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Abstract: 
Nickel molybdates were synthesized and tested in 

photocatalytic applications. Experiments conducted in 

the dark for one hour, showed a degradation efficiency of 

44% of methylene blue (MB), considered as a model 

pollutant. This high value was related to the strong 

adsorption of MB on the oxide particles, due to the 

synergistic effect of the 2D shape (revealed by scanning 

electron microscopy) developing a large surface area and 

their high roughness (estimated from atomic force 

microscopy measurements). Under visible light for one 

hour, the degradation efficiency reaches 87%, an 

improvement of almost 100% compared to darkness. 

Attempts to regenerate and reuse nickel molybdate are 

made four times. The recovery process, which consists of 

washing particles only with distilled water, is 

encouraging enough even if not yet optimized. 

Keywords: Nickel Molybdate; photocatalytic 

performance; MB degradation. 

 

1. INTRODUCTION 

Environmental issues have never been as important as 

in recent years. A recent study, published in the Lancet 

planetary health, pointed that pollution is responsible for 

about one in six deaths worldwide [1]. Awareness of the 

cumulative effects and irreversible consequences of 

various forms of pollution has led most countries to adopt 

increasingly drastic policies to preserve ecosystems [2, 3]. 

At the same time, research has intensified in the areas of 

depollution and remediation, with the synthesis of 

materials that are efficient for the photocatalytic 

depollution of water, air, or soil [4]. Besides the most 

used titan oxide TiO2 and related compounds [5, 6], 

several other materials were elaborated and applied in 

photocatalytic environmental applications. We mainly 

found doped and undoped transition metal ferrites [7, 8], 

Molybdates [9, 10], tungstates [11, 12], and copper, 

nickel, and their composites [13-15]. Among these 

materials, metal molybdates (MMM) constitute a  so- 

called multifunctional class, as they can be used for both 

energy and environmental applications [16, 17]. It is with 

this in mind that we worked on the synthesis of nickel 

molybdates using a simple, low-cost, and eco-friendly 

co-precipitation method [18]. Photocatalytic reactions 

are interpreted in terms of oxidation/reduction, and more 

precisely in terms of charge transfer between the 

photocatalyst and the pollutant. This leads to the 

characterization of both in energetic terms, with the 

determination of the gaps and the different energy levels 

involved in the possible electronic transitions. However, 

a favorable positioning of the different energy levels 

alone cannot ensure good photocatalytic efficiency. It is 

indeed necessary to have the largest pollutant/material 

contact surface, to favor adsorption [18]. This 

structure/properties relationship is therefore closely 

linked to the size and shape of the particles, which can be 

modulated by acting on the synthesis conditions and/or 

by changing the method. 

The present work focuses on nickel molybdate (α- 

form NiMoO4) which we synthesized by the co-

precipitation method and fully characterized before 
considering it in photocatalytic experiments. 

 

2. DESCRIPTION OF THE WORK 

2.1 Surface characterization 

The efficiency of photocatalysis requires two 

combined synergistic effects, the efficient adsorption of 

the pollutant on the catalyst and the relative matching of 

energy levels that facilitates charge transfer. The first one 

is mainly controlled by the catalyst’s active area, which 

must be as high as possible. This aim can be reached by 

acting on shape/size of catalyst particles. So, surface 

examination is of primary importance. For this purpose, 

we first used scanning electron microscopy (SEM) to 

reveal the shape of α-NiMoO4 particles. These 

examinations showed a nanosheets like shape (Fig.1a). 

This quasi-2D structure is quite favourable as it develops 

high specific surface. Besides, we considered atomic 

force microscopy (AFM) to reach the nanosheets 

roughness’s in the nanometric scale (Fig.1b). 

Thus, we can estimate the active surface including 

roughness and all geometric defects, which constitute the 

real interface between the catalyst and the pollutant in the 

solution. 

As can be seen from the AFM image (Fig.1b), the 

topography of the nanosheets is far from being as regular 

as suggested by the SEM image taken at a lower 

magnification. These surface irregularities strongly 

contribute to an increase in the active surface, the place 

of interaction between the catalyst and the pollutant in the 

solution. In this case, the root means square roughness was 

found at about 40 nm and a mean height between peaks 

and valleys of the order of 350 nm (in the spatial 

frequency range of 10-3 – 1 nm-1). These relatively high 
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values suggest that the active surface is large enough to 

give rise to strong adsorption, suitable for photocatalysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: (a), SEM and (b) AFM images of α- NiMoO4 

nanosheets 

 
2.2. Photocatalytic investigation 

To carry out the photocatalytic experiments, we 

considered methylene blue (MB) as a model pollutant. 

Firstly, we ensured that there was no self-degradation of 

MB, either in the dark or under visible light irradiation. 

Then, 50 mg of α-NiMoO4 catalyst was added to 100 mL 

of MB solution (1.56×10-5 M), and the mixture was kept 

under stirring in the dark throughout the experiment. 

From t = 0 min to t = 60 min, 5 ml of the prepared solution 

was taken every 5 min, to measure the absorbance At 

using a UV–vis spectrophotometer. 

The degradation rate (t) of MB is estimated from 

absorbance values A0 at t = 0 and At at given time t, 

according to the relation (1) [19]: 
 

η(%) = (1 −
At

A0
) × 100 

(1) 

This experiment, conducted in dark, give us 

information of the catalytic potential of the nickel 

molybdates, before considering photocatalytic 

experiments. 

By considering one hour as a time reference, we 

obtained a degradation rate of 0(60) = 44%, in dark. This 

value confirms the high level of MB adsorption on the 

nickel molybdate nanosheets, due to their large active 

surface areas. This degradation rate also indicates that 

this synthesized material presents a catalytic effect that 

can be enhanced by visible irradiation 

Finally, the same experiment was conducted under 

visible light irradiation. The mixture was thus illuminated 

with a low power lamp (8W, 370 nm) during 60 min. 

Every 5 minutes, 5 mL of the solution is taken to measure 

the absorbance At and to estimate the degradation rate 
(t). 

At the end of the experiment, the molybdate particles 

were recovered by centrifugation and rinsed several 

times with distilled water only, before being used again 

with a freshly prepared MB solution. This experiment 

was repeated 4 times to see the regeneration potential of 

the photocatalyst, before considering more efficient 

solvents for recovery. 

The degradation rates i(60) is estimated for each of 

the five successive catalytic experiments (i being the 

experiment rank, from 1 to 5). Then, the photocatalytic 

efficiency is estimated by comparing degradation rates 
i(60) under irradiation against that in dark 0(60): 

 

Efficiency = (
η𝑖(60) − η0(60)

η0(60)
) × 100 (2) 

The values obtained are gathered in figure 2 which 

shows a photocatalytic efficiency close to 100% 

(compared to the absence of irradiation) for the first 

experiment, and which decreases progressively until a 

value of 24% after the 4th regeneration. Besides the 

undeniable interest in using visible irradiation, this figure 

shows that rinsing only with distilled water, even 

abundantly, is not sufficient to completely regenerate the 

molybdates, because of their strong roughness. In the 

future, we plan to test different regeneration routes, 

including green solvents and the use of ultrasonic baths. 
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Figure 2: Photocatalytic efficiency and stability of NM 

nanosheets, after successive regenerations. 

 
To study the adsorption kinetic during the photocatalytic 

process. The pseudo-second order model of Yoon– 

Nelson was applied to experimental data, according to 

equation (3) [20]: 
 

(
C0

C𝑡
)  =  1 + exp(−K𝑌𝑁(𝑡 − 𝜏)) 

(3) 

Where C0 is the initial concentration of MB, Ct is the 

concentration of MB at time t, KYN is the Yoon–Nelson 

rate constant (min-1) and τ is the time required for reach 
50% adsorbate breakthrough (min). 

Experimental data, recorded in dark and under visible 

irradiation, and corresponding fits according to the 

considered model are gathered on figure 3. 
Modified Yoon-Nelson model appears suitable to 

describe chemical adsorption mechanism of MB onto α- 

NiMoO4, independently of lighting conditions. 

Compared to dark, illumination results in a 3.3-fold 

increase in the rate constant. 
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Figure 3: Modelling of MB degradation Kinetics, by means of 

Yoon-Nelson (Y-N) modified model, (A) in dark and under first 

cycle light illumination, (B) 3D representation for 5 consecutive 

cycles compared to dark. 

 
 

Modified Yoon-Nelson model is suitable to describe 

chemical adsorption mechanism of MB onto α-NiMoO4. 

Compared to dark, illumination results in a 3.3-fold 

increase in the rate constant. 

The estimated rate constants KYN as well as reliability 

(correlation) factor R2 are gathered in Table 1. 

Table 1: Kinetic parameters estimated from the modified Yoon-

Nelson model 
 

Cycle number KYN 10-2 (min-1) R2 

In dark 1.02±0.04 0.99 

1 3.41±0.15 0.98 

2 3.03±0.20 0.97 

3 2.29±0.16 0.96 

4 1.76±0.15 0.94 

5 1.18±0.18 0.84 

 

For the first experiment under illumination, the 

rate constant increases by about 230%, showing the 

photo-catalytic effect, compared to a purely 

catalytic one. Investigations on the parameters 

allowing to increase the value of this parameter 

should allow faster photo degradation of pollutants. 

For successive experiments, the photocatalytic 

effect decreases to almost disappear from the fifth 

cycle. This highlights the second way of 

improvement, in addition to the increase of rate 

constant, That of efficient regeneration methods of 

the catalysts. 
 

3. SUMMARY 

Due to its shape and high roughness, nickel 

molybdate exhibited an important pollutant adsorption 

rate. This high level of adsorption leads to the 

degradation of pollutant molecules (MB), even in the 

absence of light. A degradation efficiency of 44% was 

observed in only one hour in the dark. Under visible 

radiation, this degradation efficiency reaches 87% in the 

same reference time (1 hour), which is an improvement 

of almost 100%. Attempts to regenerate and reuse nickel 

molybdate are quite encouraging, as the recovery process, 

which consists of washing only with distilled water, is not 

yet optimized. Soon, other experiments using green 

solvents in ultrasonic baths will be considered. However, 

the current results are promising enough, to consider 

these oxides for efficient photocatalytic water 

remediation, especially for developing countries. 
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