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Abstract

Photocatalytic oxidative desulphurisation has become a promising technique as a result of its high capability, mild reaction
conditions, economical, and low energy usage. In the present study, copper oxide doped on titanium dioxide (CuO/TiO2) was
prepared by facile electrolysis method. The presence of mesoporous materials with high surface area was confirmed by
nitrogen (N2) adsorption-desorption analysis where the band gap energies were determined by ultraviolet-visible diffuse
reflectance spectra (UV-Vis DRS). The photoactivity testing on desulphurisation of 100 mg L™ dibenzothiophene (DBT)
revealed the highest extraction (7.5 x 10 mM min'!) and photooxidation rates (1.8 x 10 mM min*), which were acquired
by 0.8 gL™* CuoiTogafter2 h undervisible irradiation. This is attributed by the well dispersion of CuO on TiO, suitable band
gap energy, and better charge carrier separation by the synergistic interaction of both materials.

Keywords: photocatalytic oxidative desulphurisation; copper oxide; titanium dioxide; facile electrolysis; synergistic
interaction.

1.0 INTRODUCTION

Environmental pollution is one of the life-threatening issues faced by the modern society nowadays [1]. The emission of
exhaust gas and sulphate particulate matter by the burning of sulphur compounds in fuels has led to global warming, air
pollution, and acid rain, which seriously impacted the environment and human health [2]. Photocatalytic desulphurisation as
an economicaland green technology has become a recent focus as one of the most promisingwaysto solve these problems
[3]. Titanium dioxide (TiO,) is considered as a prevalent candidate for these purposes with the advantage of high
photocatalytic ability, chemical stability, non-toxicity, and low cost [4,5]. However, its practical applications have been
hindered by the fast photogenerated electron-hole pair recombinationand poor utilisation of solar energy [6,7].

In orderto solve these deficiencies, various approaches have been developed including the doping of various metals such as
silver (Ag), platinum (Pt), palladium (Pd), iron (Fe), and copper (Cu) to enhance charge carrier separationand simultaneously
alterbandgapenergies [8,9]. Copper oxide (CuO)isan idyllic candidate to be coupled with TiO2 due toits suitable band gap,
inexpensive, less toxicity, and plenteous source[9].

Plentiful nanometal oxides of nickel oxide (NiO) doped on mesostructured silica nanoparticles (MSN), Fe, Co and Ni
supported on Al.Os, CuO doped on carbon nanotubes (CNT), and TiO. supported on fibrous SiO,—ZSM-5 have been
successfully synthesised by electrolysis [10-14]. These materials show outstanding performances in the photodegradation of
organic contaminants and dyes, catalytic CO. reforming of CH4, and adsorption of heavy metals. Electrolysis method is not
only capable to reduce the agglomeration of dopants by forming uniform and nano-sized particles, but also capable of
providing a stronger dopant-support interaction [10]. Inspired by the above-mentioned factors, the objectives of this study are
to synthesise CuO/TiO2 and examineits performance in photocatalytic oxidative desulphurisation.
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2.0 METHODOLOGY

2.1 Materials
All chemicals were used and prepared based on the previous study [15].

2.2 Synthesisof Catalyst

TiO2 was produced via sol-gel method by mixing an appropriateamountof ethanol, distilled water,and TBOT under constant
stirring for 30 min, aged for 24 h, and oven-dried for overnight to form TiO. powder. Electrolysis was used to prepare
CuO/TiO, composite using TiO, powder asasupport accordingto an earlier study [16] and the ratios of Cu/TiO were varied
with 0.1/0.9 and 0.2/0.8, which were designatedas Cuop.1 To.oand Cuo.2 To.s, respectively.

2.3 Characterisation of Catalyst

N2 physisorption to study the textural properties of the catalysts was performed by using a Beckman Coulter SA3100
instrument. The observed isotherms were utilised to calculate surfacearea using Brunauer-Emmett-Teller (BET) method. The
ultraviolet-visible diffuse reflectance spectra (UV-Vis DRS) were acquired by a PIKE Technologies DiffusIR accessory to
determine theband gapaccording to Kubelka-Munk equation.

2.4 Photooxidative Desulphurisation Reaction

The performance of the composites was tested on photooxidative desulphurisation of dibenzothiophene (DB T) as described
in the previous report[9,16]. 100mgL-1 of DBT in iso-octane was mixed with acetonitrile beforetheaddition of catalystand
stirred in the dark for 1 h. Then, the mixed solution was irradiated with visible light and samples were takenevery 10 min.

3.0 RESULTSAND DISCUSSION

3.1 Textural Properties

N2 physisorption isotherms were employed to evaluate thesurface area and pore dispersion of the composites. In Figure 1A,
a distinctive isotherm type 'V with a hysteresis loop H3was detected forall catalysts, verifying the characteristic adsorption
profile formesoporous materials [17,18]. Besides, a noticeable two -step capillary condensation was perceived at P/Po =0.3
and 0.9, whichwas attributedto intra- and interparticle pores, accordingly. The addition of 0.1 Cu onto TiO, support reduced
the surface area from402 to 136.4 m2g?, probably due to the partial pore blockage by the existence of a new metal species
on the support surface [10]. Thisis provenbythereductionin the intra-and interparticle pores of TiO, support, as can beseen
by the decrease ofthedotted reference line (Figure 1A)and pore size distribution as shown in Figure 1B. Nevertheless, further
loading of Cuonto TiO- to the ratio 0.2/0.8significantly increased the surfaceareato 152.4 m?g*, which might be caused by
the formation of new pores containing agglomerated Cu particles onthe TiO;surface[11].
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Figure 1. (A) Nitrogen physisorptionisotherms of i) TiO, ii) Cuo.1To.s,and iii) Cuo2Tosand (B) pore distribution of

3.2 Optical Studies

compositesand TiO; (inset figure).

Figures 2Adisplaysthe UV-Vis spectra of TiOz, Cuo.1Tog, and Cuo2Tos. Pure TiOz hasa significant absorption edge located
at 380 nm, demonstrating that it is simply an ultraviolet-driven catalyst. The absorption edge of the composite is substantially
extended with the incorporation of Cu species, indicating a probable interaction between Cu dopant and TiO. support [19].
As can be seen from Figure 2B, the TiO; possesses the highestband gap (Eg) of 3.50 eV, in which a considerably decreased
of Egwas observed after addition of Cu. Itshould be noted thatthe improved absorption edge and narrowed E4 of the CuO/TiO;,
composite may lead to a better charge carrier separationand high harvesting rate of solar light, which subsequently resulted
in enhanced performance [20].

Absorbance

Figure 2 (A) UV-Vis spectra and (B) band gap energy of the composites
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3.3 Photocatalytic Oxidative Desulphurisation Performance

Figure 3 shows the desulphurisation rates of the catalysts under visible light irradiation. For comparison, photolysis reaction
was also conducted to examine the role of the catalyst. As predicted, the photolysis proceeded at very low extraction and
photooxidation rates, verifyingthe crucial role of the catalyst in the reaction [9]. The extraction and photooxidation rates of
CuO/TiOzare higherthan TiO., possibly due to its wider visible light response and reduced charge carrier recombination by
the inclusion of Cu [7]. The highest extraction and photooxidation rates were achieved using Cuo.1Tos catalyst, which then
showed a decreasing trend when more Cu was added to TiO.. Even though the band gap of Cuo.2Tos is narrower, its lower
reaction rate might be attributed by the agglomeration of Cu particles on TiO2 support as suggested by the N2 physisormption
analysis.

Initial rate of photooxidation (x10-* mM min-1)
0 1 2 3 4 5 6 7

B Extraction
OPhotooxidation

0 2 4 6 8 10 12
Initial rate of extraction (x10-3 mM min-1)

Figure 3 Photocatalytic oxidative desulphurisation performance of the catalysts.

4.0 CONCLUSION

In this study, CuO/TiO, was prepared by facile electrolysis method. The catalysts were examined by N physisorption and
UV-Vis DRS. The N physisorption analysis shows that all catalysts have an isotherm type 1V with a hysteresis loop H3,
confirmingthe presence of mesoporosity. The decrease in intra/interparticle pores of TiO, support, as well as the reduced pore
volume, indicated successful incorporation of Cuon TiO». Based on UV-Vis DRS analysis, the absorption edge of TiO- shifted
to a higher wavelength by the addition of Cu, suggesting a probable CuO-TiO; interaction. The photocatalytic oxidative
desulphurisation was evaluated on 100 mg L of DBT using 0.8 g L-! catalyst. The highestextraction (7.5 x 10 mMmin™)
and photooxidation (1.8 x 10-* mMmin*) rates acquired by Cuo.1 To.s catalystcould be influenced by well dispersion of CuO
on TiO, suitable band gap energy, and better charge carrier separation.

Acknowledgements

This research study was sponsored by the Universiti Teknologi Malaysia through Professional Development Research University Grant (No. 04E33) and
Collaborative Research Grant (Grant No. 07G62), and also by the Ministry of Higher Education Malaysia through Fundamental Research Grant No.
FRGS/1/2019/STG07/UTM/01/1 (Grant No. 5F192).

References

[1]  Zhang, G., Ren, J., Liu, B., Tian, M., Zhou, H., Zhao, J. 2018. Inorganica Chimica Acta. 471: 782—787.

[2]  Yang, C.,Ji, H., Chen, C., Ma, W., Zhao. J. 2018. Applied Catalysis B: Environmental. 235: 207-213.

[3]  Zhen, Y., Wang, J., Li, J., Ful, M., Fu, F., Zhang, Y., Feng, J. 2018. Journal of Materials Science: Materials in Electronics. 29: 3672-3681.

[4]  Mustapha, F.H., Jalil, A.A., Mohamed, M., Triwahyono, S., Hassan, N.S., Khusnun, N.F., Hitam, C.N.C., Rahman, A.F.A., Firmanshah, L., Zolkifl,
A.S. 2017. Journal of Cleaner Production. 168: 1150-1162.

[5] Hitam, C. N. C., & Jalil, A. A. 2020. Journal of Environmental Management. 258: 110050.
Page | 16



6]

[7]
8]
[l

(10]

(11]

(12]

[13]
(14]
(15]

[16]

[17]

(18]

(19]

[20]

Che Ku Nor Liana Che Ku Hitam & Aishah Abdul Jalil / JEST — Joumal of Energy and Safety Technology. . vol. 3, no.1(2020): 13-17"

Rahman, A.F.A., Jalil, A.A., Triwahyono, S., Ripin, A., Aziz, F.F.A., Fatah, N.A.A., Jaafar, N.F., Hitam, C.N.C., Salleh, N.F .M., Hassan, N.S. 2017.
Journal of Cleaner Production. 143: 948-959.

Hitam, C. N. C., Jalil, A. A., & Abdulrasheed, A. A. 2019. Journal of Industrial and Engineering Chemistry. 74: 172-186.
Jaafar, N.F.,Jalil, A. A., & Triwahyono, S. 2017. Applied Surface Science. 392: 1068-1077.

Hitam, C.N.C., Jalil, A.A., Triwahyono, S., Rahman, A.F.A,, Hassan, N.S., Khusnun, N.F., Jamian, S.F., Mamat, C.R., Nabgan, W., Ahmad, A. 2018.
Fuel. 216: 407-417.

Hassan, N.S., Jalil, A.A., Triwahyono, S., Hitam, C.N.C., Rahman, A.F.A., Khusnun, N.F., Mamat, C.R., Asmadi, M., Mohamed, M., Ali, MW,
Prasetyoko, D. 2018, Journal of Taiwan Institute of Chemical Engineers. 82: 322-330.

Sidik, S. M., Triwahyono, S., Jalil, A. A, Aziz, M. A. A., Fatah, N. A. A., & Teh, L. P. 2016. Journal of CO2 Utilization. 13: 71-80.

Salleh, N. F. M., Jalil, A. A., Triwahyono, S., Ripin, A., Sidik, S. M., Fatah, N. A. A., & Hassim, M. H. 2017. Journal of Alloys and Compounds, 727:
744-756.

Khusnun, N. F., Jalil, A. A., Triwahyono, S., Hitam, C. N. C., Hassan, N. S., Jamian, F., .& Hartanto, D. 2018. Powder Technology. 327: 170-178.
Aziz, F. F. A, Jalil, A. A., Triwahyono, S., & Mohamed, M. 2018. Applied Surface Science. 455: 84-95.
Jalil, A.A., Kurono N. and Tokuda, M. 2002. Tetrahedron, 58: 7477-7484.

Hitam, C.N.C., Jalil, A.A., Triwahyono, S., Ahmad, A., Jaafar, N.F., Salamun, N., Fatah, N.A.A., Teh, L.P., Khusnun, N.F. and Ghazali, Z. 2016.
RSC Advances. 16: 76259-76268.

Hitam, C.N.C., Jalil, A.A., Triwahyono, S. 2018. Journal of Energy and Safety Technology. 1(1): 1-6.

Fauzi, A. A, Jalil, A. A., Mohamed, M., Triwahyono, S., Jusoh, N. W. C., Rahman, A. F. A,, ... & Tanaka, H. 2018. Journal Of Environmental
Management. 227: 34-43.

Zhen, Y., Wang, J., Fu, F., Fu, W., & Liang, Y. 2019. Nanomaterials. 9(7): 1054.

Azami, M. S., Jalil, A. A., Hitam, C. N. C., Hassan, N. S., Mamat, C. R., Adnan, R. H., & Chanlek, N. 2020. Applied Surface Science. 145744.

Page | 17



