temperatures (25, 35 and 45)
0
C and it was concluded adsorption 

increases with increasing concentrations it was found that with increasing 

temperature the adsorption capacity increased. This has resulted in the 

development of new and more ecologically friendly purification methods. 
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  الخلاصت

حٍث ٔانًعبندت انُببحٍت نغًٍت انًعبدٌ انثمٍهت  انظحً عهى يٍبِ انظشف  شعبنتسكضَب فً ْزِ ان

اعخًذَب عهى انعذٌذ يٍ انعٕايم انٍٓكهٍت ٔانخظبئض انبظشٌت فً حعذٌم انًشكببث انُبٌَٕت. كًب 

ض انًًخضاث انًزابت ركشث الايخضاص عهى الأٌضٔثشو انزي ٌذسط انعلالت بٍٍ كًٍبث انًًخضاث ٔحشكٍ

 حظٕل عهى أفضم ايخظبصنهفً انغبئم عُذ انخٕاصٌ ٔيُبلشت ًَبرج الايخضاص انحشاسي 

عُذيب حكٌٕ انًعبدٌ انثمٍهت ٔفٍشة ًٌكٍ أٌ حكٌٕ شذٌذة انغًٍت نهٕعظ انزي حزٔة فٍّ. حى اعخخذاو 

نعذٌذ يٍ انذساعبث لإصانت ا حٍث أخشٌجالايخضاص كعًهٍت يعبندت يٍبِ يُبعبت لإصانت انًعبدٌ انثمٍهت. 

 انكشٔو انغذاعً ببعخخذاو يٕاد يخخهفت.

 

( يٍ VI.( كًبدة يبطت لإصانت انكشٔو )Helianthus annuus Lعٍمبٌ عببد انشًظ ) يُباعخخذ

 ٌجإخش حٍثيٍبِ انظشف انظحً. حى إَخبج يٍبِ انظشف انظُبعً فً انًخخبش لإخشاء انخدبسة. 

اخخببساث  ٌجخشٔ أعًهٍت انخششٍح ًْٔ الأكثش اعخخذايًب فً يحطبث يعبندت يٍبِ انظشف انظحً. 

انعٍُبث  فحظجانذُفعبث نخمٍٍى أداء ايخظبص إصانت انكشٔو انغذاعً  ححج ظشٔف عًهٍت يخخهفت. 

هٍم بٕاعطت يمٍبط انطٍف انضٕئً انًشئً فٕق انبُفغدً , ٔدساعبث حٍٕد الأشعت انغٍٍُت , ٔانخح

 انطٍفً ببلأشعت ححج انحًشاء نخحٌٕم فٕسٌٍّ ٔانخببطؤ انًغُبطٍغً.

 

أشبسث انذساعت إنى أَّ ٌخى ححمٍك ايخظبص أفضم عُذ صٌبدة انشلى انٍٓذسٔخًٍُ نهًحهٕل  

خى يٍ خشعت  0.00ٔ  7انًبئً.  كبَج الإصانت انًثهى نهكشٔو انغذاعً  عُذ الأط انٍٓذسٔخًٍُ = 

ٔ  Langmuirدسخت يئٌٕت , كًب حى اخخببس لببهٍت حطبٍك  52 انًًخضاث ٔدسخت حشاسة

Freundlich  ٔTemkin ( دسخت يئٌٕت. 52ٔ  02,  52فً دسخبث حشاسة يخخهفت ) 

 

كبٌ أكثش لذسة عهى يلائًت َمبط انبٍبَبث انخطٍت يٍ  Langmuirحبٍٍ أٌ يخغبٔي انحشاسة 

Freundlich  ٔTemkin ُخبئح أٌ انكشٔو عذاعً انخكبفؤ  ًٌخض يع انكشٔو انغذاعً . أظٓشث ان

بشكم كبٍش عهى عٍمبٌ عببد انشًظ ًٌٔكٍ أٌ ٌكٌٕ طشٌمت الخظبدٌت لإصانت انكشٔو عذاعً انخكبفؤ 

 يٍ الأَظًت انًبئٍت

 

 

 



 

 

 جمهورية العراق

 وزارة التعليم العالي والبحث العلمي

 جامعة بابل / كلية العلوم

 قسم الفيزياء

   

                                

 

 نانوي مركب باستخدام مائً محلول من( VI) الكروم إزالة   

 بالاعتماد على عباد الشمس  مغناطٌسً

 

 سعبنت يمذيت انى

  بببم /خبيعت انعهٕو /كهٍت انفٍضٌبء لغى 

 انفٍضٌبء عهٕو انًبخغخٍش فً دسخت كدضء يٍ يخطهببث ٍَم

 يٍ لبم 

 هدى حسن نهر جاسم

 (٧١٠٢) بكالوريوس في علوم الفيزياء 

 

 بأششاف 

 الاعخبر انًغبعذ انذكخٕس  
 

 صبا عبد الزهرة عبيد الشياع

 

 

 م ٢٢٢٢                                                                هـ             ٤١١١



 

 

 


