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Abstract 

Ferric oxide nanoparticles Fe3O4NPs have been prepared by the coprecipitation 
method, which were used to functionalize the surface of electrospun nanofibers of 
polyacrylonitrile to increase their effectiveness in adsorption of Congo red (CR) 
dye from their aqueous solutions. The effect factors of adsorption were 
systematically investigated such as adsorbent mass, initial concentration, contact 
time, temperature, ionic strength and pH. The maximum adsorbed amount of the 
dye was at 0.003g of adsorbent. The adsorption of dye increased with increasing 
initial dye concentration and the system reaches to the equilibrium state at 150 
min. The adsorbed dye capacity decreases with increasing temperature which 
indicates to the exothermic nature of adsorption system. The results referred that 
the adsorption capacity increases with increasing ionic strength and it was in 
natural medium has a greatest value.  So, the desorption process was examined to 
demonstrate the possibility of recycling of the adsorbent surface. The desorbed 
dye from the studied adsorbent surface in basic solution was better than acidic 
solution.  

Keywords: Adsorption, Congo red, Nanofibers, Electrospining, Polyacrylonitrile, Ferric oxide 
nanoparticles, Desorption. 

Introduction 

There are many pollutants that contribute to environmental pollution, such as phenols, heavy 
metals, pesticides, radionuclides, etc [1]. However, dyes are an important class of pollutants that 
are produced in large quantities from textiles, tanneries, dyeing, leather, plastic, paper, plastic, 
cosmetic and paint industries [2, 3]. In general, dyes reduce light penetration and thus greatly 
affect photosynthesis activity [4]. Moreover, many dyes threaten aquatic organisms and human 
health due to their toxic and carcinogenic nature [5].  



2nd International Scientific Conference of Al-Ayen University (ISCAU-2020)

IOP Conf. Series: Materials Science and Engineering 928 (2020) 052024

IOP Publishing

doi:10.1088/1757-899X/928/5/052024

2 

To this day, Congo red is a typical anionic dye used in a wide range of industries, due to its 
surface adhesion force and low cost [6]. It is a known carcinogen due to the possibility of its 
metabolism to benzidine [7]. There are many water treatment technologies such as chemical 
oxidation [8], coagulation [9], electrochemical oxidation [10], coagulation [11] and adsorption 
[12]. It is a viable and helpful approach to remove dyes from water where adsorbents are 
continually developed [13, 14]. Therefore, nanofibers offer excellent adsorbents because of the 
high surface area per mass [15]. Since the ability to modify the surface of nanofibers with active 
substances, the incorporation of nanoparticles on the surface of nanofibers increases their 
capacity to remove ionic dyes from aqueous media [16]. 

In this work Fe3O4 nanoparticles was prepared and characterized by different techniques, such as 
infrared spectroscopy (FTIR), Atomic Force Microscopy (AFM), Scanning Electron Microscopy 
(SEM), X-ray dispersion spectroscopy (EDS), X-Ray Diffraction (XRD), Brunauer-Emmett-
Teller (BET) and Barrett-Joyner-Holland (BJH). The surface of electrospun polyacrylonitrile 
nanofibers functionalized with Fe3O4 nanoparticles to investigate the adsorption optimization of 
Congo red dye (CR) from aqueous solution. The effect of various factors were studied such as 
adsorbent mass, initial concentration, contact time, temperature, ionic strength and pH. The 
desorption of CR from adsorbent surface also was examined. 

Experimental 

Chemicals 

All used chemical materials (Polyacrylonitrile, dimethylformamide, ferrous sulfate heptahydrate, 
Ferric chloride, ammonium hydroxide, hydrochloric acid, sodium chloride, potassium chloride, 
sodium hydroxide, sodium carbonate and Congo red dye as shown in Figure 1.) have been 
purchased from Sigma-Aldrich. 

 

Figure 1. Chemical structure of (CR) dye. 

Instruments 

Hotplate stirrer LMS-1003 LabTech, Electronic balance CPA 22 Sartorius,  Mechanical stirrer 
HS-30D Wisest iv, Water Bath Shaker SWB-25 HYSC, spectrophotometer S8400 Shimadzu, X-
ray diffraction spectrophotometer XRD-6000 Shimadzu, Atomic force microscope AA-3000 
Phywe, Scanning electron microscope S8000 TESCAN, Thermo gravimetric analyzer TT-1000 
STA and Electro spinning instrument NE300 Invoke nose LTD. 

Prepared of Ferric oxide nanoparticles Fe2O3NPs 

Ferric oxide nanoparticles Fe2O3NPs were prepared using the coprecipitation method [17]. 
0.02M (500 mL) of ferrous sulfate FeSO4.7H2O aqueous solution was heated to 353 K, then 
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0.08M (400 mL) of ferric chloride FeCl3 aqueous solution was added drop by drop with the 
temperature maintaining.  After the completion of adding, 30% (20 mL) of ammonium 
hydroxide was added to the previous mixture in one batch with continuous stirring. The mixture 
was left to become at room temperature, then the product was collected and washed with distilled 
water several times. Finally, the resulting calcification was calcinated in the furnace at 773 K for 
180 min. 

Electrospinning of Polyacrylonitrile functionalized with Fe3O4 Nanoparticles  

A solution of polyacrylonitrile with concentration 7% wt/v was set up according previous work 
[18]. It is prepared utilizing dimethylformamide as a solvent at 323 K for 240 min with 
continuous stirring to acquire a homogeneous solution of polymer. The electrospinning solution 
was moved to a plastic syringe with capacity 20 mL associated with a nozzle 0.9 mm after 
addition 1% wt/v of the prepared Fe2O3NPs. The process was done under 30 kV and the solution 
of polymer stretched out towards the collected drum with a rotating speed 50 rpm and following 
rate 0.01 mL/min, along 0.19 m distance between the two electrodes. The produced nanofibres 
were dried at 333 K C for 180 min in a vacuum oven.  

Adsorbent surfaces 

The prepared nanofibers were cut to a circular pieces with a diameter 0.02 m to be used as 
adsorbent surfaces in the adsorption experiments. 

Experiments of adsorption  

The study of adsorption of CR dye onto electrospun nanofibers of polyacrylonitrile 
functionalized with Fe3O4NPs was performed by The amount of adsorption was explored by 
estimating the absorbance of the solution of Congo red dye CR with Uv-Vis spectrometer at a 
wavelength 497 nm. 

Results and discussion  

Fourier-transform infrared spectroscopy (FTIR) 

Fourier-transform infrared spectroscopy (FTIR) of the prepared Fe3O4NPs confirms the 
composition of the Fe-O bond that appeared at a frequency 686 cm-1 and 894 cm-1 [19], Figure. 
2.  . Moreover, a peak appears at 1654 cm-1 is attributed to the vibration of group C = O group 
which is shifted to a lower frequency, as a result to the adsorption of carbon dioxide molecules of 
the air at the surface of the prepared nanoparticles. It has been observed as for the 
polyacrylnitrile nanofibers functionalized with Fe3O4 nanoparticles, that the most of absorption 
peaks are shifted to a lower frequencies due to the interaction between the polyacrylonitrile 
molecules and nanoparticles, and these peaks are less intense compared to the unfunctionalized 
fibers, Figure. 3. 
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Figure. 2 FTIR spectrum of the prepared Fe3O4NPs. 

 

Figure. 3 FTIR spectrum of electrospun nanofibers of polyacrylonitrile functionalized with 
Fe3O4NPs. 

Atomic force microscope (AFM)                                            

Figure. 4 show the micrographs of atomic force microscope (AFM) of the prepared Fe3O4NPs. 
As shown in the two and three dimensions images have that the size of examined nanoparticles is 
29.8 nm and their thickness is 30 nm. 
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Figure. 4. AFM image of the prepared Fe3O4NPs. 

Scanning electron microscope (SEM) 

The morphology of prepared Fe3O4NPs surface were analyzed by scanning electron microscope, 
as shown in Figure. 5. It is noted that there is a high attraction between the particles, and they 
take the spinel shapes shape with diameters range (50-30) nm. It is noted from the surface 
morphology that there are swellings in the beds form in the nanofibers, which is due to the 
increased viscosity of the polymeric spinning solution as a result of the addition of ferric oxide 
nanoparticles. Fe3O4NPs distribution is also noticed with a small percentage, due to the small 
percentage of deformation, as shown in Figure. 6.  

 

 

Figure. 5. SEM image of the prepared Fe3O4NPs. 
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Figure. 6. SEM image of electrospun nanofibers of polyacrylonitrile functionalized with 
Fe3O4NPs. 

X-ray dispersion spectroscopy (EDS)  

Figure. 7 and 8 show the X-ray dispersion spectrum (EDS) for prepared Fe3O4NPs and 
polyacrylnitrile nanofibers functionalized with Fe3O4 Nanoparticles respectively, Figures (3-10). 
It is observed, that only iron and oxygen are present in EDX spectrum of Fe3O4NPs which 
confirms the purity of the prepared nanoparticles. On the other side, Figure. 8 confirms the 
presence of iron and oxygen due to the prepared nanoparticles in addition to carbon and nitrogen 
as essential elements in the polymer composition. 

 

Figure. 7. EDS spectrum of the prepared Fe3O4NPs. 
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Figure. 8. EDS spectrum of electrospun nanofibers of polyacrylonitrile functionalized with 
Fe3O4NPs. 

X-ray diffraction spectroscopy (XRD) 

The XRD diffraction pattern of the prepared Fe3O4 nanoparticles was obtained, as shown in 
Figure. 9 and the diffraction peaks corresponding to 2θ were 30.2796, 35.6456, 43.3467, 
53.6271, 57.3153, 62.8834 and 74.6700 which are refer to the spinel structure [20]. So, Deby 
Scherrer ś equation formula used to calculate the crystalline size of Fe3O4NPs [21]. It was found 
that the average of crystalline size is 30 nm. 

� =  
0.94 �

� cos ɵ
  … … … … (1) 

where D is the particle size in nm, λ is the used x-ray wavelength in (nm), β is the middle of the 
maximum beam width (FWHM) and θ is the angle of Bragg. Figure (3-14) shows that the 
polyacrylnitrile nanofibers functionalized with Fe3O4 nanoparticles retained with the amorphous 
character as diffraction patterns of Fe3O4NPs did not appear clearly, and this is due to the low 
ratio of functionalization (1%) with a simple appearance of the peak feature of Fe3O4NPs at 
2θ=45. 

 

Figure. 9. XRD spectrum of the prepared Fe3O4NPs. 
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Figure. 10. XRD spectrum of electrospun nanofibers of polyacrylonitrile functionalized with 
Fe3O4NPs. 

Thermal gravimetric analysis (TGA) 

Thermal gravimetric analysis was carried out for the nanofibers of polyacrylonitrile 
functionalized with Fe3O4NPs by heating them up to a temperature of 600°C and at a rate of 
100°C/min in an inert atmosphere. Figure. 11 shows that polyacrylonitrile functionalized with 
Fe3O4NPs have become more stable after the functionalization, where they remained stable after 
heating to 334.4°C, the loss rate reached 25.9%, and when the temperature reached 385.2°C, the 
percentage of weight loss reached 21.8%, and the amount of loss in the degree of 417.4°C was 
8.4% until it finally reached 22.8% at the degree of 594.9°C. The weight loss ratio of the 
functionalized nanofibers is about 78.9%, which is less than that of the pure nanofibers of 
polyacrylonitrile [22]. This is due to the improvement in the thermal properties of polymer due to 
the increase in the surface area relative to volume as a result of the functionalization with 
Fe3O4NPs. 

 

Figure. 11. TGA analysis of electrospun nanofibers of polyacrylonitrile functionalized with 
Fe3O4NPs. 

Surface area and porosity 

The surface area and porous surface of the adsorbed is one of the major factors affecting on the 
adsorption. So, Langmuir isotherm, Brunner-Emmett-Teller (BET) and Barrett-Joyner-Holland 
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(BJH) technique were used to determine the surface area and pore size the nanofibers of 
polyacrylonitrile functionalized with Fe3O4NPs. Figure. 12 shows Langmuir isotherm of 
adsorption- desorption of nitrogen gas on the surface of the functionalized nanofibers PAN-
Fe3O4NPs. It is noted an increase in the adsorption of gas molecules is observed with an 
increase in the pressure applied at all points. So, the adsorption isotherm follows type II, which 
refers to a multi-layer adsorption. Also, a decrease in the amount of gas desorbed when the 
applied pressure is decreases at all studied pressures.  

Figure. 13 shows BET diagram for nitrogen adsorption on the surface of the functionalized 
nanofibers, where it is observed that nitrogen gas molecules increase when the applied pressure 
increases to reach its highest value 0.1229 at a pressure of 0.355 P / P°. This means electrospun 
nanofibers of polyacrylonitrile functionalized with Fe3O4NPs have the ability to adsorb nitrogen 
gas molecules at all studied pressures. 

Figure. 14 shows BJH diagram for nitrogen gas adsorption on the functionalized nanofibers 
surface PAN-Fe3O4NPs. The average pore size is 1.21nm, and the surface area of nanofiber is 
12.217m2g-1. In general, the incompatibility of the explanations between the BET and BJH 
diagram of the studied fiber surface is not due to the incompatibility of the BJH model to the 
micro pores. 

 

Figure. 12 Langmuir diagram of adsorption- desorption of electrospun nanofibers of 
polyacrylonitrile functionalized with Fe3O4NPs. 

 

Figure. 13 BET diagram of adsorption- desorption of electrospun nanofibers of polyacrylonitrile 
functionalized with Fe3O4NPs. 
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Figure. 14 BJH diagram of adsorption- desorption of electrospun nanofibers of polyacrylonitrile 
functionalized with Fe3O4NPs. 

The Effect Factors on Adsorption 

The amount of adsorbed of Congo red dye �� (mg/g) was eastimated utilizing the following 
equation [23]: 

�� =
(	
 − 	�)�

�
… … … (2) 

where 	
 is the initial concentration of adsorbed (mg/L), 	� is the concentration of adsorbed at 
equilibrium (mg/L), V is the volume of solution (L) and w is the mass of adsorbent (g). 

The effect of adsorbent mass 

The adsorbent mass effect of nanofibers of polyacrylonitrile functionalized with Fe3O4NPs on 
the adsorption of Congo red dye at 25 0C was studied with an initial dye concentration 25mg / L, 
Figure 3-20. The amount of adsorbed dye increases with increasing mass of the adsorbent 
surface, as a result to the increase in the surface area which leads to an increase in adsorption 
sites [24]. As the highest adsorbed amount of the dye reached at 0.003g of adsorbent, after that 
the adsorbent mass became ineffective, reflecting the achievement of saturation status. 

 
Figure. 15 Effect of adsorbent mass of CR dye adsorption onto electrospun nanofibers of 

polyacrylonitrile functionalized with Fe3O4NPs. 

The effect of initial concentration 

The initial concentration effect of the adsorption of Congo red dye on nanofibers 
polyacrylonitrile functionalized with Fe3O4NPs was investigated at concentrations (5, 10, 15, 20, 
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25, 30) mg/L, adsorbent mass 0.003g and temperature 250C, Figure. 16. It is observed, that the 
adsorbed amount increases with increasing the dye concentration as a result to the adsorption 
capacity increasing. Thus, it is due to the increase in the diffusion rate, which leads to the mass 
transfer on the adsorbent surface [25]. 

 

Figure. 16 Effect of initial concentration of CR dye adsorption onto electrospun nanofibers of 
polyacrylonitrile functionalized with Fe3O4NPs. 

Effect of contact time 

The contact time effect of the adsorption of Congo red dye on nanofibers of polyacrylonitrile 
functionalized with Fe3O4NPs was investigated at initial concentration 30 mg/L, adsorbent mass 
0.003g and temperature 250C, Figure. 17. The adsorbed amount increases with increasing time 
until it reaches a stabilized value after 150 min, it is reflect that the adsorption system has been 
reached to the equilibrium state at this time. This is due to the saturation of all active sites on the 
adsorbent surface with the adsorbed molecules of Congo red dye [26]. 

 

Figure. 17 Effect of contact time of CR dye adsorption onto electrospun nanofibers of 
polyacrylonitrile functionalized with Fe3O4NPs 

Effect of temperature        

The temperature effect of the adsorption of congo red dye on nanofibers polyacrylonitrile 
functionalized with Fe3O4NPs was examined at temperatures (298, 303, 308, 312) K, initial 
concentration 30 mg/L and adsorbent mass 0.003 g, Figure. 18. The adsorbed dye capacity 
decreases with increasing temperature, which indicates the exothermic nature of studied system 
[27]. This is due to the increase in the kinetic energy of the adsorbed molecules as a result to the 
temperature increasing, which leads to a separation of those molecules from the adsorbent 
surface and their return to the solution.   
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Figure. 18 Effect of temperature of CR dye adsorption onto electrospun nanofibers of 
polyacrylonitrile functionalized with Fe3O4NPs. 

Effect of ionic strength 

The ionic strength effect of the adsorption of congo red dye on nanofibers polyacrylonitrile 
functionalized with Fe3O4NPs was examined with concentrations (0.1, 0.2, 0.3, 0.4) M of NaCl 
and KCl at initial concentration 30 mg/L, adsorbent mass 0.003 g and temperature 298 K, Figure. 
19.   The results showed that the adsorption capacity increases with increasing ionic strength, due 
to the fact that the salt collects the dye molecules in the solution. Hence, the Hydrophobicity 
property of dye increases and their solubility in water decrease to support the adsorption capacity 
increasing [28].   

 

Figure. 19 Effect of ionic strength of CR dye adsorption onto electrospun nanofibers of 
polyacrylonitrile functionalized with Fe3O4NPs.  

Effect of pH  

The pH effect the adsorption of Congo red dye on nanofibers polyacrylonitrile functionalized 
with Fe3O4NPs was investigated at an initial concentration 30 mg/L, adsorbent mass 0.003 g and 
temperature 298 K, Figure. 20. The information demonstrated that the adsorption capacity has a 
greatest value at natural medium, and it diminished when the pH of solution become higher. 
Thus, the electrostatic repulsion has been accrue at an alkaline medium which increases the 
negative charge of surface, which inhibits the adhesion of the anionic dye molecules onto the 
adsorbed surface [29].  
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Figure. 20 Effect of ionic strength of CR dye adsorption onto electrospun nanofibers of 
polyacrylonitrile functionalized with Fe3O4NPs 

Desorption investigation   

The study of desorption process was carried out to demonstrate the ability to recycle absorbent 
surfaces after the adsorption process. 0.1 M (10 mL) of an aqueous solution of hydrochloric acid, 
sodium chloride, potassium chloride, Sodium hydroxide and sodium carbonate were used to 
determine their effect on the desorption of Congo red dye from nanofibers polyacrylonitrile 
functionalized with Fe3O4NPs for 150 min, Figure. 21. 

As the amount of desorption of Congo red dye �� (mg/g) was founded using the following 
equations [30]:  

�� =
(	� ∗ ��
�.)

�
… … … (3) 

where 	� is the concentration of desorbed (mg/L), 	� is, V is the volume of solution (L) and w is 
the mass of adsorbent (g). 

It is noted from the experimental data that the highest desorption amount for the Congo red dye 
from the nanofibres surface is in the basic medium NaOH, which may be due to the high 
solubility of the dye in the basic solution compared to the acidic solution while the lowest 
desorption percentage is in Na3CO3medium. In general, the desorption process of the surface 
studied by various factors is low. It can be conclude that the studied nanofibers surface cannot be 
recycled using these factors due to the chemical adsorption of system. Hence, the disassociation 
of dye molecules from adsorbent surface is difficult [31].   

 

Figure. 21 Desorption of CR dye from electrospun nanofibers of polyacrylonitrile functionalized 
with Fe3O4NPs 
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Conclusion 

The electrospun nanofibers surface of polyacrylonitrile (PAN) were factionalized with Fe3O4NPs 
successfully for utilizing as an adsorbent to congo red (CR) dye from their aqueous solutions. It 
was characterized utilizing Fourier-transform infrared spectroscopy (FTIR), Atomic force 
microscope (AFM), Scanning electron microscope (SEM), X-ray dispersion spectrum (EDS), X-
ray diffraction spectroscopy (XRD), Thermal gravimetric analysis (TGA) and Brunner-Emmett-
Teller (BET) technique. The effect factors such as adsorbent mass, initial concentration, contact 
time, temperature, ionic strength and pH were investigated. The factionalized nanofibers 
appeared appreciable efficiency to adsorption of (CR) dye from aqueous solutions. The greatest 
adsorbed amount was at 0.003g of adsorbent and it increased with increasing initial 
concentration. The studied system reaches to the equilibrium at 150 min. So, the decreasing in 
the adsorbed dye capacity with increasing temperature refers to the exothermic nature of 
adsorption system. The results referred that the adsorption capacity increases with increasing 
ionic strength and it was in natural medium has a greatest value.  Additionally, the desorption 
process was examined to demonstrate the possibility of recycling of the adsorbent surface. It was 
found that the desorbed (CR) dye from the studied adsorbent surface in basic medium was better 
than acidic medium. 

References 

1- Chowdhary, P., Hare, V., & Raj, A. (2018). Book Review: Environmental Pollutants and 
Their Bioremediation Approaches. Frontiers in bioengineering and biotechnology, 6, 193.  

2- Gupta, V. K.; Suhas. Application of Low-Cost Adsorbents for Dye Removal – A Review. J. 
Environ. Manage. 2009, 90, 2313–2342. 

3- Kyzas, G. Z.; Fu, J.; Matis, K. A. The Change from Past to Future for Adsorbent Materials in 
Treatment of Dyeing Wastewaters. Materials 2013, 6, 5131–5158. 

4- Ferreira, A. M.; Coutinho, J. A. P.; Fernandes, A. M.; Freire, M. G. Complete Removal of 
Textile Dyes from Aqueous Media using Ionic-Liquid-Based Aqueous Two-Phase Systems. Sep. 
Purif. Technol. 2014, 128, 58–66. 

5- Ismail, M., Akhtar, K., Khan, M. I., Kamal, T., Khan, M. A., M Asiri, A. & Khan, S. B. 
(2019). Pollution, toxicity and carcinogenicity of organic dyes and their catalytic bio-
remediation. Current pharmaceutical design, 25(34), 3645-3663.  

6- Tan, K. B., Vakili, M., Horri, B. A., Poh, P. E., Abdullah, A. Z., & Salamatinia, B. (2015). 
Adsorption of dyes by nanomaterials: recent developments and adsorption mechanisms. 
Separation and Purification Technology, 150, 229-242.  

7- Huang, X., Yu, F., Peng, Q., & Huang, Y. (2018). Superb adsorption capacity of biochar 
derived from leather shavings for Congo red. RSC advances, 8(52), 29781-29788.  

8- Chafi, M., Gourich, B., Essadki, A. H., Vial, C., & Fabregat, A. (2011). Comparison of 
electrocoagulation using iron and aluminium electrodes with chemical coagulation for the 
removal of a highly soluble acid dye. Desalination, 281, 285-292.  

9- Patel, H., & Vashi, R. T. (2012). Removal of Congo Red dye from its aqueous solution using 
natural coagulants. Journal of Saudi Chemical Society, 16(2), 131-136.  



2nd International Scientific Conference of Al-Ayen University (ISCAU-2020)

IOP Conf. Series: Materials Science and Engineering 928 (2020) 052024

IOP Publishing

doi:10.1088/1757-899X/928/5/052024

15
 

10- Garcia-Segura, S., Ocon, J. D., & Chong, M. N. (2018). Electrochemical oxidation 
remediation of real wastewater effluents—a review. Process Safety and Environmental 
Protection, 113, 48-67.  

11- Sun, Y., Zhou, S., Chiang, P. C., & Shah, K. J. (2019). Evaluation and optimization of 
enhanced coagulation process: Water and energy nexus. Water-Energy Nexus, 2(1), 25-36.  

12- De Gisi, S., Lofrano, G., Grassi, M., & Notarnicola, M. (2016). Characteristics and 
adsorption capacities of low-cost sorbents for wastewater treatment: A review. Sustainable 
Materials and Technologies, 9, 10-40.  

13- Kaykhaii, M., Sasani, M., & Marghzari, S. (2018). Removal of dyes from the environment 
by adsorption process. Chem Mater Eng, 6(2), 31-35.  

14- Shabir, F., Sultan, M., Miyazaki, T., Saha, B. B., Askalany, A., Ali, I., ... & Shamshiri, R. R. 
(2020). Recent updates on the adsorption capacities of adsorbent-adsorbate pairs for heat 
transformation applications. Renewable and Sustainable Energy Reviews, 119, 109630.  

15- Naser, J. A., Himdan, T. A., & Ibraheim, A. J. (2017). Adsorption kinetic of malachite green 
dye from aqueous solutions by electrospun nanofiber Mat. Oriental Journal of Chemistry, 33(6), 
3121-3129.  

16- Fendi, W. J., & Naser, J. A. (2018). Adsorption Isotherms Study of Methylene Blue Dye on 
Membranes from Electrospun Nanofibers. Oriental Journal of Chemistry, 34(6), 2884-2894.  

17- Naser, J. A. (2016). Electrical Properties of Liquid Crystalline Compounds Doped with 
Ferric Oxide Nanoparticles Fe3O4. International Journal of Applied Chemistry, 12(4), 499-511.  

18- Jadoo, S. A., & Naser, J. A. (2019). Adsorption Thermodynamic Study of Congo Red Dye 
on Electrospun Nanofibers Mat of Polyacrylonitrile. Journal of Global Pharma Technology, 
11(7), 401-411.   

19 - Yusoff, A. H. M., Salimi, M. N., & Jamlos, M. F. (2017, April). Synthesis and 
characterization of biocompatible Fe3O4 nanoparticles at different pH. In AIP Conference 
Proceedings (Vol. 1835, No. 1, p. 020010). AIP Publishing LLC.  

20- Rahmawati, R., Taufiq, A., Sunaryono, S., Fuad, A., Yuliarto, B., Suyatman, S., & Kurniadi, 
D. (2018). Synthesis of magnetite (Fe3O4) nanoparticles from iron sands by coprecipitation-
ultrasonic irradiation methods. J. Mater. Environ. Sci, 9(3), 155-160.  

21- Monshi, A., Foroughi, M. R., & Monshi, M. R. (2012). Modified Scherrer equation to 
estimate more accurately nano-crystallite size using XRD. World journal of nano science and 
engineering, 2(3), 154-160.  

22- Gergin, İ., Ismar, E., & Sarac, A. S. (2017). Oxidative stabilization of polyacrylonitrile 
nanofibers and carbon nanofibers containing graphene oxide (GO): a spectroscopic and 
electrochemical study. Beilstein journal of nanotechnology, 8(1), 1616-1628.  

23- Nasuha, N., & Hameed, B. H. (2011). Adsorption of methylene blue from aqueous solution 
onto NaOH-modified rejected tea. Chemical engineering journal, 166(2), 783-786.  



2nd International Scientific Conference of Al-Ayen University (ISCAU-2020)

IOP Conf. Series: Materials Science and Engineering 928 (2020) 052024

IOP Publishing

doi:10.1088/1757-899X/928/5/052024

16

 

24- Kusic, H., Koprivanac, N., & Bozic, A. L. (2013). Environmental aspects on the 
photodegradation of reactive triazine dyes in aqueous media. Journal of Photochemistry and 
Photobiology A: Chemistry, 252, 131-144.  

25- Sayğılı, G. A. (2015). Synthesis, characterization and adsorption properties of a novel 
biomagnetic composite for the removal of Congo red from aqueous medium. Journal of 
Molecular Liquids, 211, 515-526.  

26- Saed, U. A. (2016). Batch and Continuous Adsorption of Chromium (VI) from Aqueous 
Solution Using Alhagi Forks and Tea Husk. Al-Nahrain Journal for Engineering Sciences, 19(1), 
98-106.  

27- Li, J., Su, S., Zhou, L., Kundrát, V., Abbot, A. M., Mushtaq, F., & Ye, H. (2013). Carbon 
nanowalls grown by microwave plasma enhanced chemical vapor deposition during the 
carbonization of polyacrylonitrile fibers. Journal of Applied Physics, 113(2), 024313. 

28- Mall, I. D., Srivastava, V. C., Agarwal, N. K., & Mishra, I. M. (2005). Removal of congo red 
from aqueous solution by bagasse fly ash and activated carbon: kinetic study and equilibrium 
isotherm analyses. Chemosphere, 61(4), 492-501. 

29- 32. Tanzifi, M., Karimipour, K., Najafifard, M., & Mirchenari, S. (2016). Removal of Congo 
Red Anionic Dye from Aqueous Solution Using  Polyaniline/TiO2 and Polypyrrole/TiO2 
Nanocomposites: Isotherm, Kinetic,  and Thermodynamic Studies. International Journal of 
Engineering-Transactions C: Aspects, 29(12), 1659-1669. 

30- Karim, A. B., Mounir, B., Hachkar, M., Bakasse, M., & Yaacoubi, A. (2017). 
Adsorption/desorption behavior of cationic dyes on Moroccan clay: equilibrium and mechanism. 
Journal of Materials and Environmental Science, 8, 1082-1096.  

31- Karthik, R., & Meenakshi, S. (2015). Removal of Cr (VI) ions by adsorption onto sodium 
alginate-polyaniline nanofibers. International journal of biological macromolecules, 72, 711-717.  

 

 


	MSEM9285024



