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ARTICLE INFO ABSTRACT

Keywords: Carbon dioxide (CO3) photoconversion into methanol (CH3OH) was recognized as a beneficial approach to
CO, photoconversion overcoming future energy and environmental issues. Here, CO, photoconversion into CH3OH was intensively
Methanol evaluated over fibrous silica-copper (FSCu) and copper-supported fibrous silica (CuO/KCC-1) generated through
Copper i Ision and incipi i i h ively. The physicochemical attributes of
Silica support a microemulsion and incipient wetness impregnation approach, respectively. The physicochemical attributes o
Triethylamine the generated photocatalysts were characterized via UV-vis spectroscopy, X-ray diffraction, Ny physisorption,

Field-emission scanning electron microscopy, and Fourier-transform infrared spectroscopy analysis. Depiction of
the characterization results revealed that FSCu possessed a considerable surface area (299.7 m? g’l) as well as
pore volume (0.70 cm® g ™) than those of CuO/KCC-1 and CuO. Indeed, the excellent CuO dispersion and intense
CuO-interaction resulted from the alternately aligned CuO and SiOs in the fibrous framework. As a result of these
great attributes, the FSCu photocatalyst recorded a superior yield of CH3OH (412.4 ymol gz h™!) with trie-
thylamine assistance as a sacrificial reductant, followed by CuO (310.3 pmol g{alt h~1) and CuO/KCC-1 (189.6
umol g&ilt hh. Additionally, the ideal bandgap position for FSCu compared to CuO/KCC-1 contributed to the
greater yield of CH3OH. The parameter evaluations recorded that the highest yield of CH3OH for FSCu was
acquired at a catalyst of 0.6 g L1, 100 mL min~! of CO,, and the amount of TEA of about 50 mL. This paper also
proposes a photoconversion mechanism for synthesized photocatalysts, as well as a comparative assessment of
their performance with recently developed CuO-based photocatalysts.

1. Introduction

Anthropogenic carbon dioxide (CO5) levels in the atmosphere have
been steadily elevating in recent years, most likely corresponding to
fossil fuels’ expanded usage to address the fast growth of global energy
markets. This uncontrolled situation inevitably initiates harsh environ-
mental matters like global warming [1]. In response to this significant
issue, tremendous efforts have been reported in the literature toward
finding an efficient approach to lessening the emission of CO,.

To date, the transformation of CO, into solar fuel, methanol
(CH30OH) via photoreduction routes, has acquired substantial lookout
since this green path is driven by renewable solar energy for converting

undesired COy [2,3]. Indeed, the photoreduction pathway appears
intriguing, as it is typically carried out with a low energy input and
under reasonably benign circumstances. However, since COy is un-
doubtedly a chemically inert substance, it demands vast energy to
transform into carbon-based fuels. Thus, developing highly efficient
photocatalysts under an expansive light range is critical to guarantee the
effectual harnessing of light energy.

Numerous semiconductors have been evaluated as prospective pho-
tocatalysts for CO5 photoreduction [4-7]. Among these semiconductors,
the p-type semiconductor, copper oxide (CuO), has garnered consider-
able interest owing to its strong absorption coefficient, narrow bandgap
(1.2-1.9 eV), and appropriate electronic features for photoreduction

* Corresponding author at: School of Chemical and Energy Engineering, Universiti Teknologi Malaysia, 81310 UTM Johor Bahru, Johor, Malaysia.

E-mail address: aishahaj@utm.my (A.A. Jalil).

https://doi.org/10.1016/j.fuel.2022.125257

Received 18 May 2022; Received in revised form 21 June 2022; Accepted 8 July 2022

Available online 13 July 2022
0016-2361/© 2022 Elsevier Ltd. All rights reserved.


mailto:aishahaj@utm.my
www.sciencedirect.com/science/journal/00162361
https://www.elsevier.com/locate/fuel
https://doi.org/10.1016/j.fuel.2022.125257
https://doi.org/10.1016/j.fuel.2022.125257
https://doi.org/10.1016/j.fuel.2022.125257
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fuel.2022.125257&domain=pdf

	Enriching the methanol generation via CO2 photoconversion over the cockscomb-like fibrous silica copper
	1 Introduction
	2 Experimental
	2.1 Materials
	2.2 CuO, CuO/KCC-1, and FSCu synthesis
	2.3 Characterization of photocatalysts
	2.4 Photoreduction test

	3 Results and discussion
	3.1 Characteristic of FSCu and CuO/KCC-1
	3.2 Photocatalytic performance
	3.3 Proposed reaction pathway
	3.4 Comparison study

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	References


