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Abstract
Malachite Green (MG) is a dye that has generated controversy due to its possible carcinogenic risks. In this work, 
the degradation of this compound using different natural and synthetic compounds was studied. Two phenomena 
occur in this process: photocatalysis and dissociative adsorption. To measure the progress of degradation, UV-Vis 
spectroscopy was employed. The compounds used were zinc formate (ZF), Ag-doped zinc formate (ZF/Ag) and their 
corresponding oxides calcined at 600°C, ZnO and Ag-ZnO. In addition to them, a commercial organoaluminosili-
cate corresponding to the mineral clinoptilolite, with commercial brand Carbura Zea T ®, in its natural form (CTS) 
and calcined at 400°C (CTC) were used. The compounds were characterized by X-ray diffraction and scanning 
electron microscopy. The estimation of the optical bandgap energy was carried out by the Tauc method in order to 
predict their photocatalytic efficiency. Maximum photocatalytic MG degradation of 99.25% was measured in ZnO 
after 10 min of exposure to UV light.
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Introduction
Nowadays it is not new to admit that environmental problems 
exist, the anthropological contribution is well known, which has 
increased since 1750´s [1, 2]. Naturally, pollution affects all liv-
ing beings, including us. Within different surroundings around 
living matter, water is greatly affected, where sewage plays a 
critical role. Among different toxic compounds contained in it, 
synthetic dyes are globally produced in huge amounts, being 
also the main constituents of industrial effluents [3, 4].

Malachite green (MG) is a synthetic dye used as fungicide since 
1933 [5, 6]. Employed to avoid growth of certain organisms in 
aquaculture and also used as a dye for numerous purposes like 
wool, leather, paper, and even for microscopic analysis. Unfor-
tunately, MG has also been found in candies made in India [7]. 
Although, several countries such as USA, Canada, and some 
countries of the EU have forbidden its use [8]. Due to its toxicity, 
and its ability to alter DNA molecules, it is important to reduce, 
remove or degrade it from wastewater.

Among certain methods for remediation of wastewater, photo-
catalysis (Ph), which is a light driven method that frequently 
uses nanomaterials, is a promising method to face environmen-
tal threats. Photocatalysis induces the promotion of electrons 
from valence band to conduction band on the semiconductor 
surface leaving behind positive holes (h+) [9]. These photoelec-
trons react with positive holes leading to hydroxyl and peroxyl 
radicals’ production, which can oxidize or even mineralize or-
ganic compounds. Diverse semiconductor materials have shown 
high photocatalytic efficiency as TiO2, Fe2O3, ZnO, and SnO2. 
However, the overall performance and preference of a semicon-
ductor as a photocatalyst is influenced by numerous factors such 
as photoactivity, cost and non-toxicicity, etc [10]. 

ZnO is widely known for having high chemical stability, low 
toxicity, and its easy preparation, in addition to other attractive 
factors. It has a great performance in Ph with remarkable degra-
dation of organic pollutants due to production of reactive oxy-
gen species (ROS). Furthermore, it is interesting to mention that 
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ROS are of interest in other areas because of its anticancer or an-
tibacterial applications [9]. R. Sabouni and H. Gomaa also found 
an efficient degradation of naproxen, ibuprofen and progester-
one, higher to 92%, using ZnO as a photocatalyst [11]. Even 
though ZnO provides promising results in water remediation, 
efforts continue to upgrade its photocatalytic activity, through 
a modulation of its bandgap energy Eg (3.7 eV) and a precise 
control of its particle size and morphology [9].

This work aims to evaluate the photocatalytic efficiency of sev-
eral materials in the degradation of MG, with a concentration 
of 10 mg/L as a reference, under different conditions of UV ir-
radiation. The photocatalysts investigated include zinc formate 
(ZF), 7 wt% Ag-doped zinc formate (ZF/Ag), and their corre-
sponding oxides, ZnO and Ag-ZnO. A commercial organoalumi-
nosilicate, known as the mineral clinoptilolite, corresponding to 
Carbura Zea T®, in its natural form (CTS) and its calcined form 
(CTC), was also examined. It is worth to mention that the latter 
is used for parasite control in livestock, and is produced in large 
amounts in México.

In order to estimate the degradation potential of these materials 
as photocatalysts or compounds that promote dissociative ad-
sorption, the Tauc method was applied to determine the opti-
cal bandgap energy of each material. Furthermore, adsorption 
and photolysis (FT) experiments were conducted to provide a 
comprehensive understanding of MG degradation under those 
conditions.

Materials and Methods 
Zinc formate was obtained by the coprecipitation method using  
0.7 g of zinc nitrate hexahydrate purchased from J.T.Baker and 
10 mL of concentrated formic acid (>95%, Golden Bell Reacti-
vos). The reaction between them produced a white suspension, 
with the emission of a brown gas, presumably NO2. The solvent 

was then evaporated in a microwave oven at low power. Finally, 
calcination was performed in a programmable convection oven 
(Yamato DX402) at 100°C for 8 hours. ZF/Ag was prepared us-
ing the same amounts as those used in ZF synthesis, along with 
0.05 g of silver nitrate (99.9% J.T.Baker®). The same experi-
mental procedure was used in this case. The Ag doping in ZF/
Ag is approximately 7 wt% of ZF. The materials produced in this 
stage were calcined at 150, 200, 300, 500, and 600°C for 5 hours 
in a Thermolyne muffle furnace model 49000. Regarding alumi-
nosilicate, the uncalcined form CTS, was previously sieved with 
a <75 μm mesh. This material was calcined at 400°C for 5 hours 
and the resulting powder was labeled as CTC. XRD was used 
for crystal structure analysis using a Panalytical diffractometer 
(Empyrean) at room temperature, which uses monochromatic 
Cu Kα1 radiation (λ = 1.5406 Å). Additionally, a Hitachi SEM 
microscope was used to observe particle size and morphology of 
samples, which were previously gold-sputtered.

To evaluate MG dye degradation, 40 mL of MG solution 
(10mg/L) were used mixed with 40 mg of material previously 
ground in a mortar, using a magnetic stirring plate. For proper 
incorporation of each candidate in the solution, the mixture was 
also subjected to ultrasonic homogenization for 30 s. The result-
ing mixture was placed in a Petri dish, where it was kept stirring 
until the end of the experiment. Each experiment lasted 3 hours.

Photocatalysis and adsorption experiments were carried out as 
mentioned before. Additionally, a photolysis experiment was 
conducted. The UV light source used in light-driven phenomena 
has a λ = 405 nm produced by a LED diode with constant optical 
irradiance of 10 mW/cm² at a distance no greater than 5 cm from 
the Petri dish. The LED diode was mounted behind a heat sink 
to avoid overheating. The following figure illustrates the compo-
nents used in photocatalysis experiments.

Figure 1: Experimental diagram for photocatalysis experiments. 1: heat sink. 2: UV LED. 3: Petri dish with MG solution and the 
material used. 4: magnetic stirrer.

The degradation percentage was calculated according to the fol-
lowing expression, from absorbance data obtained by UV-Vis 
spectroscopy, using a double-beam Helios Zeta spectrophotom-
eter (Thermo Scientific).

  	
		                                                                          (1)
Where C0 corresponds to the initial concentration of the dye 
solution and C is the concentration of aliquots. A0 and A are the 
optical absorbance with an analogous meaning. The degradation 
percentage refers to the decrease in the  absorbance band cen-

tered at 617 nm.  Finally, Lagergren pseudo first-order kinetic 
and Langmuir-Hinshelwood models were used for fitting ad-
sorption and photocatalysis degradation processes [12]. FT was 
modeled by a simple linear equation.

Results
Figure 2 displays the crystalline evolution with temperature of 
the precursor ZF obtained at room temperature. Precursor at 
100°C corresponds to an anhydrous phase of zinc formate [13]. 
Meanwhile, at 150°C a dihydrate zinc formate was identified 
according to the JCPDS No. 00-014-0761.



 

www.mkscienceset.comPage No: 03 Nov Joun of Appl Sci Res 2026

Figure 2: Evolution of diffraction patterns from ZF to ZnO. Miller indices in green correspond to dihydrated ZF, and those in 
black to ZnO.

According to XRD patterns, from 200 to 600°C, ZnO was iden-
tified as the hexagonal-wurtzite phase according to the JCPDS 
file No. 036-1451, which is the most common and stable phase 

under ambient conditions [14]. In figure 3, the same previous 
compounds were identified besides silver, marked in red num-
bers, according to JCPDS No. 04-0783.

Figure 3: Evolution of diffraction patterns from ZF/Ag to ZnO/Ag. Miller indices in orange correspond to Ag.

Figure 4: XRD patterns of Carbura Zea T®. (a) calcined (CTC). (b) uncalcined (CTS). Miller indices in black correspond to 
clinoptilolite.

The diffraction patterns of the organoaluminosilicate are shown 
in figure 4, with (a) CTC and (b) CTS. Plane indices of clinop-
tilolite were mainly identified, noting a preferential orientation 
of the (020) plane compared to (400), according to JCPDS No. 
29-1349. At 2θ≃26.6° an intense peak is observed, potentially 
quartz [15]. Furthermore, the presence of other minerals was not 
assessed due to the great number of similar materials. Clinopti-

lolite is a natural zeolite used to remove toxins and heavy like 
lead, mercury, cadmium and chromium, from water, but also it 
is also used in animal nutrition. Other applications are found 
in fertilizers, and as an additive in glass fabrication and in the 
manufacture of paper and cardboard. The XRD pattern of CTS, 
shown in figure 4, revealed that most peaks vanished as tempera-
ture increases compared to the as-received product. As it will be 
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shown later, specifically at 400°C CTS improved its adsorption 
properties, losing around 14% of its weight due to dehydration 
and dehydroxylation [16].

The morphology observed by SEM from samples ZnO and Ag-
ZnO is shown in figure 5, where (a) corresponds to ZnO and (b) 
to Ag-ZnO. Both samples show particles of irregular shape and 
size in the nanometer scale. The particle size in Ag-ZnO is more 

homogeneous than in ZnO, with extensive particle agglomera-
tion throughout the samples. 

Table 1 shows the estimated bandgap energies of the target ma-
terials. Due to the narrower Eg values the best candidates for 
photocatalysis were ZnO and Ag-ZnO, with very large values 
obtained for the zeolite samples and formates. 

Table 1: Optical bandgap (Eg) energies of samples calculated by the Tauc technique
Material CTC CTS Ag-ZnO ZnO
Eg (eV) 4.62–5.37 5.17–5.58 3.7–3.9 3.69–3.79

Regarding the degradation of MG solutions, figure 6 shows ad-
sorption vs. time graphs obtained from ZnO, Ag-ZnO and CTC 
samples, which were performed in the dark. In this figure, the 
solid lines correspond to an exponential fitting. The R2 values 
calculated by using the OriginLab software from each graph are 

shown in the inset. As expected, the better degradation results 
were obtained from ZnO and Ag-ZnO samples, but considering 
the low cost and great abundance of CTC, the result obtained 
from it of approximately 68% after 20 min represents a suitable 
and attractive option for this application.

Figure 5: Morphology of the samples observed by SEM. (a) ZnO calcined at 600 °C. (b) ZnO/Ag calcined at 600 °C. For each 
material, images at 1000×, 5000×, and 10000× magnification are shown from left to right.

Table 1. Optical bandgap (Eg) energies of samples calculated by the Tauc technique 

Figure 6: Percentage of MG degradation by the photocatalysis method. The Lagergren pseudo–first-order kinetic model was 
employed for curve fitting

Regarding the results obtained from photocatalysis, figure 7 
shows the corresponding curves, as well as that collected from a 
photolysis (FT) experiment. It is important to note that while the 
Ph experiments are being carried out, photolysis and dissociative 
adsorption occur simultaneously, and even when the adsorption 
phenomenon is expected to take place solely, photolysis also oc-
curs. Therefore, photocatalysis results are produced by a combi-

nation of phenomena. According to the results shown in Figure 
6, the adsorption of MG using the oxides and CTC remained 
practically constant along the experiment, and it occurs very rap-
idly. Since certain variations in the degradation percentage can 
be observed in curves in figure 7, traces of suspended material 
with MG dye adsorbed may be present during the extraction of 
samples, with a continuous effect during their storage. 



 

www.mkscienceset.comPage No: 05 Nov Joun of Appl Sci Res 2026  

Figure 7: Percentage of MG degradation by the adsorption method. Langmuir–Hinshelwood model was employed for curve 
fitting.

Discussion
A remarkable feature observed in MG degradation graphs is that 
it starts in the first minutes, with a sharp increase, indicating that 
MG degradation was incredibly fast. These results contrasted 
with those registered from other samples, where the degradation 
was significantly slower. Moreover, as can be seen in figures 6 
and 7, when UV light was used in ZnO and ZnO/Ag experiments 
the results were similar in terms of curve fitting. However, ZnO 
was more efficient in the first 10 minutes, reaching 99.25% of 
MG degradation, outperforming all the compounds, as it was 
expected.

Table 2 summarizes the degradation percentages for those re-
sults above 50%. From figure 6, and all mentioned in the pre-
vious paragraph, the compounds where the greatest change was 
observed were CTS and ZF/Ag. In the absence of UV light, the 
valence band electrons do not have sufficient energy to reach the 
conduction band and eventually form ROS, making them able 
to perform dye degradation through adsorption processes. For 
these materials, the Ph method showed a significant improve-
ment in degrading MG compared to adsorption. Particularly no-
table is the significant change observed in ZF when doped with 
approximately 7 wt% of silver.

Table 2: Percentage of degradation for MG dye at 10 min
Material Method Degradation (%)

ZnO Ph 99.25
ZnO Adsorption 95.35

ZnO/Ag Ph 92.57
ZnO/Ag Adsorption 91.35
ZF/Ag Ph 77.44
CTC Adsorption 66.08

The degradation by adsorption can be associated to different 
causes, such as the pH of the solution, the exposure time be-
tween the catalyst and the dye, the temperature of the mixture, 
etc. In a synthesis of flower-shaped ZnO nanoparticles, Kataria 
and Garg stated that the ZnO surface becomes positive for pH < 
4 and negative for pH > 4 [17]. This pH value is known as the 
point of zero charge. There is electrostatic repulsion between the 
MG molecules and ZnO, resulting in lower degradation [18]. 
Under this context, the pH of the solution must have promoted 
the degradation of MG, specifically in the oxides.

Conclusion
The highest MG degradations using Ph and adsorption were ex-
hibited by ZnO and ZnO/Ag (7 wt% Ag) respectively, and as 
expected by lowest optical bandgap energy for ZnO. Although 
MG dye degradation is similar for ZnO and ZnO/Ag in both 
methods, a short UV exposure period for large water volumes is 
more economical, highlighting 7 wt% Ag-doped ZnO was not as 
effective as using ZnO. 

Although zeolite materials such as the mineral clinoptilolite, 
having an optical bandgap energy greater than 4 eV did not ex-
hibit a comparable dye degradation than ZnO, conducted experi-
ments suggests that these materials represent an important alter-
native for water treatment at a very low cost and great efficiency, 

which no previous reference found in the literature.
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