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ABSTRACT: Dye degradation properties of composited calcium oxide (CaO) and graphitic carbon nitride (g-C3N4)
were studied. The CaO and g-C3N4 nanoparticles were derived under separate thermal calcination processes from
eggshells and melamine, respectively. Physical properties of the synthesized CaO and g-C3N4 were investigated by
X-ray diffractometry (XRD), Fourier-transform infrared spectroscopy (FTIR), and scanning electron microscopy (SEM).
The synthesized CaO and g-C3N4 nanoparticles were, then, composited at various concentrations, and the photocatalytic
behaviors of the composited samples were investigated in an aqueous solution of methylene blue, with a irradiation
source of 220 W white light-emitting diode lamp. Results showed that the optimal ratio of the composite material for
dye degradation was 10% CaO:90% g-C3N4, giving 95.89% degradation efficiency with an exposure time of 15 min
and degradation rate of 0.1727 min−1.
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INTRODUCTION

During photocatalysis, organic and inorganic contam-
inants in water or air are removed from the surface of
the catalyst material. Typically, the process is achieved
in an aqueous phase called photooxidation [1]. Charge
carriers, such as electrons and holes, can transfer
electric charges between acceptor and donor levels in
solutions. Therefore, photon energy from the irradi-
ated light source plays an important role in photo-
catalysis. Various light wavelengths can be used for
photocatalyst application, such as ultraviolet, visible
light, and infrared [2].

Composite materials have unique properties and
are used in many applications, including electronic
device, health, food, environment and photocatalysis.
Materials such as ZnO, TiO2, and graphitic carbon
nitride (g-C3N4) have been used for photo-induced
catalysis of chemical transformations to degrade dye
solutions [3]. When a composite is used as catalyst
for photocatalytic activity, the photon energy of irra-
diated light is related to the energy band gap of the
material; and the excited charges can be transferred
between the donor and the acceptor states, which is
the electron-hole separation [4]. Charges transferred
between states are involved in chemical reactions such
as oxidation or reduction. Photogenerated charges
react with contaminants from degradation, water split-
ting, and disinfection [5].The charge carriers can easily
recombine, and the process of charge transfer is in-
fluenced by the material’s or device’s structures, e.g.
heterojunction or composite. The structures impact
the mechanisms, characteristics, and performances of
photocatalytic behavioral properties [6].

Chicken eggs are a common food in human house-
holds, with eggshells as the only waste. Eggshells are
mainly composed of calcium carbonate (CaCO3) [7].
Calcium from eggshells can be used for many applica-
tions, for example, in cosmetic industry and as a feed
ingredient in livestock industry. Eggshells are used as
a calcium source for calcium oxide (CaO) production,
called calcination process. By sintering eggshells at
high temperatures, CaCO3 in the eggshells decomposes
to CaO [8] and carbon dioxide (CO2).

Melamine is a type of plastic that contains
formaldehyde [8, 9], and is mainly used to make com-
ponents, dishes, bags, wraps, cleaning agents, and
fertilizers. Melamine has also been developed as a
starter material for synthesizing graphitic carbon ni-
tride (g-C3N4). Melamine has a relatively high nitro-
gen content of 66.6% by mass [10]. When melamine
is heated to above 390 °C, its structural form starts
to change. When the temperature increases from
550 to 600 °C, the melamine structural form changes
to graphitic carbon nitride (g-C3N4). This group of
carbon nitride compounds has a general structure of
C3N4, composing of two main components: heptazine
and poly (triazine imide) units depending on reaction
conditions. The polymerization of cyanamide to di-
cyandiamide achieves varying degrees of condensation
properties and g-C3N4 reactions [11]. The g-C3N4 has
been used in photocatalyst applications with advanta-
geous properties such as low-cost, non-toxic material,
and the strong reduction ability of its photogenerated
electrons [12–14]. However, the drawbacks of g-C3N4
in photocatalyst applications are easy charge carrier
recombination, low absorption coefficient, and low
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specific surface area [15]. Photocatalytic behavior of
g-C3N4 can be improved by compositing it with other
materials. The heterojunction systems of composite
materials enhance photodegradation properties, with
capabilities of oxidation and reduction. The g-C3N4
can be composited easily with other metal oxides
such as ZnO [16], Bi2WO6 [17], etc. CaO is also a
good candidate for photocatalyst material with high
photocatalytic versatility. Physical properties of CaO,
such as crystallite size and specific surface area, are
substantial factors in photocatalyst applications. As
aforementioned, CaO can be synthesized from waste
eggshells, and it can be prepared on a large scale with
low cost for practical production [18].

In this study, dye degradation materials were fabri-
cated by synthesizing CaO and g-C3N4 nanosheet from
waste chicken eggshells and thermal calcination of
melamine, respectively. Physical properties of the syn-
thetic particles were characterized, and dye-degrading
behaviors of the composite material was studied by
light irradiation to enable photocatalysis. The amounts
of dye in the dye solution before and after irradiation
were examined to determine the dye line digestibility
of the fabricated dye degradation composites.

MATERIALS AND METHODS

Material preparation and characterization

Preparation and characterization of CaO and g-C3N4

The thermal calcination process was applied to prepare
nanoparticle materials. For CaO nanoparticles, dried
waste eggshells (from a local market in Bangkok, Thai-
land) were ground in a mortar for 30 min and then
calcined at 1000 °C for 3 h. For g-C3N4 nanoparticles,
melamine powder (C3H6N6, Sigma-Aldrich, St. Louis,
Missouri, USA) was sintered at 600 °C, followed by
520 °C for 2 h to achieve nanosheets of g-C3N4. Phys-
ical properties of the synthesized materials were char-
acterized by an X-ray diffractometer (XRD, SmartLab,
Rigaku, Japan), a Fourier-transform infrared spec-
trophotometer (FTIR, Spectrum Two, PerkinElmer), X-
ray photoelectron spectroscopy (XPS, Axis Ultra DLD,
Kratos, United Kingdom), transmission electron micro-
scope (TEM, JEM-2100, JEOL, Japan), and an environ-
ment scanning electron microscope (E-SEM, HITACHI
S-3400N, Japan).

Preparation of CaO/g-C3N4 composites and photocat-
alytic process

A metal mesh (3×1.5 cm2) was used as the substrate
of the photocatalyst layer. Before using, the mesh
was cleaned in a sonication bath, followed by rins-
ing with deionized water, ethanol, and acetone; then
drying with hot air. CaO/g-C3N4 composites were
prepared by mixing synthesized CaO and g-C3N4 par-
ticles at various concentrations by weight in a solution
of 1.5 g PMMA polymer ([(CH2C(CH3)(CO2CH3)]n,
Mw 120000, Sigma Aldrich) in 10 ml acetone. The

PMMA acted as a binder and adhesive material for
the prepared composites on the metal mesh substrate.
The CaO and g-C3N4 solutions were coated on the
substrates by a dip coating process to obtained the
CaO/g-C3N4 composite films. The prepared films were
left air-dried under ambient conditions and, then, kept
in a dark chamber before testing in the photocatalyst
process.

Methylene blue (MB) (C16H18N3ClS ·3 H2O, Carlo
Erba, Val de Reuil, France) in an aqueous solution was
used to investigate the photocatalytic behaviors of the
prepared CaO/g-C3N4 composite film samples. The
volume and the concentration of aqueous MB solution
were kept at 3 ml and 8.75×10−6 M, respectively. The
photocatalyst light source was a 220 W white light LED
lamp with the irradiaCountrytion times varied between
0 and 15 min. The spectra of an LED lamp were
obtained with a spectrophotometer (Avantes, AvaSpec-
2048, Netherlands) and shown in Fig. S1. The spec-
tra peak is approximated at 22471 cm−1 or 445 nm.
The dye decomposition materials were then removed,
and the aqueous solution was used to investigate the
dye decomposition characteristics through absorption
spectroscopy (T92+ Spectrophotometer, PG Instru-
ments, United Kingdom). Dye decomposition parame-
ters, degradation rate and efficiency, were record.

RESULTS AND DISCUSSION

Fig. 1(a) depicts the XRD spectra of synthesized CaO
and g-C3N4 nanoparticles (NPs). The XRD pattern
of CaO synthesized from waste eggshells calcined at
1000 °C demonstrated dominant diffraction peaks at
2θ angle were 32.28°, 37.45°, 53.87°, 64.39°, and
67.48°. The peaks were identified (following JCPFS
No. 82-1691) as (111), (200), (220), (311), and (222)
planes of CaO, respectively [19], indicating the domi-
nant phases of CaO material [20]. The XRD spectra
of eggshells calcinated at various temperatures were
shown in Fig. S2. The optimal calcination temperature
to obtain CaO nanoparticles was 1000 °C, with subtle
XRD peaks of Ca(OH)2 found at 2θ angle were 18.85°,
28.65°, 34.27°, 47.16°, and 50.97° [21]. The Ca(OH2)
as well as CaCO3 was another phase of CaO affected by
photocatalytic activity [22]. In this study, all samples of
CaO particles were prepared by thermal calcination at
1000 °C, and the influence of impurities phase of CaO
similarly affected all samples. The g-C3N4 nanosheet
diffraction pattern exhibited a dominant peak at 2θ
angle of 27.94°, identified as the (002) plane of g-
C3N4 [11]. Usually, bulk g-C3N4 is composed of
stacking flake-like structures [23]. Thermal exfoliation
during the transformation process of the bulk to g-C3N4
nanosheets slightly changed the in-plane structural
packing motif, as shown by the XRD pattern [24]. The
XRD spectra of the bulk and the nanosheets of g-C3N4
were shown in Fig. S3, confirming the formation of g-
C3N4 nanosheets.
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Fig. 1 (a), XRD patterns; (b) FTIR spectra; and (c)–(d), surface morphologies of CaO and g-C3N4 nanoparticles.
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Fig. 2 (a), XRD patterns; and (b), FTIR spectra of CaO/g-C3N4 composite materials prepared with various ratios of CaO:g-C3N4
compared with Cao and g-C3N4.

Fig. 1(b) depicts the FTIR spectra of the CaO
and the g-C3N4 nanoparticles. CaO showed domi-
nant peaks at wavenumbers about 2947, 1719, 1444,

1145, and 752 cm−1, correspondingly identified to
functional groups of O−H, C−O, C−−O, C−O, and C−O,
respectively. For g-C3N4, the FTIR spectra showed

www.scienceasia.org

http://www.scienceasia.org/
www.scienceasia.org


4 ScienceAsia 50 (3): 2024: ID 2024066

Fig. 3 Comparative photocatalytic activities of CaO/g-C3N4 composites prepared with different ratios (% wt.) of CaO:g-C3N4
at: (a), 100:0; (b), 90:10; (c), 80:20; (d), 50:50; (e), 20:80; (f), 10:90; (g), 0:100; and (h), image of aqueous MB solution
photocatalyzed by 10% CaO:90% g-C3N4 composite for various irradiation times.

Table 1 Comparison of photocatalyst materials.

Photocatalyst Synthesis Light source Dye Degradation Irradiation Ref.
material method solution (%) time (min)

Ag-Cu2O/C3N4 Two steps reduction 500 W Xe lamp MO 95.67 30 [38]
g-C3N4@Ag@AgPO4 Etching 405 nm laser RhB 94.80 60 [39]
Sn-WO3/g-C3N4 Calcination 150 W halogen lamp MO, RhB 87, 99 120, 50 [40]
WO3/g-C3N4 Ultrasonication 300 W Xe lamp MB 95 90 [41]
PAN/g-C3N4 Template free method 30 W LED lamp MB 97.30 420 [42]
10% CaO:90% g-C3N4 Calcination 220 W LED lamp MB 95.89 15 This study

MO, methylene orange; MB, methylene blue; RhB, rhodamine B.
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Fig. 4 (a), Comparison of C/C0 values of CaO/g-C3N4 composites of different of CaO:g-C3N4 ratios and irradiation times
(inset: C0/C values in a logarithm scale versus irradiation time); and (b), photocatalyst cycling behaviors of 10% CaO:90%
g-C3N4 composite on dye degradation.

Fig. 5 FTIR spectra of 10% CaO:90% g-C3N4 for dye degra-
dation before and after photocatalysis.

firm peaks at wavenumbers 1627, 1400, 1316, 1232,
and 809 cm−1, which were defined as C−−N, C−N,
C−−C, C−N, and N−H functional groups (Triazine),
respectively [25, 26]. The N−H and O−H stretching
were identified at broad peaks 3070–3320 cm−1 [27].
The FTIR spectra were composed of native spectra
and defect peaks due to the influence of preparation
conditions.

Surface morphologies of the CaO and the g-C3N4
nanoparticles were shown in Fig. 1(c,d). Both CaO and

g-C3N4 exhibited a particle-like structure. The CaO
nanoparticles were spherical-like and clustered, while
the g-C3N4 particles had layered structure clusters of
polygon particles.

The XRD spectra of CaO/g-C3N4 composites pre-
pared with various ratios by weight of CaO:g-C3N4 at
100%:0, 90%:10%, 80%:20%, 50%:50%, 20%:80%,
10%:90%, and 0:100% were shown in Fig. 2(a). The
composite materials showed firm peaks at 2θ angles
of 18.04°, 28.76°, 29.40°, 34.10°, 47.08°, and 50.78°;
while peaks of CaO were identified as (111), (111),
(200), (311), and (222) planes. The dominant phase
of the composite was CaO mixed with peaks of g-
C3N4, indicating a firm peak at 2θ angle of 27.94°
and defined as the (002) plane of g-C3N4. Higher
ratios of g-C3N4 demonstrated more substantial peaks
of g-C3N4 and slight peaks of CaO in the composite
materials [11, 20]. Separation of the CaO and the g-
C3N4 phases was observed in the mixed composited
materials. The X-ray photoelectron spectroscopy (XPS)
and transmission electron microscope (TEM) results
confirmed the formation of composite material of CaO
and g-C3N4, as shown in Figs. S4 and S5

The XPS peaks can be used to provide information
about the chemical states of elements. Fig. S4(a)
shows the XPS spectra of Ca 2p of CaO and composite
materials. The XPS peaks at 348.4 eV and 351.9 eV
were observed to correlate with the binding energy
of 2p3/2 and 2p1/2 of CaO. The binding energy of
CaO/g-C3N4 composite exhibited similar patterns as
pristine CaO particles while having lower intensity due
to the influence of lower CaO contents in composite
materials. Fig. S4(b) depicts the XPS spectra of O 1s
energy level. The O 1s level of CaO showed three
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Fig. 6 Proposed mechanisms of dye photodegradation: (a), type-II photocatalyst; and (b), z-scheme photocatalyst.

components of 530.7 eV, 531.4 eV, and 532.3 eV, which
corresponded to the lattice O2, the absorbed O2, and
the O2 of absorbed carbonates or water of CaO. For the
g-C3N4, the three components of XPS spectra could be
indicated as the carbonyl group (C−−O), carboxy group
(O−−C−O), and the absorbed O2 on the surface at the
XPS peaks of 531.1 eV, 532.6 eV, and 534.0 eV [8]. The
O 1s XPS peak component in the composite material
was still observed with the carboxy group (O−−C−O)
at 532.3 eV. The N 1s binding energy spectra were
shown in Fig. S4(c). The XPS peaks at 398.6 eV,
399.4 eV, 400.4 eV, and 401.3 eV could be due to
sp2-hybridized aromatic N atom of N−C−−N, N atoms
bound to tertiary carbon, amino functional groups of
C−N−H, and tertiary nitrogen group (N−(C)3) of g-
C3N4 [8, 9]. The N 1s XPS spectra of CaO/g-C3N4 com-
posites demonstrated similarly with pristine g-C3N4.

In addition, Fig. S5(a) shows TEM images of CaO,
which were well-defined crystalline particles with a
regular shape and size. Fig. S5(b) shows a TEM image
of g-C3N4 nanosheets with a layered structure and a
clearly defined plane of atoms arranged in a hexagonal
pattern. The layers appeared slightly curved, which
is characteristic of the g-C3N4. The TEM picture of
10% wt. CaO:90% wt. g-C3N4 composite was shown
in Fig. S5(c), demonstrating a composite structure of
small CaO particles embedded in a g-C3N4 matrix.

The FTIR patterns of CaO/g-C3N4 composite ma-
terials were shown in Fig. 2(b). The FTIR peaks ex-
hibited mixed characteristic peaks of CaO and g-C3N4.
The peaks at wavenumbers 2947, 1719, 1145, and
752 cm−1 were identified as O−H, C−O, C−O, and
C−O functional groups [10, 20], while peaks located
at wavenumbers 3321, 3074, 1627, 1400, 1316, 1232,
and 809 cm−1, were identified as N−H group, O−H
group, C−−N group, C−N group, and triazine units of
g-C3N4. The peak intensities depended on the weight
compositions of the composite materials between CaO
and g-C3N4, which represented the separation phase

of the composite materials [25], corresponding to the
XRD results.

The prepared CaO/g-C3N4 composites were used
to assess their photocatalytic properties. Fig. 3(a–
g) depict the absorption spectra of MB dye solution
during the photocatalyst process at 0, 2, 5, 7, 10,
12, and 15 min, respectively. The highest absorption
peak of the MB solution was found at a wavelength of
664 nm [28]. The dye solution showed an increase
in degraded dye when irradiation time increased, as
shown in Fig. 3(h). The optimal absorbance of the
composite materials at 15 min of photocatalyst activity
was the lowest, indicating that the dye was degraded
the most.

Before the photolysis measurement, the adsorp-
tion of MB solution under dark conditions was tested,
as shown in Figs. S6 and S7. The MB solution was
not significantly degraded, confirming that the pho-
tocatalyst results were due to the properties of the
prepared photocatalyst materials. Fig. 4(a). depicts
the photocatalytic degradation characteristics of the
dye solution as a function of the C/C0 ratio versus
exposure times of light source irritation. Here, C0 and
C were the dye concentrations in the initial aqueous
solution (8.75×10−6 M) and in the solution after an ir-
radiation time of photocatalytic reaction, respectively.
The degradation efficiency [29] was calculated using
Eq. (1):

Degradation efficiency=
C0− C

C0
×100. (1)

The degradation efficiencies of CaO/g-C3N4 com-
posites with various ratios by weight of CaO:g-C3N4:
100%:0, 90%:10%, 80%:20%, 50%:50%, 20%:80%,
10%:90%, and 0:100% were 76.12%, 86.19%,
91.79%, 76.86%, 81.34%, 95.89%, and 71.67%, re-
spectively. The maximum degradation efficiency for
15 min irradiation time was 95.89% with composite
material ratio of 10% wt. CaO:90% wt. g-C3N4.
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The optimized composition values of CaO and g-
C3N4 were shown in Fig. S8. Comparing the dye
decomposition behaviors of pristine CaO, g-C3N4, and
the composite material ratio of 10% CaO:90% g-C3N4
showed that the efficiency of the composite mate-
rial was higher than both pristine CaO and g-C3N4
at the same duration time. Results suggested that
the photocatalytic composite materials enhanced the
degradation of MB dye. Many works have reported the
kinetics of photocatalytic degradation of organic dyes
under visible light, as discussed later.

The fixed dye degradation rate was analyzed using
Eq. (2) [28].

ln
�

C
C0

�

= K t (2)

where C0 and C are the initial concentration of the dye
solution (mg/l) and the solution concentration after
photocatalytic testing, respectively; K is the reaction
rate constant of photocatalytic testing; and t is the
irradiation time (min).

The absorbance of the material is shown in Fig. 3,
with the dye degradation rate calculated by Eq. (2).
The absorbance of the substance, the distance that light
passes through the sample or cell width (cm), and
the dye concentration (M) followed the Beer-Lambert
theory. The dye degradation rate over time was shown
in the inset of Fig. 4(a), with the dye degradation
rate from the photocatalytic absorbance calculated by
Eq. (2). The calculated degradation rate values were
0.0762, 0.1029, 0,1302, 0.0789, 0.0922, 0.1727, and
0.0786 min−1 for compositions by weight of 100%:0,
90%:10%, 80%:20%, 50%:50%, 20%:80%, 10%:90%,
and 0:100% of CaO:g-C3N4, respectively. The highest
dye degradation rate was observed at composite mate-
rial ratio of 10% CaO:90% g-C3N4, as 0.1727 min−1,
and this ratio was used to test the reusability of the
composite. The same composite was used to repeat-
edly decompose the dye for five cycles, and the results
were shown in Fig. 4b. The photocatalytic degradation
rates were similar in all five cycles, and the dye was
almost completely degraded after 15 min. Therefore,
the synthesized composite materials are biodegradable
and can also be reused.

Fig. 5 shows the FTIR spectra of the prepared
10% wt. CaO:90% wt. g-C3N4 composite sample before
and after the photocatalytic process. The spectrum
of CaO demonstrated peaks at wavenumbers 2947,
1719, 1145, and 752 cm−1 that were identified as
the functional groups of O−H, C−O, C−O, and C−O,
respectively. The spectrum mixed with g-C3N4, showed
firm peaks at wavenumbers 3321–3074, 1627, 1400,
1316, 1232, and 809 cm−1, identified as N−H, O−H,
C−−N, and C−N functional groups, and triazine units of
the g-C3N4 structure. The small spectral peak of CaO
indicated the ratio of the composite materials. More
substantial peaks were observed before photocatalysis
than after the process. The peaks became clear, and

peaks at wavenumbers 2986 and 2905 cm−1 were
assigned to the O−H group [25, 26]. The change in the
O−H peak suggested that the photocatalyst impacted
the redox reaction, resulting in the strengthening of the
O−H peak, depending on the ability of the CaO/g-C3N4
composite, described later as degradation of dyes by
photocatalysis.

The photocatalytic mechanism can be used to
explain the photocatalytic activity of the composited
CaO:g-C3N4 material. The optimized composite was
observed at 10% wt. g-C3N4 with 90% wt. of CaO. The
g-C3N4 exhibited high attraction due to a high medium
band gap (2.70 eV) and good physical properties such
as high chemical and thermal stabilities [30]. The
medium band gap of g-C3N4 composited easily with
metal oxides like CaO and quickly motivated the re-
duction process [31].The excited electron carriers were
transferred from the valence band (VB) to the con-
duction band (CB) to make electron-hole separation.
This process occurred more easily when the materials
were composited at 10% CaO, with moving charge
carrier improvement in the photocatalytic process by
the heterojunction structure. This explains why the
chemical reaction efficiency of composite materials
was greater than the individual materials [30, 31].
Two possible mechanisms for the photocatalytic behav-
ior of CaO/g-C3N4 composites were proposed as two
scenarios, as shown in Fig. 6. The potential values
of the VB and CB of g-C3N4 were +1.49 eV/NHE,
and −1.15 eV/NHE [32]. The potential values of
CaO were performed and calculated as +0.33 eV/NHE
and −2.97 eV/NHE for VB and CB levels, respec-
tively [33]. Fig. 6(a) depicts scenario I as the pos-
sible mechanism of type-II photocatalyst. In the CB
region, the potential of CaO is more negative than
g-C3N4; thus, the electron carriers are transferred to
the CB region of g-C3N4 because the negative CB
potential of g-C3N4 (−1.15 eV/NHE) is more than
the standard oxidation-reduction negative potential of
O2/·O

–
2 (−0.33 eV/NHE). Therefore, the photogener-

ated electron carriers on the CB of g-C3N4 interact
with oxygen to produce superoxide radicals (·O–

2),
which initiate the photodegradation process of MB.
Furthermore, the VB of both g-C3N4 (+1.49 eV/NHE)
and CaO (+0.33 eV/NHE) are lower than the stan-
dard potential levels of OH/H2O (+1.99 eV/NHE) and
OH/OH– (+2.40 eV/NHE) [34]. Consequently, the
photogenerated holes on VB cannot react with H2O or
OH–. However, the holes on the VB level of g-C3N4
do not exhibit a significant role in the photocatalyst
process, with the key role played by ·O–

2 radicals. In
the degradation reaction, the photogenerated holes
stay inactive during the initial process due to the
cationic nature of the reactant. [35] The mechanisms
are presented in Eqs. (3) to (6) as follows [36, 37].

Photocatalyst+hv −→ Photocatalyst(e−CB+h+VB) (3)
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O2+ e− −→ ·O−2 (4)

·O−2 +2H+ −→ 2 ·OH (5)

·OH/ ·O−2 +Dye −→ Dye degradation (6)

Fig. 6(b) shows scenario II as the other possible
mechanism of the z-scheme photocatalyst [36, 37].
This mechanism is similar to the type-II photocatalyst
in scenario I, but the electron carriers at the CB of g-
C3N4 recombine with hole carriers of the VB of CaO;
while the photogenerated electron carriers on the CB of
CaO interact with oxygen to produce superoxide radi-
cals (·O–

2), which initiate the photodegradation process
of MB. The advantage of the z-scheme photocatalyst is
that it increases the harvesting of excited light and has
a strong redox ability. Therefore, the photocatalytic
performance is enhanced.

Table 1 shows comparison of photocatalyst ma-
terials on various aspects: synthesis methods, light
sources, dye solutions, dye degradation efficiency, and
irradiation times. The prepared 10% CaO:90% g-C3N4
composite exhibited the optimal dye decomposition
properties, a potential candidate for use as a photo-
catalyst material.

CONCLUSION

CaO/g-C3N4 composite materials were successfully
prepared from synthesized Cao and g-C3N4 particles
The physical properties of the composite materials
were determined, and the results indicated separation
of the mixing phase of CaO and g-C3N4. The photo-
catalytic behaviors of the prepared composites were in-
vestigated in an MB aqueous solution under irradiation
from a 220 W white light-emitting diode lamp. Results
showed that the optimal ratio for dye degradation of
the composite materials was 10% CaO:90% g-C3N4,
giving 95.89% degradation efficiency under 15 min of
exposure time at a degradation rate of 0.1727 min−1.
The prepared CaO/g-C3N4 composite is biodegradable
and can be used for five cycles of dye degradation.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found at http://dx.doi.org/10.2306/scienceasia1513-1874.
2024.066.
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Appendix A. Supplementary data

Fig. S1 Optical spectra of an excited 200 W white LED lamp for photocatalyst process plotted against: (a), wavelength and
(b), wavenumber.

Fig. S2 XRD spectra of CaO derived from eggshells at various calcination temperatures and CaO of raw eggshell.
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Fig. S3 XRD spectra of thermal synthesized g-C3N4 particles.

Fig. S4 XPS spectra of: (a), Ca 2p; (b), O 1s; and (c), N 1s.
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Fig. S5 TEM images of: (a), CaO particles; (b), g-C3N4 nanosheet; and (c), Cao/g-C3N4 composite of 10% wt. CaO:90% wt.
g-C3N4.

Fig. S6 Photolysis of MB solution without catalyst materials and the C/C0 values at various irradiation times.

www.scienceasia.org

http://www.scienceasia.org/
www.scienceasia.org


S4 ScienceAsia 50 (3): 2024: ID 2024066

400 500 600 700 800

0

0.1

0.2

0.3

Wavelength (nm)

A
bs

or
ba

nc
e

15 min

12 min

10 min

7 min

5 min

2 min

0 min

(a)

Under dark conditions

400 500 600 700 800

0

0.1

0.2

0.3

Wavelength (nm)
A

bs
or

ba
nc

e

15 min

12 min

10 min

7 min

5 min

2 min

0 min

(b)

Under dark conditions

400 500 600 700 800

0

0.1

0.2

0.3

Wavelength (nm)

A
bs

or
ba

nc
e

15 min

12 min

10 min

7 min

5 min

2 min

0 min

(a)

Under dark conditions

400 500 600 700 800

0

0.1

0.2

0.3

Wavelength (nm)

A
bs

or
ba

nc
e

15 min

12 min

10 min

7 min

5 min

2 min

0 min

(b)

Under dark conditions

Fig. S7 Comparative photocatalytic activity of: (a), CaO; (b), g-C3N4; (c), 10% wt. CaO:90% wt. g-C3N4 in MB solution at
various times; and (d), the C/C0 values at different times under dark conditions.

www.scienceasia.org

http://www.scienceasia.org/
www.scienceasia.org


ScienceAsia 50 (3): 2024: ID 2024066 S5

Fig. S8 Comparison of photocatalytic activities of CaO/g-C3N4 composites prepared from different ratios (% wt.) of
CaO:g-C3N4: (a), 5% CaO:95% g-C3N4; (b), 15% CaO:85% g-C3N4; and (c), the C/C0 values at different ratios of CaO:g-C3N4.
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