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This study investigates the photocatalytic degradation of Acid Blue Dye using zinc oxide nanoparticles synthesized from Senna siamea flower extracts 

(ZnO-S.S.). The synthesized nanoparticles were investigated using Transmission Emission Spectroscopy (TEM) and Scanning Electron Microscope 
(SEM), which made it possible to reveal the spherical shape of ZnO-S.S. nanoparticles. Themogravimetric Analysis – Differential Thermal Analysis 

(TGA-DTA) revealed high thermal stability of ZnO-S.S. with an insignificant weight loss as temperature increases from 600 °C to 846.9 °C. While 

Energy Dispersive X-ray analysis (EDX) reveals the elemental composition and atomic weight percentage as C (4.8%), O (11%), S (6%) and 
Zn (78.2%). The synthesized nanoparticles ZnO-S.S. used to degrade Acid Blue dye contaminated waste water under visible light irradiation. Exhibits 

an optimum degradation efficiency of 99% achieved in 150 minutes using a catalyst dosage of 150 mg at an initial acid blue concentration of 10 mg/L. 

The degradation process best conformed to the pseudo first order kinetics pathway. In conclusion the study established that the synthesized catalyst 
exhibits good efficiency and utility in degrading dye contaminated wastewater. However, further studies are recommended on the influence of other 

indicators such as light intensity, temperature and pH on the degradation process. 

Keywords: wastewater; Acid Blue Dye; visible light; degradation efficiency; kinetics; energy dispersive Х-ray analysis. 
 

 

INTRODUCTION 

The wide range of contaminants present in the environment 

is as a result of excessive demands on society due population 

growth, urbanization and industrialization (Inyinbor et al., 

2018). Thus, the excellent of water at once influences the 

lifestyles general of people and animals. The major water 

means of contaminating water are from commercial 

discharge of chemicals, agricultural movements, sewage 

drains and different environmental changes (Yerima et al., 

2022). 

Water pollution might also exist in one of these kinds like 

pharmaceutical wastes, pesticides, herbicides, fabric dyes, 

resins, and phenolic compounds (Zhang & Fang, 2010). Out 

of which approximately 10–15% of dyes such as acid blue 

among others are launched into the surroundings at some 

stage in dyeing manner making the effluent exceptionally 

coloured and aesthetically unpleasant. The effluent from 

fabric industries as a result contains a massive range of dyes 

and different components that are introduced for the duration 

of the colouring process (Wang et al., 2002). Traditional 

methods are unable to remove them from contaminated 

waters, and due to the high solubility of dyes in water, there 

is an opportunity for their widespread distribution through 

sewers and rivers. What's even worse is that such substances 

can decompose to form highly toxic and carcinogenic 

products (Rindle et al., 1975). Even, small quantities of waste 

water effluents might also exert unfavourable fitness 

consequences on people and the ecosystems. Hence, 

commercial discharge of wastewater calls for right sewage 

remedy for sustainable wastewater management 

(Donkadokula et al., 2009).  

Wastewater remediation technologies have provided 

numerous green methods of waste water management; 

however excessive cost and time are needed in putting them 

to effect (Gupta et al., 2012). Recently, semiconductor  

photocatalysis emerges to be a promising technique with the 

capability of effecting degradation of diverse organic pollutants in 

wastewater when sunlight or UV-visible light is use as a source of 

irradiation (Ansari et al., 2015; Ahmed et al., 2017).  

Green-synthesized metallic nano-particles play significant 

roles in nanotechnology spanning diverse fields (Awwad et al., 

2015; Kpega et al., 2023). For instance, ZnO nanoparticles 

have been employed as an adsorbent due to their low toxicity 

and efficiency as adsorbent (Azizi et al., 2017). While the 

plant-based synthesized ZnO nanoparticles enhances metal ion 

adsorption capacity due to the chemical interactions between 

ions and functional groups of plant extracts. Previous studies 

have reported the use of Passiflora foetida extracts-ZnO 

nanoparticles to efficiently degrade both methylene blue (MB) 

and Rhodamine blue (RhB) dyes with nearly 93.25% and 

91.06% efficiency in 70 minutes (Khan et al., 2021). Likewise, 

Congo Red dye have been degraded successfully using zinc 

oxide nanoparticles. 

Green-synthesized metallic nano-particles can be produced by 

biological methods and provides an environmentally friendly 

way of synthesizing nano-particles devoid of harmful and toxic 

chemicals (Singh, 2016; Agarwal et al., 2018).  

The current study purpose is to investigate the photocatalytic 

activity of zinc oxide nanoparticles synthesized from Senna 

siamea flower extracts. Zinc oxide nanoparticles were 

synthesized through green synthesis using Senna siamea 

flower extract. The main outcome of the study is expected to 

achieve the degradation of Acid Blue Dye in synthetic 

wastewater by studying the effect of concentration, dosage and 

time using a simple photo reactor with the hope of providing a 

sustainable and eco-friendly means of acid blue wastewater 

treatment. Acid Blue Dye is an acid dye that is water-soluble, the 

second largest class of textile dyes extensively used in the 

industries due to their wide array of colour shades with the 

IUPAC name sodium 1-amino-4-anilino-9,10-dioxoanthracene-
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2-sulfonate with the chemical formula of (C20H13N2NaO5S) 

(Figure 1).  

 

Figure 1. Molecular Structure of Acid Blue 25 Dye 

Because these substances have a fused aromatic structure that 

persists for a long time, they are highly resistant to degradation 

and accumulation in soil and wastewater. As a result, there is 

a need to search for methods that prevent environmental 

pollution by these toxic substances (Moulin, 2014). 

MATERIALS AND METHODS 

Chemical substances used 

All the reagents used in this work were of analytical grade and 

were used without any further purification: zinc nitrate 

(Zn(NO3)2.6H2O, 297.49 g, 99.0%, Sigma – Aldrich) Sodium 

Hydroxide (NaOH, Sigma – Aldrich, 40 g) Hydrochloric acid 

(Sigma – Aldrich, 37% w/v) and Acid Blue 25 Dye (Kem 

Light Laboratories Pvt. Ltd., 416.4 g). 

Sample Collection, Identification and Preparation 

Senna siamea flowers were collected in the morning within the 
Faculty of Physical Sciences, and were identified at the 
Herbarium, Department of Biological Sciences, Ahmadu Bello 
University, Zaria (Figure 2). The flowers were cleaned by 
washing several times with running water and subsequently 
with distilled water. The flowers were dried for 12 days at 
room temperature, without direct sunlight, until all moisture 
was completely lost. A coarse powder was obtained from dried 
flowers by grinding, 5 g of which were boiled in 50 cm3 of 
double distilled water for 15 minutes. The cooled aqueous 
extract was filtered through Whatman No. 1 filter paper and 
stored in a refrigerator at 4 °C to remain suitable for 
experimental study. 

 

Figure 2. Image of Sienna siamea flower 

(https://tropical.theferns.info/query.php) 

Zinc oxide nanoparticles 

To 50 mL of the Sienna siamea extract was added in a conical 

flask, 5 g of zinc oxide was added to the solution. After 

reaction, mixture was further stirred by means of magnetic 

stirrer for 3 hours at 70 °C for even stirring. Then, the reaction 

mixtures were centrifuged at 4000 rpm for 10 minutes; the 

solid product suggesting the presence of ZnO-NPs 

(Jayachandran et al., 2021; Kpega et al., 2023). The solid 

products were then rinsed with distilled water and developed 

by heating at 450 °C over a period of 3 hours in a hot air oven. 

The catalyst synthesized was coded as ZnO-S.S. 

Characterization of Synthesized Zinc oxide Nanoparticles 

Transmission Emission Spectroscopy (TEM) 

A NanoMill Transmission Emission Microscope operated at 

20 kV was used to examine the internal structure of 

synthesized catalyst. Approximately 0.02 g of the sample was 

dissolved in 10 cm3 of ethanol, followed by ultra-sonication for 

5 minutes. A drop of the solution was placed on a holey-carbon 

copper grid and air dried at room temperature and thereafter 

exposed to photo light for 3 minutes. After drying, the copper grids 

with sample were mounted into the electron microscope for 

analysis.  

Thermo Gravimetric Analysis (TGA) 

TGA was employed to investigate the thermal and energy profile 

of the synthesized catalyst. A Perkin-Elmer TGA 400 device that 

is efficient at heating rate of 10 °С per minute in nitrogen (N2) 

atmosphere was employed in determining the thermal 

characteristics of the catalyst. The sample was heated up to 

950 °C. Thermal Analysis detects the interatomic and inter- or 

intramolecular interactions as related to an imposed external 

change in temperature. The nitrogen gas was set as the inert gas 

and oxygen gas as the oxidative. The gas environment was 

preselected for thermal decomposition (inert-nitrogen gas) and an 

oxidative decomposition (air or oxygen). The required flow rate 

was adjusted to provide the appropriate environment for the tests. 

The samples were then placed in the specimen holder and the 

temperature of the furnace was raised to 950 °C. The initial weight 

was set to read 100% before the heating program was initiated. 

Scanning Electron Microscopy (SEM) 

To visualize the size and surface morphology of the sample after 

modification, Scanning Electron Microscopy (SEM) was carried 

out using JEOL-JSM 7600F Scanning Electron Microscope of the 

Department of Geology, University of Ibadan, Ibadan. Mandatory 

sample preparation involves creating it, placing the sample on a 

clean carbon strap so as to ensure its visibility through the SEM 

chamber. Measures are also required to prevent charge 

accumulation and prevent contact of the sample with the detector. 

Energy Dispersive X-ray (EDX) Analysis 

Approximately 0.05 mg of the catalyst was sprinkled on a 

sample holder covered with carbon adhesive tape for 5 minutes 

prior to analysis. The sample was characterized using the JEOL-

JSM 7600F Scanning Electron Microscope equipped with EDX. 

The secondary electron mode was activated for imaging and a 

homogeneous region on the sample was identified. The 

microscope was operated with electron high tension of 20 kV for 

EDX. The illumination angle was adjusted to 150º and then the 

elemental composition of the sample was determined. 

Preparation of Reagents and Stock Solution 

Preparation of acid blue stock solution 

Acid Blue dye (0.5 g) was dissolved in a 1000 mL volumetric 

flask and made to the mark with deionized water to obtain 

500 mg/L stock solution. Working concentrations of between 

5 mg/L, 10 mg/L and 15 mg/L were prepared separately from the 

stock solution. 

Preparation of Acid Blue calibration standards 

Calibration standards of the following concentrations were 

prepared from the stock solution: 2, 4, 6, 8 and 10 mg/L. Their 

absorbance were measured at a maximum wavelength of 674 nm 

using distilled water as blank and a calibration curve of 

absorbance against concentration was plotted to obey Beer 

lambert’s law. An equation of straight line was generated in 

order to determine residual concentration of dye left for 

subsequent spectrophotometric analysis of the dye degradation. 

Photocatalytic Degradation Experiment 

The Photocatalytic activity was evaluated by batch process using 

the degradation of Acid Blue dye experiments. The reactor used
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was a Continuous Stir Tank Reactor comprising of a closed 

pyrex reactor with an outer diameter of 42.0 mm and a height 

of 210 mm and thickness 4 mm. 50 mL of the dye solution 

containing 5 mg/L of Acid Blue was added to a 100 mL beaker 

and set up on a magnetic stirrer. 50 mg of the catalyst (ZnO-S.S.) 

was added to the reactor. The pH of the aqueous dye solution 

was kept at a pH of 7.3 during the reaction using a HANNA 

4222 pH meter. The suspension was stirred by using a 

magnetic stirrer at 650 rpm at ambient temperature for 

30 minutes in the dark, after which 5 mL of the suspension was 

withdrawn to analyse the equilibrium concentration of dye in 

the solution using a JENWAY 6705 Ultra violet-Visible 

Spectrophotometer. The mixture was then exposed to UV light 

and visible light. At selected time intervals of approximately 

30 minutes over a typical 2 hours reaction time, 5 mL of the 

suspension was withdrawn with a syringe and filtered using a 

0.45 μm PTFE membrane syringe filter (Acrodisc CR13 mm) 

and then taken for analysis using JENWAY 6705 Ultra violet-

Visible Spectrophotometer. This procedure was repeated by 

varying concentration of the dye (10 mg/L and 15 mg/L) and 

varying catalyst dosage (100 mg and 150 mg) respectively. 

The percentage of the Acid Blue degraded by the catalyst was 

calculated using the equation below: 

% Degradation =
Co−Ce

Co
· 100    (1) 

where Co is the initial concentration of the Acid Blue before 
degradation, Ce is the equilibrium concentration (final 
concentration) of the dye after degradation. 

RESULTS AND DISCUSSIONS 

Characterization of ZnO-Senna Siamea Nanoparticles 

Figure 3 represents image of the Transmission emission 
microscope analysis (TEM) analysis that gives further insight into 
some noteworthy details of the formed particles. It indicates that 
ZnO-S.S. nanoparticles are small spherical particles which 
conform to the uniform spherical shape revealed in the SEM 
analysis. The result was consistent with the previously reported 
study of change in the morphology of ZnO nanoparticles upon 
changing the reactant concentration by Borghei and Taleshi 
(2012). 

 

Figure 3. Transmission electron microscope  

of ZnO-S.S. nanoparticles (100 nm) 

Figure 4 unveils the TGA- DTA of ZnO-S.S., it measures the 

mass of a sample as it is submitted to a selected temperature 

program in a defined atmosphere.  

 

Figure 4. TGA- DTA of ZnO-S.S. nanoparticles 

TGA reveals the thermal stability and percentage weight loss 

of the ZnO nanoparticle. There was 2% loss of weight as the 

temperature increased from 50 °C to 100 °C most likely due to 

loss of water of crystallization (moisture content). The sample 

also demonstrated thermal stability as the temperature 

increased from 100 °С to 250 °С. This is most possibly due to 

the loss of organic volatile matter during heating. As 

temperature increases from 250 °C to 460 °C, there was a 

significant weight loss of approximately 88% likely due to 

decomposition of the oxygen in the nanoparticles that might 

lead to the collapse of the spherical matrix. High thermal 

stability was obtained as temperature increases from 600 °C 

to 846.9 °C with an insignificant weight loss in contrast to the 

improved thermal constancy recorded for ZnO Passiflora foetida 

nanostructure after 400 °C (Khan et al., 2021). The weight of 

residue is about 5% while the sharp peak as temperature 

increases from 480 °C to 490 °C shows that the reaction is 

endothermic and occurred rapidly. 

The Scanning electron microscope (SEM) analysis 

of ZnO-S.S. displayed in Figure 5, like the TEM also confirms 

that the nanoparticles are spherical in shape and uniformly 

distributed. This is consistent with previously reported study of 

Sayilkan and Emre (2016). SEM is a surface imaging method 

conducted to unveil surface morphology (Zhang, 2016). 
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Figure 5. Scanning Electron Microscope  

of ZnO-S.S. nanoparticles (×9000) 

To determine the elemental composition, atomic weight 

percentage and purity of the ZnO-S.S., The Energy dispersive 

X-ray (EDX) analysis of the synthesized ZnO-S.S. 

nanoparticles displayed in Figure 6 reveals the elemental 

composition and atomic weight percentage as C (4.8%), 

O (11%), S (6%) and Zn (78.2%) evidenced with a high peaks 

of Zn and O indicating the formation of ZnO nanoparticles while 

low peaks implies other components (C and S) or impurities 

present. Thereby, verifying the purity of ZnO nanoparticles. 

Similar result was obtained by Rajeshkumar et al. (2018) where 

they synthesized a pure form of nanoparticle clearly depicted 

through EDX imaging. 

 

Figure 6. Elemental composition of ZnO-S.S. nanoparticles 

(EDX) 

Photocatalytic degradation of Acid Blue Dye solution 

under visible irradiation 

The percentage degradation of 5 mg/L Acid Blue Dye by 

means of visible light alongside 50 mg, 100 mg, and 150 mg 

ZnO-S.S. presented in Figure 6 followed the same pattern of 

increase with time. Evidently, the chart shows the 100 mg and 

150 mg doses of ZnO-S.S. have the best percentage 

degradation of Acid Blue Dye by 97% at 150 mins. Even 

though initial increase in the dosage of the catalyst from 

100 mg to 150 mg leads to turgidity hence reduces the 

efficiency of the initial degradation of the dye pollutant. This 

removal is comparable to the 97% efficiency of the 

degradation of Congo red dye within 2 hours at pH = 8 ZnO 

rod nanoparticle (Molahasani, 2019). 

 

Figure 6. Effect of catalyst dosage 

(concentration = 5 mg/L, pH = 7.3) 

In the degradation of 10 mg/L of the dye with 50 mg, 100 mg 

and 150 mg dose of ZnO-S.S., removal increases with time as 

demonstrated in Figure 7, the best dye removal efficiency of 

99% was record at 150mins using 150 mg ZnO-S.S. This was 

quite greater than the 84% highest removal efficiency of acid 

blue 29 dyes on utilization of CdS-TiO2 nanocomposites catalyst 

over a period of 90 minutes by visible light (Qutub et al., 2022). 

Therefore very clearly, this also implies that the 150 mg of 

ZnO-S.S. nanoparticles gave better removal efficiency than the 

other two doses of 50 mg and 100 mg respectively. The 

percentage degradation increased with increase dosage which 

could be due to availability of bonding sites in the solution 

(Mashael & Murefah, 2018). 

 

Figure 7. Effect of catalyst dosage 

(concentration = 10 mg/L, pH = 7.3) using 

Figure 8 also shows similar trend with 97% as the highest dye 

percentage removal efficiency at 150 mins using 150 mg of  

ZnO-S.S. This is comparable with the 97% removal efficiency 

of acid blue 113 dye by ZnS/TiO2 nanocomposite at the optimum 

condition of 0.5 g dosage and a pH of 6.2 (Almhana et al., 2022). 

The concentration of dye degraded increased as dosage decreases 

and this could be due to availability of saturated bonded sites in 

the solution. The observation follows Beer–Lambert law, wherein 

the increase in the initial dye concentration decreases the path 

length of the photons entering the solution, resulting in lowering 

the photon on the catalyst particles, which causes the photo-

degradation rate to be lower (Mashael & Murefah, 2018). 

Photocatalytic Degradation Kinetics of Acid Blue Dye 

Solution 

In order to have a comprehensive understanding of the 

degradation process, Kinetic studies were carried out for the 

photocatalytic degradation of acid blue dye with time (30-mins 

interval) for 50 mg, 100 mg and 150 mg doses of ZnO-S.S. 

catalyst in the presence of visible light.  
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Figure 8. Effect of catalyst dosage 

(concentration = 15 mg/L, pH = 7.3) 

The variations in concentration due to degradations were fitted 

into pseudo first order and second order kinetic models 

respectively. The kinetic data generated from the various 

models are presented in Table 1. 

Table 1. Kinetic parameters for photocatalytic degradation 

of Acid Blue Dye solution 

Dye 

concentration 

(mg/L) 

First order Second order 

5 R² = 0.8748 R² = 0.7693 

 k1 = 0.0174 (min-1) k2 = 0.1072 

(g/mg/min) 

 Qm = 5.3832 

(mg/g) 

Qm = 0.1907 

(mg/g) 

   

10 R² = 0.9523 R² = 0.8295 

 k1 = 0.0198 (min-1) k2 = 0.1233 

(g/mg/min) 

 Qm = 6.8090 

(mg/g) 

Qm = 0.4056 

(mg/g) 

   

15 R² = 0.8967 R² = 0.7821 

 k1 = 0.0149 (min-1) k2 = 0.1385 

(g/mg/min) 

 Qm = 9.9342 

(mg/g) 

Qm = 0.4836 

(mg/g) 

Based on the highest value of regression coefficients (R²) 

obtained (William et al., 2019; Yerima et al., 2023), the 

photocatalytic degradation of 5 mg/L, 10mg/L and 15 mg/L 

of acid blue dye solution best fits the pseudo first order kinetics 

R² = 0.8748 to R² = 0.9523 and at the rate constant of 

k1 = 0.0174 (min-1) to k1 = 0.0198 (min-1) respectively. First 

order kinetics implies that the rate of acid blue dye degradation 

in the waste water was proportional to the concentrations of 

the ZnO-S.S. catalyst (McMartin et al., 2012). 

CONCLUSION  

This study confirms the photocatalytic degradation of Acid Blue 
dye by ZnO-S.S. nano-particle synthesized from Senna siamea 
flower extract as a useful and economic catalyst for waste water 
treatment with 97% to 99% efficiency. The study reveals that the 
synthesized ZnO-S.S. nano-particle exhibited appreciable purity 
and good photocatalytic properties suitable for an enhanced 
degradation process of contaminants in waste water. The 
degradation trend of acid blue dye contaminant increases 
proportionately with increase in catalyst dose in the case of 
10 mg/L and 15 mg/L concentrations. The optimum dose of 
ZnO-S.S. nano-particle for degradation of the acid blue dye 
contaminant was 150 mg with removal efficiencies of 99% 
(150 minutes) and 97% (150 minutes) for 10 mg/L and 15 mg/L 
concentrations respectively following the pseudo first order. 
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