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ARTICLE INFO ABSTRACT

Keywords: Environmental pollution caused by dye effluent has attracted much attention, and thus developing photocatalysts

Photodegradation with superior photodegradation performance is an imperative task. A series of Fe supported on dendritic fibrous

I;/Ietélylene blue SBA-15 (Fe/DFSBA-15) catalysts with various Fe contents were prepared using a microemulsion coupled with
€203

ultrasonic-assisted impregnation methods. The findings revealed that the structural stability of DFSBA-15 was
unaffected by the amount of Fe loaded. As the Fe loading increased, the size of Fe,O3 nanocrystals increased
while the catalysts’ surface area decreased. The bandgap energy of the catalyst decreased with increasing Fe
loading and became constant after reaching an optimal Fe loading of 10 wt%. The one-factor-at-a-time study
revealed that 10Fe/DFSBA-15 degraded 94.72 % of methylene blue (MB) within 180 min at 1.5 g/L catalyst
dosage, pH 8, and 10 mg/L of concentration, owing to Si-O-Fe coordination, modest Fe;O3 crystallite size, ho-
mogeneous metal distribution, slower recombination rate, and low bandgap energy. The advantageous features
of 10Fe/DFSBA-15 resulted in accelerating the photodegradation rate, where 10Fe/DFSBA-15 is found as the
optimal catalyst. The addition of Fe particles to the DFSBA-15 largely improved their photocatalytic activity
toward MB degradation, making it a potential candidate for removing pollutants from aqueous solutions.

Fibrous SBA-15
Synergistic effects

1. Introduction

Methylene blue (MB) is a heterocyclic aromatic compound and is
generally used in many applications, including textiles, bio-pigments,
cosmetics, pulp, and paper, owing to its inexpensive cost, water solu-
bility, and good color ability [1,2]. However, MB effluent was reported
to be ecologically hazardous, carcinogenic, discolored, and has a foul
odor. Thus, it causes a significant danger to human health upon inges-
tion as it can harm the nerves, eyes, and respiratory system and reduce
nausea, vomiting, diarrhea, and gastritis infections [3]. Additionally,
MB reduces sunlight penetration and water oxygen levels, negatively

impacting aquatic ecosystems’ capacity to function, and presents an
environmental risk to the marine ecosystem [4]. Therefore, it is essential
to create cutting-edge plans to eliminate such dangerous pollutants from
water sources. Among others, photocatalytic degradation has attracted
significant consideration owing to its ecologically beneficial, high
energy-saving, and sustainable technology [5,6]. Interestingly, the final
product of the photocatalytic degradation reaction is carbon dioxide and
hydrogen, with no secondary pollutants. Accordingly, the photocatalytic
degradation approach is a safer and cleaner technology for green envi-
ronmental management, minimizing negative environmental effects [7].

Silica structures are extensively studied as the photocatalyst’s

* Corresponding author. Faculty of Chemical & Process Engineering Technology, Universiti Malaysia Pahang Al-Sultan Abdullah, Lebuh Persiaran Tun Khalil

Yaakob, 26300, Gambang, Pahang, Malaysia.
E-mail address: herma@umpsa.edu.my (H.D. Setiabudi).

https://doi.org/10.1016/j.mssp.2024.108859

Received 5 June 2024; Received in revised form 21 August 2024; Accepted 27 August 2024

Available online 3 September 2024

1369-8001/© 2024 Elsevier Ltd. All rights are reserved, including those for text and data mining, Al training, and similar technologies.


mailto:herma@umpsa.edu.my
www.sciencedirect.com/science/journal/13698001
https://www.elsevier.com/locate/mssp
https://doi.org/10.1016/j.mssp.2024.108859
https://doi.org/10.1016/j.mssp.2024.108859
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mssp.2024.108859&domain=pdf

	Synergistic effects of Fe2O3 supported on dendritic fibrous SBA-15 for superior photocatalytic degradation of methylene blue
	1 Introduction
	2 Methodology
	2.1 Preparation of DFSBA-15 and Fe/DFSBA-15
	2.2 Catalysts characterizations
	2.3 Photocatalytic Procedure

	3 Results & discussions
	3.1 Characterizations
	3.2 Degradation studies of methylene blue at different Fe loading (3 ​wt%–15 ​wt%)
	3.3 One-factor-at-a-time (OFAT) study by using 10Fe/DFSBA-15
	3.4 Plausible photocatalytic mechanism
	3.5 Comparative study
	3.6 Reusability studies

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgment
	References


