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Nano CaCO;, polymethyl methacrylate (PMMA) decorated Ni-doped CaCO; nanoparticles (CPN) were synthesized from natural calcium
magnesium carbonate (CaMg(COs),) via biomimetic synthetic route. The obtained products were thoroughly characterized through
various physico-chemical techniques such as UV-DRS, PL, FTIR, XRD, TG-DTA, FE-SEM with EDX mapping, HR-TEM and SAED
patterns. The XRD results revealed that the prepared products were in pure rhombohedral structure with the size range of 20-50 nm,
respectively. Compared to other synthesized products, the sample CPN, exhibited a blue-shifted band gap (2.7 eV) and red-shifted
absorption and emission values. The morphological analysis of the samples shows the aggregated and rhombohedral with high porous

degradation efficiency 87% and 97% against methylene blue and rhodamine B dyes, respectively. The effect of different scavenger agents
(ascorbic acid, AgNO;, EDTA2NA and isopropanol acid) was used to examine the efficiency of the photocatalytic activity. Based on the

INTRODUCTION

Water is a fundamental need and plays a vital role in all
form of life. Diverse water resources have been widely used due
to the expansion of the urbanization and industrial activities
[1,2]. Since wastewaters discharge from various industries,
including textiles, dyeing, paper and food processing units,
etc. was dumped directly into the river streams without being
first treated, which became hazardous to plants and aquatic life
[3,4]. As aresult, this had a negative effect on the quality of the
water. The main pollutants in freshwater resources are thought
to be textile and other industrial dyes [5]. Convential wastewater
treatment methods are ineffective against azo-based chromo-
phores like methylene blue because of the covalent bonds formed
between the reactive dyes. The decomposition or breakdown
of dye into smaller, less harmful particles from bigger compo-
nents is a problem and the subject of research for the scientific
community worldwide.

The quality of water has recently been improved using a
variety of chemical, biological and physical treatment techniques

like structure. The TG-DTA analysis shows the good thermal stability (up to 830 °C). The photocatalytic activity exhibits a higher |
results, the prepared CPNy nanoparticles show a great potential candidate for removal of organic dyes in the aqueous medium. I

Keywords: Biomimetic synthesis, Dolomite rock, Calcite, Rhombohedral, Photocatalytic activity.

[6,7]. Although several physical treatment techniques like
membrane filtration, adsorption, flocculation, efc. is a cost-
effective process and does require routine maintenance [8]. The
employment of several costly chemicals and the production
of numerous byproducts are two drawbacks of the chemical
process [9]. The application of enzymes and microorganisms
in biological procedures has also been explored, despite the fact
that these methods are not without their own challenges, inclu-
ding the need to scale up models for large-scale strategies [ 10,
11]. The applications of photocatalysis in the air and water puri-
fication systems have received a considerable attention over
the years. By exposing semiconductor materials to light, waste-
water pollutants can be degraded in the photocatalytic process
[12,13]. Semiconductor based photocatalysts have become incre-
asingly popular all over the world as a result of the widespread
recognition of the reduction-oxidation processes stimulated by
light [14,15]. When carried out under normal conditions, no
harmful byproducts are formed and also no adverse reaction
conditions are required [16,17]. Photodegradation of variety of
dyes, photocatalytic semiconducting materials such as titanates,
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perovskite oxides of Ca/Ti/Cu/Fe/Co/Zn/Ni, sulphides of Cd/
Zn and heterogeneous of carbon nanotubes/graphene have been
widely used [18,19]. The CaCOs substance was utilized in the
recent works. It is significant that CaCOs support can deliver
important chemical species (such as CO3;", HCO; and OH")
in aqueous solution, when combined with OH", can produce
carbonate radicals or CO3™ and thus assist in the breakdown
of organic compounds and microorganisms [20,21]. The steady-
state concentration of CO3™ has been calculated to be two
orders of magnitude greater than the steady-state concentration
of *OH". Therefore, it is important to develop a substance and
investigate the crucial role that *COj5 plays in minimizing the
permanence of different organic pollutants in wastewater [22].

One of the carbonate minerals, CaMg(COs), (dolomite),
was used in this study to prepare CaCO; [23]. Calcium and
magnesium are the main components, with varying amounts
of other elements (Na, Cu, Fe, and Sr) and compounds (SiO,)
present [24]. There are several reports available from various
biominerals and biowastes to synthesize CaCOs, but extraction
of CaCO; from CaMg(COs), (dolomite) rock is rarely reported.
For the synthesis of CaCO; nanoparticles in the photocatalyst
activity, it is crucial to control the particle size, polymorphism
and shape of the desired material [25]. The addition of suitable
organic polymers and surfactants makes this possible, since
they also offer resistance to ultraviolet radiation, stability,
chemical inertness, high durability and ease of availability [26].
The polymers further enhance the photocatalytic activity of
the materials by facilitating the adsorption of the target organic
dye molecules on their surfaces [27].

Doping of suitable semiconductors can boost the photo-
catalytic activity and doped photocatalysts frequently exhibit
superior activity [28]. Wide bandgap semiconductors produced
from metal oxide-based nanomaterials are well-controlled
structural, crystallographic and high surface area. Additionally,
they exhibit advantageous traits such as non-toxicity and high
water stability [29]. In photocatalytic applications, doped CaCO;
is crucial to alter the optical response of the semiconductor
photocatalyst [30]. The various synthesis method used so far
in synthesize CaCOj; nanoparticles are co-precipitation [31],
hydrothermal [32], sol-gel, low temperature microwave solid
state synthesis [33], micromulsion [34] and mechanochemical
processing [35], efc. In the present work, photodegradation of
organic dyes such as methylene blue and rhodmine B were
investigated using nano CaCOj; and nickel doped with PMMA
template CaCO; nanoparticles synthesized by biomimetic
method.

EXPERIMENTAL

The chemicals viz. anhydrous sodium carbonate, sucrose,
polymethyl methacrylate (PMMA), isopropanol acid (IPA),
NiCl,, AgNOs, ascorbic acid (AA), EDTA2Na, rhodamine B
and methylene blue were obtained from Sigma-Aldrich, USA.
All compounds were of analytical grade with 99.9% pure. The
glasswares used in this experiment were cleaned with dil.
HNO:; acid and then dried prior to use. The preparation of the
samples and all dilutions were done with ultrapure water.

Natural dolomite rock: High-grade crystalline natural
CaMg(CO3), (dolomite) samples were obtained from Manur,
India at coordinates 8.8550°N latitude and 77.6522°E longitude.
To eliminate the organic debris and other contaminants, the
samples were often exposed to a variety of pretreatments, for
which dil. HCI was utilized.

Preparation of calcium sucrate solution: Ball mills were
used to crush and grind the samples. An ASTM 230 (62.5 um)
screen sieve was used for the filtration. To get CaO-MgO, the
powdered sample was heated in a muffle furnace for 2 h at
900 °C. Then, 100 mL of 1 M sucrose solution containing 10 g
of CaO-MgO powder was added and the mixture was rapidly
agitated for 1 h at room temperature. To collect soluble calcium
sucrose solution, the solution was filtered using suction.

Synthesis of nano CaCO; (with and without polymer)
and CaCOsPMMA:Ni nanoparticles: To obtain nano PCC
(precipitate calcium carbonate) without polymer, the obtained
calcium sucrate solution was added to 80 mL of 1 M NaCl,
solution in a 500 mL flask. The solution was rapidly agitated
and heated to 80 °C for 2 h. The same process was used to get
the PMMA mediated CaCO3; nanocomposite by adding 10 mL
of 1 M PMMA dropwise into the calcium sucrate solution.
For the preparation of CaCO3;/PMMA:Ni nanoparticles, added
10mL of (0.02M, 0.04 M, 0.06 M, 0.08 M, 0.10 M and 0.12 M)
NiCl, (CPN;-CPNs) dropwise to CaCOs/PMMA solution. The
obtain product was cleaned with distilled water three or four
times before being dried at 100 °C in a hot air oven.

Characterization: The FTIR spectra were recorded using
a SHIMADZU-8400 in transmittance mode at a resolution of
+ 4 cm™ using KBr pellet in the 4000-400 cm™ range. The
XRD patterns of the powder samples were obtained using an
Intel Equinox-1000 diffractometer in the 20 range from 10° to
70°. The samples were recorded at room temperature having a
CuKo radiation source (A = 1.5406 A) and a scanning speed
of 0.02/s. The Simultaneous Thermal Analyzer (NETZSCH-
STA-449F3-JUPITER) was used to thermal stability (TG-DTA)
at a heating rate of 10 °C/min in a nitrogen gas atmosphere.
The morphological examinations and elemental analyses of the
products were taken using a CARL ZEISS-SIGMA 300 FE-
SEM microscope equipped with EDX. The particle size and
SAED patterns were obtained using a Tecnai G* 20 S-TWIN
TEM instrument with a working voltage of 20 to 200 kV and
a HRTEM (point and a line resolution is 0.24 and 0.14 nm).
The UV-VIS-DRS spectra were recorded using a UV-VIS-NIR
spectrometer linked with an ISR- 603 integrating sphere unit
and operating between 200 and 800 nm. The photolumines-
cence spectra of the prepared samples were analyzed using a
Horiba Jobin Yvon Fluoromax-4 spectrofluorometer. The
Shimadzu-UV 1800, UV-VIS spectrophotometer was used to
record the optical absorption spectra of the samples in the wave-
length range 200-800 nm.

RESULTS AND DISCUSSION

Optical properties

UV-Vis-DRS analysis: The UV-vis-DRS analysis was
used to study the optical properties of natural dolomite, pure
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nano CaCOs; and CaCOs/PMMA nanoparticles. As shown in
Fig. 1a, dolomite has four weak absorption peaks. However,
nano CaCO; synthesized from natural CaMg(COs), (dolomite)
(Fig. 1b) and CaCO3/PMMA nanoparticles exhibit substantial
UV absorption in the 270-350 nm range and a poor absorption
in the 220-270 nm range. The presence of two absorption peaks
in the nano CaCOs; (262 and 305 nm) and CaCOs/PMMA (303
and 318 nm) nanoparticles indicated that the samples are free
of impurities [36]. The elimination of two additional peaks (319
and 375 nm) during the synthesis of nano CaCOj; and CaCO5/
PMMA nanoparticles may be attributable to the absence of
contaminants from natural dolomite. When compared to nano
CaCOs; (without polymer) (262 nm), the peak at 261 nm has
the highest absorption in CaCOs/PMMA nanoparticles, which
is due to the blue-shift. However, the encapsulation of PMMA
on the nano CaCO; has led to an increase in intensity in CaCOs/
PMMA nanoparticles (261 nm) and decrease in crystallite size,
which may be caused by quantum confinement effect [37].

c — (a) Dolomite
= (b) Pure nano CaCO,
—— (c) CaCO,/PMMA

258

UV-Vis-DRS absorbance (a.u.)

=

T T T T M 1
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Fig. 1. UV-Vis-DRS absorption spectra of (a) dolomite rock, (b) pure nano
CaCO; (without polymer) and (¢) CaCO:;/PMMA

Fig. 2a-f indicates the UV-Vis-DRS analysis of the synthe-
sized CaCOs/PMMA:Ni nanoparticles. The absorbance peaks
of CPN,, CPN,, CPN3, CPN,, CPNs and CPNs were observed
at262,259,257,260, 261 and 263 nm, respectively. The CPNg
(263 nm) exhibited the highest absorption and red-shift when
compare with other samples. The influence of Ni doping on
absorption behaviour is clearly observed. It demonstrates that
the extremely wide absorption band may be attributable to the
d-d transition of Ni ion from the ground to an excited state,
which is likely cause the structural deformation and the emerg-
ence of vacancy, resulting in an impurity state in the core lattice.
This impurity state can narrow the band gap, enhance the absor-
ption and also creating a lattice distortion and defect energy
level in the particles during the preparation process [38].

The optical band gap was determined using the absorbance
which follows the electron excitation from the conduction band
to the valence band. To explore the optical transitions, several

UV-Vis-DRS absorbance (a.u.)

200 300 400
Wavelength (nm)

Fig. 2. UV-Vis-DRS absorption spectra of various concentrations of
Ni:CaCOs/PMMA

approximations must be shown while getting the normal energy

scaling assurance for direct and indirect transitions. The absor-

ption coefficient F(R) was calculated using Kubelka-Munk

(K-M) function (eqn. 1):

(1I-R)* «
2R S W

where R = Reflectance of an infinitely thick samples, ot and S

is the Absorption and scattering coefficient. The band edge
absorption energy (E,) is given by eqn. 2:

F(R)=

a=AE-Ey)" 2)
E, is calculated using eqn. 3:
c 1240
E=hv,;v=—E =——¢V 3
AE A 3

where, A is a constant, A is the absorption wavelength.

The direct band gap values of nano CaCO;, CPN,, CPN,,
CPN;, CPN,, CPN;s and CPNg nanoparticles were found be 2.77,
2.95,2.90,3.0,2.85,2.8 and 2.7 eV, respectively, as calculated
from the Tauc plots (Fig. 3a-g). The band gap value (2.7 eV)
of CPN; nanoparticles is lower than that of other synthesized
products [39]. According to Zidan & Abu-Elnader [40], the
addition of PMMA to the CaCO; matrix may result in the local-
ized state of multiple colour centers overlapping with the higher
wavelength absorption, indicating a decrease in the energy
band gap.

Photoluminescence studies: Fig. 4a-c displays the photo-
luminescence (PL) spectra for natural dolomite, pure nano
CaCO; (with & without polymer) were recorded at room temp-
erature. The natural dolomite, pure nano CaCO; and CaCOs/
PMMA nanoparticles exhibits the emission peak at 465, 460
and 454 nm, respectively. The CaCO;/PMMA emission peak
is (454 nm) blue-shifted compared to pure nano CaCOs (460
nm).

From Fig. 5a-f, the emission peak of CPN,, CPN,, CPN;,
CPN,, CPN;s and CPNg nanoparticles exhibited at 461, 462,
458,463, 464 and 466 nm, respectively. This demonstrates that
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Fig. 3. Direct band gap energy spectra of pure nano CaCOs (without
polymer) and various concentrations of Ni:CaCOs/PMMA
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Fig. 4. PL spectra of (a) natural dolomite, (b) pure nano CaCO; (without
polymer) and (c) CaCO;/PMMA

. 466
5%10° - 385

Excitation f  Emission

4x10°

3x10°

Intensity (a.u.)

2x10°

1x10° 4

200 300 400 500 600
Wavelength (nm)

Fig. 5. PL spectra of various concentrations of Ni:CaCOs/PMMA

when compared to CPNj; nanoparticles, the band gap energy of
other samples was lowered. On the other hand, the observed
emission is only due to the defects. Excess oxygen ions in the
crystal creat the defect centers and are present at the level of
trapping. When the electron is excited by light radiation, the
electron-hole recombination process allows for the observation
of the PL emission. The particle size of CPN3 nanoparticles was
less than that of other synthesized products, indicating less
crystallization. As a result, the PL intensity increased rapidly
with decreasing size. The CPN3 nanoparticles are blue shifted
(458 nm), while the CPN; and CPNs nanoparticles are red shifted
compared with other synthesized products. Based on the UV-
DRS and PL results, three samples (CPN;, CPN; and CPNp)
were chosen for further analysis.

FTIR studies: The spectrum (Fig. 6a) obtained for natural
dolomite displays the CO3;™ absorption peaks at about 1431
cm™ (v3), 880 cm™ (v,), and 728 cm™ (vy), as well as minor
absorption peaks around 2530 and 1819 ¢cm™. These peaks
indicate the carbonate ion’s common distinctive feature in the
sample [41]. The appearance of another frequency at 3694 cm™
is due to the characteristic peak of Al,O3-2S10,-2H,0 (kaolinite).
The presence of quartz (Si0O,) crystals in the sample is indicated
by the low-intensity weak peak at 1089 cm™ [42].

Transmittance (%)

01428
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Fig. 6. FTIR spectrum of (a) natural Dolomite, (b) pure nano CaCOs

(without polymer) and (c) CaCO;/PMMA

Fig. 6b depicts the FTIR spectrum of synthesized pure
CaCOj; nanoparticles (without polymer). It shows the presence
of carbonate peaks at 709, 878, 1428, 1796 and 2518 cm™ in
the calcite form. The FTIR spectrum of PMMA coated CaCO;
(Fig. 6¢) shows the presence of all major and minor CaCO;
(calcite) peaks and are well-matched with CaCOs in their pure
form. The occurrence of peaks at 1061 and 987 cm™ depicts
the presence of PMMA on the surface of product [43,44]. The
impact of PMMA on CaCOs was also seen in the widening of
the specific absorption peak at 1429 cm™ (v;) [43]. A common
peak at around 3413, 3449 and 3436 cm™ are due to adsorbed
—OH stretching in all the samples [37].
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Fig. 7a-c shows that FTIR spectra of synthesized CPN|,
CPN; and CPNg nanoparticles. Most of the absorption bands
observed in the synthesized products represent the presence
of pure nano CaCOs, however the presence of one additional
peak at 1105 cm™ may be due to the influence of PMMA on
the surface of CaCOs. Moreover, the appearance of a peak at
around 400 cm™ shows the presence of Ni in the CaCO; matrix
[45]. As the concentration of Ni increases, all the peaks were
braded when compared with the nano CaCOs, which confirmed
that more Ni ions are incorporated in the CaCO; matrix [37].

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 7. FTIR spectrum of (a) CPNj, (b) CPN; and (c¢) CPNg

XRD studies: Fig. 8a-c demonstrates the crystalline nature
and phase composition of the samples. The XRD pattern of
natural dolomite (Fig. 8a) indicates the nine planes at 20 value
23.98° 30.98°, 33.41°, 36.40° 41.01°, 44.89°, 50.49°, 51.06°
and 64.31° with corresponding (hkl) values of (012), (104),
(006), (110), (113), (202), (108), (116) and (208), respectively.
The diffraction planes were well-matched with JCPDS file
84-1208 and confirmed the crystallinity of dolomite [37].
Additionally, three planes were also observed at 20 values of
29.41°, 47.37° and 48.46° showing the presence of accessory
minerals (quartz Si0O,) and orthoclase feldspar (KAISi;Os) in
a raw sample. These peaks values were also matched with
JCPDS files 87-1247 and 89-8572. Simiarly, Fig. 8b shows
XRD patterns of synthesized CaCOs and exhibit the character-
istic planes at 22.67°, 29.11°, 31.08°, 35.56°, 39.01°, 42.75°,
47.22°, 48.25°, 56.19° 57.04° 60.21° and 64.22° with (hkl)
values of (012) (104), (006), (110), (113), (202), (018), (116),
(211),(122), (119) and (300), respectively. These planes were
also well-matched with the calcite polymorph of CaCO; with
rhombohedral structure (JCPDS file No: 86-2342) [37,46].

From Fig. 8c, the presence of all the characteristic planes
were well-matched with the pure nano CaCO;. The charac-
teristic plane at 20 (29.02°) with plane (104) in CaCO;/PMMA
is slightly shifted to lower angle side when compared with
pure nano CaCO; (20 =29.11°). This is due to the influence of
polymer (PMMA) on the surface of the product. No other
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Fig. 8. XRD pattern of (a) natural dolomite, (b) pure nano CaCOs (without
polymer) and (c¢) CaCOs/PMMA

additional peaks were observed in the samples. These results
are consistent with the FTIR analysis. The Scherrer’s formula
(eqn. 4) was used to calculate the average crystallite size of
CaCOj; and CaCOs/PMMA.

kA ¢
BcosO (&) “
where D = crystallite size (nm), k = constant (0.94), 6 = dift-
racted angle and B = full width half maximum. The calculated
average crystallite size of CaCO; and CaCOs/PMMA were found
to be 48 and 34 nm, respectively.
Fig. 9a-c depicts the XRD patterns of CPN;, CPN; and CPNg

nanoparticles. All the diffraction planes are well matched with
the pure nano CaCOs and no other secondary plane were obse-
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Fig. 9. XRD pattern of (a) CPNj, (b) CPN3 and (c) CPNg
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rved. However, an increase of dopant concentration increases
the FWHM (broadening) of all the planes and decreases the
peak intensity. Table-1 shows the calculated average crystal
size of CPN;, CPN; and CPNg nanoparticles which were 30,
24 and 37 nm, respectively. The calculated average crystallite
size clearly indicates that an increase of Ni ions concentration
gradually decreases the crystallite size. It could be attributed
due to the incorporation of Ni ions in the CaCOs lattice.
Gradual decreases in crystallite size may be happened as Ni
ions have an ionic radius of 0.12 A which is smaller, compared
to the ionic radius of Ca* ions (1.14 A). Also, this may be due
to the secretion of the doping ions at the grain boundary and
prevent the growth of nanocrystallite in the nanoparticles [47].
As a result of the aforementioned phenomenon, several
lattice characteristics, strain and dislocation density may shift.
Hence, the average dislocation density and average microstrain
were calculated using eqns. 5 and 6 [48,49]. In addition to the
crystallite domain size, the microstrain-induced lattice dist-
ortion also contributes to the XRD peak broadening [50].

- BCZS@ 5)
1
5:§ (6)

where [3 is the FWHM, 0 is the Bragg’s angles and D is the particle
size (nm). According to the calculated values (Table-1), the struc-
tural parameter values were increased as the crystallite size
decreases. The larger dislocation density implies a greater hard-
ness. When strain increases, dislocation density rises while grain
size is reduced. Above a particular grain size limit (20 nm),
the strength of materials improves in lower grain size [51,52].

10 10

According to the estimated values, the crystallite size
decreases when dislocation density increases. In present work,
sample CPN, possesses the best beneficial features such as
high crystallite sizes, low dislocation density and microstrain
owing to the loss of many oxygen atoms when all computed
values are compared. This demonstrates that Ni ions have a
strong impact on the crystal lattice. These were ascribed to an
increase in Ca concentration, which enhanced the pinning
effect of Ca atoms on the density of edge dislocations. Since
the current work focused on the photocatalytic applications,
the higher crystal size sample CPNg is chosen for further inves-
tigation for the photocatalytic activity.

Williamson-Hall plot: The Williamson-Hall plot of pure
nano CaCQO;, PMMA mediated CaCQO;, CPN,, CPN; and CPN;
nanoparticle is shown in Fig. 10a-e. The crystallite sizes of
the products are also computed from the Williamson-Hall plot.
The calculated crystallite values using the Scherrer’s equation
and the Williamson-Hall plot are nearly identical (Table-1).

Thermal analysis: TG-DTA thermograms of dolomite
rock, pure nano CaCO; and CPNg nanoparticles are shown in
Fig. 11a-c. A single decomposition peak was observed (Fig.
11a) in natural dolomite. It has a mass loss of 47.76% from
room temperature to 841 °C due to the thermal dissociation of
dolomite to CaO-MgO [53]. The DTA curve of natural dolomite
indicates the endothermic peak at 841 °C.

In case of pure nano CaCO3 and CPNg nanoparticles, the
thermograms (Fig. 11b-c) reveals two mass losses. The initial
mass loss occurs from room temperature to 299 °C (4.55%,pure
nano CaCQOs) and about 3.25% from room temperature to 325 °C
(CPNg), which is due to the dehydration and physically adsorbed
moisture or organic component removal [54]. The removal of
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Fig. 10. W-H plots of (a) pure nano CaCO; (without polymer), (b) CaCOs/PMMA, (c) CPN,, (d) CPN3 and (e) CPNg



698 Ramasamy et al. Asian J. Chem.

TABLE-1
XRD PARAMETERS OF NANO CaCQO;, CaCO,/PMMA, CPN,, CPN; AND CPNg
Lattice parameters (A) Average dislocation Average microstrain Average crystallite size (nm)
Samples : e 2
a c density (8) x 10 (&) x 10 Scherrer formula W-H plot
Pure nano CaCO; 2.52200 17.3247 41.77 1.04 48 49
CaCO,/PMMAA 2.51730 17.1192 48.96 1.19 34 35
CPN, 2.50390 17.2518 92.55 1.37 30 31
CPN;, 2.50170 17.3347 98.17 1.69 24 25
CPNy 2.50373 17.3240 85.18 1.17 37 38
4 4 4
100 100 T 4 55% 1001 T 3.25%Ex|0
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Fig. 11. TG-DTA curves of (a) natural dolomite, (b) pure nano CaCO; (without polymer) and (c) CPNg
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Fig. 12. (a-b) FE-SEM micrograph of pure nano CaCOs (without polymer) (c) FE-SEM elemental mapping and (d) EDX spectrum
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CO; and the thermal dissociation of CaCO; to CaO occurs in
the endothermic range of 617 and 823 °C for pure nano CaCOs
and between 464 and 832 °C for CPNg nanoparticle. However,
the intermediate mass loss of 6.81% from 325 °C to 464 °C in
CPNg nanoparticles was due to the burning of PMMA polymer
[55]. The decomposition temperature of CPNg nanoparticles
are higher than pure nano CaCOj; due to the Ni doping in the
nano CaCOj;. When compared to previous reports, pure nano
CaCO; and CPNg nanoparticles in the present study had greater
thermal stability (823-832 °C).

FE-SEM and EDX studies: In Fig. 12a-b, the particles
are found to be accumulated as rhombohedral structures. The
EDX spectrum (Fig. 12c) shows that the well-defined intense
peaks for Ca, C and O as observed in pure nano CaCOs. The
FE-SEM images (Fig. 13a-b) show the aggregated and partially
dispersed highly porous with rhombohedral shape with a rough
surface in CPNg sample, which may be due to the influence of
PMMA polymer and affords the influence on the surface of the
nanoparticles [56].

1pm

EHT = 10.00 kV
WD = 9.4 mm

Signal A = SE2

Meg= BSBKX  CISL-AU

Furthermore, Ca** may diffuse and aggregate due to the
binding of Ca with PMMA in the formation of PMMA mediated
Ca nanoparticles, which results in the increasing of calcium
ion concentration. According to crystal growth kinetics, when
a crystal absorbs a PMMA template on the same surface, the
rate of crystal development in that direction is reduced, resulting
in the isotropic growth of the crystal. Figs. 12c and 13c¢ show
the distribution of Ca, C, and O for pure nano CaCO; (without
polymer) and Ca, C, O and Ni for CPN, nanoparticles from a
chemical mapping done under a scanning electron microscope.
The aforesaid findings are supported by XRD analysis.

HR-TEM studies: Figs. 14a-b and 15a-b depict the HR-
TEM micrographs of pure nano CaCOjs (without polymer) and
CPNs nanoparticles, respectively. It is found that that the
prepared nanoparticles were in the nanometer range and reveal
the rhombohedral structure with porosity. The crystalline nature
of CPNg (Fig. 15a) is less fibrous with more aggregation and
in high magnification, which is due to the influence of doping
effect. The average particle size was calculated using image J
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13. (a-b) FE-SEM micrograph of CPNs (c) FE-SEM elemental mapping and (d) EDX spectrum
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Fig. 14. (a-b) HR-TEM image of pure nano CaCOs at different magnification (b) SAED pattern and (c) particle size distribution
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Fig. 15. (a-b) HR-TEM image of CPN at different magnification (c) SAED pattern and (c) particle size distribution
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1.4 package software and the corresponding size distribution
diagram shown in Figs. 14d and 15d, which reveals the average
domain size is about 48 and 33 nm for pure nano CaCOs and
CPNg nanomaterial, respectively.

Figs. 14c and 15¢ show the SAED patterns of pure nano
CaCOs; and CPNg nanoparticles. The diffraction pattern consists
of central void, which is surrounded by concentric spaced and
also consist of diffused rings around it. The bright spots indicate
the crystalline nature. The presences (/k/) planes are consistent
with XRD result [57].

Photocatalytic activity: The photocatalytic activity of
pure nano CaCOj; (without polymer) and CPN, nanoparticles
was examined using methylene blue and rhodamine B dyes
dispersed in water under UV irradiation to migrate an electron
from the valence band to the conduction band, which results
in the photogeneration of electron-hole pairs. If the energy of
light photons exceeds the band gap energy, the excitation of
the valence band electrons will thereby promote the potential
processes. In pure nano CaCO; (without polymer) and CPNg
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Fig. 16. Absorption spectrum of (a) pure nano CaCOs; (MB), (b) CPNg (MB), (c) pure nano CaCOj; (RhB) and (d) CPNg (Rh B)

nanoparticles, the hole in the valence band combines with the
surface H,O molecule to produce hydroxyl radicals, which then
react with the dye molecules to degrade methylene blue and
rhodamine B dyes. The photodegradation efficiency (%) was

calculated using eqn. 7 [58]:

-C,

Photodegradation efficiency (%) = <, ———tx100

(N
where C, is the initial concentration of dyes and C, is the
concentration of dye at irrational time.

Fig. 16a-d depicts the adsorption spectra of the photo-
catalytic activity of pure nano CaCO; and CPNg nanoparticles
against methylene blue and rhodamine B dyes. It is observed
that pure nano CaCOs; (without polymer) and CPNg nano-
particles has 73% and 87% degradation for methylene blue,
88% and 97% degradation for rhodamine B dye about 2 h 30
min, respectively. The CPN; nanoparticles are high efficiency
compare than pure nano CaCOs for both dyes. Table-2 presents
the comparison data of the photocatalytic performance of nano
CaCOj; and CPN, nanoparticles in the UV irradiation.
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Fig. 17. Kinetic study of (a) pure nano CaCO; and CPNs (MB), (b) pure nano CaCO; and CPN; (RhB)
TABLE-2 respectively. The results show that when scavenging agents
COMPARISON OF PHOTOCATALYTIC such as Ag*, EDTA2Na and IPA were added, the degree of photo-
EFFICIENCY PERCENTAGE d .
: : egradation by CPNy sample was less than when no scavenger
Photocatalyst tReaC(“(?n) Degr(?;;‘tlon Ref. was present. In absence of any scavengers, the photocatalyst
1me (min 0 . .
Fe.0,/CaCO/CuWO,/CTAB 200 9.0 597 diglradei\zl% OIf rh];)ga}rn:;; B c})l/)c; mOIZCXIES’ l;lut in the presence
Fe,0,/CaCO//PEG 200 57.0 [59] of 1 mM Ag(I), a, IPA and AA, these percentages
E,//CaCOy/Titania 120 50.0 [59] fell to 12%, 23%, 17% and 9%, respectlvely (Flg 18).
nanocomposites
ZpO—CeOz (50:50) 150 66.6 [60] 100 CPN 97%
TiO, @CNTs/AgNPs 180 68.0 [61]
Pure nano CaCO, (MB) 160 73.0
CPN; (MB) 160 87.0 Present
Pure nano CaCO; (RhB) 160 88.0 work 807
CPN, (RhB) 160 97.0
Furthermore, the pseudo-first-order kinetics model (eqn. & 607
8) is used to obtain the rate constant values for dye degrada- g
tion for the catalysts [62]. £
o 40
C, EDTA2NA
In C =K, (8) 17%
¢ 20- IPA23%  AgNO,
where K first order rate constant at time t. Fig. 17a-b indicates 12% AA 9%
the linear relationship between In C,/C, and time for pure nano

CaCOs; (without polymer) and CPNg nanoparticles for methylene
blue and rhodamine B dyes. From the slope of the graph, the
rate constant values were calculated. The pure nano CaCOs
(without polymer) and CPN, nanoparticles of rate constant
values were 3.10 x 107 min"! and 4.07 x 10 min™, 3.35 x 10
min" and 4.53 x 10” min" in methylene blue and rhodamine
B dyes, respectively.

Effect of scavengers: The reactive species of *O,7, h*,
superoxide radicals and *OH are often recognized as the major
species that may react with organic contaminants and break
them down into smaller fragments in the heterogeneous photo-
catalytic processes. To clarify the significance function of these
species, AgNO; (Ag"), isopropanol acid (IPA), EDTA2Na and
ascorbic acid (AA) were used as electron (€), hydroxyl radicals
(OH), holes (h") and superoxide ion radicals ("O,") scavengers,

Fig. 18. Effect of scavengers for CPNg in rhodamine B dye

The scavengers for the photogenerated electrons are
known as Ag" cations. Because the e /h* recombination process
is reduced, the photogenerated hole has a greater opportunity to
interact with water and generate more hydroxyl radicals [63].
In different mechanism, the interaction of silver cations with
photogenerated electrons may result in the formation of a silver
cluster on the surface of composite, some of which may
function as an electron sink. Superoxide radicals can be created
when the gathered electrons in sink interact with the dissolved
oxygen. When these clusters are larger and more numerous
and may serve as bulk silver sites for the e /h* recombination
(e +Ag" — "Ag, "Ag. + Ag" + e — Ag,). Consequently, the



Vol. 35, No. 3 (2023)

Fabrication of Eco-friendly UV-visible Driven Ni:CaCO; Photocatalyst 703

ideal size of a hole scavenger called EDTA2Na produces anion
radicals, which are less active than OH radicals [64]. According
to the findings, the order of AA > AgNO; > IPA > EDTA2Na
indicates the degree of inhibition. This pattern supports the
critical roles played by photogenerated electrons and holes,
as well as hydroxyl radicals, in the photocatalytic degradation
of rhodamine B dye by CPN, sample.

Photocatalytic mechanism: Photocatalytic process for
the breakdown of methylene blue and rhodamine B dyes over
CaCO; and Ni doped CaCO; nanoparticles using UV light
irradiation is shown in Fig. 19. When CaCO; absorbs photons
with energy, which is equivalent to or higher than its band gap
energy, an electron may be driven from the valance band (VB)
of CaCO:s to the conduction band (CB) of CaCO; and simultan-
eously, a vacancy or “hole” may be left in the VB of CaCO;.
This is possible because CaCO; has band gap energy. In the
process of tailoring CaCOs by adding Ni, the electron with
the highest energy content in the CB may contained Ni, which
acts as an electron trap and effectively distinguishes the produc-
tion of (e/h*) pairs. Nickel has electrons and when coupled
with oxygen, generate superoxide. As a result, the hole in the
VB of Ni-doped CaCO; will undergo charge transfer to the
hydroxyl group adsorbed on the surface of catalyst, resulting
in the formation of hydroxyl radicals [65]. The hydroxyl radicals
react with the dye molecules during the photocatalytic, which
ultimately results in the effective destruction of the dye mole-
cules. In present case, the super oxide radicals were found to
be the predominant species produced in the Ni-doped CaCOs.

Fig. 19. Possible photocatalytic mechanism of CPNg nanoparticles

Conclusion

The nano CaCO; and PMMA mediated Ni-doped CaCOs
nanoparticles (CPNg) were successfully synthesized through
a biomimetic synthetic route and systematically characterized
using sophisticated techniques. The increased crystallite size
and optical properties of the CPNs nanoparticles was support
the enhancement of degradation efficiency against methylene
blue and rhodamine B dyes. Further, various scavengers were
used to examine the efficiency of photocatalytic performance
of the product, which resulted the super oxide scavenger
(ascorbic acid) play a vital role while the hole scavenger (EDTA
-2Na) also plays a minor role in the efficiency of the product.
Using the UV-visible light irradiation, sample CPN, achieved

87% and 97% dye degradation efficiency against methylene
blue and rhodamine B dyes respectively after 160 min.
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