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ABSTRACT

The discharge of synthetic dyes from textile and other industries colours water
bodies and resists conventional treatment, and heterogeneous photocatalysis
using semiconductor nanoparticles offers a means of degrading such dyes into
harmless products using light. This paper reports the photocatalytic
degradation of methylene blue dye using zinc oxide nanoparticles under solar
irradiation. The degradation was studied as a function of irradiation time,
with and without the catalyst, and the effects of the catalyst dose were
examined, while the reaction kinetics were analysed. The results show that the
dye was degraded efficiently in the presence of the zinc oxide catalyst under
sunlight, with the degradation far exceeding that by photolysis alone, that the
degradation increased with catalyst dose up to an optimum beyond which it
declined slightly, and that the degradation followed pseudo-first-order
kinetics. The study demonstrates that zinc oxide nanoparticles are an effective
photocatalyst for the solar degradation of methylene blue and discusses the
factors governing the process.
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INTRODUCTION

Synthetic dyes are used in large quantities by the textile, leather, and related industries, and
their discharge into water bodies is a significant source of pollution, imparting colour,
reducing light penetration, and resisting conventional biological treatment (5, 6). Effective

methods for their removal are therefore needed.

Heterogeneous photocatalysis using semiconductor nanoparticles has emerged as an
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advanced oxidation process capable of degrading dyes into harmless products such as carbon
dioxide and water, driven by light (1, 2). Zinc oxide is an attractive photocatalyst for this

purpose, being efficient, inexpensive, and able to use sunlight (4, 8).

This paper reports the photocatalytic degradation of methylene blue dye using zinc oxide
nanoparticles under solar irradiation. The effect of irradiation time, the role of the catalyst,
the influence of catalyst dose, and the reaction kinetics are studied to evaluate the process (3,
9).

LITERATURE REVIEW

The principles and environmental applications of semiconductor photocatalysis have been
reviewed comprehensively, beginning with the demonstration that illuminated
semiconductors can drive chemical reactions (1, 2). The photocatalytic degradation of dyes

proceeds through the generation of reactive species that oxidise the dye molecules (3, 10).

Both titanium dioxide and zinc oxide have been widely studied as photocatalysts, with zinc
oxide showing comparable or superior activity for some dyes and the advantage of absorbing
a broader range of solar radiation (4, 8). The parameters affecting the process, including
catalyst dose, dye concentration, and pH, and the kinetics of degradation, have been
extensively examined (5, 6, 7, 9).

Factors in Photocatalytic Degradation

The literature identifies several factors that govern the photocatalytic degradation of dyes (5,
6, 7). The principal ones considered here can be summarised as follows:

e The presence of the semiconductor photocatalyst.

e The irradiation time and light source.

e The catalyst dose, which provides active sites.

e The generation of reactive species that oxidise the dye.

e The reaction kinetics, commonly pseudo-first-order.

RESEARCH GAP
Although the photocatalytic degradation of dyes is well studied, concise investigations that

compare degradation with and without the catalyst, examine the effect of catalyst dose, and
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analyse the kinetics together remain useful for demonstrating the process clearly under solar

irradiation.

This study addresses that need by degrading methylene blue with zinc oxide nanoparticles

under sunlight and evaluating these aspects.

OBJECTIVES

e To degrade methylene blue dye photocatalytically using zinc oxide nanoparticles under
solar irradiation.

e To compare the degradation with and without the photocatalyst.

e To study the effect of catalyst dose on the degradation.

e To analyse the kinetics of the degradation reaction.

e To assess the effectiveness of zinc oxide as a solar photocatalyst.

METHODOLOGY

Aqueous solutions of methylene blue were treated with zinc oxide nanoparticles and exposed
to sunlight, and the concentration of the dye was monitored over time from its absorbance.
Experiments were conducted with and without the catalyst and at several catalyst doses, and

the kinetics were analysed (3, 5).

Photocatalyst and Experimental Conditions

Zinc oxide nanoparticles were dispersed in methylene blue solution of known concentration,
and the mixture was stirred and exposed to sunlight. Samples were withdrawn at intervals and
their absorbance measured to follow the dye concentration, with control experiments

performed without the catalyst, as summarised below (4, 8).

Table 1: Photocatalyst and Experimental Conditions

Parameter Value
Photocatalyst Zinc oxide nanoparticles
Dye Methylene blue
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Initial dye concentration 10 mg/L
Catalyst dose 0.5t02.0g/L
Light source Solar irradiation
Irradiation time Up to 120 min

Kinetic Analysis

The degradation efficiency at each time was calculated from the decrease in dye
concentration, and the kinetic data were fitted to a pseudo-first-order model by plotting the
logarithm of the relative concentration against time. The rate constant was obtained from the

slope, and the effect of catalyst dose on the rate was examined (3, 9).

RESULTS AND FINDINGS

The degradation of methylene blue as a function of irradiation time, with and without the zinc
oxide catalyst, is shown in Figure 1. In the presence of the catalyst the dye was degraded
efficiently under sunlight, whereas without the catalyst only slight fading occurred,
demonstrating the photocatalytic nature of the process (2, 4).

Photocatalytic Degradation of Methylene Blue under Solar Irradiatiol
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Figure 1: Degradation of Methylene Blue with and without the Zinc Oxide Catalyst

27 I Page 24-31 © MANTECH PUBLICATIONS 2026. All Rights Reserved




MANI ECH Journal of Research in Applied Chemistry

Publications Volume 9, Issue 1, January-June 2026

Table 2 reports the effect of catalyst dose on the degradation and rate constant, and Table 3
compares the degradation under different conditions with the kinetic fit. The degradation

increased with catalyst dose up to an optimum, and followed pseudo-first-order kinetics.

Table 2: Effect of Catalyst Dose on Degradation

Catalyst Dose (g/L) Degradation at 120 min (%) | Rate Constant k (per min)
0.5 82 0.0142
1.0 96 0.0258
1.5 93 0.0231
2.0 88 0.0198

Table 3: Degradation under Different Conditions

Degradation at 120 min

Condition Kinetic Fit (R"2)
(%)
Photolysis (no catalyst) 28 0.95
ZnO photocatalysis
) 96 0.992
(optimum dose)
Dark adsorption (no light) 12 0.93

DISCUSSION

The results confirm that zinc oxide nanoparticles are an effective photocatalyst for the
degradation of methylene blue under sunlight. The far greater degradation in the presence of
the catalyst than by photolysis alone demonstrates that the process is genuinely
photocatalytic, the illuminated zinc oxide generating reactive species that oxidise the dye,
while the small degradation without catalyst and the limited dark adsorption confirm the

central role of the illuminated catalyst (2, 4, 10).
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The increase in degradation with catalyst dose up to an optimum reflects the greater number
of active sites and reactive species available as more catalyst is added; beyond the optimum,
the slight decline is attributed to increased turbidity and scattering of light, which reduce the
effective illumination, a well-documented effect (5, 7). This identifies an optimal catalyst

loading for efficient degradation.

The good fit of the data to a pseudo-first-order model is consistent with the kinetics
commonly reported for the photocatalytic degradation of dyes at low concentration (3, 9).
Together the results demonstrate that zinc oxide nanoparticles, using freely available
sunlight, provide an effective and economical route to the degradation of methylene blue,

with practical relevance to the treatment of dye-bearing effluents (6, 8).

CONCLUSION

This study demonstrated the photocatalytic degradation of methylene blue dye using zinc
oxide nanoparticles under solar irradiation. The dye was degraded efficiently in the presence
of the catalyst, far exceeding photolysis alone, the degradation increased with catalyst dose
up to an optimum beyond which it declined slightly, and the reaction followed pseudo-first-

order kinetics.

The findings establish zinc oxide nanoparticles as an effective and economical photocatalyst
for the solar degradation of methylene blue, harnessing freely available sunlight. The process

offers a promising route for the treatment of dye-bearing wastewater.

LIMITATIONS

e A single dye and photocatalyst were studied.

e Solar irradiation varied with natural conditions.

e The effects of pH and initial dye concentration were not examined in depth.

e Catalyst recovery and reuse were not assessed.

FUTURE SCOPE
e Evaluation of additional dyes and photocatalysts.
e Study of the effects of pH and initial concentration in detail.

e Investigation of catalyst recovery, reuse, and stability.
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e Use of doped or composite catalysts to enhance activity.

e Assessment of degradation of real textile effluents.

REFERENCES

1.

10.

Hoffmann, M. R., Martin, S. T., Choi, W., & Bahnemann, D. W. (1995).
Environmental applications of semiconductor photocatalysis. Chemical Reviews,
95(1), 69-96.

Fujishima, A., & Honda, K. (1972). Electrochemical photolysis of water at a
semiconductor electrode. Nature, 238(5358), 37-38.

Konstantinou, I. K., & Albanis, T. A. (2004). TiO2-assisted photocatalytic
degradation of azo dyes in aqueous solution: kinetic and mechanistic investigations.
Applied Catalysis B: Environmental, 49(1), 1-14.

Daneshvar, N., Salari, D., & Khataee, A. R. (2004). Photocatalytic degradation of azo
dye acid red 14 in water on ZnO as an alternative catalyst to TiO2. Journal of
Photochemistry and Photobiology A: Chemistry, 162(2-3), 317-322.

Akpan, U. G., & Hameed, B. H. (2009). Parameters affecting the photocatalytic
degradation of dyes using TiO2-based photocatalysts: a review. Journal of Hazardous
Materials, 170(2-3), 520-529.

Chong, M. N., Jin, B, Chow, C. W. K., & Saint, C. (2010). Recent developments in
photocatalytic water treatment technology: a review. Water Research, 44(10), 2997-
3027.

Kansal, S. K., Singh, M., & Sud, D. (2007). Studies on photodegradation of two
commercial dyes in aqueous phase using different photocatalysts. Journal of
Hazardous Materials, 141(3), 581-590.

Lee, K. M., Lai, C. W., Ngai, K. S., & Juan, J. C. (2016). Recent developments of
zinc oxide based photocatalyst in water treatment technology: a review. Water
Research, 88, 428-448.

Houas, A., Lachheb, H., Ksibi, M., Elaloui, E., Guillard, C., & Herrmann, J. M.
(2001). Photocatalytic degradation pathway of methylene blue in water. Applied
Catalysis B: Environmental, 31(2), 145-157.

Gaya, U. I., & Abdullah, A. H. (2008). Heterogeneous photocatalytic degradation of
organic contaminants over titanium dioxide: a review. Journal of Photochemistry and
Photobiology C, 9(1), 1-12.

30

I Page 24-31 © MANTECH PUBLICATIONS 2026. All Rights Reserved



MAN' ECH Journal of Research in Applied Chemistry

Publications Volume 9, Issue 1, January-June 2026

*Author for Correspondence
Sachin Mane

E-mail: sachin.mane5987@gmail.com

LAssociate Professor, Department of Chemistry, Panchganga Institute of Technology,
Kolhapur, Maharashtra

2Assistant Professor, Department of Chemistry, Panchganga Institute of Technology,
Kolhapur, Maharashtra

3Research Scholar, Department of Applied Chemistry, Krishna Valley College of
Engineering, Karad, Maharashtra

“Assistant Professor, Department of Applied Chemistry, Krishna Valley College of
Engineering, Karad, Maharashtra

Received Date: June 04, 2026
Accepted Date: June 12, 2026
Published Date: June 13, 2026

Citation: Sachin Mane, Vaishali Shinde, Akshay Salunkhe, Pournima Bhosale.
Photocatalytic Degradation of Methylene Blue Dye Using Zinc Oxide Nanoparticles
under Solar Irradiation. Journal of Research in Applied Chemistry. 2026; 9(1): 24-31p.

31 I Page 24-31 © MANTECH PUBLICATIONS 2026. All Rights Reserved



