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Abstract: The photodegradation of malachite green in water was successfully achieved under LED 

irradiation in the presence of NiO/zeolite photocatalyst. The photocatalyst was prepared by the 

impregnation method and characterized by XRD, BET, FTIR, DRs, and SEM techniques. The 

experiments were investigated by varying factors that influence the malachite green removal, such as 

adsorption, initial dye concentration, catalyst dose, and pH. The characterization results show that the 

material exhibited a direct optical transition (1.45 eV). The results indicated that NiO/zeolite shows a 

synergic effect between adsorption/photocatalysis processes.  
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1. Introduction 

Dyes and pigments are usually used in different industries such as textile, leather 

tanning, paper, plastics, pharmaceuticals, and foods [1]. Their production and use can be 

polluted soil and water through the generation of organic dyes, which is a crucial problem to 

be solved. The discharge of harmful dyes into the water pollutes the water and affects aquatic 

life [2, 3]. One of the dyes detected in the wastewater is Malachite Green (MG). It is a 

triphenylmethane dye that is extensively used. It has some damaging effects on the ecosystem, 

and its contact with skin leads to many problems such as irritation, redness, and pain [4, 5]. 

Moreover, the dye and organic compounds are also environmentally persistent, and their 

elimination from wastewater is already reported using various processes such as; photocatalysis 

[6-8], adsorption [9], ultrasonic irradiation [10, 11], and oxidation [12–14]. On the other hand, 

MG has a strong absorption band in the visible light region. When released into water bodies, 

it could reduce transmission of solar light, thereby affecting the aquatic biota of the habitat 

[15]. Recently, advanced oxidation processes (AOPs) constitute promising, efficient, and 

environmentally-friendly methods to treat water contaminated by recalcitrant organic 

pollutants involving the generation of highly reactive radicals [16, 17]. So, photocatalysis in 

which organic dyes can be degraded into non-toxic inorganic compounds under 

environmentally friendly conditions is also a green technology [18-20]. The research focus in 
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this field is mainly on developing an efficient photocatalyst that can work under visible light. 

Traditional photocatalysts such as TiO2, ZnO, Ga2O3, and SrTiO3 are only able to utilize very 

limited UV solar photons (ca. 4 %) as a result of their large bandgap energy (Eg > 3 eV). Many 

attempts have been made to engineer their band structures to match the solar spectrum by 

coupling two oxides as heterojunction with narrowing Eg or doping metal and non-metal, or 

constructing heterostructure [21–23]. On such multi-component photocatalysts, the modified 

materials were often highly dispersed or doped on semiconductor surfaces as nanoparticles, 

nanoclusters, and mononuclear complexes depending on different preparation methods used 

[24-26]. NiO photocatalyst is inexpensive compared to other oxides and exhibits chemical 

stability over a fair pH range [27]. Hence, NiO with a p-type semiconductor is frequently used 

as a co-catalyst loaded with different photocatalysts. In general, the photocatalysts loaded with 

NiO exhibited higher efficiencies for photocatalytic water splitting [28]. Also, many reports on 

NiO nanomaterials with excellent photocatalytic performance are investigated [29-31]. On the 

other side, it has been proven that supported semiconductors are more effective than 

unsupported materials [32]. Among supports used are zeolites due to their unique properties 

[33, 34]. The degradation of organic dyes over TiO2, NiO, and ZnO-supported zeolite is also 

studied [35–37]. In addition, many researchers use high-power lamps (100–500 W) as light 

sources in photocatalytic studies. Very few studies related to low power light irradiation with 

monochrome are carried out [38]. So, the development of light-emitting diode (LED) in the 

photocatalysis field has increasingly attracted research attention. The LED light presents 

several advantages: long lifetime, energy efficiency, high spectral purity, flexible 

configuration, and small footprint [39]. This work supports NiO onto zeolite Y prepared via an 

impregnation method and characterized by XRD, BET, FTIR, DRs, and SEM techniques. The 

prepared material was used for the photodegradation of malachite green. The influences of 

several parameters were also examined.    

2. Materials and Methods 

2.1. Preparation of the samples. 

The commercial HY zeolite; CBV 760 with SiO2/Al2O3 ratio equal to 60 was purchased 

from Zeolyst (Table 1). Ni(NiO3)3, 6H2O was purchased from Fluka, and malachite green 

powder was purchased from PubChem. NiO/ZY with 5 weight % of NiO was prepared by the 

impregnation of zeolite with Ni(NiO3)3, 6H2O precursor. The nickel concentration in the 

solution was controlled to obtain 5 wt.% of NiO. After stirring at room temperature for 4 h, the 

product was dried at 80 °C overnight and calcined in air at 400, 500, and 600 °C for 3 h. The 

samples were labeled Y and 5NiY400, 5NiY500 and 5NiY600, for zeolite alone and modified 

zeolite calcined at 400, 500, and 600 °C, respectively. 

Table 1. Characterization of Zeolite Y. 

Zeolystproducts SiO2/Al2O3 

mole ratio 

Nominal 

cation form 

Na2O (wt.%) Unit cell size 

(Å) 

Surface area 

(m2/g) 

CBV 760 60 Hydrogen 0.03 24.24 720 

2.2. Characterization techniques. 

X-ray diffraction (XRD) was performed with a Bruker D8 diffractometer using Cu Kα 

radiation in the 2θ interval range of [5 - 80°]. Scanning Electron Microscopy (SEM) images 
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were performed on FEI Quanta200, and the analyses of the samples were conducted in attached 

X-rays microanalyses. The chemical composition was obtained using EDS. BET surface area 

measurements were carried out with micrometric ASAP2010 equipment using nitrogen at 77 

K. Before analysis, and the samples were degassed overnight at 200 °C. The Fourier transform 

infrared (FTIR) spectrum was recorded with a Perkin-Elmer FTIR 1000 spectrometer; the 

spectrum was recorded in the wavelength range of 400 - 4000 cm-1. The UV-Vis diffuse 

reflectance (DRS) spectrum was obtained with a Shimadzu UV-2100 spectrophotometer, 

equipped with an integrating sphere accessory. The obtained reflectance (R %) from the DRS 

spectrum is used to determine the Eg value. The data were transformed to the extinction 

coefficient (α) using the equation (1) [40]: 

 
(1) 

2.3. Malachite green removal. 

The photocatalytic performance of 5NiY was investigated under visible LED light (12 

W) with a major emission at 460 nm was used as a visible light source. The reaction was carried 

out in the double wallet cylindrical reactor. A catalyst was dispersed in the 200 mL of MG 

solution. Before irradiation, the mixture was stirred in the dark for 60 min to obtain a good 

dispersion and establish the adsorption/desorption equilibrium between the catalyst and MG. 

During the reaction, the mixture's temperature was remained fixed by circulating water using 

a thermostat bath. Then, the mixture was irradiated by LED lamp placed at 10 cm from the 

reactor. To examine the concentration change between the initial and the final MG 

concentration, the absorption spectra were analyzed by a UV-visible spectrophotometer (Carry 

50) at 617 nm. The photodegradation efficiencies were calculated according to the following 

formula: 

 
                                                                    

(2) 

Where η is the photodegradation yield of MG and C0 and C represent the initial and the 

final concentration. 

3. Results and Discussion 

3.1.Material characterization. 

The XRD patterns of Y and 5NiY400, 5NiY500, and 5NiY600 materials are regrouped 

in Figure 1. For different calcination temperatures, Y remained intact after modification (2° < 

2θ < 40°), and all the peaks correspond to zeolite Y. This result may be due to the incorporation 

of Ni particles in the Y pores. Below 2θ = 40°, the peaks intensity decreased and moved to a 

high angle due to the incorporation of nickel in the Y cage. The typical peaks of NiO are 

detected at 37.2° and 43.1° (JCPDS No. 71-1179), confirming the doping of NiO on Y [41]. 

The morphology of all samples is investigated by SEM, and the result is presented in 

Figure 2. Y has a uniform cubic shape (Figure 2b) and shows agglomerated uniformly shaped 

particles; the agglomeration maybe due to the interaction of the small particles [42]. EDX 

results revealed the presence of Si, Al, Na, Ni, and O and the absence of other impurities (Table 

2).  
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Figure 1. XRD patterns of Y and 5NiY at different calcined temperatures, (♦) NiO. 

 
Figure 2. SEM images of (a) Y and (b) 5NiY. 

The surface area, average pore size, and total pore volume are 785.9 m²/g, 24.7391 Å, 

and 0.486107 cm³/g, respectively. The surface area of 5NiY400 is increased because during 

ion exchange Ni2+ replaces two Na+ [43]. This result may be due to the modification of the 

textural properties of the material. FTIR spectra of 5NiY at different calcination temperatures 

are regrouped in Figure 3. The strongest absorption peak at 1050 cm-1 was assigned to the 

framework stretching vibration band of Si(Al)-O of Y [44]. It is observed that the peak is stable 

during both the ion exchange and also after the calcination process due to the high stability of 

the zeolite structure and also to the small amount of nickel incorporated into the zeolite 

structure. However, some small peaks located at 1210 and 828 cm-1 are attributed to the Si(Al)-

O stretching vibrations [45]. In contrast, the bands located between 460 - 600 cm-1 are 

characteristic of the vibration absorption of Si-O-Si [46]. Pure NiO has absorption peaks at 380 

cm-1 [47]. 

Table 2. Elemental composition of ZY sample. 

Sample  O Na Al Si Ni 

ZY Wt. % 48.79 11.61 11.03 26.30 - 
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Figure 3. FTIR spectra of 5NiY400, 5NiY500, 5NiY600, and Y samples. 

The optical band gap energy of 5NiY600 is determined from the absorption coefficient 

(α) measured as the incident photon energy function by using the Kubelka-Munk equation (Eq. 

1). The Eg value (1.45 eV) is calculated by extrapolation of the linear part of (αhν)2 vs. (hν) 

(Figure 4). Generally, the Eg of nickel oxide is estimated to be 4 eV [48]. Furthermore, reducing 

the bandgap used NiO as a hetero-system or incorporated into mesoporous materials is 

important. 

 
Figure 4. The direct optical transition of 5NiY calcined at 600. 

3.2.Photo-degradation of MG dye under LED light. 

Photo-catalysis is one of the most important fields for renewable and environment-

friendly green energy research. The material used has a semiconductor (SCs) property with 

narrow bandgap energy located between the valence band (VB) and the conduction band (CB). 

Generally, the process is based on the light absorption by the SCs, to excite the electrons (e -) 

to the CB and leave a hole (h+) in the VB, thus creating a photo-generated electron/hole (e-/h+) 

pair, responsible for the oxidation and the reduction reactions [49–51]. So, h+ can react with 

electron donors in the solution to produce powerful oxidizing free radicals such as hydroxyl 

radicals, which oxidize the organic molecules. The photo-generation of radical species can be 

described as follows: 

NiY + hv → e- + h+                                                                                                                                     (3) 

e- + O2 → O2°
-                                                                                                                                               (4) 

 

500 1000 1500 2000 2500 3000 3500 4000

 

NZY400

NZY500

NZY600
T

r
a
n

sm
it

ta
n

c
e
 (

a
.u

.)

Wavenumber (cm
-1
)

ZY

1.0 1.5 2.0 2.5 3.0

0

1

2

3

4

5

(
h


)2

 x
 1

0
-1

0

h eV)

Eg = 1.45 eV

https://doi.org/10.33263/BRIAC131.072
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC131.072  

https://biointerfaceresearch.com/ 6 of 12 

 

e-  + O2°
- + 2H+ → H2O2                                                                                               (5) 

e- + H2O2 → °OH + -OH                                                                                              (6) 

H2O2 → HO2
- + H+                                                                                                                                         (7) 

°OH + HO2
- → H2O + O2°

-                                                                                                                          (8) 

°OH+ H2O2 → H2O + HO2°                                                                                        (9) 

3.3.Synergic between adsorption/photo-catalysis processes. 

The photocatalytic activity of 5NiY material is evaluated via the degradation of MG 

dye under LED light. To do this, 0.25 g/L of the photocatalyst is added to 200 mL of a solution 

containing 30 mg/L of MG solution at pH 4.6. It is known that the zeolite with a surface area 

of 785 m²/g has an adsorption property. For this, the adsorption process of Y and 5NiY is 

investigated compared to the photocatalysis process. The photolysis test is made in the same 

conditions before these processes. In the absence of the catalyst, a very lower reactivity is 

observed. The photolysis of MG is less than 5 %. The adsorption and the photodegradation 

profiles of both catalysts are shown in Figure 5. This result confirmed the competition between 

adsorption and photocatalysis processes. Thus, the catalyst is maintained in the dark for 60 min 

before reaction. As shown results, the photodegradation of MG over 5NiY is higher compared 

to Y material. MG adsorption over Y is around 48 %, whereas the adsorption increased to 63 

% over 5NiY. Furthermore, MG removal is 83 % under LED irradiation. Thus, the 

enhancement photo-reactivity is due to the interaction between ZY and NiO, leading to an 

improved contact between catalyst surface and MG dye [52]. Repeated measurement shows 

almost the same results. Also, ZY used as support prevents the formation of NiO aggregation 

that increases the surface contact between the photocatalyst and the pollutant and favors an 

effective photo-excited pairs (e-/h+) separation [53, 54]. 

 
Figure 5. Photo-degradation and adsorption of MG over Y and 5NiY catalysts, under the conditions:  [MG] = 

20 mg/L, T = 25 °C, pH = 4.6 and catalyst amount = 0.25 g /L under LED lamp (12 Watt). 

To determine the optimum MG concentration, various concentrations are used (the 

varied from 10 to 50 mg/L) (Figure 6). The degradation efficiency after 240 min of irradiation 

is ~ 92, 94, 63, 74 and 46 % for the concentration 10, 20, 30, 40 and 50 mg/L, respectively. It 

is also observed for the lower concentration (10 mg/L), the MG removal reached the maximum 

after the first 15 min of reaction. On the other side, 32 % is obtained with a higher MG 
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concentration (50 mg/L). It can also be seen. There is a significant decrease in the MG 

degradation when the MG concentration increases. Also, more MG molecules are available for 

excitation and energy conversion [55] when the initial concentration increases, requiring more 

catalyst surfaces for better photodegradation.  

 

  
Figure 6. MG concentration effect on the adsorption and photo-degradation processes over 5NiY catalyst, under 

the conditions:  T = 25 °C, pH = 4.6 and catalyst amount = 0.25 g L-1 under LED lamp (12 Watt). 

The effect of different catalyst amounts on MG degradation is shown in Figure 7. So, 

the photo-degradation efficiency increased with catalyst concentration and reached to a 

maximum at 31, 46, 59, 71, 94, 96 and 96 % for 0.12, 0.25, 0.35, 0.5, 0.75, 1 and 1.5 g/L after 

240 min of irradiation.  

 
Figure 7. Catalyst dose effect on the photo-degradation of MG (20 mg/L):  T = 25 °C, pH = 4.6 under LED 

light. 
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Therefore, with the concentrations 0.75, 1, and 1.5 g/L, the MG degradation quickly 

reached the values 80, 92, and 96 %, respectively, after 60 min of irradiation. Then, at lower 

catalyst doses (0.12, 0.25, and 0.35 g/L), the degradation as a function of time is unstable, 

probably due to the presence of a less active site responsible for the light absorption. Heir, the 

majority of the light has been transmitted into the solution. NiY photocatalyst shows an 

efficient photoreactivity compared to others materials [56]. 

To study the effect of pH on the photodegradation of MG, the pH range used is varied 

from 2 to 9. It is known that the adsorption of dye molecules can influence the pH variation 

onto the catalyst surface. pHPZC (point of zero charges) is the pH at which the surface of the 

oxide is uncharged and plays an important role in explaining the adsorption phenomena [57]. 

In our case, pHPZC is 4.82 measured using the solid addition method. So, the surface charge of 

the catalyst can be changed depending on the chemical nature of the catalyst and its pHPZC. The 

results regrouped in Figure 8 show the best photo-reactivity at pH 4.6. At more acidic and basic 

pHs than pHPZC, the catalyst surface has a positive and a negative charge, respectively [58]. 

At pH 9 and 8, the repulsive force between the positive charges on the catalyst surface 

and protonated dye molecules prevents the interaction between them, forming hydroxyl 

radicals. On the other hand, more hydroxyl anions can be presented in basic pHs leading to the 

formation of hydroxyl radicals with a good photodegradation of dye through an enhanced (e-

/h+) separation. But in our case, some contradictory phenomena are observed due to the 

repulsive forces between the negatively charged catalyst surface and free electrons of MG. In 

addition, in an acidic medium, low hydroxyl anions are formed a low efficiency. Also, the MG 

degradation yield decreased in the acidic pH ( 2) because a higher number of °OH species are 

recombined to form H2O2 and not interacted with MG. It is known that H2O2 and HO2° 

compounds are appeared due to the reaction of °OH with -OH (reactions 6, 7, and 8). The 

reactivity of these compounds with organic pollutants is very low compared to °OH. Also, in 

acidic pH, acidification of the electrolyte by HCl, causes a reaction between Cl- and °OH 

conduced to the formation of radical anion HClO°- lead to the deactivation of °OH (Cl- + °OH 

→ ClO°-H). 

 
Figure 8. pH effect on the degradation efficiency of MG with: (■) pH 2, (●) pH 4.6, (▲) pH 6, (▼) pH 

7, (◄) pH 8 and (►) pH 9 under the conditions: T = 25 °C, catalyst amount = 0.75 g/L and MG concentration = 

20 mg/Lunder LED lamp (12 Watt). 

4. Conclusions 

5NiY has been proved to be an effective photocatalyst for malachite green dye 

degradation in an aqueous solution. The study was investigated under LED irradiation. The 
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effects of the initial dye concentration, the catalyst dose, and the pH of the solution were 

discussed. The detailed characterization technique revealed that the prepared material NiO 

crystallizes in the zeolite structure. Small bandgap energy makes the material an efficient 

photocatalyst under visible light irradiation. The combination of zeolite with NiO leads to a 

high photocatalytic activity for the degradation of malachite green due to the effective 

separation of (e-/h+) generated by the NiY photocatalyst.   
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