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a b s t r a c t
The usage of ultrasonic-assisted Spirulina platensis (UASP) algal powder for the adsorption of 
Naphthol green-B (NGB) dye was analyzed within environmental conditions. The batch removal 
investigations were done with various operational conditions including UASP dose, contact time, 
initial NGB dye concentration and the NGB solution pH to eliminate NGB dye molecules in the 
aqueous solution. The optimal working conditions for the removal of NGB dye by UASP was 
showed that contact time (60 min), dose (3 g/L), initial NGB dye concentration (100 mg/L), pH (3), 
and temperature (30°C). The dye removal data were inspected by utilizing four adsorption isotherm 
models like Langmuir, Freundlich, Toth, and Hill isotherm models. The experimental data gener-
ated best fits within the following isotherm order: Freundlich > Hill > Toth > Langmuir isotherm 
model. The maximum monolayer adsorption capacity was 137.9 mg/g. The pseudo-first-order, 
second- order kinetic, and intraparticle diffusion models were probed and the outcomes show that 
the pseudo-first-order fitted with the adsorption of NGB dye molecules by UASP. Thermodynamic 
parameters like ΔG°, ΔH°, and ΔS° were determined and the results prove that the NGB adsorption 
was exothermic, spontaneous, and feasible. The results specify that the UASP has actually been 
utilized as an inexpensive biosorbent for the removal of NBG dye from aqueous solution.
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adsorption

1. Introduction

All over the world, water pollution is the most serious 
environmental problem that can be dangerous to human 
beings and the environment [1–4]. In general, various kinds 
of organic and inorganic pollutants present in wastewa-
ter that has been discharged from diverse industries for 
instance leather, rubber, paper, cosmetics, textile, foods, 
printing, wool, etc., in these; synthetic dyes are the most 
hazardous pollutants that may be carcinogenic, mutagenic, 

or teratogenic in nature [5–11]. In the textile industry, dye-
ing operation can be carried out with large quantities of 
water and produce more volumes of colored wastewater. 
In this textile industry, about 1%–2% of dye losses to efflu-
ents during dye production, and 1%–10% of dye losses 
to effluents during dye utilization. The residual dyes in 
wastewater even at low quantities are common water pol-
lutants. These dyes are generally having a complex struc-
ture that makes them toxic and not easy to decolorize 
even at minimum concentrations [12–15]. Thus, the rapid 
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and effective treatments are needed for the elimination of 
synthetic dyes presented in industrial run-offs earlier being 
released toward water bodies. A wide variety of technolo-
gies including flocculation [16], membrane filtration [17], 
oxidation [18], electrolysis [19], and biological treatment 
methods [20] have offered and considered for their capabil-
ity to eradicate dyes from wastewaters. But these technol-
ogies have more drawbacks particularly secondary sludge 
removal complications, higher investment, and operational 
expenses [21]. The dye adsorption process is shown to be an 
effective method to separate dye molecules from wastewa-
ters for its simplistic design, affordable cost, easy operation 
method, large surface area, high adsorption capacity, chem-
ical stability, and insensitivity toward toxic compounds. 
Generally, the adsorption behavior is mainly depending 
upon the nature of the adsorbent to be used, particularly 
its surface area and porosity [23,24]. In the past year, sev-
eral low-cost adsorbents, such as cotton [25], corn pith [12], 
pine cone [26], tea leaves [27], coconut shell [28], orange 
peel [29], fly ash [30], peanut hull [31], wheat bran [32], etc., 
have been studied for the treatment of wastewater. These 
materials are used as adsorbent either in their raw or car-
bonized form. Many researchers have been reported that 
sulfur acid treatment was an excellent method to produce 
the highly carbonized form of adsorbent with increased 
pores and surface area [33]. In addition, the ultrasonica-
tion treatment can be further used to breakdown the func-
tional interaction and develop new cavities with improved 
pore size and surface area.

The adsorbent, activated carbon (AC) is commercially 
utilized in order to eradicate pollutants efficiently from 
aqueous solutions. nevertheless, it has some drawbacks: 
(i) expensive and (ii) problems in its renewal. Hence, 
researchers are motivated to locate alternative low-cost 
adsorbents with excellent properties like simple production 
steps and the density of functional groups. Recently, microal-
gal biomasses have been investigated widely as feasible bio-
sorbents to remove toxic pollutants from aqueous solutions. 
They comprise a significant quantity of proteins, lipids, 
and carbohydrates. The functional groups like carboxyl-
ate, amino, hydroxyl, phosphate, and some charged groups 
present in the microalgae are explained about their adsorp-
tion capacity. In recent times, some sorts of microalgae-de-
rived biochar are prepared and used in the contaminant’s 
removal, mainly because of their chemical composition 
and bio-based- product harvest [34,35]. Generally, biochar 
is environmentally friendly and less expensive adsorbent 
which is derived from waste biomass using pyrolysis. It has 
higher shelf-life stability, greater adsorption capacity, highly 
effective, and appropriate usage compare to the living algae. 
At the same time, more energy-intensive thermal process 
is needed for biochar production. The residence time and 
pyrolysis heating rate may possibly modify the biochar pore 
structure, chemical composition, and aromaticity [36].

Naphthol green-B (NGB) dye is one of the highly 
water-soluble anionic dye that belongs to the azoic group 
of dyes and is a derivative of naphthoic acid. This dye is 
majorly used in the solar salt industry and, textile indus-
tries for wool, nylon, and silk fabric dyeing and printing 
that also used for leather dyeing. The NGB dye has redox 
characteristics and can involve in electro-polymerization 

reaction to produce steady active layers. Thus, due to its low 
cost and electron transfer efficiency, NGB acts as a media-
tor in the electrocatalysis operation especially for dopamine 
and uric acid and can also be used in several spectropho-
tometric devices [37–39]. Nowadays, the biosorption process 
has been used for treating dye bearing effluents due to its 
eco-friendly and economical nature [40]. The major goal 
of the current investigation is to prepare and examine the 
effectiveness of the ultrasonic-assisted Spirulina platensis 
(UASP) for the removal of NGB dye. The effects of numer-
ous parameters including the NGB solution pH, UASP 
dose, contact time, initial NGB dye concentration, the tem-
perature on the removal of NGB on USAP were studied. 
The surface morphology of UASP biosorbent was learned 
by using Fourier transform infrared spectroscopy (FTIR). 
The adsorption behavior of UASP biosorbent for the NGB 
dye removal was examined by using adsorption isotherm, 
kinetics, and mechanisms studies.

2. Materials and methods

2.1. Preparation of naphthol green-B solution

NGB dye was purchased from Loba Chemie Pvt. Ltd., 
Mumbai, India.

One gram of NGB dye was mixed with 1,000 mL 
of deionize to make 1,000 mg/L of NGB stock solution. 
Experimental NGB solutions were arranged through dilut-
ing the NGB stock solution using deionized water to attain 
the appropriate concentration of the operating solutions. 
The chemical structure of NGB dye is displayed in Fig. 1.

2.2. Preparation of UASP biosorbent material

Spirulina platensis microalgae were purchased from 
Arwind Enterprise, Vellore, Tamilnadu, India. Dust and 
unwanted substances present in the dried biomass were 
washed completely with distilled water. Then, this biomass 
was placed in the sunshine to dehydrate for about three 
days of the time period and was finely powdered. This fine 
powder was termed as raw Spirulina platensis (RSP). Then, 
a 1:2 weight ratio of RSP biosorbent and concentrated sul-
phuric acid were mixed and left for a chemical treatment to 
improve active size for one day. After chemical treatment, 
the surplus amount of acid remaining in the mixture was 
rinsed thoroughly using distilled water until pH = 7. After 
3 h of drying (80°C), this mixture was finely milled to yield 
the surface-modified Spirulina platensis (SMSP). For the 
formulation of UASP biosorbent, the 3 g of SMSP fine parti-
cles and 40 mL of distilled water were assorted in a 100 mL 
beaker and the mix was located in the sonicator (24 kHz 
ultrasonic frequency) for about 1 h at 500 rpm. Later, the 
sonicated algal mixture was filtered through Whatman filter 
paper and the filtered biosorbent was dehydrated at 40°C 
in the oven with the drying time of 24 h. The final product 
was finely crushed and was labeled as UASP [41], which 
was performed as a biosorbent in NGB dye adsorption.

2.3. Instrumentation

The concentrations of NGB in the solutions were cal-
culated by a UV-vis spectrophotometer (Lark LI-UV-7000, 
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India) at 714 nm. The pH of every solution was tuned to the 
essential value using 0.1 M HCl or 0.1 M NaOH and was 
calculated with a Hanna pH meter using a combined glass 
electrode (Model HI9025, Singapore). FTIR spectrometer 
analysis was carried out using PE IR SPECTRUM ASCII 
PEDS 1.60 spectrometer and the spectral range is between 
4,000 and 450 cm−1. FTIR was used to identify the different 
chemical functional groups present in the UASP.

2.4. Equilibrium experiments

The experiments were implemented by taking 100 mL 
of NGB dye solutions in the orders of 100 mL Erlenmeyer 
flasks. The weighed quantity of UASP biosorbent was added 
into these NGB dye mixture and was stirred on tempera-
ture-controlled incubator at 80 rpm speed with dissimilar 
temperatures and contact time intervals. The effect of initial 
NGB dye concentration, UASP dose, temperature, pH, and 
contact time were estimated for the purpose of determining 
the best conditions for the NGB dye removal by UASP. Once 
the equilibrium achieved, the supernatant was segregated 
by passing through the Whatman filter paper and was fur-
ther evaluated to know the remaining NGB dye concentra-
tion by UV/vis Spectrophotometer at maximum absorption 
wavelength (714 nm). The percentage of dye removal by algal 
biomass was computed using the following equation:

NGB removal efficiency %( ) = −
×

C C
C

e0

0

100  (1)

where C0 is the initial NGB dye concentration in milligrams 
(mg) per liter (L) and Ce is the equilibrium NGB dye concen-
trations in milligrams (mg) per liter (L).

The amount of NGB dye uptake (qe) was determined by 
the balance equation as follows:

q
C C V
me

e=
−( )0  (2)

where V is explicated as the volume of NGB solution (L) 
and m is labeled as the weight of UASP (g).

Generally, adsorption isotherm can be applied to explain 
the connection among dye concentration in aqueous solution 
and amount of dye molecules attracted onto the adsorbent 
at fixed temperature per unit weight of the adsorbent mate-
rial under specified conditions (pH, unchanging size, and 
weight of particular adsorbent). In adsorption study, a plot 
qe against Ce of adsorption isotherm plays the major role to 
identify the region like Hentry, Freundlich, and Brunauer–
Emmett–Teller in there the investigational equilibrium infor-
mation is absolutely placed. The capacities of adsorbent to 
adsorb dye molecules increase apparently with increasing 
the equilibrium concentration until the adsorption saturation 
is attained. This is assigned to the detail that greater initial 
dye concentration will offer greater driving force, because of 
which the penetration of dye onto the surface of adsorbent 
material will be enhanced [42]. In the present study, MATLAB 
R2009a software has been used to analyze Langmuir [43], 
Freundlich [44], Toth [45], and Hill [46] isotherm parameters 
by fitting the data with non-linear regression analysis.

Generally, the Langmuir isotherm model is mostly 
employed to explain monolayer uptake of adsorbate 
occurred onto the homogeneous surface of adsorbent that 
each molecule has constant enthalpies and adsorption acti-
vation energy without any contact among adsorbed dye 
molecules [47,48]. Thus, the nonlinear type of Langmuir 
isotherm model can be explained by Eq. (4) as follows:

q
K q C

Ce
L m e

e

=
+1

 (3)

where KL explains the Langmuir rate constant associ-
ated with the attraction between NGB dye molecules and 
UASP biosorbent (L/mg) and qm is the maximum monolayer 
adsorption capacity of UASP biosorbent (mg/g).

Commonly, separation factor (RL) is a non-dimensional 
constant that can be applied to reveal the significant feature 
of the Langmuir model [49] and is explained with the 
subsequent equation:

R
K CL
L

=
+
1

1 0

 (4)

Based on the RL values, the form of isotherms can be 
sorted as linear (in case RL value equivalent to 1), unfavor-
able (in case of RL value greater than 1), irreversible (in case 
RL value equivalent to 0), and favorable (in case RL value 
between 0 to 1).

Freundlich isotherm model has been utilized mainly 
to establish multilayer uptake that occurs onto the hetero-
geneous surface of the adsorbent with the interaction of 
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Fig. 1. (a) Chemical structure of naphthol green-B (NGB) dye and 
(b) UV-Vis absorption spectrum for NGB dye.
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adsorbed molecules [50,51]. The non-linear form of this 
isotherm is generated by the following equation:

q K Ce f e
n= 1/  (5)

where Kf indicates Freundlich constant ((mg/g) (L/mg)(1/n)), 
the term n explains the deviation from linearity of sorption. 
When the constant n is lesser than 1 which is said to be a 
favorable chemical process. If the constant n is greater than 
1, it is called a physical adsorption process. The adsorption 
becomes linear when the value n is equal to 1.

Toth isotherm model is formed by the combination of 
the characteristics of the Langmuir and Freundlich model. 
This Toth isotherm suggests asymmetrical distribution of 
quasi-Gaussian energy along with the majority of active sites 
possess lesser sorption energy compared with the highest 
or mean value [52,53]. This isotherm model is explained as 
follows:

q
fC

g C
e

e

e

d d=
+ ( )




1/  (6)

where f, g, and d are Toth isotherm constants. If the value 
of d is equal to 1, Toth isotherm reduces to the Langmuir 
isotherm, then the adsorption system is found to be homo-
geneous. If the constant d moves away from unity, then the 
process stated to be heterogeneous.

Hill isotherm model was suggested to illustrate the 
attachment of dissimilar adsorbate onto the surface of 
the homogenous adsorbent. This equation considers that the 
sorption process is generally called a cooperative phenom-
enon, besides the adsorbing substance in the one active site 
of adsorbent material, it can affect the several active sites of 
the same adsorbent material [54]. It is presented in the sub-
sequent equation:

q
q C H
K C He

H e
n

D e
n=

+
 (7)

where qH is Hill isotherm maximum uptake (mg/L), nH is Hill 
cooperativity coefficient of the binding interaction, and KD is 
Hill constants. If the value of nH is higher unity, this indicates 
positive cooperativity in binding; if the value of nH is lesser 
than unity, this indicates negative cooperativity in binding; 
if the value of nH is equal to unity, it implies non-cooperative 
or hyperbolic binding.

2.5. Kinetic experiments

The kinetics for the removal of NGB dye by using UASP 
biosorbent were implemented with 3 g/L of optimized 
UASP dose, dissimilar initial NGB dye concentrations (50–
500 mg/L) and contact times (10–90 min) at optimal tempera-
ture 30°C.

The amount of adsorption at time t was ascertained by:

q
C C V
mt

t=
−( )0  (8)

where qt defines the quantity of NGB dye adsorbed at any 
time t (mg/g) and Ct is the concentration of NGB dye mole-
cules in the solution at time t (mg/L).

In general, quite a lot of kinetic models have been 
offered to elucidate the adsorption kinetics. Most commonly 
employed kinetic models and mechanisms particularly the 
pseudo-first-order [55], pseudo-second-order [56], and intra-
particle diffusion [57] were applied to the experimental data 
to estimate the biosorption kinetic of NGB dye. The best fit 
of these kinetic models was determined by evaluating the 
correlation coefficients (R2). The effect of contact time on the 
removal NGB by UASP biosorbent was studied to recognize 
the adsorption kinetics.

The pseudo-first-order model is generally applicable to 
determine the adsorption rate constant [58] and is given by:

q q k tt e= − −( )( )1 1exp  (9)

where k1 is noted as the pseudo-first-order constant (min–1) 
and t is termed as time (min).

The pseudo-second-order model, similarly pseudo- 
first-order model, which explains the adsorption kinetics 
corresponding to the chemical interaction [59] and is given 
by:

q
q k t
q k tt
e

e

=
+

2
2

21
 (10)

where k2 is meant as the pseudo-second-order constant 
(g/mg min), qt is denoted as the sorption capability of NGB 
dye at the period of time t (mg/g), and qe is equilibrium 
sorption capability of NGB dye (mg/g).

In general, the rate-limiting steps and the adsorption 
mechanism were not well-discussed by adsorption kinetics 
including the pseudo-first-order model and the pseudo- 
second-order model. Thus, these has been described by 
Weber and Morris intraparticle diffusion model. The intra-
particle diffusion model is generally plotted to check the 
effect of mass transfer resistance on the attachment of NGB to 
the UASP. The adsorption kinetics data were studied via the 
Weber and Morris intraparticle diffusion model to explain 
the diffusion mechanism and the equation is given as:

q k t Ct p= +  (11)

where kp is explained as the intraparticle diffusion rate con-
stant (mg/g/min1/2) and the term C stands for the constant 
associated with the boundary thickness.

2.6. Thermodynamic study

The thermodynamic investigation was conducted to 
comprehend about the thermodynamic parameters ΔG° 
(Gibb’s free energy), ΔH° (enthalpy), and ΔS° (entropy). The 
following equations have been utilized to assess the values of 
thermodynamic parameters and are:

∆G RT
C
Ce

° = −








ln Ae  (12)
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where the symbol T is mentioned as temperature (K), 
CAe/Ce = Ke is referred to as the thermodynamic equilib-
rium constant, Ce is the NGB dye concentration in the mix-
ture in equilibrium (mg/L), R stands for the gas constant 
(8.314 J/mol/K), and CAe is called as the quantity of NGB dye 
attracted on top of the UASP surface per liter of the mixture 
in equilibrium (mg/L).

3. Results and discussions

3.1. Characterization of UASP

FTIR of RSP, SMSP, and UASP (before and after NGB 
adsorption) was noted by using FTIR spectrometer in the 
wavenumber ranging from 4,000 to 400 cm–1 as exhibited in 
Fig. 2. The surface functional groups existing in the UASP 
as biosorbent before and after adsorption were clearly 
studied by FTIR characterization. The RSP spectrum dis-
plays the absorption bands at 3,282.63; 2,924.49; 1,639.21; 
1,535.22; 1,397.31; 1,236.09; and 1,039.28 cm–1. Two bands 
obtained at 3,282.63 and 2,924.49 cm–1 is due to the OH, 
primary, and secondary amine groups (stretching vibra-
tion). Three absorption peaks observed at 1,639.21; 1,535.22; 
and 1,397.31 cm–1 is due to the amide groups (bending 
vibration). C–N stretching of amide (or) amine groups are 
shown at 1,236.09 and 1,039.28 cm–1. The SMSP spectrum 
were revealed the absorption peaks at 3,277.96; 2,920.49; 
1,627.09; 1,529.96; 1,451.87; and 1,050.88 cm–1. After chemical 
treatment, the peak at 1,397.31 cm–1 shifted to 1,451.87 cm–1. 
A peak at 1,236.09 cm–1 was degraded. In UASP, bands 
were detected at 3,276.63; 2,919.42; 1,626.80; 1,531.70; 
1,451.03; and 1,049.42 cm–1. The peaks at 3,277.34; 2,925.20; 
1,626.19; 1,518.90; and 1,031.56 cm–1 were found later the 

removal of NGB dye by the UASP. FTIR of UASP after NGB 
dye adsorption as compared with UASP before NGB dye 
adsorption, which undoubtedly illustrates that some peak 
intensities were reduced, certain peaks were degraded. 
The results could be attained because of the attraction of 
the dye molecules on the active sites of the biosorbents.

3.2. Adsorption equilibrium study

In the adsorption equilibrium study, the interaction 
between UASP biosorbent and NGB dye along with the fea-
sibility of various adsorption processes were determined 
by adsorption isotherm models at the equilibrium based 
on nonlinear regression of isotherm models including 
Langmuir, Freundlich, Toth, and Hill isotherm. Fig. 3 shows 
the adsorption isotherm fitting to Langmuir, Freundlich, 
Toth, and Hill adsorption isotherm models of NGB dye on 
the UASP biosorbent at 30°C, and the corresponding fitted 
results are listed in Table 1a. The Langmuir parameters 
obtained in this work are qm = 137.9 mg/g, KL = 0.1182 L/
mg, and R2 (correlation coefficient) = 0.8811. For the NGB 
dye removal, monolayer adsorption capacity (qm) of UASP 
was found to be 137.9 mg/g and this was compared with 
various other adsorbents from literature (Table 1b). RL val-
ues (0.458–0.144) were calculated and these values con-
firm the favorable NGB dye adsorption process. RL values 
decreased with increasing the initial concentration of NGB 
dye indicating the more favorable adsorption at high con-
centrations. In this experiment, the Freundlich parameter n 
was within 1–10 because of the favorable physical NGB dye 
uptake process. The highly suitable adsorption isotherm 
model was identified by evaluating the correlation coeffi-
cient (R2) values. The R2 value (0.9843) of Freundlich model 
was quite higher than all other models including Langmuir, 
Toth, and Hill isotherm models, representing the greatest 
fit of Freundlich isotherm to the uptake of NGB dye onto 

 

Fig. 2. Characterization of dried algal biosorbents using FTIR analysis.
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UASP adsorbent. This confirms that the NGB dye sorption 
process is heterogeneous by its nature. Toth constant d value 
deviates from 1 which denotes that the isotherm fits for the 
modeling of the heterogeneous and multilinear adsorption 

system. The results gained from the hill isotherm model 
clear that the value of nH is lesser 1and denotes negative 
cooperativity in binding.

3.3. Adsorption kinetics and mechanisms

The correlation coefficient (R2), qe, and rate constant 
(k1 (min–1) of dye under various concentration had been eval-
uated by using the non-linear form of plot qt (mg/g) against 
time (t) (min) shown in Fig. 4 and the values are recorded in 
Table 2a. The gained R2 values from the pseudo-first- order 
were stable and nearer to unity than from the pseudo- second-
order for the adsorption of NGB dye. Further, the experi-
mentally measured (qe exp) and the calculated qe values got 
from the pseudo-first-order kinetic model were quite simi-
lar to each other, revealing that the adsorption of NGB dye 
onto UASP biosorbent could be explicated in the pseudo- 
first-order kinetic equation.

For the intraparticle diffusion model, The parameters 
like C and kp were assessed from the intercept and slope got 
by the linear plot between qt and t(1/2) shown in Fig. 5. The 
correlation coefficient (R2) and intraparticle diffusion param-
eters were listed in Table 2b. The intraparticle diffusion is 
included within the adsorption process in case the straight 
line obtained from the plot. In the adsorption process, it is 

 

Fig. 3. Adsorption isotherm (contact time = 60 min, pH = 3.0, UASP 
biosorbent dose = 3 g/L, NBG dye concentration = 50–500 mg/L, 
and temperature 30°C).

Table 1a
Evaluation of isotherm parameters to the NGB dye removal by UASP

Isotherm model Parameter R2 SSE RMSE

UASP scheme

Langmuir
qm = 137.9 (mg/g)

0.8811 1,742 14.76
KL = 0.1182 (L/mg)

Freundlich
KF = 41.73 ((mg/g) (L/mg)(1/n))

0.9843 230 5.362
n = 3.886

Toth
f = 3.544 × 105

0.9804 287.4 6.407g = 0.3733
d = 0.0350

Hill
KD = 445

0.9842 231.5 5.751nH = 0.2584
qH = 1.861 × 104 (mg/L)

Table 1b
Comparison of the dissimilar adsorbents adsorption capacity to remove NGB dye from aqueous solution

Adsorbent qm (mg/g) References

Charcoal 232.56 [60]
Ultrasonic assisted Spirulina platensis (UASP) 137.9 Present study
Kaolinite 25.80 [60]
Unburned carbon 1 (UC1) 25.5 [61]
Tafla 23.86 [60]
Unburned carbon 2 (UC2) 15.2 [61]
Albizia saman seed shell activated carbon 11.601 [62]
Magnetic halloysite-iron oxide nanocomposite 11.2 [63]
Metal hydroxides sludge (MHS) 10 [64]
Parent coal 3 [61]
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Fig. 4. Estimation of adsorption kinetics (pH = 3.0, UASP biosorbent dose = 3 g/L, NBG dye concentration = 50–500 mg/L, and tem-
perature 30°C).
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the single rate-controlling step in case the plot goes through 
the origin. Still, if the plot seems like the multilinear plots, 
either dual or extra steps effect on the NGB removal process 
including film diffusion, intraparticle diffusion process, etc., 
The dual linear plots were observed. The first part of the 
plot is mostly owing to the NGB dye molecules diffusion to 
the exterior surface of UASP biosorbent via the film and the 
second part is assigned to the NGB dye molecules diffusion 
within the pores present in UASP. The intraparticle diffusion 
is not a sole controlling step due to variation in the straight 
line in the removal of NGB dye molecules from aqueous 
solution using UASP biosorbent.

3.4. Impact of contact time on the elimination of NGB dye

The contact time was an important influencing fac-
tor for NGB dye adsorption process in order to find the 
dye removal rate. The impact of contact time on NGB dye 
adsorption efficiency is shown in Fig. 6. The results reveal 
that, the NGB dye removal increase with the expanding 
contact time. At first, the percentage removal of naphthol 
increased sharply at 60 min of contact time. Then, there is 

no change in the adsorption after 60 min of contact time, 
that is, the percentage removal became almost constant. 
The dissimilarity in the adsorption rate may be as a result 
that the whole binding sites in the UASP surface are unoc-
cupied and the NGB dye concentration gradient is moder-
ately elevated. Hence, the extent of NGB dye uptake reduces 
with the increase of contact time, which is based on the 
number of unoccupied sites existing in the UASP surface.

3.5. Impact of the solution pH on adsorption of 
NGB dye onto UASP

The solution pH is the major factor for the dye uptake 
process because it influences the sorption efficiency as 
a result of its effect on the properties of biosorbent and 
adsorbate suspended in the mixture in the ionic nature. 
To experiment with the impact of the solution pH, the NGB 
dye adsorption analysis was done over a pH (2–7), and 
the results are shown in Fig. 7. The highest percentage of 

Table 2a
Adsorption kinetic for the removal of NGB dyes by UASP

C0 (mg/L) qe (exp)

Pseudo-first-order Pseudo-second-order

k1 (min–1) qe (mg/g) R2 k2 (g/mg min) qe (mg/g) R2

50 16.659 0.0507 17.1 0.9969 0.0026 20.96 0.9779
100 33.307 0.0451 34.52 0.9950 0.0010 43.2 0.9826
150 49.117 0.0415 51.35 0.9916 0.0006 65.24 0.9833
200 64.094 0.0386 67.71 0.9913 0.0004 87.4 0.9826
250 78.813 0.0353 84.56 0.9897 0.0002 111.3 0.9813
300 92.435 0.0321 101.1 0.9854 0.0002 135.7 0.9791
350 105.774 0.0295 118 0.9837 0.0001 161.5 0.9774
400 116.842 0.0277 132.7 0.9817 0.0001 184.3 0.9756
450 126.369 0.0249 148.5 0.9792 9.14e-005 212 0.9724
500 134.395 0.0216 166.2 0.9739 6.394e-005 246.3 0.9675

Table 2b
Adsorption mechanism for the removal of NGB dyes by UASP

C0 (mg/L)

Intraparticle diffusion

kp (mg/(g min1/2)) C R2

50 1.515 3.972 0.8668
100 3.24 5.948 0.8985
150 4.986 6.727 0.9171
200 6.776 6.318 0.9233
250 8.728 4.112 0.9311
300 10.632 0.953 0.9414
350 12.597 2.895 0.9459
400 14.262 6.468 0.9485
450 16.14 13.279 0.9469
500 18. 116 22.693 0.9506

 

Fig. 5. Intraparticle diffusion mechanism to the NGB dye 
elimination.



E. Gunasundari et al. / Desalination and Water Treatment 192 (2020) 358–370366

NGB dye removal reached when pH = 3 (acidic), and then, 
further increasing the NGB solution pH, the percentage 
of NGB dye removal declined. At pH = 3 (acidic), maxi-
mum electrostatic attractions take place among the UASP 
biosorbent (positive charge) and the anionic dye (negative 
charge) due to the ionization of UASP functional groups, 
that is, the amino groups of the UASP biosorbent were 
highly protonated and spread on its surface when the pH 
was low. These highly protonated amino groups (NH3

+) and 
the negatively charged NGB dye (SO3

–) in solution were 
easily bonded by the electrostatic attraction. Therefore, 
it leads to the greater adsorption of NGB dye on UASP. 
The protonation of amino groups and the adsorption of 
NGB dye were explained in the subsequent equations:

R NH H R NH− + ↔ −+ +
2 3  (14)

Dye SO Na Dye SO Na− ↔ − +− +
3 3  (15)

R NH Dye SO R NH SO Dye− + − ↔ − −+ − + −
3 3 3 3

 (16)

Besides improving the system pH, the negatively charged 
sites of UASP biosorbent govern over positively charged 
sites generating electrostatic repulsion effects, due to that the 
adsorption reduces [39]. Thus, the pH 3 was found to be an 
optimum pH for the adsorption of NGB by UASP.

3.6. Effect of amount of adsorbent dose

The influence of UASP biosorbent on the elimination 
of NGB dye at pH (3) is shown in Fig. 8. This adsorption 
experiment was carried out to see the removal percentage 
of NGB dye enhances through improving the UASP bio-
sorbent quantity (0.5–3.5 g/L). The result showed the dye 
elimination was particularly low at the beginning. Then the 
percentage removal amplified with increasing the UASP 
biosorbent dosage. This is because; firstly, the active sites of 
adsorbent could not well-contact with NGB dye molecule in 
the aqueous solution. While increasing the adsorbent dosage 
from 0.5 to 3 g/L, the NGB dye removal percentage raised 
from 30.39% to 99.925%. Further addition of UASP biosor-
bent, there is no significant improvement in the adsorption 
of NGB dye. When the UASP dosage improved from 0.5 to 
3.5 g/L, the amount NGB dye uptake reduced from 60.792 
to 28.55 mg/g. Thus, the results show that the optimized 
quantity of adsorbent dosage (UASP) is 3 g/L at which a 
higher amount of NGB dyes were eliminated from aqueous 
solution.

3.7. Impact of initial NGB dye concentration on 
the adsorption processes

The impact of varying the initial NGB dye concen-
tration from 50 to 500 mg/L, while maintaining the UASP 
dose (3 g/L), pH (3) and temperature of mixture (30°C) is 
revealed in Fig. 9. The outcomes illustrate the rate of NGB 
dye removal decreases from 99.96% to 80.64% by improv-
ing initial NGB dye concentration (50–500 mg/L). The 
lower uptake at higher NGB concentration resulted from 
an increased proportion of the initial quantity of NGB dye 
molecules in the vacant surface; therefore, fractional adsorp-
tions become based on initial concentration. For a specified 
UASP biosorbent dose, the entire amount of vacant active 
sites in UASP biosorbent is arranged in that way attracting 
nearly the equal quantity of NGB adsorbate, hence resul-
tant a decline in the NGB dye adsorption related to a rise 
in initial NGB dye concentration representing the total 
saturation of the UASP biosorbent.

3.8. Impact of temperature on NGB dye removal and 
thermodynamics analysis

The NGB dye adsorption on UASP was studied with 
initial NGB dye concentrations varying from 50 to 500 mg/L 
for dissimilar temperatures 30°C, 40°C, 50°C, and 60°C at 
pH = 3 exposed in Fig. 10. The results show that there was  
the reduction in NGB removal from 99.95% to 96.54%, 99.92% 
to 95.63%, 98.23% to 93.85%, 96.14% to 91.28%, 94.57% to 
89.63%, 92.43% to 87.52%, 90.66% to 86.14%, 87.63% to 
83.63%, 84.24% to 79.93%, and 80.63% to 75.63%, respectively, 
for the different initial NGB dye concentration (50–500 mg/L) 
at temperature ranging from 30°C to 60°C. This is because of 

 

Fig. 6. Contact time influence on the NGB dye adsorption 
using UASP.

 

Fig. 7. pH of the solution influence on the NGB dye adsorption 
using UASP.
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the fall in the surface activity. Therefore, the removal of NGB 
by UASP is an exothermic adsorption processes confirmed 
by the experimental result.

Table 3 displays the calculated Kc which decreased 
with increase in temperature in the NGB dye uptake by 
UASP biosorbent. This result clears that detachment of 
the adsorbed NBG dye from UASP biosorbent is greater in 
elevated temperature. The negative values of ΔG° explain 
that the adsorption process is feasible and spontaneous 
in nature. Fig. 11 indicates that the graph was plotted 
between Kc and 1/T. The ΔH° and ΔS° values have been cal-
culated by the slope and intercept got from the graph and 
are displayed in Table 3. The values of ΔH° and ΔS° were 
negative and confirm that the NGB sorption is an exother-
mic process and the declined disorderliness at UASP-NGB 
dye solution interface throughout the sorption of NGB dye 
onto UASP biosorbent.

4. Conclusion

The current investigation exposes the ability of UASP as 
a biosorbent for the adsorption of NGB dye from aqueous 
solution. FTIR spectrum results reveal that the UASP is a 
feasible choice for its purpose as an alternative adsorbent 
to eliminate NGB dye. The uptake of NGB dye present in 

the water solution is mainly decided by the pH of NGB dye 
solution, contact time, UASP dose, temperature, and initial 
NGB dye molecules concentration. The percentage of NGB 
dye removal rises from 30.39% to 99.92% by increasing 
UASP dose (0.5–3 g/L) due to a corresponding improve-
ment of active sites in UASP surface. The NGB uptake pro-
cess was quick and steadiness was found within 60 min. 
The percentage removal of NGB dye molecules reduced 
with a rise in temperature (30°C–60°C). The equilibrium 
data obtained from the study have been checked by the 
four dissimilar isotherm models as Langmuir, Freundlich, 
Toth, and Hill isotherm models. The specific variables 
and R2 values have been measured from every isotherm 
model. The Freundlich model is efficaciously established 
the uptake of NGB dye on the surface of UASP. 137.9 mg 
of NGB/g of UASP is the maximum monolayer adsorption 
capacity of UASP. Thermodynamic measures particularly 
ΔG°, ΔH°, and ΔS° were evaluated at different temperatures 
(30°C–60°C). The results showed that NGB adsorption onto 
UASP was observed to be exothermic and spontaneous in 

 

Fig. 8. UASP dose impact on the removal of NGB dye using 
UASP (NBG dye concentration = 100 mg/L, pH = 3.0, and 
temperature 30°C).

 
Fig. 10. Temperature impact on the NGB dye elimination using 
UASP.

 

Fig. 11. Thermodynamic study on the adsorption of NGB dye 
onto UASP.

 

Fig. 9. Initial NGB concentration influence onto the adsorption 
of NGB dye onto UASP (UASP dose = 3 g/L, pH = 3.0, and 
temperature 30°C).
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nature. The adsorption kinetics of NGB onto UASP adsor-
bent was investigated by using different kinetic models 
especially the pseudo-first-order and pseudo-second-or-
der-model. In this work, the pseudo-first-order equation 
offered the best correlation of the observational evidence 
compares to pseudo-second-order. Intraparticle diffusion 
mechanism was tested to learn the NGB adsorption pro-
cess. Thus, it can be concluded that since the UASP is effec-
tive biosorbent and owns a significant superior adsorption 
potential for modeling the plant for handling the wastewater 
comprising NGB dye.

Symbols

C — Constant
CAe  —  Quantity of NGB dye attracted on top of the 

UASP surface per litre of mixture in equilibrium 
mg/L

C0 — Initial NGB dye concentration, mg/L
Ce — Equilibrium NGB dye concentrations, mg/L
Ct —  Concentration of NGB dye molecules in the 

solution at time t
°C — Degree Celsius
d — Toth isotherm constant
f — Toth isotherm constant
g — Toth isotherm constant
ΔG° — Gibb’s free energy
ΔH° — Enthalpy
KD — Hill constant
KF — Freundlich constant, (mg/g) (L/mg)(1/n)

KL — Langmuir rate constant, L/mg
kp —  Intraparticle diffusion rate constant, 

mg g–1 min1/2

k1 — Pseudo-first-order rate constant, min–1

k2 — Pseudo-second-order rate constant, g/mg min
M — Weight of UASP, g
n — Deviation from linearity of sorption
nH —  Hill cooperativity coefficient of the binding 

interaction
qe — Amount of NGB dye uptake, mg/g
qm —  Maximum monolayer adsorption capacity, mg/g
qH — Hill isotherm maximum uptake, mg/L

qt —  Quantity of NGB dye adsorbed at any time t, 
mg/g

R — Gas constant, J/mol K
RL — Separation factor
ΔS° — Entropy
t — Time
V — Volume of NGB solution, L
% — Percentage
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