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Summary 

         Synthesis superabsorbent polymer, Sodium Alginate-g-Poly 

(Itaconicacid-co-Sodium4-vinylbenzenesulfonate)/Ricinus communis , 

(SA-g-P(ITA-co-VBS)/ RC) hydrogel nanocomposite, was prepared by 

free-radical graft co-polymerization for sequestration of toxic two dyes 

malachite green (MG) dye and brilliant green (BG) dye as a cationic dyes 

model. In this work, an eco-friendly, simple, stable new adsorbent 

included the preparation of two surfaces the first (SA-g-P(ITA-co-VBS) 

hydrogel and the second surface hydrogel after loading RC onto (SA-g-

P(ITA-co-VBS) and these new surfaces were prepared from different 

monomers. The physical characterizations of these prepared materials 

have been studied. The obtained powders are characterized by using 

different techniques like Ultraviolet-Visible Spectroscopy (UV–Vis), 

Fourier Transform Infrared (FT-IR), Thermal gravimetric analysis 

(TGA), Surface Area Analyzer (BET), Field Emission Scanning Electron 

Microscopy (FE-SEM), Transmission Electron Microscopy (TEM), 

Energy Dispersive X-Ray (EDX) and X-ray Diffraction Spectroscopy 

(XRD).  

               The practical experiments included calculation of the maximum 

wavelength and study optimizing the synthesis conditions produced a 

hydrogel nanocomposite with the highest swelling ratio like: Effect of 

amount RC, effect of VBS, effect of Itaconic acid, effect of sodium 

alginate, effect of cross-linker, effect of initiator, effect of pH, effect of 

solvent, effect of temperature, and effect of time. Also, study optimum 

condition of the effect of adsorption parameters are :effect of contact 

time, effect of adsorbent dose, effect of initial concentration of dyes , 

effect of pH solution, Zero point charge,  effect of temperature solution, 

adsorbent regeneration experiments (Desorption), comparative adsorption 
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between different surfaces to removal two dyes , removal of laboratory 

sample   aqueous Pollutants , biological activity bacterial , fungus test and 

treating Mice Wounds Using a three Surface Prepared from RC, (SA-g-

P(ITA-co-VBS) hydrogel and ,(SA-g-P(ITA-co-VBS)/ RC) hydrogel 

nanocomposite. 

           The results of the adsorption study show that percentage removal 

increases with the increase of the weight of the surfaces; and contact 

time. The optimized value of agitation time is 1 hr. after which the 

adsorption becomes constant. The increase of adsorbent amount about 

rang (0.01- 0.1)g, the percentage removal of MG dye, and BG dye   

increase from (90.11 - 99.8% ) , (75.88% - 95.99% ) and adsorption 

capacity  decrease from (6695 – 995 mg/g ) , (5020– 695 mg/g) onto 

,(SA-g-P(ITA-co-VBS)/ RC) hydrogel nanocomposite at the same order 

about 1h of adsorption time . The enthalpy (∆H) values is positive 

indicating that the adsorption process is an endothermic reaction. All 

processes of adsorption where considered spontaneous from the negative 

value of Gibbs free energy ∆G. While, entropy (∆S) have positive value   

that refer the interaction of molecules caused random of the total system. 

The Freundlich and Langmuir models are also introduced. It has been 

found that all results follow the Freundlich model in the presence of two 

dyes; this nonlinearity is higher when using the Freundlich model. 

Kinetics adsorption models of two dyes onto (SA-g-P(ITA-co-VBS)/ RC) 

was studied by using three kinetic models . 

            Comparative between (Natural Ricinus Communis (RC), 

Activated untreated - acid Ricinus Communis Pericarp(ACRC) and acid-

treated Ricinus Communis Pericarp (AACRC)). The best results of the 

percentage of removal (E%) of two dyes arrange in order increasing (RC , 

ACRC , AACRC). Also, Comparative between ((SA-g-P(ITA-co-VBS)/ 
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RC), ,(SA-g-P(ITA-co-VBS) and RC) surfaces as adsorbents .The good 

results of the percentage of removal (E%) of ,(SA-g-P(ITA-co-VBS)/ 

RC) 92,451%, and 82.56 for MG, and BG at the same order . 

        Recyclability and Desorption studies indicated the best recycling 

performance of the prepared composite. Based on the results, the 

prepared nano-composites can be useful as a promising, eco-friendly , 

cost-effective, and efficient material  for dyes decontamination . The (SA-

g-P(ITA-co-VBS)/ RC), was regeneration with 100% can be desorbed in 

diluted HCl . 

             The biological activity of one type of fungus (Aspergillus flavus) 

and two types of bacteria were Gram-positive bacteria (staphylococcus) 

and Gram-negative bacteria (Pseudo monas). The results of the inhibition 

regions three compounds where it was given that the compound (SA-g-

P(ITA-co-VBS)/ RC) had high antibacterial activity. In two to seven 

days, according to the results, there is complete healing of the mice and 

the return of the skin to its natural color. This is due to the fact that (SA-

g-P(ITA-co-VBS)/ RC) hydrogel nanocomposite have high effective 

efficiency in treating and healing mice.  
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Chapter One                                                                          Introduction                     
 

1 
 

1- Introduction 

1-1 General Introduction  

Wastewaters from industries like textile, dyeing, printing, 

cosmetics, food coloring, and paper making, etc. are the major 

contributors of colored effluents. However, textile industries consume 

large amount of water and different type of dyes imparting color to the 

effluents. The dyes and colors are toxic,  their adverse effects on fauna, 

flora, and human beings are well documented[1].  

Color is probably the most important contaminant that could be 

recognized in water even at minute levels. Color has to be removed from 

wastewater before discharging it into water bodies as it impedes light 

penetration and retards photosynthesis. Color increases chemical oxygen 

demand (COD) and biological oxygen demand (BOD) levels of aquatic 

sources. It has a tendency to chelate metal ions, which results in micro-

toxicity to aquatic lives. Therefore, discharge of these dyes  into effluents 

affects the people who may use these effluents for living purposes such as 

washing, bathing and drinking [2]. Therefore, it is very important to 

verify the water quality, especially when even just 1.0 mg/L of 

dye concentration in drinking water could impart a  significant color, 

making it unfit for human consumption . Furthermore  dyes can affect 

aquatic plants because they reduce sunlight transmission through water. 

Also dyes may imparted of toxicity to aquatic life and may be mutagenic, 

carcinogenic and may cause severe damage to human beings, such as 

dyes function of the kidneys, reproductive system, liver, brain and central 

nervous system. The removal of color from waste effluents becomes 

environmentally important because even a small quantity of dye  in water 

can be toxic and highly visible [3]. 
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1-2 Dyes 

Dyes are an organic chemical which on binding with materials, it 

will give a color to the materials. The color of a dye is provided by the 

presence of a chromophore group. A chromophore is a configuration 

consisting of conjugated double bonds containing delocalized electrons. 

 Other common chromophore configurations include azo (-N=N-), 

carbonyl (-C=O); carbon (-C=C-); carbon-nitrogen (>C=NH or -CH=N-);       

nitroso (-NO or N-OH); nitro(-NO2 or =NO-OH); and sulphur (C=S). The 

chromogen, which is the aromatic structure normally containing benzene, 

naphthalene or anthracene rings, is part of a chromogen-chromophore 

structure along within an auxo-chrome [4, 5].   

Generally, the dyes used in the textile industry are basic dyes, acid dyes, 

reactive dyes, direct dyes, azo dyes, mordant dyes, vat dyes, 

disperse dyes and sulfur dyes, where azo derivatives dyes are the major 

class of dyes that are used in the industry today[6]. Table (1-1) shows the 

typical dyes used in textile dyeing operations.  

Table (1-1): Typical dyes used in dyeing operations[5]. 

Dye class Description 

Acid Water-soluble anionic  compounds 

Basic Water-soluble, applied in weakly acidic dye baths; very 

bright dyes  

Direct Water-soluble, anionic  compounds; can be applied 

directly to cellulosic without mordents (or metals like 

chromium and copper) 

Disperse Not water-soluble 

Reactive Water-soluble, anionic  compounds; largest dye  class 

Sulfur Organic compounds containing sulfur or sodium sulfide 

Vat Water-insoluble; oldest dyes ; more chemically complex 

http://www.sciencedirect.com/science/article/pii/S0011916411006333#t0010
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Dye class Description 

Azo highly water-soluble, cause bladder and liver cancers. 

 

1-2-1 Brilliant Green (BG) 

         Brilliant Green (BG) dye is odorless yellow-green to green powder 

and is one of the commonly known cationic dye (structure is shown in 

Fig. 1-1) used for various purposes, e.g. biological stain, dermatological 

agent, veterinary medicine, and an additive to poultry feed to inhibit 

propagation of mold, intestinal parasites and fungus. It is also extensively 

used in textile dying and paper printing. About 0.8– 1.0 kg of BG is 

consumed per ton of paper produced [7]. However, in human's BG causes 

irritation to the gastrointestinal tract; symptoms include nausea, vomiting 

and diarrhea. It also causes irritation to the respiratory tract, leading to 

cough and shortness of breath. Skin contact causes irritation with redness 

and pain. Brilliant Green may form hazardous products like carbon 

oxides, nitrogen oxides, and sulfur oxides when heated to decomposition 

[8, 9] . 

 

 

Figure (1-1): Chemical structure of Brilliant Green (BG) dye. 
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Table(1-2): Physicochemical properties of Brilliant Green (BG)dye 

Methyl violet  Physicochemical properties 

C27H34N2.O4S Molecular formula 

Cationic  Type of dye 

482.64 g.mol
-1

 Molecular Weight 

630 Maximum wavelength (nm) 

 Green Color 

[4-[[4-(diethylamino)phenyl]-

phenylmethylidene]cyclohexa-2,5-dien-

1-ylidene]-diethylazanium 

IUPAC 

 

1-2-2 Malachite green(MG) 

          Malachite green is an organic compound that is used as a dyestuff 

and controversially as an antimicrobial in aquaculture. Malachite green is 

traditionally used as a dye for materials such as silk, leather, and paper. 

Despite its name the dye is not prepared from the mineral malachite; the 

name just comes from the similarity of color [10]. 

      Its application extents in the aquaculture, commercial fish hatchery 

and animal husbandry as an antifungal therapeutic agent, while for human 

it is used as antiseptic and fungicidal. However, its oral consumption is 

carcinogenic. The available toxicological information reveals that in the 

tissues of fish and mice MG easily reduces to persistable leuco-Malachite 

Green, which acts as a tumor promoter. Thus, the detection of MG in 

fishes, animal milk and other food stuff designed for human consumption 

are of great alarm for the human health. Studies also confirm that the 

products formed after the degradation of Malachite Green are also not 

safe and have carcinogenic potential. Thus it becomes necessary to 
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remove such a toxic dye from wastewater before it released into aquatic 

environment. and shown the table (1-3) [11] 

 

 

Figure (1- 2): Chemical structure of Malachite Green(MG) 

 

Table(1-3): Physicochemical properties of Malachite Green(MG)dye 

Methyl violet  Physicochemical properties 

C23H25ClN2 Molecular formula 

Cationic  Type of dye 

364.9g.mol
-1

 Molecular Weight 

624 Maximum wavelength (nm) 

Green crystals Color 

[4-[[4-(dimethylamino)phenyl]-

phenylmethylidene]cyclohexa-2,5-dien-1-

ylidene]-dimethylazanium;chloride. 

IUPAC 
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1-3   Hydrogels 

            Hydrogels are hydrophilic polymer chains that are crosslinked to 

form gel structures that swell in aqueous solution and trap fluids for a 

long period without dissolving. Hydrogels may contain carboxylic, 

amine, imide, hydroxyl and sulfonyl groups in their 3D structure that are 

responsible for the hydrophilicity and swelling capacity[12, 13]. The 

hydrogel must have the following properties, High absorption capacity ;

low residue monomer and soluble content; cost-effective .reusable ; high 

biodegradability and not produce harmful byproducts ; must retain neutral 

pH after swelling in water and easy recoverability[14, 15]. 

        Depending on the nature of the hydrogel, it can be classified based 

on various properties. Classification of hydrogels (Figure 1-3) can be 

based on whether they are synthetic (involves the use of synthetic 

monomers), natural (involves using biopolymers) or a combination of 

synthetic and natural monomers resulting in a hybrid hydrogel. The 

polymeric composite classification can be based on the method used to 

synthesize the hydrogel [16, 17]: 

 

a. Homopolymeric hydrogels: they are hydrogels consisting of the same 

type of monomer. 

 b. Copolymeric hydrogels: these hydrogels comprise two or more 

different kinds of monomers such that the network would have at least 

one hydrophilic component on the polymer network chain.  

c. Multipolymer interpenetrating polymeric hydrogel (IPN): the hydrogel 

network consists of two components (natural and/or a synthetic polymer) 

that are independently cross-linked. 
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It was also demonstrated that hydrogels can be categorized based on 

whether they are. 

i. crystalline,  

ii. amorphous  

iii. semi-crystalline: showing properties of both crystalline and 

amorphous phases. 

The other classification is based on whether the crosslinking of hydrogels 

occurs via chemical or physical means[18] : 

One. physical crosslinking in hydrogels may be through 

1-formation of a hydrogen bond  

2-hydrophobic interactions between chains. 

3- crystallization. 

Two. Chemical crosslinking can be achieved by  

1- using aldehydes such as acetaldehyde, glutaraldehyde (GA) and 

formaldehyde  

2-  formation free radical    

3- free-radical polymerization . 

In addition, the hydrogels may be classified based on the charge on their 

cross-linked polymer network. The charge may be a. ionic 

(cationic/anionic), b. non-ionic (neutral), c. amphoteric (comprising both 

basic and acidic groups) and d. zwitterionic (contains anionic and cationic 

components on each repeating structural unit). The net charge of the gel 

is zero[19]. 
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Figure (1- 3). Classification of hydrogels [12]. 

 

1-3-1 Sodium Alginate  

           Sodium alginate (SA, Figure 1-4) is made up of poly-β-1, 4-D- 

mannuronic acid and α-1, 4-L-guluronic acid. The structure consists of 

carboxylic groups and hydroxyl groups, which can react with metal ions 

or crosslinking agents to form hydrogels. Alginate can be extracted from 

its salt forms by ion-exchange methods. Because of the presence of 

divalent ions, monovalent, water-soluble salts of alginates can transform 

into water-insoluble salts [20]. The COO and -OH functional groups on 

the alginate backbone will allow adsorption of cationic dye pollutants. 

However, sodium alginate just like other polysaccharides suffers from a 

lack of stability[21]. To enhance the stability of SA and its adsorption 

capacity, the biopolymer may be cross-linked with synthetic polymers 

into forming a hydrogel. This will allow their use as adsorbents without 

in dissolving them in the adsorbate solution. The major disadvantage of 



Chapter One                                                                          Introduction                     
 

9 
 

polysaccharides as adsorbents is that they dissolve in water and have low 

mechanical stability. To resolve this problem, polysaccharides are cross-

linked to form hydrogels, which do not dissolve in water [22]. 

 

Figure (1-4): The chemical Structure of sodium alginate [23] 

1-3-2 Itaconic acid 

      Itaconic acid (2-methylidenebutanedioic acid) is an unsaturated di-

carbonic acid, a white solid that is soluble in water, ethanol, and acetone 

as shown in figure (1-5). Some selected physicochemical properties of 

Itaconic acid, like Chemical formula (C5H6O4 ), Molar mass(130 g/mol ), 

Density: 1.63 g.cm
-3

 , and Solubility in water: 1 g/12 mL . also have high 

potential as a biochemical building block, because they can be used as a 

monomer for the production of a plethora of products including resins, 

plastics, paints, and synthetic fibers [24, 25]. 

 

Figure (1-5): The chemical Structure of Itaconic acid. 
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1-4 Adsorption  

Adsorption is a rapid phenomenon of passive sequestration 

separation of adsorbate from an aqueous/gaseous phase onto a solid 

phase. Adsorption occurs between two phases in transporting pollutants 

from one phase to another. It is considered to be a complex phenomenon 

and depends mostly on the surface chemistry or the nature of the 

adsorbent, adsorbate and the system conditions in between the two 

phases. Adsorption processes offer the most economical and effective 

treatment method for removal of dyes from wastewater., by adding 

adsorbent to a vessel containing contaminated water, stirring the mixture 

for a sufficient time, then letting the adsorbent settle, and drawing off the 

cleansed water. The adsorbate is the substance that is being removed from 

the liquid phase at the interface. The adsorbent is the solid, liquid or gas 

phase onto which the adsorbate accumulates[26, 27]. 

 The term adsorption is used also to describe two kinds of forces of 

interaction between the adsorbate and the adsorbent. These interaction 

forces are broadly described as physisorption (physical adsorption) and 

chemisorption (chemical adsorption) . Physical adsorption 

(physisorption) is relatively non-specific and is due to the operation of 

weak forces between molecules. In this process, the adsorbed molecule is 

not affixed to a particular site on the solid surface; it is free to move over 

the surface [28]. The physical interactions among molecules, based on 

electrostatic forces, include dipole-dipole interactions, dispersion 

interactions, induced dipole and hydrogen bonding. When there is a net 

separation of positive and negative charges within a molecule, it is said to 

have a dipole moment. Molecules such as H2O and N2 have permanent 

dipoles because of the configuration of atoms and electrons within them. 

Hydrogen bonding is a special case of dipole-dipole interaction and the 
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hydrogen atom in a molecule has a partial positive charge, which attracts 

with partially negative atom on another molecule to result a hydrogen 

bonding. When two neutral molecules which have no permanent dipoles 

approach each other, a weak polarization is induced because of 

interactions between the molecules, known as the dispersion 

interaction[29]. 

Chemical adsorption, (chemisorption) occurs a chemical bonding is 

also based on electrostatic forces, but much stronger forces act a major 

role in this process. In chemisorption, the attraction between adsorbent 

and adsorbate is a covalent or electrostatic chemical bond between atoms, 

with the occurrence of shorter bond length and higher bond energy . The 

enthalpy of chemisorption is very much greater than that for 

physisorption, and typical values are in the region of 200 kJ/mol, whereas 

this value for physisorption is about 20 kJ/mol [30]  basic characteristics 

of chemisorption and physisorption are given in (Table 1-4). 

Table 1-4: Properties of physisorption and chemisorption . 

Physisorption   Chemisorption 

Multilayer adsorption Monolayer adsorption 

Low degree of specificity Depends on the reactivity of adsorbent and adsorbate 

substance 

Desorption is possible(reversible) Desorption is impossible (irreversible) 

Always exothermic (adsorb 

molecules keeps their identity) 

less than 40 kJ/mole 

Exothermic, or endothermic chemical bonds forms (the 

energy involved can reach several hundreds of kJ/mole) 

The system generally reaches 

thermodynamics equilibrium 

rapidly 

Activation energy is involved and at low temperatures, 

the system may not reach equilibrium. 
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1-4-1 Factors Affecting on Adsorption Process 

1-4-1-1 Effect of Initial Concentration 

           Adsorption capacity of dyes removal from aqueous solutions 

depends on the primary dye concentration. The effect of primary dye 

concentration depends on the direct relationship between dye 

concentration and active sites on the surface of the adsorbent material. In 

addition, we note the reduced efficiency of the dyes removal with 

increased primary dye concentration owing to the saturation of sites 

available on the surface of the adsorbent material [31]
.
 

1-4-1-2 Effect of Amount of Adsorbent  

          Adsorbent dosage is an important process parameter to determine 

the capacity of an adsorbent for a given amount of the adsorbent at the 

operating conditions. Generally, the percentage removal increases with 

increasing adsorbent dosage, where the quantity of sorption sites at the 

surface of adsorbent will increase by increasing the amount of the 

adsorbent. The effect of adsorbent dosage gives an idea for the ability of a 

dye adsorption to be adsorbed with the smallest amount of adsorbent, so 

as to recognize the capability of a dye from an economical point of view 

[32]. 

1-4-1-3 Effect of pH 

             pH Plays a major role in the phenomena of adsorption, because 

within the pH values the structure of dyes will change, and the adsorption 

process will be affected also by this change, therefore the ability of 

adsorption may increase, decrease, or remain unchanged as a result of 

changing pH . [33] The pH of the solution affects the surface charge of 

the adsorbents as well as the degree of ionization and speciation of 

different pollutants. Change in pH affects the adsorptive process through 
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dissociation of functional groups of the active sites on the surface of the 

adsorbent.[34] 

1-4-1-4 Effect of Temperature 

         It is well known that temperature plays an important role by the 

adsorption process, when increases, the thickness of the effective layers 

for adsorption decreases. That means the adsorption process in general. 

This can be explained by the exothermic spontaneity of the adsorption 

process and by the weakening of bonds between dye molecules and active 

sites of adsorbents at high temperatures. [35]. 

1-4-1-5 Ionic Strength:  

         The ionic strength of the solution is one of the factors that control 

both electrostatic and non-electrostatic interactions between the adsorbate 

and the adsorbent surface. The solubility of ionic salts is affected in the 

adsorption process because when the ionic salts having solubility are 

better than the adsorbent substances caused an increase in adsorption, or 

decrease because the ionic salts caused interference on the surface 

adsorption [36]. 

1-4-1-6 Nature of The adsorbent 

             Adsorption is affected by the adsorbent surface nature and the 

presence of polarity groups on the surface, which helps to bind with the 

most polarity components in the solution. Adsorption is also affected by 

surface area, pore size, and increased surface activity [37] . As adsorption 

increases with the decrease in the particles size (increasing the surface 

area), the material of the adsorbent, which has narrow open porous, has 

greater susceptibility to adsorption [38]. 
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1-5 Adsorption Isotherms: 

          Adsorption Isotherm model data is typically plotted in the form of 

an adsorption isotherm with the mass adsorbed on the y-axis and the mass 

in the fluid on the x-axis at a constant temperature. Adsorption isotherms 

are mathematical models that describe the distribution of the adsorbate 

specie among liquid and solid phases, based on a set of assumptions that 

are related to the heterogeneity/homogeneity of the solid surface, the type 

of coverage, and the possibility of interaction between the adsorbate 

species. There are two models applied for adsorption isotherms, 

Freundlich and Langmuir  models are used as follows:[39] 

1-5-1 Langmuir adsorption isotherm model  

            The Langmuir adsorption isotherm model assumed that adsorption 

takes place at specific homogeneous sites within the adsorbent, and it has 

been used successfully for many adsorption processes of monolayer 

adsorption. The Langmuir equation is expressed by the following relation 

in equation (1-1)[40]:  

1

m a e
e

a e

q K C
q

K C


                                                                                          (1-1)        

Where Ce the residual concentration, qm, qe are the adsorption capacity at 

equilibrium and the maximum adsorption capacity respectively, Ka 

Langmuir constant. The linear form of the equation of Langmuir isotherm 

is according to the following equation (1-2)   [41]
:  
 

1e e

e m a m

C C

q q K q
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                                                                                      (1-2)                        

 

 

 



Chapter One                                                                          Introduction                     
 

15 
 

1-5-2 Freundlich Isotherm:  

The Freundlich equation is one of the most important used 

isotherms in the case of adsorption of solution. This model assumes that 

the surface of the adsorbate material is heterogeneous because of the 

different energy levels for adsorption sites, and adsorption does not reach 

saturation. The mathematical relationship of the Freundlich isotherm can 

be expressed as the follows in equation (1-3) [42]:
 

1

n
e f eq K C

                                                 (1-3) 

where; qe : Amount adsorbed per unit weight of adsorbent at equilibrium 

(mg.g
-1

), (mol.g
-1

) 

Ce : Equilibrium concentration of adsorbate in solution after adsorption 

(mol.L
-1

) ,Kf : Empirical Freundlich constant or capacity factor (L.gm
-1

). 

1/n : Freundlich exponent 

The exponent 1/n is an index of the diversity of free energies associated 

with the adsorption of the solute by multiple components of a 

heterogeneous adsorbent. When 
 

 
   the isotherm is linear and system 

has a constant free energy at all adsorbate concentrations. When 
 

 
  ,  

the isotherm is concave and sorbates are bound with weaker and weaker 

free energies, when 
 

 
  , the isotherm is convex and more adsorbate 

presented in the adsorbent enhances the free energies of further 

adsorption. The good fit of Freundlich isotherm to an adsorption system 

means there is almost no limit to the amount adsorbed and there is a 

multilayer adsorption. The applicability of the Freundlich equation to a 

particular case is tested by plotting log qe against log Ce from the 

logarithmic form of equation (1-4): [43] 

 

1
log log loge f eq k C

n
 

                            (1-4) 
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1-6 Microorganisms 

         Microorganisms, the category of microbes includes a large group of 

living organisms including bacteria, fungi and algae. In this study, two 

types of bacteria were used, like bacteria Gram-positive and bacteria 

Gram-negative, and two types of fungi, like Aspergillus flavus and 

Aspergillus terrenes. 

 

1-6-1 Streptococcus pneumoniae 

         Streptococcus pneumonia is a Gram-positive bacteria was first 

isolated in 1881 and  established as the causative agent of pneumonia. 

Streptococcus pneumoniae is a facultative anaerobe. The non-motile, 

nonspore-forming, alpha-haemolytic lancet-shaped diplococci or chains 

are resistant to bacitracin and sensitive to optochin and bile-mediated 

lysis. Genetic variation amongst serotypes varies considerably. Some 

serotypes have relatively high genetic diversity, whereas others have a 

relatively homogeneous genetic background.  The pneumococci also have 

incomplete biosynthetic pathways for numerous amino acids, including 

cysteine, glycine, histidine, glutamine and glutamate. Streptococcus 

pneumoniae primarily relies on carbohydrate fermentation coupled to 

substrate-level phosphorylation for energy generation. [44]  

 

1-6-2- Pseudomonas Aeruginosa 

            Pseudomonas aeruginosa is a ubiquitous Gram-negative bacterium 

belonging to the family Pseudomonadaceae that is able to survive in a 

wide range of environments . The genome of Pseudomonas aeruginosa 

(5.5–7 Mbp) is relatively large compared to other sequenced bacteria 

such as Bacillus subtilis (4.2 Mbp), Escherichia coli (4.6 Mbp) and 

Mycobacterium tuberculosis (4.4 Mbp), and encodes a large proportion of 
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regulatory enzymes important for metabolism, transportation and efflux 

of organic compounds.  Pseudomonas aeruginosa has been recognized as 

an opportunistic pathogen that is the most common bacterium associated 

with nosocomial infections and ventilator-associated pneumonia. It rarely 

affects healthy individuals, but causes high morbidity and mortality in 

cystic fibrosis (CF) patients and immunocompromised individuals. [45] 

 

1-6-3 Aspergillus Flavus 

         Aspergillus flavus has a broad host range as an opportunistic 

pathogen/saprobe. It is an extremely common soil fungus. The major 

concern with this fungus in agriculture is that it produces highly 

carcinogenic toxins called aflatoxins which are a health hazard to animals 

in the field, Aspergillus flavus is predominantly a problem in the oilseed 

crops maize, peanuts, cottonseed and tree nuts. Under improper storage 

conditions, Aspergillus flavus is capable of growing and forming 

aflatoxin in almost any crop seed. It also is a pathogen of animals, insects 

and in humans.it is predominantly an opportunistic pathogen of 

immunosuppressed patients. [46]. 

1-6-4 Aspergillus Terreus 

          Aspergillus terreus is one of the most harmful filamentous fungal 

pathogen of humans, animals and plants. Recently, researchers have 

discovered that Aspergillus terreus  can cause foliar blight disease in 

potato (Solanum tuberosum L.). Aspergillus terreus  belongs to the group 

of filamentous fungi which produces two types of asexual conidia ., 1) the 

ultra-small size phialidic conidia (PC), mainly produced at the tips of 

conidiophores, and 2) the globose-hyalinated accessory conidia (AC), 

which emerges laterally from hyphae.  Disturbingly, there is prediction 

that 4% of all patients who die in hospitals die of invasive aspergillosis . 
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Aspergillus terreus  causes severe loss to important crops worldwide, and 

destroying over 125 million tons of rice (Oryza sativa L.), wheat 

(Triticum aestivum), potato (Solanum tuberosum L.), maize (Zea mays) 

and soyabean (Glycine max L.) every year. Recently, Aspergillus terreus  

is shown to cause root rot diseases in wheat and Lolium species . In 

potato, foliar blight caused by a terreus amounts to 30-60% of the total 

leaf surface, but the infection process is not elucidated. [47] 
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1-7 Literature Survey of application for removal of dyes by 

using different surfaces:  

The table below represents a comparison between the current work and 

previous research on the high ability of hydrogel to remove different 

types of dyes. This was reported in Table (1-5): 

Table (1-5): Removal of pollutant Using Different Surfaces. 

No. 
Sorbent Pollutant T (°C) pH t /h 

Dose 

(g) 

Qe 

(mg/g) 
E% 

Co 

(mg.L
-1

) 
Ref. 

1. 1 (SA-g-(PAAc-co -

VBS) /ZnO 
Crystal violet 30 6.6 2 0.03 956.56 >80 200 [48] 

2.  SA-g-p(AAc-

AAM)\BC 

hydrogel 

Crystal violet 25 7 1 0.05 1.2422 - 100 [49] 

3.  (SA-g-PAAc) 

Hydrogel  
Rose Bengal 25 6 1 0.05 49.505 - 200 [50] 

4.  Ag-g-PAAc / AC 

hydrogel 
Crystal violet 25 6.2 1 0.05 180 90.56 100 [51] 

5.  GO\ P(AAc - co- 

AM) 
Congo red 20 6 2 0.05 52.55 - 200 [52] 

6.   SA-g-(PAAc-co-

AM)/CdS 
Congo red 25 2 1 0.03 280 80.16 100 [53] 

7.  NTADB-P-P(AAc-

co-CA) 

Methylene 

green 
25 7 1 0.05 19.723 - 100 [54] 

8.  SA-g-P(AAc-co -

MA) /TiO2 
Brilliant green 25 6 1 0.05 1200 99.9 700 [55] 

9.  
(SA-PEO-MNIM) 

Methylene 

blue 
20 12 6 0.05 3021.0 93 500 [56] 

10.  (SA-g-p(AAc-co-

VFA) hydrogel 

Methylene 

green 
25 5 23 0.1 1915 94 100 [57] 

11.  P ( AAm - 

DADMAC ) / CNS 

hydrogel 

Methyl orange 25 7 2 0.1 409 - 100 [58] 
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12.  (ItA-g-p(AAc-co-

ANi)) hydrogel 
Rhodamine B 25 7 1 0.03 925.9 85.2 50 [59] 

13.  (SA-g-p(VFA-co-

AAc)\ BC) 

hydrogel 

Methylene 

green 
25 7 23 0.1 2108 - 200 [60] 

14.  (SA-g-pAAc) 

hydrogel 
Crystal  violet 25 7 1 0.05 333.33 - 250 [61] 

15.  GO/P (AAc-MA) Crystal violet 25 7 2 0.05 163.934 - 200 [62] 

16.   ( SA-

poly(AAc)/ZnO) 

Methylene 

blue 
25 6 1 0.1 1129 90.2 100 [63] 

17.  SA-Gel-cl-pAAm Crystal  violet  30 5 16 0.03 0.03 86.9 10 [64] 

18.  SA-g-PAA/TiO2 Methyl violet 25 6 1 0.3 1156 98.2 100 [65] 

19.  poly (AAm-MA) 

hydrogel 

Malachite 

green 
25 7 1 0.05 19.4552 - 100 [66] 

20.  GK-cl-PAAc 

hydrogel 

Malachite 

green 
25 7 1 0.5 757.57 91 50 [67] 

21.  GK-cl-PAAc 

hydrogel 
Rhodamine B 25 7 1 0.6 497.51 86 50 [67] 
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1-8 Objectives 

This work aims to investigate the following: 

 

1-  Synthesizing a new adsorbent surface by the free-radical-induced 

graft copolymerization of Itaconic acid and VBS in the presence of 

alginate bio-polymer and RC, (SA-g-P(ITAc-co-VBS)/RC) hydrogel 

nanocomposite for the uptake of two dyes (Malachite green (MG) , 

and  Brilliant Green (BG) ). 

 

2- The characterized SA-g-P(ITAc-co-VBS)/RC hydrogel 

nanocomposite is used as adhesives and dressings for the treatment 

of wounds and burns mousses, and also to inhibition the growth of 

two types of negative and positive bacteria and one type of fungus 

Aspergillus flavus. 

 

3- Studying the Removal of laboratory sample aqueous pollutants by 

using SA-g-P(ITAc-co-VBS)/RC hydrogel nanocomposite 

 

4- Determination two isotherms Freundlich, Langmuir and 

thermodynamic parameters as a models and determine the 

adsorption constants of two dyes on to hydrogel nanocomposite 

surfaces. 

 

5- The prepared surface (super absorbent) was characterized by its ease 

of preparation and use as an environmentally friendly surface 

through recycling, revitalization, and its use more than once with 

diluted HCl and its use in removing pollutants to reduce the 

economic cost. 
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Experimental Part  

2-1 Instruments 

There are several techniques were used in the current study, most of them 

are listed in table (2-1) . 

Table (2-1): Instruments used in this Research 

No. Instrument Model 
Company 

supplied 

Location of current 

measurement 

1 
UV-Visible spectrophotometer, Double 

beam 
PC 1650 

Shimadzu, 

Japan 

University of Babylon / 

College of science for women-

Chemistry Department 

2 
UV-Visible spectrophotometer, Single 

beam 
UV mini-1240 

Shimadzu, 

Japan 

University of Babylon / 

College of science for women-

Chemistry Department 

3 
Field-Emission Scanning electron 

microscope (FE-SEM) 
MIRA3 

TESCAN 

,Czechia 

Republic 

University of Tehran 

4 
Transmission electron microscope 

(TEM) 
912AB Leo, Germany 

University of Tehran 

3  FTIR spectrophotometer 8400S 
Shimadzu, 

Japan 

University of Babylon / 

College of science for women-

Chemistry Department 

5 X-Ray diffraction (XRD) D2 Phaser 

Bruker AXS 

Gmbh, 

Germany 

University of Tehran 

6 Thermogravimetric analysis (TGA) DTG-60 
Shimadzu, 

Japan 

University of Babylon / 

College of science for women-

Chemistry Department 

7 Energy Dispersion X-ray (EDX) MIRA3 

TESCAN 

,Czechia 

Republic 

University of Tehran 
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8 surface area analyzer  (BET)  NanoSORD 

 

Haskarsazan 

Iran 

 

University of Tehran 

9 Shaker water bath CL002 
K&K Scientific, 

Korea 

University of Babylon / 

College of science for women-

Chemistry Department 

10 Centrifuge CL008 
JANETZI - T5, 

Belgium 

University of Babylon / 

College of science for women-

Chemistry Department 

11 Ultrasound bath 405 power sonic Hwashin, Korea 

University of Babylon / 

College of science for women-

Chemistry Department 

12 Oven LDO-060e Labtech, Korea 

University of Babylon / 

College of science for women-

Chemistry Department 

13 Hot plate stirrer LMS-1003 Labtech, Korea 

University of Babylon / 

College of science for women-

Chemistry Department 

14 pH meter HI 83141 
Hanna, 

Romania 

University of Babylon / 

College of science for women-

Chemistry Department 
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2-2 Chemical Materials  

The chemical materials used in this study are shown in Table (2-2) : 

Table (2-2): Materials used in the study, purity, and their manufacturers 

No. Material 
Formula 

 Compound 

Molecular 

weight 

(g/mol) 

Purity 

(%) 

Supplier 

1 Malachite green 
C23H25ClN2 

364.9 99.8 Sigma-

Aldrich 

2 Brilliant green 
C27H34N2.O4S 

482.64 99.7 Sigma-

Aldrich 

3 Sodium hydroxide NaOH 39.997 99.0 (B.D.H) 

4 Sodium alginate (SA) 
C6H9NaO7 

216.12 99.0 Sigma-

Aldrich 

5 Itaconic acid  C5H6O4 130.099 99.9 
Sigma–

Aldrich 

6 Potassium persulfate  K2S2O8 270.3 99.5 
Sigma-

Aldrich 

7 
N´,N-methylene-bis-

acrylamide 
C7H10N2O2 154.17 > 99.5 

Sigma –

Aldrich 

8 
Sodium4-

vinylbenzenesulfonate 
C8H7NaO3S 206.09 98.0 

Sigma-

Aldrich 

9 Phosphoric acid  
H3PO4 

97.9 98.0 Sigma-

Aldrich 

10 Nitric acid  
HNO3 

98.9 98 Sigma-

Aldrich 

11 Ethanol C2H5OH 46.07 99.0 (B.D.H) 
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12 Methanol CH3OH 32.04 99.0 Sigma-

Aldrich 

13 Hydrochloric acid 
HCl 

37.46 37.0* Sigma-

Aldrich 

14 Sulfuric acid 
H2SO4 

36.07 98* Sigma-

Aldrich 

 

*(W/W) 
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2-3 Preparation of Activated Carbon (AC) : 

         The castor plant called Ricinus communis(RC) is a perennial 

shrub, obtained from farms in Iraq. Initially, Ricinus communis (RC) 

leaves is washed with distilled water to get rid of suspended dust, then 

dried in the sun and ground to obtain a powder sieved particle size of 25 

- 50 µm. To preparation of acid activated carbon of Ricinus communis 

(ACRC). About 100g were impregnated with 4 % HCl with stirring 

about 2 hr. and washing in distilled water several time to remove the 

residual acid from pores of carbon until the pH to reached 7 ± 0.3. Then 

it was dried in oven at 60 ± 5ºC for 24h. Finally, the material is burned 

at a temperature (300
o
C) for 2 hr. to obtain activated carbon (AACRC). 

Then ground, sieved to get the particle size of 25 - 50 µm, (AACRC) 

was stored in bottle an airtight to applied in experiments. [68]  Note: 

used to prepare the activated carbon of Ricinus communis ACRC 

without the acid treatment. as shown in Schema (2-1).  

 

 

 

Scheme (2-1): Preparation of activated carbon (AC) 
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2-4 Preparation of SA-g-P(ITA-co-VBS)/RC hydrogel nanocomposite 

         Synthesis of super-absorbent (SA-g-P(ITA-co-VBS)/ RC) hydrogel 

nanocomposite . A series of hydrogel utilizing several amounts of sodium 

alginate, initiator, cross-linked, monomers (ITA , VBS) and Ricinus 

communis (RC) were prepared by the following way to obtain the best 

optimum conditions: Sodium alginate SA (0.1–2) g was dissolved in 

deionized water 20 mL was taken in a 250 mL beaker and magnetic 

stirrer for 1 hr at 600 rpm.  Suitable amounts of RC (0–2 g) were added 

with stirring to form a solution and after stirring 10 min, (0.5-2g) of 

Itaconic acid( ITA) was dissolved in 10 mL of deionized water, certain 

amount of VBS (0.1–2.5 g), N,N’-methylene-bis-acrylamide (MBA) 

(0.003–0.1 g) and potassium per-sulphate KPS (0.03–0.1 g), dissolved in 

3 mL of water were added. Then, 2hr of free radical co-polymerization at 

75 ◦C had been carried out. The transparent in-soluble colloidal gel has 

been attributed to the of (SA-g-P(ITA-co-VBS)/RC) hydrogel 

nanocomposite formation. The hydrogel was washed thoroughly with an 

ethanol/water mixture (4:1 v/v), and   hydrogel was cut into little pieces 

and washed by distilled water for several time to get rid of unreacted 

chemicals, dried in an oven at 60 °C [48], finally stored in a desiccator as 

shown in Schema (2-2). 

       Based on these results, the formation mechanism of SA-g-P(ITA-co-

VBS)/RC is proposed as shown in Schema (2-3a). Free radicals are 

generated from the decomposition of initiator and transferred onto SA to 

initiate the polymerization of ITA and VBS. Both monomers are then 

grafted onto the SA backbone. Polymer chains are then cross-linked to 

form a three-dimensional (3D) network as the cross-linker added. Also, 

Scheme (2-3b) shows the proposed adsorption process of dyes. 
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Study of several reaction parameters to performed optimize the (SA-g-

P(ITA-co-VBS)/ RC) hydrogel nanocomposite for superior swelling in 

water. like (reaction contact period, temperature variation, solvent 

volume, pH, variation in quantity of monomer, initiator, and cross-linker) 

. 

 

Schema (2-2): Preparation of (SA-g-P(ITA-co-VBS)/ RC) Hydrogel 
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(a) 

(b) 

 

Scheme (2-3): (a) proposed the mechanism formation of SA-g-P(ITA-co-

VBS)/RC, (b) Image shows the proposed adsorption process of MG and BG dyes. 
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2-5 Swelling Studies of (SA-g-P(ITA-co-VBS)/ RC) Hydrogel  

Nanocomposite 

        The pre-weighted (SA-g-P(ITA-co-VBS)/ RC) hydrogel 

nanocomposite was placed in deionized water and kept at room 

temperature ( 25 
o
C) for 24 h without any disturbance. The swollen (SA-

g-P(ITA-co-VBS)/ RC) hydrogel nanocomposite blotted with filter paper 

to remove the extra water, and then weighed.  An analytical weighing 

balance was used to weigh the swelled (SA-g-P(ITA-co-VBS)/ RC) 

hydrogel nanocomposite. The maximum swelling percentage was 

determined using the following equation: (2-1) as: 

           
     

  
                                              (2 -1) 

Ws denotes the weight of the swelled (SA-g-P(ITA-co-VBS)/ RC) 

hydrogel  nanocomposite, while Wd denotes the weight of dried (SA-g-

P(ITA-co-VBS)/ RC) hydrogel. 

 

2-6 Characterization and Measurements of the prepared hydrogel 

Nanocomposites  

        The prepared samples were examined using ultraviolet-visible 

spectroscopy (UV–Vis) , transmission electron microscopy (TEM), Field 

emission scanning electron microscopy (FE-SEM), X-ray diffraction 

spectroscopy (XRD), Thermal gravimetric analysis (TGA), Fourier 

Transform Infrared (FT-IR) . 

 

2-6-1 Ultraviolet-Visible Spectroscopy (UV–Vis)  

An important technique used to measure absorption and 

transmission for dye solution. Where 0.1 g.L
-1

 of the composite was 

placed in the dye solution and then filled the quartz cells for 

measurements wavelength and concentration. 
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2-6-2 Fourier Transform Infrared (FT-IR) Analysis  

        FTIR spectra were recorded using the FTIR instrument (Shimadzu. 

8400S)  in the 4000-400 cm
-1

 frequency range. Dried absorbance  (1 mg) 

was mixed with KBr powder (10 mg) in an agate mortar. The mixture 

was pressed into a pellet under 10 tons load for 2–4 min, and the 

spectrum was recorded immediately. 

2-6-3 Field Emission Scanning Electron Microscopy (FE-SEM)  

      FE-SEM is a powerful device that is used in characterizing sample 

morphology such as grain size, particle size, particle distribution, crystal 

defects, and surface structure. FE-SEM has several features like a large 

depth of field, higher resolution, and more control in the degree of 

amplification because it also uses electrons as the probe Aboutb50μL of 

aqueous or ethanol suspension of sample was placed on a clean silicon 

wafer surface. Then dried at 80
o
C to remove the solvent. 

  

2-6-4 Transmission Electron Microscopy (TEM)  

        TEM is a microscopy technique that is used as a beam of electrons 

transmitted across an ultra-thin sample where the electrons are 

transformed into light and form an image. TEM provides information on 

phase composition, structure, and lattice defects. 

 

2-6-5 Thermogravimetric analysis (TGA)  

          The thermodynamic analysis is performed to determine the thermal 

stability of prepared nanomaterials and to determine the purity of these 

particles. The sample was heated from 10 °C to 600 °C and at a heating 

speed of 10 °C.min
-1

  . 
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2-6-6 X-ray Diffraction Spectroscopy (XRD)  

           X-ray diffraction is a powerful nondestructive technique for 

characterizing crystalline materials. Provides information about the 

average spacing between layers or rows of atoms, the orientation of a 

single crystal or grain, the crystal structure of an unknown material, 

measures the size, shape, and internal stress of small crystalline regions. 

The crystalline properties of materials prepared using an X-ray deflection 

technique were studied using a single-wavelength light (1.5104nm) from 

the CuKα source using nickel as a filter. Where the range is taken from 

deviation angles (2ϴ) in this measurement is between (5-80) degrees. 

 

2-7 Removal of Dyes by Using (SA-g-P(ITAC-co-VBS)/RC) 

surfaces as Adsorbents 

2-7-1 Determination of optimum wavelengths (λmax) and Calibration 

curves of (Malachite green (MG) , and Brilliant green (BG) dyes. 

2-7-1-1 Malachite green (MG) 

         A Malachite green dye is a very well-known cationic dye that has a 

molecular formula (C23H25ClN2), and molecular weight (364.9g/mol); the 

dye is odourless green crystals powder used for various purposes. A stock 

solution (1000 mg L
-1

) was prepared by dissolving (1.0 g) of dye in (1000 

mL) distilled water. 

To determine the maximum wavelength of Malachite green dye the 

ultraviolet-visible absorption spectra of Malachite green dye solution was 

recorded within wavelengths of 200-800 nm. Where the maximum 

wavelength of the solution was determined from its highest absorption in 

the UV-Vis spectrum found at the wavelength λmax MG= 624 nm in 

Figure (2-4). 
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Figure( 2-4): UV-Visible Absorption Spectra of Malachite Green (MG) dye 

. 

The calibration curve of different concentration of MG dye was prepared 

in serial dilutions (2-30 mg.L
-1

). Absorbance was measured at the λmax 

MG dye  and plotted against the concentration values of MG dye  in 

(Figure 2-5). 

 

Figure (2-5): Calibration curve for Malachite Green(MG) dye . 
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2-7-1-2 Brilliant Green (BG) 

           A Brilliant Green (BG)dye is a very well-known cationic dye that 

has a molecular formula (C27H34N2.O4S), and molecular weight (482.64 

g.mol
-1

); the dye is BG powder used for various purposes. A stock 

solution (1000 mg.L
-1

) was prepared by dissolving (1.0 g) of brilliant 

green in (1000 mL) distilled water. 

To determine the maximum wavelength of Brilliant Green (BG) dye, the 

ultraviolet-visible absorption spectra of BG dye, solution recorded within 

wavelengths of 400-800 nm. While the maximum wavelength of the 

solution was chosen as the highest absorption in the UV-Vis spectrum 

found at the wavelength λmax BG= 630nm, as shown in Figure (2-6). 

 

Figure( 2-6): UV-Visible absorption spectra of Brilliant Green (BG)dye 

 

The calibration curve of different concentration of Brilliant Green 

(BG)dye was prepared in serial dilutions of (2-20 mg.L
-1

). Absorbance 

was measured at the λmax for BG dye and plotted against the concentration 

values of BG dye in (Figure 2-7) . 
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Figure (2-7): Calibration curve for Brilliant Green (BG)dye.  

Table (2-3): Statistics data of calibration for different concentrations of 

Malachite green (MG), and Brilliant Green (BG) dye. 

Parameters Proposed Method MG Proposed Method BG 

λmax (nm) 624 630 

Beer’s law limit (mg.L
-1) 2-30 2-20 

Regression equation (Y = m X + C) 

Y=0.0346X+0.05086              

(Y = m X + C) 

Y=0.017X+0.0324) 

Slope (m) 0.0346 0.017 

Intercept (C) 0.05086              0.0324 

Correlation coefficient 

(R
2
) 

0.9998 0.9996 

Colour Green Blue  
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2-8 Effect of different parameters on the adsorption process 

2-8-1 Effect of contact time 

      100 mL of two dyes solution (700 mg.L
-1

) With different time 

periods(2-120) minute  is prepared and put in a conical flask with 

adsorbent concentration (0.05 g/100 mL) of SA-g-P(ITA-co-VBS)/RC at 

25°C and 220 rpm Shaking speed and kept separately in a shaker the 

water bath controlled temperature. Two dyes concentration to be 

estimated spectrophotometrically at the wavelength corresponding to 

maximum absorbance, λmax, using a double beam UV-Visible 

spectrophotometer. The samples at different interval times are separated 

by the centrifugation process. The absorbance of the solution is then 

measured; the dyes concentration was measured after (2- 120) minute 

until equilibrium is reached.  

The adsorption capacity was calculated from equation (2-2): [31] 

   
          

  
                                                                                   

Where:  Qe  = Amount of dyes  adsorbed per unit mass of adsorbent 

(mg/g).    

Co= Initial concentration (mg.L
-1

). 

Ce= Equilibrium concentration (mg.L
-1

). 

m = Dose of adsorbent (g). 

VL= is the volume of solution (L). 

The percentage removal (E%) of the dyes was calculated based on the 

reduction in absorbance at λmax value of the dyes as follows:[31]  

     
     

  
                                                                                   

Where: Co and Ce are initial and equilibrium concentrations, respectively. 
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2-8-2 Effect of Dose of Adsorbent 

     The study was carried out with different doses (0.01, 0.025, 0.05, 

0.08, and 0.1) g for (SA-g-P(ITA-co-VBS)/RC) .The concentrations of 

the samples were (700 mg.L
-1

). The solutions were kept in the shaker 

water bath at (220 rpm) about (1hr.) at a fixed temperature (25 
o
C) and 

pH 7, the remaining dyes concentration in the aqueous phase was 

measured spectrophotometrically at the chosen wavelength. 

2-8-3 Effect of Initial Concentration of Dye 

         A series of different concentrations of 100 mL of dyes has been 

used in this study (100- 1000) mg.L
-1

, were added to a conical flask 

(Erlenmeyer) in the presence of (0.05g/100 mL) of SA-g-P(ITA-co-

VBS)/RC at  25°C and 220 rpm shaking speed these series were putting 

in a shaker water bath for 1 hr. , after that the supernatant was separated 

by centrifuge and the remaining concentration of dyes in the aqueous 

phase was measured spectrophotometry for the chosen wavelength. 

2-8-4 Effect of  pH  

The effect of dyes solution pH on the dyes removal is examined by 

varying the initial pH of the dyes solutions (3-10) using conical flasks 

(100 mL) container at (700 mg.L
-1

) for each dye. The pH was adjusted by 

using (0.1N) HCl and/or (0.1N) sodium hydroxide (NaOH) and was 

measured using a pH meter. Then (0.05g/100 mL) of SA-g-P(ITA-co-

VBS)/RC adsorbent was added in to each conical flask. 

The flasks were put inside the shaker water bath (220 rpm fixed 

throughout the study) maintained at 25
o
C and the final concentration of 

dyes was measured using a single beam UV-Vis spectrophotometer . 
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2-8-5 Effect of Temperature 

       The adsorption experiments were performed at different temperatures 

(15-35°C) in a thermostat water bath with a shaker. The effect of 

temperature was investigated with (0.05g) dose of adsorbent SA-g-

P(ITA-co-VBS)/RC mixing with (100mL) aqueous solution of dye 

concentration (100-1000) mg.L
-1

, and the samples was shaking at a period 

for (1 hr.), then measured the remaining dyes concentration in the 

aqueous phase is measured spectrophotometry for the chosen wavelength. 

2-9 Determination of Point zero charge (pHpzc) of SA-g-P(ITA-co-

VBS)/ RC Hydrogel Nanocomposite 

       Zero-point charge (pHpzc) of hydrogel surface   is the point where its 

surface has potential zero charge. The pHpzc determination was carried 

out by pH titration procedure.  The solution pH initial in each conical 

flask  was adjusted to a value  2-10 by addition of 0.1 N NaOH and  HCl  

solution . The hydrogel was immersed in the prepared solutions and 

shaken 220 rpm, at room temperature(25
o
C) for 24 h. and then pH of was 

recorded pH final. The value of pHpzc is the point where the curve pH 

final vs pH initial crosses the line pH initial = pH final. 

2-10 Adsorbent Regeneration Experiments 

        To investigate the reusability of the adsorbent, 0.5g of SA-g-P(ITA-

co-VBS)/RC adsorbent was added into 100 mL for each of (MG, BG) 

dyes solution of concentration 700 mg.L
-1

 at 25
o
C temperature and pH 7 

to achieve saturated adsorption. The SA-g-P(ITA-co-VBS)/RC was 

regenerated in excess desorption studies were carried out using different 

desorption agents at concentration (0.01 N) such as H2SO4, NaOH, H3PO4 

, HCl , HNO3, and water to regenerate anionic binding sites and finally 

washed with excess distilled water prior to be used in the next adsorption 
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cycle. An adsorption and desorption cycle was repeated four additional 

times using 100 mL of dyes solution of concentration 700 mg/L at 25
o
C 

temperature and pH of 7. 

2-11 A Comparative Adsorption Between Different Surfaces  

      A sample of 100 mL of two dyes concentration (700 mg. L
-1

) are used 

in this study, then added to a conical flask (Erlenmeyer) in the presence 

of 0.05g from prepared (hydrogel\RC, hydrogel, RC), and put in a shaker 

water bath for 1 hr., after that the supernatant was separated by centrifuge 

and measured the remaining concentration by using UV-Visible 

spectrophotometer for the chosen wavelength. 

2-12 Removal of Pollutants (Dyes) by Using SA-g-P(ITA-co-VBS)/RC 

 A laboratory sample 100mL of dye pollutants containing (Brilliant 

Green(BG) , Congo red  (CR), Methyl Violet (MV), Crystal Violet (CV), 

Methylene Blue (MB) ,  Brilliant Blue (BB) , Direct yellow (DY ) 

,Reactive blue  (RB) with a riffle  concentration were using in this study, 

then added to a conical flask (Erlenmeyer) in the presence of 0.05g from 

prepared SA-g-P(ITA-co-VBS)/RC, after that the mixture were putting in 

Shaker water bath for 1hr, after that the supernatant were separated by 

centrifuge and measured the remaining concentration by using UV-

Visible spectrophotometer . 
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2-13 Bacterial Biological Activity Test 

        The types of Gram-positive bacteria (Streptococcus 

pneumonia) and Gram-negative bacteria (Pseudomonas 

aeruginosa),  and fungus (A.F) were obtained from the 

Department of Life Sciences / College of Science for women - 

University of Babylon. Hinton agar and Mannitol salt agar as 

media for cultivation, isolation, and differentiation between 

positive and negative bacteria. And the fungus (Aspergillus 

flavus) was obtained from the Department of Life Science\ 

College of Science for Women - University of Babylon. and 

potato dextrose agar (pda) was used as a medium for cultivation 

and activation of the fungus. 

 

2-13-1 Preparation of Standard Solutions For Bacteria 

          Mueller Hinton agar medium was prepared by dissolving 

(37 gm) of the culture medium in 1 liter of distilled water, the 

mixture was heated until the agar dissolved, then putting the 

culture medium in an autoclave at a temperature of 120 
o
C for 15 

minutes). then pour the medium into sterilized glass dishes (Petri 

disk) at a rate of (15-20) milliliters per plate and left until 

solidification completes, then the dishes were placed in the 

incubator for (24 hrs.) at a temperature (37 
o
C) to make sure that 

there were no any contaminate it. 

2-13-2 Preparation of Standard Solutions For Fungus 

         Potato dextrose agar medium was prepared by dissolving (37 

gm) of the culture medium in 1 liter of distilled water, then 

heating the mixture until the agar dissolved, next putting the 
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culture medium in an autoclave at a temperature of 120 
o
C for 15 

minutes). then pour the medium into sterilized glass dishes (Petri 

disk) at a rate of (15-20) milliliters per plate and left until 

solidification completes, then the dishes were placed in the 

incubator for (24 hrs.) at a temperature (37 
o
C) to make sure that 

there were no any contaminate it. 

 

2-14 Treating Mice Wounds Using a Surface Prepared from SA-g-

P(ITAc-co-VBS)/RC 

       Mice were obtained from the animal house of the College of 

Veterinary Medicine at Al-Qadisiyah University, where the rats were 

wounded with a wound of medium depth and this wound was bandaged 

by loading (0.1 g) of hydrogel and the rates of wound healing after 

surface loading were studied from (1-7) days depending on the superior 

surface hydrogel properties on wound healing and the ability to deliver it 

to the inside of the wound. 

 

 

 

 

 

 

 

 



 
 

 

 

 

Chapter Three 

Results and Discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter Three                                                    Results and Discussions 
 

44 
 

3-Results and Discussion 

3-1 Physicochemical characterization of adsorbents surfaces 

3-1-1 FTIR Characterization for Adsorbent/Adsorbate 

        Fourier-transform infrared spectroscopy FTIR technique was used to 

analyses the surface functional groups responsible for two dyes (MG, and 

BG) adsorption. Adsorbent surfaces RC, SA-g-P(ITA-co-VBS), SA-g-

P(ITA-co-VBS)/ RC, and dye-loaded adsorbent sample after adsorption 

was placed in an oven at 65 
◦
C for 4 hr. Samples were made as pellet and 

then the infrared spectra of MG and BG dyes   on adsorbents before and 

after the adsorption process was recorded in the range 4000–500 cm
−1

 on 

an Infrared spectrophotometer. Results are shown in figures (3-1) and (3-

2). 

       Figures (3-1,3-2) shows a broad peak at 2500 to 3600 cm
-1

 in the 

spectrum of alginate and is attributed to the COOH groups, and little 

change was observed in peak intensity after modification of alginate with 

RC. [69]. The grafting of Itaconic acid(IA) on sodium alginate (SA) is 

supported by a new characteristic adsorption band 1720 cm
-1

, assigned to 

C=O stretching of poly (Itaconic acid) in the spectrum of SA-g-P(ITA-

co-VBS)/ RC. Moreover, the RC of broad band at 1600 cm
-1

 is assigned 

to the stretching band of (C= O) groups[70, 71] 
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Figure (3-1) FT-IR spectra of RC,  SA-g-P(ITA-co-VBS) and  SA-g-P(ITA-co-

VBS)/ RC) surface before, and after adsorption of MG dye . 

 

 

Figure (3-2): FT-IR spectra of RC,  SA-g-P(ITA-co-VBS) and  SA-g-P(ITA-co-

VBS)/ RC) surface before, and after adsorption of BG dye  . 
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3-1-2 Field Emission Scanning Electron Microscopy (FE-SEM)                         

and, Energy Dispersive X-Ray (EDX) characterization for  

Adsorbent/Adsorbate 

 

      Field Emission Scanning Electron Microscopy (FESEM) was carried 

out to understand the particle size, shape, FESEM images of RC, (SA-g-

P(ITA-co-VBS)) , (SA-g-P(ITA-co-VBS)/ RC) and (MG, and BG ) dyes 

adsorbed (SA-g-P(ITA-co-VBS)/ RC)  hydrogel nanocomposite are 

appear in Figure (3-3). The RC was found to have a homogeneous and 

smooth surface with no irregularities (Fig. 3-3 (a)). FESEM image of 

(SA-g-P(ITA-co-VBS) exhibited three-dimensional porous net-work 

structure with interconnected channels of pores and much rougher surface 

(Fig. 3-3 (b)). [72]It is clearly seen in the FESEM image of (SA-g-P(ITA-

co-VBS)/ RC) that it has a layered morphology and appear comparatively 

less uniformity and more roughness after the attachment of RC with the 

hydrogel and the considerably high adsorption efficiency of (SA-g-

P(ITA-co-VBS)/ RC) was due to the presence of these interconnected 

channels of pores in its structure (Fig. 3-3 (c)). After adsorption of MG 

dye, the surface area of hydrogel to become rough representing the 

successful surface adsorption (Fig. 3-3 (d)). EDX analysis was performed 

to investigate the elemental composition of (SA-g-P(ITA-co-VBS)/ RC). 

As observed from (Fig. 3-3 (f)), Ca, C, and O peaks confirm the 

formation of (SA-g-P(ITA-co-VBS)/ RC), Moreover, the Ca, C, and O 

contents were found to be 6.46%, 49.48%, and 44.04%, respectively [73, 

74]. 
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Figure (3-3): FESEM images of (a) RC, (b) (SA-g-P(ITA-co-VBS))  (c) , (SA-g-

P(ITA-co-VBS)/ RC), (d) MG loaded (SA-g-P(ITA-co-VBS)/ RC), (e) BG loaded 

(SA-g-P(ITA-co-VBS)/ RC)and  (f) EDX of (SA-g-P(ITA-co-VBS)/ RC). 

 

 

 

a) RC b) (SA-g-P(ITA-co-VBS) 

c) (SA-g-P(ITA-co-VBS)/RC d) MG loaded hydrogel nanocomposite 

e) BG loaded hydrogel nanocomposite  

f) SA-g-P(ITA-co-VBS)/ RC 
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3-1-3 Transmittance Electron Microscopy (TEM) 

 

          Transmittance Electron Microscopy TEM images  appear the 

morphology of the  surfaces   RC , (SA-g-P(ITA-co-VBS) , and (SA-g-

P(ITA-co-VBS)/ RC) hydrogel  nanocomposites ;  as shown in figure(a-

b) (3-4) the cloud was more available and new geometry was created after 

decorated the RC on the surface of hydrogel  nanocomposite , this may be 

attributed to the role of amount of  RC on the hydrogel  [75]. it can be 

seen that RC exhibited a spherical shape , show in Figure a(3-4) , also in 

Figure b(3-4)  (SA-g-P(ITA-co-VBS) appear    irregular balls along with 

some patchy shapes and has a tendency to form chain-like totals  at 50 

nm.  moreover, the surface of the (SA-g-P(ITA-co-VBS)/ RC) is covered 

by a transparent layer, where RC was observed embedded inside the (SA-

g-P(ITA-co-VBS)/ RC) and RC  play pivotal role in improving  stability 

and increase  surface area  as a requisite constituent of synthesize eco-

friendly hydrogel nanocomposite as shown in Figure c(3-4) [76].  

 

a) RC b) SA-g-P(ITA-co-VBS) 
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Figure (3-4):  TEM Images of  (a) RC , b) SA-g-P(ITA-co-VBS) , and c) (SA-g-

P(ITA-co-VBS)/ RC) 
 

3-1-4 Thermogravimetric Analysis (TGA)  

           The thermal gravimetric analysis of the hydrogel was investigated. 

TGA curves of the RC, SA-g-P(ITA-co-VBS), and SA-g-P(ITA-co-

VBS)/ RC obtained at a heating rate of 5 ◦C/min up to 600 
◦
C under a dry 

nitrogen flow is shown in (Figure 3-5 to 3-7); one can see that the 

degradation process is different. It is well- known that any weight loss 

below 200 ◦C is due to the loss of unbound water, while the loss in the 

range of 200− 600 ◦C is mainly due to the organic matter degradation. By 

analyzing the thermograms of RC, SA-g-P(ITA-co-VBS) and SA-g-

P(ITA-co-VBS)/RC, it is quite clear that the incorporation of RC has an 

approving effect on the thermal stability of the biopolymer matrix since 

we have a decrease of the weight loss percentage. In fact, the virgin 

biopolymer lost about 85 % of its total weight, which implies that it is 

totally degraded up to 600 ◦C, unlike hydrogel supported RC of which the 

total weight loss is of the order of 42.1 %  [77]. This means that there was 

a creation of a resistant path through the polymer matrix by RC to retard 

the decomposition process. Similarly, by examining the thermograms of 

c) SA-g-P(ITA-co-VBS)/RC 
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SA-g-P(ITA-co-VBS) and SA-g-P(ITA-co-VBS)/ RC , it can detected an 

enhancement in thermal stability attributed to the RC  loading. It is very 

common that the nanocomposite’s thermal degradation is affected by the 

presence of organic and inorganic materials at their surface. In fact, in our 

case the bonds at the biocomposite surface are originated from the 

interaction between RC and COO
−
 biopolymer groups.  which gives rise 

to more stable complexes. Thusly, the latter ameliorates the SA-g-P(ITA-

co-VBS)/ RC thermal stability [25, 76]. 

 

Figure (3-5 ): Thermal Gravimetric Analysis Curve of the RC. 
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Figure (3-6 ): Thermal Gravimetric Analysis Curve of the SA-g-(PAAC-co-VBS) 

. 

 

 

 

Figure (3-7 ): Thermal Gravimetric Analysis Curve of the SA-g-(PAAC-co-

VBS)/RC . 
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3-1-5 X-Ray Diffraction (XRD) 

        X-ray diffraction is measured to study the crystal phases and the 

purity components of nanomaterials. It gives detailed information about 

the lattice parameter, lattice defects, lattice strain, crystallite size (in the 

case of nanoparticles), and the type of molecular bond of the crystalline 

phase. The XRD patterns of RC, (SA-g-P(ITA-co-VBS), and (SA-g-

P(ITA-co-VBS)/ RC) are shown in Figure (3-8).  RC appear one 

dispersion peak at 2ϴ = 18.6
o
 due to its semi-crystallinity [78]. thus (SA-

g-P(ITA-co-VBS)/ RC), soft and weakened peaks appear at 2ϴ = 18.6
o
, 

and 20°. This shows the semi-crystallinity structure of the (SA-g-P(ITA-

co-VBS)/ RC). These characteristic peaks disappeared in the XRD 

patterns of the (SA-g-P(ITA-co-VBS) and a new weak dispersion peak 

appeared at 2ϴ = ~21.0
o 

, indicating that graft co-polymerization 

weakened the   structure of hydrogel [79]. 

 

 

Figure( 3-8):X-ray diffraction patterns for (a) RC, (b) (SA-g-P(ITA-co-VBS)  ,(d) 

(SA-g-P(ITA-co-VBS)/ RC). 
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3-1-6 Surface Area Analyzer (BET) 

          The surface area and pore structure of (SA-g-P(ITA-co-VBS), and 

(SA-g-P(ITA-co-VBS)/RC) hydrogel nanocomposite is determined by 

employing the nitrogen isothermal adsorption technique. The nitrogen 

adsorption-desorption isotherms and pore size distributions of (SA-g-

P(ITA-co-VBS), and (SA-g-P(ITA-co-VBS)/ RC) are represented in 

(Figure 3- 9 and 3-10). The isotherm profile of (SA-g-P(ITA-co-VBS), 

and (SA-g-P(ITA-co-VBS)/ RC) demonstrates a small hysteresis loop 

that can be categorized as type IV (Figure 3-9 and 3-10) [80]. The surface 

area, average pore diameter, and total pore volume were enhanced after 

the incorporation of carbon onto the grafted RC (Table 3-1 and 3-2). The 

interfacial interactions between hydrogel and hydrogel /RC have a great 

influence on the pore structure of the material as evident from this study. 

FE- SEM study well support this result as well-developed pores can be 

seen clearly in the surface morphology of  (SA-g-P(ITA-co-VBS) ,and  

(SA-g-P(ITA-co-VBS)/ RC) hydrogel nanocomposite in comparison to 

hydrogel , i.e. surface area and pore volume of hydrogel were increased 

after the doping of RC  [81-84]. The textural parameters of hydrogel \RC 

and hydrogel are summarized in (Tables 3-1 and  3-2) respectively. 
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Figure(3-9): Nitrogen Adsorption-Desorption Isotherms and the Corresponding 

pore Size Distribution curve of Hydrogel  /RC. 

 

Figure(3-10): Nitrogen Adsorption-Desorption Isotherms and the Corresponding 

pore size Distribution Curve of Hydrogel   
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Table 3-1: Surface Physical Characteristics of Hydrogel /RC. 

Surface physical parameters Value 

BET surface area (m
2
 g

-1
) 32.033 

Langmuir surface area (m
2
 g

-1
) 182.94 

Micro pore surface area (m
2
 g

-1
) 21.29 

Cumulative pore volume (cm
3
 g

-1
) 0.0266 

Micro pore volume (cm
3
 g

-1
) 0.0197 

 

Table 3-2:Surface Physical Characteristics of Hydrogel 

Surface physical parameters Value 

BET surface area (m
2
 g

-1
) 11.225 

Langmuir surface area (m
2
 g

-1
) 105.36 

Micro pore surface area (m
2
 g

-1
) 8.641 

Cumulative pore volume (cm
3
 g

-1
) 1.936 

Micro pore volume (cm
3
 g

-1
) 0.0037 
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3-2 Optimization of the Swelling Behavior for the Synthesis 

of (SA-g-P(ITA-co-VBS)/ RC) Hydrogel nanocomposite 

3-2-1 Effect of RC Amount on the Swelling Behavior 

     The Figure 3-11 depicts the effect of RC amount on water absorption. 

Water absorption of hydrogel first increased and then decreased with the 

increase of RC amount from 0.1 wt. % to 2 wt. %. RC with a large 

number of hydrophilic groups could be chemically cross-linked with a 

polymer chain, forming a cross-linked polymer network with RC particles 

as the additional cross-linking points. The introduction of appropriate RC 

particles weakens the hydrogen-bonding interaction between carboxyl 

groups in the polymer and reduces the physical entanglement of the 

grafted polymer network chain. Nevertheless, with excessive RC (>1 wt 

%), the excess RC particles increased the degree of cross-linking, leading 

to a decrease of the penetration space of water molecules. Therefore, 

appropriate  RC loading is critical to obtaining hydrogel with high water 

swelling capacity[85]. 

 

Figure 3-11 : Variation of Swelling percentage%  with Amount of RC 
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3-2-2 Effect of VBS Amount on the Swelling Behavior 

         The percentage swelling and water absorbance efficiency   in (SA-

g-P(ITA-co-VBS)/ RC) hydrogel was examined by varying the monomer 

amount from (0.1-2.5 g), Water absorption of hydrogel increased as 

monomer  increased from 1900 % to 3400%. (Figure 3-12).  However, 

when VBS was higher than 3400 %, water absorption dropped 

significantly, attributed to the reaction of -COO
−
 groups with excess Na

+
 , 

resulting in weakening of the repulsive force. The reduction in percentage 

swelling at high amount monomer could be assigned to the formation of 

homopolymers of  ITA and increased viscosity which hindered the 

mobility of free radicals onto active sites .Also This might be due to the 

hydroxyl group (a weak hydrophilic group) which forms a hydrogen bond 

between two neighboring chains that causes shrinkage of the network[80] 

. 

 

Figure 3-12 : Variation of Swelling percentage% with amount of monomer VBS. 
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3-2-3 Effect of Itaconic Acid Amount on the Swelling Behavior 

         SA-g-P(ITA-co-VBS)/ RC hydrogel nanocomposite swelling %  

was highest at the ITA amount of 1.0 g (Fig. 3-13). Increasing the ITA 

amount from 0.1 -1.5 g makes more ITA molecules available for the 

chain propagation sites on graft copolymer network, hydrogel swelling 

percentage, increased with ITA amount, and reached maximum (3400 %) 

at 1 g.  attributed to enhanced hydrogel swelling percentage. ITA amount 

higher than 1.0 g led to increase the rate of homo-polymerization 

reaction, which enhanced the viscosity of the reaction mixture and 

hindered free radical movement. and a decrease in hydrogel swelling 

percentage[80] . 

 

Figure 3-13 : Variation of Swelling percentage% with Amount of Monomer ITA. 

3-2-4 Effect of Sodium Alginate Amount on the Swelling Behavior  

        The effect of SA amount on water absorption of hydrogel increased 

with increasing the amount of SA from 0.5 to 1.5 g and decreased with 

further increase in SA amounts. The highest swelling (3400 %) was 

obtained with a SA content of 1g . When the amount of SA was low, the 
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monomer was excess in the reaction system. The excess ITA, VBS turned 

to be a homo-polymer, which cannot contribute to the water swelling. 

The swelling was increased as homo-polymer content was decreased and 

SA amount was increased at fixed crosslinking density. On the other 

hand, when of SA amount was above 1g  the viscosity of SA  solution 

was increased shawed shown in figure (3-14), the initiation efficiency 

was decreased, and the reactive sites cannot be sufficiently formed. As a 

result, grafting ratio was decreased resulting in a decrease of the water 

swelling. With much higher SA content, sharply increased viscosity 

resulted in the system, restricting the monomer movement and reducing 

the conversion rate. Thus, a less developed 3D polymer network and 

suppressed water absorption capacity could be expected [72]. 

 

Figure 3-14 : Variation of Swelling percentage% with Amount of SA. 
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3-2-5 Effect of Cross-linker Amount on the Swelling Behavior 

       A Cross linker plays an important role in the synthesis of a SA-g-

P(ITA-co-VBS)/ RC hydrogel nanocomposite due to prevention the 

dissolving of the hydrophilic polymer networks  in an aqueous phase. and 

effectively makes the hydrogel insoluble. The presence of crosslinking 

chains is essential to controlling crosslinking density and fluid 

absorbency. SA-g-P(ITA-co-VBS)/ RC hydrogel nanocomposite swelling 

studies were carried out at different cross-linker (MBA) amount varying 

from 0.003-0.1 gm  (Fig. 3-15). The hydrogel nanocomposite showed 

maximum swelling of 3400 % at 0.01 g . For crosslinker amount of more 

than 0.01 g , hydrogel swelling started to reduce. It could be because the 

hydrogel network developed a significant number of cross-linked chains, 

resulted stiff structure . On increasing the cross-linker amount, the 

cavities between polymer chains in the hydrogel were reduced, 

consequently, the amount of water retained in the composite cavities was 

decreased[86] . 

 

Figure 3-15: Variation of Swelling percentage% with Amount of Crosslinker 

(MBA) 

 

0.01 g 
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3-2-6 Effect of Initiator Amount on the Swelling Behavior  

          The effect of initiator KPS amount on swelling percentage of SA-g-

P(ITA-co-VBS)/ RC hydrogel nanocomposite was examined via change 

the initiator from ( 0.03 - 0.12) g  as shown in( Figure 3-16 ). percentage 

Swelling was improved initially with increasing initiator amount up to 

0.09 g , That after 0.09 g the  swelling percent started decreasing.  thus 

the best percent swelling (3400 %) at 0.09 g. On increasing the amount of 

KPS from (0.03 to 0.09)g , the swelling was increased from 1900 to 

3400%. Further increase in the amount of KPS  to 0.09 g, the swelling 

was decreased to 141 g/g. This increase might be attributed to the attack 

of the sulfate anion-radical to the Alginate chains. Further raise in KPS 

amount decreased the percentage swelling, which led to the termination 

of the reaction[72] . 

 

Figure 3-16: Variation of Swelling Percentage% with Amount of Initiator (KPS). 
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3-2-7 Effect of pH on the Swelling Behavior  

       The pH is a very important effect on the swelling ability of SA-g-

P(ITA-co-VBS)/ RC hydrogel nanocomposite. In the range pH of 3–10,  

as shown Fig. 3-17). The charge density was balanced at pH neutral, 

leading to high swelling of SA-g-P(ITA-co-VBS)/ RC hydrogel 

nanocomposite. thus The best  percentage swelling was found at  pH 7 , 

hydrogel swelling was decrease with each low (acid )or high (base)  pH . 

The protonation of groups COO
−
  at acid  pH led to a decrease  in 

electrostatic repulsions, the 3D structure of the hydrogel matrix got 

collapsed, hence low  swelling. . Under the basic pH, carboxylic groups 

were ionized into groups COO
−
 and excess of groups COO

−
 caused the 

collapse of the 3D structure of hydrogel, resulted in low swelling[87] .  

 

 

Figure 3-17: Variation of Swelling Percentage% with pH 
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3-2-8 Effect of Solvent on the Swelling Behavior 

       The grafting of ITA on to SA was influenced by solvent volume (17–

50 ml) as shown in (Figure 3-18). Up to 20 ml of solvent volume, 

swelling percentage first increased and when beyond 20 ml volume of 

solvent ,swelling  percentage  decreased. The hydroxyl radical produced 

by water could be attributed to the propagation step in the polymerization 

reaction which caused an initial increase in swelling percentage . increase 

volume solvent led to the generation of excessive hydroxyl of water 

radicals, which were responsible for the termination of the reaction, 

which further obstructed the graft co-polymerization method[80] . 

 

Figure 3-18: Variation of Swelling percentage% with solvent. 

3-2-9 Effect of Temperature on the Swelling Behavior 

       The grafting of monomer onto backbone (SA) was investigated under 

several temperature from 60 - 90 
o
C  as shown in (Figure 3-19). Enhanced 

the temperature of SA-g-P(ITA-co-VBS)/RC hydrogel nanocomposite 

swelling percentage at maximum temperature at 75 
o
C with values3400%. 
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The increase in percentage swelling up to temperature 75 
o
C is due to the 

improvement in the diffusion of the monomer as well as the activation. 

KPS was effectively decomposed at higher temperatures, and increased 

temperature promoted the activation of free radicals, which was ascribed 

to get better SA-g-P(ITA-co-VBS)/ RC hydrogel nanocomposite 

swelling. At temperatures beyond 75 
o
C, excessive cross-linking 

occurred, resulting in a more compact and stiff structure, leading to 

reduced swelling [85]. 

 

Figure 3-19: Variation of Swelling percentage% with temperature. 

3-2-10 The Swelling Capacity of Hydrogel Over Time  

        The percentage swelling was boosted with time from 120 to 210 min 

and then dropped from 210 to 240 min (Figure 3-20).  The initial increase 

in percentage swelling  could be assigned to the formation of more active 

sites on SA and monomer  via interaction between radical and substrate. 

The decline in percentage swelling after 210 min is ascribed to less 

availability of radical active sites and amount of radical active sites 
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diminishes. The results appear that the best  equilibrium time was attained 

after 240 min [87]. 

 
 

Figure 3-20: Variation of Swelling percentage% with reaction time. 

 

 

3-3 Effect of different parameters on the adsorption process  

3-3-1 Effect of Contact Time 

 

             The contact time is one of the important parameters for the 

assessment of the practical application of the adsorption process. The 

experimental results of adsorption of initial two dyes (MG, and BG ) 

concentrations of 700 mg.L
-1

 on the adsorbent surfaces of the SA-g-

P(ITA-co-VBS)/ RC with contact time . The equilibrium data are shown 

in Figures (3-21) which reveal that the adsorption increased rapidly in the 

first 20 min, and after that gradually increased till the equilibrium [88]. 

Adsorption capacity increases with the increase in contact time to reach 

the equilibrium, because with a time of adsorption increased, the active 

sites of absorbent surfaces will saturate, indicating that an apparent 

equilibrium is reached, Where an acceptable efficiency was found at a 
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concentration of 700 mg.L
-1

 and contact time of one hour as the increase 

in time will have a slight effect on the removal rate due to the fullness of 

the active sites, this is because the adsorbents have a finite number of 

active binding sites. After a certain concentration, all such active sites 

were filled with dye molecules and the adsorbents became saturated [89, 

90]. 

 

Figure (3-21):  Effect of contact time on adsorption capacity for removal of (BG 

& MG) dyes by SA-g-P(ITA-co-VBS)/ RC at pH 7 , Temp. 25 
o
C and mass 

adsorbent 0.05 g 

 

 

3-3-2 Adsorbent Dose 

         The effect of the amount of the adsorbents was necessary to observe 

the minimum possible amount, which shows the maximum adsorption 

stoichiometric. The amounts of the adsorbent was varied from 0.01 to 0.1 

g/100 mL of SA-g-P(ITA-co-VBS)/ RC. The results are illustrated in 

Table (3-3) and shown in Figures (3-22) and (3- 23). 
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Table (3-3): Effect of adsorbent dose on the removal percentage of two dyes on to 

SA-g-P(ITA-co-VBS)/ RC . 

WT 

MG BG 

Ce/ 

mg/L 
Qe/ mg.g

-1 
 

E% 

Ce/ 

mg/L 
Qe/ mg.g

-1 
 

E% 

0.01 57.42775 6425.723 91.79604 175.7059 5242.941 74.89916 

0.025 54.21965 2583.121 92.25434 137.8235 2248.706 80.31092 

0.05 25.66474 1348.671 96.33361 69.82353 1260.353 90.02521 

0.08 18.90173 851.3728 97.29975 52.82353 808.9706 92.45378 

0.1 12.16763 687.8324 98.26177 39.82353 660.1765 94.31092 

 

 

 
 

 
Figure (3-22): Effect of the mass amount of adsorbent SA-g-P(ITA-co-VBS)/ RC 
on the percent removal and amount of adsorbed MG dye, initial concentration = 

700 mg.L
-1

, Temp. = 25°C, contact time 1hr , pH=7. 

 

0.00 0.02 0.04 0.06 0.08 0.10

70

75

80

85

90

95

100

 Removal percentage %

 adsorption capacity mg/g

weight of hydrogel (g)

E
%

0

1000

2000

3000

4000

5000

6000

7000

 Q
e 

m
g/

g



Chapter Three                                                    Results and Discussions 
 

68 
 

 

Figure (3-23): Effect of the mass amount of adsorbent (SA-g-P(ITA-co-VBS)/ 

RC) on the percent removal and amount of adsorbed BG dye, initial 

concentration = 700 mg.L
-1

, Temp. = 25°C, contact time 1hr., pH=7 . 

 An increase in the percentage of the (MG , and BG) dyes removal 

with adsorbent mass was related to the increase in the adsorbent surface 

areas, enhancing the number of adsorption sites available for adsorption 

as reported already in other cases [19]. The increase in removal of dyes 

with adsorbent dose due to the introduction of more binding sites for 

adsorption [91]. The primary factor explaining this characteristic is that 

adsorption sites remain unsaturated during the adsorption reaction 

whereas the number of sites available for adsorption site increases by 

increasing the adsorbent dose[68].The increase of adsorbent amount 

about rang  0.01 - 0.1g, the percentage removal of MG  and BG  dyes 

increase from (91.7 - 98.2%) , ( 74.8 -94.3% )   and adsorption capacity  

decrease from (6425.7 - 687.8 mg/g) , (5242.9 - 660.1 mg/g ) onto (SA-g-

P(ITA-co-VBS)/ RC) about 1h of adsorption time at the same order . This 

data is attributed to the increasing the number of active sites caused via  

increasing mass of adsorbent [21, 92]. 
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3-3-3 Effect of pH  

         The effect of pH on the adsorption of MG, and BG dyes onto SA-g-

P(ITA-co-VBS)/ RC was studied at a pH range of (3-10) in the presence 

of initial concentrations (700 mg.L
-1

). Results are given in Table (3-4) 

and shown in Figures (3-24) and (3-25). 

Table (3-4): Effect of solution pH on adsorption two pollutants (MG, BG) by SA-

g-P(ITA-co-VBS)/ RC 

pH MG BG 

Ce/ 

mg/L 

Qe/ mg.g
-1 

 

E% 

Ce/ 

mg/L 

Qe/ mg.g
-

1 

 

E% 

3 57.80058 1284.399 91.74277 169.1765 1061.647 75.83193 

4 54.56647 1290.867 92.20479 130.7059 1138.588 81.32773 

7 25.66474 1348.671 96.33361 69.82941 1260.341 90.02437 

8 18.94509 1362.11 97.29356 54.97059 1290.059 92.14706 

10 9.306358 1381.387 98.67052 26.14118 1347.718 96.26555 

 

 

Figure (3-24): Effect of solution pH on the adsorption of MG dye on (SA-g-

P(ITA-co-VBS)/ RC)   (Exp. Condition: Temp. = 25°C, contact time 1 h, pH of 

solution 7 and mass adsorbent 0.05 g) 

2 4 6 8 10

70

75

80

85

90

95

100

 Removal Parcentage %

 Adsprption capacity  mg/g

pH

E
%

1280

1300

1320

1340

1360

1380

1400

 Q
e 

m
g

/g

Percentage % 



Chapter Three                                                    Results and Discussions 
 

70 
 

 

Figure (3-25): Effect of solution pH on the adsorption of BG dye on (SA-g-

P(ITA-co-VBS)/ RC)   (Exp. Condition: Temp. = 25°C, contact time 1 h, and pH 

of solution 7). 

 

       The equilibrium sorption capacity of MG , and BG  dyes on  (SA-g-

P(ITA-co-VBS)/ RC) was very little in acid medium at pH 3.  The 

adsorption capacity (Qe mg.g
-1

) at pH 3  (1284.3 mg.g
-1

) and (1061.6 

mg.g
-1

 ) for MG , and BG dyes  , which suggests that (SA-g-P(ITA-co-

VBS)/ RC) is  excellent adsorbents for MG , and BG dyes  dye  removal 

from large volumes of aqueous solutions[39, 93]. When the pH is greater 

than 7 the adsorption capacity (Qe mg.g
-1

) of MG  and BG dyes  on (SA-

g-P(ITA-co-VBS)/ RC) capacity (Qe mg.g
-1

)  increases with increasing 

pH.  Lower adsorption of dyes  at acidic pH is probably due to the 

presence of excess H
+
 ions competing with the cation groups on the dye 

for adsorption sites . At higher pH, the surface may get positively 

charged, which enhances the negatively charged dye anion  through 

electrostatic forces of attraction [94, 95] . 
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3-3-3-1 point of zero charge (pHpzc) 

      The pH drift method was utilized for the pHpzc estimation. Generally, 

the pH pzc is the point where the curve of pH final vs. pH initial crosses 

the line pH initial = pH final, with the value for the nanocomposite being 

4.2 (Figure 3-26). At pH < pHpzc, the nanocomposite hydrogel   displays 

a net positive charge, whereas at pH > pHpzc the surface is negatively 

charged. At alkaline pHs (pH > pHzpc) the amount of OH
-
 ion in aqueous 

solution increases and the functional groups in the structure of adsorbers 

have a negative charge which can be effective in the process of 

elimination of pollutant. [79, 96]. 

 

 

Figure 3-26: Point Zero charge of SA-g-P(ITA-co-VBS)/ RC Exp. Condition: 

Temp. = 25°C, contact time 24 h, and mass adsorbent 0.05 gm/ 100 ml). 
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3-3-4 Effect of Temperature 

        To determine whether the ongoing adsorption process was 

endothermic or exothermic. The adsorption isotherms were determined 

for various pollutants-adsorbent systems. The removal of MG, and BG 

dyes  has been studied at different temperature (15- 35 
o
C) in the presence 

of various initial concentrations (100-1000 mg.L
-1

) results are illustrated 

in Tables (3-5 & 3-6), and presented in Figures (3-27 & 3-28) . 

 

Table (3-5): Adsorption Isotherm for Adsorption of MG dye on the SA-g-P(ITA-

co-VBS)/ RC at Different Temperatures. (pH 7, mass adsorbent 0.05 gm/ 100 ml, 

contact time 1hr). 

 

 

C0 mg.L-1 

15 
o
C 25 

o
C 35 

o
C 

Qe  mg.g
-1

 E% Qe mg.g
-1

 E % Qe   mg.g
-1

 E% 

100 199.9358 99.96792 199.7994 99.89971 199.9936 99.99682 

200 394.9711 98.74277 394.8555 98.71387 395.6069 98.90173 

300 593.0058 98.8343 593.5838 98.93064 594.2775 99.04624 

400 782.5896 97.8237 787.7457 98.46821 794.1618 99.27023 

500 978.8439 97.88439 982.0173 98.20173 991.0983 99.10983 

600 1167.89 97.32418 1172.329 97.69412 1180.734 98.39451 

700 1348.671 96.33361 1355.723 96.83732 1364.035 97.43105 

800 1529.364 95.58526 1553.688 97.10549 1558.318 97.39487 

1000 1921.387 96.06936 1935.775 96.78873 1949.335 97.46676 
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Table (3-6): Adsorption Isotherm for Adsorption of BG dye on the SA-g-P(ITA-

co-VBS)/ RC at Different Temperatures. (pH 7, mass adsorbent 0.05 gm/ 100 ml, 

contact time 1hr). 

 

C0 mg.L-1 

15 
o
C 25 

o
C 35 

o
C 

Qe mg.g
-1

 E % Qe mg.g
-1

 E % Qe mg.g
-1

 E% 

100 194.824 97.4118 198.694 99.3471 195.766 97.8829 

200 389.424 97.3559 396.235 99.0588 394.235 98.5588 

300 584.176 96.3627 585.094 97.5157 583.529 97.2549 

400 746.553 93.3191 773.612 96.7015 773.612 96.7015 

500 896.941 89.6941 920.235 92.0235 908.471 90.8471 

600 1045.76 87.1471 1083.88 90.3235 1081.06 90.0882 

700 1253.53 89.5378 1260.35 90.0252 1242.12 88.7227 

800 1405.18 87.8235 1366.12 85.3824 1415.65 88.4779 

1000 1738.82 86.9412 1661.18 83.0588 1751.65 87.5824 

 

 

Figure (3-27) Effect of Temperature on the Adsorption of MG dye on the Surface 

of SA-g-P(ITA-co-VBS)/ RC . (pH 7, mass adsorbent 0.05 gm/ 100 ml). 
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Figure (3-28) Effect of temperature on the adsorption of BG dye on the surface 

of SA-g-P(ITA-co-VBS)/ RC. (pH 7, mass adsorbent 0.05 gm/ 100 ml). 

         The result shows that the equilibrium adsorption capacity of MG , 

and BG dyes was increased while increasing the solution temperature for 

all initial dyes concentrations. The adsorbent's capacity of adsorption 

changes with temperature. Hence, the parameter of temperature is 

important as a physicochemical process. An endothermic adsorption 

process involves a directly proportional increase of adsorption with 

temperature, caused by an increase in active adsorption sites and dye 

molecule's mobility with rising temperatures[97]. It was found that the 

rising temperature causes a decrease in aqueous phases viscous forces 

resistance, thereby leading to the dye molecule's faster diffusion across 

adsorbent particles' external boundary, as well as, internal pores. The 

removal process was also significantly affected by the change in 

adsorbate molecules' solubility in some cases. At high temperatures, pore 

size enlargement also causes increased adsorption[68, 98]. 

The study of the temperature effect on adsorption will also help in 

the calculation of the basic thermodynamic functions such as 
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Gibbs free energy   )∆G),  change enthalpy (∆H), and change 

entropy (∆S) of the adsorption process [91]. The equilibrium 

constant (Ke) of the adsorption process at each    temperature, was 

calculated from the equations (3-1) [99]: 

 

   
                   

            
                                                            

 

   Where Qmax is the amount adsorbed in (mg.gm
-1

), Ce is the 

equilibrium concentration of the adsorbent expressed in (mg.L
-1

), 0.05gm 

represents the weight of the (SA-g-P(ITA-co-VBS)/ RC) adsorbent, and 

0.1L represents the volume of the MG and BG dyes solution used in the 

adsorption process [100]. The change in the free energy could be 

determined from the equation (3-2) : [100] 

∆G = -RT ln Ke                                                                        ( 3 2) 

 

Where   : Gibbs free energy (J.K
-1

.mol.
-1

),  R is the gas constant (8.314 

J.K 
-1

.mole
-1

), T is the absolute temperature in Kelvin. 

     The enthalpy of adsorption may be obtained from the following 

equation (3-3) [81]: 

      
   

  
                                                                   ( 3 3) 

 

When Xm: is the maximum value of adsorption at a certain value of 

equilibrium concentration (Ce). Table (3-7) and (3-8) gives Xm values at 

different temperatures MG dye. Plotting lnXm versus (1/T) should 

produce a straight line with a slope -∆H/R as shown in Figures (3-29) and 

(3-30)  The value of     and    can be calculated from the slope and 

intercept respectively [101]. 
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Table (3-7): Maximum adsorption quantity Xm values of MG dye onto SA-g-

P(ITA-co-VBS)/ RC surfaces at different temperatures. 

T(K) 1000/T(K-1) Ce = 32.5 

Xm ln Xm 

288 3.472 1590 7.371 

298 3.355 1780 7.484 

308 3.246 1950 7.575 

 

Table (3-8): Maximum adsorption quantity Xm values of BG dye onto SA-g-

P(ITA-co-VBS)/ RC surfaces at different temperatures. 

T(K) 1000/T(K-1) Ce =100.11  

Xm ln Xm 

288 3.472 1425 7.261 

298 3.355 1537 7.337 

308 3.246 1610 7.383 

 

Figure (3-29): Plot ln Xm against the absolute temperature. of the adsorption 

(MG dye) onto SA-g-P(ITA-co-VBS)/ RC. 
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Figure (3-30):  Plot ln Xm against the absolute temperature. of the adsorption 

(BG dye) onto SA-g-P(ITA-co-VBS)/ RC . 

 

The quantitative thermodynamic data of MG and BG on the adsorbent 

surfaces SA-g-P(ITA-co-VBS)/ RC are presented in Table 3-9. The Table 

3.9 shows the  ∆H values of MG and BG are positive indicating that the 

adsorption process is endothermic reaction.
 
All process of adsorption 

considered spontaneous from the negative value of ∆G. While, ∆S  have 

positive value for MG and BG that refer the interaction of molecules 

caused random of the total system [102, 103] 

From the results of Table 3-9, the enthalpy change ∆H  and entropy 

change ∆S for adsorption are assumed to be temperature independent The 

enthalpy of the adsorption ∆H is a measure of the energy barrier that must 

be overcome by reacting molecules [104, 105]. 
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Table 3-9: Thermodynamic functions ∆G, ∆S and, ∆H of MG  and BG adsorbed 

on the SA-g-P(ITA-co-VBS)/ RC. 

SA-g-P(ITA-co-VBS)/ RC adsorbent/ MG adsorbate 

      Thermodynamics 

                    parameters 

T/K 
Ke 

∆G/ 

kJ.mol
-1 

∆H/ 

kJ.mol
-1

 

∆S/ 

J.K
-1

.mol
-1

 

288 48.92308 -9.15322 

7.531 87.45497 298 54.76923 -9.75163 

308 60 -10.3142 

SA-g-P(ITA-co-VBS)/ RC adsorbent/ BG adsorbate 

      Thermodynamics 

                    parameters 

T/K 
Ke 

∆G/ 

kJ.mol
-1 

∆H/ 

kJ.mol
-1

 

∆S/ 

J.K
-1

.mol
-1

 

288 14.2343 -6.2483 

5.146 77.819 298 15.3531 -6.653 

308 16.082 -6.997 

 

3-4 A Comparative adsorption between different surfaces to removal 

pollutant 

         A Comparative study between (Ricinus communis (RC), SA-g-

P(ITA-co-VBS), SA-g-P(ITA-co-VBS)/ RC), surfaces as Adsorbents 

wear carried out. A sample of 100 mL of (MG, and BG) dyes at 

concentration (700 mg.L
-1

)  are used in this study, then added to a conical 

flask (Erlenmeyer) in the presence of 0.05g from prepared (Ricinus 

communis (RC), SA-g-P(ITA-co-VBS), SA-g-P(ITA-co-VBS)/ RC), and 

put in a shaker water bath for 1 hr., after that the supernatant was 

separated by centrifuge and measured the remaining concentration by 

using UV-Visible spectrophotometer at the λmax nm. 

The best results of the percentage of removal (E%) for (BG , MG) dyes 

the order increasing: (SA-g-P(ITA-co-VBS)/ RC)  > (SA-g-P(ITA-co-

VBS)), > RC  as shown in Figure (3-31) . 
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Figure (3-31): Effect comparative between (hydrogel/RC , hydrogel and RC    

(Exp. Condition: mass of absorbent 0.05 g, conc. 700 mg.L
-1

 Temp. = 25°C, 

contact time 1 h) 

Also Comparative study between (Natural Ricinus Communis (RC) , 

Activated untreated - acid Ricinus Communis Pericarp(ACRC) and acid-

treated Ricinus Communis Pericarp (AACRC)) surfaces as adsorbents 

was carried out. A sample of 100 mL of (MG and BG dyes) concentration 

(100 mg.L
-1

)  are used in this study, then added to a conical flask of 0.05g 

,and put in a shaker water bath for one hour., after that the supernatant 

was separated by centrifuge and measured the residual  dye concentration 

by using UV-Visible spectro-photometer at the λmax . The best results of 

the percentage of removal (E%) for (MG and BG dyes) the order 

increasing: (RC > ACRC > AACRC) as shown in Figure 3-32. 
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Figure 3-32 : Effect comparative between (RC , ACRC , AACRC   (Exp. 

Condition: mass of absorbent 0.05 g, conc. 100 mg.L
-1

 Temp. = 25°C, contact 

time 1 h) 

 

3-5 Removal of laboratory sample Aqueous Pollutants by Using SA-

g-P(ITA-co-VBS)/ RC 

          A laboratory sample 100 mL of pollutants (dyes) with a refry 

concentration were using in this study, then added to a conical flask 

(Erlenmeyer) in the presence of 0.05 g from prepared SA-g-P(ITA-co-

VBS)/ RC , after that the mixture was putting in a Shaker water bath for 2 

h, after that the supernatant were separated by centrifuge and measured 

the remaining concentration was measured by using UV-Visible 

spectrophotometer[106, 107] the result shows in figures (3-33 , and 3-34). 
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Figure (3-33): Spectra of  removal Two dyes  (MG and BG ) by using (SA-g-

P(ITA-co-VBS)/ RC) , (Exp. Condition: Temp. = 25°C, contact time 2 h, and 

mass absorbent 0.05g ). 

 

 

Figure (3-34): Spectra of  removal dyes  by using (SA-g-P(ITA-co-VBS)/ RC) , 

(Exp. Condition: Temp. = 25°C, contact time 2 h, and mass absorbent 0.05g ). 
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3-6 Regeneration and Reactivation of (SA-g-P(ITA-co-VBS)/ RC) 

         The regeneration of hydrogels, after sorption, is one of the 

significant economic parameter for the treatment method. It helps in 

elucidating the mechanism of removal two dyes (MG, and BG) from dye 

-loaded adsorbent, regeneration mechanism and recycling of spent 

adsorbents, which in turn may reduce operational cost and protect the 

environment from secondary pollution. Dyes desorption studies were 

carried out using different desorption agents at concentration (0.01 N )  

such as  H2SO4, NaOH, H3PO4 , HCl , HNO3, and water  [108-111] . The 

(SA-g-P(ITA-co-VBS)/ RC) , was regeneration with 100% can be 

desorbed in diluted HCl solution because the -COO
− 

is converted into –

COOH in acidic solutions, and correspondingly, the electrostatic 

interactions between (SA-g-P(ITA-co-VBS)/ RC) and two dyes are 

weakened .The performance and reuse of (SA-g-P(ITA-co-VBS)/ RC) by 

using HCl solution in the dyes adsorption process was investigated up to 

4 steps under optimal conditions . After the 4 cycles of using (SA-g-

P(ITA-co-VBS)/ RC), the efficiency is still significant (>80%) and this 

shows (SA-g-P(ITA-co-VBS)/ RC), is probable renewable adsorber [112, 

113] as shown in Figure (3-35), and (3-36) .  
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Figure 3-35: multi-cycle use of SA-g-P(ITA-co-VBS)/ RC for MG dye adsorption 

using HCl  as desorption medium. 

 

 

Figure 3-36: multi-cycle use of SA-g-P(ITA-co-VBS)/ RC for BG dye adsorption 

using HCl as desorption medium. 
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3-7 Adsorption Isotherms 

3-7-1 Freundlich Isotherm 

The Freundlich isotherm is defined through the following equation 3-4 

[114]. 

       
   

                                                                                

Qe: Amount adsorbed per unit weight of adsorbent at equilibrium (mg.g
-1

) 

, (mol/g), Ce: Equilibrium concentration of adsorbate in solution after 

adsorption (mg.L
-1

), (mol.L
-1

), Kf: Empirical Freundlich constant or 

capacity factor (L.mg
-1

) or the dye quantity adsorbed for unit equilibrium 

concentration, 1/n: Freundlich exponent, if the value of n is equal to 

unity, the adsorption is linear; if below to unity, then adsorption process 

is chemical and if the value is above unity, then adsorption is a physical 

process[115, 116]. 

3-7-2 Langmuir Isotherm 

 The Langmuir isotherm is mostly used for pollutants adsorption 

from liquid solutions. The nature of the adsorption process was derived 

by Langmuir alternative equation 3-5   

   
      

      
                                                                                         

Qe: amount adsorbed per unit weight of adsorbent at equilibrium (mg/g), 

Ce: equilibrium concentration of adsorbent in solution after adsorption 

(mg.L
-1

), qm: Empirical Langmuir constant which represents maximum 

adsorption capacity (mg.g
-1

) of the total number of surface sites per mass 

of adsorbent and it may vary among different compounds because of 
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differences in adsorbate sizes, KL: empirical Langmuir constant (L.mg
-1

) 

or the equilibrium constant of the adsorption reaction [117].  

The coefficients of determination (R
2
) and isotherm parameters from the 

nonlinear regressive method were listed in Table  (3-10). A comparison 

of nonlinear fitted curves from experimental data and two different 

isotherms at 25 
o
C . 

 A plot of qe versus  Ce  Figures (3-37 &3-38) where the values of 

KF and 1/n are obtained from the intercept and slope of the linear 

regressions (Table 3-10 to 3-11). 

the correlation coefficient, R
2
 values for the Freundlich model  at 

tempracher  25 
o
C  are (R

2
=0.9959) and (R

2
=0.9780) of MG and BG onto 

SA-g-P(ITA-co-VBS)/ RC [118, 119]. 

 
Table 3-10: Different Parameters Isotherm Models for the Adsorption Study of 

MG dye on to (SA-g-P(ITA-co-VBS)/ RC). 

  

(SA-g-P(ITA-co-VBS)/ RC) 

 

F
reu

n
d

lich
 

Kf 292.65 ±47.44 

1/n 0.4879 ±0.0502 

R
2
 0.9959 

  

L
a
n

g
m

u
ir 

qm (mg/g) 235.66 ±31.702 

KL (L/mg) 0.06 ±0.021 

R
2
 0.9300 
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Table 3-11: different parameters isotherm models for the adsorption study of BG 

dye   on to (SA-g-P(ITA-co-VBS)/ RC) 

 

(SA-g-P(ITA-co-VBS)/ RC) 

 

F
reu

n
d

lich
 

Kf 200.39375 28.88134 

1/n 0.43052 0.03425 

R
2
 0.9780 

 

L
a
n

g
m

u
ir 

qm (mg/g) 1843.23246 281.349 

KL (L/mg) 0.03251 0.01446 

R
2
 0.8961 

 

 

 

 

Figure 3-37: Several adsorptions models nonlinear fit of adsorption MG dye onto 

SA-g-P(ITA-co-VBS)/ RC at temperatures 25 
o
C ,  conc. = 700 mg. L

-1
, pH of 

solution 7 and weight of surface 0.05 g/100ml). 
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Figure 3-38: Several adsorptions models nonlinear fit of adsorption BG dye onto 

SA-g-P(ITA-co-VBS)/ RC at temperatures 25 
o
C ,  conc. = 700 mg. L

-1
, pH of 

solution 7 and weight of surface 0.05 g/100ml). 

3-8 Kinetic study 

         The mechanism of adsorbate–adsorbent interaction is best described 

by studying the rate expression for dye adsorption on (SA-g-P(ITA-co-

VBS)/ RC); this can be shown by examining the effect of time on the 

adsorption process and fitting the experimental findings to different 

conventional models. The agreed function for model suitability for good 

prediction of experimental data at different times , which is validated by a 

low relative error among the orchid and experimental adsorption potential 

[81]. The rate expression can be calculated by analyzing the adsorption 

data with three different kinetic models: Lagergren first-order ,pseudo-

second-order , and Chemisorption [120] . The fitting results are seen in 

Table 3-12 to  3-13 .  

A simple kinetic description of adsorption (pseudo-first-order equation) is 

as follows in equation (3-6) : 
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qt=qe[1-exp( kf t)]                                                                         (3-6) 

where qt is the total amount of adsorbate adsorbed at time t (mg
-1

), qe is 

the equilibrium adsorption potential (mg g
-1

), kf is the pseudo-first-order 

rate constant (min
-1

), and t is the contact time (min). 

Lagergren's usability deviates from its linear form, according to the 

results. This means that the new kinetic model is inadequate for 

forecasting pseudo-first order sorption kinetics on (SA-g-P(ITA-co-

VBS)/ RC). We wanted to apply the experimental data to models because 

the first-order kinetic model failed to represent the sorption effects [39].  

The following is an example of a pseudo-second-order equation based on 

adsorption equilibrium capacity in equation (3-7): 

qt= 
      

       
                                                                        (3- 7) 

k2 and qe were estimated from qt versus t; shows the pseudo-second-

order plot; it can be seen that the sorption data maintains its linear profile 

over the entire period; however, higher values of correlation coefficients 

and qe determined using the pseudo-second-order model were more 

compatible with the experimental data[41, 104]. 

Both of these findings indicate that the model can be used to describe 

adsorption data over time. Furthermore, the model supports the theory 

that the sorption process is caused by chemisorption. 

The non-linear structure of the Elovich (Chemisorption kinetic formula) 

model equation is usually written in equation (3-8): 

qt=
 

 
1βln(αβ)+ 
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The kinetic data from the Elovich model. The nonlinear plots of qt versus 

t for various initial concentrations demonstrated good consistency 

between the experimental and calculated qe values. Furthermore, the 

pseudo-second-order kinetic model has higher correlation coefficients 

than the Chemisorption model. As a result, the adsorption is best suited to 

the pseudo-second-order model than the Chemisorption kinetic model. 

Adsorption kinetics are associated with the intraparticle diffusion concept 

[81]. 

The gap in two dye adsorption on  (SA-g-P(ITA-co-VBS)/ RC) with 

shaking time (2–120 min) and initial solution concentration (700 mg/L). 

Although two dye adsorption were initially very high, the rate of 

adsorption slowed over time and gradually reached a constant value, as 

shows in Figure (3-39 and 3-40 ) (equilibrium time). As the concentration 

rose, this process was gradually repeated. The initial faster rate may be 

due to the adsorbents' exposed surface region being available [101, 116, 

121]. 

Table 3-12 : Pseudo first-order, pseudo-second-order, and Elovich including 

correlation coefficients for (MG dye) adsorption onto SA-g-P(ITA-co-VBS)/ 

RC. 

 

Type Parameters Value Stand. Error R
2
 

Pseudo-First-order 
qe (mg g

−1
) 1247.36 2.2653 

0.3768 
kf (min

−1
) 8.184 1.0118 

pseudo-second-order 
qe (mg g

−1
) 1339.83 3.3684 

0.9857 
ks (gmg

−1
 min

−1
) 1.589 0.1363 

Elovich 

α (mg g
−1

 min
−1

) 40.765 3.1005 

0.8777 
β (g min

−1
) 5.369 1.3407 
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Table 3-13 : Pseudo first-order, pseudo-second-order, and Elovich including 

correlation coefficients for (BG dye) adsorption onto SA-g-P(ITA-co-VBS)/ RC. 
 
 

Type Parameters Value Stand. Error R
2
 

Pseudo-First-order 
qe (mg g

−1
) 1233.833 3.3864 

0.377 
kf (min

−1
) 1.5806 0.1363 

pseudo-second-order 
qe (mg g

−1
) 1247.365 0.0213 

0.9303 
ks (gmg

−1
 min

−1
) 6.1233 0.121 

Elovich 

α (mg g
−1

 min
−1

) 42.651 2.113 

0.895 
β (g min

−1
)     3.346        1.012 

 
 

 

 

Figure 3-39 : Adsorption rate curve models fitted to experimental MG dye 

adsorption on the surface of (SA-g-P(ITA-co-VBS)/ RC). a) first-order kinetic; b) 

second-order kinetic; and c) Elkovich kinetic (pH 7, Temp. 25 
o
C , mass dosage 

0.05 g). 
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Figure 3-40 : Adsorption rate curve models fitted to experimental BG dye 

adsorption on the surface of (SA-g-P(ITA-co-VBS)/ RC). a) first-order kinetic; b) 

second-order kinetic; and c) Elkovich kinetic (pH 7, Temp. 25 
o
C , mass dosage 

0.05 g). 

 

  3-9  Biological Activity of Bacterial Test 

       In this study, one type of Aspergillus flavus and two types of bacteria 

were Gram-positive bacteria (staphylococcus) and Gram-negative 

bacteria (Pseudo monas), using four isolates depending on the method of 

disc diffusion, where concentrations (0.1, 0.2, 0.3, and 0.4 gm) from the 

three surfaces RC, SA-g-P(ITA-co-VBS); and (SA-g-P(ITA-co-VBS)/ 

RC). The results showed the zones of inhibition that the surface of the RC 

showed high antibacterial activity (1.3cm) for a concentration (0.16 

mg/L) against (Pseudo monas) and (ZERO) against Streptococcus, 

meaning that it was resistant and had no effect. But when the (SA-g-

P(ITA-co-VBS) was used, this surface showed antibacterial activity at 

(1.1 cm) for a concentration of 0.16 mg/L against Gram negative bacteria. 

(Pseudo monas) and (2.4 cm) against Streptococcus, meaning that it had a 

higher effect on negative bacteria. But when the (SA-g-P(ITA-co-VBS)/ 
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RC); was used, this surface showed a very high antibacterial activity at (3 

cm) at the same concentration against Gram negative bacteria. (Pseudo 

monas) and (1.6 cm) against Streptococcus, meaning that it had less 

effect on positive bacteria. This is a clear indication that the process of 

loading (RC) on the hydrogel increases the efficiency of the surface in the 

biological activity. [122, 123]. as shown in the Figure 3-41 . 

 

       Also, the biological activity of one type of fungus (Aspergillus 

flavus) was studied using three RC surfaces, SA-g-P (ITA-co-VBS); And 

(SA-g-P (ITA-co-VBS) / RC) using four isolates, at different 

concentrations and times, as the results shown in Figure 3-42 showed an 

increase in fungal inhibition occurs with increasing time and 

concentration. Also, a comparison of the efficiency of the three RC 

surfaces, SA-g-P (ITA-co-VBS) was performed; And (SA-g-P (ITA-co-

VBS) / RC) where it was observed that (SA-g-P (ITA-co-VBS) / RC) was 

highly efficient in inhibiting fungi, where the order of increase of fungal 

inhibition (SA-g-P (ITA-co-VBS) / RC)> SA-g-P (ITA-co-VBS)>RC 

[124, 125] .  
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Figure 3-41:  Anti-bacterial activities of the (A) Gram- negative bacteria, (B) 

Gram-positive bacteria using disc diffusion method. 
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Figure 3-42:  biological activity of fungus (Aspergillus flavus) onto three surfaces 

RC, hydrogel ; and hydrogel/ RC) 
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3-10 Surface Efficacy in Mice Healing 

        It was processed about (0.1 g) from the surface prepared from (RC), 

and (SA-g-P(ITA-co-VBS) hydrogel as shown in the image (A). On the 

second day, a very slight improvement was observed in the treatment of 

wounds, as the rate of healing and improvement of the wounds was at its 

beginning, as shown in the picture (B). In the third to seven days, an 

improvement was observed in the wound, where the rate of healing and 

wound improvement was very clear, with some redness in the skin 

surrounding the wound, as shown in images (C-E). On the fourteen day, 

according to the results shown in picture (F), there is healing The wound 

is completely healed and the skin returns to its natural color, with a slight 

burn effect remaining. The reason for healing is due to the fact that the 

leaves RC and hydrogel have high efficiency in treating and healing 

wounds, and are environmentally friendly, non-toxic, and anti-

inflammatory. and the results were obtained as shown in Figure (3-43) 

and Figure (3-44) . 
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Figure 3-43: Effect of the surface RC on the wound healing of mice during 

fourteen days. 
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Figure 3-44: Effect of the surface hydrogel on the wound healing of mice during 

fourteen days. 

However, when using a hydrogel loaded with RC, an increase in the 

wound healing efficiency of rats was observed during the first days of the 

wound. As shown in Figure 3-45 . 
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On the first day, mice were clearly injured on the first day of wounding, 

and they were treated with about (0.1 gm) from the surface (SA-g-P(ITA-

co-VBS)/ RC) as shown in image  (A) .On the Second to third day, an 

improvement was observed in the mice, where the rate of healing and 

improvement of mice was very clear, with some redness in the skin 

surrounding the mice as shown in image (C, b) .On the four and five  day, 

the clear results in image showed a clear healing of the mice and the 

return of the skin to its natural pink color, a clear evidence of the surface's 

efficiency in mice healing, as shown in image (D, E) 

On the seventh day, and according to the results shown in the image (F), 

there is a complete recovery of the mice and the return of the skin to its 

normal color, with a noticeable disappearance of the burn scar. This is 

due to the fact that (SA-g-P(ITA-co-VBS)/ RC) have high efficiency in 

treating and healing the mice. It is environmentally friendly, non-toxic 

and also considered an anti-inflammatory. In addition, there is 

biocompatibility with mammalian cells [126-128]. 
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Figure 3-45: Effect of the surface hydrogel\RC nanocomposite on the wound 

healing of mice during seven days. 
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Conclusions 

        Studies have been conducted to gain understandings and generic 

knowledge of the equilibrium aspects of adsorption of adsorbents, (SA-g-

P(ITA-co-VBS)/ RC), SA-g-P(ITA-co-VBS), RC surfaces. Removal of 

two dyes (Brilliant green BG dye , Malachite green MG dye  ) from 

aqueous solutions by adsorption with , (SA-g-P(ITA-co-VBS)/ RC)  

surfaces have been experimentally determined. The best results have been 

found in temperature 25 
o
C, and adsorbent dosage 0.05gm of, (SA-g-

P(ITA-co-VBS)/ RC) for both studying adsorption capacity and removal 

percentage and the following observations are made: 

1. The adsorption capacity and percentage of two dyes removal 

increase with increasing contact time, surface area, and 

temperature. But adsorption capacity has decreased with the 

increase of adsorbent dosage. 

2. The optimum contact time for equilibrium to be achieved is found 

to be 1 hr. It is basically due to saturation of the active site which 

does not allow further adsorption to take place. 

3. For MG and BG dyes on adsorbent surfaces, maximum adsorption 

was found to be at pH = 7 .  

4. The negative value of ∆G confirms the spontaneous nature 

adsorption process. The positive value of ∆S showed the increased 

randomness at the solid-solution interface during adsorption and 

the positive value of ∆H indicated the adsorption process was 

endothermic. 

5. The interaction between dose and initial concentration showed a 

significant effect on the adsorption process. Adsorbent showed fits 

better to Freundlich isotherm which suggests that adsorption is 

heterogeneous.  
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6. The adsorption efficiency for removal of  two  dyes (SA-g-P(ITA-

co-VBS)/ RC)  surface was found better than the SA-g-P(ITA-co-

VBS) and RC  . 

7. Removal of laboratory aqueous pollutants (dyes) by using (SA-g-

P(ITA-co-VBS)/ RC) to give low absorbance (0.0001) by using 

UV-Visible spectrophotometer at a chosen wavelength for 120 

minutes. 

8. The chemisorption, pseudo-first-order, and pseudo-second-order 

kinetic models were applied to test the experimental data. The 

pseudo-second -order exhibited the best fit for the kinetic studies. 

9. The (SA-g-P(ITA-co-VBS)/ RC) was regeneration with 100% can 

be desorbed in diluted HCl solution in the two dyes (MG and BG) 

adsorption process was investigated up to 2 steps under optimal 

conditions.  

10.  (SA-g-P(ITA-co-VBS)/ RC) had high antibacterial activity, that is, 

it had a higher effect on the Gram-positive bacteria than on the 

Gram-negative bacteria.  

11.  In two to seven days, according to the results, there is complete 

healing of the mice and the return of the skin to its natural color.  
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Future Works 

A study of adsorption of two dyes  using (SA-g-P(ITA-co-VBS)/ RC)  

hydrogel nanocomposite  work needs to be done to further understand the 

science behind the adsorption processes.  

1- The possibility of using these surfaces (SA-g-P(ITA-co-VBS)/ RC) 

hydrogel nanocomposite and (SA-g-P(ITA-co-VBS) to remove 

many contaminants such as heavy elements and pesticides and 

herbicides. 

2- Preparing new surfaces that are inexpensive, environmentally 

friendly, and the possibility of replacing RC with Zinc oxide, 

Titanium dioxide.  

3- Synthesizing new polymeric complexes adsorbent on the Cay, 

CNT and Activated carbon surfaces.
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 الخلاصة

ؽبِض ثٌٟٛ ) -ِطؼُ  -غ١ٕبد اٌظٛد٠َٛالاِذطبص  , اٌفبئك  عذ٠ذ ث١ٌّٛش ؾض١شر         

-SA-g-P(ITA-co)( / اٚساق ٔجبد اٌخشٚع  ,  ف١ٕ١ً ثٕض٠ٓ عٍفٛٔبد-4طٛد٠َٛ -ا٠زى١ٔٛه

VBS)/ RC)     ٞٛٔاٌّشزشوخ ثزطؼ١ُ اٌغزٚ  ح, رُ رؾض١شٖ ثٛاعطخ اٌجٍّش اٌٙلاَ اٌّبئٟ إٌب

( وّٕٛرط BG) خ(  ٚطجغخ الاخضش اٌلاِؼMG) اٌٍّى١ذ اٌخضشاء اٌظجغز١ٓ لإصاٌخاٌؾشح , 

.فٟ ٘زا اٌؼًّ , رُ رؾض١ش ِبدح ِبطخ عذ٠ذح طذ٠مخ ٌٍج١ئخ ٚثغ١طخ  خعجخ اٌغبِاٌّٛ ٌلأطجبؽ

 اٌٙلاَ اٌّبئSA-g-P (ITA-co-VBSٟ ِٚغزمشح ؽ١ش اػزّذ  رؾض١ش عطؾ١ٓ , الأٚي )

-SA-g-P (ITA- coػٍٝ ا١ٌٙذسٚعً   (RC)ٚاٌضبٟٔ اٌغطؼ ثؼذ رؾ١ًّ اٚساق ٔجبد اٌخشٚع 

VBS) /RC,  ّشاد ِخزٍفخػٍٝ  ِٛٔ دلاػزّبثبٚ٘زٖ الأعطؼ اٌغذ٠ذح رُ رؾض١ش٘ب ٟ٘( ITA 

 ٚ(VBS. اٌزٟ رُ اٌؾظٛي ػ١ٍٙب  حض اٌف١ض٠بئ١خ ٌٙزٖ اٌّٛاد اٌّؾضشرّذ دساعخ اٌخظبئ

 (UV-Visثبعزخذاَ رم١ٕبد ِخزٍفخ ِضً ثبعزخذاَ اٌزؾ١ًٍ اٌط١فٟ ٌلأشؼخ فٛق اٌجٕفغغ١خ اٌّشئ١خ )

( , اٌّغٙش TGAاٌؾشاسٞ اٌٛصٟٔ )( , اٌزؾ١ًٍ FT-IRرؾذ اٌؾّشاء ) خ, ِط١بف١خ الاشؼ

( , TEM(  , اٌّغٙش الإٌىزشٟٚٔ إٌبفز  )FESEMاٌىزشٟٚٔ اٌّبعؼ رٚ اٌّغبي إٌّجؼش ) 

 .( XRD)  خاٌغ١ٕ١ خ(  ؽ١ٛد الاشؼEDXالأشؼخ اٌغ١ٕ١خ اٌّشززخ ٌٍطبلخ )

رضّٕذ اٌزغبسة اٌؼ١ٍّخ ؽغبة اٌطٛي اٌّٛعٟ الاػظُ ٚدساعخ رؾغ١ٓ ظشٚف اٌزؾض١ش        

 VBS, رأص١ش و١ّخ  RCِغ أػٍٝ ٔغجخ أزفبؿ ِضً: رأص١ش و١ّخ  اٌٙلاَ اٌّبئٟ إٌبٔٛٞاٌزٟ أٔزغذ 

, ٚرأص١ش اٌجبدئ , اٌؼبًِ اٌّشبثه رأص١شزبو١ٔٛه , رأص١ش أٌغ١ٕبد اٌظٛد٠َٛ , ٠ِض إب, رأص١ش ؽ

. أ٠ضب ,  اٌضِٓ الأط ا١ٌٙذسٚع١ٕٟ , ٚرأص١ش اٌّز٠ت , ٚرأص١ش دسعخ اٌؾشاسح , ٚرأص١ش  ٚرأص١ش

, رأص١ش  ٚصْ اٌغطؼاٌظشٚف اٌّضٍٝ ٌّؼبِلاد  الاِزضاص ٟ٘: رأص١ش صِٓ الارضاْ , رأص١ش  دساعخ

 اػبدح رٕش١ظ اٌغطؼ دسعخ اٌؾشاسح ,  شسٚع١ٕٟ , شؾٕخ ٔمطخ اٌظفش , رأص١ِؾٍٛي الأط ا١ٌٙذ

ٔخ الاِزضاص ث١ٓ الأعطؼ اٌّخزٍفخ إصاٌخ اٌظجغز١ٓ , إصاٌخ اٌٍّٛصبد اٌّبئ١خ ٌٍؼ١ٕخ ِخزجش٠خ , ,ِمبس

إٌشبط اٌج١ٌٛٛعٟ اٌجىز١شٞ , اخزجبس اٌفطش٠بد ٚػلاط عشٚػ اٌفئشاْ ثبعزخذاَ صلاصخ أعطؼ 

 SA-g-P (ITA-co-VBS) ( ٚ SA-g-P (ITA-VBS) ) اٌٙلاَ اٌّبئٟ,  RCِؾضشح ِٓ 

/ RC)  َإٌبٔٛٞ. اٌّبئٟاٌٙلا 

رظٙش ٔزبئظ دساعخ الاِزضاص أْ ٔغجخ الإصاٌخ رضداد ِغ ص٠بدح ٚصْ اٌغطؼ ٚصِٓ الارضاْ .        

عبػخ. ٚثؼذ رٌه ٠ظجؼ الاِزضاص صبثزب. ص٠بدح و١ّخ  1ؽ١ش وبٔذ اٌظشٚف اٌّضٍٝ ٌضِٓ الارضاْ  

 ٚ ِٓ BGطجغخ ٚ MG(, ٚص٠بدح إٌغجخ اٌّئ٠ٛخ لإصاٌخ طجغخ g 0.1-0.01ؽٛاٌٟ )  غطؼاٌ

ٚوفبءح الاِزضاص  رمً ِٓ )  , ػٍٝ اٌزٛاٌٟ(% 75.88 - % 95.99( , )90.11%– %99.8)



 

 
 

6695 -  mg/g 995 ( , )5020 mg/g - 695 ٍٝػ )(SA-g-P(ITA-co-VBS)/ RC) 

∆ H ٟٕب١ِه , ؽ١ش رىْٛ ل١ّخ  الأضبٌجاٌذٚاي اٌضشِٛد٠ خرُ دساع .ثٕفظ اٌزشر١ت ١٘ذسٚعً

إٌٝ أْ ػ١ٍّخ الاِزضاص ٟ٘ رفبػً ِبص ٌٍؾشاسح. رؼزجش ع١ّغ ػ١ٍّبد الاِزضاص ِٛعجخ ِّب ٠ش١ش 

ب ل١ّخ ِٛعجخ رش١ش ٌٙ ∆Sفٟ ؽ١ٓ أْ الأزشٚثٟ   .∆Gٌـ   حطبلخ عجظ اٌؾش رغ١شل١ّخ ِٓ  رٍمبئ١خ

ا٠ضٚص١شِبد الاِزضاص   دساعخإٌٝ رفبػً اٌغض٠ئبد إٌبرظ ثشىً ػشٛائٟ ِٓ إٌظبَ اٌىٍٟ , وّب رُ 

Freundlich  ٚLangmuir ًٌمذ ٚعذ أْ ع١ّغ إٌزبئظ رزجغ ِٛد٠ .Freundlich  فٟ ٚعٛد

 / SA-g-P (ITAC-co-VBS) رّذ دساعخ ؽشو١بد الاِزضاص ٌظجغز١ٓ ػٍٝ ).   اٌظجغز١ٓ  .

RC)  ؽشو١ٗثبعزخذاَ صلاصخ ّٔبرط 

إٌّشظ غ١ش ٔجبد اٌخشٚع اٚساق ,   (RCٔجبد اٌخشٚع )اٚساق (ِمبسٔخ ث١ٓ رُ دساعخ          

 .(AACRC) )ثؾبِض اٌّؼبٌظ إٌّشظ  ٔجبد اٌخشٚع اٚساقٚ (ACRC)ؽبِض  -اٌّؼبٌظ 

 .(RC >ACRC >AACRCٌظجغز١ٓ ثبٌزشر١ت )٪(٠Eزُ رشر١ت أفضً إٌزبئظ ٌٕغجخ الإصاٌخ )

  ٚ  (SA-g-P (ITA-co-VBS) / RC)) حدساعخ ِمبسٔخ ث١ٓ الاعطؼ اٌّؾضش أ٠ضب رُ

(SA-g-P (ITAC-co-VBS)  ٚ(RC)  ٔغجخ الإصاٌخ  اػٍٝ  وّٛاد ِبطخ ؽ١ش رٛضؼ إٌزبئظ

(E)٪  )ٌٍٟٕٙبٔٛٞاٌ  لاَ اٌّبئ(SA-g-P (ITA-co- VBS) / RC)   الاخشٜ  ؼثبلأعطِمبسٔخ

 ثٕفظ اٌزشر١ت. MG  ٚ ,BG٪ ٌـ 62.28, ٚ  ٪92,451) ؽ١ش وبٔذ إٌزبئظ 

رُ دساعخ إػبدح اٌزذ٠ٚش ٚرٕش١ظ اٌغطؼ اٌّؾضش ٌٍؾظٛي ػٍٝ أداء افضً لإػبدح اٌزذ٠ٚش        

ٌٍّشوت اٌّؾضش. ثٕبءً ػٍٝ إٌزبئظ , ٠ّىٓ أْ رىْٛ اٌّشوجبد إٌب٠ٛٔخ اٌّؾضشح ِف١ذح وّٛاد 

ٗ ؽ١ش اػزّذح ػ١ٍّٚاػذح ٚطذ٠مخ ٌٍج١ئخ ٚفؼبٌخ ِٓ ؽ١ش اٌزىٍفخ ٚفؼبٌخ لإصاٌخ رٍٛس الأطجبؽ.

٪ ٠ّىٓ 100, رُ رغذ٠ذٖ ثٕغجخ  (SA-g-P (ITAC-co-VBS) / RC) اػبدح رٕش١ظ اٌغطؼ 

 .اٌّخففِض ا١ٌٙذسٚوٍٛس٠ه باِزظبطٗ فٟ ؽ

ٓ ( ٚٔٛػ١  (Aspergillus flavus)ٌج١ٌٛٛعٟ ٌٕٛع ٚاؽذ ِٓ اٌفطش٠بدرّذ دساعخ إٌشبط ا     

 (Pseudo monas) ٚاٌجىز١ش٠ب عبٌجخ اٌغشاَ  Staphylococcus)ِٓ اٌجىز١ش٠ب ِٛعجخ اٌغشاَ )

أظٙشد ٔزبئظ ِٕبطك اٌزضج١ظ اٌضلاصخ ِشوجبد ؽ١ش رُ إػطبء اٌّشوت   . ثبعزخذاَ صلاصخ أعطؼ  

(SA-g-P (ITAC-co-VBS) / RC)  ٔ.فٟ غضْٛ ١ِٛ٠ٓ إٌٝ  شبطًب ػب١ٌبً ِضبداً ٌٍجىز١ش٠ب

٘زا ٠شعغ إٌٝ  ٚػٛدح اٌغٍذ إٌٝ ٌٛٔٗ اٌطج١ؼٟ.عجؼخ أ٠بَ , ٚفمبً ٌٍٕزبئظ , ٕ٘بن شفبء وبًِ ٌٍفئشاْ 

   ٙب وفبءح ػب١ٌخ فٟ ػلاط اٌفئشاْ ٚشفبء٘ب.ٌ  (SA-g-P (ITAC-co-VBS) / RC)ؽم١مخ أْ 
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