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A B S T R A C T

The primary issue related to industrialization is that environmental pollution contributes to human health 
hazards. One significant cause of environmental contamination is the usage of various dyes in industries. In this 
context, photocatalysis plays a significant role due to its inherent nature. The cost-effective gel matrix method 
synthesized two distinct phases of calcium vanadate. The prepared vanadates’ phase formation, crystallinity, 
optical properties and elemental composition were investigated using X-ray Diffraction (XRD), Raman spec-
troscopy, UV–visible spectroscopy and X-ray Photoelectron Spectroscopy (XPS). The band gap calculation was 
done from the Tauc plot using the UV absorbance studies. The morphology of the synthesized vanadates was 
examined using Scanning Electron Microscopy (SEM). Employing methylene blue (MB) as a model dye, the dye 
degradation illustrated the photocatalytic activity of synthesized semiconductor photocatalyst by irradiating 
visible light. The degradation efficiency of Ca2V2O7 is 97 % within 4 h, which can be used for removing the dyes 
from the waste waters.

1. Introduction

The worldwide water resources have been heavily exploited due to 
the development of various industries and rapid population growth. 
Serious ecological and environmental problems arise from the untreated 
release of wastewater from industries which release hazardous dye 
compounds into river streams and lakes. Numerous water treatment 
approaches following chemical, physical or biological processes have 
been developed to address this problem [1]. The conventionally used 
techniques merely transfer pollutants to a different phase or produce 
secondary pollutants, necessitating additional treatment and having an 
expensive and time-consuming operating process [2]. Recently, the 
advanced oxidation process (AOP) has emerged as a viable technology 
for treating contaminants in water [3]. Typically, AOP employs 
extremely active species that initiate a chain of events that convert 
contaminants into harmless compounds. Photocatalysis, an advanced 

oxidation process, has garnered significant interest in water purification 
due to its easy operating parameters, environmental friendliness, lack of 
waste byproducts, and complete degradation [4,5]. It is a sustainable 
process with ease and efficacy that can effectively eliminate/degrade 
harmful compounds from pollutant water [6–9], including organic 
pollutants such as rhodamine B, methyl red, congo red, methylene blue, 
methyl orange, and others from dye effluent [10–12]. Photocatalysts 
with specific morphologies have enormous applications for degrading 
hazardous contaminants from industrial effluent [13]. The desired 
photocatalysts should have excellent crystallinity, ease of handling, 
relatively inexpensive, non-toxicity, large surface area, low-cost appli-
cation, and not release noxious or fatal by-products [14]. Photocatalysts 
with thermal/photochemical stability, best band gap, recyclability, and 
catalytic activity are required to degrade the dyes or contaminants [15]. 
The advanced oxidation process (AOP), which uses semiconductor 
photocatalysts to remove natural contaminants from wastewater, has 
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Where C denotes the intensity of the absorption peak of Methylene blue 
samples at a specific time t (mg L− 1), C0 is the intensity of the absorption 
peak of samples at initial time t0 (mg L− 1), k is the rate constant (min− 1) 
and t is the light irradiated time (min) [45]. Fig. 9 represents the kinetic 
plot between the logarithm of the concentration ratio (ln (C0/C)) and 
irradiation time (t). A linear, continuous line was observed for the 
degradation of MB dye with an R2 value of 0.993 and 0.997 for CaV2O6 
and Ca2V2O7, respectively, indicating that the degradation reaction 
follows pseudo-first order kinetics as the correlation constant R2 > 0.95. 
The degradation rates of the reaction corresponding to CaV2O6 and 
Ca2V2O7 were found to be 0.7631 h-1 and 0.9035 h − 1, respectively. The 
result also indicates that with a higher rate of degradation, Ca2V2O7 has 
degraded the dye effectively, which agrees with the corresponding 
degradation efficiency results.

4. Conclusion

This study used a facile sol-gel method to synthesize two different 
phases of calcium vanadates (CaV2O6 and Ca2V2O7). The monoclinic 
and triclinic crystal structure and the formation of the phases were 
confirmed using XRD analysis. The vibrational modes of the material 
and the optical properties were investigated using Raman and UV–vi-
sible analysis. XPS analysis affirms the presence of all elements, thereby 
confirming the particle formation. The rod structure of the synthesized 
calcium vanadate particles was confirmed using SEM analysis. Photo-
catalytic activity carried out to examine the degradation of dye using the 
prepared Ca2V2O7 catalyst, shows degradation efficiency of about 97 % 
in 4 h than CaV2O6.
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