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Photodegradation of Phenol under Visible Light Irradiation Using Cu-N-codoped ZrTiO4
Composite as a High-Performance Photocatalyst
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Abstract: Codoping of nitrogen and copper into zirconium titanate composite (Cu-N-
codoped ZrTiO,) was carried out through a sol-gel process. This study aimed to investigate
the effect of copper and nitrogen dopants on the photocatalytic activity of ZrTiO,
composite in degrading phenol. To prepare the composite, an aqueous suspension of
zirconia (ZrO;) alongside a fixed amount of urea and various amount of copper sulfate
was added dropwise into diluted titanium(IV) tetraisopropoxide (TTIP) in ethanol. The
composites were calcined at temperatures of 500, 700, and 900 °C. Fourier-transform
infrared spectrophotometry (FTIR), X-ray diffraction (XRD), scanning electron
microscopy with energy dispersive X-ray (SEM-EDX) mapping, and specular reflectance
UV-visible spectrophotometry (SR UV-vis) were used for their characterization of
composite. The photocatalytic activity was evaluated by adding the composite into a
10mg L™ phenol solution for various irradiation time spans. The remaining
concentration of phenol solution was determined by absorption at 269 nm. Cu-N-
codoped ZrTiO, composite containing 5% Cu calcined at 500 °C demonstrated the highest
observed rate constant and a significant band gap decrease from 3.13 to 2.68 V.

Keywords: band gap; Cu-N-codoped ZrTiOy degradation; phenol

m INTRODUCTION

The problem of water scarcity has been increasing
around the world. Wastewater recycling has become an
urgent solution to this problem [1]. Phenol is one of the
most dangerous pollutants in wastewater because of its
high toxicity and carcinogenicity, even at low
concentrations. Phenols are
petrochemicals, pharmaceuticals, oil refining, pulp,
paper, and wood manufacturing processes [2-4].
Numerous ways of decomposing wastewater have been
established, including adsorption and biodegradation in
industrial processes. However, those methods have some
downsides, including high operational costs and the use
of toxic chemical reagents [5-6]. The removal of phenol
pollutants has become a key requirement in tackling
environmental problems, and photocatalytic systems
have been extensively researched for the removal of

regularly used in

contaminants [7]. In the photocatalytic process, light
energy is required for the excitation of the photocatalyst
to generate charged carriers for the degradation process
[8]. Electrons or holes initiate the process of radical
species formation in the form of superoxide radicals
(¢O*). The «O* reacts with water to produce hydroxyl
ions (OH"). The OH" then reacts with holes (h+) to form
hydroxyl radicals (¢OH). These «OH break down phenol
compounds into simpler molecules, such as CO, and
H,O [9-10]. The photocatalyst material is a metal oxide
semiconductor with a corresponding band gap energy of
about 1.7-3.2 eV [11].

Titanium dioxide or titania (TiO,), a metal oxide
semiconductor, has received considerable research
attention as a photocatalyst. Numerous photocatalyst
systems have been explored, but TiO, stands out due to
its unique properties. TiO, possesses a relatively high
oxidation/reduction potential, strong chemical stability,
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photo-corrosion resistance, inexpensive cost, and non-
toxicity. The anatase phase of TiO, has a band gap of
3.2 eV and an activity in the ultraviolet (UV) range of A
less than 385 nm [7,12]. TiO; exists in three phases: rutile,
anatase, and brookite. Rutile is the most stable phase of
TiO,, while anatase is metastable. Brookite transforms to
rutile at temperatures above 600 °C [13]. The energy gap
of the anatase phase of TiO; is slightly higher (3.20 eV)
than that of the rutile phase (3.02 eV). However, the
anatase phase gives better photoactivity under UV
irradiation [14].

In addition, zirconia (ZrO,) possesses low thermal
conductivity, corrosion resistance, and excellent
mechanical and photothermal properties. The wide band
gap of ZrO, (approximately 5 eV) results in particularly
strong photogenerated redox performance under UV
irradiation [15]. Due to its wide band gap, ZrO, is
inefficient under solar radiation [16]. ZrO, has high
stability and readily generates holes in its valence band,
with
component. ZrO, exists in three polymorphic phases:
monoclinic (< 1170 °C), tetragonal (1170-2370 °C), and
cubic (>2370°C) [17]. ZrO, is only active in the UV

range, and hence, modification is necessary to increase its

resulting in strong interactions the active

photocatalytic performance. Among these, an effective
way to enhance the photocatalytic activity of ZrO, is to
combine ZrO, with a TiO, semiconductor. Studies predict
that the incorporation of ZrO, into TiO, increases the
stability of anatase compared to rutile [18].

A composite of ZrO, coupled with TiO, (ZrO,-TiO,,
ZrTiO4) can generate a higher photocatalytic activity than
pure TiO,, has a smaller band gap than pure ZrO,, and
shows good thermal stability [19]. This coupling will offer
the added benefits of large surface area, high thermal
stability, and corrosion resistance [20]. Doping of ZrTiO,
with metals, such as Fe [21], Mn [22], and Zn [23], as well
as non-metals such as N [24] and C [25],
reported to decrease the band gap to visible light. Copper

has been

(Cu) and nitrogen (N) have been chosen as the dopants
for this work, as they both have excellent efficiency in
separating the charge carriers. Several intrinsic properties
of metal oxide ions, such as mechanical properties and
conductivity, are enhanced by nitrogen doping [26].

Indones. J. Chem., 2024, 24 (2), 519 - 529

Codoping methods of Cu and N into ZrTiO4 composite

have been reported, such as the template-free
hydrothermal [27] and the polymer complex solution
process [28]. Both methods still employ toxic organic
solvents, which are also expensive and can pollute the
method

homogeneous mixing of components at the molecular

environment. The sol-gel ensures the
level, hence facilitating the incorporation process of
dopants into the material matrix. Ti-O-Zr bonding was
observed by Rahmawati et al. [29] on a Cu-N-ZrTiO,
composite prepared using the sol-gel method. The gel
has a denser concentration of oxygen vacancies, which
enhances the photocatalytic activity for the removal of
phenol [30]. Kambur et al. [31] have reported that
almost 100% removal of phenol by ZrO,-TiO, composite
under UV lamp illumination for 90 min.

In this study, ZrTiO, material was doped with Cu
and N together by the sol-gel method. Urea and copper
sulfate were used as nitrogen and copper sources,
respectively. The effect of Cu doping on the band gap
shift of nitrogen-doped ZrTiO, was investigated using
different amounts of copper doping (1, 3, 5, 7 and 9%
w/w with respect to titanium). The crystal structure of
the photocatalyst material was studied by varying the
calcination temperatures (500, 700, and 900 °C). Then,
the Cu-N-doped ZrTiO4 composite was applied to the
degradation of phenol under visible light irradiation.

m EXPERIMENTAL SECTION
Materials

Titanium(IV) tetraisopropoxide (TTIP) in 97%
purity from Sigma-Aldrich was used as a precursor,
while ZrO, (powder) from Jiaozuo Huasu was used as
the coupling metal oxide. Copper(II) sulfate
pentahydrate (CuSO4+5H,O) and urea, both from
Merck, were used as dopant sources. Absolute ethanol
with 98% purity from Merck and demineralized water
from Jaya Sentosa were used as solvents. Phenol (Merck)
was used as a target compound for photodegradation.

Instrumentation

of the
determined by using Fourier-transform infrared (FTIR)

Functional groups composite were
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Thermo Nicolet iS10 in the range of 400 to 4000 cm™. X-
ray diffractometer (XRD) PANalytical X’Pert PRO MRD
was employed to determine the crystal structure under the
measurement conditions of CuKa radiation with a
wavelength of 1.54 A, a voltage of 40 kV, and a current of
30 mA. Scanning electron microscope energy dispersive
X-ray spectrometer (SEM-EDX) JSM-6510LA series with
an accelerating voltage of 2000 kV was used to probe the
morphology and localized copper-nitrogen dopant
content on the photocatalyst surface.

Specular reflectance UV-vis spectrometer UV 1700
Pharmaspec (SR UV-vis) was utilized to measure the
absorption of composites and estimate the band gap. The
photocatalytic activity was evaluated under the
illumination of a LIFE MAX 30W/765 PHILIPS TLD
UV-vis
spectrophotometer (Antylia Scientific, US) was used to

lamp. Thermo Scientific =~ Genesys 50
determine the concentration of phenol after degradation

at 269 nm of maximum phenol wavelength.
Procedure

Synthesis of Cu-N-codoped ZrTiO,4

Cu-N-codoped ZrTiOs materials were prepared
through a sol-gel process and the Cu concentration was
varied with the ratio of 1, 3, 5, 7, and 9% (w/w to Ti).
Firstly, 2.5 mL of TTIP was homogeneously dissolved in
25.0 mL of absolute ethanol. In a separate glass beaker,
1.0 g of ZrO, powder and 86.8 mg of urea (10% w/w to Ti)
were dispersed in 10.0 mL of demineralized water along
with CuSO45H,0. The aqueous suspension was then
added dropwise and followed by stirring for 30 min. The
suspension was centrifuged at 2,000 rpm for 1 h, and the
resulting precipitate was left to dry by air for 24 h. The
composite solid was then dried at 80 °C for 24 h and
calcined at 500, 700, and 900 °C for 4 h under atmospheric
conditions.

The composites were labelled as aCu-N-ZT-p, in
which a is the percentage of Cu dopant and P is the
calcination temperature in °C. All composites were
characterized using FTIR, XRD, SEM-EDX mapping, and
SR UV-vis. The crystal size (L) is calculated by the
Scherrer equation (Eq. (1)) [19];

0.91

L= 1
BcosO M

where A is the wavelength of the X-ray in nm, 0 is the
Bragg angle, and B is half the full width of the maximum
intensity of the peak in radians.

Photocatalytic degradation of phenol
Cu-N-codoped ZrTiO, with

concentrations of Cu dopant (100 mg) was dispersed in

various

100 mL of 10 mg L' aqueous phenol (Ph). The mixture
was stirred for 15 min before irradiation to allow for Ph
adsorption on the photocatalyst. The mixture was then
continuously stirred and irradiated for 15, 30, 45, 60, 75,
90, 105, and 120 min using a LIFE MAX 30W/765
PHILIPS TLD lamp. The photocatalyst was separated by
3,000 rpm  for The
concentration of Ph after photocatalytic degradation

centrifugation  at 30 min.
was determined by absorption at 269 nm. The
qualitative analysis for photodegradation is calculated
using the pseudo-first-order Langmuir-Hinshelwood
kinetic model, which is given by Eq. (2) [32];
kK C

= 2
1+K;C @)

r

where k, represents the rate constant for surface

photocatalysis. =~ At  extremely low  reactant
concentrations, the denominator in the above equation
approaches zero, so Eq. (3) can be simplified as;

1nC£:-erLt = kgt (3)

0

where ko represents the observed rate constant for
photodegradation, C is the concentration of Ph after
degradation, C, is the initial concentration of Ph, and t
represents the irradiation time. The percentage of Ph

degradation was calculated following Eq. (4);

C, -C
% Ph degradation = IC £ %100% (4)

i
where C; and Crare the initial and the final concentration
of Ph, respectively [33].

m RESULTS AND DISCUSSION

Functional group identification in Cu-N-ZT
composites was done by FTIR characterization. Fig. 1
shows the FTIR spectra of Cu-N-ZT-500 with different
Cu concentrations, using ZrO, and N-ZT-500 as
references. A broad absorption band between 500-
600 cm ™' is attributed to the stretching vibrations of Ti—-O
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Fig 1. FTIR spectra of (a) ZrO,, (b) N-ZT-500, (c) 1Cu,
(d) 3Cu, (e) 5Cu, (f) 7Cu, and (g) 9Cu-N-ZT-500

and Cu-O [34]. The peaks at wavenumbers 512 and
1,635 cm™ confirm the presence of ZrO,, as both are
designated to the Zr-O and Zr—-OH vibrational bands,
respectively [35]. The absorption band at approximately
1,120 cm™ increases as the percentage of Cu dopant
increases up to 7%. This may indicate the presence of
Cu—O-Zr or Cu—O-Ti bonds or both. In N-ZT-500, the
peak intensity at 1,600 cm™ is stronger and sharper than
in ZrO,, suggesting the presence of N dopant in the crystal
lattice [36]. The O-H stretching vibration of H,O is
recognized as the absorption band at 3,400 cm™ in all
samples [37]. The composite is indicated to contain water
molecules that were adsorbed during the synthesis process.

FTIR spectra of 5Cu-N-ZT calcined at various
temperatures are shown in Fig. 2. A weak absorption peak
of Zr-0O at 500-600 cm™ in 5Cu-N-ZT-700 and 5Cu-N-
ZT-900 indicates the anatase-to-rutile transformation
[38]. The decrease in O-H absorptions at 3,300-3,400 and
1,600 cm™ as the calcination temperature increases is due
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to the removal of water molecules [39]. Additionally, the
Ti—-O-Cu vibration at 1,120 cm™ decreases in 5Cu-N-
ZT-700 and disappears at 5Cu-N-ZT-900, indicating the
sintering of metal dopant caused by the high calcination
temperature [40].

Diffraction patterns of 5Cu-N-ZT with various
calcination temperatures are shown in Fig. 3 alongside
ZrO,, TiO,, and N-ZT-500 as reference. The average

(c),

(b)

Transmittance (a.u.)

(a)

T T -~ T -~ T T 11
3900 3400 2900 2400 1900 1400 900 400
Wavenumber (cm™)

Fig 2. FTIR spectra of 5Cu-N-ZT (a)-500, (b)-700, and
(¢)-900
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Fig 3. XRD patterns of 5Cu-N-ZT composite calcined at
various temperatures
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crystallite sizes of different 5Cu-N-ZT composites are
given in Table 1. The diffraction pattern of ZrO, and TiO,
calcined at 500 °C shows the presence of tetragonal and
anatase phases. Based on ICDD (01-081-1545) as
reference peaks of ZrO, (tetragonal), characteristic of the
tetragonal phase appeared at 20 = 30° (d101) and 50° (di12).
The characteristic peaks of TiO, anatase (ICDD: 01-078-
2486) appeared at 20 = 25° (d,01) and 48° (dao0). The peaks
of the anatase phase broaden significantly after Cu and N
codoping. Codoping with Cu and N would produce
smaller anatase crystals because it was able to inhibit the
growth of TiO, crystals [41]. The diffraction pattern of
5Cu-N-ZT-500 has a characteristic low-intensity anatase
peak at 25° (dio1). Crystallization from amorphous to
anatase is inhibited by the presence of copper and
nitrogen dopants [42]. The presence of Zr*" in the TiO,
system also inhibits the transformation of anatase to rutile
[22]. 5Cu-N-ZT-700 shows rutile characteristics at 20 =
27.3° (d110) and 36° (di01), while the anatase peak decreases
at 20 = 25° (dio1) and the rutile peak increases at 20 = 27.3°.
The rutile (ICDD: 01-077-0442) diffraction pattern
intensifies at 20 = 27.3° (di10) and 36° (din;) when the
calcination temperature is increased to 900 °C. The
diffraction pattern of 5Cu-N-ZT-900 indicates typical
rutile and anatase patterns at angles of 26 = 27° (d10), 36°
(dior), 41° (di11), 54° (danr), and 260 = 25° (dio1), 48° (d200)
respectively. This is because ZrO, and N dopants prevent
[43]. The
tetragonal phase also transforms into a monoclinic
(ICDD: 01-078-0047) phase after calcination at 900 °C, as
shown by the appearance of diffraction peaks at 20 = 28°
(d-111) and 31° (din).

The average crystallite sizes of both 5Cu-N-ZT-700
and 5Cu-N-ZT-900 composites were calculated to observe

the transformation of anatase to rutile

any changes at different temperatures of calcination.
Based on Table 1, the average crystallite size of the 700 and
900 composites in the anatase phase decreased by 59 and
41 nm, respectively. The reduction in the anatase size
results from the formation of a more rutile phase than
anatase, so the reduction in the anatase phase corresponds
to the increase in the size of the rutile phase [44]. This is
also attributed to the higher calcination temperature,
which enhances better anatase crystal growth [45]. On the
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Table 1. Average crystallite size of 5Cu-N-ZT calcined
at various temperatures

Material Crystal phase L (nm)

Zr0, 500 °C Tetragonal 45
TiO, 500 °C Anatase 18
N-ZT-500 Tetragonal 45
Anatase 15

5Cu-N-ZT-500 Tetragonal 19
Anatase 22

5Cu-N-ZT-700 Tetragonal 22
Anatase 59

Rutile 81

5Cu-N-ZT-900 Monoclinic 57
Anatase 41

Rutile 82

other hand, the crystallite size of the tetragonal phase
decreased from 45 to 19nm in the 5Cu-N-ZT-500
composite compared to the reference ZrO, and N-ZT-
500. The decrease in crystal size due to the addition of
5% Cu dopant causes oxygen defects so that the crystal
lattice shrinks [16]. In addition, dopants can also inhibit
the growth of metastable tetragonal crystals [46]. The
monoclinic phase is observed at a calcination
temperature of 900, with a crystal size of 57 nm, which is
the largest. There is a chance for moisture to be present
in the tetragonal crystal phase (5Cu-N-ZT-500) that
facilitates the growth of the low-temperature tetragonal
phase [47]. Hence, with the progress in calcination
temperatures, the tetragonal phase of 5Cu-N-ZT-900
composite transforms into a monoclinic phase,
accompanied by a decrease in water content in the
crystal lattice structure [48].

SEM images of 5Cu-N-ZT-500 composite and
ZrO, reference are presented in Fig. 4. The SEM images
were taken at a magnification of 10,000. The particle size
distribution of 5Cu-N-ZT-500, which is smaller than
that of ZrO,, causes the morphology of 5Cu-N-ZT-500
to appear more homogeneous compared to the reference
ZrQ; [49]. Table 2 summarizes the elemental composition
of the surface of ZrO, and 5Cu-N-ZT-500 based on the
SEM image in Fig. 4. Zr mass percentage is similar to Ti,
and Zr in the composite acts as a carrier to support the

stability of the material [50]. The low Cu content detected
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F1g4 SEM photographs of (a) I'Oz and (b) 5Cu-N-ZT-500

Table 2. EDX analysis of ZrO, and 5-Cu-N-ZT-500

Material % Mass
aterial -
Zr O Ti N Cu Total
7rO, 50.31 49.69 - - - 100
5Cu-N-ZT-500 29.69 38.83 2543 0.60 5.44 100
] (b)
324 &
=
- J S
5 Tio, 2 S
= 1Cu-N-ZT-500 - N 3 o
3 scu-N-zT-500 B 307 N g 8
s 5Cu-N-ZT-500 o 3 z it N
£ 5Cu-N-ZT-700 s A 5] 3 s 3 z
8 5Cu-N-ZT-900 ° s g = 3 5 3
2 7Cu-N-ZT-500 5 2.8+ N N e Q >
< m < z z =
9Cu-N-ZT-500 s z N
3 3 z
T - © 3
B SRS ———— 3
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Fig 5. (a) UV-vis absorption spectra and (b) band gap of various Cu-N-ZT composites

is due to the heterogeneous distribution of Cu dopants on
the surface of ZrTiO..

Fig. 5(a) displays the UV-vis spectra of Cu-N-ZT with
various Cu concentrations and calcination temperatures.
The inflection point (absorption edge) of all codoped
composites existing above 400nm is due to the
heterojunction between the valence and conduction
bands of ZrO, with TiO, [51]. The band gap (E;) of the
synthesized composite is shown in Fig. 5(b). Codoping of
Cu and N into ZrTiO4 composite shifts the E, from 3.13
to 2.68 eV. The E, is reduced up to 5% Cu doping, then is
increased again as copper concentration increases as well.
Cu doping with excess concentration can cause sintering,
which forms aggregates that are not evenly distributed
[24].

The E; of ZrTiO;, is slightly smaller due to the
broad E, of ZrO, mixing with the relatively narrow E; of
TiO, until the equilibrium is reached. The insertion of N
and Cu into the ZrTiO, system can shift the absorption
edge towards the visible light region until saturation is
reached [52]. If the amount of dopants has reached
saturation point, their effect is reduced. The addition of
Cu and N dopants successfully shifts the absorption
band to longer wavelengths, from 333.97 to 473.27 nm
within the visible light region. In Fig. 5(b), it shows
decreasing E; of 5Cu-N-ZT-500, 5Cu-N-ZT-700 and
5Cu-N-ZT-900. This is caused by an increase in the
calcination temperature that favors the transformation
of anatase to rutile, in which the rutile phase has a
narrower E, than the anatase phase [53].
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The photocatalytic activity of Cu-N-ZT was
evaluated by degrading Ph in the dark (reaction time
before 0 min) and under visible light irradiation using a
LIFE MAX 30W/765 PHILIPS TLD lamp. Fig. 6(a) shows
the percentage of degraded Ph. In the absence of a light
source to generate «OH radicals, the percentage was very
small (less than 5%).

Under visible light conditions, the degradation
results increase because visible light has a large intensity
and wavelength of 765nm which can generate «OH
radicals from water molecules [54]. Under high energy
irradiation, the photocatalyst produces strong oxidizing
agents in the form of h+, which in turn generate «OH
These the
degradation of Ph into simpler compounds [55].
According to Fig. 6(a), there was a significant increase in

radicals. radicals are responsible for

the percentage of degradation during the 0 to 75 min
interval, while the increase in degradation during the 75
to 120 min interval was not significant. To compare the
activity, plots were provided for an irradiation time of 0
to 75 min, as the highest photoactivity was observed
during this time interval. The linear plot shows that the
reaction conforms to pseudo-first-order kinetics [32]. Fig.
6(b) presents the observed rate constant of the
synthesized composites.

Based on Fig. 6(a) the percentage of Ph degrades
increases as the Cu dopant increases to 5%, reaching up to
91% of 10 mg L' Ph solution after 75 min irradiation. The
composite of Cu-N-ZrTiOs, containing 5% Cu and
calcined at 500 °C, exhibits the maximum photocatalytic

100
j@

—B—N-ZT-500
—@— 1Cu-N-ZT-500

3Cu-N-ZT-500
—¥—5Cu-N-ZT-500
——5Cu-N-ZT-700

5Cu-N-ZT-900
—p— 7Cu-N-ZT-500
—®—9Cu-N-ZT-500

% Ph degraded

LN T L L B
30 45 60 75 90 105 120
Reaction time (min)

525

activity, whereas the composite with 1% Cu and calcined
at the same temperature displays the minimum
photocatalytic activity. The photocatalytic activity of the
composite reduces with the rise in the Cu amount
beyond 5%, owing to the decline in the doping effect
caused by Cu saturation [56]. Photodegradation activity
decreases at 5Cu-N-ZT-700 and 5Cu-N-ZT-900 due to
the existence of rutile. High calcination temperatures
lead to an anatase to rutile phase transformation in TiO.,.
The formation of the rutile phase with sharp intensities
at 20 = 27° (di1o), 36° (dio1), 41° (di11), and 54° (da11), is
demonstrated through the XRD characterization of the
5Cu-N-ZT-700 and 5Cu-N-ZT-900 materials. Rutile is
the polymorph that has the narrowest band gap, but it
mostly exhibits photocatalytic activity that is lower than
that of anatase [14]. In line with the percentage
degradation in Fig. 6(a), the ko value also experienced
the highest increase of 0.0362 min™' in the 5Cu-N-ZT-
500 composite. The kg values of both composites
decreased, with 5Cu-N-ZT-700 and 5Cu-N-ZT-900
composites experiencing a reduction of 0.0262 and
0.0319 min™!, respectively. This decrease can be
attributed to a higher composition of rutile in both
composites compared to anatase.

All Cu-N-ZT composites exhibit higher
photocatalytic activity than the reference N-ZT-500. Co-
doping Cu enhances the photocatalytic activity of N-ZT-
500, with 5Cu-N-ZT-500 delivering the highest activity.
The results indicate that the coupling of ZrO,-TiO, and
the co-doping of Cu and N effectively improve the
photocatalytic activity.

(b)

1
5Cu-N-ZT-500
‘ 5Cu-N-ZT-900

5Cu-N-ZT-700

1
1Cu-N-ZT-500
3Cu-N-ZT-500
7Cu-N-ZT-500

9Cu-N-ZT-500

N-ZT-500

0 -

Fig 6. (a) Photodegradation of Ph over irradiation time and (b) observed rate constant ke of Ph photodegradation by

various Cu-N-ZT composite
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m CONCLUSION

The  Cu-N-codoped  ZrTiO4
composite was prepared through the sol-gel process. The

photocatalyst

FTIR analysis showed an absorption band at 1,200 cm™,
which corresponds to the Ti-O-Cu vibration. The
absorption band gets sharper at 7% Cu concentration.
The XRD patterns of Cu-N-codoped ZrTiO, reveal that
codoping with Cu and N produces smaller anatase
crystallite size due to the growth inhibition of TiO,
crystals. The addition of 5% Cu and N dopants results in
the lowest E, of 2.62 eV, making it more suitable for
visible light. The Cu-N-ZT-500 photocatalyst degraded
10mgL™" Ph solution up to 91% after 75min of
irradiation time. The photocatalytic activity of ZrTiO, can
be enhanced by codoping with Cu and N, making it a
potential photocatalyst for the photodegradation of
phenol in an aqueous solution under visible light
irradiation. However, further studies are required to
determine the stability of the composite.
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