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Nanomaterials for the Removal of Dyes 
from Wastewater 

Arshad Iqbal, Naseem Ahmad, Iqbal Azad, Mohsin Vahid Khan, 
Mohammad Shahadat, Mohd Arshad, and Nafees Ahmad 

Abstract Dyes are frequently used to color objects in industries such as textiles, 
tanning, leather, cosmetics, and many more. These industries release huge amounts 
of wastewater that pose a risk to the environment and human well-being. Therefore, 
dye removal from contaminated water has received significant attention. For this 
purpose, adsorption and photocatalysis have been proven to be efficient and cost 
effective for removing dyes than the conventional biological, chemical, and physical 
processes. The utilization of nanomaterials through a combination of photocatalytic 
and adsorption has emerged to be an efficient method. The present chapter provides 
a comprehensive out-looks of dye removal treatment including their classification, 
toxicity, and dye elimination methods with especial focus on nanomaterials. Based on 
the reported date, it is established that nanomaterials have demonstrated significant 
dye removal potential to treat industrial wastewater. 

Keywords Nanomaterials · Dye removal ·Wastewater treatment · Adsorption ·
Photocatalysis
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with cost effectiveness, environmental safety, and large-scale production. To ensure 
the safe use and disposal of nanomaterials, future studies should also concentrate on 
their toxicity and long-term environmental fate. Nanomaterials have the potential to 
completely transform environmental remediation with further development, leading 
to cleaner water supplies and a healthier environment. 

7 Conclusion 

Nanomaterials have shown a promising and transformative approach for the removal 
of a wide range of dyes from wastewater. The exceptional properties of nanomaterials 
facilitate the efficient adsorption and degradation of dyes. Ongoing research work on 
nanomaterials for their scalable, cost-effective, and sustainable nanomaterial-based 
technologies holds great potential for significantly reducing the environmental impact 
of pollution due to dyes. The water pollution due to dye can be overcome by using 
nanomaterial through the physical, chemical, and biological techniques. However 
by combining, physical, chemical, and biological techniques, effective results can 
be obtained. To conclude, nanomaterial is very appealing for wastewater treatment 
applications because of their excellent characteristics with distinctive morphological 
and structural characteristics. 

References 

1. Petersen L, Heynen M, Pellicciotti F (2016) Freshwater resources: past, present, future. In: Inter-
national encyclopedia of geography: people, the earth, environment and technology: people, 
the earth, environment and technology, pp 1–1 

2. Demirbas A (2008) Heavy metal adsorption onto agro-based waste materials: a review. J Hazard 
Mater 157(2–3):220–229 

3. Arshad A, Iqbal J, Ahmad I, Israr M (2018) Graphene/Fe3O4 nanocomposite: interplay between 
photo-fenton type reaction, and carbon purity for the removal of methyl orange. Ceram Int 
44(3):2643–2648 

4. Ahmad A, Mohd-Setapar SH, Chuong CS, Khatoon A, Wani WA, Kumar R, Rafatullah 
M (2015) Recent advances in new generation dye removal technologies: novel search for 
approaches to reprocess wastewater. RSC Adv 5(39):30801–30818 

5. Rajkumar D, Kim JG (2006) Oxidation of various reactive dyes with in situ electro-generated 
active chlorine for textile dyeing industry wastewater treatment. J Hazard Mater 136(2):203– 
212 

6. Anastopoulos I, Kyzas GZ (2014) Agricultural peels for dye adsorption: a review of recent 
literature. J Mol Liq 1(200):381–389 

7. Ahmad N, Sultana S, Faisal SM, Ahmed A, Sabir S, Khan MZ (2019) Zinc oxide-
decorated polypyrrole/chitosan bionanocomposites with enhanced photocatalytic, antibacterial 
and anticancer performance. RSC Adv 9(70):41135–41150 

8. Yagub MT, Sen TK, Afroze S, Ang HM (2014) Dye and its removal from aqueous solution by 
adsorption: a review. Adv Colloid Interf Sci 1(209):172–184 

9. Wong YC, Szeto YS, Cheung W, McKay G (2004) Adsorption of acid dyes on chitosan— 
equilibrium isotherm analyses. Process Biochem 39(6):695–704


