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 This paper investigates the impact of annealing temperature on the 

photocatalytic degradation efficiency of rhodamine B (rhB) using a 

montmorillonite/zinc-oxide (MMT/ZnO) nanocomposite. The MMT/ZnO 

nanocomposites, synthesized through a chemical method, are annealed for 

one hour at 300°C, 500°C, and 700°C. The study involves a comprehensive 

analysis of sample composition, surface morphology, and structure using 

various analytical methods, including Energy Dispersive X-ray Spectroscopy 

(EDX), Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD), 

Brunauer-Emmett-Teller (BET) analysis, and Fourier Transform Infrared 

Spectroscopy (FTIR). RhB degradation efficiency is assessed by monitoring 

changes in dye concentration in the solution after exposure to UVC radiation, 

measured with UV-Vis spectroscopy. By-products resulting from the 

photocatalysis process are identified through LCMS analysis. The results 

demonstrate that MMT/ZnO annealed at 500°C (referred to as MZ@500) 

exhibits the highest capability for rhB decomposition, achieving a remarkable 

95.5% degradation efficiency with 10 ppm of rhB and 0.1 g/L of MZ@500. 

Furthermore, this composite effectively fragments the dye's chromophore 

structure into smaller, ring-broken compounds. 
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1. Introduction 

Montmorillonite (MMT) is the main component of 

bentonite, a naturally occurring clay mineral that 

belongs to the smectite group. Its molecular 

formula is represented as (Na, Ca)0.33(Al, 

Mg)2(Si4O10)(OH)2.nH2O [1-2]. The fundamental 

structural unit of montmorillonite mineral 

comprises a single alumina sheet nestled between 

two silica sheets, adopting a 2:1-type arrangement. 

Hydrogen bonds facilitate the connection between 

the oxygen atoms at the tips of each silica sheet 

https://doi.org/10.22104/aet.2024.6572.1799
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and the OH ions on both sides of the alumina sheet. 

This bond's notable strength contributes to the 

overall stability of the basic structural unit within 

the montmorillonite mineral [3, 4]. 

Montmorillonite (MMT) is renowned for its unique 

properties, particularly its ability to swell and 

adsorb substances. Consequently, MMT has 

garnered significant attention in the realm of 

water purification, particularly in the context of 

water environments contaminated with both 

inorganic and organic impurities [5-10]. However, 

adsorption alone is insufficient for effectively 

removing azo dyes. Azo dyes, including compounds 

like rhodamine B, Disperse Orange 1, and Basic Blue 

3, among others, belong to the category of organic 

compounds characterized by the R−N=N−R′ 

functional group, where R and R′ typically 

represent aryl and substituted aryl groups [11]. 

These synthetic colorants present a significant 

challenge for conventional water treatment 

methods because their complex degradation 

processes can result in the formation of even more 

toxic byproducts [12-14]. Therefore, it's crucial to 

engage in research and innovate natural materials 

that effectively remove synthetic azo pigments. 

Previous publications worldwide, as well as our 

research[14-18], have confirmed that porous 

heterostructures based on clay minerals are 

gradually becoming potential alternative materials 

in the field of removing organic pollutants from 

wastewater solutions. Some metal oxides are 

commonly modified into MMT, including ZnO, TiO2, 

ZnS, MoS2, and CdS. These semiconductor 

photocatalysts can produce hydroxyl radicals when 

activated by a light source [19, 20]. Among all 

photocatalysts, ZnO (IIBVIA) is currently widely 

researched for environmental purification due to its 

numerous advantages, such as a wide bandgap 

(3.3 eV), ease of synthesis, non-toxicity, and 

environmental friendliness. However, ZnO has 

some disadvantages that limit its photocatalytic 

efficiency, such as a small surface area, low 

adsorption capacity, and recombination of 

photogenerated electron-hole pairs [21-23]. 

Therefore, the synthesis of MMT/ZnO 

nanocomposites aims to combine the advantages 

of both ZnO and MMT while mitigating the 

drawbacks of these two materials. This helps 

enhance the efficiency of adsorption and 

photodegradation of organic pollutants in 

wastewater. 

In our recent study [17], ZnO nanoparticles were 

successfully immobilized on the surface and within 

the interlayer spaces of MMT sheets, forming a 

house-of-cards structure. Various conditions 

affecting photocatalytic efficiency, such as light 

source, catalyst dosage, initial dye concentration, 

solution pH, and the presence of inorganic and 

organic scavengers, have been explored in our 

research and prior studies by other authors. Despite 

these efforts, the impact of annealing temperature 

on the photodegradation efficiency of rhB by 

MMT/ZnO remains unexamined. 

Theoretical studies indicate that the adsorption 

and swelling capacity of MMT decreases with 

increasing calcination temperature, with 

significant structural disruption occurring when 

the temperature exceeds 700-750°C. Given that the 

adsorption properties of MMT significantly 

influence the photodegradation efficiency of the 

MMT/ZnO nanocomposite, understanding the 

effect of calcination temperature is crucial. This 

research aims to clarify the influence of calcination 

temperature on the photodegradation efficiency of 

rhB by MMT/ZnO through rigorous analytical and 

experimental methods. It is essential to conduct 

thorough research to enhance our understanding 

of these interactions and optimize the performance 

of MMT/ZnO nanocomposites in photocatalytic 

applications. 

2. Materials and methods 

All the chemicals used in this study are of analytical 

grade, originating from Germany, and did not 

require further purification before use: 

Zn(NO3).6H2O ( 99.0%), C2H5OH (  99.8%), 

rhodamine B (C28H31ClN2O3,  95.0%), NaCl ( 

99.5%), KOH ( 99.8%), and (C6H7NaO6)n ( 

99.0%). The bentonite is mined in Lam Dong 

Province, Vietnam. 

2.1.  Purify MMT from bentonite 

The steps for purifying MMT from bentonite follow 

the same procedures outlined in our previous 

publications on MMT [1, 3, 5, 17, 18]. In this process, 

MMT was dispersed in DI water. NaCl was added to 

the mixture and stirred for 24 hours. The mixture 

was allowed to settle; then, it was centrifuged and 

washed multiple times with ethanol and deionized 
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water to remove impurities from the bentonite. The 

final solid obtained after drying at 60°C for 24 hours 

will yield purified MMT. 

2.2.  Synthesis of zinc oxide nanoparticles (ZnONP) 

The steps in the ZnONP synthesis process were 

conducted in the same manner as described in our 

recent publication [17]. Specifically, zinc nitrate 

hexahydrate and potassium hydroxide were 

separately dissolved in distilled water. The 

potassium hydroxide solution was slowly added to 

the zinc nitrate hexahydrate solution. The mixture 

was stirred until it turned white. The solid obtained 

was centrifuged and washed several times with 

ethanol. Subsequently, it was annealed for one 

hour to obtain ZnONP at different temperatures: 

ZnO@300, ZnO@500, and ZnO@700. 

2.3.  Synthesis of montmorillonite/zinc oxide 

nanocomposite (MMT/ZnO) 

The steps in the MMT/ZnO synthesis process were 

performed similarly to our recent publication [17]. 

First, MMT was dispersed in distilled water using a 

stirring machine (A). Next, zinc nitrate 

hexahydrate and sodium alginate were dissolved 

separately in equal amounts of distilled water; 

then, they were mixed together (B). Then, (A) was 

added to (B) and stirred for 24 hours. Afterward, 

the mixture was centrifuged and washed several 

times with ethanol and distilled water to obtain 

MMT/ZnO. Finally, MMT/ZnO was annealed for one 

hour at 300°C, 500°C, and 700°C, corresponding to 

the labels MZ@300, MZ@500, and MZ@700. 

2.4.  Characterization methods 

The elemental composition of the sample was 

analyzed using EDX (HORIBA H-7593, Horiba, 

Japan), and its surface morphology was examined 

using SEM (Hitachi Co., Japan). Crystallographic 

characteristics and bonding vibrations were 

examined through XRD (D2-PHASER, Bruker, 

Germany) employing CuK scattering at 40 kV and 

40 mA, with a scanning speed of 0.030°/s within 

the 5°-80° range, as well as FTIR. The surface 

texture, pore volume, and pore diameter of the 

samples were determined using BET (Brunauer-

Emmett-Teller), with N2 adsorption-desorption 

isotherms collected at 77.3 K using a Nova 1000e 

instrument (Quanta chrome). Additionally, the 

surface area of the samples was analyzed using the 

Barrett–Joyner-Halenda (BJH) method. The 

adsorption efficiency and photocatalytic 

performance of rhB were determined using UV-Vis 

spectroscopy (Jasco V-670, Jasco International 

Co., Japan) in the 400-700 nm range. Byproducts 

following the photodegradation of rhB were 

identified using the LC-MS method (Waters Xevo 

TQS, USA, with a Waters BEH C18 (2.1 × 1.7 × 50 mm) 

column). 

2.5.  Adsorption and photocatalytic experiments 

This study's experimental procedures on adsorption 

and photocatalysis closely followed previous 

literature and were conducted in a closed chamber 

[15,16]. Specifically, 10 mg of photocatalytic 

material was introduced into a 100 mL solution 

containing 10 ppm rhB. Initially, the mixture 

underwent magnetic stirring in the absence of UVC 

light for one hour to attain adsorption-desorption 

equilibrium. Subsequently, the UVC lamp was 

activated, and the mixture was continuously stirred 

for 210 minutes. At 30-minute intervals, 5 mL of the 

solution was centrifuged and analyzed using UV-

Vis spectroscopy. The performance of each case 

was assessed using formula (1) [19-21], with the 

total efficiency being the sum of the efficiencies of 

adsorption and photocatalysis. 

𝐻% =
𝐶𝑜 − 𝐶

𝐶𝑜
× 100 (1) 

where Co is the initial dye concentration and C is 

the dye concentration at time t. 

3. Results and discussions 

3.1.  Structural properties of photocatalysts 

The surface morphology of ZnONP and the 

MMT/ZnO nanocomposites at different calcination 

temperatures are depicted in Figure 1. As the 

calcination temperature rose, it was noticeable 

that the crystal size increased because of 

crystalline growth occurring during the calcination 

process [22-24]. The average particle size of ZnONP 

formed at calcination temperatures of 300°C, 

500°C, and 700°C was approximately 50-100 nm, 

120-200 nm, and 400-500 nm, respectively [25, 26]. 

Our recent publications described the surface of 

MMT as flake-like and organized in layers [27, 28]. 

It was observed that the surface of the MMT/ZnO 

nanocomposites became more tightly packed as 
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the calcination temperature increased due to the 

influence of the agglomeration phenomenon.

  

(a) (b) 

  

(c) (d) 

  

(e) (f) 

Fig. 1. FESEM images of (a) ZnO@300, (b) ZnO@500, (c) ZnO@700, (d) MZ@300, (e) MZ@500, and (f) MZ@700. 

 

MZ@300 (d) 
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Figures 2a, 2b, and 2c represent the EDX spectra of 

MZ@300, MZ@500, and MZ@700, respectively. 

Previous publications and other studies [17, 18] 

have affirmed that MMT consists of multiple 

elements, including potassium (K), calcium (Ca), 

oxygen (O), silicon (Si), magnesium (Mg), sodium 

(Na), iron (Fe), and aluminum (Al). Therefore, the 

composition of the nanocomposites, in addition to 

the elements of MMT, also included the element Zn, 

with nearly equal weight percentages (2.99-3.06 

%wt). Furthermore, the weight percentage ratio 

between the elements O and Si (%wtO: %wtSi) 

decreased as the calcination temperature 

increased, specifically 2.82 for MZ@300, 0.53 for 

MZ@500, and 0.37 for MZ@700 (Figure 2d). 

  

  

Fig. 2. EDX spectrum of MZ@300, MZ@500, and MZ@700.

XRD studies were conducted to investigate the 

influence of annealing temperature on the 

crystallization of the structure, as depicted in 

Figure 3. The results suggested that when annealed 

within the range of 300-500°C, the crystallization 

of ZnO appeared to remain unchanged compared 

to commercial ZnO. All ZnO samples at 300, 500, 

and 700°C exhibited a wurtzite hexagonal phase 

structure with well-defined diffraction peaks at 

angles of 31.5, 34.4, 36.2, 47.5, 56.6; 63.1, 66.4, 

68.1, 69.3, 72.6, and 77.2 degrees. These scattering 

angles corresponded to the respective reflection 

planes (100), (002), (101), (102), (110), (103), (200), 

(112), (201), (004), and (202), closely matching 

with the JCPDS standard data number JCPDS 36-

1451 and references [17, 29, 30]. The intensity of the 

peaks along the (100), (002), and (101) planes 

consistently increased as the annealing 

temperature was raised from 300-700°C, 

indicating a clear improvement in crystallinity at 
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higher annealing temperatures. As the annealing 

temperature was raised, both the particle size and 

the crystallite size of ZnO increased (Table 1) [29, 

30]. The particle size was extracted from the FESEM 

images, the crystallite size was computed from 

XRD patterns employing the Debye-Scherrer 

equation, and the full-width at half-maximum 

(FWHM) was determined using Origin software. At 

room temperature, the XRD pattern of MMT 

exhibited a characteristic (001) reflection at a 

diffraction angle of 6.2o. The interlayer spacing of 

MMT, calculated using formula (1), was 14.4 Å, 

equivalent to that of commercial MMT found in 

references [31-33]. 

The XRD pattern of the MMT and ZnO 

nanocomposites at various annealing 

temperatures can be divided into three regions: 

MMT (2θ ~ 5-16o), SiO2 (2θ ~ 16-30o), and wurtzite 

hexagonal (2θ ~ 30-37o). From 500°C downwards, 

the X-ray diffraction peak (001) of MMT tended to 

shift towards higher 2θ angles, and the d001 

spacing decreased from 14.4 Å to 11.3 Å (MZ@300) 

and 9.8 Å (MZ@500) [34, 35]. During the annealing 

process, the interlayers became more ordered, and 

the crystal structure became more ordered as well. 

The amount of water molecules between the MMT 

layers decreased, reducing the distance between 

the layers [35]. At temperatures up to 700°C, the 

X-ray diffraction peak (001) of MMT became very 

weak, and the d001 spacing was only 9.2 Å. This 

resulted from the collapse of the interlayer 

structure due to the decomposition of unstable 

MMT components (aluminosilicate crystal), leading 

to the breakdown of the crystal layers [35]. The 

wurtzite hexagonal phase of ZnO (2θ angle ~ 30-

37o) in MMT/ZnO had low intensity due to the low 

content of ZnO in the nanocomposite. 

dhkl =  


2sinθ
 (2) 

where dhkl (Å) is the distance between parallel 

planes of MMT,  is the radiation wavelength 

(1.5406 Å), and  (rad) is the scattering (Bragg) 

angle. 

The surface texture of MMT and its nanocomposites 

was determined using nitrogen adsorption-

desorption isotherms and is illustrated in Figure 4. 

MMT, MZ@300, MZ@500, and MZ@700 exhibited 

hysteresis loops characteristic of type IV isotherm-

desorption curves, with all hysteresis loops falling 

into the H4 category according to the IUPAC (the 

International Union of Pure and Applied Chemistry) 

classification. This indicated that the 

nanocomposites of MMT and ZnO fall under the 

category of mesoporous and medium mesopore 

materials, possessing open slit-shaped pores within 

plate-like particles. Table 2 provides a summary of 

the specific surface area, pore size, and pore 

volume parameters of MMT, MZ@300, MZ@500, 

and MZ@700 obtained through BET and the BJH 

method (Barrett-Joyner-Halenda). The textural 

properties of raw MMT were significantly improved 

upon modification with ZnO, except for MZ@700. 

Consequently, MZ@300 and MZ@500 displayed a 

more open and less ordered pore structure on their 

surface. The interlayer spaces of MMT, with 

intermediate pores, were obstructed by ZnO 

nanoparticles, resulting in a reduction in pore size. 

 

 

Fig. 3. XRD patterns of MMT, ZnO, ZnO@300, ZnO@500, 

ZnO@700, MZ@300, MZ@500, and MZ@700. 

Table 1. The variation in particle size and crystallite size 

of ZnO with annealing temperature. 

Samples 

Annealing 

Temperature 

(oC) 

Particle 

size 

(nm) 

(From 

FESEM) 

Crystallite 

size (nm) 

(From 

XRD) 

ZnO@300 300 50-100 0.82 

ZnO@500 500 120-200 0.93 

ZnO@700 700 400-500 1.2 
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Fig. 4. N2 adsorption-desorption isotherms of MMT, 

MZ@300, MZ@500, and MZ@700. 

Table 2. Textural characteristics of MMT, MZ@300, 

MZ@500, and MZ@700. 

Samples 
BET surface 

area (m2/g) 

The pore 

volume 

(cm3/g) 

The pore 

size (Å) 

MMT 83.2 0.134 40.910 

MZ300 134.154 0.169 39.324 

MZ500 144.108 0.155 35.634 

MZ700 69.433 0.116 20.582 

Figure 5 is the FTIR spectrum, illustrating the bond 

vibrations of MMT, ZnO, ZnO@300, ZnO@500, 

ZnO@700, MZ@300, MZ@500, and MZ@700. At 

300°C, ZnO@300 exhibited clearly defined 

absorption peaks at 565, 1410, 1664, and 3551 cm-1 

[34-36]. The Zn-O stretching vibration confirmed 

the formation of ZnO, which appeared most 

prominently at 565 cm-1 and became more 

pronounced at higher calcination temperatures 

[37]. The vibrational mode of the Zn-O bond 

occurred at 1410 cm-1 [38]. The O-H bond of 

physisorbed water and the O-H bond of the water 

molecules adsorbed on the surface of the ZnO 

vibrations corresponded at a short band at 1664 

cm-1 and a small and wide band at 3551 cm−1, 

respectively [39]. The O-H bonds weakened 

gradually as the annealing temperature increased 

due to the evaporation process. MMT exhibited 

characteristic vibrations: a symmetric stretching 

vibration of Al-O-Si at the wavenumber of 524 cm-1 

[40]; at 1080 cm-1, it was characteristic of the 

asymmetric stretching vibration of Si-O; the 

vibration at 1640 cm-1 was characteristic of the 

deformation vibration of H-O-H within the 

interlayers; and the vibrations at 3388 cm-1 and 

3621 cm-1 were characteristic of the symmetric 

stretching vibrations of -OH groups from the water 

molecules incorporated into the MMT structure. 

Notably, there was a competition of vibrations 

between the range of 565 cm-1 and 1080 cm-1 in 

MMT/ZnO nanocomposites. At 700°C, the intensity 

of both bonds at 565 cm-1 and 1080 cm-1 was weak, 

attributed to the decomposition of unstable MMT 

components and the weak bonding of Zn-O within 

the nanocomposite. 

 

Fig. 5. FTIR spectra of MMT, ZnO, ZnO@300, ZnO@500, 

ZnO@700, MZ@300, MZ@500, and MZ@700. 

3.2.  Photocatalytic degradation test 

The photocatalytic degradation efficiency of rhB 

over time in the presence of different 

photocatalysts, namely MMT, ZnO@300, 

ZnO@500, ZnO@700, MZ@300, MZ@500, and 

MZ@700, is described in Figure 6. All mixtures of 

each type of photocatalyst and the rhB solution 

were stirred in the dark for 60 minutes to establish 

an adsorption-desorption equilibrium. It is evident 

that all ZnO samples within the temperature range 

of 300 to 500°C did not exhibit adsorption 

capabilities due to the inherent nature of this metal 
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oxide, and their efficiency only changed when 

stimulated by UVC radiation. On the contrary, MMT 

only exhibited adsorption properties (%Hads = 

57%), and it seemed to lack photocatalytic activity 

as the performance remained relatively constant 

during irradiation. When exposed to UVC radiation, 

the overall performance of all ZnO samples within 

the annealing temperature range of 300-500°C 

improved; however, it was still insufficient for 

efficient rhB degradation. At an annealing 

temperature of 700°C, MZ@700 hardly showed any 

adsorption or photocatalytic capability because 

the lattice structure of MMT was disrupted, 

reducing its swelling and adsorption capacity. 

Meanwhile, MZ@500 and MZ@300 exhibited high 

total performance, almost completely decolorizing 

rhB (H%MZ@500 = 95.5% and H%MZ@300 = 

99.0%). This decolorization performance was 

comparable to that reported in other studies (Table 

3). Additionally, the catalysts used in this research 

also contributed to reducing the energy source 

requirements and the amount of catalyst needed. 

Notably, even though the adsorption performance 

of MZ@300 was relatively high (Hads% = 79%) 

compared to MZ@500 (Hads% = 40%), the 

photocatalytic performance of MZ@300 (HPC% = 

20%) was significantly lower than that of MZ@500 

(HPC% = 55.5%). The rhB molecules, after being 

adsorbed on the surface of MMT, simultaneously 

became active sites for the photocatalytic process. 

The energy from UVC radiation excited electrons 

from the valence band to the conduction band of 

ZnO, creating electron-hole pairs. Normally, 

recombination would occur soon after; however, 

the d orbitals of the metallic elements in MMT 

trapped these electron-hole pairs to prevent 

recombination [41, 42]. Subsequently, the photo-

oxidation and photoreduction processes took place 

in the valence and conduction bands of ZnO, 

respectively, generating free radicals (h+, •OH, 

and •O2–) to degrade the rhB molecules [43-45]. 

The excessive adsorption of rhB molecules onto the 

surface of the photocatalyst material hindered the 

path of incoming rays and reduced the degradation 

efficiency of MZ@300. 

 

Fig. 6. Photocatalytic degradation test for 210 min of 

irradiation time. 

The intermediate compounds were identified using 

the LCMS method, as shown in Figure 7. 

Accordingly, the rhB solution (m/z 443) was 

fragmented into smaller molecular weight 

compounds, referred to as byproducts of the 

photocatalytic process. Due to the lower 

photocatalytic efficiency of MZ@300 compared to 

MZ@500, there were fewer byproducts generated 

in MZ@300 than in MZ@500. The N-demethylation 

process (involving compounds N, N, N-diethyl-N′-

ethyl rhodamine (m/z 415), N, N-diethyl rhodamine 

(m/z 388), and N′-monomethyl-ethyl rhodamine 

(m/z 360)) and the cleavage of the chromophore 

structure of rhB (involving compounds N, N-diethyl 

rhodamine (m/z 332) [54-55], N, N′-ethyl 

rhodamine (m/z 332), N′-ethyl rhodamine (m/z 

317) [56-57], 2-(3H-xanthen-9-yl) benzoic acid 

(m/z 302) [58, 59], 2-(3-hydroxy-6-oxoxanthen-9-

yl)benzoic acid (m/z 302), and 9-phenyl-3H-

xanthene (m/z 257)) [60, 61] all occurred in both 

MZ@300 and MZ@500. In particular, the ring-

breaking process, involving active species like h+, 

•OH, and •O2– attacking the carbon centers 

concentrated within RhB molecules and oxidizing 

them into lower molecular weight byproducts, only 

occurred with MZ@500 (including the compounds 

benzoic acid (m/z 123) and malonic acid (m/z 115)) 

[62, 63]. Thus, this study demonstrated that 500°C 

was the appropriate annealing temperature for 

forming the MMT/ZnO nanocomposite, making it 

highly effective for decolorizing and degrading the 

organic dye rhB. 
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Table 3. Assessing the photocatalytic efficacy of MMT/ZnO in the degradation of rhodamine B in comparison to 

previous studies. 

Photocatalyst 

Calcination 

temperature  

(oC) 

Concentration 

of RhB  

(ppm) 

Light 

source 

Photocatalyst 

amount  

(g/L) 

Efficiency  

(%) 

Exposition 

time  

(min) 

Ref. 

MMT/ZnO 500 10 
UVC lamp 

(15 W) 
0.1 95.5 210 

This 

study 

ZnO-MMT 500 10 
UVC lamp 

(10 W) 
0.1 57.4 300 [46] 

Bi-doped 

TiO2/MMT 
600 10 

LED lamp 

(100W) 
0.05 88,16 150 [47] 

SnO2/MMT 600 50 

ultrasonic 

power  

(68 W) 

0.5 100 120 [48] 

Zeolite Socony 

Mobil-5 

incorporated 

ZnO 

550 10 

tungsten 

lamp 

(40W) 

0.5 98.5 180 [49] 

ZnO@WO3 120 10 

xenon 

lamp 

(350W) 

0.5 98 90 [50] 

ZnFe2O4@ZnO 500 5 

LED 

lamps 

(30W) 

0.75 91.87 240 [51] 

ZnO 

nanoparticles 
550 25 

six UV 

tubes  

(36W/ 

tube)  

2 95 70 [52] 

ZnO/GO 400 10 

halogen 

lamp 

(100W) 

0.5 97.7 60 [53] 

 

Fig. 7. Intermediate products of RhB degradation over 

MZ@300 and MZ@500. 

The photocatalytic degradation experiments of rhB 

were conducted sequentially to evaluate the 

stability of MZ@500, as illustrated in Figure 8. After 

the initial testing cycle, the photocatalyst material 

was centrifuged, thoroughly washed, dried, and 

then reintroduced into the RhB solution for the 

subsequent photocatalytic cycle. This process was 

repeated similarly for the following testing cycles. 

The results showed that the photocatalytic 

degradation performance decreased by 20% after 

three testing cycles. After each run, rhB molecules 

were adsorbed on the surface of the photocatalyst 

material and were not completely removed, which 

was the reason for the reduced performance in 

subsequent runs.  
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Fig. 8. Photocatalytic activity of MZ@500 for three 

consecutive runs.  

4. Conclusion 

Rhodamine B, a member of the azo dye group, is 

well-known for its high resistance to degradation 

and harmful effects on living organisms. The 

current trend in material development focuses on 

creating environmentally friendly and highly 

efficient photocatalysts derived from natural 

sources. In line with this trend, our research 

involved the synthesis of a Montmorillonite/ZnO 

nanocomposite using a combination of chemical 

and thermal methods within a temperature range 

of 300 to 700°C. The study's findings revealed that 

the MMT/ZnO nanocomposite exhibited the highest 

performance in degrading Rhodamine B at a 

calcination temperature of 500°C. At this 

temperature, the composite not only 

demonstrated superior photocatalytic activity but 

also effectively cleaved the dye's colored structure. 

This research underscores the potential of 

MMT/ZnO nanocomposites as sustainable and 

effective solutions for the degradation of persistent 

organic dyes like Rhodamine B. 
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