—

—

AR

YY

Yy

Y¢

Y1

Yv

YA

AR

)

AR

Highly adsorption-photocatalytic tablet-shaped graphite
oxide-TiO, composites for handling organic dye pollutants

ABSTRACT

Designing effective adsorption-photocatalysts on graphite oxide-TiO, (G/TiO2) nanocomposites
tablet with easy synthesis and low cost is a challenge in treating organic dye pollutants. Hére, we
invented an advanced adsorption-photocatalyst based on a TiO2 framework coupled with“graphite
oxide to form tablets using a physical mixing method. Furthermore, these tablets were,molded using
metal chips for extremely high adsorption photocatalysts towards organiCydyes. The mass
composition has been evaluated to compare the high degradation performance of the composite mass
variation in degrading organic dyes, namely methyl orange (MO) andumethylene blue (MB). We
discovered the 1:2 mass variation of G/TiO; resulted in an_4mprovement in the adsorption-
photocatalytic degradation of organic dyes. The degradation rate of MO dye was 93.99% after
treatment with UV light irradiation for 60 min, and the rea€tion fate constant was k = 0.01726 min™.
Meanwhile, MB dye also showed good performance Wwith adegradation percentage of 80.22% and a
reaction rate constant of k = 0.00947 minX@Ehis_constant was much higher than the two mass
variations (1:1 and 2:1) of G/TiO2 due to the inCreased availability of good sites for graphite oxide
adsorption and TiO- electron-hole pair separation. In addition, the G/TiO- tablets showed excellent
reuse and reasonable degradation forwastewater treatment.

Keywords: TiOo; graphite; adserptien;’photocatalyst; organic dyes

Introduction

Organic dyes are pwidely®ised in many industrial processes such as pulp and paper, food processing,
pharmaceuticaly and@ether fields due to their excellent color stability to materials and low cost [1-3].
Howeyver, excessive use of organic dyes causes damage to the aquatic environment. So, it is necessary
to take sérious measures to protect the dye industry waste to create a green environment [4]. Dye
effluenttreatment still uses conventional methods such as adsorption, coagulation, electro-flotation,
etc. [5,6]. However, these treatment methods have not solved the problem of environmental pollution
thoroughly and even cause secondary pollution. This condition can impact river flow and affect the
life of biota in the aquatic environment [7].

Thus, organic dye degradation is one of the efforts to reduce organic dye pollutants and not cause

negative effects from the treatment results (safety environment). It is known that organic dyes have
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a negative impact on environmental health from dyes based on their toxic properties [8,9]. The impact
of dyes affects environmental health, which can affect direct impacts such as allergies, nausea, and
vomiting [10,11]. While indirect impacts can result in cancer, organ damage, and developmental
disorders. If the water used contains synthetic organic dyes, it is very dangerous for humans [12,13].
In addition, dye effluents can cause eutrophication, which is an increase in nutrient levels in waters
that can cause excessive algae growth. The dead algae will decompose and produce toxinsjthat can
kill fish and other aquatic organisms. Dyestuff waste can also cause soil and air polittien {14].
Synthetic dyes can break down into harmful compounds that can harm human and animalhealth.
Recently, photodegradation has been successfully explored to treat organiéydyes’using TiO2
photocatalysts [15,16]. This method is unique and produces environmentally(safe degradation effects
such as CO2 and H20, which is an environmentally friendly way to deal Wwitlworganic dye waste [16—
18]. TiO. photocatalysts are activated under sufficient UV light irfadiation, and the photogenerated
carriers (electrons and holes) initiate reduction-oxidation (redgX)yreactions that command hydroxyl
and superoxide radicals to degrade organic dye compounds,[1920]. TiO, photocatalysts have been
considered one of the most effective and promisingitechnologies for degrading organic pollutants
from water [21]. TiO2 material has high photoeatalytic activity, non-toxicity, chemical stability, low
cost, and wide application [22—24]. Nurdin et al. }13] and Azis et al. [25] reported that TiO- is a valid
photodegradation for various organic andyinorganic pollutant treatment and sensor applications.
However, it is difficult to prepare apdiapply when using TiO»-P25 material because it has fine
particles and dissolves easily n’the, liguid phase. For this reason, it is necessary to make a better
material with high stability aadyhardness to be durable and tested in the test solution.

Aiming to overcome the,ab@ve-mentioned problems, some researchers proposed to combine TiO>
with carbon materials, ioping that carbon materials with high adsorption ability would rapidly adsorb
and enrich organig,compounds, followed by mass transfer to TiO2 and hence increase the possibility
of organic ‘dyes/ and intermediates to contact with TiO2 [26,27]. In addition, reducing the
agglomeratien process of over-tested TiO- in water is important. To date, there have not been many
studiesion tablet construction (pressed pellet) construction to facilitate the formation of G/TiO2
composites for handling organic dyes. Studies conducted by Wang et al. [28] and Chen et al. [29]
explained that preparing tablet-like C/TiO2 composites provides good effectiveness in degrading
tetracycline organic compounds because the two materials are highly synergized in accelerating the
photocatalysis process. It would be very interesting to develop G/TiO2, composite-based adsorption-
photocatalysis materials that are easy to manufacture, inexpensive, and have excellent photocatalysis
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activity to remove organic contaminants in aquatic environments. The G/TiO; tablets are a new and
promising technology to handle wastewater organic pollutants. The urgency of achieving these
results is driven by the need for easy preparation, smaller, and lighter in wastewater pollutants

treatment.

Materials and Methods

Chemical and instrument

All chemicals used in this experiment were analytical grade and purchased from/Sigma=Aldrich,
USA. The materials used included TiO2-P25, graphite oxide, and paraffin oil (p <0,890°g.mL™). The
equipment used was a press pellet with metal rings, an ultraviolet (UV) reactor (18 Watts, Graxindo,

Indonesia), and a UV-Vis spectrophotometer (Single Beam DV-8200, Drawell, China).

Synthesis of graphite oxide-TiO2 tablet

The graphite oxide powder and TiO»-P25 were sifted separatelyjusing a 200-mesh sieve. Then, they
were each weighed to vary different masses. For a 1iLsatiopgraphite oxide was weighed as 1.5 g and
mixed with 1.5 g TiO2-P25 (+3.0 mL paraffingeil).\ The G/TiO> composite was mixed evenly in
porcelain and heated in an oven at 70°C, This tréatment was also applied for mass variations of 1:2
(w/w) and 2:1 (w/w). For G/TiO> tablet censtruction, the composite was pressed using the pellet
press method (3Mpa for 30 sec.) withpa diameter of 2.0 cm and a thickness of 0.5 cm. We simulated

the preparation of G/TiO- tablets, assshown in Fig. 1 and Fig. 3.
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Graphite oxide TiO,-P25

‘ - 200-mesh sieve - 200-mesh sieve

- mixed

- +3.0 mL paraffin oil

- heated at 70°C

- mass variations (1:2), (2:1), and (1:2)
- Pellet press

GITiO,

Composites

- Performance tests

[ | , \QK'
Methyl orange Methylene blue
' !
é

% degradation % degradation
1:1=52.721% 1:1 =54.945%
2:1=48.904% 2:1=48.023%
1:2 = 93.990% 1:2 =80.228%

Fig. 1. The flow chart of G/TiO> tablet-shape@ation

&

and methylene blue) was carried out

Adsorption-photocatalysis test

Adsorption-photocatalysis test of organic dyes (me
using a UV lamp as a light source in a 25¢ indrical Pyrex reactor (Fig. 2). Firstly, the
concentration of organic dyes was madg,with va
7.0 mg.L?; and 10.0 mg.L. These %

concentration using a UV-Vis sp ophetometer (Single Beam DV-8200, Drawell, China) and

ions, namely 1.0 mg.L?; 3.0 mg.L%; 5.0 mg.L?;

ntrations were directly identified to obtain the real

linearity equation. In each exp% e G/TiO2 composites was inserted into a cylindrical Pyrex
reactor under aerator stirfi llowed by the addition of 10.0 mL (5.0 mg.L™) of organic dye
solution. Then, the sa tested for 60 min, every 10 min it was checked to obtain absorbance
values. In the fin emabsorbance values were determined by referring to the linearity equation
to observe th@bﬂcentraﬁon, the percentage of degradation, and the rate constant.

Fig. 2. Adsorption-photocatalysis test over G/TiO. tablet in cylindrical Pyrex reactor
4
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Results and Discussion

Graphite oxide-TiO2 tablet composites

The total mass variation used for the tablet construction was 3.0 g, in which for each variation of
mass composition under graphite oxide and TiO2 materials. In addition, it was the maximum
composition of the total tablet mold volume. The tablet construction of G/TiO, composites was
fabricated with a diameter of 2.0 cm and a thickness of 0.5 cm in order to insert into g cylindrical
Pyrex reactor (Fig. 1). Several mass variations of composites were made, namely ofid: 1 (w/w), 2:1

(w/w), and 1:2 (w/w). The tablet construction of G/TiO, composites can be seen i, Fig: 3.

1 e gVl =
- | \‘
|

TiO.-P25

> DD

< GITiO:
composites

5 GITiO2 GITiO2 GITiO2
Graphite composites composites composites
(1:1) wihw (2:1) wiw (1:2) wiw

Fig. 3. The massaariations of"G/TiO; tablet

The fundamental concept in this studyd§,an effective combination in dealing with organic dye
effluents accumulated in wastewater, We simulate in Fig. 4, it starts from the first step the role of
graphite oxide material in adsokbinglorganic compounds. This accelerates the adsorption process and
is passed on to the surface efathe O> material which plays an important role in the photocatalyst
process. This is a unique,pragess because the efficiency is very good under the influence of UV light
and adding aeration effect4o homogenize and minimize saturation on the surface of the material. In
general, the photocatalyst of TiO> will form positive hole species and electrons that start the
reduction-oxidation (redox) reaction process. Mineralization of organic compounds starts when the
positive hale species oxidize and on the other hand reduction also plays a role in securing inorganic
ions accumulated in organic dye effluents. The same product also as reported by Wang & Yu [28]
and Chen et al. [29] with carbon-doped TiO: tablets provides a powerful way to reduce the
concentration of tetracycline compounds. Variations in composition, light, and test compounds used
produced different results as this relates to the molecular size of the target compound to be treated

whether colored or clear compounds.
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Based on Figs 3a and 3b show the photodegradation process against MO and MB organic compounds
adopted from Fu et al. [30] and Wang et al. [31], respectively. If we compare both photodegradation
processes, different approaches impact the degradation rate of organic dyes (MO and MB).
Evaluation of the photodegradation process exhibited that the degradation of chemical bonds of MO
is easily breaking compared with MB compound. This is due to the ability of the organic compounds
to self-stabilize. Aromatic rings have an important role in stabilizing chemical bonds because’ of the
delocalization of electrons to stabilize the broken chemical bonds. The more aromaticsfing i"the
sample affects the photodegradation ability [32]. Finally, TiO2 photocatalysis takeg,a [ong-time to
degrade the organic compound. Meanwhile, the residual adsorbent can be powder can be safely
stored in accordance with the hazardous waste application.

X e Methylene Blue

Fig. 4. Mechanism of adsorption-photocatalytic degradation toward organic dyes over G/TiO; tablet, (a)
Degradatiopof methyl orange (MO) modified from Fu et al. [30] , and (b) Degradation of methylene blue
(MB) modified from Wang et al. [31]

Adsorption-photocatalysis capability of graphite oxide-TiO2 tablet

In this work, the organic dyes used namely methyl orange (MO) and methylene blue (MB) were
applied for adsorption-photocatalysis degradation capability over G/TiO; tablet. Concentrations of
organic dyes in a water environment are extremely low so the sample concentrations were made by

6
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varying such as 1.0 mg.L%; 3.0mg.L%; 5.0 mg.L%; 7.0 mg.L™; and 10.0 mg.L*. These concentrations
are used as a standard solution to obtain the linearity curve henceforth adsorption-photocatalysis
performance test. In the first step, the determination of absorbance values was conducted over
organic dyes such as MO dye under a wavelength of 465 nm and MB at 664 nm. Fig. 5 represents
the linearity curve of MO and MB dyes. It could be clearly seen that the difference in concentration
over two samples made has a significant difference to the value made. The linearity curves’of the
MO and MB dyes are y = 0.01277 + 0.06717*x (Fig. 5a) and y = —0.00354 + 0.02866%%"(Eig."5b).
From both linearity lines, we can conclude that the higher absorbance value (Fig. 4a),means-that the
adsorbent surface can adsorb a larger number of molecules from the solution when compared to the
absorbance value of the MB compound (Fig. 5b). This could indicate that the adsorbent has a good

adsorption capacity or high efficiency in removing certain molecules fromsthe solution.

0.75
(a) a 030 (b) \
0.60 +
o -~
2 045 Z
E E
@ v
o <
= £ 0.151
£ 030 B
; Equation y=a+bx § Equation y=a+b*
A Intercept 0.01277 £ 0.00 .2 Intercept -0.00354 + 0.0
< 0.15- Slope 0.06717 + 0.00 Slope 0.02866 + 8.97
Residual Sum of Sq  4.31481E-4 Residual Sum of  2.29925E-4
Pearson's r 0.99933 Pearson's r 0.99804
0.00 " R-Square(COD) 0.99866 0oood & R-Square(COD) ~ 0.99609
Adj. R-Square 0.99833 . \ Adj. R-Square 0.99512
T - T T T T T T T - T T v T T T v T v T v T
0 2 4 6 8 10 0 2 4 6 8 10
Concentrations (mg.L'l) Concentrations (mg.L'l)

Fig{ 57 Lineatity curve of organic dyes, (a) MO dye, and (b) MB dye

When the abSorption values were plotted against the linearity equation, the actual concentration
changed. Table®L shows that the concentration deviation of MB was greater than MO because MB
compound 15 more soluble in organic solution than in distilled water. In this case, the dissolution
process’for MB compound uses distilled water because the color waste treatment process in industry
tends to only use distilled water. On the other hand, there is also the possibility of measurement errors
in the preparation of the test solution.
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Table 1. Determination of the actual concentration refers to the linearity equation

. Concentrations Absorbance Actual.
Organic dyes (mg.L) (a.u) b a concentrations
' ' (mg.L?)
0.0 0.001 0.06717  0.01277 -0.175
1.0 0.089 0.06717  0.01277 1.134
MO 3.0 0.226 0.06717  0.01277 3.174
5.0 0.343 0.06717  0.01277 4916
7.0 0.477 0.06717  0.01277 6.911
10.0 0.687 0.06717 0.01277 10.037
0.0 0 0.02866 -0.00354 0.1235
1.0 0.029 0.02866 -0.00354 1.1353
MB 3.0 0.080 0.02866 -0.00354 2.9148
5.0 0.129 0.02866 <0.00354 4.6245
7.0 0.194 0.02866/"%:0.00354 6.8925
10.0 0.291 0.02866y, -0.00354 10.2770

To elucidate the degradation mechanism of organic'dyes, we determined the rate constant using the
first-order reaction that has been calculated ‘via“eguation (1), while the removal efficiency was
calculated using equation (2) below [28,33]:

Inct = k.t 1)

0

% Degradation = @ x 100% (2

0

Where Ct is tH& coneentration after degradation using composites and Co is the concentration before
degradation. Wihile the t is the degradation times effort of 10 min. and k is the rate constant. Based
on Fig. 6 can be seen that the adsorption-photocatalytic performance of G/TiO2 composites tablet
over MO (Fig. 6a) and MB dyes (Fig. 6b). During the test process, the mixture solution of organic
dyes and composites was aerator stirred for 10 min in the UV light irradiation to reach an adsorption-
photocatalysis reaction. After 10 min the UV light and aerator stir were turned off and composites
for the cylindrical Pyrex reactor halted reaction. Subsequently, the organic dye was slowly taken for
3 mL to identify the absorbance using a UV-Vis spectrophotometer. This process was continuously

repeated for 60 min and recorded a decrease in organic dye degradation.
8
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Fig. 6. Plots of In (Ct/Cy) versus reaction time for the adsorption-photocatalysis of G/TiO, tablet (a) MO
dye, and (b) MB dye

The G/TiO, tablet with 1:2 mass variation demonstratéd, therhighest adsorption-photocatalysis
activity among the two mass variations with 93.99% MO and 80.22% MB degraded after irradiation
for 60 min. The order of the adsorption-photecatalysis degradation efficiency for MO and MB dyes
by the two mass variations of composgites is as,follows: 1:2>1:1>2:1. Obviously, the 1:2 mass
variation of G/TiO2 shows the highest adSorption-photocatalysis degradation of organic dyes among
the two mass variations. It is due te<the high TiO> composition in composites resulting in the high
photocatalytic performance to décrease‘organic dyes [34]. Meanwhile, the graphite oxide has a good
performance for the first Y0 min. Based on Zheng et al. [26] reported that the carbon graphite
adsorption was initiated¥n the-first minute of the test process. This is due to the increased pore area
of the dry carbon making it easier to reach an adsorption-desorption equilibrium. The Kkinetics of
adsorption-phetocatalysis of organic dyes degradation were investigated by calculating the chemical
reaction rateyconstant (k) from the pseudo-first-order kinetic model under the Langmuir-
Hinshelwood@ model (Eq. 1). Table 2 exhibits that the 1:1 G/TiO2 composites has a larger k value
with 0.04726 min™ for MO and 0.00947 min for MB. The larger k value indicates a fast degradation

process in short time duration.

Table 2. Plot the rate constant (k) against the difference in organic dyes



Mass Variations % Average of rate Deviation

Concentrations Organic dyes ] _
of G/TiOz tablet Degradation constant (k) Standard

1:1 52.721 0.00662 0.00057
MO 2:1 48.904 0.00157 0.00025
1:2 93.990 0.01726 0.00494
5 ppm
1:1 54.945 0.00715 0.00170
MB 2:1 48.023 0.00596 0.00122
1:2 80.228 0.00947 000092

ARR

vv¢  One of the problems that needs to be considered in testing G/TiO; tablets is that it is made from a
vye  combination of powders, so researchers need to be careful in paying attention to the durability of the
vv1  tablets made. This is also related to the compressive strength and theywax (paraffin) added as a
vvv  binding medium between powder particles. When these conditiens are not considered, the tablet
v'A  shows high adsorption performance, but the durability willsbe reduced because the material is easier
vv4  to absorb water molecules which results in the ease‘ef the,G/TiO, tablet material being brittle and
vy« settling like particles under the test media. Ther,the'adverse impact is the release of graphite oxide
yvy  and TiO2 nanoparticles into the environment even, though it is safe to have an impact on deposits in
YYY  the test reactor. For researchers who wantyto develop this model can pay attention to the use of

YYv  compressive strength and wax used.for binding between powder particles.

YY¢ Table 3. literaturestudies toward TiOz-based tablet composites
] ] Time
Composites Methads Photocatalytic performance ) Ref.
degradation
Tetra butyl titanate Pyrelysis ¢ 100% degradation of tetracycline (60 min.) [28]
— Cellulose
Tetra butyl titanate Pyrolysis ¢ 91% degradation of tetracycline (220 min.) [29]

— terephthalicacid

Fe - Ti©> Electrothermal e 98% degradation of Rhodamine B (180 min.) [35]
TiO-P25 — Solid-Solid e 93.99% degradation of Methyl Orange (60 min.) This
Graphite oxide « 80.22% degradation of Methylene Blue (60 min.) Study

Yo
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Some literature study was examined by referring to the WoS search engine, we found three papers
relevant to this research study (Table 3). TiO»-based tablet composites have been tried by several
researchers with different applications to tackle organic compounds. Based on their studies' results,
TiO> tablet-based photocatalysis has good activity above 50% with selected degradation time
capability. However, the methods developed also have differences and the chemicals used. This
shows that the design of TiO: tablets provides great potential in overcoming the problem ofy@rganic
liquid waste in the environment. This greatly affects the economic aspect of the remoyalmethod,
where the applied method is very easy to work with and has a significant effect omthe removal of

organic dyes.

This research highlights the development of a novel adsorption-photoCatalyst for treating organic
dye pollutants in wastewater. By integrating TiO2 with graphite oxide, through a simple physical
mixing method, nanocomposite tablets were synthesized with, enhanced efficiency and cost-
effectiveness. The study revealed that a specific massyratio, of the composite (1:2 G/TiOy)
significantly improved the degradation of organic,dyes, Andicating a pathway for optimizing
adsorption-photocatalytic materials. Furthemmore, \the;”demonstrated reusability of the tablets
underscores their sustainability and potential for widespread adoption in wastewater treatment
applications. Overall, this research offersypromising implications for environmental remediation

efforts, cost-effective technology development, and sustainable water pollution mitigation strategies.

Conclusions

In summary, we reporteg antadsorption-photocatalyst for the catalytic degradation of organic dyes
(MO and MB) based omgraphite oxide incorporated with TiO> to form a tablet construction, in which
graphite oxidegplayssa role in adsorption and TiO, for photocatalyst performance. Based on the
experimentalkesults, we found that the G/TiO; tablet with a mass variation of 1:2 shows the highest
adsorption-photocatalysis activity among the two mass variations, namely 1:1 and 2:1. The chemical
reactionyrate constant showed that the composite was easier to degrade MO dyes than MB. This work
describes a new strategy for using highly photoactive adsorption tablets in the form of G/TiO> as a
material for the effective degradation of organic dyes.

Acknowledgments

11



Yov

YoA

Yod

Y.

AR

Yay

Yy

Ya¢

Yo

Yan

Yy

YA

AR

YV.

YV

YVY

YvYy

Yve

Yvo

Yva

ARAY

YYA

Yvia

YA«

YA

YAY

YAY

YAS

YAo

YAT

YAY

YAA

This work was supported by Internal Research Grant No. 012/11.3.AU/F-LP3M/SP/2022 of
Universitas Muhammadiyah Kendari (UMKendari) and photocatalyst laboratory of UMKendari.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Dassanayake R.S., Rajakaruna E., Abidi N. Preparation of aerochitin- TiO2 composite for
efficient photocatalytic degradation of methylene blue. Journal of Applied Polymer Science.
2018; 135(8): 45908. https//doi.org/10.1002/app.45908.

Giovannetti R., Rommozzi E., Zannotti M., D’Amato C.A. Recent advances in‘graphene based
TiO2 nanocomposites (GTiO2Ns) for photocatalytic degradation of synthetic dyes. Catalysts.
2017; 7(10): 305. https//doi.org/10.3390/catal 7100305.

Hikmawati, Watoni A.H., Wibowo D., Maulidiyah, Nurdin M. ‘SyAthesis of Nano-IImenite
(FeTiO3) doped TiO2/Ti Electrode for Photoelectrocatalytig,System. IOP Conference Series:
Materials Science and Engineering, vol. 267,,/2047. https//doi.org/10.1088/1757-
899X/267/1/012005.

Ahmadpour A., Asl A.H., Fallah N. Photocatalytictreatment of spent caustic wastewater in
petrochemical industries. Advances ifimEnvironmental Technology. 2016; 2(3): 153-168.
https//doi.org/10.22104/aet.2017 .443.

Velusamy S., Roy A., Sundaram’S:jKumar Mallick T. A review on heavy metal ions and
containing dyes removal throughagraphene oxide- based adsorption strategies for textile
wastewater  treatmenfi{ “Bhe Chemical Record. 2021; 21(7): 1570-1610.
https//doi.org/10.1002/tek.202000153.

Maulidiyah M g#Wijawan 1.B.P.B.P., Wibowo D., Aladin A., Hamzah B., Nurdin M.
Photoelectreehemical Performance of TiO2/Ti Electrode for Organic Compounds. IOP
Conferencen,Series: Materials Science and Engineering. 2018; 367(1): 012060.
https//doi0rg/10.1088/1757-899X/367/1/012060.

LIRPLI T., Zhou Q. Impact of titanium dioxide (TiO2) modification on its application to
pollution treatment—a review. Catalysts. 2020; 10(7): 804.
https//doi.org/10.3390/catal10070804.

Nematolahi S.Z., Dehghani M., Yousefinejad S., Hashemi H., Golaki M., Mohammadpour A.,
et al. Removal of metformin from aqueous solution using Fe3+ doped TiO2 nanoparticles
under UV irradiation. Desalination and Water Treatment. 2021; 241: 360.

https//doi.org/10.5004/dwt.2021.277009.
12



YyY

vy

AR

Yyo

i1

ARG

YYA

AR

YY.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Parvaresh V., Hashemi H., Khodabakhshi A., Sedehi M. Removal of dye from synthetic textile
wastewater using agricultural wastes and determination of adsorption isotherm. Desalination
and Water Treatment. 2018; 111(345.10): 5004. https//doi.org/10.5004/dwt.2018.22204.
Nurdin M., llham I., Maulidiyah M., Muzakkar M.Z., Wibowo D., Arham Z., et al. Enhanced
Photoelectrocatalytic Performance Using Chalcogenide Te/TiO2/Ti Nanotube Array Based
on COD Analyses for Water Treatment Applications. Electrocatalysis. 2023; 14z 1-12.
https//doi.org/10.1007/s12678-023-00820-3.

Wibowo D., Malik R.H.A., Mustapa F., Nakai T., Maulidiyah M., Nurdin ‘M.”Highly
Synergistic Sensor of Graphene Electrode Functionalized with Rutile TiO2 Microstructure to
Detect L-Tryptophan Compound. Journal of Oleo Science. 2022: ess21416.
https//doi.org/10.5650/j0s.ess21416.

Wibowo D., Muzakkar M.Z., Saad S.K.M., Mustapa F., Maulidiyah M., Nurdin M., et al.
Enhanced visible light-driven photocatalytic degradatiofsupported by Au-TiO2 coral-needle
nanoparticles. Journal of Photochemistry and Photohiology-A: Chemistry. 2020; 398: 112589.
https//doi.org/10.1016/j.jphotochem.2020.112589.

Nurdin M., Watoni A.H., Natsir M.gRahmatilah S., Maulidiyah M., Wibowo D., et al.
Photoelectrocatalysis performance of Sendoped-TiO2/Ti nanotube arrays for visible-light-
driven degradation of diazinon pestigide. Korean Journal of Chemical Engineering. 2023: 1—
10. https//doi.org/10.1007/s11814%028-1395-1.

Wibowo D., Jurumai LYz, awaty S., Ardi M., Saida N.R.R., Rosdiana R., et al. Graphite
Coupled with TiO2 Paste Photoelectrodes Well Oriented over COD Photoelectrocatalysis for
Rapid Detection«ef Methylene Blue Organic Dye. Journal of Environmental Engineering.
2023; 149(11): 4023070 https//doi.org/10.1061/JOEEDU.EEENG-7354.

Zhu X., Zhu R, Pei L., Liu H., Xu L., Wang J., et al. Fabrication, characterization, and
photogatalytic activity of anatase/rutile/SnO2 nanocomposites. Journal of Materials Science:
Materials in Electronics. 2019; 30(24): 21210-21218. https//doi.org/10.1007/s10854-019-
02494-4.

Dinari A., Mahmoudi J. Response surface methodology analysis of the photodegradation of
methyl orange dye using synthesized TiO2/Bentonite/ZnO composites. Advances in
Environmental Technology. 2022; 8(1): 31-46.
https//doi.org/10.22104/AET.2022.5204.1409.

Taghvaei H., Farhadian M., Davari N., Maazi S. Preparation, characterization and

13



\RR

Yvy

Yyy

Yve

Yvoe

yvi

YyYv

YYA

Yva

Y.

AR

Y'Yy

AR

Yye

Yro

AR

Yyv

YYA

yya

R

Yoy

ey

yee

Yyéo

yeu

yev

YA

yéea

Yoy

Yoy

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

photocatalytic degradation of methylene blue by Fe3+ doped TiO2 supported on natural
zeolite using response surface methodology. Advances in Environmental Technology. 2017,
3(4): 205-216. https//doi.org/10.22104/AET.2018.2462.1124.

Asvadi F., Fallah N., Elyasi S., Mohseni F. Investigation of affecting operational parameters
in photocatalytic degradation of Reactive Red 198 with TiO2: optimization through response
surface methodology. Advances in Environmental Technology. 2016; 2(4): 169-177.
https//doi.org/10.22104/AET.2017.482.

Muzakkar M.Z., Umar A.A., llham I., Saputra Z., Zulfikar L., Maulidiyah“M-, et al.
Chalcogenide material as high photoelectrochemical performance ’Se ”~ doped
TiO<inf>2</inf>/Ti electrode: Its application for Rhodamine B degradation. Journal of
Physics:  Conference  Series, vol. 1242, 2019. httpsi/doi.org/10.1088/1742-
6596/1242/1/012016.

Natsir M., Putri Y.l., Wibowo D., Maulidiyah M., Salim0O.AY Azis T., et al. Effects of Ni—
TiO2 Pillared Clay—Montmorillonite Compositesf@r Photocatalytic Enhancement Against
Reactive Orange Under Visible Light. Journalief Ingrganic and Organometallic Polymers and
Materials. 2021; 31(8): 3378-3388. https//doiiorg/10.1007/s10904-021-01980-9.
Edelmannova M., Lin K.Y., Wu J.C.S\\Troppova I., Capek L., Ko¢i K. Photocatalytic
hydrogenation and reduction of~CO2 over CuO/ TiO2 photocatalysts. Applied Surface
Science. 2018; 454: 313-318.https//doi.org/10.1016/j.apsusc.2018.05.123.

Nurdin M., Dali N., Irwanil.,#Maulidiyah M., Arham Z., Ruslan R., et al. Selectivity
Determination of Ph2#ylon*Based on TiO2-lonophores BEK6 as Carbon Paste Electrode
Composite. Analytical /& Bioanalytical Electrochemistry. 2018; 10(12): 1538-1547.
https//doi.org/-:

Nurhidayani, Muzakkar M.Z., Maulidiyah, Wibowo D., Nurdin M. A novel of buton asphalt
and methylene blue as dye-sensitized solar cell using TiO2/Ti nanotubes electrode. 10P
Conference Series: Materials Science and Engineering. 2017; 267(1): 12035.
https//doi.org/10.1088/1757-899X/267/1/012035.

Nurdin M., Zaeni A., Maulidiyah, Natsir M., Bampe A., Wibowo D. Comparison of
conventional and microwave-assisted extraction methods for TiO2 recovery in mineral sands.
Oriental Journal of Chemistry. 2016; 32(5): 2713-2721. https//doi.org/10.13005/0jc/320545.
Azis T., Maulidiyah M., Muzakkar M.Z., Ratna R., Aziza S.W., Bijang C.M., et al.
Examination of Carbon Paste Electrode/TiO<inf>2</inf> Nanocomposite as Electrochemical

14



Yo

Yot

Yoo

you

yov

YoA

yod

¥

AR

vy

yay

A

Yo

A

vy

YA

yia

YV

A\RA

YvY

Yvy

Yve

Yvo

yva

Yvy

YVA

Yva

YA

YA

YAY

YAY

YAL

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Sensor for Detecting Profenofos Pesticide. Surface Engineering and Applied
Electrochemistry. 2021; 57(3): 387-396. https//doi.org/10.3103/S1068375521030029.
Zheng X., Xu S., Wang Y., Sun X., Gao Y., Gao B. Enhanced degradation of ciprofloxacin
by graphitized mesoporous carbon (GMC)-TiO2 nanocomposite: Strong synergy of
adsorption-photocatalysis and antibiotics degradation mechanism. Journal of Colloid and
Interface Science. 2018; 527: 202—-213. https//doi.org/10.1016/}.jcis.2018.05.054.

Wibowo D., Sari W.O.S.l., Said A., Mustapa F., Susianti B., Maulidiyah /My, et”al.
Electrochemical-Sensor Behavior for Determination of Low Urea Concentration using
Graphite-TiO2 Composites Immobilized in a Glass Tube. Analyticaldand Bioanalytical
Electrochemistry. 2022; 14(4): 385—-401. https//doi.org/-.

Wang C., Yu R. Highly efficient visible light photocatalysis of tabletslike carbon-doped TiO2
photocatalysts via pyrolysis of cellulose/MIL-125(Ti) at low temperature. Journal of Solid
State Chemistry. 2022; 309(December 2021): 122992,
https//doi.org/10.1016/j.jssc.2022.122992.

Chen J., Zhang X., Bi F., Zhang X., Yang Y, Wang.Y. A facile synthesis for uniform tablet-
like TiO2/C derived from Materials of Institut Tavoisier-125(Ti) (MIL-125(Ti)) and their
enhanced visible light-driven photodegradation of tetracycline. Journal of Colloid and
Interface Science. 2020; 571: 275-<284. https//doi.org/10.1016/j.jcis.2020.03.055.

FuY., ShanS., Chen F., Hu J&onstructing an efficient p—n heterojunction photocatalyst CaFe
2 O 4/Fe 2 O 3 nanocompesite for degradation of methyl orange. Journal of Materials Science:
Materials in Electroni€sy2020; 31: 17967-17979. https//doi.org/10.1007/s10854-020-04349-
9.

Wang X. quan,“Han'S. fu, Zhang Q. wen, Zhang N., Zhao D. dan. Photocatalytic oxidation
degradation,mechanism study of methylene blue dye waste water with GR/iTO2. MATEC web
of conferences, vol. 238, EDP Sciences; 2018.
httpsifeoi.org/10.1051/matecconf/201823803006.

Maulidiyah, Nurdin M., Wibowo D., Sani A. Nano Tube Titanium Dioxide/ Titanium
Electrode Fabrication with Nitrogen and Silver Metal Doped Anodizing Method:
Performance Test of Organic Compound Rhodamine B Degradation. Pharmacy and
Pharmaceutical Sciences. 2015; 7(6): 141-146.

Torane A.P., Ubale A.B., Kanade K.G., Pagare P.K. Photocatalytic dye degradation study of
TiO2 material.  Materials  Today:  Proceedings. 2021; 43: 2738-2741.

15



YAo

YAT

YAY

YAA

YAQ

Ya.

Y4

Yay

yay

[34]

[35]

https//doi.org/10.1016/j.matpr.2020.06.476.

Wu ZY., Xu YJ., Huang L.J., Zhang Q.X., Tang D.L. Fullerene-cored star-shaped
polyporphyrin-incorporated TiO2 as photocatalysts for the enhanced degradation of
rhodamine B. Journal of Environmental Chemical Engineering. 2021; 9(5): 106142.
https//doi.org/10.1016/j.jece.2021.106142.

Chen D., Hu S., Li G. Preparation and photocatalytic activity of TiO 2/FeOOH
nanocomposite. Advanced Materials Research. 2012; 535-537(Ifeesm 2017 &2.

o
https//doi.org/10.4028/www.scientific.net/AMR.535-537.219. \

16



