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Abstract  
Textile and dyeing industries are important industries in every country. Reactive colors soluble 
in water due to high brightness, low energy consumption and simple application method are one 
of the most important groups of colors used in the textile industries. Wastewater containing 
colors such as R198 is hazardous to the ecosystem and health, so a way to remove color from 
the wastewater is needed. The photocatalytic process is one of the advanced oxidation 
processes, that has shown the capability for eliminating various toxic and degradable 
compounds. In this study, zinc oxide nanoparticles were obtained from the purified solution of 
the residue of Zinc melting factory in Bafgh. The nanoparticles obtained by various devices 
were studied and analyzed. The formation, purity and optical properties of Zinc Oxide 
nanoparticles were investigated by Fourier Transform Infrared Spectrometer (FTIR) test. 
Finally, in order to investigate the photocatalytic properties of the nanostructures, NB21 
reactive color, which is one of the most applicable and important colors in the textile industry, 
and is harmful to the environment was removed. The three parameters of color concentration, 
pH and amount of nanoparticle on its dye under UV rays were studied. The results of X-Ray 
Diffraction pattern (XRD), represents the crystalline and hexagonal structure of the samples. 
According to the Transmitted Electron Microscope (TEM) images, the sample has clear 
spherical shapes and distinct hexagonal dimensions in the range of 40-120 nm. Under optimum 
conditions, with 15 ml of color solution with concentration 0.1912 g/L, pH=5 and nanoparticle 
0.06 gram at time interval of 120 minutes with application of bleaching process under UV rays, 
94% of the color was degraded. 
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Fig. 2. Typical absorption spectra of NB21 color  
in persence of nano ZnO for 30-240 min 
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1

Level 
2

Level 
3

Level 
4

NB21 color 
concentration (15 ml 

of stock color 
solution)

30 50 70 95 

pH 3 5 7 10
Amount of mineral 

nanoparticles 0.06 0.08 0.1 0.12 
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Fig. 3. FTIR spectrum of synthesized zinc oxide 
nanoparticles 
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Fig. 4. XRD pattern of synthesized zinc oxide 
nanoparticles 
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Fig. 5. SEM image of zinc oxide nanoparticles 
synthesized by thermal pyrolysis 
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Fig. 6. TEM image of synthesized zinc oxide 
nanoparticles 

:;�f4���8�TEM ,�� �-�� !����7. 2������ 

�( ,����( �. ��g��	� :� > 2�� 6 ��-( ,&� � ���^r� �VZr 
�> s��-� �> �. ��> �-(���� ��#��5 & ,�(5 ���XRD .��� �'>�g( 

�4V4	��(!<+ �z��2� W��[
\ =��� .7����U =1����pH L�D��!� �
z2� k/.AZ �� �i%2�2NB21 

:   � �����P   c pH �   �� �   GHh �NB21 ,�����   � 4�   �( �
( !���-(��cq����#� ��U���� �� [B �� � �� $��;� �> �3 �� 7U

!�� ��-7� �� �U�(�  � � ���> � > ��>�( s��-�b� � ��5 ��3� � y
�( R��< ����> s��-� .���� 

�4V4�4	(!<+ =1��pH z2� �� z2� 1� =.+NB21 
eS� ��f4�(& �> ��>�( ���(&5 s��-� !��\r��Z^r �� �'�9� 



���"B ��#�C$� ����)A����V�	 �dx.doi.org/10.22093/wwj.2020.187540.2875 

94

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 4, 2020 

Fig. 7. Effect of pH on decolorization of NB21 dye from 
30 to 240 minutes 
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Fig. 9. Effect of color concentration on decolorization of 
NB21 dye from 30 to 120 minutes 

:;��4��� �> ��� �GHh �3 !�>NB21 4�(& &\r��VZr �'�9� 

���	� ��!\_�^_(� H�#��� - )M 
� ��- �� �4� �d	� � #�B 
)M
� ��" ���4�(& VZr 9���'CAB ����U .��e .�� �� � >!

& ��� NB21 �>(�4� �GHh ���� �g>� w� ��( ��� .� � � L 
�GHh ��� �-	. ����> (�4� ��� �>!>��- � �� ���� � � ��" 

��>.� � �A � ��� (& ,�- 7< �� �� U� ���-��� 2��#�g( :��d	�
V_r �� �U �� 4��� �'�9�� >�3 � > =�� � %��( & ��� $��;� ���

 �E��``/r�> O�( �> �-�#�� �'�9�.

�4	�!72 =.!G 
:����Pc ��� QMB Q�� �> NB21 ��� < ���"��. & ,�� ���� 

���	  7c & ,�  � O�  80-� !�� ��  7. 2�����  � 6  ��� � �  L 

=�/� !�� ���"��. ���d�#��z#�" O�H0( �-�� :� �� . !&� �
 �  GHh �  > !�� ,�  �VVr =�  <��R&� �  > !�����	  7c & �  -�#

 2�����  � �  �#�� !�  > 45 & � �  � �  ��� p��  > !�� )�� �  ��"��.
 ,��A-���.����> s��-� �> ,�� =�/� !�� :� m����:

V(��c ����B ���/� �> �� )���) ,��( j �" & Xc ,�� :���
 !� (� �� (4�5 ,�a- �� �� 4��l\r w�� 7H� � 
�� � > 2� (\

�E���:� > �� �> �> !�� ��7. ����^r� �VZr � > �-(��� � � ��
.�(5 

Z(!� ��a# s��-�XRD �H ��B ��-"� � � . �� 4� �� �� ����� 
��
� ��.�� 

\(����> !��TEM ,������ �. �� 4��� �� > ,� (5 � �� eS � � >
 !��..�� 

^(����> 4��(pH � > =�.�� �3 ����> �� ��� �GHh � ,������ �
������ !�>NB21�> �$����_�r`/r� =�<V_�H�( �-�#.��> 
_(,�&�> QM B � �� ��&5��� ( � 3 � ���>pH 4� (& ��Z^r 

4� (& �� ,����� � 4��( �3 ��'�9�V_r � �� � GHh � 3 � � '�9�
NB21 4�(& ��VZr � �� � > �'�9� � �� !� >NB21 � > $ ����

V/o^�rZ/ff�_o/lf���� .��> 

b4I2���"S 
:  � =�  /� �����P  c �&5 ,�a  ��� ���a  ���(&5 2�  ���( &

�( =&J ��" �> �#�'( 4�<��7��� .�� ,��A-� ��� �(*� � U � ���
.����	� =*E � ��" ���� � ���'� $��( 

References 
Abul, A., Samad, S., Huq, D., Moniruzzaman, M. & Masum, M. 2015. Textile dye removal from wastewater 

effluents using chitosan-ZnO nanocomposite. Journal of Textile Sciences and Engineering, 5, 3. 

Cengiz, S., Tanrikulu, F. & Aksu, S. 2012. An alternative source of adsorbent for the removal of dyes from 

textile waters: Posidonia oceanica (L.). Chemical Engineering Journal, 189, 32-40. 

Chaudhari, P. L. & Kale, P. C. 2017. Synthesis and characterization of nano zinc peroxide photocatalyst for the 

removal of brilliant green dye from textile waste water. International Journal of Chem Tech Research, 10(9),

477-486. 

Dalvand, A., Gholami, M., Joneidi, A. & Mahmoodi, N. M. 2011. Dye removal, energy consumption and 

operating cost of electrocoagulation of textile wastewater as a clean process. Clean–Soil, Air, Water, 39, 665-

672. 

0

0.5

1

1.5

2

0 3 0 6 0 9 0 1 2 0

A
m

ou
nt

of
ab

so
rp

tio
n

Time (min)

Effect of concentration of NB21 color 

15 25 35 45



���"B ��#�C$� ����)A����V�	 �dx.doi.org/10.22093/wwj.2020.187540.2875 

96

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 4, 2020 

Daneshvar, N., Salari, D. & Khataee, A. R. 2004. Photocatalytic degradation of azo dye acid red 14 in water on 

ZnO as an alternative catalyst to TiO2. Journal of Photochemistry and Photobiology A: Chemistry, 162, 317-

322. 

Dehghani, M. H. & Mahdavi, P. 2015. Removal of acid 4092 dye from aqueous solution by zinc oxide 

nanoparticles and ultraviolet irradiation. Desalination and Water Treatment, 54, 3464-3469. 

El Nemr, A., Abdelwahab, O., El-Sikaily, A. & Khaled, A. 2009. Removal of direct blue-86 from aqueous 

solution by new activated carbon developed from orange peel. Journal of Hazardous Materials, 161, 102-

110. 

Farbod, M. & Jafarpoor, E. 2014. Hydrothermal synthesis of different colors and morphologies of ZnO 

nanostructures and comparison of their photocatalytic properties. Ceramics International, 40, 6605-6610. 

Ferrero, F. 2007. Dye removal by low cost adsorbents: hazelnut shells in comparison with wood sawdust. 

Journal of Hazardous Materials, 142, 144-152. 

Galindo, C., Jacques, P. & Kalt, A. 2001. Photooxidation of the phenylazonaphthol AO20 on TiO2: kinetic and 

mechanistic investigations. Chemosphere, 45, 997-1005. 

Garg, V., Gupta, R., Yadav, A. B. & Kumar, R. 2003. Dye removal from aqueous solution by adsorption on 

treated sawdust. Bioresource Technology, 89, 121-124. 

Hameed, B., Ahmad, A. & Aziz, N. 2007. Isotherms, kinetics and thermodynamics of acid dye adsorption on 

activated palm ash. Chemical Engineering Journal, 133, 195-203. 

Hoda, N., Bayram, E. & Ayranci, E. 2006. Kinetic and equilibrium studies on the removal of acid dyes from 

aqueous solutions by adsorption onto activated carbon cloth. Journal of Hazardous Materials, 137, 344-351. 

Hosseini, S., Khan, M. A., Malekbala, M. R., Cheah, W. & Choong, T. S. 2011. Carbon coated monolith, a 

mesoporous material for the removal of methyl orange from aqueous phase: adsorption and desorption 

studies. Chemical Engineering Journal, 171, 1124-1131. 

Jauris, I. M., Fagan, S. B., Adebayo, M. A. & Machado, F. M. 2016. Adsorption of acridine orange and 

methylene blue synthetic dyes and anthracene on single wall carbon nanotubes: a first principle approach. 

Computational and Theoretical Chemistry, 1076, 42-50. 

Jiang, Y., Sun, Y., Liu, H., Zhu, F. & Yin, H. 2008. Solar photocatalytic decolorization of C.I. Basic Blue 41 in 

an aqueous suspension of TiO2–ZnO. Dyes and Pigments, 78, 77-83. 

Jurablu, S., Farahmandjou, M. & Firoozabadi, T. 2015. Sol-gel synthesis of zinc oxide (ZnO) nanoparticles: 

study of structural and optical properties. Journal of Sciences, Islamic Republic of Iran, 26, 281-285. (In 

Persian) 

Kuznetsov, A., Lu, Y., Turner,S., Shestakov, M., Tikhomirov, V., Kirilenko, D., et al. 2012. Preparation, 

structural and optical characterization of nanocrystalline ZnO doped with luminescent Ag-nanoclusters. 

Optical Materials Express, 2, 723-734. 

Li, Q., Fan, Z.-L., Xue, D.-X., Zhang, Y.-F., Zhang, Z.-H., Wang, Q., et al. 2018. A multi-dye@MOF composite 

boosts highly efficient photodegradation of an ultra-stubborn dye reactive blue 21 under visible-light 

irradiation. Journal of Materials Chemistry A, 6, 2148-2156. 



��� ��C^� ���c��� ���(�$���@�� ;�$�1� �1$�U�... dx.doi.org/10.22093/wwj.2020.187540.2875 
97

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 4, 2020 

Li, Y., Sun, S., Ma, M., Ouyang, Y. & Yan, W. 2008. Kinetic study and model of the photocatalytic degradation 

of rhodamine B (RhB) by a TiO2-coated activated carbon catalyst: effects of initial RhB content, light 

intensity and TiO2 content in the catalyst. Chemical Engineering Journal, 142, 147-155. 

Lucas, M. S. & Peres, J. A. 2007. Degradation of reactive black 5 by fenton/UV-C and ferrioxalate/H2O2/solar 

light processes. Dyes and Pigments, 74, 622-629. 

Marahel, F., Ghaedi, M. & Ansari, A. 2015. Zinc oxide nanoparticles loaded on activated carbon and its 

application for adsorption removal of uric acid. Synthesis and Reactivity in Inorganic, Metal-Organic, and 

Nano-Metal Chemistry, 45, 1387-1395. 

Moussavi, G. & Mahmoudi, M. 2009. Removal of azo and anthraquinone reactive dyes from industrial 

wastewaters using MgO nanoparticles. Journal of Hazardous Materials, 168, 806-812. 

Mozia, S., Tomaszewska, M. & Morawski, A. W. 2006. Removal of azo-dye acid red 18 in two hybrid 

membrane systems employing a photodegradation process. Desalination, 198, 183-190. 

Muthukumar, M., Karuppiah, M. T. & Raju, G. B. 2007. Electrochemical removal of CI acid orange 10 from 

aqueous solutions. Separation and Purification Technology, 55, 198-205. 

Nandi, B. K., Goswami, A. & Purkait, M. K. 2009. Adsorption characteristics of brilliant green dye on kaolin. 

Journal of Hazardous Materials, 161, 387-395. 

Neppolian, B., Choi, H., Sakthivel, S., Arabindoo, B. & Murugesan, V. 2002. Solar light induced and TiO2

assisted degradation of textile dye reactive blue 4. Chemosphere, 46, 1173-1181. 

Noorimotlagh, Z., Darvishi Cheshmeh Soltani, R., Shams Khorramabadi, G., Godini, H. & Almasian, M. 2016. 

Performance of wastewater sludge modified with zinc oxide nanoparticles in the removal of methylene blue 

from aqueous solutions. Desalination and Water Treatment, 57, 1684-1692. 

Nourmoradi, H., Ghiasvand, A. & Noorimotlagh, Z. 2015. Removal of methylene blue and acid orange 7 from 

aqueous solutions by activated carbon coated with zinc oxide (ZnO) nanoparticles: equilibrium, kinetic, and 

thermodynamic study. Desalination and Water Treatment, 55, 252-262. 

Özcan, A., Ömeroğlu, Ç., Erdoğan, Y. & Özcan, A. S. 2007. Modification of bentonite with a cationic surfactant: 

an adsorption study of textile dye reactive blue 19. Journal of Hazardous Materials, 140, 173-179. 

Padervand, M. 2016a. Facile synthesis of the novel Ag [1-butyl 3-methyl imidazolium] Br nanospheres for 

efficient photodisinfection of wastewaters. Chemical Engineering Communications, 203, 1532-1537. 

Padervand, M. 2016b. Visible-light photoactive Ag–AgBr/α-Ag3VO4 nanostructures prepared in a water-soluble 

ionic liquid for degradation of wastewater. Applied Nanoscience, 6, 1119-1126. 

Padervand, M., Asgarpour, F., Akbari, A., Sis, B. E. & Lammel, G. 2019a. Hexagonal core–shell SiO2 [–MOYI] 

Cl–] Ag nanoframeworks for efficient photodegradation of the environmental pollutants and pathogenic 

bacteria. Journal of Inorganic and Organometallic Polymers and Materials, 29, 1314-1323. 

Padervand, M., Fasandouz, F. M. & Beheshti, A. 2019b. [Cu-Ag2] O–C3N4 nanoframeworks for efficient 

photodegradation of wastewaters. Progress in Reaction Kinetics and Mechanism, 44, 175-186. 



���"B ��#�C$� ����)A����V�	 �dx.doi.org/10.22093/wwj.2020.187540.2875 

98

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 4, 2020 

Padervand, M., Jalilian, E., Majdani, R. & Goshadezehn, M. 2019c. BiOCl/AgCl-BiOI/AgI quaternary 

nanocomposite for the efficient photodegradation of organic wastewaters and pathogenic bacteria under 

visible light. Journal of Water Process Engineering, 29, 100789. 

Padervand, M., Lammel, G., Bargahi, A. & Mohammad-Shiri, H. 2019d. Photochemical degradation of the 

environmental pollutants over the worm-like Nd2CuO4-Nd2O3 nanostructures. Nano-Structures and Nano-

Objects, 18, 100258. 

Qiu, M., Qian, C., Xu, J., Wu, J. & Wang, G. 2009. Studies on the adsorption of dyes into clinoptilolite. 

Desalination, 243, 286-292. 

Ravelli, D., Dondi, D., Fagnoni, M. & Albini, A. 2009. Photocatalysis. A multi-faceted concept for green 

chemistry. Chemical Society Reviews, 38, 1999-2011. 

Sadeghi-Kiakhani, M. & Arami, M. 2012. Elimination of CI basic violet 16 from colored textile effluent using 

chitosan-ethyl acrylate as a bio-adsorbent. Journal of Advanced Materials and Novel Coatings, 1, 15-26. 

Saeed, A., Iqbal, M. & Zafar, S. I. 2009. Immobilization of Trichoderma viride for enhanced methylene blue 

biosorption: batch and column studies. Journal of Hazardous Materials, 168, 406-415. 

Sanoop, P. K., Anas, S., Ananthakumar, S., Gunasekar, V., Saravanan, R. & Ponnusami, V. 2016. Synthesis of 

yttrium doped nanocrystalline ZnO and its photocatalytic activity in methylene blue degradation. Arabian 

Journal of Chemistry, 9, S1618-S1626. 

Shamhari, N. M., Wee, B. S., Chin, S. F. & Kok, K. Y. 2018. Synthesis and characterization of zinc oxide 

nanoparticles with small particle size distribution. Acta Chimica Slovenica, 65, 578-585. 

Soltani, R. D. C., Shams Khoramabadi, G., Godini, H. & Noorimotlagh, Z. 2015. The application of ZnO/SiO2

nanocomposite for the photocatalytic degradation of a textile dye in aqueous solutions in comparison with 

pure ZnO nanoparticles. Desalination and Water Treatment, 56, 2551-2558. 

Tsai, W., Chang, C., Ing, C. & Chang, C. 2004. Adsorption of acid dyes from aqueous solution on activated 

bleaching earth. Journal of Colloid and Interface Science, 275, 72-78. 

Tseng, Y.-C., Lin, Y.-J., Chang, H.-C., Chen, Y.-H., Liu, C.-J. & Zou, Y.-Y. 2012. Effects of Ti content on the 

optical and structural properties of the Ti-doped ZnO nanoparticles. Journal of Luminescence, 132, 491-494. 

Vafayi, L. & Gharibe, S. 2015. Enhancement of photocatalytic activity of ZnO–SiO2 by nano-sized Pt for 

efficient removal of dyes from wastewater effluents. Iranian Journal of Catalysis, 5, 365-371. 

Wang, L. K., Hung, Y.-T., Lo, H. H. & Yapijakis, C. 2004. Handbook of industrial and hazardous wastes 

treatment, CRC Press, New York, USA. 

Xie, W., Li, Y., Sun, W., Huang, J., Xie, H. & Zhao, X. 2010. Surface modification of ZnO with Ag improves its 

photocatalytic efficiency and photostability. Journal of Photochemistry and Photobiology A: Chemistry, 216,

149-155. 

Zazouli, M. A., Balarak, D., Mahdavi, Y. & Ebrahimi, M. 2013. Adsorption rate of 198 reactive red dye from 

aqueous solutions by using activated red mud. Iranian Journal of Health Sciences, 1, 36-43. 


