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Abstract
In comparison to algal biomass, algae-based nanoparticle (green synthesis) not only aids in the removal of toxins from waste-
water, but it is also an ecologically benign strategy with enhanced efficacy. In the present study, Spirulina is being utilised 
to make green iron oxide nanoparticles (S-IONPs), which further used to make an effective adsorbent for the removal of 
cationic crystal violet (CV) dye using ultra-sonic waves. The created nano-adsorbent was thoroughly investigated using a 
variety of characterisation techniques, including FT-IR, XRD, FE-SEM, and UV–VIS spectroscopy. Moreover, the S-IONPs 
adsorbent performed remarkably well in removing key chemicals from synthetic solutions, such as dyes. The pseudo-second 
order model was used to describe the kinetic profile, while the linearized Langmuir theory with r2 of 0.96413 and qmax of 
55.62 mg/g was used to show the adsorption isotherm. Sequestration of the CV dye from aqueous solution using S-IONPs 
was carried out efficiently. The potential of S-IONPs for decolorization of crystal violet dye solution was also confirmed 
through various analytical techniques.

Graphical Abstract
Preparation of Spirulina based iron oxide nanoparticles for sequestration of Crystal Violet dye from aqueous solution
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1  Introduction

Environmental contamination is currently a topic of sig-
nificant attention and concern around the world owing 
to the harmful consequences it has on living creatures 
and ecological units [1]. These issues are getting worsen 
because of the fast growth of industrialisation across the 
world [2, 3]. Pollution causes several problems, including 
respiratory issues, cardiovascular illness, intestinal dam-
age, the decreased standard of life, climate change and the 
disappearance of many plant and animal species [4]. Water 
is regarded as one of the most fundamental, crucial, and 
irreplaceable aspects in the survival of human beings and 
ensuring the long-term growth of human civilisation on 
our planet. Water contamination associated with explosive 
industrialisation has become the most problematic issue in 
environmental concern in recent decades, arousing signifi-
cant global concern due to their severe effects on a vari-
ety of living beings [5]. Scarcity of water is affecting an 
estimated 2 billion people, and around 800 million people 
are not having access to potable water, resulting in major 
health consequences [6, 7]. Among the many manufac-
turing units that contaminate water, the clothing industry 
is the major one that dumps the most refuse into it; this 
industry utilises over ten thousand dyes and pigments in 
its shading operations, mostly non-biodegradable in nature 
[8]. The exact number of dyes and their amount expelled 
by the clothing industry into oceanic effluents are unclear, 
but this pollution is a major ecological concern [9]. The 
most often used dyes in the textile sector are Rhodamine b, 
Methyl orange, and Methylene blue and Tri-phenylmeth-
ane dye, Crystal Violet [10, 11].

Crystal Violet (CV) is a tri-phenylmethane dye that is 
widely utilized as a staining agent in biological activities, 
a dermatological agent, and in a variety of viable textile 
applications [12]. Hexamethyl pararosaniline chloride is 
also one of its names and it is an elementary dye with the 
molecular formula C25H30N3Cl. The dye was discovered 
to be poisoning at the mitotic stage that is recalcitrant and 
cancer causing, and it is thus classified as a risk to human 
health [13]. Its removal from wastewater before disposal 
is thus critical for environmental safety.

The retention of dyes and/or their degradation prod-
ucts in aquatic bodies harm the health conditions of many 
living organisms. These deteriorate the quality of water 
(specification) by altering the concentration of parameters 
like BOD, COD, TSS, and TDS resulting in a net loss of 
photosynthetic activity by increasing turbidity combined 
with inadequate light penetration [14]. Several govern-
ments have imposed environmental limits on the quality 
of coloured wastewater, requiring enterprises to remove 
dyes from their effluents before dumping [15]. However, 

traditional wastewater treatment facilities have proven 
to be very unsuccessful in removing commercial dye-
stuffs from wastewaters, particularly CV dye and they are 
directly or indirectly caused harm to nature. So there is a 
need for sustainable treatment technology that efficiently 
removes contaminants like dye from wastewater and is also 
eco-friendly in nature [16].

Some bio-sorbents, such as Chlorella vulgaris [17], 
Ulothrix sp. [18], Ananas comosus leaf powder [19], and 
Scolymus hispanicus [20], have been efficiently utilized in 
biomass form to eliminate dyes from wastewater, according 
to the literature. However, Spirulina biomass is often used 
to eradicate metals such as lead, cadmium, nickel and copper 
[21–23] while research on dye removal onto Spirulina are 
few. This research is oriented to finding biocompatible Spir-
ulina assisted algal nanoparticles with tuneable features hav-
ing improved efficiency. As in above mentioned literature, 
algal biomass is used as an adsorbent for wastewater removal 
but algal NPs have a high surface area in comparison to 
biomass. Nanoparticles have higher reactive sites for the 
formation of hydrogen bonds. Therefore, nano sized algal 
adsorbents catalysis the reaction by providing more surface 
area for adsorption, as illustrated in Fig. 1. Functionalization 
of the surface enhances the adsorption capacity of particles.

Spirulina is a filamentous cyanobacterium (blue-green 
alga) that is cultured and sold globally among a range of 
microalgae species. They may grow phototrophically, het-
erotrophically, or mixotrophically in a variety of environ-
ments including freshwater, seawater, and pond water under 
harsh living circumstances such as low light and the pres-
ence of organic materials and pollutants. Along with waste-
water treatment biomass of Spirulina can also be used in 
the pharmaceutical industry, and biofuel production [24]. 
The use of algal biomass as a nanoparticle (NPs) to remove 
dyes is rarely studied. Synthesis of nanoparticles with the 
help of algae is an eco-friendly approach to wastewater treat-
ment and it efficiently removes various pollutants like dye 
and heavy metals from wastewater. The potential of NPs of 
Spirulina biomass as bio-sorbents for CV dye removal was 
examined in this study.

Nanotechnology is a promising and rapidly expanding 
field of research that is bridging gaps in contemporary 
important technologies. Nanotechnology has advanced in 
the field of nano-science over the last two decades. NPs are 
small particles with diameters ranging from 0 to 100 nm 
[25]. The constructional distinctiveness of NPs, such as 
size, form, and lattice, has boosted their use in electrical 
devices, bio-engineering, pharmaceutical, and textile sec-
tors, as well as biomarkers and biosensors [26–29]. Among 
the various physical and chemical methods (e.g., micro-
emulsion, sol–gel method, electrochemical, and so on) used 
for the synthesising NPs, the less toxic synthesis of NPs in 
terms of eco-friendly synthesis using plant extracts (e.g., 
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fruit and leaf) or biological organisms (fungi, bacteria, yeast, 
seaweed) is now evolving because of its cost-effectiveness, 
high production rate, and environment-friendly nature [30]. 
These materials contain a wide range of bioactive compo-
nents (for example, carbohydrates, amino acids, proteins, 
vitamins, alkaloids, saponins, polyphenols, steroids, organic 
acids, flavonoids, terpenoids, and reducing sugars), which 
are used as capping, reducing, and stabilising agents during 
the process of NPs synthesis [31].

Most of the algal nanoparticles studies revolve around 
gold (37%) & silver (39%) and very few studies focused on 
other metallic and metal oxide nanoparticles [32]. Therefore, 

this study aims to get more out of the commercially available 
sustainable Spirulina algae powder by greenly synthesis-
ing iron oxide NPs and systematically testing its capacity 
to decolourise CV dye from wastewater. Also in this field, 
researchers need to explore the type of nanoparticles, their 
suitable size and their potential to act as a biosorbent at the 
nanoscale. The first section of this article concentrates on 
several structural characterization investigations (physical 
and chemical characteristics) of the as-formed S-IONPs, 
including X-ray diffraction (XRD), Fourier-transform infra-
red spectroscopy (FTIR), High Resolution Field Emission 
Scanning Electron Microscopy (FE-SEM) and UV–VIS 

Fig. 1   Schematic illustration 
of the advantage of using algal 
nanoparticles over algal bio-
mass in wastewater treatment
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spectroscopy. In the Second section, the efficacy of S-IONPs 
was tested for the removal of CV dye and was examined 
under working parameters (i.e., sorbent concentration, pH 
of the solution, contact time, dye concentration, and tem-
perature) in order to get a systematic knowledge of the inter-
action of dyes and nano-adsorbent, which is required for 
application on large-scale, including customization of as 
synthesised nano-adsorbents, the assortment of an appro-
priate adsorbent and defining of an optimal eluent.

2 � Materials and Methods

2.1 � Materials

In the present study, the chemicals used were of stand-
ard methodical mark and were used straight without any 
refining. Chemicals used were powdered form of micro-
algae, ferric chloride hexahydrate (FeCl3·6H2O), methanol 
(CH3OH) and ethanol (C2H5OH) and salt of CV dye. Dif-
ferent solutions were prepared using deionised water (DI). 
pH of all dye solutions were controlled by using diluted HCl 
and NaOH of 0.1 M.

2.2 � Iron Oxide Nanoparticles (S‑IONPs) Synthesis

2.2.1 � Spirulina Micro‑algal Supernatant Preparation

Microalgal Powder (MALGP) of Spirulina was firstly 
splashed with normal tap water and then rinsed with DI 
water to eliminate observed impure particles as per Fig. 2. 
The 12 g microalgal Powder of Spirulina was dissolved in 
120 ml of DI water in a 500 ml round-bottomed flask by 
stirring continuously using a magnetic stirrer for 1 h. The 

homogenized solution is allowed to cool down naturally 
at 25 °C, the MAGLP was strained through a filter paper 
(whatman paper of diameter 125 mm) and the clear superna-
tant solution was transferred in polypropylene tubes and set 
aside for the synthesis of Spirulina iron oxide nanoparticles 
(S-IONPs).

2.2.2 � Spirulina Iron Oxide Nanoparticles (S‑IONPs) 
Preparation

The best synthesis condition was continued by referring to 
the literature reported.

2.3 � Preparation of Dye Solutions

Dye standard stock solution of 1000 ppm concentration 
was prepared for different sorption experiments. A suitable 
amount of CV dye salt is dissolved in a suitable amount 
of DI water to prepare the solution and left for stirring at 
approx. 100 rpm for 20 min to ensure dissolution. Further 
parameters were done with the stepwise dilution of stock 
solution.

2.4 � Physical Characterisation of S‑IONPs Sorbent

Fourier-transform infrared spectroscopy analysis of NPs 
inside the algal extract solution was utilised to determine 
the efficient groups of the active components. The FTIR 
spectrophotometer model used was Perkin Elmer spectrum, 
a standard optical system with KBr powder, 4000–500 cm−1 
is the spectral range used for the collection of data, at the 
highest resolution of 0.5 cm−1. Identification of the spectral 
absorption bands was made according to previously pub-
lished information. XRD (Benchtop Miniflex- II, Rigaku, 
Japan) was performed to identify the structure of the 
S-IONPs (λ = 1.54056 A) between 10° and 90° (2θ) at 27 
°C. FE-SEM was performed using model/maker-7610F Plus/
JEOL. UV–Visible spectroscopy of S-IONPs was performed 
using a UV–VIS-NIR spectrophotometer (Varian cary-5000) 
in the range of 200–800 nm wavelength.

2.5 � Sorption Assay Experiments

S-IONPS absorption performance towards CV dye is 
checked by batch equilibrium scheme. For the studies of 
sorption, out of all the operational parameters one parameter 
is kept varying comprehensively, while others kept running 
the same continuously.

To check the influence of initial solution pH (pHi), 0.03 g 
of S-IONPs was mixed with a sequence of 20 ml of CV having 
different pH values vacillating from 2 to 14 maintained with 
the use of 0.1 M of diluted HCl and NaOH. The tested solu-
tions were constantly stirred under sustained conditions for a 

0.6M FeCl3.6H2O in 95ml 

deionized water  
95ml Algal Supernatant 

Color change Yellow to Brown 

Mixing with Magnetic Stirrer for 2 Hours 

Keep it in Hot Air Oven for 24 Hours at 75◦c 

Centrifuge the solution 4-6 times with deionized water for 10 min. at 6000 rpm  

Dry the extract in Hot Air Oven for 4 Hours at 75◦c 

Algal Nanoparticles Synthesized 

Fig. 2   Flow diagram showing the basic procedure for synthesis of 
S-IONPs
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contact time of 100 min and a stirring speed of 200 rpm. After 
that sorbent was loaded with CV dye magnetically collected 
from the solution and the residual supernatant was estimated 
for the remaining dye concentration at 464 nm wavelength 
using the Shimadzu- UV-1280 Multipurpose UV–Visible 
Spectrophotometer. The impact of adsorbent concentration 
was investigated by altering the concentration S-IONPs from 
10 to 110 mg with a 20 ml dye solution. It is further quantified 
using spectrophotometry. Kinetics investigation was led as an 
exercise of contact time by dissolving 0.75 g S-IONPs with 
500 ml of dye solution for 120 min and stirred at 200 rpm. 
Samples were collected at stipulated time intervals and further 
processed. The isotherm studies were performed by dissolving 
0.03 g of S-IONPs with 20 ml dye solution with varying dye 
concentrations ranging from 10–100 ppm. The temperature 
effect was noted by mixing 0.03 g of S-IONPs in 20 ml dye 
solution at different temperatures.

2.6 � Kinetics Modelling Analysis

Sorption kinetics study is important to get a full understand-
ing of sorption reaction, saturation time and all the steps 
which probably control the sorbate and sorbent interaction. 
This is important for the large scale implication of the sorp-
tion system. To understand the nearest fitted kinetics models, 
the resulted data was handled with two models: pseudo first-
order rate equation (PFORE) [33], pseudo second order rate 
equation (PSFORE) [34]

2.7 � Different Adsorption Isotherm Models

The adsorption data were examined additionally using well-
known isotherm models such as Langmuir and Freundlich 
equilibrium isotherm models. The equilibrium concentration 
of dye is Ce (mg/L), the quantity of adsorbed dye is Qe (mg/g), 
and the adsorption capacity and energy are qmax (mg/g) and 
b (L/mg), respectively. If the system follows the Langmuir 
model, the plot of Ce/Qe vs. Ce will be linear. The empirical 
constants of (mg/g) and n are defined. Multiplayer adsorp-
tive activity of dye over S-IONPs is facilitated by electrostatic 
attraction caused by the existence of functional groups on dye 
molecules and surface alter NPs. Using the qmax values derived 
from the Langmuir model, the highest adsorption potential was 
in comparison with the varied surface coverage of S-IONPs 
[35].

3 � Result and Discussion

3.1 � Characterization of Spirulina Mediated Iron 
Oxide Nano sorbent

3.1.1 � Fourier Transform Infrared Spectroscopy (FT‑IR)

In general, the FT-IR scale is used to distinguish the bind-
ing groups entangled in the adsorption. The spectrum of 
Spirulina mediated iron oxide nano-adsorbent is shown in 
Fig. 3. The wide attributed adsorption band at 3436.73 cm−1 
represent O–H bonding for alcohol (–OH) or carboxyl group 
(–COOH). A small signal band observed at 2065.00 cm−1 
represents the C≡C bonding. The sharp peak detected at 
1636.87  cm−1 represents the aromatic stretching vibra-
tion of C=C bonding which is found in alkene groups. A 
weak signal peak observed at 1404.1 cm−1 show the C–H 
bonding with sp3 hybridization. Another peak observed at 
1384.90 cm−1 is related to symmetric nitro and stretching 
of the C–H bond of alkanes group with sp3 hybridization. 
The vibration peak observes at 1045.2 cm−1 represents the 
C–N bonding and C–O bonding of alkoxy groups. The peak 
observed at 576.16 cm−1 confirms the synthesis of iron oxide 
nano-adsorbent made up with the help of Spirulina because 
the peak represents the widening of the metal–oxygen group. 
These peaks are almost identical to the previous study by 
various researchers [31, 36, 37].

The FT-IR spectrum of Spirulina mediated iron oxide nano-
adsorbent with the loading of CV dye is shown in Fig. 4. The 
new peak that appeared at 2928.1 cm−1 represents the C–H 
bonding of alkane groups with sp3 hybridization and stretch-
ing O–H bond of the carboxyl group, while another peak at 
2853.6 cm−1 signifies the weak bond of C–H in aldehyde 
groups with sp3 hybridization. The sharpest peak observed at 
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1638.16 cm−1 represents the saturated amide group with C≡O 
bonding. These peaks confirm the adsorption of CV dye on 
iron oxide nano-adsorbent made up with the help of Spirulina 
[31, 38].

3.1.2 � X‑ray Diffraction (XRD)

XRD was performed to investigate the crystalline nature and 
phase of synthesized nano-adsorbent. XRD of iron oxide 
nanoadsorbent synthesized using Spirulina is represented in 
Fig. 5. The characteristic peak of S-IONP is best observed at 
26.63° on (2θ). The crystallite size of the nanoadsorbent is 
calculated using the Debye–Scherrer equation [39],

(1)d = K�∕�Cos�

where d denotes the crystalline size of nanoparticles, k is a 
constant dimensionless value which is known as the shape 
factor, λ is the wavelength of incident X-ray, Bragg’s angle 
in radians is denoted by θ, and β refers to the full width at 
half maximum (FWHM) [40]. The average size of S-IONP 
calculated using the Debye–Scherrer equation is 28.497 nm. 
A similar kind of result was observed when iron oxide nano-
adsorbent was synthesized using a composite of Psidium 
guavaja-Moringa oleifera, Teucrium polium and Bauhinia 
tomentosa [39–41].

3.1.3 � Ultra‑Violet/Visible Spectroscopy

For observing the optical properties of synthesized nano-
adsorbents, they are characterized through UV–VIS spec-
troscopy. Figure 6 represents the absorption peak observed 
during UV–VIS spectroscopy of synthesized nano-adsor-
bents. The absorbance peak of iron oxide nanoparticles is 
between 280 and 400 nm [41], in our study a broad peak was 
found between 300 and 400 nm, thus signifying the synthe-
sis of iron oxide nanoparticles. A similar kind of peak was 
observed in other studies when iron oxide nanoparticles were 
synthesized with the help of Spirulina platensis (absorbance 
peak at 405 nm), a composite of Psidium guavaja-Moringa 
oleifera (absorbance peak at 310 nm) and Eichhornia cras-
sipes (absorbance peak at 379 nm) [31, 39, 40].

3.1.4 � FE‑SEM Analysis of S‑IONPs

The FE-SEM images of S-IONPs with different magnifica-
tions of ×1000, ×10,000, ×15,000, and ×20,000 has been 
observed and shown in Fig. 7. This image shows nanoparti-
cles are accumulated, have non-uniform (non-regular) struc-
tures and are almost distinctive. Nanoparticles are gathered 
together because of magnetic interaction (dipole–dipole) 
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between species of iron. Morphology and size of S-IONPs 
can be greatly influenced by the presence of various bioac-
tive reducing agents like polyphenols in microalgal powder 
supernatant. Some clumped clusters are also shown in the 
figure because small bioactive compounds stick together 
to form these clusters [31, 39, 42–44]. EDX analysis of 
S-IONPs (Fig. 8) confirms the presence of Fe, O, Cl, and 
C. The weight % of elements is Fe (25.4%), O (43.2%), Cl 
(4.9%) and C (26.5%).

3.2 � Impacts of Varying Operative Parameters

3.2.1 � Impact of pH

pH is one of the significant parameters because it directly 
influences the sorption properties of nano-adsorbents [45]. 
The dye elimination efficiency of nano-adsorbents was found 
to be continuously increasing as pH increased from 2 to 12. 
At pH 2 the dye elimination efficiency of nano-adsorbents 

Fig. 7   FE-SEM analysis of 
Spirulina mediated iron oxide 
nanoparticles
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Fig. 8   EDX analysis of Spirulina mediated iron oxide nanoparticles
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was 59.79% and at pH 12 and 14 it moves to 98.34% and 
95.77% respectively. Some of the reasons as stated in the 
literature for less dye removal efficiency at lower pH are the 
unfavorable sorption, presence of large no. of H+ ions and 
CV dye molecules both of these compete for getting sorbed 
on the surface of nano-adsorbent. The surface of nano-
adsorbent (nanoparticles) is protonated, this also restricts 
sorption of CV on sorbent (interionic repulsive forces) [31]. 
Basic pH leads to deprotonation of nano-adsorbent thus as 
pH increases sorption capacity or dye removal efficiency 
of nanoadsorbent increases [46]. An experimental study in 
which cationic and anionic dyes were removed using iron 
oxide nanoparticles synthesized with the help of Spirulina 
platensis concluded similar results when the impact of pH 
was studied [31]. Figure 9 demonstrates a change in the 
efficiency of nano-adsorbent for the removal of CV as pH 
changes.

3.2.2 � Influence of Nano‑adsorbent Concentration

The concentration of sorbent greatly influences the sorption 
of dye on nano-adsorbent. A nano-adsorbent that eliminates 
a high amount of dye at low doses is said to be an economi-
cal sorbent [31]. Six different doses of nano-adsorbent from 
10 to 110 mg were used to explore the impact of nano-adsor-
bent concentration on the removal of crystal violet. As nano-
adsorbent concentration increased from 10 to 30 mg removal 
efficiency increased from 93.69 to 96.12% this is because of 
the increase in available sorption active site, on which CV 
can easily sorbed and removed. When nano-adsorbents were 
used to remove anionic azo acid blue 29 (AB 29) and meth-
ylene blue, similar kinds of findings were observed [47]. 
As nano-adsorbent dose further increased to 50, 70, 90 and 
110 mg, removal efficiency decreased to 93.29%, 88.53%, 

78.50% and 68.19% respectively. This decrease in removal 
efficiency is because a high dose of nano-adsorbents leads to 
clustering thus particle size increases and active surface area 
is reduced. When iron oxide nanoparticles were synthesized 
with the help of Spirulina platensis and used for the removal 
of cationic and anionic dyes similar findings were observed 
[31]. A related kind of finding was reported when CV and 
tartrazine red dye is removed using iron nano-adsorbent [48, 
49]. The influence of nano-adsorbent dose on the removal of 
CV dye is described in graphical form in Fig. 10.

3.2.3 � Sorption Kinetics Analysis

Time reliant variation of pollutant removal is important for 
practical applications and for calculating sorption rate, con-
tact time, and other rate affecting steps. In the first 10 min, 
the rate of absorption is high because there is high avail-
ability of sorbent and dye molecules [50]. Notably with the 
passing of time the rate of sorption decrease till the equi-
librium condition is attained and this decline is caused by a 
deficit of inactive binding sites. The final data is subjected 
to PFORE and PSORE models respectively [51]. PFORE 
model stated that the rate of change of sorption is parallel to 
the different equilibrium concentrations [45]. Whereas the 
PSORE model states that the sorption administering phase is 
depicted by chemisorption. The linearized model is applied 
to simulate the kinetics result. The evaluated data is pre-
sented in Table 1. The final values of R2 and K2 were 0.9966 
and 0.010261 respectively. Higher the R2 value means better 
the tested fit models.

3.2.4 � Sorption Isotherm Analysis

The isothermal analysis is required to offer critical knowl-
edge on sorbent physicochemical characteristics such as 
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affinity for the pollutant understudy, maximal sorbent 
capacity, and sorption process. Fundamentally, the LAM, 
FR, and TK isothermal models were investigated to see 
which model best explained the mechanism followed by 
the process of the sorption reaction. Linear graph experi-
mental data and their parameters were tabulated in Table 2. 
The examined data reported in Table 2 suggested that the 
LAM isotherm model was better matched to the sorption 
behaviour of CV onto S-IONPs sorbent rather than others 
based on the quality of the used models as determined by 
the obtained R2 values.

3.2.5 � Influence of Temperature

Temperature is one of the important factors that govern 
the sorption process of crystal violet on nano-adsorbent 
because temperature influences the diffusion rate of CV 
molecules [52–55]. To study the influence of tempera-
ture on the sorption of CV on nano-adsorbent, 10 differ-
ent temperature ranges from 35℃ to 80℃ were used. As 
temperature increases from 35 to 80℃ removal efficiency 
decreased from 93.13 to 68.6%. Figure 11 demonstrate 
the impact of temperature on the efficiency of nano-adsor-
bent for removal of CV dye. A similar kind of finding 
was reported when algal biomass was grown in distillery 
industry wastewater. Algal biomass shows the best growth 
at 35℃ and as temperature increases growth of algal bio-
mass decreases [56].

4 � Conclusion

The current research study describes the Spirulina’s pow-
der assisted green synthesis, characterisation, and maximum 
efficiency of nano-adsorbent S-IONPs. The nanoparticles 
are characterised using FT-IR, XRD, FE-SEM and UV–VIS 
spectroscopy. The NPs were employed as nano-adsorbents 
to remove hazardous dye from wastewater. The kinetics and 
adsorption isotherm were also used to provide important infor-
mation about the S-IONPs absorption efficiencies towards 
CV dye. The capacity of S-IONPs to adsorb dye has been 
tested through various parameters. The dye removal efficiency 
of nano-adsorbents was found to be highest at pH of 12, the 
nano-adsorbent dose of 30 mg and temperature of 35 °C. The 
adsorption isotherm was best fitted in linearized Langmuir 
theory with r2 value 0.96413 and qmax 55.62 mg/g, whereas 
the kinetic profile was reported utilizing a pseudo-second 
order model. The S-IONPs efficiency in sequestering CV dye 
is found maximum and can effectively remove CV dye from 
wastewater magnificently.
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Table 1   Uptake kinetics 
parameters for the sorption of 
CV dye onto SP- IONPs sorbent

PFORE
 K1 0.0002
 qe 1
 R2 0.81243

PSORE
 K2 0.010261
 qe 12.85843
 R2 0.99666

Table 2   Isothermal parameters 
for the sorption of CV dye onto 
SP- IONPs sorbent

Langmuir
 KL 0.1787
 Qm 55.62
 R2 0.96413

Freundlich
 1/n 0.5383
 Kf 9.32
 R2 0.96098
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Fig. 11   Impact of temperature on the efficiency of nano-adsorbent for 
removal of CV dye
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