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Abstract
Fe27Co0.27Ni0.27Al0.1Si0.1 and Fe0.27Co0.27Ni0.27(Al0.08B0.02)0.1Si0.1 high entropy alloys were synthesized by
mechanical alloying. Phase evolution, crystallite size, lattice strain, microstructure and morphology for the two alloys were
investigated. The result shows that two simple structures which are FCC and BCC/B2 solid solution appear after 50 h of
milling of Fe27Co0.27Ni0.27Al0.1Si0.1. The particle size of the alloy was increased after 20 h of milling time. The structural
analysis shows that the average crystallite size decreases while lattice grain size increases with the increasing milling time.
The morphology structure of the milled powders shows the particles size becomes rounded, flat and rough as the milling
time prolongs. The newly developed HEA synthesized by mechanical alloying is expected to provide prominent efficiency in
degradation of azo dyes (Methyl Orange). Although the HEAs have been reported to provide larger surface area and
excellent capacity, only a few studies have been reported on degradation of azo dye by using HEAs as catalyst. According
to this current finding, it is suggested that the produced Fe27Co0.27Ni0.27Al0.1Si0.1 and
Fe0.27Co0.27Ni0.27(Al0.08B0.02)0.1Si0.1 can be applied as a catalyst in azo dye degradation. Therefore, the method
derived from the results of this study will contribute in treating azo dyes for wastewater treatment. © 2022 Trans Tech
Publications Ltd, Switzerland.

Author Keywords
azo dye;  crystal structure;  high entropy alloys;  mechanical alloying;  morphology

References
Kant, R.
(2011) Textile dyeing industry an environmental hazard, 

Zollinger, H.
(2003) Color chemistry: syntheses, properties, and applications of organic dyes and
pigments: John Wiley & Sons J. Clerk Maxwell, A Treatise on Electricity and
Magnetism, 2, pp. 68-73. 
3rd ed., Oxford: Clarendon, 1892

Adinew, B.
Textile effluent treatment and decolorization techniques—a review
(2012) Bulgarian journal of science education, 21 (3), pp. 434-456. 

Gordon, P. F., Gregory, P.
(2012) Organic chemistry in colour, 
Springer Science & Business Media

Broadbent, A. D.
(2001) Basic principles of textile coloration, 

Brown, M. A., De Vito, S. C.
Predicting azo dye toxicity
(1993) Critical reviews in environmental science and technology, 23 (3), pp. 249-324. 

6/27/24, 3:46 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1806413804&eid=2-s2.0-85127252194&sort=&clickedL… 1/3



Ramirez, J. H., Maldonado-Hódar, F. J., Pérez-Cadenas, A. F., Moreno-Castilla, C., Costa,
C. A., Madeira, L. M.
Azo-dye Orange II degradation by heterogeneous Fenton-like reaction using carbon-
Fe catalysts
(2007) Applied Catalysis B: Environmental, 75 (3-4), pp. 312-323. 

Chen, B., Wang, X., Wang, C., Jiang, W., Li, S.
Degradation of azo dye direct sky blue 5B by sonication combined with zero-valent
iron
(2011) Ultrasonics sonochemistry, 18 (5), pp. 1091-1096. 

Patel, R., Suresh, S.
Decolourization of azo dyes using magnesium–palladium system
(2006) Journal of hazardous materials, 137 (3), pp. 1729-1741. 

Wu, S.-k., Pan, Y., Wang, N., Lu, T., Dai, W.-j.
Azo dye degradation behavior of AlFeMnTiM (M= Cr, Co, Ni) high-entropy alloys
(2019) International Journal of Minerals, Metallurgy, and Materials, 26 (1), pp. 124-132. 

Batchelor, T. A., Pedersen, J. K., Winther, S. H., Castelli, I. E., Jacobsen, K. W.,
Rossmeisl, J.
High-entropy alloys as a discovery platform for electrocatalysis
(2019) Joule, 3 (3), pp. 834-845. 

Wu, S.-k., Pan, Y., Wang, N., Lu, T., Dai, W.-j.
Azo dye degradation behavior of AlFeMnTiM (M= Cr, Co, Ni) high-entropy alloys
(2019) International Journal of Minerals, Metallurgy, and Materials, 26 (1), pp. 124-132. 

Yeh, J.
Recent Progress in High-entropy Alloys
(2006) Annales De Chimie – Science des Materiaux, 31 (2006), pp. 633-648. 
(SCI)

Murali, Muthamizhdan, Babu, Kumaresh, Krishna, B., Vallimanalan, A
Synthesis and characterization of AlCoCrCuFeZnx high-entropy alloy by mechanical
alloying
(2016) Progress in Natural Science: Materials International, 26. 

Kaouther, Zaara, Chemingui, M., Gallet, Sophie, Gaillard, Yves, Escoda, Lluisa, Saurina,
Joan, Suñol, J., Optasanu, Virgil
High-Entropy FeCoNiB 0.5 Si 0.5 Alloy Synthesized by Mechanical Alloying and
Spark Plasma Sintering
(2020) Crystals, 

Xin
(2020), 

Shivam, Vikas, Basu, Joysurya, Pandey, Vivek, Shadangi, Yagnesh, Mukhopadhyay, N.K.
Alloying behaviour, thermal stability and phase evolution in quinary AlCoCrFeNi
high entropy alloy
(2018) Advanced Powder Technology, 

Alleg, S., Ibrir, M., Fenineche, N.E., Azzaza, S., Bensalem, R., Suñol, J.J.
(2010) Magnetic and structural characterization of the mechanically alloyed Fe75Si15B10
powders, 494 (1-2), pp. 0-115. 

Wu, Shi-kai, Pan, Ye, Wang, Ning, Lu, Tao, Dai, Wei-ji
Azo dye degradation behavior of AlFeMnTiM (M = Cr, Co, Ni) high-entropy alloys
(2019) International Journal of Minerals, Metallurgy, and Materials, 26, pp. 124-132. 

6/27/24, 3:46 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1806413804&eid=2-s2.0-85127252194&sort=&clickedL… 2/3



Nath, Debojyoti, Singh, Fouran, Das, Ratan
X-ray diffraction analysis by Williamson-Hall, Halder-Wagner and size-strain plot
methods of CdSe nanoparticles-a comparative study
(2020) Materials Chemistry and Physics, 239, p. 122021. 

Correspondence Address
Nordin N.H.; Department of Manufacturing and Material Engineering, Malaysia; email: norhudahidayah@iium.edu.my

Editors: Md Din M.F., Hashim F.R., Makmor N.F., Abdullah N.S., Wan Ali W.F.F., Rejab N.A., Sulaiman M.A.
Publisher: Trans Tech Publications Ltd

Conference name: 10th International Conference on X-Rays and Related Techniques in Research and Industry, ICXRI
2021
Conference date: 18 August 2021 through 19 August 2021
Conference code: 274539

ISSN: 10139826
ISBN: 9783035712742
CODEN: KEMAE
Language of Original Document: English
Abbreviated Source Title: Key Eng Mat
2-s2.0-85127252194
Document Type: Conference Paper
Publication Stage: Final
Source: Scopus

Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.

6/27/24, 3:46 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1806413804&eid=2-s2.0-85127252194&sort=&clickedL… 3/3


