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 The discharge of textile effluents induces organic pollutants that necessitate 

attention to ensure environmental sustainability. This study presents eco-

synthesis and an enhanced adsorption-photocatalyst over a Clay/TiO2/CTAB 

composite for photodegradation of an organic dye pollutant (Methyl Orange; 

MO). Natural clay used in this work was purified via hydrothermal treatment 

to produce activated clay.  Subsequently, TiO2 was intercalated with CTAB 

surfactant and combined with clay to obtain the Clay/TiO2/CTAB composite. 

The material was synthesized via a dispersion and centrifugation process. The 

presence of TiO2 pillared Clay/CTAB showed important photocatalytic 

properties and high-adsorption performance for the degradation of the MO 

compound. The Clay/TiO2/CTAB was found to be the most effective adsorption-

photocatalyst when compared using homogeneous material. The natural clay 

was characterized by X-ray fluorescence (XRF), while Clay/TiO2/CTAB was 

identified using X-ray diffraction (XRD), Fourier transform infrared 

spectroscopy (FTIR), and scanning electron microscope (SEM). The successful 

formation of the Clay/TiO2/CTAB was indicated by FTIR analysis under the 

wavenumber shown in the fingerprint region predicting the presence of Al-OH 

and O-Ti-O elements (450-1000 cm-1), while CTAB was generalized to form 

amide bonds (1360 cm-1). Confirmation of the XRF data shows Clay contains 

high SiO2 and Al2O3 with good crystallinity, as well as Clay/TiO2 and 

Clay/TiO2/CTAB, showing crystallinity patterns of quartz, kaolinite, anatase, 

rutile, and montmorillonite. The micrographs of the synthesized materials 

show rough surfaces and non-uniform surfaces with different TiO2 grains 

widely dispersed on the surface. The adsorption-photocatalyst performance of 
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the Clay/TiO2/CTAB composite was evaluated in three parameters, namely pH 

optimization, contact time, and degradation ability, showing excellent 

degradation performance at a pH 5 with 60 minutes contact time with a 

degradation efficiency of 89.90%. Clay/TiO2/CTAB material influenced the 

adsorption ability and changed the acidity of the waste to make the treated 

wastewater environmentally safe. 

1. Introduction 

In recent years, river water quality in most parts of 

Indonesia has significantly deteriorated, 

particularly after passing through residential, 

industrial, and agricultural areas [1-3]. In 

developing countries, including Indonesia, 

domestic sewage constitutes the largest source of 

pollution, accounting for approximately 75% of 

source water contamination [4]. Industrial 

wastewater also presents a significant 

environmental challenge [5, 6]. Improper 

treatment and management of liquid waste can 

severely impact the environment, especially water 

resources. Water pollution caused by toxic 

compounds, such as heavy metal ions and dyes, is 

detrimental to the ecology and poses a significant 

threat to human health and the environment [7, 

8]. The textile industry is a major global polluter, 

second only to the petroleum industry [9, 10]. 

Numerous studies have reported that hazardous 

chemical compounds from textile industry 

processing have polluted several rivers in Indonesia, 

including the Cikijing [11, 12], Cipeusing [13], 

Brantas, and Bengawan Solo [14]. Despite the 

domestic textile industry recording an export 

growth of US$12.4 billion, a 6% increase from the 

previous year's US$11.8 billion, it continues to have 

a significant impact on environmental pollution 

[15]. The main factors contributing to 

environmental damage from the textile industry 

are dye compounds, as they contain a wide range 

of hazardous chemicals in both low and high 

concentrations [16, 17]. Some of these dyes are 

toxic and exhibit carcinogenic and mutagenic 

effects on both aquatic life and humans [18, 19]. 

Textile dyes are typically derived from azo 

compounds and their derivatives, which include 

benzene groups that are notoriously difficult to 

degrade [20, 21]. The prolonged presence of azo 

compounds in the environment can lead to diseases 

due to their toxic and mutagenic properties [22]. 

One commonly used azo dye in the textile industry 

is methyl orange (MO), which is extensively 

employed as a dyeing agent and as an indicator in 

acid-base titrations [23]. MO textile dyes are 

categorized as non-biodegradable pollutants [24]. 

Waste dyes from various industries are notably 

stable and resistant to biodegradation due to their 

complex aromatic molecular structures [8]. 

Several technologies have been applied to treat dye 

effluents, including chlorination, adsorption, 

biodegradation, and ozonation [25, 26]. While 

these methods can be effective, they often incur 

significant operational costs and may result in new 

environmental issues, such as the formation of 

secondary pollutants. Among the various 

developed processes, photodegradation emerges 

as a promising alternative due to its simplicity, 

efficiency, and widespread availability [27, 28]. 

Conventional TiO2 photocatalysts have been 

extensively researched for their excellent 

photoactivity, stability, and non-toxicity [29, 30]. 

However, due to the 3.2 eV band gap of TiO2, these 

photocatalysts are only active under UV light 

irradiation, which constitutes a mere 4% of total 

sunlight, thus severely limiting their practical 

applications [31]. Consequently, research has 

increasingly focused on the development of highly 

efficient visible light-based photocatalysts. 

Research on TiO2-pillared clay presents promising 

prospects due to the extensive use of TiO2 as a 

catalyst. Ulhaq et al. [32] reported a 93% removal 

of hydrocarbon pollutants from petroleum refinery 

wastewater through simultaneous photocatalytic 

oxidation and adsorption using TiO2/CTAB-Bt under 

UV light. Similarly, Yuan et al. [33] demonstrated 

that Clay/TiO2/CTAB based on TiCl4 and applied 

with diethanolamine (DEA) as a dispersant 

exhibited a 10% higher photocatalytic efficiency 

compared to TiO2-P25. In their study, the use of 

TiO2-P25 as a pillaring agent increased the basal 

spacing of the clays, with the metal oxide 
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distributed on the pillared clay layer, thereby 

increasing the acidity of the clays. 

Further research employing surfactants such as 

cetyl-trimethyl ammonium bromide (CTAB) aims 

to enhance the intercalation of TiO2 metal oxide, 

resulting in pillared clays with larger basal spacing 

and more uniform pore distribution [34, 35]. This 

improved intercalation not only has the potential to 

increase the efficiency of capturing and degrading 

contaminants from industrial waste but also paves 

the way for new applications in more sustainable 

and effective waste treatment [33]. Surfactants 

like CTAB facilitate increased spacing between clay 

layers, which enhances the uptake and 

degradation of contaminants. With increased 

basal spacing and more uniform pore distribution, 

these pillared clays can function more effectively 

as media for photocatalysis, offering a more 

environmentally friendly solution to water pollution 

problems [36, 37]. 

The synergistic effects of Clay/TiO2/CTAB present a 

promising and cost-effective approach to 

addressing wastewater treatment in an efficient 

and environmentally friendly manner. The 

integration of TiO2 with carrier materials enhances 

the effectiveness of photodegradation, providing a 

more sustainable and efficient method to mitigate 

water pollution [38]. The CTAB surfactant 

increases the spacing between clay layers, 

facilitating more efficient uptake and degradation 

of contaminants [39]. With increased basal 

spacing and more uniform pore distribution, these 

pillared clays serve as highly effective media for 

photocatalysis, offering an environmentally 

friendly solution to water pollution issues. 

Interdisciplinary studies are crucial for overcoming 

challenges in wastewater treatment and ensuring 

the application of these technologies in sustainable 

water resource management. This research focuses 

on the synthesis and application of TiO2-pillared 

clays, particularly using surfactants to enhance 

photocatalytic performance, demonstrating 

significant potential in addressing environmental 

pollution. By continuing to innovate in sewage 

treatment technologies, it is possible to develop 

wastewater treatment systems that are not only 

effective but also sustainable, thereby reducing the 

negative impact of industrial activities on the 

environment and supporting the preservation of 

water resources for future generations. 

2. Experimental Methods 

2.1. Clay Preparation and Activation 

The clay, sourced from the North Konawe Regency 

in Southeast Sulawesi, Indonesia, was purified by 

removing coarse particles through multiple 

washings with distilled water. After cleaning, the 

clay was air-dried in direct sunlight for five days 

and subsequently oven-dried to eliminate any 

remaining moisture. The dried clay was finely 

ground to a particle size of 180 mesh using an agate 

mortar. Following this preparation, the fine clay 

underwent physical (thermal) activation. 

Specifically, 200 grams of fine clay was calcined at 

600°C for four hours to reduce the moisture 

content, which involves the removal of hydroxyl 

groups from the clay structure. In addition, this 

treatment increased the surface area of the 

activated clay to evaluate its potential to improve 

the mechanical properties of the composite. 

2.2. Synthesis of Clay/TiO2/CTAB 

This study utilized TiO2 Degussa-P25 for a 

synergistic combination with CTAB and activated 

clay. Initially, TiO2/CTAB was prepared by dissolving 

0.5 grams of TiO2-P25 in 2.0 mL of ethanol (P.A.). 

The CTAB solution variations were prepared at 

concentrations of 1.0 mM, 2.0 mM, and 3.0 mM. 

Each mixture was stirred using a magnetic stirrer 

for two hours at a stirring speed of 100 rpm at 80°C 

to obtain the TiO2/CTAB material. For the synthesis 

of the Clay/TiO2/CTAB material, 1.0 g of activated 

clay was dispersed into 100 mL of distilled water 

and stirred using a magnetic stirrer for five hours. 

Subsequently, 0.5 g of the TiO2/CTAB pillar agent 

was slowly added to the suspended solution and 

stirred for 24 hours. The resulting suspension was 

separated using a centrifuge and washed with 

distilled water. The suspended solids in the form of 

Clay/TiO2/CTAB were dried in an oven for two hours 

at 105°C. Finally, the Clay/TiO2/CTAB was finely 

crushed and sieved using a 100-mesh sieve, making 

it ready for testing with the MO test compound. 

2.3. Material Characterizations 

Several instruments were used for material 

characterization to confirm the successful 
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synthesis of the Clay/TiO2/CTAB composite, 

including XRF (Bruker-S2 Puma), FTIR (Shimadzu-

IR Prestige 21), XRD (PANalytical X’Pert-PRO), and 

SEM (FEI-Inspect-S50). XRF was employed to 

identify chemical elements in the clays before and 

after activation. FTIR was used to identify 

functional groups after the material synthesis 

process by comparing the absorption at the wave 

number formed between Clay, TiO2/CTAB, and 

Clay/TiO2/CTAB. XRD was used to evaluate the 

crystallinity and phase composition of the 

materials, while SEM provided detailed information 

on the morphology, porosity, and particle size 

distribution in the Clay/TiO2/CTAB composite. 

2.4. Removal of MO Dye Compound 

The removal of the MO dye compound using 

Clay/TiO2/CTAB was conducted with various testing 

parameters, including optimization of pH, contact 

time, and the effect of concentration on the MO 

compound. For pH optimization, 10 mL of the MO 

compound solution with pH variations of 1.0, 3.0, 

5.0, 7.0, 9.0, and 11.0 was added to a 100 mL 

beaker. The pH was adjusted using 0.1 M NaOH or 

HCl and monitored with a pH meter. 

Clay/TiO2/CTAB material was added to each beaker 

and stirred for 60 minutes. The solution and 

material were separated by decantation and 

analyzed using a UV-Vis spectrophotometer. The 

optimum pH was determined by comparing the 

amount of MO to the ability to reduce the 

concentration of the MO compound. Contact time 

optimization involved varying the contact time to 

30, 60, 90, 120, 150, and 180 minutes using 100 mL 

of 25 mg.L⁻¹ MO solution with 0.5 g of 

Clay/TiO2/CTAB material. The ability to reduce MO 

concentration was recorded, and the degradation 

efficiency was identified. The effect of 

concentration on the MO compound was tested 

using concentrations of 5.0 mg.L⁻1, 10.0 mg.L-1, 

15.0 mg.L⁻¹, 20.0 mg.L⁻¹, and 25.0 mg.L⁻¹, mixed 

with 0.5 g of Clay/TiO2/CTAB material at the 

optimum contact time and pH. Each mixture was 

stirred using a magnetic stirrer under visible 

illumination and separated by decantation. The 

resulting filtrate was analyzed using a UV-Vis 

spectrophotometer. 

3. Results and discussion 

3.1. Clay Composition 

The chemical composition of the clay was initially 

analyzed to determine the presence of minerals 

and to track any changes in mineral abundance 

due to temperature variations during the physical 

activation process. The data presented in Table 1 

reveals that silica (SiO2) and alumina (Al2O3) were 

present in substantial quantities, while other 

minerals were found in smaller amounts [40]. The 

behaviour of clays under thermal activation can be 

explained through thermal decomposition and 

phase transitions. High temperatures cause the 

decomposition of organic matter and bioinorganic 

compounds, leading to the release of gases such as 

CO2 and H2O. This process, known as 

dihydroxylation, results in weight reduction and 

resistance to decomposition, making them 

prominent in thermally activated clay. The 

enhanced binding capacity of oxygen atoms with 

rising temperature can be attributed to the 

increased reactivity of these minerals in their 

activated state. The observed changes in mineral 

abundance, as identified by XRF with increasing 

temperature, are linked to the loss-on-ignition 

(LoI) process. LoI explains how certain minerals 

enhance their ability to bind oxygen atoms (O2) as 

the temperature increases. Additionally, some 

bioinorganic compounds in clays decompose at 

high temperatures, maintaining the stability and 

purity of minerals in their oxide forms [41]. 

Activated clays, with their large surface area and 

reactivity, effectively bind pollutants and facilitate 

various chemical reactions. This stability makes the 

material suitable for modifications with other 

compounds for environmental applications. 

3.2. Material Characterizations 

The synthesized material was characterized using 

FTIR, XRD, and SEM to confirm the successful 

incorporation of clay, TiO2, and CTAB. 
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Table 1. Mineral identification in clay with thermal variations. 

Elements / Oxides 
Abundance (%) 

Inactivated clay 500°C 550°C 600°C 650°C 

SiO2 63.12 66.61 67.03 66.68 67.23 

TiO2 0.63 0.64 0.64 0.64 0.63 

Al2O3 17.56 19.99 19.86 19.09 20.45 

CaO 0.26 0.28 0.30 0.28 0.28 

K2O 1.35 1.43 1.42 1.38 1.44 

Cr2O3 0.12 0.11 0.11 0.12 0.11 

MnO 0.04 0.04 0.04 0.04 0.04 

Zn <0.01 <0.01 <0.01 <0.01 <0.01 

Ni 0.01 0.01 0.01 <0.01 0.01 

Fe 5.50 4.84 4.90 4.94 4.89 

Co 0.02 0.02 0.01 0.01 0.01 

Na2O 0.02 0.02 0.02 0.02 0.02 

P2O5 0.01 0.01 0.01 0.01 0.01 

 

FTIR analysis was used to identify the primary 

functional groups in Clay/TiO2 and Clay/TiO2/CTAB 

by comparing their specific absorption peaks. The 

samples primarily consist of oxide minerals, as 

evidenced by dominant absorption within the 

fingerprint region of 450-1000 cm⁻¹ (Figure 1). 

Notable absorption peaks include 517, 694, 1041, 

1469, 1619, 1890, 2374, 2931, 3432, and 3620 cm⁻¹. 

The sharp absorption at 517 cm⁻¹ was associated 

with Ti-O bond vibrations within the TiO2 lattice, 

confirming TiO2 incorporation into the clay 

structure [42]. Key absorption bands at 3620, 3432, 

1041, 1619-1890, and 2374 cm⁻¹ corresponded to O-

H stretching, Si-OH stretching, Si-O-Si stretching 

vibrations, Al-OH from bentonite clay and 

phosphate groups, indicating the presence of 

hydroxyl and silicate groups typical in clay minerals 

[32].  

Additionally, the absorption at 2931 cm⁻¹ suggested 

the presence of organic CH3 and CH2 groups, like 

from residual organic matter or surface 

modifications. A unique absorption at 1469 cm⁻¹ 

differentiates Clay/TiO2 from Clay/TiO2/CTAB, 

revealing asymmetric bending vibrations of C-H in 

methyl and methylene groups or N-H bonded to 

ammonium groups, confirming the successful 

integration of cetyltrimethylammonium cations. 

XRD patterns of Clay/TiO2 and Clay/TiO2/CTAB 

(Figure 2) show predominant peaks at 2θ values of 

20.93, 26.66, and 50.19, confirming the presence of 

smectite mineral. Peaks at 2θ values of 25.23 (101), 

37.71 (112), and 48.18 (200) correspond to the 

anatase phase of TiO2. Isomorphic substitution in 

the clay structure, in which Al³⁺ replaces Si in the 

tetrahedral layer and Mg²⁺ substitutes in the 

octahedral layer, results in a net negative charge 

compensated by the adsorption of cations. This 

phenomenon supports cation exchange processes 

within the bentonite structure [32]. 

The hydrophilic nature of bentonite clay limits its 

adsorption of non-polar organic molecules. 

However, incorporating organic cations such as 

surfactants into the interlayers facilitates 

replacing inorganic cations with Al³⁺, enhancing 

the clay's adsorption efficiency for organic 

compounds. The bentonite structure, consisting of 

an octahedral alumina sheet between two 

tetrahedral silica sheets, allows for stacked units, 

improving adsorptive properties. The introduction 

of surfactants like CTAB increases the clay’s 

affinity for organic pollutants by replacing 

inorganic cations and enhancing adsorption. The 

layered structure provides a high surface area and 

ample interlayer spacing, beneficial for adsorption 

processes [32]. These findings align with standard 

reference patterns from the Joint Committee on 

Powder Diffraction Standards (JCPDS), specifically 

numbers 88-1175 and 84-1286. SEM micrographs 

(Figures 3a, 3b, 3c, and 3d) reveal distinct 

morphological differences between Clay/TiO2 and 

Clay/TiO2/CTAB. The intercalation of clay and TiO2 

resulted in a structure where the TiO2 was dispersed 

rather than uniformly mixed, with TiO2 particles 

primarily adhering to the clay surface and prone to 

detachment.
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Fig. 1. FTIR spectrum of synthesized materials 

(Clay/TiO2 and Clay/TiO2/CTAB). 
Fig. 2. XRD pattern of synthesized materials (Clay/TiO2 

and Clay/TiO2/CTAB). 

 

Fig. 3. SEM images of synthesized materials: (a,b) Clay/TiO2 and (c,d) Clay/TiO2/CTAB. 

Although the activated clay exhibited good porosity 

and a porous spherical morphology that served as 

an effective template for TiO2, the binding was 

suboptimal compared to Clay/TiO2/CTAB. This 

resulted in a less stable structure where TiO2 

particles could easily detach. The porosity of 

activated clay, with its spherical morphology, 

provided a good template for TiO2 deposition, but 
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the absence of a strong binding agent limited the 

composite's structural integrity.  

Meanwhile, the inclusion of the CTAB surfactant in 

Clay/TiO2 enhanced particle agglomeration and 

improved the attachment of TiO2 to the clay. CTAB 

acted as a pillarizing agent, increasing the basal 

spacing of the clay and facilitating the 

incorporation of TiO2 into the clay's lattice. This 

process, known as surfactant-assisted 

intercalation, improved the dispersion and 

attachment of TiO2, resulting in a more stable and 

efficient composite material. This augmentation 

significantly benefited the photocatalytic process, 

increasing the clay's surface area by allowing CTAB 

to insert into the clay's pore lattice, creating a 

pillarized structure filled with TiO2. These 

observations confirmed the successful 

incorporation of clay/TiO2 particles with the CTAB 

surfactant. 

3.3. Removal of MO by adsorption over 

Clay/TiO2/CTAB 

The degradation of MO using Clay/TiO2/CTAB was 

systematically evaluated with various experimental 

parameters, including pH optimization, contact 

time, and the influence of concentration. Initially, 

the optimization of pH was carried out to 

determine the optimal conditions for the 

degradation of the MO compound. According to 

Figure 4, the Clay/TiO2/CTAB composite achieved 

peak efficiency at a pH of 5, exhibiting a 

degradation capacity of 43.23 mg/g and a 

degradation efficiency of 87.84%. This data 

indicated that the Clay/TiO2/CTAB composite was 

more effective at degrading MO under acidic 

conditions, particularly at pH 5, compared to the 

Clay/TiO2 system. The enhanced degradation 

performance in acidic environments could be 

attributed to the protonation of nitrogen double 

bonds within the MO structure, facilitated by the 

presence of hydrogen ions.  

This protonation induced a resonation effect, 

rendering the MO molecule positively charged and 

more susceptible to degradation processes. In 

addition, the pH of the solution played a crucial role 

in the photocatalytic degradation of organic 

pollutants [43]. In acidic conditions, the presence 

of hydrogen ions (H⁺) can protonate functional 

groups within organic molecules, altering their 

chemical structure and increasing their 

susceptibility to oxidative degradation. This 

phenomenon is particularly significant for 

compounds like MO, where protonation of nitrogen 

double bonds can enhance the effectiveness of 

photocatalysts by increasing the adsorption and 

reaction rates on the catalyst surface [44].This 

study investigated the impact of contact time on 

the degradation capacity of MO using a 

Clay/TiO2/CTAB composite material. Experiments 

were conducted at an optimum pH of 5, with a 

constant MO concentration of 25 mg.L-1, and varied 

contact times of 30, 60, 90, 120, and 150 minutes. 

 

 

Fig. 4. Effect of pH on MO degradation capacity using Clay/TiO2/CTAB. 
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The results, as illustrated in Figure 5, reveal a 

notable increase in degradation capacity from 30 

to 60 minutes, attributable to the freshness of the 

material and the absence of water contamination. 

Initially, the degradation ability was enhanced, 

peaking at 60 minutes; however, it subsequently 

declined from 90 to 150 minutes due to material 

saturation, resulting in diminished adsorption-

photodegradation efficiency.  

The findings indicated that the optimal contact 

time for the Clay/TiO2/CTAB material was 60 

minutes, achieving a maximum degradation 

capacity of 44.25 mg/g and an efficiency of 89.90% 

(Figure 5a). The initial increase in degradation 

capacity was linked to the availability of active 

sites and the inherent porosity of the material, 

which were not yet occluded by other compounds 

[45]. Figure 5b displays the reaction kinetics data 

based on pseudo-order one to show the adsorption 

speed of the Clay/TiO2/CTAB composite. The data 

showed that the 30th minute to 60th minute had a 

good adsorption speed with the movement of the 

Ln(C0/Ct) value decreasing. In contrast, the 

degradation time from 60 to 150 minutes increased 

due to the decrease in the adsorption-

photodegradation ability of the composite. 

Conversely, as the material became saturated, its 

capacity to adsorb pollutants decreased. This 

saturation effect is commonly observed in porous 

materials used for adsorption and photocatalytic 

processes, where prolonged exposure to 

contaminants reduces the effectiveness of active 

sites [46]. The prolonged contact time can lead to 

surface saturation, where active sites become 

occupied by pollutant molecules, reducing the 

efficiency of the photocatalytic process. This 

phenomenon is influenced by factors such as the 

surface area, pore structure, and surface chemistry 

of the photocatalyst material, as well as the 

concentration and nature of the pollutants [45, 

46]. 

The final experiment evaluated the degradation 

capacity of the Clay/TiO2/CTAB composite for MO 

across concentrations of 20, 25, 30, and 35 mg.L-1, 

with a fixed contact time of 60 minutes at an 

optimal pH of 5. The results, depicted in Figure 6, 

demonstrated enhanced degradation capabilities 

at lower concentrations of 20 and 25 mg.L-1. This 

improvement could be attributed to factors such as 

reduced competition for active sites, increased 

penetration ability, the dynamics of adsorption 

isotherms, and the effects of surface saturation on 

the Clay/TiO2/CTAB material. 

  

Fig. 5. The adsorption-photodegradation test: (a) contact time test for the Clay/TiO2/CTAB material and (b) Kinetics 

rate of Clay/TiO2/CTAB. 

36

37

38

39

40

41

42

43

44

45

30 60 90 120 150
Times (min.)

D
e

g
ra

d
a

ti
o

n
 c

a
p

a
c

it
y
 (

m
g

/g
)

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0 30 60 90 120 150 180

L
n

 (
C

0
/C

t)

Time (min.)

Fast degradation Low degradation(a) (b) 



 N. Nohong et al. / Advances in Environmental Technology 11(2) 2025, 193-206. 

 

201 

201 

 

 

Fig. 6. Degradation capabilities using Clay/TiO2/CTAB. 

This phenomenon is governed by adsorption 

isotherms, which describe the relationship between 

the concentration of pollutants in solution and the 

amount adsorbed onto the catalyst surface. At 

lower pollutant concentrations, fewer molecules 

compete for the available active sites on the 

adsorbent surface, facilitating more effective 

adsorption [43]. The highest degradation capacity 

was observed at a concentration of 25 mg/L, 

achieving 45.58 mg/g with a degradation efficiency 

of 92.60%. In contrast, at 30 mg/L, the 

degradation performance declined due to 

saturation of the active sites within the 

Clay/TiO2/CTAB material or excessive solution 

density, causing the clay to float, which adversely 

affected the degradation process and reduced the 

efficiency. Surface saturation occurred when all 

active sites on the catalyst surface were occupied 

by pollutant molecules, limiting further adsorption 

and degradation capacity. Additionally, factors 

such as solution density and the clay particles' 

buoyancy could affect the photocatalytic process's 

stability and efficiency [44]. These findings 

suggested that the Clay/TiO2/CTAB composite 

exhibited a robust ability to degrade MO, 

particularly effective at lower concentrations, 

highlighting its potential for treating organic 

colour compounds in wastewater. Table 1 presents 

an overview of the degradation characteristics of 

MO when treated with a composite of 

Clay/TiO2/CTAB under varying experimental 

conditions. It highlights key parameters such as 

initial MO concentration (25 mg/L), optimal pH (5), 

and contact time (60 minutes) to achieve a 

maximum degradation capacity of 45.58 mg.L-1 

with an impressive efficiency of 92.60%. The data 

revealed that the degradation process was 

significantly enhanced in acidic conditions where 

protonation of nitrogen double bonds in MO 

increased the susceptibility to degradation 

reactions. Furthermore, the data indicated that as 

the concentration of MO rose, the degradation 

efficiency declined due to surface saturation of the 

adsorbent material, thus limiting its capacity to 

adsorb further pollutants. 

Figure 7 illustrates the photodegradation process of 

a Clay/TiO2/CTAB composite under visible light 

illumination, highlighting the catalytic 

degradation of pollutants over time. Initially, the 

layered composite structure, consisting of clay as a 

support, TiO2 as a photocatalyst, and CTAB as a 

surfactant, was exposed to visible light. The TiO2 

component was activated, generating electron-

hole pairs that facilitated the breakdown of 

organic pollutants. As the reaction progressed, a 

noticeable reduction in pollutant concentration 

was observed, with maximum degradation 

efficiency occurring at 60 min. The process became 

less efficient after this point, as shown by the 

decline in degradation rate over time. This 

suggested an optimal duration for the visible-light-

induced photocatalytic activity of the 

Clay/TiO2/CTAB composite.

 

42.5

43

43.5

44

44.5

45

45.5

46

10 15 20 25 30

Concentration (mg.L-1)

D
e

g
ra

d
a
ti

o
n

 c
a
p

a
c

it
y
 (

m
g

/g
)



 N. Nohong et al. / Advances in Environmental Technology 11(2) 2025, 193-206. 202 

Table 1. The summary of the adsorption-photodegradation of MO dye. 

Parameter Description Value 

MO concentration Initial concentration of MO compound 25 mg.L-1 

Optimal contact time Optimal time for the adsorption process 60 min 

Degradation capacity 
Maximum degradation capacity by the 

adsorbent 
45.58 mg.L-1 

Degradation efficiency Percentage of degradation achieved 92.60% 

Optimal pH Acidity level that enhances efficiency 5 

Degradation capacity at pH At pH 5, degradation capacity 43.23 mg.L-1 

Degradation efficiency at pH Efficiency at pH 5 87.84% 

Degradation capacity at contact 

time 
Maximum at 60 min. 44.25 mg.L-1 

Degradation efficiency at contact 

time 
Maximum efficiency during 60 min. 89.90% 

Variations in MO concentration 
Capacity tested at concentrations of 20-35 

mg.L-1 

20 mg.L-1 and 25 

mg.L-1 

Kinetics Rate (k) 
Performance evaluation to degrade MO  

(Pseudo-First-Order Kinetics) 
9.57 × 10¯5 min¯1 

 

Fig. 7. The adsorption-photodegradation process of a Clay/TiO2/CTAB composite over MO compound. 

4. Conclusions 

Clay/TiO2/CTAB demonstrates significant 

capabilities in the adsorption-photodegradation of 

MO colour compound. TiO2-P25 exhibits excellent 

integration in forming the Clay/TiO2/CTAB 

composite. The synergistic interaction among the 

materials results in optimal degradation 

performance at a concentration of 25 mg.L-1, 

achieving a degradation capacity of 45.58 mg/g 

and a degradation efficiency of 92.60%. 

Additionally, the degradation capacity at a pH of 5 

reaches its peak at a concentration of 2 mM for 

methyl orange dye solution, with a degradation 

capacity of 43.23 mg/g and a degradation 

efficiency of 87.84%. Furthermore, at a contact 

time of 60 minutes, the degradation capacity is 

measured at 44.25 mg.L-1, corresponding to a 

degradation efficiency of 89.90%. The 

effectiveness of clay in mitigating waste pollution 
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holds considerable promise for environmentally 

friendly materials. 
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