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In this work, the nanoadsorbent efficiency of nickel oxide nanoparticles (NiONPs) for the degradation of rhodamine B (RhA-B) dye was |
examined. The NiONPs were synthesized by green technique using NiCl,-H,O and Phyllanthus emblica fruit extract. The NiO nanoparticles |
were characterized using UV, FTIR, FESEM, HRTEM and TGA/DTA analysis to study the decomposition pattern, functional groups, crystalline
size and elemental composition of nanoparticles. TEM analysis showed that the nanoparticles were spherical, highly crystalline, highly |
agglomerated and appeared as clusters of nanoparticles in the size range converted into tubular shape. The prepaed NiONPs were used for |
batch experiments to evaluate the adsorption capacities of the dye. The influence of various key parameters, i.e. adsorbent dosage and initial |
dye concentration were investigated. The extent of adsorption of RhA-B was found to be 88% at pH 6. Langmuir isotherm showed maximum |
monolayer adsorption with g values from 328-465 mg/L. The kinetic investigation of RhA-B degradation followed a pseudo-second-order
rate kinetics with a rate constant of 2.0495 x 10 mg™” min™'. AG®=— 79.00 kJ/mol indicates that the adsorption is chemisorption and spontaneous. I
|
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INTRODUCTION

The textile, leather, paper, printing, plastic, culinary,
cosmetic, photographic and pharmaceutical industries are the
most prolific offenders in terms of dye consumption and their
practices inevitably lead to water decolorization [1,2]. Due to
environmental discharge pressure, hazardous chemical efflu-
ents have received more attention [3,4]. Even trace colours and
pigments in effluents are hazardous. Rapid industrialization
can boost the economy, but it can also reduce photosynthesis
in streams and diminish the water’s aesthetic value. It’s dang-
erous since it can irritate people’s skin, stomachs, lungs and
eyes. These are just some of the reasons why it’s so important
to clean up dye effluents before they’re dumped into rivers or
the ocean [5]. Therefore, the process of removing colours from
textile effluent is of great interest to scientists all over the world.

Inrecent years, dye-containing wastewater has been treated
via reverse osmosis, coagulation, coagulation-flocculation,

electrocoagulation, chemical oxidation, solvent extraction, ion
exchange and adsorption [6]. Because of low treatment costs,
ease of construction and operation and efficient treatment of
effluents, adsorption has become a popular alternative to more
conventional methods of wastewater purification [7,8]. The
efficiency of adsorption is dependent on the capacity of the
adsorbents used. On the downside, the efficiency with which
these materials adsorb is poor [9]. This highlights the need for
improved adsorbents to overcome the issues. Nanoscience and
nanotechnology are shown to be most successful in solving
environmental concerns [10]. Nanostructured adsorbents, largely
due to their extremely large surface area, exhibit significantly
greater efficiency and quicker adsorption than traditional
materials [11,12]. Carbon-based nanomaterials like activated
carbon, carbon nanotubes and graphene are the most investi-
gated for wastewater treatment [13]. They can be processed
into many different shapes, including particles, rings, tubes
and sheets. Other inorganic nanoparticles used for removing
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dyes and heavy metal ions are based on metals or metal oxides.
Because of their low toxicity, insolubility and lack of
involvement in the generation of secondary pollutants, metal
oxides have found widespread use as sorbents for the elimi-
nation of toxic chemicals such as heavy metals and synthetic
colours. According to the literature, there are numerous appro-
aches to obtain nickel oxide nanoparticles (NiONPs). Spray
pyrolysis, combustion, sol-gel, co-precipitation and the anode
arc plasma technique are all names for this process [14,15].
The current work reports on a simple green synthesis, which
has advantages over previous approaches because it is highly
simple, rapid and eco-friendly [16-18]. In this study, NIONPs
were prepared using nickel chloride and Phyllanthus emblica
extract in a green synthesis process. The UV, FTIR, FE-SEM,
HR-TEM and thermal analysis were used to characterize the
obtained NiONPs. Investigations were made with different para-
meters including adsorbate concentration and adsorbent dosage.
The uptake process was explained using the concepts of kinetics,
adsorption isotherms and thermodynamic parameters.

EXPERIMENTAL

All chemicals were purchased from Sigma-Aldrich, India
and used without further purification. Phyllanthus emblica fruit
were collected from the local garden of Tiruvetipuram,
Tiruvannamalai District, South India.

Preparation of Phyllanthus emblica fruit extract: P,
emblica fruit were dried, grinded as a powder and then treated
with 100 mL of distilled water, which was then agitated for 8 h
on low heat. Each batch was filtered through eight layers of
muslin cloth and centrifuged at 5000 rpm for 15 min every 2 h.
After two filtrations, the supernatant was collected, cooled and
concentrated using a rotating vacuum evaporator at low pressure.
The extracted concentrate was pasteurized and preserved at 4 °C
[19]. The prepared extract was carried to prepare the NiONPs.

Preparation of nickel oxide nanoparticles: Nickel oxide
nanoparticles were synthesized by the green technique using
nickel chloride hexahydrate (NiCl,-6H,0) and surfactant. To
a mixture of 0.5 mol of nickel salt with 2% of surfactant, 10%
(wt./vol.) Phyllanthus emblica fruit extract was added slowly
and heated to 70 °C (NiO-70) with continuous agitation for 1 h
[20]. After the heating, the precipitate was washed many times
and dried in a vacuum oven at 70 °C. This research obtained
65% yield of nanoparticles and preserved in sealed container.
Each 5 g of NiONP-70 was calcinated at different temperatures
such as 200, 400 and 600 °C in a muffle furnace for 1 h separ-
ately. They were designated as NiO-200, NiO-400 and NiO-
600, respectively.

Preparation of RhA-B dye solution: A 1000 mg/L stock
solution of RhA-B dye was diluted with distilled water to obtain
dye solutions of various concentrations ranging from 10 mg/
L to 100 mg/L.

UV and FTIR analysis: For this study, a UV-visible
spectrometer was used to examine the UV-absorption spectra
of NiONPs produced with Phyllanthus emblica fruit extract
(Shimadzu UV-2700). From the absorption spectra, Tauc plot
was plotted and the energy gap was calculated for the different
temperature treated NiONPs. The band gap (energy) of the

NiONPs was determined by using a well-known relation given
by Tauc plot. This was done by analyzing the absorption spectra
using eqn. 1:

(0hv)"" = A(hv-E,) (1)

where o is the absorption coefficient; A is the energy indepen-
dent constant; h is the Planck constant; n is the direct band
gap (=1/2) and E; is the indirect band gap (=2), respectively.

The synthesized NiONPs vibrational spectroscopy (FTIR)
recorded in Brucker model from 4000 to 400 cm™ using KBr
pellet.

Surface morphology: Morphological analysis was per-
formed by means of a scanning electron microscope equipped
with a field emission FE-SEM by using FEI-Quanta FEG 200F
model. TECHNALI 10 Philips was used to capture the TEM
images of the obtained NiONPs. After sonicating NiONPs for
5 min, a diluted sample was deposited in a drop on a carbon-
coated copper grid for examination. The vapourization of the
liquid component took place at ambient temperature.

Thermal analysis (TGA and DTA): On a Hi-Res SDT
2960 model thermal analyzer, both thermogravimetric analysis
(TGA) and differential thermal analysis (DTA) were carried
out. Carrier gas consists of dry air. The temperature ramp for
TGA and DTA was 10 °C per min and the temperature range
exists between 20 °C and 60 °C.

Effect of NiONPs dosage: From the characterization of
four types nanoparticles (NiO-70, NiO-200, NiO-400 and NiO-
600), this work observed that NiO-600 was more homogeneous
and had smaller spherical nanoparticles. Because of this, organic
dye RhA-B had to be removed from the aqueous solution and
NiO-600 was used as an adsorbent at pH = 6. The prepared
NiONPs-600 was treated with dye RhA-B and analyzed the
adsorption tendency with respect of nanoparticle surface.

Effect of RhA-B dye concentration: Similarly, the study
was carried using constant NIONPs quantity with the serially
diluted dye concentrations between 10 and 100 ppm.

Adsorption studies: Various adsorption experiments were
carried out in batch mode at 30 °C in this study. In order to
obtain standards for each experiment, a predetermined amount
of adsorbent was placed inside of each Erlenmeyer flask. To
ensure consistent mixing throughout the experiment, agitation
was performed at a rate of 200 rpm for each run. Before swirling
the contents of each flask, a measured amount of sample was
poured in each vessel (an adsorption solution with an initial
concentration ranging from 10-100 mg/L). At predetermined
times, shaker flasks containing samples were withdrawn from
the apparatus. In order to obtain the adsorption-desorption
equilibrium and analyze the adsorption of rhodamine B (RhA-B)
dye on the surface of NiONPs. A dye solution containing RhA-B
was mixed with NiO nanoparticles for a period of 30 min while
being agitated. Using a double beam UV-visible spectrophoto-
meter at the maximum absorption wavelength of the dye (Amax
= 554 nm), concentration variations in RhA-B solution were
measured and analyzed. Eqn. 2 was used to determine the
amount of RhA-B that was adsorbed on the surface of NiONPs
and eqn. 3 was used to determine the percentage of dye that
was removed.
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where C, is the initial concentration of the adsorbate (mg/L);
C. is the equilibrium concentration of the solution (mg/L); V
is the volume of the adsorbate solution (L) and M is the mass
of the adsorbent (NiONPs) used (g).

Langmuir isotherm model: The Langmuir isotherm model
is based on the intermolecular forces that could decrease rapidly
with the distance and the predicted monolayer sorption of the
adsorbate on the active site of adsorbent. Langmuir isotherm
is expressed in eqn. 4. The plot of C./q. versus C. was analyzed
to calculate the Langmuir isotherm parameters at room
temperature.

C
— K €
qe qm L 1KLCe (4)
The linear form of the above equation is:
C 1 1
— = _qm - CE 5
qe I(L [qm J ( )

where C. is the equilibrium concentration (mgL™), q. is the
amount adsorbed per gram of adsorbent (mg g"), Ky is the
Langmuir equilibrium constant related to the energy of adsor-
ption and g, (mg g™) is the monolayer adsorption capacity.
The gm and K values were calculated from the slope and inter-
section of C./q. versus C. plots. The Langmuir isotherm can
be expressed as a dimensionless constant called the parameter
of the equilibrium constant R, = 1/(1 + K. C,), where K, is the
Langmuir constant and C, is the maximum initial dye concen-
tration in mg/L.

Freundlich’s isotherm model: The Freundlich’s isotherm
model is based on adsorption on the non-uniform surfaces and
assumes that adsorption occurs at active sites of adsorbents
with different energies. The Freundlich’s constants K¢ and n
are related to the adsorption capacity and adsorption strength,
respectively. This model can be generalized as:

Inq, =(ljlnce InK (6)
n

Temkin’s isotherm model: Temkin’s isotherm describes
the interaction between adsor-bent and adsorbate, which could
explain the linear decrease in heat of adsorption of the mole-
cules on the adsorbent surface layer. The adsorption potentials
of the adsorbent for adsorbate can be determined using the
Temkin’s adsorption isotherm model [21]. The Temkin’s
isotherm can be generalized as follows:

RT
qe Z(Tj ln KTCE (7)
The linear form of the above equation becomes:
qe=BInKT+BInC. (8)

where Kr is the equilibrium binding constant (L/g), B (J/mol)
is a constant related to the heat of adsorption which is calculated

from the relation B = RT/b, where R is the gas constant (8.314J/
mol/K) and T is the absolute temperature (K).

Kinetic study: Adsorption kinetics was studied using
pseudo-first-order and pseudo-second-order kinetic models.
A pseudo-first-order model can be represented as follows [22]:

d

d—(tl =k@Q.—q) ©
where q. and q, are the adsorbed masses in mg/g at equilibrium
and time t, respectively; K, (min™) is the rate constant of the
first-order kinetic equation. The integral form of the above

equation can be written as:

K, 10
2.303t (10)

At25°C, k; was calculated from the slope of graph between
log (q. — q) versus t and the q. from the intercept. Adsorption
data for NiO-600 was analyzed using a pseudo-second-order
kinetic equation. The second-order rate equation can be
expressed as [23]:

logq, =log(q,—q,)—

dgq
Pl SRR (11)

where k; (mg'min™) is the pseudo-second-order adsorption
rate constant. The integral form of the above equation can be
formulated as:

t 1 + 1
= — 12
A kal qt (12
The values of q. and k, can be determined from the slope
and intersection of the straight line plot of t/q versus t.

RESULTS AND DISCUSSION

UV studies: The nickel oxide nanoparticles (NiONPs)
were isolated from Phyllanthus emblica fruit extract and used
to remove the textile pigment rhodamine B (RhA-B) dye by
adsorption in an effort to reduce water pollution. The prepared
nanoparticle was characterized by various analytical techniques.
Calcined NiONPs at 70, 200, 400 and 600 °C were examined
by UV absorption spectrum. Although no significant peaks
were observed and particle size reduction causes a shift of the
absorption band towards lower wavelengths with increase in
temperature [24-26]. Using the absorption data, Tauc polt was
obtained between the photon energy (hv) vs. quantity (othv)"?.
According to the findings (Fig. 1a-b), the energy of band gap
in NiONPs at 600 °C is 5.74 eV (70 °C), 5.75 eV (200 °C),
5.96 eV (400 °C) and 5.98 eV (600 °C), respectively. As the
calcination temperature increased, the optical band gap of
NiONPs also increased. This relation indicates a decrease in
particle size with respect of the band gap [27].

FTIR studies: As seen in Fig. 2, the FT-IR spectrum of
NiONPs possess a number of prominent absorption bands.
The Ni-O stretching vibrational mode is responsible for the
broad absorption band at 600 cm™ and the breadth of the absor-
ption band signifies a less preventable quality of NiONPs. The
O-H stretching vibration was found to be responsible for the
broad absorption band at 3395 cm™ and the -C=0 stretching
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Fig. 2. FTIR spectrum of NiONPs calcined at different temperatures

vibration mode was found to be responsible for the sharp band
at 1600 cm™ [28]. The significance of the impact that water has
on the structure was demonstrated by these observations. On
the other hand, this finding may potentially imply the existence
of hydroxyls in NiONP calcined at 70 °C. The sharp absorption

at 750 cm™ is attributed to the tensile vibrations. The absorption
bands at 1500-1300 cm™ region were assigned to the symmetric
and asymmetric O-C=0 stretching vibrations and C-O stret-
ching vibrations, indicating that Ni may exist as an oxalate form,
NiC,042H,0 at 70 °C and 200 °C. These peaks were dimin-
ished at 400 °C and 600 °C indicated that nickel oxalate was
converted to NiONPs.

Morphology studies: The FE-SEM images of NiO-70
and NiO-600 are shown in Fig. 3. It is evident that the resulting
NiONPs formed agglomerated clusters of spherical, large and
heterogeneous nanoparticles. Also, the dissimilar shape and
size of NiO-70 could be a result of a non-uniform nucleation
process. This aggregation can be caused by the generally large
surface area and high surface area to unit volume ratio [29].
The FESEM images of NiO-600 exposed uniform and coarse
nanoparticles. The average particle size of NiO-70 and NiO-
600 was 5 um and 50 nm, respectively. The UV, FTIR and
SEM analysis outcomes are almost coincidence with the
reported values of reported work of Uddin et al. [24].

Further, the nanoparticle nature was confirmed by HR-
TEM analysis and the image of NiO-600 are shown in Fig. 4.
From the image, this work observed tubular shape (10 nm)
for NiO-600 and confirmed the nanoparticles nature.
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Fig. 3. FESEM images of (a) NiO-70 and (b) NiO-600

rature and that weight loss is negligible at > 600 °C. The weight
loss at 228 °C and 359 °C was accompanied by sharp DTA
peaks as shown in Fig. 5b.

The weight loss at 228 °C is due to the dehydration of water
molecules and impurities in NIONPs. The weight loss at 359
°C is related to the decomposition of nickel oxalate into NiO.
The weight loss can be explained as due to the thermal decom-
position of nickel oxalate to form NiO particles [30].

Batch studies: Among the various synthesized NiONPs,
NiO-70, NiO-200, NiO-400 and NiO-600, the characterization
studies showed that NiO-600 was more homogeneous and had
smaller spherical nanoparticles. Therefore, NiO-600 was used
as an effective adsorbent to remove RhA-B dye from the aqueous
j solution. As the number of adsorbent increases, the removal

Fig. 4. HRTEM image NiO-600 of RhA-B also increases up to 0.1 g of adsorbent and the adsor-
ption of dye by the adsorbent is stable (Fig. 6a-b). A maximum

Thermal studies: In the TGA curve (Fig. 5a), three mass  removal rate of 90% was observed at an adsorbent capacity of
losses were observed for NiO-70 at 228 °C (I), 359°C (Il)and (.1 g for NiO-600. This may be due to the higher availability
500 °C (IID. It demonstrates that the stoichiometry of the  of adsorption sites at higher adsorbent dosages. An increase

sample changes with increasing sample preparation tempe- in the adsorbent removal rate may be associated with a large
120 0.7
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Fig. 5. Thermal curves (a) TGA, (b) DSC curves of NiO-600 nanoparticles
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TABLE-1
ADSORPTION RESULT WITH RESPECT OF ADSORBENT AND ADSORBATE CONCENTRATIONS

Batch experiment using NiONPs-600 with RhA-B

NiONP dosage Initial conc. of dye Removal (%) Response
0.01gto0.1g 50 ppm 90 Gradual increase until the equilibrium state and then constant
0.1 g/100 mL 10 to 100 ppm 85 Gradual decrease

specific surface area that can provide adequate reactivity and
active adsorption centers [31]. The adsorption outcomes are
shown in Table-1.

Adsorption studies: The adsorption capacity of rhodamine
B (RhA-B) dye on NiO-600 was studied using different adsor-
ption isotherms. In this study, the Langmuir, Freundlich and
Temkin isothermal models were used to investigate the relat-
ionship between the amount and concentration of adsorbed
RhA-B and the parameters obtained are shown in Table-2. The
K. values calculated were in the range of 0—1, indicating a
good adsorption process (0 < Ry < 1) for the obtained NiO-600
and the obtained range exists between 0.3 and 0.6, indicating
that the adsorption process of the obtained adsorbent was good.
Simillarly, Freundlich’s isotherm results showed that increasing
the negative charge on the surface increased the electrostatic
force between the NiONPs and thus increase the adsorption
of RhA-B. The ‘n’ values were found to be 0.7-0.8, indicating
strong adsorption of RhA-B dye on the NiO-600 surface. The
extent of adsorption will be indicative of the binding energy
between RhA-B and NiO-600, and thus the possibility of chemi-
sorption rather than physical adsorption. It was known that
the constants Krand B would be high for good adsorbents and
low for poor adsorbents. Therefore, it is possible for the Temkin
isotherm to be successfully adapted by the adsorption of RhA-
B. Correlation coefficients (R?) were used to determine which
model best described the adsorption process. The R?is closer
to 1, the better the fit between the experimental data and the
data predicted by the model is the best fit. Comparing R? of
each isotherm of Langmuir (0.980.99), Freundlich (0.980.99)
and Temkin (0.970.99) for NiO-600, it can be seen that almost
all the isotherms are most suitable for RhA-B adsorption, which
suggests both homogeneous and heterogeneous monolayer
adsorption processes in which all adsorption sites have the
same affinity for the adsorbate.

TABLE-2
ADSORPTION ISOTHERM PARAMETERS FOR
THE UPTAKE OF RhA-B ONTO NiO-600

Langmuir isotherm

Temp. (K)

g, (mg/L) K, (mg/g) R’
303 355.87 0.5995 0.9933
313 328.94 0.5458 0.9863
318 465.11 0.3126 0.9944

Freundlich isotherm

n K: (mg/g) R’
303 0.8338 1.6405 0.9887
313 0.7431 6.7344 0.9824
318 0.7997 38.2912 0.9947

Temkin isotherm

K, (L/g) B (J/mol) R’
303 1.0668 98.2794 0.9967
313 1.0223 117.3031 0.9737
318 1.0276 177.9512 0.9967

The maximum monolayer adsorption (qm) obtained from
the Langmuir plot was 328-465 mg/L. The K¢ (1.6-38.2) and
n (0.70.8) values were calculated from the Freundlich’s
isotherm and the K1 (1.02-1.07) and B values calculated from
the Temkin’s isotherm indicate favourable chemisorption of
RhA-B on NiO-600.

Kinetic studies: The calculated q. values from the pseudo-
first-order and pseudo-second-order kinetic models agreed well
with the experimental q. values. Table-3 showed the adsorption
behaviour, the pseudo-second-order kinetic models very well.
The k- value of the pseudo-second order model was higher in
NiO-600 (2.0495 x 10 mg™' min™).

Thermodyamic studies: The standard free energy change
(AG®) for the adsorption of RhA-B onto NiO-600 was calcu-
lated using eqn. 14:
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TABLE-3
PSEUDO-FIRST-ORDER AND PSEUDO-SECOND-ORDER RATE
CONSTANTS FOR ADSORPTION OF RhA-B ONTO NiO-600

Kinetic models Parameters NiO-600
k, (min ") 2.3083 % 10°
Pseudo-first-order q. (mg/g) 4.0197
R’ 0.9009
k,(mg "' min") 2.0495 x 10
Pseudo-second-order q, (mg/g) 3.5236
R’ 0.9884
q
K, ===
d C. (13)
AG° =-RT In K4 (14)

where AG® is the Gibbs free energy change (KJ/mol); T is the
temperature (K); R is the gas constant (8.314 Jmol/K) and K
is the equilibrium constant related to Langmuir constant equal
to q./C.. The calculated AG® was found to be -79.00 KJ/mol
and confirmed the spontaneity of the monolayer adsorption
process [32]. The higher negative value confirmed the feasi-
bility of adsorption as a chemisorption process. The results also
revealed that the adsorption was endothermic.

Recycling studies: The adsorbed RhA-B dye molecules
were easily desorbed using tap water and distilled water (an
appropriate amount of acetone) with magnetic stirring for 1 h.
Thus, in order to investigate the secondary pollution of RhA-B
dye in different environments, after the adsorption process,
six cycles of successive desorption experiments were conducted
as shown in Fig. 7. The desorption of RhA-B was found to be
increased with the number of cycles whereas the recovery of
adsorbent was found to be 89, 85, 80, 78, 75 and 70% after the
first, second, third, fourth, fifth and sixth cycles, respectively.
The results showed that as the number of cycles increased, the
recovery of the adsorbent gradually both in water and acetone
for NiO-600 recovery decreased from 89% to 70%. Desorption
efficiency was 70% after six cycles were calculated as follows:

Amt of desorbed RhA-B

It was suggested that such adsorbent not only possesses a
high adsorption capability but also presented a good desorption
efficiency for RhA-B dye. The maximum adsorption capacity
and high desorption rate would be the advantages of this type
of adsorbent and thus NiONPs has been proposed as an effec-
tive adsorbent to reduce purification costs.

Comparison studies: The efficiency of the green synthe-
sized NiONPs were compared with the other reported NiO
nanoparticles dye towards the removal of RhA-B dye. As per
Table-4, this work observed that the adsorption and photo-
catalytic efficiency of the current green synthesized NiO nano-
particles were increased with time and doped materials. Thus,
the removal efficiency of Phyllantus emblica fruit extract based
NiO nanoparticles was almost equal with the reported values.
Despite the fact that we were successful in removing the
pigment from NiO nanoparticles in 70 min, while the other
reported NiO nanoparticles have indicated that this process
can take significantly longer. Also, the doped NiO nano-
materials showed lower efficiency when compared to present
green synthesized NiO nanomaterials. Hence, this work claims
the low cost higher efficiency NiONPs using Phyllanthus
emblica fruit extract for the dye removal purpose in textile
industry effluent treatment.

TABLE-4
COMPARISON OF PREPARED NiONP
EFFICIENCY WITH REPORTED VALUES

Adsorbent Adsorbate T1rpe IRl Ref.
(min) (%)
NiONP Methyl orange 30 95 [33]
NiONP Waste water 120 50 [34]
NiONP + ZnO RhA-B - 93.8 [35]
NiONP RhA-B - 81 [35]
Ag-Cd + NiONP RhA-B - 97 [36]
NiONP RhA-B - 80.33 [37]
Ag doped NiONP RhA-B 200 75 [38]
NiONP (green) RhA-B 30x60 95 [39]
NiONP RhA-B 70 95 Present
study
Conclusion

This study conducts the successful preparation of nickel
oxide nanoparticles (NiONPs) by green synthesis using nickel
chloride hexahydrate and Phyllantus emblica fruit extract and
calcined at high temperatures. The synthesized NiONPs were
characterized by UV, FTIR, FESEM, TEM and TGA/DTA. The
green NiONPs has the cubic structure and a calculated size of
50 nm. Experimental data from the Langmuir, Freundlich and
Temkin isotherms showed that the equilibrium data fit best.
The high negative of free energy indicates that the adsorption
is chemisorption and spontaneous. The NiO nanoparticles
eliminated RhA-B dye from the water sample upto 88% at
pH 6.
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