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Abstract



Photocatalytic degradation of pollutants by nanocomposites is one of the promising approaches
to sustainable energy. However, it is difficult for photocatalysts to provide excellent absorption
of the photons of light, and at the same time to prevent recombination of the photogenerated
electron-hole, and agglomeration of the nanoparticles. Therefore, a catalyst fulfilling these
criteria, and supported on clay particles, such as ZnO/Mt nanocomposite was synthesized in the
present work by simple co-precipitation approach. The evaluation of the photocatalytic
degradation reaction of RhB dye demonstrated that the prepared ZnO/Mt photocatalyst displayed
enhanced photocatalytic activity, as compared to pure ZnO. The improved photocatalytic activity
of the ZnO/Mt photocatalyst was attributed to the positive synergistic effect occurring between
the montmorillonite and the ZnO nanoparticles. Further, theoretical studies were carried out on
the RhB dye adsorption on ZnO/Mt. At the first, all used compounds were optimized by DFT-D
calculations, the HOMO/LUMO and the total energy were obtained. Then, the molecular
dynamic (MD) simulation was used for ZnO adsorption on Montmorillonite (Mt) by using
Monte Carlo adsorption locator module. After forming nanocomposite, the adsorption energy of
RhB (Eag) on ZnO/Mt was applied, suggesting the adsorption process was due to the negative
interaction energy. Additionally, the RhB adsorption energy on ZnO/Mt was higher in

comparison to the RhB adsorption energy on Mt alone.

Keywords: Degradation; Rhodamine B dye; ZnO; Montmorillonite; Molecular dynamic

simulations;



1. Introduction

Populace relocation, development, extending urbanization, and industrialization over time have
impacted the interest in freshwater resources. Modern creation, mining, concentrated
agribusiness, and metropolitan utilization have incited an extension in water use, which
eventually have remarkably influenced the nature of water open around the planet. Untreated
local wastewater and industrial discharges enclose a combination of inorganic and organic
pollutants. Thusly, the arrival of wastewater from these places into the ecosystem prompts its
pollution[1, 2].

Wastewater the board approaches for the stockpile of safe water is problematic because of the
extreme and rapidly creating interest for unpolluted water. Thusly, realization water treatment
procedures that are basically highlighted remediating water pollution issues are essential. In this
attitude, wastewater treatments systems with high sufficiency need less preparation time and the
production of safe bring about water are frantically required. A couple of traditional treatment
methods have been used. For instance: biological treatment, membrane separation, chemical
precipitation, electrochemical techniques, adsorption, and others [1,3]. However, the aforesaid
methods have certain obstacles and drawbacks on the remediation process consisting of high cost
operation, ineffectual at low concentration, poor selectivity, and releasing undesirable species

into the aquatic environment [4,5].

Organic dyes are comprehensively orchestrated and used in textile and a lot of industrial
manufacturing. The inappropriate evacuation of these chemicals compromises the environment
and the human health issues [6]. The dyes generally have aromatic structure which makes them
stable and non-biodegradable in nature[7]. Moreover, dyes are renowned in toxicity,
carcinogenic and mutagenic properties. They have severe damage on liver, brain, kidneys,
fertility and nerve system [8]. Rhodamine B (RhB) is a cationic dye that has many uses. Thus, it
is used in textile and photographic enterprises and also as a water tracer fluorescent material [9].
Rhodamine B reasons irritation for the eyes, respiratory system and is involved in causing
developmental toxicity, reproductive, and neurotoxicity, and chronic toxicity towards animals
and human [10].

To deal with issues related to pollution of water and wastewater treatment there are many

advanced moves of late in nanotechnology that has supported the utilization of nanomaterials of



the first class. Nanoparticles (NPs) are dimensional materials under 100 nm that show some
exceptional chemical and physical perspectives for water treatment. These NPs are used as
practical materials in the sorts of metals/oxides, zeolites, dendrimers, and carbonaceous materials
[11]. Metal oxide nanoparticles like TiO,, Ag,O, ZnO, and Fe,O3 are active photocatalysts in
UV-Vis spectra, nontoxic and biologically inactive, chemically stable and water insoluble and
most importantly cost-effective. The inorganic metal oxide, ZnO, fills in as a nano adsorbent in
view of its non-harmful profile, effective antibacterial movement, and adsorptive properties,
mechanical, thermal, and chemical strength [12]. The use of ZnO NPs has higher adsorption
rates for heavy metals [13]. In addition, ZnO NPs show practical choice as photocatalyst for
effective degradation of dyes that exist in wastewater. Nevertheless, there are challenges in the
huge scope utilization of NPs in water treatment due to: (1) agglomeration of the NPs at high
concentrations, (2) higher colloidal stability in aqueous media, and (3) inconvenience in
separating and recycling the nanomaterial after use[14]. These limitations can practically be
solved by applying certain supports such as clay, glass, activated carbon and natural zeolite [15].
Among various and effective supports, montmorillonite is a suitable candidate due to its high
adsorption and cation exchange capacity, interesting structure, abundant and ease of
handling[16].

The photodegradation approach is highly concerned in the utilization of NPs for toxic dyes
removal from aqueous solutions. However, the major challenges in the processing of these
materials for the treatment of wastewater, are related to their post-separation and their recycling
after their uses. In view of that, this study reports on using Moroccan natural montmorillonite
(Mt), as support material for studying the photodegradation of cationic dye; Rhodamine B dye.
Thus, ZnO/Mt nanocomposite was designed and characterized prior its use in the dye
photodegradation reactions. Hence, the adsorption equilibrium, the Kinetic studies, and the
photocatalytic performance in UV-region, were investigated, whereas the effect of ZnO NPs on
Rhodamine B removal was analyzed with proper mechanism. On the other hand, the quantum
chemical calculations and Molecular dynamics (MD) simulations were run to get a deeper
understanding of the stable configurations and the elucidate the adsorption mechanisms of RhB
dye on ZnO/Mt.

2.1. Reagents



All chemicals in this study are obtained from commercial resources and used as received. Zinc
nitrate hexahydrate (Zn(NOs),.6H,0, MM 297.49 g mol™, purity 99%), ammonium hydroxide
(NH3;OH, MM 35.04 g mol™, 28%), Rhodamine B (C,sH31CIN,O5; molecular weight: 479.01
gmol'l, Amax= 554 nm, Solubility: 1 mg/ml, H,0). The origin and the type of montmorillonite

(Mt) used in this study was previously published in our recent work[17].
2.2. Characterization

The natural clay Montmorillonite and ZnO/Mt nanocomposite were characterized using different
characterization techniques. Surface area and type of porosity was performed by Brunauer-
Emmett-Teller (BET) method using Quantachrome surface area analyzer. The main functional
groups in the range of 4000-400 cm™ were allocated by Fourier-transform infrared spectroscopy
using IRAFFINTT-2 spectrometer. The XRD of montmorillonite and nano-based composite
were recorded by X-ray diffractometer-7000, Shimadzu from 5° to 80° 26 at a scan rate of
2°/min. Scanning electron microscopy (SEM) was applied by INSPECT S50 microscope.
Transmission Electron Microscopy TEM (TecnaiG2 12 TWIN) was utilized to fine structures of
the photocatalysts. TGA/TDA of samples was acquired by Shimadzu Instruments DTG-60
between 25 and 1000°C (in air, 5°C. min™).

2.3. Theoretical calculations

ZnO as Cubic (code; mp-2229, Point Group Fm3m) witha=b =c¢ =4.34 A, a= =y = 90.000°
was downloaded from https://materialsproject.org/materials/mp-2229 (Figure 1a), then it was
constructed based on (-100) surface and thickness of 1.50 A (Figure 1b) as well as set u v; 1 2,
vacuum thickness (0.000) and slab position (1.00) (Figure 1c). In addition, AlSiOs (OH),
(montmorillonite: Mt) as triclinic (ID: mp-541152 and Point Group m3m) with a = 5.21, b =
7.48,c=9.05A a=91.79°, f=89.73 °, y = 104.97 ° and volume of 340.74 A* was downloaded
from https://materialsproject.org/materials/mp-541152 [18](Figure 1d), then was constructed
based on (-100) surface and thickness of 1.574 A as well as set u v; 2 2, vacuum thickness
(0.000) and slab position (1.00) (Figure 1e). Figures 1f and 1g are exhibited Mt without unit cell
[19,20] RhB and ZnO were optimized through DMol® based on DFT-D, the Generalized
Gradient Approximation (GGA) / the Perdew— Burke-Ernzerhof (PBE) functional and DND
along with spin-unrestricted in Materials Studio 2017 software [21]. At last, Then, 6 ZnO

molecules were adsorbed on Mt (-100) by the Monte Carlo adsorption locator module. In



addition, 4 molecules of Rh B were adsorbed on Mt or Mt/ZnO surface the presence of 10 water

molecules by the Monte Carlo adsorption locator module to investigate photo-degradation.
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Figure 1. Snapshots of the proposed structures (a-c); ZnO, (d); Mt ((ID: mp-541152), (e); MT
based on (-100) surface, (f and g); Top and side views of Mt (-100) and (h); RhB. Colored balls
are carbon (grew), oxygen (red), orange (Si), blue (N), pink (Al), light green (cl), and white (H).

2.4. Preparation of ZnO/Mt composite

The preparation of ZnO modified montmorillonite (ZnO/Mt) was performed by adding 5.0 g of
montmorillonite sample into a reaction vessel with 100 mL of 3% ammonia solution. After two
hours of sonication, zinc oxide solution (10.0 g of zinc nitrate hexahydrate) was added to the
vessel and combined for 2h. Next the system was refluxed for 4h at 100 °C. Then, the mixture
was cooled, and the synthesized nanocomposite was gathered by filtration process, and after that
it was calcined at 350 °C for 2h

2.5. Photocatalytic degradation experiments of Rhodamine B dye

The photocatalytic efficiency of ZnO/Mt composite material was studied by photodegradation of
toxic RhB dye under UV-light. The experiment was done as follows: around 100 mg of ZnO/Mt
sample was mixed with 100 mL of RhB aqueous solution with (10 mg/L). Before UV-light
irradiation, the system was stirred in the dark for one hour to reach adsorption/ desorption
equilibrium between photocatalyst and RhB dye where the initial pH value was fixed at 6. Next,
the stirring of the mixed suspension was continued and exposed to irradiation by lamp of xenon
(35W) to start the degradation process. At a given time interval (Every 10 min), 2 mL of the
suspension was collected from the photocatalytic system and then the remaining RhB
concentration was determined using a UV-Vis spectrophotometer (Shimadzu UV-Vis
spectrometer) at 554 nm. Finally, the effectiveness of photodegradation was determined with the
following equation:

Cg—Cg)
Co

Degradation effeciency (%) = % 100 Eqg. (1)

Whereas C; (mg/L) is the dye concentration at time t and Co, (mg/L) is the initial dye

concentration.
3. Results and discussion

3.1 Structure and morphology



The functional grouping of Mt clay and ZnO/Mt nanocomposite were investigated by FTIR
spectroscopy (Figure 2). The spectra of montmorillonite clay showed that the characteristic band
at 447 and 518 cm™ attributed the deformation modes of Si-O-Si and Al-O-Si respectively [1].
The characteristic bands at 785, 922 and 1047 cm™ correspond to the deformation vibration
mode of Mg-OH, AI-OH and Si-O groups, respectively [22]. Additionally, tow larges peaks
observed at 2441 and 3628 cm™ can be ascribed to the hydroxide OH related with Al and Si
respectively [23]. Notably, for the ZnO/Mt nanocomposite, as can be displayed that the
characteristics bands corresponds to the Mt clay shows more than one peak at 454 cm™ which is
attributed the bond vibration Zn-O group [24].
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Figure 2. FT-IR spectra of ZnO/Mt nanocomposite.

X-ray diffraction is one of the techniques used to investigate the structure of the materials. The
X-ray diffraction patterns of samples Mt and Mt modified by ZnO nanoparticles were showed in
Figure 3. For Mt clay, it can be seen that the mains diffraction peaks at 26 = 17.17°, 19.89°,
35.02°, and 54.23° are consistent with the reflection planes plans (003), (100), (105), (210)
respectively, according to the (JCPDS No. 29-1498) [25]. As can be seen for the XRD pattern of
ZnO/Mt nanocomposite, the appearance of the peaks characteristics at 26 scale as 31.77°,
34.42°, 36.25°, 47.53° and 56.60° are attributed to the (001), (002), (101), (102), (110)
respectively, correspond ZnO Hexagonal wurtzite structure (JCPDS No 036-1451) [26].
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Figure 3. X-ray diffraction patterns of Montmorillonite and ZnO/Mt nanocomposite.

The aim of the SEM study is to determine the loading of ZnO on the surface of Montmorillonite.
The morphology of ZnO/Mt was studied by SEM. As shown in Figure 4, the micrographs (a, b
and c¢) showed that the montmorillonite exhibited a better crystal plate structure. However, the
particles of ZnO were uniformly dispersed in the surface of montmorillonite. Thus, the fabricated
nanocomposite photocatalysis can be considered as homogeneous, and the clay montmorillonite
can be playing a curial role to avoid the agglomerates of the particles of zinc oxide during the

photodegradation process.
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Figure 4. SEM images 30 um (a), 10 um (b) and 5 pum (c) of ZnO/Mt nanocomposite.

TEM images were provided at different magnifications for the ZnO/Mt nanocomposites. The
resulting TEM images are displayed in Figure 5(a, b, d) depicting the nanostructured and loaded
ZnO nanoparticles on the surface of montmorillonite. The size of the ZnO particles was
measured to be about 5-10 nm, as shown in Figure 5d.



Figure 5. TEM images 50 nm of ZnO/Mt nanocomposite.

Thermogravimetric coupling differential thermal analysis (TGA/DTA) was investigated for
studying the thermal stability of ZnO/Mt nanocomposite, in a temperature range of 25 °C to
1000 °C, with a heating rate of 5 °C/min (Figure. 6) in air environment. The TGA/DTA figure
displayed an endothermic phenomena at 90 °C with mass loss of (-1.84 mg), attributed the
dehydration i.e. loss of water molecules adsorbed on montmorillonite surface [27]. The observed
endothermic peak with a low intensity at 790°C can be associated with dihydroxylation of Mt

clay water interlayer.
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Figure 6. Thermograms obtained by TGA/DTA of the ZnO/Mt nanocomposite.

3.2 Simulation Methods

3.2.1 Quantum calculations

In order to achieve the most stable configurations and their energies as well as HOMO/LUMO,
DMol® module, Task: geometry optimization based on GGA/ PBE/DFT-D/DND were used in
Materials Studio 2017 (Figures 7a-c)[28]. Total Energy of ZnO, Mt and Rh B was obtained -
11126.756, -22679.698 and -1880.764, Ha, respectively. The geometric parameters of all
compounds are summarized in Table 1. HOMO and LUMO orbitals of ZnO were localized on
O atoms and Zn, respectively (Figure 8a). As showed in Figure 8b, HOMO orbitals of Mt (-
100) were distributed on almost overall structure, LUMO orbitals of Mt (-100) were distributed
the end silicate. HOMO orbitals of Rh B were distributed on all xanthene surfaces; meanwhile,
LUMO orbitals of RhB were situated on whole benzoic acid (Figure 8c).



Figure 7. DFT-optimized structures resulting (a); ZnO, (b); MT (-100) and (c); Rh B
obtained from DMol3 Based on DFT-D.

Table 1. The geometric parameters of all compounds obtained by DMol® based on DFT-
D.

ZnO MT Rh B
Sum of atomic energies -11125.030 -22635.022 -1868.168
Kinetic -11.065 -135.117 -18.431
Electrostatic 8.349 63.042 -2.017
Exchange-correlation 0.502 15.730 4.536
Spin polarization 0.510 12.202 3.394
DFT-D correction -0.023 -0.534 -0.079

Total Energy -11126.756 -22679.698 -1880.764




Figure 8. Plots of HOMO and LUMO orbital structures of (a); ZnO, (b); Mt and (c); RhB
obtained from DMol® Based on DFT-D.

3.2.2 Modelling by Monte Carlo adsorption locator simulation

After optimization of structures by quantum calculations, the adsorption of 6 ZnO molecules on Mt
(-100) was occurred to make ZnO/Mt surface by adsorption locator module and force field; universal
in Materials Studio 2017 software (Figures 9a-b). The total energy of the system after the
adsorption of ZnO (Eag) Was obtained about -2.422 x 10° kcal/mol, demonstrating the interaction

between O atoms of ZnO and silicate groups of Mt (-100) with less than 3 A.



Figure 9. (a); Top view and (b); side views of the adsorption of 6 ZnO molecules on Mt (-100) by
adsorption locator module in Materials Studio 2017 software

In next stage, ZnO/Mt catalyst was used to adsorb 6 RhB molecules. All the computations were
carried out in the aqueous phase. The adsorption energy of RhB (E,q) on catalyst by the Monte Carlo
adsorption locator module was obtained -414.190 kcal/mol as seen in Figures 10a-b. In comparison
ZnO/Mt, in order to understand the reactivity of the ZnO/Mt system, MT (-100) was prepared to
adsorb 4 molecules of RhB. The adsorption energy (E.q) of RhB on Mt (-100) based on MD
calculation results was obtained -313.686 kcal/mol as seen in Figures 10c-d. The van der Waals
force and electrostatic, adsorption mechanisms were incorporated in this studies [29]. RhB was
located on the exterior surface of Mt (-100). According to our theoretical results, the interaction
energy was negative, which adsorption process demonstrated exothermic and stability of the
adsorption system [30,31].The results showed that RhB be physically adsorbed on the surfaces of the
ZnO/Mt and Mt (-100)[32]. It is clear that, the adsorption RhB in ZnO/Mt system was enhanced
significantly as compared with Mt (-100), so the reactivity of the ZnO/Mt was increased due to the
presence of ZnO. In addition, ZnO can be help in the adsorption of Rh B onto ZnO/Mt composites.
So, by adsorbing pollutant on catalyst surface and enhancement of e and h* by ZnO and Mt (-100)
under UV- light irradiation, Rh B can be degraded by catalyst.



Figure 10. (a and); Top and side views of the adsorption of 4 RhB molecules on ZnO/Mt and (c
and d) on MT (-100) by adsorption locator module in Materials Studio 2017 software.

3.3 Removal kinetics of RhB from aqueous solutions

Some organic pollutants may be eliminated just by direct photolysis when irradiated with UV-
light [33] or without UV-light (adsorption), for this reason it is necessary to confirm this
hypothesis for RhB dye. We carried out the elimination of RhB dye in different conditions (i)
without ZnO/Mt (ii) in the presence of ZnO/Mt and (iii) in the presence of ZnO/Mt and under
UV- light. The results are shown in Figure 11, the photolysis efficiency revealed a little reduction
in the RhB concentration which was estimated at 5% after 70 min of irradiation, indicating the
stability and slow photolysis of RhB.



In the other side, the presence of ZnO/Mt without a UV-light irradiation, was carried before the
photocatalytic test Figure 11, and the removal efficiency of RhB dye has reached 10%, revealed
that the catalyst had the low adsorption activities towards RhB.

We also carried out the irradiation of the RhB dye in the presence of the catalyst ZnO/Mt
(Figure 11), it is clearly demonstrated that the RhB dye was almost completely degraded with an
efficiency of 99%. These results confirmed the photocatalysis nature of the chemical reaction.
The ZnO/Mt particles absorbed UV radiation to give rise to highly reactive species, such as
hydroxyl radicals (HO"), which will lead to the RhB dye degradation in solution [34].
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Figure 12. Plot of In (C/C) vs. time (min) for RhB dye in presence of ZnO/Mt nanocrystalline

catalyst.

We studied out the kinetics of photocatalytic degradation of RhB dye on the ZnO/Mt composite.
The first-order pseudo kinetic plot is displayed in Figure 12, and the apparent rate constant Kapp,
value was obtained using the relation: Ln (C/Cp = Kappt
Where C; and C, (mg. L™) are the concentration of the dye solution at time t and initial time, the
term Kapp denotes the apparent rate constant of dye degradation. The values of the apparent rate
constants and half-life times (Eq.3) are given in Table 2.

ti, = LN2/Kapp Eq. 3

Table 2. Apparent rate constants (Kapp), linear regression coefficients (R?) and half-life times (ty)
of photocatalytic degradation of RhB.

Initial concentration of RhB (mg.L™) tyz (Min)  Kapp (10.min™) R?

10 5.37 0.129 0.99

3.4 Stability of the ZnO/Mt photocatalyst

The possibilities of catalyst recovery and its reuse in photocatalytic processes, have been received

considerable attention since they can contribute significantly to lowering the operational cost of the

process, which is an important parameter in the applicability of photocatalysis as a method for

wastewater purification[35]. In order to evaluate stability of photocatalyst, a series of experiments were

performed by reusing ZnO/Mt in the photocatalytic reaction under the same condition for four times.

The used catalyst was washed with distilled water three times and dried at room temperature during 24

h. As can be seen from Figure 13, a little decrease in activity of photocatalytic degradation of RhB was

observed after four times of use. Thus, confirmed the stability of the ZnO/Mt in four cycles.
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Figure 13. Recycling degradation efficiency of ZnO/Mt for RhB

3. Dye degradation mechanism by the ZnO/Mt photocatalyst

To highlight the role of the main photoinduced reactive species including hydroxyl radicals
(HO", holes (h"), and superoxide radicals (O,") in the photodegradation process, we conducted
the photocatalytic tests by adding different trapping amount of organic scavengers (4 mM)
including Ethylene Diamine Tetra-acetic Acid EDTA-2Na as h* scavenger, Isopropanol Alcohol
(IPA) as HO® scavenger, and L-Ascorbic Acid (ASC) as O,  scavenger, into the RhB solution
before addition of composites catalysts [36].

The results are recorded in Figure 14, when no scavenger agent was added, the degradation
efficiency of RhB by ZnO/Mt catalyst is about 99%. On the other hand, after the addition EDTA-
2Na, IPA, and ASC as the scavenger agent, the degradation efficiency is reduced to 23%, 9% and
74%, respectively. This indicated that both active species h* and HO" played an important role in
the photocatalytic degradation of RhB dye. In contrast, it can be observed that O, played a little

role.
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Figure 14. Photodegradation of RhB dye over the ZnO/Mt in the presence of different scavenger
agents.

The level of the band edge potential is an essential property of semiconductors that
determines the process of charge carrier transport and the improvement of the photocatalytic
performance. From the literature, the band gap energy of ZnO was found to be 3.21 eV [37].
In addition, the conduction band (CB) edge and valence band (VB) edge potentials of ZnO

nanoparticle were determined using the equations of Butler and Ginley’s method:

Kiznoy — [XZII + Xu]im Eq4
E
Eyg= x— E+2
ve =~ X 2 Eq.5
Ecg =Eyg —E, Eq.6

Where X (ZnO) is the calculated electronegativity of the ZnO semiconductor which is
calculated to be 5.78 eV. E°is the free energy of free electron on the hydrogen spectrum
(4.5eV). Based on those values, the Ecg and Eyg of ZnO were determined to be —0.32 and
+2.88 eV.

Obviously, the ZnO/Mt nanocomposite with a gap energy equal to 3.21 eV can be excited by
UV irradiation. The photogenerated electrons in the valence band can be rapidly transferred
to the conduction band of the ZnO nanoparticles, and then the free electrons and holes can be

generated in CB and VB, respectively. Moreover, the negative surface of montmorillonite


https://www.sciencedirect.com/topics/chemistry/electronegativity
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can play a vital role in the resolution of the problem of electron-hole pair recombination. As
can be viewed in Figure 15, the electrons accumulated in the CB of ZnO nanoparticles with a
potential of -0.32 eV compared to NHE could be significantly reducing O, to produce Oy
which is more positive than the standard redox potential of O,/'O, (- 0.33 eV compared to
NHE). Whereas it can react with dissolved O, and produce H,O, due to the more positive
potential of O,/H,0O, (+ 0.682 eV) and then H,O, can react with electrons to produce HO-
radicals. On the other hand, because the CB potential of ZnO is more negative than the
potential of OH/H,0 (~ 2.72 eV), the photogenerated holes cannot react with OH- to produce

OH- but can directly oxidize RhB molecules and produce simple CO, and H,O molecules.
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Figure 15. Scheme photocatalytic degradation mechanism for RhB over ZnO/Mt nanocomposite.

4. Conclusion

In summary, The ZnO/Mt nanocomposite was synthesized by a simple approach. The
prepared nano photocatalyst was characterized using different techniques to evaluate their
structural and microstructural properties. Moreover, the photodegradation of RhB dye was
studied on ZnO/Mt nanocomposite. In comparison with pure ZnO, the photocatalyst
nanocomposite ZnO/Mt was found to exhibit significantly improved photocatalytic activity

for the organic pollutant RhB degradation, under UV-light irradiation. It was observed that



[1]

[2]

the produced HO' radicals and h* holes play important contributions to the photocatalytic
RhB dye degradation. Furthermore, the ZnO/Mt nanocomposite sample could effectively
degrade hazardous organic pollutions under UV light and demonstrate the strong potential of
application on environmental management. The DFT calculations and The MD simulations
were also assumed in this study. After fully structural optimization of all compounds as the
most stable configurations by DFT-D calculations, Monte Carlo adsorption locator module
was used for ZnO adsorption on Mt, demonstrating high reactivity and strong interactions. At
last, MD simulation was applied to adsorb cationic dye (RhB) on Mt and ZnO/Mt. The
overall data showed higher physical RhB adsorption on ZnO/Mt in comparison to Mt. In
addition, E,q of all stages were found to be negative, indicating exothermic adsorption and

stability of the adsorption system.
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