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Abstract
In this study, Zn-doped calcium silicate (Zn-WO) materials were successfully 
synthesized. As precursors, Ca (OH)2, SiO2, and ZnO were utilized, then 
the hydrothermal experiment was conducted for 6 hours at 1050°C. In this 
work, the behavior of two groups of raw materials exposed to isobaric and 
same temperature circumstances is described. The synthesized sample 
was examined using XRD, SEM, EDAX, BET, and UV-Vis spectroscopic 
techniques to understand the adsorbent's physicochemical characteristics, 
and the adsorbent's performance was evaluated. The energy band gap of 
2.70 eV and 2.62 eV with the surface area calculated by BET of 92.4 m2/g 
and 112.6 m2/g for Zn-WO-1 and Zn-WO-2 respectively were found in this 
research. After 150 minutes of Zn-WO-1 and Zn-WO-2, the maximum amount 
of degradation by absorption under dark and sunlight photocatalytic activity 
compared with the two synthesized samples, 88.4% and 92.3% of methylene 
blue and 80.9% and 85.3% of methyl orange, took place.
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Introduction
Aquatic pollution, in one form or another, is one 
of the greatest warning threats to our ecosystem.  
In comparison to pollutants like metal ions, dyes, and 
sprays of insecticide, dye pollution causes the most 
harm to the ecosystem.1 It has also been reported 
in a scathing review of textile wastewater.2 Because 
of its benefits, including high efficacy, cheap cost, 
simplicity of design, and non-generation of harmful 
compounds, the adsorption process has been used 
successfully to remove pollutants among the many 

removal procedures.3,4,5 Under UV light irradiation, 
the nanostructured semiconductors may effectively 
destroy a variety of organic contaminants.6 The quick 
recombination of photogenerated electrons and 
holes results in a low quantum yield, which makes 
it extremely difficult to increase the photocatalytic 
activity of semiconductors to satisfy the needs  
of workable applications.7 To assess the metal oxide 
catalytic activity of nanomaterials, the breakdown 
of organic dyes in an aqueous solution, such as 
methylene blue (MB) and methyl orange (MO),  
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is frequently utilized for probe reaction.8,9 Because 
of its benefits, the adsorption process has been 
effectively used to remove pollutants among a variety 
of removal approaches.10

CaSiO3 is a composition of wollastonite that can be 
either natural or synthetic. Since the Hench discovery, 
many biomaterials have become increasingly popular 
as highly anticipated biomaterials for orthopedic 
surgery, especially calcium silicate (Wollastonite) 
and bioactive glass-based materials.11,12 Wollastonite 
is a polymeric material that crystallizes in two 
different mineral forms, one at low temperatures 
where it forms a chain silicate, and the other at high 
temperatures where it forms a triclinic lattice.13 Silicon 
is a crucial trace element that has demonstrated an 
encouraging role in the premature development of 
bones. CaSiO3 has undergone substantial research 
to be used as dental roots and artificial bones. Since 
then, CaSiO3 has become more and more popular 
in the therapeutic setting, particularly in orthopaedic 
surgery and drug delivery.14,15,16 Generally solid-state 
and sol-gel methods were previously employed 
to synthesize the wollastonite, the formation of 
crystallite can be effectively aided by hydrothermal 
processes carried out in an autoclave.17 Solid-state 
reactions are the most widely utilized of the above 
practical procedures because they are non-toxic, 
ecologically acceptable, solvent-free, waste-free 
synthetic routes unlike other chemical methods, 
and economical.18 Numerous efforts have been 
made to understand the photocatalytic destruction 
of organic molecules by ZnO.19 Ideal photocatalysts 
have tuneable characteristics like band gap 
reduction for absorption and doping. They also 
have a large surface area with broad absorption 
spectra, are inexpensive, and are safe.20 Zinc oxide 
nanostructure reduces charge recombination and 
boosts the efficiency of absorption under sunlight.21 
Considering that morphology actively participates 
in catalytic actions that affect the separation  
of the transfer of photogenerated charges, band 
gap structure.22 In this paperwork, hydrothermal 
synthesis of fibrous ZnO doped wollastonite was 
achieved, and the degradation of MB and MO was 
compared under sunlight. The degradation process 
can be used at any time and on any sunny day 
because it is quick, inexpensive, non-toxic, and 
light-independent.

Materials and Method
Synthesis
Preliminary preparation of Zn-doped wollastonite
The basic preparation was done by magnetic stirrer 
with two major chemicals Calcium Hydroxide (M.W-
74.09 g/mol) + Silicon hydroxide colloidal hydrate 
(M.W-60.08 g/mol) with suitable stoichiometry placed 
in a beaker mixed with the 200ml distilled water 
before preparing this solution calcium hydroxide and 
Zinc oxide was mixed in different ratios as follows.

•	 Ca (OH)2 and ZnO in the percentage of 45% 
and 5% respectively, this solution was mixed 
with 50% of SiO2.

•	 Ca (OH)2 and ZnO in the percentage of 40% 
and 10% respectively, this solution was mixed 
with 50% of SiO2.

These two ratios solution was placed in the two 
separate beakers placed on the magnetic stirrer. The 
beaker was heated at a temperature of 450C and 
stirred in a magnetic stirrer for 3 days aging to mix 
well and to prepare the precursor. The compound 
solution was ready to synthesize under hydrothermal 
conditions.

Hydrothermal Synthesis
The chemicals used for the syntheses are commercial 
reagent grade used for the modification of fibrous 
wollastonite rather than other commercial variety 
crystals. The experiment was carried out with 
suitable stoichiometry of chemicals at 10500C 
temperature and an isobaric condition of 1.01325 
bar atmospheric pressure. The compounds were 
placed in Teflon-lined two different autoclaves to 
treat under hydrothermal conditions. After aging 
for reaction time, the compound placed inside the 
oven was cooled down by quenching with water to 
arrest the reaction and removed from the autoclaves.  
The resultant product was dried at 600C before it 
was filtered by Whatman filter paper to remove the 
water content in the samples. The double distilled 
water was used to wash the product and dried it at 
room temperature. The resultant product was ready 
for characterization as 5% Zn-dopped wollastonite 
as Zn-WO-1 and 10% Zn-dopped wollastonite  
as Zn-WO-2.



216ABHIJIT & KUMAR, Curr. World Environ., Vol. 18(1) 214-222 (2023)

Characterization
SEM was used to examine the morphology of heated 
materials. Employing a Rigaku Smart Lab II (Cu K 
radiation, = 1.5414 ̊ A) X-ray diffract meter and EDAX 
measurement. A Sorptomatic 1990 instrument's the 
BET method used for surface area measurements. 
At liquid nitrogen temperature, measurements  
of desorption and adsorption were made using 
nitrogen gas. While BET surface area and pore 
volume were calculated using conventional software, 
pore size distribution and volume were examined 
using the Barrett-Joyner-Halenda (BJH) approach, 
and the diffuse-reflectance spectra of nanoparticles 
were measured in the UV-visible wavelength range.

Photocatalytic Degradation Experiments
To analyze the Zn-doped wollastonite photocatalytic 
activity, MB and MO dyes were employed. This 
procedure involved mixing of aqueous solution 
separate 200 ml of MB and MO (10 mg/L) with  
a produced solution that was then added with 20, 

40, 60, and 80 mg of Zn-WO as a photocatalyst 
treated under darkness for 10, 20, and 30 minutes 
and continuously stirred to observe absorption.  
By employing a UV-Visible Spectrophotometer, the 
photocatalytic property of Zn-wollastonite was lastly 
examined during various times, such as 30, 60, 90, 
and 120 minutes under sunlight.

Result and Discussion
XRD
The powder diffraction XRD peaks patterns  
of Zn-WO-1 and Zn-WO-2 obtained at two different 
samples, with reference to the JCPDS No: 00-27-
0088 reveal that the sample was β-Wollastonite. The 
mineral shows a triclinic crystal system (α≠β≠γ≠900) 
cell parameters were a=10.137 Å, b=11.092 
Å, c=7.3249 Å, Volume of Unit cell=795.92 Å3.  
Both samples showed a high degree of crystallinity. 
Figure 1 shows the peaks of the Zn-WO-1 and  
Zn-WO-2 sample XRD patterns.

Fig. 1: XRD pattern of Zn-WO-1 and Zn-WO-2 samples.

SEM
 A morphology study is the main aim of this paper 
was conducted through SEM. The Zn-WO-1 and 
Zn-WO-2 samples are crystallites in a fibrous habit. 
In figure 2 samples showed crystals are thin wires 
with a width size of less than 1 μm. To understand the 
powdered samples’ size and shape, SEM provides 
topological information. The Zn-WO-2 mineral 
synthesized shows good fibrous structures when 
compared with Zn-WO-1.

EDS
The graph of the Zn-WO-1 and Zn-WO-2 samples 
analysis provides a bulk composition as shown in 
figure 3 with tables 1 and 2. The percentage of weight 
for Zn, Ca, Si & O was tabulated. The elemental 
concentration of stoichiometry composition was 
used in the experiment and proved by the analysis 
after the formation of the crystal. In figure 3 we can 
observe the element identified as most abundant in 
the samples is oxygen, which has the highest weight 
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percent of 57.3 in Zn-WO-1 and the lowest weight 
percent of 54.4 in Zn-WO-2. Si was 18.3 and 16.4 
in Zn-WO-1 and Zn-WO-2 respectively. Ca was 19.8 
and 19.5 in Zn-WO-1 and Zn-WO-2 respectively. Zn 

was an important element and is present in greater 
amounts in Zn-WO-2 (9.7 weight percent) than in 
Zn-WO-1 (4.6 weight percent).

Fig. 2: SEM images of a) Zn-WO-1 and b) Zn-WO-2 samples.

Bet Surface Area Analysis
N2 adsorption isotherm analysis was used to 
determine BET surface area. Zn-WO-1 and Zn-
WO-2 had excellent BET surface area. Figure 4 
shows the N2 sorption-desorption isotherms of the 
Wollastonite, according to the IUPAC classification 

the material was mesoporous. Although the pore 
volume and average pore size were calculated by 
the BJH method.23 The pore size is quite close to 
the mesoporous size; thus, it can be regarded as 
microporous. Data is tabulated in table :3

Fig. 3: EDS mapping of a) Zn-WO-1 and b) Zn-WO-2 samples.
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Table 3: BET Surface area analysis

Sample Name 	 Mineral Surface	 Pore Volume	 Pore Diameter
	 Area (m2 /g)	 (cm3 /g)	 (nm)

Zn-WO-1	 92.4	 0.112	 6.0
Zn-WO-2	 112.6	 0.132	 9.0

Fig. 4

UV-Vis Studies
Photocatalytic activity is greatly influenced by a 
photocatalyst's optical quality and energy band 
structure.24 The Tauc plot for calculating the optical 
bandgap energies and UV studies of Zn-WO-1 
and Zn-WO-2 is shown in figure 5a. In the UV 
and visible areas, the spectra of all the materials 
exhibit considerable absorption. While Zn-WO-1 
and Zn-WO-2 had a similar absorbance profile with 
maximum absorption.

(αλν) = Α(ℎν ― Eg)1 ∕ 2	 ...(1) 

Where A is proportional constant , h is the Planck 
constant, ν  frequency, α is the absorption coefficient, 
and Eg is the bandgap energy. The value of the 
optical energy bandgap is obtained by extrapolating 
the Tauc plot graph of (αλν)2 against hν. The band 
gap as shown in figure 5b values were 2.70 eV and 
2.62 eV for Zn-WO-1 and Zn-WO-2 respectively

Photocatalytic Degradation of MB and MO
Zn-WO particles further lowered the content 
of methylene blue under sunlight before it was 
treated under darkness. To create an equilibrium 
between photocatalysts and the dye, the reaction 
solution was agitated in the dark for 30 minutes.  
The suspension was then continuously stirred while 
being exposed to sunshine.25 Using a UV-Visible 
spectrophotometer, the concentrations of MB and 
MO were determined at different time intervals 
and calculated the percentage by equation (2). 
Zn-WO-1 and Zn-WO-2 were utilized to maintain 
absorption-desorption equilibrium showing 24.8% 
and 28.4% of MB, 10.2% and 16.4% of MO dye 
degradation by absorption under dark. The Zn-WO 
was a photocatalyst for 120 minutes, Zn-WO-1 and 
Zn-WO-2 show the concentration of MB dye was 
degraded up to 88.4% and 92.3% of MO dye was 
degraded up to 80.9% and 85.3% respectively was 
plotted in figure 6a.
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v = (1 − C/Co) * 100	 ...(2)

The solution's concentrations before (Co) and 
after (C) irradiation with respect to t min, Co and C 
are the concentrations of the solution before and 

following irradiation for the duration t in minutes, 
and the kinetic rate constant is K. Both samples are 
comparable with the pseudo-first-order kinetic model 
R2 values for the linear plot of ln (C/Co) with a time 
greater values than 0.9. (Figure 6b).

Fig. 5: (a) Uv Studies, (b) Tauc plot of Zn-WO-1 and Zn-WO-2 samples

Material Reusability and pH Observation
The study was conducted for Zn-WO-1 and 
Zn-WO-2 as these nanoparticles have shown 
good photocatalytic activities under UV light.  
For the reusability investigation, after each cycle, 
nanoparticles were separated by centrifugation, 
dried at 60 0C for an hour, and then used for 
the following cycle. ZnO in the SiO2 structure, 
which facilitates effective electron transfer during 

photosynthesis due to various oxidation states 
increased efficiency for Zn-WO. Even after five 
cycles of use, nanoparticles maintain good stability 
and efficiency, virtually matching the performance 
of photocatalysts studied here shown in figure 7 b. 
The ph observed here shows maximum degradation 
occurs at ph 8 further increasing ph reduces the 
degradation capacity shown in figure 7 a.	

Fig. 6: Degradation of MB and MO. a) Photocatalytic activity. b) The pseudo-first-order 
kinetic model of Zn-WO-1 and Zn-WO-2 samples
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Fig. 7: Degradation of MB and MO. a) pH, b) Degradation Cycles of Zn-WO-1 and Zn-WO-2 sample.

Conclusion
The unique fibrous habit solid-state Zn doped 
wollastonite composites were successfully 
synthesized in a simple and inexpensive technique 
with the isobaric and isothermal conditions. XRD 
confirmed the production of Zn-WO nanoparticles. 
SEM analysis of the morphology shows that the 
sample contains fibrous wollastonite with a rougher 
surface. The BET method displays a large surface 
area and excellent pore diameter of 6.0 nm and 9.0 
nm for Zn-WO-1 and Zn-WO-2 respectively. The UV-
Visible spectrophotometer was used to investigate 
the optical characteristics. It was discovered that the 
produced Zn-WO-2 has a smaller band gap than 
Zn-WO-1. The MB and MO degradation studies 
demonstrated the Zn-WO nanoparticle’s efficiency 
as a photocatalyst. Additionally, as an active species 
in the photocatalyst dye degradation of MB and MO 
dye, •OH plays a significant role. With an increase 
in Zn content, composite materials can absorb more 

visible light by decreasing the band gap of Zn-WO-2 
than Zn-WO-1. When compared to Zn-WO-1, the 
Zn-WO-2 sample shows the highest photocatalytic 
performance towards MB and MO under visible 
light. The sample also exhibits good reusability and 
stability after five cycles with a slight drop and at pH 
8 shows more absorption capacity of nanoparticles. 
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