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In this study, copper oxide (CuO) was synthesized from plant extract (Capparis 

spinosa) using a green method, then graphene oxide (GO) was prepared using 

the Hummer modified method and reduced graphene oxide (rGO) was obtained 

by reducing it with hydrazine. The conductive polyaniline (PANI) was then 

synthesized. The binary nanocomposites (GO-CuO) and (rGO-CuO) were 

synthesized utilizing the aforementioned basic ingredients. Ultimately, the 

aforementioned binary composites with polyaniline (PANI) were used to 

prepare the ternary nanocomposites (GO-CuO-PANI), (rGO-CuO-PANI) using 

in situ polymerization. Nanocomposites were analyzed utilizing infrared 

techniques (FTIR), X-ray diffraction (X-ray), and Field emission scanning 

electron microscopy (FESEM). The memberans were synthesized by dissolving 

polyvinyl alcohol (PVA) in heated water and subsequently combining the 

resultant solution with the ternary nanocomposite in various weight ratios to 

produce the films. The electrical properties were examined using (PVA) single 

and (PVA) hybrid polymer membrane techniques (LCR) by incorporating a 

manufactured ternary nanocomposite (GO-CuO-PANI) at varying weight ratios 

(1, 2, 3, 4, 5%) and a nanocomposite (rGO-CuO-PANI) at weight ratios (2, 4, 6, 

8, 10%) within a specified frequency range (1KHz-5KHz) at a designated 

temperature (25
0
C). The electrical conductivity measurements indicated 

decrease  in the dielectric constant () where the highest value was (9.322) with 

the ratio (8%) for (PVA/rGO-CuO-PANI) membrane, the highest value for 

(PVA/GO-CuO-PANI membrane with the ratio (3%) was (9.718) and the 

dielectric loss factor (tan) for hybrid membranes (PVA) showed a decrease 
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with increasing frequency, reaching the highest value of (1.031) with a ratio of 

(10%) for (PVA/rGO-CuO-PANI) membrane and the highest value of 

(PVA/GO-CuO-PANI) membrane with a ratio of (3%) was (1.019). Alternating 

electrical conductivity (σa.c) showed an increase with increasing frequency. The 

alternating electrical conductivity (σa.c) rises with higher frequency. 

Measurements of thermal characteristics indicated that the thermal conductivity 

coefficient rises with an increase in the weight ratio of the reinforced 

nanoparticles. The ternary nanocomposite (GO-CuO-PANI) was employed to 

remove lead ion contamination and the using nanocomposites (GO-CuO), (rGO-

CuO) to remove contamination orange-G dye from dilute aqueous solutions. A 

number of factors influencing the lead ion and orange-G dye removal rate in the 

adsorbat were examined. The time required to remove lead ions and achieve 

equilibrium was (20 minutes) while the best surface removal (GO-CuO) was 

(30minutes) and the surface (rGO-CuO) was the best removal was (10 minutes). 

The optimal weight for removal (0.05g) at all the surfaces nanocomposites. The 

best Lead ion adsorption on the prepared surface was observed at (pH=8) while 

the best of removal for two surfaces (GO-CuO), (rGO-CuO) was (pH=2). The 

findings indicated that the adsorption process conforms to pseudo-second-order 

kinetics for two surfaces (GO-CuO), (rGO-CuO). The various thermodynamic 

functions of adsorption were studied as well the process is obviously 

exothermic for the lead ion and surface (GO-CuO), while the surface (rGO-

CuO) was endothermic (G) has exhibits negative values for binary 

nanocomposites, indicating that the adsorption processes transpire 

spontaneously. The molecules have become less constrained, according to 

positive (S) values. Because the study findings showed linear associations 

with strong correlation coefficients and were generally compatible with each 

other, the isotherm of the dye orange-G for the surface (rGO-CuO) exhibited 

greater conformity with the Freundlich isotherm, and the surface (GO-CuO) 

was exhibited greater conformity with the Temken isotherm.   
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Chapter one introduction and literature survey  

1.1 Introduction  

An increasing number of enterprises are releasing a wide variety of 

contaminants into the environment through water as a result of the ongoing 

trend toward industrialization. The petroleum, paint, textile, paper and pulp, 

food and drink, plastic tannery, and a host of other related sectors are all part of 

this category. Industrial effluents contain a variety of pollutants, such as dyes, 

heavy metals, and medications. Research in recent years has focused on 

developing environmentally friendly technologies for the removal of pollutants 

from effluents, as these contaminants can be harmful to ecosystem flora and 

fauna, carcinogenic, and exhibit other hazardous features [1]. Because of the 

increasing danger posed by these dyes to aquatic life and their toxic effects on 

humans, physical and chemical methods such as adsorption, sedimentation and 

filtration, as well as the photo oxidation method were used to remove these dyes 

[2]. Among the methods used to remove these dyes, adsorption is the best in 

terms of cost and energy required [3]. Pigments are mainly classified based on 

the structural structure into dyes (acid - basic - dispersed - azo - pigments of 

metal compounds)[4].Graphene oxide nano sheets were used as a high-

efficiency material to remove pigments because they contain functional oxygen 

groups such as alcohols, carboxylic acids and epoxides, and thus interact with 

the effective groups of those pollutants and their advantages are easily dispersed 

in water [5]. For ecological, evolutionary, and nutritional reasons as well as 

environmental ones, heavy metal toxicity is becoming an increasingly pressing 

concern. Heavy metals are major environmental contaminants [6][7]. The non-

biodegradable nature of heavy metals makes them extremely dangerous [8].   

Unlike organic contaminants, heavy metals in soil cannot be eliminated; instead, 

they can only be moved to a new location, a process that is extremely costly. 

Soil heavy metals pose a threat to plant and animal life as well as water quality 

and, by extension, human health, prompting the development of other 
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approaches to mitigate these dangers and contaminations [9]. Metals with a 

particular density more than 5 g/cm
3
 are known as heavy metals, and they have 

negative effects on both the environment and living things [10]. Green 

chemistry focuses on the production of desired products without generation of 

hazardous intermediate by products in chemical reaction processes. Integrating 

green chemistry principles into nanotechnology has led to the identification of 

environmentally friendly reagents that are multifunctional, which they can serve 

as a reducing agent as well as a capping agent  

1.2 Green Nanotechnology 

Green Nanotechnology is a method for creating nanomaterials that either use 

very little or no hazardous chemicals [11]. Nanomaterial synthesis is a 

significant technological challenge as well as a hub for innovation [12]. Metal 

nanoparticles can help treat a variety of environmental contaminants, including 

heavy metals, toxic dyes, and antimicrobial substances [13]. The synthesis of 

nanoparticles can be accomplished by physical, chemical, or biological 

processes [14]. Chemical methods are expensive and environmentally 

dangerous, but they can produce clean, well-defined nanoparticles. As an 

alternative to current nanoparticle production processes, the numerous uses of 

biological biomasses—such as yeast, bacteria, fungi, various plant extracts, and 

various algal extracts—offer low-cost, eco-friendly, and safe options. To make 

nanoparticles that are very stable, scientists employ a process called green 

synthesis [15].  
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1.3 Capparis spinosa 

The Capparidaceae family includes the perennial shrub genus Capparis, more 

often known as caper. Around 250 species belong to this genus. The plant, 

which goes by more than one name, makes good use of the abundant sunshine 

all summer long and shows no signs of water stress or photo-inhibition [16]. It 

has been used in the preparation of some nanocomposites in the green way due 

to the availability of effective phytochemicals in plant extract, especially in 

leaves such as ketones, aldehydes, flavones, amides, terpenoids, carboxylic 

acids, phenols, and ascorbic acids. These components are capable of reducing 

metal salts into metal nanoparticles[17].  

 

 

Figure (1-1) Capparis spinosa plant  
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1.4 Literature Survey 

        J. Hua et al. in 2013 conducted a study on the removal of methylene blue 

and orange pigments, as well as cadmium ions, utilizing magnetized graphene 

oxide nanomaterial. The study indicated that the highest adsorption capacity for 

the two dyes was (64.23 mg/g). For cadmium ions, the adsorption amplitude 

was 20.85 mg/g [18]. 

         J. Yang et al. in 2014 in a study conducted on the production of a novel 

nanocomposite designated as (PANI-GO-LS). To make this nanocomposite, 

aniline was polymerized in situ with graphene oxide and lignosulfonate. 

(FESEM, TEM, FTIR, and UV-VIS) spectroscopy were used to analyze the 

shape and structure of the (PANI-GO-LS) triple nanocomposite. Additionally, 

researchers investigated the nanocomposite's ability to absorb lead ions (II). 

Batch experiments were used to examine the effects on lead ion (II) absorption 

in aqueous solutions of different adsorption periods, starting pH values, 

adsorbent concentrations, and initial absorption concentrations. The results 

showed that the (PANI-GO-LS) triple nanocomposite shows great potential to 

remove (Pb
+2

) ions from wastewater [19]. 

          H. Raja et al. in 2015 concentrated on the manufacture of copper oxide  

nanoparticles using solution combustion utilizing plant extract from Gloriosa 

superba L. as a fuel source. Particles possess a monoclinic crystal structure, as 

shown by the XRD investigation. According to the scanning electron 

micrographs, the particles have a spherical shape [20]. 

         H. Mahdi et al in 2016 synthesized graphene oxide with magnesium 

oxide in order to eliminate the methylene blue color from its aqueous solution. 

The compound was characterized using transmission electron microscopy 

(TEM), Fourier transform infrared spectroscopy (FTIR), and X-ray diffraction 
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(XRD). Several variables were investigated, including acid function and 

concentration. The oxides were mixed in different proportions, corresponding to 

different ratios of acid function (10.5 and 9.7, respectively). The adsorption 

isotherms showed the best fit with the Langmuir isotherm[21]. 

          K. Henikish et al. in 2017 looked into the developed sol-gel method for 

producing nanoparticles of copper oxide. Numerous methods, such as X-ray 

diffraction (XRD), atomic force microscopy (AFM), scanning electron 

microscopy (SEM), and transmission electron microscopy (TEM), were used to 

analyze their surface. The XRD examination indicated the presence of CuO 

based on the reflection peaks and their relative intensities, while the spectrum 

revealed a particle size of around (21.11 nm). This size estimation was 

consistent with the values obtained from SEM and TEM. Analyzing CuO using 

AFM, SEM, and TEM revealed that the particle sizes fall within the nanoscale 

[22]. 

         S. Hariprasad et al. in 2018  conducted a study. The copper nanoparticles 

were synthesized utilizing a straightforward approach of environmentally 

friendly chemical reduction. This technology is both environmentally benign 

and economically efficient. The synthesis of copper nanoparticles at room 

temperature can be achieved effectively using this technology. The research 

paper presented the synthesis of copper nanoparticles using an tack out derived 

from the leaves of the plant Arivalanata. A (UV-VIS) spectrophotometer was 

used to confirm the presence of copper nanoparticles, and a combination of 

(UV-VIS, FTIR, SEM, and TEM) were employed to study their characteristics. 

E. coli, Staphylococcus aureus, Bacillus cereus, and Pseudomonas aeruginosa 

were used to test the antibacterial activity of copper nanoparticles[23].  

  

           Sally. K. S in 2018 conducted an experiment using two different ways to 

create copper oxide nanoparticles. The motivation of the experiment was to 

investigate the effectiveness of these nanoparticles in removing nickel and 
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cadmium(II) ions. Several parameters that influence the demineralization in the 

binary system on adsorbent (nanomaterials) have been investigated in this 

sector. Research shows that achieving equilibrium in a binary system including 

copper oxide nanoparticles made using the solution-gel approach takes (30 

minutes), while nanoparticles prepared using fig tree leaf extract require (21 

minutes). At a pH of (6), the ions were most effectively adsorbed on both 

surfaces. However, increasing the temperature was found to decrease the 

percentage of removal for both metals in the binary system, indicating that the 

process generates heat[24]. 

          E. T. Bakir . et al in 2018 and his colleagues synthesized graphene 

oxide, graphene, and Graphene-1,3,4-oxadiazole-2thiol (rGS) by combining 

varying proportions of this material. They compound was diagnosed  using 

techniques such as (FT-IR, XRD, SEM) to analyze the properties of the 

resulting membranes and assess their electrical conductivity. Electrical 

measurements were conducted within the frequency range of (5 KH to 0.5 MH) 

at standard room temperature. The findings indicated that there is Electrical 

conductivity increases with increasing frequency and decreasing the real and 

imaginary dielectric constant with increasing frequency [25] 

 

           Aseel. J. A in 2019 conducted a study on the removal of lead ions from 

aqueous solutions using prepared (NiMO/-Al2O3, new NiMO/-Al2O3, 

regenerated NiMO/-Al2O3) catalysts. The study examined various factors that 

affect the percentage removal of the metal onto the adsorbents. It was found that 

a contact time of (20 minutes) was sufficient for the removal of Pb
+2

 ions. The 

calculated values of the thermodynamic functions (ΔG, ΔH, ΔS) indicated that 

the adsorption process was spontaneous, exothermic, and exhibited less 

randomness when lead metal was present on NiMO/-Al2O3 catalysts[26]. 
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          Omar. G. H in 2019 synthesized  Graphene oxide, graphene, graphene 

with molybdate cobalt nanoparticles, graphene with ferrite oxide Cobalt The 

electrical properties of these membranes were examined, and the scientific 

findings demonstrated that the polymeric membranes incorporating graphene 

and its derivatives exhibited higher conductivity compared to films without 

nanomaterials. Additionally, these polymeric films were utilized in the 

production of highly efficient electrical amplifiers, with the results indicating a 

preference for dilators from the prepared cells. The materials used are graphene 

foils, cobalt ferrite oxide, and polyaniline[27]. 

          Abdulilah. A. O in 2019 prepared MgO by the gel-liquid method, (GO) 

by modified hummer method and secondary composite (GO/MgO). The 

prepared oxides were used to study the adsorption of orange-G  

dye, this study included the optimal conditions of adsorption. They found that 

the best equilibration time is (125 min), the acid function is (3), the weight of 

the adsorbed surface is (0.05 g), and the concentration is (10ppm). the results of 

the study showed high correlation coefficients of the pseudo-second order [28] 

          Ali. A. S in 2019 created pure PVA polymer and polymeric mixes 

membranes, specifically PVA:PVP, with varying weight ratios. An 

investigation was conducted on the optical, thermal, and electrical 

characteristics, specifically insulation, of polymeric alloys. The scientific 

findings indicate that the thermal conductivity coefficient exhibits irregular 

behavior when compared to the pure PVA polymer membrane. This irregular 

behavior is observed when the weight ratios of the additive are increased. 

Additionally, the impact of the weight ratio of the polymeric mixture on the 

insulating electrical properties of the membranes was investigated. The results 

demonstrate a decrease in both the insulation constant and the loss factor. As the 

frequency increases, the insulation also increases for all ratios, and the electrical 

conductivity of the membranes grow with the growing frequency [29]. 
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           Abdullwahab. H. M in 2020 conducted a study involving the 

preparation of graphene oxide and graphene, as well as various nanomaterials 

such as titanium oxide and manganese oxide. Additionally, conductive 

polymers including poly aniline (PANI), poly (ortho phenylene di amine) and 

poly (anthralic acid) (PANA) were prepared. The researcher also created binary 

and ternary nanocomposites using the aforementioned materials. The 

composition and shape of all materials were determined through diagnostic 

techniques such as (TEM, SEM, EDX, and FTIR) measurements. The electrical 

properties of these composites were analyzed by blending them with (PVA) to 

fabricate the membranes, and it was observed that at low frequency At the 

maximum values of both real and imaginary dielectric permittivity, it was 

observed that the electrical characteristics enhance with the addition of 

nanomaterials and an increase in their concentration[30]. 

         Raghad. L. K in 2020 synthesized (MnO2) using the sol-gel method and 

(GO) using the Hummer method. Additionally, a (GO-MnO2) nanocomposite 

was prepared with a weight ratio of (1:1). The prepared oxide was characterized 

using (AFM, FTIR, XRD, BET, and SEM). The produced nanocomposites were 

utilized for the adsorption of Congo Red and Rhodamin B from aqueous 

solutions. The study focused on the variables that influence the process of 

adsorption[31]. 

        Zamn. R . A in 2021 studied the properties of graphene oxide, reduced 

graphene oxide, zinc oxide, and copper oxide and their conductivity in PoPDA 

polymer. He synthesized binary nanocomposites (ZnO-GO, ZnO-rGO, CuO-

GO, and CuO-rGO), and novel triple nanocomposites using (PoPDA-CuO-GO). 

The electrical properties of these nanomaterials were analyzed using LCR 

techniques. The results showed an increase in dielectric constant values for 

hybrid PVA membranes, with the nanocomposite (ZnO-rGO-PoPDA:PVA) 

having higher values. The dielectric constant values for composites were also 

provided[32]. 



 

 

- 9 - 

         Nagham. J. A in 2021 created zinc oxide nanoparticles by utilizing 

Capparis Leaves Extract. Modern imaging modalities like atomic force energy 

dispersive X-ray spectroscopy, X-ray diffraction, , microscopy, Fourier 

transform infrared spectroscopy, and field emission scanning electron 

microscopy are utilized to portray each feature. This study examined several 

factors that influence the percentage of metal removal in a single system, 

including the volume of adsorbents and the time needed to achieve equilibrium 

in the removal of copper (II) and nickel (II) ions. A study demonstrated that it 

took (50 minutes) to eliminate the two metals from the surfaces of 

(CLE.ZnO.NP) and conventional zinc oxide. Additionally, it was observed that 

the removal of copper (II) and nickel (II) ions decreases slightly as the amount 

of adsorbents increases, but increases with an increase in surface weight. This 

process appears to be exothermic, since the impact of temperature on the 

elimination % seems to diminish with increasing temperature. Both surfaces' 

adsorption processes adhere to the pseudo second order equation, according to 

the data [33]. 

         F. Amin. et. al in 2021, Synthesized copper oxide nanoparticles are taken 

from the leaves of the Aerva javanica plant. X-Ray diffraction, Fourier 

transform infrared spectroscopy, and scanning electron microscopy were the 

three methods used to characterize copper oxide nanoparticles that were 

manufactured using the green way. The crystalline structure of CuO-NPs is 

shown by X-ray diffraction (XRD), with an average crystal size of 15 nm. 

Scanning electron microscopy revealed that the particles are spherical in shape 

and have a size ranging from 15 to 23 nanometers. The antibacterial potential of 

the produced CuO-NPs was investigated against several bacterial and fungal 

diseases. The results showed that CuO-NPs had the strongest antibacterial 

effects against all of the tested fungi and bacteria. Nanoparticles of copper oxide 

were tested for their antimicrobial activity in comparison to the gold standard 
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antibiotics, Norfloxacin and amphotericin B. Antimicrobial agent with the 

lowest inhibitory effectiveness. It was claimed that toxicity was minimal at 

doses below 60 µg/mL based on the cytotoxic activity of the produced CuO-

NPs [34] 

         Zahraa. M. Sh  in 2021 investigated how three dyes—Orange-G, 

Reactive Yellow 145, and Acid Fuchsin—adsorb onto a Nano Co-Polymer 

surface. Using condensation polymerization, the Nanoparticle Co-polymer was 

produced and subsequently evaluated using a variety of methods. The 

adsorption process was determined to be spontaneous, exothermic, and more 

random through the use of thermodynamic functions in the study. Using 

Freundlich, Temkin, and Langmuir assumptions, the data was evaluated, and the 

outcomes demonstrated a strong concordance with the isotherms [35]. 

         Aya. M. N in 2022 searched into four varieties of ternary nano 

composites: GO-ZnO-PANI, rGO-ZnO-PANI, GO-Fe3O4-PANI, and rGO-

Fe3O4-PANI. The methods of scanning electron microscopy (SEM), X-ray 

diffraction (XRD), and Fourier transform infrared spectroscopy (FTIR) are used 

to analyze all nanomaterials. Next, the films were created by dissolving 

polyvinyl alcohol (PVA) in hot water and combining the resultant solution with 

the previously synthesized compounds to produce the films. The electrical 

properties of the films and nano materials were analyzed using LCR 

measurements, while the thermal properties of the films were also examined. 

The polymer sheets with electrical characteristics were utilized for the 

fabrication of a supercapacitor[36].  

         L. A. Mohammed et al. in 2023   studied preparation, a ternary 

nanocomposite consisting of reduced graphene oxide (rGO), manganese oxide 

nanorods (MnO2), and poly (o-phenylenediamine) (PoPDA) was synthesized. 

Furthermore, the nanocomposite (rGO-MnO2-PoPDA/PVA) was utilized to 

produce films with different weight percentages (ranging from 1% to 5%) of 
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PVA. Regarding these manufactured films, the study examined the dielectric 

properties of real (ε), imaginary part of dielectric constant (ε"), and electrical 

conductivity (ac). The investigation demonstrated that the real and imaginary 

permittivity reached their maximum value at the lowest frequency and 

subsequently commenced. The frequency exhibited a progressive drop, whereas 

the electrical conductivity demonstrated a gradual increase.  

Surge in occurrence. Where there is a noticeable rise in the value of electrical 

conductivity[37]. 

          Afrah. A. J in 2023 prepared of (CuO) by aqueous solution of the plant 

extract (cumin). As well as the preparation of nanocomposite (MWCNTs/ 

CuO). Research was conducted on the adsorption process of rhodamine B and 

red Congo dyes, taking into account the effects of equilibrium time, surface 

weight, pH function, initial concentration, and temperature [38].  

        D. Bejjanki et al. in 2023 The study presents a chemical oxidation 

polymerization method for creating a ternary nanocomposite, SnO2/rGO/PANI, 

with superior specific capacitance, energy density, and performance, making it a 

promising supercapacitor electrode material.[39]. 
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1.5 Aim of study 

1. Preparation of nano oxides: graphene oxide (GO), reduced 

graphene oxide (rGO),  and copper oxide (CuO) using a green 

method that included a reducing agent made from a plant extract 

from Capparies spinosa . 

2. Fabrication of pure PVA films and supported utilizing  ternary 

nanocomposites (GO-CuO-PANI), (rGO-CuO-PANI) and analyze 

the characteristics of these membranes in electrical and thermal 

conductivity. 

3. The removal of both orange-G dye and lead ion from their aqueous 

solutions with eco-friendly nano chemicals.  

4. Investigation of the optimal conditions for the adsorption of 

orange-G dye on the synthesized nano-surfaces (GO-CuO), (rGO-

CuO), and lead ion on the surface (GO-CuO-PANI) including the 

weight of the adsorbent surface, equilibrium time, pH, 

concentration, and temperature. 

5.   Determine the activation energy value and the rate constant for 

the adsorption process for each surface and with of the orange-G 

dye by using the first and second order models to study the 

reaction's kinetics. 

 

 

  



 

 

 

 

( Capparis spinosaيٍ انًغخخهض انُببحً ) (CuO) كغٍذ انُحبطٔفً ْزِ انذساعت حى حظٍُع أ

( ببعخخذاو طشٌمت ْبيش انًعذنت ٔحى GOكغٍذ انضشافٍٍ )ٔببعخخذاو انطشٌمت انخضشاء، رى حى ححضٍش أ

ببنٍٓذساصٌٍ. رى حى حظٍُع انبٕنً  اخخضانّ ( عٍ طشٌك rGO) انًخخضل كغٍذ انضشافٍٍ ٔأنحظٕل عهى ا

( GO-CuO( ٔ )rGO-CuOكببث انُبٌَٕت انزُبئٍت )اشخ(. حى حظٍُع انPANIًأٍَهٍٍ انًٕطم )

 أعلاِ كببث انزُبئٍت انًزكٕسةاشخببعخخذاو انًكَٕبث الأعبعٍت انًزكٕسة أعلاِ. فً انُٓبٌت ، حى اعخخذاو انً

-rGO)،  (GO-CuO-PANI)كببث انُبٌَٕت انزلارٍت )اشخنخحضٍش انً PANI)يع انبٕنً اٍَهٍٍ )

CuO-PANI) ًالأشعت ححج  حمٍُبثكببث انُبٌَٕت ببعخخذاو اشخببعخخذاو انبهًشة فً انًٕلع. حى ححهٍم ان

لاَبعبد كخشًَٔ انًبعح نالإن نًضٓش( ، ٔاXRD( ، ٔحٍٕد الأشعت انغٍٍُت )FTIRانحًشاء )

(FESEMُحى حظ .) انكحٕل )بٕنً فٍٍُم ٍع الأغشٍت عٍ طشٌك إرابت(PVA  ديشفً انًبء انغبخٍ رى  

 .فلاوً بُغب ٔصٌ يخخهفت لإَخبس الأكب انُبَٕي انزلارخشاانًيع انًحهٕل انُبحش 

    ٔ اغشٍت انًفشدة (PVA)لاغشٍت  بٕنًٍش (LCR) حمٍُبث  ببعخخذاو  ظبئض انكٓشببئٍتحى فحض انخ 

   (PVA)انًحضشزلارً انُبَٕي انكب اشخًانيٍ خلال ديش  انٓضٍُت (GO-CuO-PANI ٌبُغب ٔص )

، 8، 6،  4،  2( بُغب ٔصٌ )rGO-CuO-PANIُبَٕي )انكب اشخًان٪( 5ٔ،  4،  3،  2،  1) خخهفتي

C)25 حشاسة يحذدةعُذ دسصت ٔ(  (1KHz-5KHzًٍ َطبق حشدد يحذد٪( ض10
0

لٍبعبث (. أشبسث 

( يع .3229حٍذ بهغج اعهى لًٍت )( خفبع فً رببج انعضل انكٓشببئً )إنى اَ ت انكٓشببئٍ ًٕطهٍتان

 PVA/GO-CuO-PANI)ٔاعهى لًٍت نغشبء ) (PVA/rGO-CuO-PANI)%( نغشبء 8انُغبت )

( نلأغشٍت انٓضٍُت tanعبيم فمذاٌ انعضل انكٓشببئً )ٔكزنك  (9.718)( ٔكبَج 3يع انُغبت )%

(PVA )  نغشبء  (%10)يع انُغبت (1.031) اظٓش اَخفبع يع صٌبدة انخشدد حٍذ بهغج اعهى لًٍت

(PVA/rGO-CuO-PANI) ( ٔاعهى لًٍت نغشبء(PVA/GO-CuO-PANI %( 3يع انُغبت )

 .يع صٌبدة انخشدد فبظٓشث اسحفبعب (σa.cانًٕطهٍت انكٓشببئٍت انًخُبٔبت ) ايب. (1.019)ٔكبَج 

بت ٔصٌ أشبسث لٍبعبث انخظبئض انحشاسٌت إنى أٌ يعبيم انخٕطٍم انحشاسي ٌشحفع يع صٌبدة َغ 

( لإصانت حهٕد GO-CuO-PANIكب انُبَٕي انزلارً )اشخ. حى اعخخذاو انًٓضٍُت انضغًٍبث انُبٌَٕت ان

ظبغت حهٕد انلإصانت  GO-CuO) )، ((rGO-CuOكببث انُبٌَٕتاشخإٌَٔبث انشطبص ٔاعخخذاو انً

حى فحض عذد يٍ انعٕايم انًؤرشة عهى يعذل  انًبئٍت انًخففت.  ٓبيحبنٍه يٍ orange-G)) ٍتانبشحمبن

ت لإصانت إٌَٔبث انًذة انلاصيكبَج . ًبدة انًًخضةهن  (OG) ٍتظبغت انبشحمبنانإٌٌٔ انشطبص ٔحهٕد إصانت 

دلٍمت( 30 (ًْ (GO-CuO)ج افضم اصانت نهغطح دلٍمت( بًٍُب كبَ 20ٌ ًْ )اضلاحانشطبص ٔححمٍك ا



 

 

صشاو( فً  0.05( ، انٕصٌ الأيزم نلإصانت )ٍمتدل 10) نّ ًْ أفضم إصانت كبَج ( rGO-CuOٔانغطح )

الاط  لإٌٌٔ انشطبص عهى انغطح انًحضش عُذ ضاصانُبٌَٕت. نٕحع أفضم ايخ اعطح انًخشاكببثصًٍع 

. (PH=2)عُذ  (GO-CuO) (rGO-CuO) هغطحٍٍنأفضم إصانت  ج( بًٍُب كبَ=8PH)انٍٓذسٔصًٍُ 

،  (GO-CuO)هغطحٍٍ ن كبربتانزبٍَت ان ًشحبتالايخضاص حخٕافك يع حشكٍت ان أشبسث انُخبئش إنى أٌ عًهٍت

(rGO-CuO)ٌضب ، ٔيٍ انٕاضح أٌ . حًج دساعت انٕظبئف انذٌُبيٍكٍت انحشاسٌت انًخخهفت نلايخضاص أ

-rGO( ، فً حٍٍ أٌ انغطح )GO-CuO)نغطح ٔا ببنُغبت لإٌٌ انشطبص ت نهحشاسةببعز انعًهٍت

CuOنهحشاسة  ب( كبٌ يبط,(Gنّ لٍى ع )يًب ٌشٍش إنى أٌ عًهٍبث  كببث انُبٌَٕت انزُبئٍت اشخنهً بنبت

نظبغت اٌضٔرٍشو اأظٓش  (. Sٔفمب نهمٍى انًٕصبت ) الايخضاص ححذد حهمبئٍب. أطبحج انضضٌئبث ألم حمٍٍذا ،

-GOٔأظٓش انغطح )  اٌضٔرٍشو فشٌُذنش( حطببمب أكبش يع rGO-CuOنهغطح ) OG)) انبشحمبنٍت

CuOاٌضٔرٍشو حًٍكٍ  ( حطببمب أكبش يع. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

      وزارة التعلين العالي والبحث العلوي

 جاهعــــــت ديــــــــــــالـى

 كليـــــــــت العلـــــــــــىم

 قســـــــــــن الكيويـــــــاء

 

 

 

 ولىثاث هي هحاليلها الوائيتاللأزالت بعض تحضير هتراكباث 

 

 سعـــبنت يمذيــــت انى 

 صبيعت دٌبنى /يضهظ كهٍت انعهٕو 

 ًْٔ صضء يٍ يخطهببث ٍَم دسصت انًبصغخٍش فً عهٕو انكًٍٍبء

  

 يٍ لبم انطبنبت

 رين هرواى كيلاى

 1212بكالىريىس في علىم الكيوياء 

جاهعـــــت ديالـــــــى –العلــــــىم كليـــــــــت   
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