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ABSTRACT 

Photocatalytic activity of the natural semiconducting sphalerite mineral from Abuni, Nasarawa 

State, Nigeria was studied for the degradation of methylene blue (MB). Natural Sphalerite as a 

visible – light responsive photocatalyst was characterized by X ray diffraction (XRD), X ray 

fluorescence (XRF) and surface area analysis. To further enhance the photocatalytic activity of 

natural Sphalerite, the chemical composition of the sphalerite was varied via leaching with 

hydrochloric acids. The photocatalytic activity of the Natural sphalerite, and leached sphalerite 

was tested for MB degradation under visible light illumination. The result shows a very high 

percentage of MB degradation by natural sphalerite after 60mintues of light irradiation time. The 

photocatalytic degradation of methylene blue dye follows pseudo first order kinetics. 
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INTRODUCTION 

Photocatalysis can be compared with photosynthesis, in which chlorophyll captures sunlight and 

use it to convert water and carbon dioxide into oxygen and glucose. It creates strong oxidation 

agents (free radicals) that can breakdown any organic matter to carbon dioxide and water in the 

presence of photocatalyst, light and water. Both the technological and economic importance of 

photocatalysis has increased considerably over the past decade. Some of the major applications of 

photocatalysis are water and air purification, solar induced hydrogen production etc. (Stengl et 

al., 2007). Extensive research continues to further develop this technology and to widen the 

spectrum of potential applications 

Zinc ores are widely distributed throughout the world. Zinc is the 24
th
 most abundant element on 

earth crust (Ronald et al, 1993). Natural Sphalerite (also Known as zinc blende) is the principal 

primary ore of zinc (Aydogan et al., 2008). Sphalerite is a zinc ore mineral found in many 

sedimentary basins around the world. Its texture is described as a polycrystalline aggregate which 

results from the precipitation of metal-rich brines in a carbonate host rock. Sphalerite is mainly 

compose of ZnS with traces amount of Fe, S, Si, Mo etc. Zinc sulphide is a white to yellow 

colour powder or crystal. It is typically encountered in the more stable cubic form. Sphalerite 

composition varies widely depending on the origin, due to geochemical and environmental 

factors. Over 100 million tonnes of complex zinc sulphide minerals is available in Nigeria 

(Olubambi et al., 2008). Minor transition metals such as Fe, Pb, Cu, present in natural sphalerite 

can form polynary metal sulphide, which may lead to a visible light- driven photocatalytic 

activity(Bansal et al.,2009). In this work, natural Sphalerite obtained from Abuni, Nasarawa 

State, Nigeria has been investigated in order to assess the effect of chemical composition (altered 

via acid leaching and calcination) on its photocatalytic activity using MB as the model pollutant. 

The natural Sphalerite was characterized using XRF, XRD and surface area analysis. It was 

leached with a mineral acid (hydrochloric acid) and organic acid (oxalic acid). 
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Experimental Section 

Materials 

Natural Sphalerite sample from Abuni, Nassarawa State, Tap water, Distilled water, hydrochloric 

acid AR (99.5%), Sodium chloride(99%), Sodium hydroxide (98%), Methylene blue (minimum 

assay 95%), Sieve  (Mesh size 106µm), Spatula, Beakers (100-500ml), Measuring cylinders (50 – 

250ml), Crucibles, Laboratory mortar and pestle, Glass rod stirrer, Thermometer (0
0
C to 360

0
C), 

Sample bottles (glass and plastic), Petri dishes, Halogen Lamp (500W, 200W, 100W, 60W), 

Pipette, Burette, Retort stand, Pocket pH Indicator 

Instruments 

Magnetic Stirrer, Electric furnace.(Nabertherm; 30 – 1400
o
C), Electric Oven (NYC -101 ; 30 -

400
0
C, Nabertherm; 30-650

o
C), Weighing Balances (Weda, T18; 0 – 100kg, Metler Toledo; 

AB204; 0 – 210g), Stop Watch, X-ray diffraction spectrometer (Shimadzu,6000), X-ray 

fluorescence spectrometer  (Pananalytical,Minipal 4), Hot plate / magnetic Stirrer (Trieb, 73 -660 

rpm). 

Experimental Procedures 

Raw Materials Collection 

Natural Sphalerite also known as zinc blende which is the principal ore of zinc was collected 

from Abuni deposit of Nasarawa State Nigeria. The mineral was crushed to powder and a sieve of 

106µm was used to sieve the sample to the required particle size ˂ 106µm. The sample was 

analysed using XRF, XRD, UV – vis , and surface area analysis techniques. 

Leaching of Natural Sphalerite hydrochloric Acid 

The X-ray fluorescence result of the Sphalerite under investigation showed that Sphalerite 

compose mainly of zinc sulphide with traces amount of Fe, S, Si, Cu, and Mo etc. Leaching 

experiments were performed in a 250 ml glass reactor equipped with a mechanical stirrer. The 

reactor was filled with 250 ml of 4M hydrochloric acid which was heated to 80
0
C (Aydogan et 

al., 2005;). For every leaching experiment, the solution mixture was freshly prepared by 

dissolving 10g of the Sphalerite ore in 250Ml of hydrochloric acid at 80 °C. In all cases, the 

fraction of the Sphalerite dissolved was calculated from the initial difference in weight of the raw 

sample and the amount undissolved at various time intervals (10, 20, 40, and 90) mins, after 

oven-drying at about 60 °C. The residue obtained at various leaching times is denoted by. SH10, 

SH20, SH30, SH40, and SH90, corresponding to leaching times of 10, 20, 40, and 90 mins, 

respectively. 

Determination of Specific Surface Area of the Photocatalysts 

The surface area for the natural Sphalerite was estimated according to Sears’ method (Shawabkeh 

et al., 2004) by weighing 1.5g of natural Sphalerite, and acidifying with dilute hydrochloric acid 

to pH of 3 – 3.5. Then 30g of sodium chloride was added, with stirring, and the volume was 

brought to 150mL with distilled water. The solution was titrated with 0.10N sodium hydroxide. 

The Volume, V, needed to raise the pH from 4 to 9 was recorded. The surface Area was estimated 

from the equation. 

S(m
2
/g) = 32V – 25  ……………………………………………………………...1 

Where S = Surface Area,    V = the volume needed to raise the pH from 4 to 9  

Photocatalytic Experiments 

Methylene blue has been used as the model pollutant to test the activity of the developed 

photocatalysts. Photocatalytic reactions were conducted at room temperature (30 ± 2
0
C) and 

atmospheric pressure. 0.1g of photocatalyst powder was dispersed by a magnetic stirrer in an 

aqueous solution of methylene blue (50mg/L) . The pH value of the suspension was 7. Before 

Illumination, the suspension was stirred for 1hour in the dark to reach the adsorption- desorption 

equilibrium. Irradiation was provided by a 500W, 200W, 100W, 60W high pressure tungsten 

halogen lamps (Philips) which was placed 16cm away from the reactor. After a certain period of 

irradiation, samples were withdrawn from the suspension at different time intervals and filtered to 

completely remove the catalyst particles. The obtained filtrates were then analyzed using UV – 
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vis spectroscopy by recording variations in absorbance at wave length 663nm of (λmax of 

MB).The percentage of degradation of MB was calculated using the equation. 

Degradation (%) = (CO – Ct)/CO ……………………………………………………..2 

Where CO  is the initial dye concentration and 

Ct is the dye concentration at certain reaction time t (min) 

 

RESULTS AND DISCUSSION 

Characterization of the Developed Photocatalyst 

XRD analysis 

Figure 1 shows the XRD pattern of the natural Sphalerite sample. As observed in the figure, sharp 

peaks were obtained which shows that it is highly crystalline. The domination of the ZnS 

(Sphalerite) peaks is an indication that the mineral is mainly zinc sulphide based mineral. 

However, the prominent peak of FeS(siderite) indicated that the mineral contained reasonable 

amount of impurity. The three strongest characteristic peaks at 2θ of 28.4
o,
 47.3

o
, 56.1

o
correspond 

to (6.823nm), (5.777nm), and (7.495nm) crystallite size calculated from scherrers equation. The 

average crystallite size of the raw sphalerite calculated using scherrers equation is 6nm. In 

addition, XRD data revealed the presence of associated minerals such asα-SiO2, FeS2, 

FeTiO3.The Sphalerite in the ore occurs as ferrous Sphalerite. The presence of iron in the 

Sphalerite might be probably due to availability of iron in the hydrothermal fluid as the Sphalerite 

crystal growths. This process occurs by a reaction of the diffusing zinc ions transported in 

hydrothermal solutions with iron (Baba et al., 2003). While X- ray diffraction can be very 

accurate in quantifying major components within a mixture, it is not very good at detecting 

constituents that are present in minor amounts(less than about 2%) (Walenta et al., 2004) 

 

 

Figure 1: XRD pattern for the natural Sphalerite 

Onyenanu …. Int. J.  Inno. Scientific & Eng. Tech. Res. 8(2):32-42, 2020  



35 
 

XRF Analysis 

Table 1.presents the summary of the XRF results obtained. As earlier observed from the 

XRD results of the natural Sphalerite, the XRF results further confirmed the presence of 

iron as an impurity; with concentration as high as 38.16wt%in the raw mineral.  
Table 1: Elemental Composition of the Developed Photocatalyst 
Samples Raw S10H S20H S40H S90H 

Al 0.5 0.3 0.3 NA NA 

Si 0.75 1.3 3.7 3.7 7.3 

S 6.6 6.4 5.7 4.9 2.9 

K 0.05 NA NA NA 0.40 

Ca 1.07 0.14 0.15 0.14 0.856 

Mn 4.14 0.019 0.014 0.017 0.02 

Fe 38.16 38.5 39.36 38.11 37.40 

Ni 0.02 1.00 2.07 4.02 7.54 

Cu 0.057 0.406 0.571 0.692 NA 

Zn 44.5 44.02 35.01 33.12 24.04 

Mo 3.9 7.0 7.2 7.4 NA 

Ln 0.1 NA NA NA NA 

La 0.06 NA NA NA NA 

P NA NA NA NA NA 

Ag NA 1.6 3.10 2.71 NA 

Yb 0.09 NA NA NA NA 

Cs NA NA NA 0.12 NA 

Sc NA NA 0.033 NA NA 

As NA NA NA NA 0.07 

Ge NA NA NA 1.00 1.45 

Cl NA NA 2.5 4.06 7.62 

Eu NA NA NA NA 0.34 

Fe/Zn 0.857 0.875 1.124 1.151 1.556 

Total 100 100 100 100 100 

 

Traces of other metals such as Al, Si, Ca, Sc, Mn, Cu, Mo, Ag, Cs, Eu, and Pb, were also 

detected by the XRF as shown in the results presented in the table 1.The effect of the 
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acids that was used to leach the samples to vary its chemical composition was observed 

from the XRF result of the leached samples, from the table as leaching time progress 

there is decrease in the percentage of iron, zinc, sulphur content which is as a result of the 

oxalic and hydrochloric acids that was used for the leaching process. 

Surface Area Analysis 

As mentioned earlier surface area for the sample were determined using sears method. 

Table 2. Show the results obtained 

Table 2: Surface Area of The Different Photocatalyst Used 

Photocatalyst Sample Surface Area m
2 

g 

NS 54  

SH10 37 

SH20 35  

SH40 30 

SH90 27 

 

Photocatalytic Degradation of MB Using NS and Product of Its Leaching 

The raw natural Sphalerite and product of its leaching (S10,S20,S40,S90) of hydrochloric 

acids were tested for their photocatalytic activity under visible light with varying  

intensity of light (500W,200W,100W,60W) at different time interval of 

0,20,40,60,80mins. Before then absorption in the dark was done for each of the samples 

and it was discovered that there was mild degradation. 

Effect of irradiation time on the degradation of MB using different composition of 

Hydrochloric leached sphalerite at different intensity. From the graphs the raw sample 

gave a better degradation of the dye. It was equally observed from the graph that 

sphalerite leaching using hydrochloric acid is very aggressive with almost everything 

going into the solution 
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Figure 3.2.1: rate of degradation of MB using different composition of hydrochloric acid 

leached Sphalerite using 500W halogen lamp 

 

Figure 3.2.2: rate of degradation of MB using different composition of hydrochloric acid 

leached Sphalerite using 200W halogen lamp 
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Figure 3.2.3: rate of degradation of MB using different composition of hydrochloric acid 

leached Sphalerite using 100W halogen lamp 

 

 

Figure 4: rate of degradation of MB using different composition of hydrochloric acid 

leached Sphalerite using 60W halogen lamp 

The graph of their liner plots -Ln(C/C0) Vs time were observed (with R
2
 values higher than 0.9) 

which attested that photo-degradation on MB obeys first order kinetics. It can equally be seen 
that photocatalytic activity is a function of the intensity as the intensity increases a better 
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photocatalytic activity was observed making the 500W lamp the best intensity among every other 

lamp used for the experiment. Another observation is that as the time of leaching increases 

photocatalytic degradation decreases and degradation rate constant decreases thereby making the 

raw sample the best among all the samples. It was noticed that hydrochloric acid that is 

aggressive in nature almost leached out the whole sample before the last reaction time. When the 

solution of MB in the absence of catalyst was irradiated by sun light for different time interval, it 

was noticed that degradation was increasing as time of exposure increases. This continued until 

after 1hour reaction time, 30.4% degradation was observed.  

1.1. The Pseudo-First Order Kinetic Plots of MB Degradation of Hydrochloric Acid Leached  

The graphs showed a high activity for MB degradation with the different photocatalyst with the 

natural sphalerite having the best value of  kapp and R
2 

 

Table 3. Derived values of (kappand R
2
) values For Hydrochloric Acid Leached Sample 

 500W  200W  100W  60W  

 Kapp R
2
 Kapp R

2
 Kapp R

2
 Kapp R

2
 

NS 0.0092 0.9981 0.0081 1 0.0077 0.9981 0.0074 0.9971 

S10 0.0084 0.9996 0.0078 0.9988 0.0075 0.9951 0.0071 0.9932 

S20 0.0078 0.9971 0.0075 0.991 0.0072 0.997 0.0069 0.9937 

S40 0.0077 0.9986 0.0073 0.9982 0.0069 0.9971 0.0067 0.9922 

S90 0.0074 0.9998 0.0071 0.9984 0.0067 0.9979 0.0066 0.9859 

 

 
Figure 3.3.1:Pseudo-first order kinetic plots for MB photodegration using  500W halogen lamp 
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Figure 3.3.2: Pseudo-first order kinetic plots for MB photodegration using 200W halogen lamp 

 
Figure 3.3.3: Pseudo-first order kinetic plots for MB photodegration using 100W halogen lamp 
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Figure 3.3.4: Pseudo-first order kinetic plots for MB photodegration using  60W halogen lamp 

 
CONCLUSIONS 

1. A series of photocatalyst were prepared by treating raw Sphalerite with hydrochloric acid. 

2. The prepared photocatalysts were characterized by XRF, XRD, UV-Vis spectroscopic 

techniques. 

3. The leached samples (residues) exhibit lower surface area and photocatalytic activity than 

the natural Sphalerite  

4. The photocatalytic reactions obey pseudo – first order kinetics model. 

5. The residue of the hydrochloric acid leached sample shoed less photo activity because of the 

aggressive nature of the acid which leached almost everything into the solution thereby 

making the residue less active 
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