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Abstract  

In this work, Polyacrylonitrile nanofibers were enhanced by graphene oxide and zinc 
oxide, in terms of enhanced the photocatalytic activity and mechanical properties for the 
composite nanofibers.  Photocatalytic degradation of two organic dyes methylene blue 
dye and indigo carmine dye from the simulated industrial wastewaters has been 
investigated under visible light irradiation. Composite nanofibers fabricated by using 
electrospinning technique followed by chemical cross-linking with zinc oxide. The 
surface sensitization and morphology changes of the fabricated composite nanofibers 
were studied using Fourier transform infrared spectroscopy analysis, Scanning Electron 
Microscopy and transmission electron microscope. Sensitized zinc oxide with graphene 
oxide showed higher efficiency in the degradation of MB with a 96% of degradation 
efficiency after 70 min and 98% for IC after merely 27 min. The optimum catalytic 
parameters such as initial organic dye concentration and pH were discussed. The efficacy 
of degradation of methylene blue dye and indigo carmine increased as initial 
concentration decreased. The optimal pH was around 5 where the reaction rate decreases 
above and under this pH value.   

 

Keywords: Photocatalyst activity; Nanofibers; Graphene oxide; Zinc oxide; 

Electrospinning; Methylene blue; Indigo carmine.  

1. Introduction  
 

      The exponential growth of human population and the condensation of agricultural and 
industrial activities led to a continuous increase in the demand for the earth's limited 
supply of freshwater [1, 2]. In this context, the protection of natural water resources and 
development of new technologies for water and wastewater treatment became key 
environmental issues. Even though many different water treatment technologies have 
been proposed [3, 4]. Photocatalytic degradation over semiconducting oxide surfaces of 
organic pollutants has attracted attention due to its easy operation, moderate reaction, 
high efficiency condition, and low cost [5, 6]. Among these photocatalysts, ZnO has been 
one of the most popular candidates because of its high photocatalytic activity, non-toxic 
nature, high chemical and thermal stability and a wide band gap of (3.37 eV) as compared 
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to TiO2 (Ebg anatase = 3.2 eV) at room temperature [7, 8]. It is capable of generating 
hydroxyl radicals in sufficient quantity and it is transparent to most of the solar spectrum 
with high transparency in the range of 0.4-2 µm optical wavelength range [9].  

 

       Graphene oxide (GO)  can easily be mixed with different polymers and other 
materials, because of its band gap and conductivity, which enhanced the properties of 
composite materials like tensile strength, conductivity, elasticity and more [10, 11]. GO 
acted as p-type semiconductor photocatalyst which is equal to 1.79 eV [12, 13], but not 
active in the visible range. Therefore, graphene oxide powder was selected and used not 
only to increase the surface area, but also to enhance the apparent quantum efficiency 
owing to their high aspect ratio and unique electrical properties [14, 15]. The hexagonal 
atomic structure of graphene is able to supply a building platform for the epitaxial growth 
of other hexagonal nanostructures such as ZnO, TiO2 and SnO2 [16, 17]. In addition, 
graphene based semiconductor composites greatly improve the photocatalytic properties 
of these host materials [18, 19]. In general, the small size of ZnO nanoparticles have 
increased the specific surface area and the number of active surface sites where the 
photogenerated charge carriers are able to react to absorbed molecules [20, 21]. 
 

      The purpose of this study is to develop an efficient photocatalyst for the degradation 
of organic dyes based on a novel composite nanofibers containing nano zinc oxide 
incorporated graphene oxide and polyacrylonitrile (PAN). Therefore, in this work ZnO is 
chemically crosslinked to electrospun PAN/GO nanofibers in order to increase the 
photodegradation efficiency of the two organic dyes MB and IC under visible light. MB 
and IC are a very widespread textile dyestuff widely used for dyeing cotton and wool 
fabrics which used in this work as a model for wastewater polluted dye [22]. Most of the 
waste dyestuff used in textile industry ends into wastewater. Therefore, the treatment of 
this hazardous substance is urgent since they inhibit the entry of light in the river and can 
be toxic cleavage products [23, 24]. In addition, these technologies can be considered as 
environmentally friendly technologies which have high efficiency and no need for high 
space [25, 26].  
 
 

2. Experimental 

2.1. Materials 

      Indigo carmine, Methylene blue, Glitaric dialdehyde, ethanol and organic solvent 
from Alfa Aesar, MA, USA. Graphene oxide powder (796034 Aldrich), 15-20 sheets, 4-
10% edge-oxidized were brought from Sigma Aldrich, USA. Polyacrylonitrile (PAN), 
homopolymer, average molecular weight MW = 150,000. N,N - dimethylformamide 
(DMF), Alfa Aser Co. Ltd., Massachusetts, USA. All chemicals were used without any 
further purification as analytical reagent grade. 
 

2.2. Preparation of PAN/GO–ZnO composite nanofibers  
 
      The PAN Spinning solution (dopes) was prepared by dissolving PAN (10 wt.%) in 
DMF under mechanical stirring for 8 h at 35 °C. Then, 1 wt.% of GO  was slowly 
dispersed to the PAN solution at 35 °C and stirring was continued for 24 h to ensure 
complete dissolution and then sonicated for 4 h. The dissolution also reduces the viscosity 
to a level at which spinning becomes possible [27]. The PAN/GO solutions were extruded 
using a syringe pump into a 3 ml plastic syringe with 0.9 mm inner diameter. Adjusting 
the electrospinning parameters as follows, DC voltage of 25 kV, with a tip of the needle-
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collector distance of 15 cm and a feeding rate of 0.5 mL/h was applied to fabricate the 
PAN/GO nanofibers [28].  
 

The crosslinking of the PAN/GO composite nanofibers to ZnO was carried out as 
follows: PAN/GO composite nanofibers was immersed into the crosslinking medium 
containing 2.5 wt. % Glutaraldehyde (GA), and kept shaking for 24 h at room 
temperature. After that washed and dried, then 2 ml of an aqueous dispersion of ZnO was 
added to the composite nanofibers and kept shaking for 24 h. The crosslinked composite 
nanofibers were washed out with deionized water and ethanol, and then dried. The 
schematic diagram for fabrication of the electrospun nanofibers is represented in Fig. 1. 

 

 
 

Fig. 1: Schematic diagram for fabrication of the Photocatalytic based nanofibers. 
 

2.3. Nanofibers characterization methods 

The morphology of the composite nanofibers were examined using field emission 
scanning electron microscopy (SEM, FEI Quanta FEG 250, Czech Republic) and 
Transmission Electron Microscopy (TEM, JEM-2100F, Joel USA, Inc). Fourier transform 
infrared spectroscopy (JASCO FT/IR-6100, Japan) was used to identify and classify the 
functional groups of PAN/GO–ZnO fibers. The concentration of MB and IC in the 
solution was measured using UV–vis/NIR spectrophotometer at the maximum absorption 
wavelength (λmax) of 664 nm and 610 nm for MB and IC, respectively. 

 
2.4. Photodegradation experiments      
 

      The experiments were prepared by using 50×50 mm2 of the photocatalytic based 
nanofibers placed into the beaker containing MB or IC solution (50 mL). After visible 
light irradiation (150 W), 2 mL of the dye solution was withdrawn from the reservoir at a 
fixed interval of time. All experiments were duplicated at the same visible light power 
and room temperature to assure the consistency and reproducibility of the results. The 
visible light photocatalytic degradation of the dye solution was measured using a UV–

Magnetic stirrer 
for 8 h at 35 °C  

Ultrasonic bath for 4 h  

High voltage power supply with a DC voltage of 25 kV 
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vis/NIR spectrophotometer. The degradation efficiency of MB and IC was calculated by 
the following equation (1)  
 

                                 Degradation	efficiency	� � �����
��

� � 	100%																																				�1� 

 
Where, Co (mg/L) is the initial concentration of MB and IC before irradiation, and C 

(mg/L) is the concentration of MB and IC solution measured after irradiation [29]. The 
pH value of the dye solution was adjusted between 3 and 9 by the addition HCl solution. 
 

3. Results and Discussion 

3.1. Characterization of photocatalytic nanofibers 

      The SEM images of the PAN/GO and PAN/GO-ZnO composite nanofibers are shown 
in Fig. 2. The morphology of PAN/GO nanofibers as depicted in Fig. 2a shows clearly 
fine, smooth, and uniform composite nanofibers with an average diameters about 220 ± 
10 nm. In addition, Fig. 2b shown the PAN/GO nanofibers crosslinking with ZnO NPs. 
The SEM image showed that the nanofibers have a smooth surface and the ZnO NPs were 
randomly distributed on it. The average diameters of PAN/GO-ZnO nanofibers are about 
140 ± 10 nm. 
 

 
 

Fig. 2: SEM images of the fabricated composite nanofibers of: (a) PAN/GO and  
(b) PAN/GO–ZnO. 

      In addition, microstructure and morphology of the two photocatalytic based 
nanofibers systems PAN/ZnO and PAN/GO-ZnO are further investigated by TEM as 
shown in Fig. 3. The presence of both ZnO and GO as shown in Fig. 3b causes to 
decrease the solution’s viscosity and increase the conductivity of the electrospun solution 
[30, 31]. A reduction in fiber diameter is very helpful to increase the active surface area 
and improve the ability of the photocatalytic. The layers of GO are smooth and thin 
wrinkled layers as illustrated in Fig. 3b. 
 

B A 
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Fig. 3: TEM images of the fabricated photocatalytic based nanofibers of: (a) PAN/ZnO 
and (b) PAN/GO-ZnO. 

 
      FTIR was carried out for verifying the original specifications of the comonomer types 
contained in the fabricated photocatalytic based nanofibers of: PAN/GO and PAN/GO-
ZnO in the region between 4000 and 400 cm-1. The stretching of C=O bonds from the 
remnant functional groups present on the GO surface appear close to 1600 cm−1 [32]. 
Bands assigned to stretching vibrations of C–C bonds from the diene appear at around 
1445 and 1375 cm−1. There are three characteristic peaks of GO at 3403, 1673 and 1082 
cm-1, indicating the presence of hydroxyl, carbonyl and epoxy groups, respectively [33, 
34]. Furthermore, Fig. 4 shows a transmittance band of PAN/GO-ZnO at 2926 cm−1. This 
band is corresponding to the vibrations of the C–H bonds (ν, C–H) belongs to the methyl 
groups of the isoprene unit. The transmittance peak at 433 cm-1 refers to stretching, 
vibration bond of Zn-O [35]. The incorporation of nanoparticles results almost no 
differences of wavenumbers in the FTIR spectra of the PAN/GO-ZnO but their intensities 
are slightly increased. We confidently believe that the interaction between ZnO and GO 
nanoparticles embedded in PAN matrix is physical, not chemical [36]. The band observed 
at 3159,1520, and 1152 cm-1 assigned to the aliphatic C–H bending vibration of the CH2 
of polymeric chain, while the band observed at 900 cm-1 is assigned to N-O [37] . 

 
Fig. 4: FTIR spectrum of PAN/GO and PAN/GO-ZnO photocatalytic based nanofibers 

A B A 

GO 

ZnO 

ZnO 
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3.2. Photocatalytic performance  

   Fig. 5 shows the degradation profile (� ��� ) with irradiation time, where Co (mg/L) 
is the initial concentration of MB and IC before irradiation, and C (mg/L) is the 
concentration of MB and IC solution measured after irradiation at fixed intervals of time. 
It is clear from Fig .5a that the degradation efficiency of MB achieved by PAN/GO, 
PAN/ZnO, and PAN/GO-ZnO nanofibers after 20 min irradiation time is about 40%, 
60%, and 85%, respectively. In addition, the maximum degradation efficiency of MB 
using the three types of photocatalytic nanofibers was achieved after 70 min irradiation 
time. It is obvious that PAN/GO-ZnO exhibits the highest degradation efficiency among 
the three types of photocatalytic nanofibers with a 96% of degradation efficiency after 70 
min. In the case of IC the degradation rate is higher compared to MB as shown in Fig. 
5(b) in which 98% of degradation was obtained after 27 min of irradiation time by using 
PAN/GO-ZnO photocatalytic nanofibers. Thus the rates follow the trend, PAN/GO-ZnO 
> PAN/ZnO > PAN/GO, which is the same trend is observed for the degradation of MB. 
Table 1: provide a comparison of photocatalytic activities of materials used for 
photocatalytic degradation of dyes under visible irradiation. 

 
      The photocatalytic performance could be further investigated by commonly applied 
Pseudo-first order kinetics equation [38], which could be expressed by following 
equation: 

            
                                                   	 ! ��

� � "	#$																																																															(2)	
Where, k is the first-order rate constant, and	$ (min) is irradiation time interval. The 
photocatalytic performance could be evaluated by k, and a higher value indicates a higher 
photocatalytic activity. The relation between �	 ! ��

� �  versus irradiation time (t) from the 

PAN/GO-ZnO, PAN/ZnO, and PAN/GO nanofibers, as well as their fitting lines, are 
shown in Fig. 6 and the first- order rate constants ka  is obtained from the slope of the 
plot. 
 

 

Fig. 5 Photocatalytic performance of (a) MB and (b) IC (10 ppm, and pH 5) as a function 
of irradiation time onto PAN/GO, PAN/ZnO, and PAN/GO-ZnO photocatalytic based 

nanofibers. 
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Fig. 6 Photodegradation kinetics of (A) MB and (B) IC onto PAN/GO, PAN/ZnO, and 
PAN/GO-ZnO photocatalytic based nanofibers (10 ppm, and pH 5). 

 
Table 1:  Comparison of photocatalytic activities of materials used for photocatalytic 
degradation of dyes under visible irradiation: 
 

Material Model 
Type 

Model 
concentration 

(PPM) 

Degradation 
(%) 

Lamp 
power 
(W) 

Max. Time 
for max. 

degradation 
(min) 

Ref. 

ZnO/RGO  MB 15 100  150 [39] 

RGO–ZnO MB 0.43 100 20 90 [40] 
ZnS-

ZnO/graphene 
MB, 
MO 

10 100 400 90, 140 [13] 

PAN/ZnO MO 20 95 40 540 [30] 
PAN-

CNTs/ZnO-NH2 
IC, MB 10 100 125 29, 115 [35] 

PAN/GO-ZnO MB 10 100 150 70 
This 
Work 

PAN/GO-ZnO IC 10 100 150 27 
This 
Work 

 
      The effect of increasing concentration of the organic dyes on photocatalytic 
performance of the PAN/GO-ZnO nanofibers is represented in Fig. 7. The results 
obtained at initial dyes concentration of 10-100 mg/L and pH 5. It was found that the 
photocatalytic performance increases with the decrease of initial dyes concentration, this 
is due to the increasing of dyes concentration will lead to large amount of the dye 
preventing the light from reaching the photocatalytic based nanofibers surface [41, 42]. 

The complete reduction can be achieved after 60 min at 10 mg/L initial MB 
concentration, while the respective value decreases to 71% at 100 mg/L. In the case of IC 
the complete reduction can be achieved after 27 min at 10 mg/L initial IC concentration, 
while the respective value decreases to 70% at 100 mg/L. 

b a 
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Fig. 7 Effect of initial dyes concentration on the photocatalytic performance of (a) MB 
and (b) IC onto PAN/GO-ZnO photocatalytic based nanofibers. 

 
In addition, pH is an important parameter to study the photocatalytic performance of the 
PAN/GO-ZnO nanofibers because of wastewater containing dyes is discharged at 
different pH [30, 43]. Therefore, the role of photocatalytic performance was examined at 
different pH conditions as shown in Fig. 8. It has been observed that the photocatalytic 
performance increases with the increase of pH exhibiting maximum rate of degradation at 
pH 5. This can be explained on the bases that the pH influences at the same time each of, 
surface state catalyst and ionization state of ionisable organic molecules [22, 36]. The 
total effect is direct influence of pH of the solution on the heterogeneous photocatalytic 
process.  

 

 

Fig. 8 Effect of pH on the photocatalytic performance of (a) MB and (b) IC onto 
PAN/GO-ZnO photocatalytic based nanofibers. 

      According to some literature reports, the holes and electrons generated during 
photolysis can oxidize the organic compounds and their reactions with water or 
hydroxides results in oxidizing all of them to OH˙ radicals. Similarly, photogenerated 
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electrons will reduce the dye or may react with the absorbed O2 on the surface of nano-
particles to form superoxide radical anion O2

-. Overall degradation process can be 
summarized as below eqn (3)–(10) and presented in Fig. 9. 

                              GO/ZnO+hv 
→ GO/ZnO (e-

cb + h+
vb)                                                (3)  

 
The most oxidizing species in this process is the OH˙ radicals which, produced by the 
interaction between the hole produced by the irradiation light and the H2O, or the 
hydroxyl ion bounded on the surface Eq. (4, 5):   
                             GO/ZnO ( h+

vb)+H2O 
 
→ GO/ZnO + OH˙+H+                                    (4)  

                                GO/ZnO ( h+
vb)+ OH-

→ GO/ZnO + OH˙                                          (5)  

                                GO/ZnO ( e-
cb)+ O2→ GO/ZnO + O2˙                                              (6) 

Oxygen can trap conduction band electrons to form superoxide ion O2
-˙ as shown in Eq. 

(7): 

                                                O2
-˙ + H+

→ OH2˙                                                              (7) 

These superoxide radicals will produce hydrogen peroxides H2O2, Eq. (8): 

                                    GO/ZnO ( e-
cb)+ O2

-˙ + H+
→ H2O2                                               (8) 

These hydrogen peroxides combine with electron to produce hydroxyl radical OH˙, Eq. 
(9): 

                                    H2O2 + O2˙ → OH˙+O2+OH-                                                     (9) 

The hydroxyl radical will degrade the organic pollutants at or near the surface of the 
semiconductor catalyst, Eq. (10): 

              OH˙ + organic pollutants → degradation products + water                            (10) 

 
Fig. 9 The GO-ZnO mechanism responsible for the degradation of MB and IC organic 

dyes.  
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Furthermore, the reusability of the PAN/GO-ZnO composite nanofibers has also been 
studied after each cleaning cycle. The result shows that even after five cleaning cycles, 
the photodegradation efficiency for both MB and IC was maintained. Therefore, the 
composite nanofibers can be reused for several cycles after a simple cleaning process, 
which is important to extend the lifetime of the membrane. 

4. Conclusions 

      For the photodegradation of two organic dyes, novel photocatalytic based nanofibers, 
PAN/GO, PAN/ZnO, and PAN/GO-ZnO were successfully synthesized. The 
photodegradation of MB and IC from water under visible light was investigated. The 
results reveals that PAN/GO-ZnO photocatalytic nanofibers exhibits the highest 
photodegradation efficiency, and the photocatalytic degradation rate for IC is 98% was 
obtained after 27 min and a 96% of degradation efficiency after 70 min in case of MB 
dye. It was observed that pH and dyes concentration both significantly affect the 
photocatalytic performance. The results of the study indicate that ZnO is very effective 
and suitable alternative to TiO2. Furthermore, the flexibility and the reuse of the 
PAN/GO-ZnO photocatalytic nanofibers, confirms their promising potential for advanced 
waste water treatment.   
 
Conflict of interest: 
 
The authors declare that they have no conflict of interest. 
 

5. References 

1. Sharma, Darshan and Ranjana Jha, Analysis of structural, optical and magnetic properties 

of Fe/Co co-doped ZnO nanocrystals. Ceramics International, 2017. 43(11): p. 8488-8496. 

2. Mohamed, Alaa, Walaa S. Nasser, Bahaa M. Kamel, and Tawheed Hashem, 

Photodegradation of phenol using composite nanofibers under visible light irradiation. 

European Polymer Journal, 2019. 113: p. 192-196. 

3. Kang, Guo-dong and Yi-ming Cao, Application and modification of poly(vinylidene 

fluoride) (PVDF) membranes – A review. Journal of Membrane Science, 2014. 463: p. 

145-165. 

4. Mohamed, Alaa, Ramy El-Sayed, T. A. Osman, M. S. Toprak, M. Muhammed, and A. 

Uheida, Composite nanofibers for highly efficient photocatalytic degradation of organic 

dyes from contaminated water. Environmental Research, 2016. 145: p. 18-25. 

5. Yu, J. G., X. H. Zhao, H. Yang, X. H. Chen, Q. Yang, L. Y. Yu, J. H. Jiang, and X. Q. Chen, 

Aqueous adsorption and removal of organic contaminants by carbon nanotubes. Sci 

Total Environ, 2014. 482-483: p. 241-51. 

6. Mohamed, Alaa, T. A. Osman, M. S. Toprak, M. Muhammed, Eda Yilmaz, and A. Uheida, 

Visible light photocatalytic reduction of Cr(VI) by surface modified CNT/titanium dioxide 

composites nanofibers. Journal of Molecular Catalysis A: Chemical, 2016. 424: p. 45-53. 

7. Wang, Yanhui, Jianbo Li, Chaofan Ding, Yuanling Sun, Yanna Lin, Weiyan Sun, and 

Chuannan Luo, Synthesis of surface plasma photocatalyst Ag loaded TiO 2 nanowire 

arrays/graphene oxide coated carbon fiber composites and enhancement of the 

photocatalytic activity for tetracycline hydrochloride degradation. Journal of 

Photochemistry and Photobiology A: Chemistry, 2017. 342: p. 94-101. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

11 

 

8. Mohamed, Alaa, T. A. Osman, M. S. Toprak, M. Muhammed, and A. Uheida, Surface 

functionalized composite nanofibers for efficient removal of arsenic from aqueous 

solutions. Chemosphere, 2017. 180: p. 108-116. 

9. Indolia, Ajay Pal and M. S. Gaur, Optical properties of solution grown PVDF-ZnO 

nanocomposite thin films. Journal of Polymer Research, 2012. 20(1). 

10. Salama, Ahmed, Alaa Mohamed, M. Aboamera Nada, Tarek Osman, and Aly Khattab, 

Characterization and mechanical properties of cellulose acetate/carbon nanotube 

composite nanofibers. Advances in Polymer Technology, 2017. 0(0). 

11. Abdel-Mottaleb, Mohamed, Alaa Mohamed, Shrouk Abdel Karim, Aly Khattab, and Tarek 

Osman, Preparation, characterization, and mechanical properties of polyacrylonitrile 

(PAN)/ graphene oxide (GO) nanofibers. Mechanics of Advanced Materials and 

Structures, 2018. 

12. Woo, Yun Chul, Leonard D. Tijing, Wang-Geun Shim, June-Seok Choi, Seung-Hyun Kim, 

Tao He, Enrico Drioli, and Ho Kyong Shon, Water desalination using graphene-enhanced 

electrospun nanofiber membrane via air gap membrane distillation. Journal of 

Membrane Science, 2016. 520: p. 99-110. 

13. Lonkar, Sunil P., Vishnu V. Pillai, and Saeed M. Alhassan, Facile and scalable production 

of heterostructured ZnS-ZnO/Graphene nano-photocatalysts for environmental 

remediation. Scientific Reports, 2018. 8(1): p. 13401. 

14. Barzegar, Farshad, Abdulhakeem Bello, Mopeli Fabiane, Saleh Khamlich, Damilola 

Momodu, Fatemeh Taghizadeh, Julien Dangbegnon, and Ncholu Manyala, Preparation 

and characterization of poly(vinyl alcohol)/graphene nanofibers synthesized by 

electrospinning. Journal of Physics and Chemistry of Solids, 2015. 77: p. 139-145. 

15. Kim, Bumsu, Hyun Park, Sung-Hwan Lee, and Wolfgang M. Sigmund, Poly(acrylic acid) 

nanofibers by electrospinning. Materials Letters, 2005. 59(7): p. 829-832. 

16. Cai, Ningning, Xinqiang Wang, Daidong Guo, Luyi Zhu, Guanghui Zhang, Xiulan Duan, and 

Dong Xu, Titanium dioxide fibers prepared from two novel polytitanium precursors 

containing linear Ti–OH–Ti chains applied for photocatalytic degradation. Materials 

Letters, 2015. 153: p. 191-194. 

17. Morris, E. Ashley, Matthew C. Weisenberger, Stephanie B. Bradley, Mohamed G. 

Abdallah, Sue J. Mecham, Priya Pisipati, and James E. McGrath, Synthesis, spinning, and 

properties of very high molecular weight poly(acrylonitrile- co -methyl acrylate) for high 

performance precursors for carbon fiber. Polymer, 2014. 55(25): p. 6471-6482. 

18. Mohamed, Alaa, Samy Yousef, Mohammed Ali Abdelnaby, T. A. Osman, B. Hamawandi, 

M. S. Toprak, M. Muhammed, and A. Uheida, Photocatalytic degradation of organic dyes 

and enhanced mechanical properties of PAN/CNTs composite nanofibers. Separation and 

Purification Technology, 2017. 182: p. 219-223. 

19. Aboamera, Nada M., Alaa Mohamed, Ahmed Salama, T. A. Osman, and A. Khattab, 

Characterization and mechanical properties of electrospun cellulose acetate/graphene 

oxide composite nanofibers. Mechanics of Advanced Materials and Structures, 2017: p. 

1-5. 

20. Kim, Subong, Yun-Su Kuk, Yong Sik Chung, Fan-Long Jin, and Soo-Jin Park, Preparation 

and characterization of polyacrylonitrile-based carbon fiber papers. Journal of Industrial 

and Engineering Chemistry, 2014. 20(5): p. 3440-3445. 

21. Gautam, Ashish, Anuraj Kshirsagar, Rahul Biswas, Shaibal Banerjee, and Pawan K. 

Khanna, Photodegradation of organic dyes based on anatase and rutile TiO2 

nanoparticles. RSC Advances, 2016. 6(4): p. 2746-2759. 

22. Abdul Rahman, Anis Farhana, Ling Sy Mei, Aishah Abdul Jalil, and Sugeng Triwahyono, 

Photocatalytic decolorization of methylene blue using zinc oxide supported on 

mesoporous silica nanoparticles. Malaysian Journal of Fundamental and Applied 

Sciences, 2015. 11(4). 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

12 

 

23. Ren, Ya-Nan, Wei Xu, Lin-Xia Zhou, and Yue-Qing Zheng, Efficient tetracycline adsorption 

and photocatalytic degradation of rhodamine B by uranyl coordination polymer. Journal 

of Solid State Chemistry, 2017. 251: p. 105-112. 

24. Yazdi, M. G., M. Ivanic, Alaa Mohamed, and A. Uheida, Surface modified composite 

nanofibers for the removal of indigo carmine dye from polluted water. RSC Advances, 

2018. 8(43): p. 24588-24598. 

25. Karim, Shrouk A., Alaa Mohamed, M. M. Abdel-Mottaleb, T. A. Osman, and A. Khattab, 

Mechanical Properties and the Characterization of Polyacrylonitrile/Carbon Nanotube 

Composite Nanofiber. Arabian Journal for Science and Engineering, 2018. 43(9): p. 4697-

4702. 

26. Nasr, Maryline, Sébastien Balme, Cynthia Eid, Roland Habchi, Philippe Miele, and 

Mikhael Bechelany, Enhanced Visible-Light Photocatalytic Performance of Electrospun 

rGO/TiO2 Composite Nanofibers. The Journal of Physical Chemistry C, 2017. 121(1): p. 

261-269. 

27. Lai, Chuilin, Ganji Zhong, Zhongren Yue, Gui Chen, Lifeng Zhang, Ahmad Vakili, Ying 

Wang, Lei Zhu, Jie Liu, and Hao Fong, Investigation of post-spinning stretching process on 

morphological, structural, and mechanical properties of electrospun polyacrylonitrile 

copolymer nanofibers. Polymer, 2011. 52(2): p. 519-528. 

28. Salama, Ahmed, Alaa Mohamed, Nada M. Aboamera, T. A. Osman, and A. Khattab, 

Photocatalytic degradation of organic dyes using composite nanofibers under UV 

irradiation. Applied Nanoscience, 2018. 

29. Uheida, Abdusalam, Alaa Mohamed, Majdouline Belaqziz, and Walaa S. Nasser, 

Photocatalytic degradation of Ibuprofen, Naproxen, and Cetirizine using PAN-MWCNT 

nanofibers crosslinked TiO2-NH2 nanoparticles under visible light irradiation. Separation 

and Purification Technology, 2019. 212: p. 110-118. 

30. Umar, Muhammad and Hamidi Abdul, Photocatalytic Degradation of Organic Pollutants 

in Water. 2013. 

31. Mohamed, Alaa, Ahmed Salama, Walaa S. Nasser, and Abdusalam Uheida, 

Photodegradation of Ibuprofen, Cetirizine, and Naproxen by PAN-MWCNT/TiO2–NH2 

nanofiber membrane under UV light irradiation. Environmental Sciences Europe, 2018. 

30(1): p. 47. 

32. Mohamed, Alaa, T. A. Osman, A. Khattab, and M. Zaki, Tribological Behavior of Carbon 

Nanotubes as an Additive on Lithium Grease. Journal of Tribology, 2014. 137(1): p. 

011801-011801. 

33. Hegab, Hanaa M. and Linda Zou, Graphene oxide-assisted membranes: Fabrication and 

potential applications in desalination and water purification. Journal of Membrane 

Science, 2015. 484: p. 95-106. 

34. Atchudan, R., Tnji Edison, S. Perumal, D. Karthikeyan, and Y. R. Lee, Facile synthesis of 

zinc oxide nanoparticles decorated graphene oxide composite via simple solvothermal 

route and their photocatalytic activity on methylene blue degradation. J Photochem 

Photobiol B, 2016. 162: p. 500-510. 

35. Karim, Shrouk A., Alaa Mohamed, M. M. Abdel-Mottaleb, T. A. Osman, and A. Khattab, 

Visible light photocatalytic activity of PAN-CNTs/ZnO-NH2 electrospun nanofibers. 

Journal of Alloys and Compounds, 2019. 772: p. 650-655. 

36. Xu, Rui, Jia Li, Jun Wang, Xiaofang Wang, Bin Liu, Baoxin Wang, Xiaoyu Luan, and 

Xiangdong Zhang, Photocatalytic degradation of organic dyes under solar light 

irradiation combined with Er3+:YAlO3/Fe- and Co-doped TiO2 coated composites. Solar 

Energy Materials and Solar Cells, 2010. 94(6): p. 1157-1165. 

37. Mohamed, Alaa, Mohamed M. Ghobara, M. K. Abdelmaksoud, and Gehad G. Mohamed, 

A novel and highly efficient photocatalytic degradation of malachite green dye via 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

13 

 

surface modified polyacrylonitrile nanofibers/biogenic silica composite nanofibers. 

Separation and Purification Technology, 2019. 210: p. 935-942. 

38. Lu, Yao, Ying Li, Shu Zhang, Guanjie Xu, Kun Fu, Hun Lee, and Xiangwu Zhang, Parameter 

study and characterization for polyacrylonitrile nanofibers fabricated via centrifugal 

spinning process. European Polymer Journal, 2013. 49(12): p. 3834-3845. 

39. Xu, Shaohua, Li Fu, Tien Song Hiep Pham, Aimin Yu, Fugui Han, and Long Chen, 

Preparation of ZnO flower/reduced graphene oxide composite with enhanced 

photocatalytic performance under sunlight. Ceramics International, 2015. 41(3, Part A): 

p. 4007-4013. 

40. Tien, Huynh Ngoc, Van Hoang Luan, Le Thuy Hoa, Nguyen Tri Khoa, Sung Hong Hahn, Jin 

Suk Chung, Eun Woo Shin, and Seung Hyun Hur, One-pot synthesis of a reduced 

graphene oxide–zinc oxide sphere composite and its use as a visible light photocatalyst. 

Chemical Engineering Journal, 2013. 229: p. 126-133. 

41. Gomez-Solis, C., I. Juarez-Ramirez, E. Moctezuma, and L. M. Torres-Martinez, 

Photodegradation of indigo carmine and methylene blue dyes in aqueous solution by SiC-

TiO2 catalysts prepared by sol-gel. J Hazard Mater, 2012. 217-218: p. 194-9. 

42. Kaviyarasu, K., C. Maria Magdalane, E. Manikandan, M. Jayachandran, R. 

Ladchumananandasivam, S. Neelamani, and M. Maaza, Well-Aligned Graphene Oxide 

Nanosheets Decorated with Zinc Oxide Nanocrystals for High Performance Photocatalytic 

Application. International Journal of Nanoscience, 2015. 14(03): p. 1550007. 

43. Aboamera, Nada M., Alaa Mohamed, Ahmed Salama, T. A. Osman, and A. Khattab, An 

effective removal of organic dyes using surface functionalized cellulose 

acetate/graphene oxide composite nanofibers. Cellulose, 2018. 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 
HIGHLIGHTS for the work entitled: 
 
 
According to the obtained results, the following itemized highlights can be stated: 
 

• Inexpensive and simple fabrication route for flexible composite nanofibers systems. 
 

• High photodegradation efficiency was obtained compared to other reported studies. 
 

• The experimental kinetic data were fitted well with pseudo-first order model. 
 

• Stability of the fabricated composite nanofibers allowing their reuse.  
 

 
 


