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ABSTRACT

Aminated avocado seed powder (AASP)—an eco-friendly novel adsorbent has been used for the
removal of Acid Yellow 17 (AY 17) and Amaranth (AMR) from an aqueous phase. The AASP (before
and after adsorption) was systematically characterized by different analytical techniques such as
FT-IR, FESEM, EDX, and N2 adsorption-desorption analysis. Non-linear form of various kinetic (PFO
and PSO) and isotherm (Langmuir and Freundlich) models were used to examine the adsorption
behavior of AY 17 and AMR onto AASP. The adsorption of AY 17 and AMR onto AASP was well
illustrated by the PSO kinetic model and Langmuir isotherm models. At 303 K, the maximum
adsorption capacities (obtained from the Langmuir) of the AASP for AY 17 and AMR was 42.7 and
89.2 mg/g, respectively. The AY 17 and AMR adsorption was strongly pH-dependent with an optimum pH value of 2.0. Activation energy was calculated as 12.3 and 16.3 kJ/mol for AY 17 and
AMR respectively, suggesting physical adsorption. The positive values of DGo and DHo indicated
that the adsorption process of AY 17 and AMR onto AASP was non-spontaneous and endothermic.
The negligible loss of adsorption capacity and excellent regeneration of AASP were observed for
the five cycles.

Adsorption; anionic dyes;
isotherms; kinetics;
thermodynamics

Statement of novelty: The present research majorly focused on the synthesis of adsorbent from
Avocado seed for the removal of Acid Yellow 17 and Amaranth anionic dyes from aqueous solution. Although the literature is available on direct seed powder as adsorbent, to the best of our
knowledge, no chemical modified adsorbent synthesis was not available. Hence, to fill the gap in
the literature, we chose the following study that significantly enhanced the adsorption efficiency
of the selected anionic dyes.

Introduction
Water pollution is a major environmental threat that needs
immediate attention. Industrial wastes are significant contributors to the surface as well as groundwater contamination and pollution. The effluents from textile, paper
printing, cosmetics, leather, dyestuff, and plastic industries
carry large quantities of dye-contaminated water that is very
difficult to undergo natural biochemical degradation. This is
due to its complex composition, high toxicity, variable pH
ranges, dark color, and strong odor. These factors are
adversely affecting the aquatic life, and dysregulating the
self-purification of water using the natural microbiota. This
is also interfering with the biological water cycle of nature,
leading to toxicity to humans. Toxicity and carcinogenicity

are the principal effects on human beings (Albadarin et al.
2014; Adeyemo et al. 2017; Yaseen and Scholz 2018).
Therefore, there is an urgent need to remove toxic dyes
from wastewater before the release into the environment.
Acid Yellow 17 (AY 17) and Amaranth (AMR) are highly
water-soluble anionic dyes, which are widely used for coloring textile materials, paper, carpet, wood, and leather, etc.,
and during these processes, excess dye enters into the wastewater. These dyes cause many adverse health effects such as
irritation to eyes, tumors, birth effects, respiratory problems,
high genotoxicity, cytostaticity, cytotoxicity, mutagenicity,
and carcinogenicity (Ashraf et al. 2013; Njoku et al. 2014;
Guerrero-Coronilla et al. 2015; Liao and Wang 2018).
Therefore, from an environmental, and safety perception,
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the removal of AY 17 and AMR from wastewater before
their discharge is an important task. There are several conventional physicochemical treatment technologies, such as
coagulation/flocculation (Saritha et al. 2017), photodegradation (Roşu et al. 2016), advanced oxidation process
(Nidheesh et al. 2018), ion exchange (Ma et al. 2019), membrane filtration (Qi et al. 2019), chemical oxidation/reduction (Li et al. 2014), adsorption (Munagapati et al. 2019),
etc., have been developed and successfully applied to remove
the dye contaminants from the wastewater. However, each
of these techniques has several disadvantages, such as very
harsh reaction conditions, low efficiency, high expensive,
incomplete removal, generation of harmful substances, and
time-consuming. Among the physicochemical methods,
adsorption has been considered as an attractive and useful
technique due to its cost-effectiveness, high efficiency even
in low dye concentration, ease of operation, the possibility
to recover, and reuse the adsorbents and broadly applicable process.
Agricultural waste material has a potential role in the
treatment of wastewaters which can eliminate different dyes
(G€
und€
uz and Bayrak 2017; Kamranifar et al. 2018;
Munagapati et al. 2018; Stavrinou et al. 2018; Çelekli et al.
2019). Using these materials as adsorbent has dual benefits,
this can save the disposal costs of these materials and at the
same time reducing the threat to the environment.
Moreover, these materials are composed of lignocellulosic
compounds, i.e., lignin, hemicellulose, and cellulose which
are known to supports the adsorption phenomenon (Chen
et al. 2011). Persea americana, commonly known as avocado, is a tropical fruiting tree with edible flesh, and a nonedible seed. These seeds are usually considered waste and
get discarded. However, like other plant residues, avocado
seeds are mainly composed of hemicellulose, cellulose, and
lignin making this a good source for the development and
production of new low-cost adsorbent compounds that can
be used in the water treatment processes. In recent years,
many research teams have focused on improving the adsorption performance of inexpensive adsorbent materials
through physical or chemical modifications. These modifications used to sorbents may introduce functional groups
(hydroxyl, carboxylate, amine, phosphonate, amide, sulfonate, etc.) in the surface of the sorbents or increase their porosity, with an increase in their adsorption efficiency.
Though, there are distinct chemical modifications have been
done to various agricultural waste materials and newly synthesized adsorbents such as cationic modified orange peel
powder (Munagapati and Kim 2016), base-modified
Artocarpus odoratissimus leaves (Zaidi et al. 2019), sulfuric
acid-treated orange peel (Senthil Kumar et al. 2014), spent
tea leaves modified with polyethyleneimine (Wong et al.
2019), chemically modified garlic peels (Zhao et al. 2019),
phosphoric acid modified orange peel (Guediri et al. 2020),
chemically modified Luffa aegyptica peel (Mashkoor and
Nasar 2019), acid-washed black cumin seed powder
(Siddiqui et al. 2018), chemically modified banana peel powder (Munagapati et al. 2020), and treated watermelon seeds
(Benkaddour et al. 2018) were successfully utilized for the

removal of different dyes. In the present study, aminated
avocado seed powder (AASP) was taken as adsorbent material for the removal of AY 17, and AMR from the aqueous phase.
In this context, the objective of this paper, we used the
AASP as an adsorbent to remove AY 17 and AMR from
aqueous system. The influence of different parameters, such
as solution pH, initial dye concentration, contact time, and
temperature was examined. The adsorption mechanism of
AY 17 and AMR onto AASP was derived by studying the
isotherms, kinetics and thermodynamics studies. Similarly,
reusability potential of AASP was identified by studying
adsorption-desorption cycles.

Materials and methods
Materials
In this study, all reagents used were of analytical grade and
were used without any further purification. AY 17, AMR,
ethanolamine (HOCH2CH2NH2), hydrochloric acid (HCl),
sodium hydroxide (NaOH), sulfuric acid (H2SO4), nitric
acid (HNO3), sodium chloride (NaCl), and sodium carbonate (Na2CO3) were procured from Sigma-Aldrich Co.,
Taiwan. A 1,000 mg/L stock solution (of both dyes) and
working solutions for adsorption experiments were prepared
in double-deionized water (DDW). The general characteristics of both dyes are listed in Table 1.
Preparation of AASP
Avocado seeds (AS) were collected from a local fruit market
in Taiwan. The seeds were cut into small pieces after
Table 1. Characteristics of AY 17 and AMR.
AY 17
Molecular formula
Molecular weight
Dye content
kmax
Structure

C16H10Cl2N4Na2O7S2
551.29 g/mol
60%
402 nm

AMR
Molecular formula
Molecular weight
Dye content
kmax
Structure

C20H11N2Na3O10S3
604.47 g/mol
85%
520 nm
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washing under tap water until impurities were gone and
dried in sunlight. The sun-dried seeds were crushed and
ground into a fine powder and sieved to 0.5 mm (35 mesh)
particle size. After that, the powder was washed with DDW,
and dried in a vacuum oven at 343 K for 24 h, then boiled
in DDW by changing the water frequently until the water
becomes colorless, which shows the removal of water-soluble
color materials. Then, the obtained powder was oven-dried
at 353 K for 24 h. This treated powder names as ASP.
The aminated adsorbent was prepared according to the
previously reported method (Subbaiah and Kim 2016).
Firstly, 5.0 g of ASP was added with 100 mL of
HOCH2CH2NH2 and 20.8 mL of Con. HCl. The reaction
mixture was agitated on a thermostatic shaker (150 rpm) at
298 K for 6 h. The reaction occurs as follows:
HCl, roomtemp
ASP  COOH þ NH2 CH2 CH2 OH ! ASP
6h

 COOCH2 CH2 NH2 þ H2 O
After agitation, the treated ASP was collected by centrifugation and was sequentially washed with DDW. The treated
ASP was dried in a convection oven at 343 K for 24 h for
complete dryness, and the resultant final ASP was named
as AASP.

Characterization
The morphological characteristics of AASP (before and after
dyes sorption) were studied by using FESEM (JEOL JSM6701F, Japan) after gold metallization. The instrument is
combined with an EDX analyzer. The textural properties of
the AASP were determined by adsorption/desorption of N2
at 77 K using surface area analyzer (Quantachrome Autosorb
IQ, USA) with liquid nitrogen. Before N2 sorption measurement, the sample was degassed at 473 K for 6 h. The N2
adsorption on the sample was used to calculate the specific
surface area through the BET equation. The pore size distribution and pore volume were evaluated using the BJH
model. The amount of gas adsorbed at a relative pressure of
(P/Po ¼ 0.995) was used to calculate pore volume. The surface functional groups of AASP during the adsorption process (before and after dyes adsorption) were identified by
FT-IR spectrometer (Perkin-Elmer Spectrum Two, USA).
The samples were prepared by KBr pellets technique (1:10,
sample with KBr) and the scan spectral range
was 4,000–400 cm1.

Point of zero charge (pHpzc)
The pHpzc of the AASP was determined using the solid addition method (Silva et al. 2013). For this purpose, 30 mL of
0.1 M KNO3 solution was taken in a series of 50 mL glass
vial bottles, and pH of each solution was adjusted from 0.2
to 10.0 by using 0.1 M NaOH or HCl solutions. The initial
pH of these solutions was noted as pHi using pH meter
(Mettler Toledo, USA). After that, 50 mg of AASP was
added to each bottle, and these bottles were placed on a
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thermostatic shaker were agitated at 180 rpm for 24 h until
equilibrium is established. Afterwards, the final pH in each
suspension was read as pHf, and pHpzc value was determined from the plot of pHi-pHf (DpH) versus pHi. The
intersection point of the axis passing through zero and the
resulting curve gives the value of the pHpzc.

Batch adsorption studies
The batch mode experiments were performed to study the
adsorption of AY 17 and AMR onto AASP. For pH experiments, 50 mg of AASP adsorbent was added to 30 mL of dye
solutions (300 mg/L) taken in 50 mL of glass vial bottles.
Before adding with the AASP, different pH values (2.0–10.0)
of both dye solutions was controlled by adding HCl (0.1 M)
or NaOH (0.1 M). Kinetics was studied by adding 50 mg of
AASP with 30 mL of dye solutions (300 mg/L, pH 2.0), followed by adsorption process at various temperatures (303,
313, and 323 K) in a time interval of 0–240 min. The adsorption isotherms at pH 2.0 were studied at different
(100–1,000 mg/L) initial concentration of AY 17 and AMR
solutions. The thermodynamic study was carried out at three
various temperatures maintaining the other parameters as
said above. In all experiments, the suspensions were then
placed in a temperature-controlled thermostatic reciprocating shaker and agitated at a constant speed of 180 rpm. At
the end of each experiment, 10 mL of the solution samples
were withdrawn at a predetermined time and separate the
clear supernatant using a centrifuge at 5,000 rpm for 10 min.
The absorbance after AY 17 and AMR adsorption was measured by using a UV-Vis spectrometer. The average value
(duplicate results of all the experiments) was used for
calculations.
The adsorption capacity qe, along with the percentage of
dye removal (%), were measured by using the following
equations, respectively.
qe ðmg=gÞ ¼

½Co ðmg=LÞ  Ce ðmg=LÞVðLÞ
MðgÞ

Removalð%Þ ¼

ðCo  Ce Þ
 100
Co

(1)

(2)

Desorption studies
The desorption studies were conducted under optimal conditions obtained from adsorption studies in batch
method. Briefly, 50 mg of AASP was mixed to the solution
containing 30 mL of 300 mg/L of both dyes for 120 min
under 180 rpm at 303 K. After that, the dye-loaded AASP
samples were centrifuged at 6,000 rpm for 10 min for separation. The samples were dried in an oven at 343 K for 6 h.
Then, saturated AASP samples were treated with 30 mL of
0.1 M NaOH, NaCl, Na2CO3, HCl, HNO3, and H2SO4 to
elute both dyes from the surface of AASP. The desorption
efficiency of dye was calculated according to the following
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Figure 1. FTIR spectra of (a) raw ASP; (b) unadsorbed AASP; (c) AY 17 adsorbed AASP; and (d) AMR adsorbed AASP.

Equation (3):
Desorption efficiency ¼

Amount of dye desorbed
 100
Amount of dye adsorbed
(3)

Error analysis
The Chi-square (v2) test was applied to compare experimental data and predictions form the non-linear Langmuir and
Freundlich isotherm models. v2 is used to find the consistency of the data obtained from the model with the experimental data. The equivalent mathematical statement of v2
test can be defined as:
!
Xn
ðqe, exp  qe, cal Þ2
2
(4)
v ¼
i¼1
qe, cal

Results and discussion
Characterization
FT-IR analysis indicates the functional groups present on
the adsorbent surface. Figure 1 displays the FT-IR spectra of

the raw ASP, unloaded AASP, AY 17-loaded AASP, and
AMR-loaded AASP. Figure 1a shows a strong peak at
3,301 cm1 might be attributed to the N-H or O-H stretching vibrations. The peak at 2,931 cm1 was assigned for
–C–H stretching vibrations in –CH and –CH2 groups. The
peak at 1,737 cm1 could be assigned to C¼O stretching
vibrations of the carboxyl group. The bands at 1,649 and
1,441 cm1 were attributed to the stretching vibration of
C¼O groups. The peak at 1,529 cm1 is due to –C–O or
C¼C stretching vibrations. The band at 1,372 cm1 may be
assigned to –C–H bending of the alkyl group. The peaks at
1,154 and 1,021 cm1 correspond to the –C–H stretching
and C–O–H bending vibrations. The spectrum of AASP
(Figure 1b) revealed the presence of several peaks (3,343,
2,923, 2,850, 1,743, 1,638, 1,636, 1,523, 1,434, 1,367, 1,239,
1,148, 1,075, 992, 855, 659, and 559 cm1) related to different functional groups (hydroxyl, amine, carboxyl, and carbonyl) on the ASSP surface. The strong peak around
3,343 cm1 correspond to the overlapping of –OH
(hydroxyl) and –NH (amine) stretching vibration of the
adsorbed water. The two bands at 2,923 and 2,850 cm1
were due to the –C–H stretching of the alkane functional
groups. The band appearing at 1,743 cm1 was attributed to

INTERNATIONAL JOURNAL OF PHYTOREMEDIATION
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Figure 2. SEM images of: (a) unadsorbed AASP; (b) AY 17 adsorbed AASP; and (c) AMR adsorbed AASP; EDX images of (d) unadsorbed AASP; (e) AY 17 adsorbed
AASP; and (f) AMR adsorbed AASP.

the –C¼O stretching vibration of the ester group. The sharp
adsorption peaks about 1,638 and 1,523 cm1 were attributed to the C¼O, and –NH bonds of amine groups. The
band at 1,434 cm1 can be attributed to C–O bending vibration of the alkyl group. The peak at 1,367 cm1 may be
assigned to C–N stretching vibrations of the amine group.
The peak at 1,239 cm1 was assigned for the C–O stretching
frequency. The peaks at 1,148 and 1,075 cm1 corresponded
to the stretching vibrations of C–O–C, and C–O bonds.
Bending vibration of –OH groups, stretching vibration of
C–H, and C–O bonds were shown between 400 and
1,000 cm1. After modification, the new peaks (2,850, 1,239
and 1,076 cm1) were observed in the AASP spectrum

(Figure 1b). The AY 17 and AMR saturated AASP spectra’s
(Figure 1c,d) clearly indicate that some peaks are slightly
decreasing from their positions and shifting in band intensity after adsorption of AY 17 and AMR. The change in
peak positions indicates the involvement of the respective
groups during the adsorption of AY 17 and AMR
onto AASP.
FESEM-EDX was used to analyze the surface morphology
and elemental composition of the adsorbent. Figure 2 shows
the SEM micrographs and their respective EDX spectra of
AASP before and after AY 17 and AMR adsorption. From
Figure 2a, the surface of AASP was irregular, rough and heterogonous that allows the higher residence time for the
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interactions, thereby enhancing the adsorption capacity.
After AY 17 and AMR adsorption (Figure 2b,c), the surface
of AASP was entirely covered with AY 17 and AMR indicating successful loaded on AASP surface. The EDX spectrum

Figure 3. (a) N2 adsorption-desorption isotherm of the AASP; and (b) pore size
distribution of AASP obtained through BJH method.

of AASP displays (Figure 2d) the following elements C, N,
O, S, Zr, Mg, and P before adsorption. However, after
adsorption, some of the elements actively participate in the
adsorption phenomenon that leads to the disappearance of
some elements while the others are enhanced (see Figure 2e,f).
This observation confirmed the loading of the AY 17 and
AMR molecules on the surface of the AASP.
Based on BET surface area one can determine the sorption
capacity of an adsorbent. There is a directly proportional relationship with the surface area in BET measurements to the
availability of a number of vacancies on the surface. Figure 3a
displays the N2 adsorption-desorption equilibrium isotherms
of the prepared AASP at 77 K. As we can see in Figure 3a,
BET isotherm displays an IV-type (according to the IUPAC
classifications) with a hysteresis loop of H3-type from
about P/Po ¼ 0.4 to 0.99, which indicates the existence of a
mesoporous structure (Hamza et al. 2018). The surface
area, pore volume, and pore diameter determined by the
BET, and BJH methods were 13.9 m2/g, 0.01179 cm3/g, and
1.9127 nm, respectively. The distribution of pore volume
concerning the pore diameter of AASP is shown in Figure
3b. The pore size distribution of the AASP ranged between
2.0 and 100 nm. However, the major pore volume was

Figure 4. Effect of (a) pH (initial dye concentration: 300 mg/L, volume: 30 mL, agitation: 180 rpm, dose: 50 mg, time: 120 min, temperature: 303 K); (b) point of zero
charge of AASP (pH range: 2.0–10.0, electrolyte volume: 30 mL, dose: 50 mg, agitation: 180 rpm, temperature: 303 K); and contact time on the adsorption of (c) AY 17;
and (d) AMR onto AASP (initial dye concentration: 300 mg/L, volume: 30 mL, agitation: 180 rpm, pH: 2.0, dose: 50 mg, temperature: 303 K).
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contributed by pores with a diameter of 2.0–10 nm. This is
in accordance with the mesoporous nature of the AASP as
shown from IV-type isotherm (Figure 3a) because in the
mesoporous type of isotherms the range of diameter lies
between 2.0 to 50 nm (Banerjee et al. 2019; Mahmoud
et al. 2020).
Effect of pH
The pH factor determines the protonation/deprotonation of
adsorbates and changes in the surface charges of adsorbents,
so this is a vital factor in the sorption process. The effects of
pH on the adsorption of AY 17 and AMR onto AASP were
studied in the pH range of 2.0–10.0 and results are displayed
in Figure 4a. With the increase of pH from 2.0 to 10.0, the
removal efficiency decreased from 10.98% to 0.98% for AY
17, and from 14.23% to 4.72% for AMR. The adsorption of
AY 17 and AMR strongly dependent on pH and around pH
2.0 the maximum adsorption was found. The pHpzc value of
the AASP was observed at 5.8 (Figure 4b) when the solution
pH is less than pHpzc a positive charge is induced (develops)
on its surface on the other hand when the solution pH values are higher than pHpzc the charge decreases (Jiang and
Hu 2019). Therefore, when the solution pH is less than
pHpzc, the AASP surface was probably with a positive
charge. This may be expected due to the protonation of
amine groups of AASP by the availability of a huge number
of protons in the surrounding solution of AASP. Hence a
number of –NH3þ groups which are nothing but adsorption
sites increased on the AASP. On the contrary, the sulfonate
group (–SO3Na) present in the molecular structure of
adsorbate (AY 17 and AMR) in the aqueous medium
behaves like negative sulfonate group (–SO3). These will be
more active when the AASP behaves as positive charge centers. Consequently, an electrostatic attraction takes place
between protonated amino (–NH3þ) group of AASP, and
sulfonate (–SO3) group of adsorbent (AY 17 and AMR)
thus dye adsorption increases.
Adsorption mechanism may be as follows:
AASP  NH2
AY17  SO3 Na
AMR  SO3 Na

Hþ
protonation
H2 O

dissociation
H2 O
dissociation

AASP  NH3þ

þ
AY17  SO
3 þ Na

þ
AMR  SO
3 þ Na

AASP  NH3þ þ AY17  SO
3

electrostaticinteractions

AASP

Figure 5. Non-linear kinetic plots for the adsorption of (a) AY 17; and (b) AMR
onto AASP (initial dye concentration: 300 mg/L, volume: 30 mL, agitation:
180 rpm, pH: 2.0, dose: 50 mg, temperature: 303–323 K).

electrostatic repulsions between the same kind of charges,
the AASP (negatively charged surface) will not adsorb the
adsorbent (AY 17 and AMR) that also has the negative
charge. In addition to this at higher pH, an ample concentration of OH- ions would be expected and these will complete with the adsorbent (AY 17 and AMR) molecules.
There is higher competition for the fixed available AASP
surface (positively charged) sites. Therefore, this reduces the
adsorption efficiency of adsorbent (AY 17 and AMR). The
adsorption of AY 17 and AMR was favored at pH
solution < pHpzc. Hence, the initial pH 2.0 of the AY 17 and
AMR solutions was fixed for further adsorption experiments.
A similar phenomenon on the effect of pH was observed
with respect to the anionic dyes (Kumar et al. 2010; Çelekli
et al. 2012; Bhomick et al. 2018; Thirunavukkarasu et al.
2018; Hassan et al. 2020).

 NH3       O3 S  AY17
Effect of contact time
AASP 

NH3þ

þ AMR 

SO
3

electrostaticinteractions

AASP

 NH3       O3 S  AMR
When the system pH increases, the increase in negatively
charged binding sites is expected. Therefore because of

Another vital parameter contact time plays a crucial role in
determining the adsorption rate as well as the estimation of
equilibrium time for the dye adsorption. Figure 4c,d represents the effect of contact time on the adsorption efficiency
of AY 17 and AMR onto AASP at different temperatures
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Table 2. Kinetic parameters for the adsorption of AY 17 and AMR onto AASP at different temperatures.
Pseudo-first-order model
Dye
AY17
AMR

Temp. (K)
303
313
323
303
313
323

qe, exp
(mg/g)
28.12
33.67
38.42
44.12
51.32
55.75

qe1, cal
(mg/g)
23.57 ± 0.66
28.71 ± 0.81
33.74 ± 0.91
36.71 ± 1.02
44.89 ± 1.46
51.59 ± 2.18

k1 (1/min)
0.163 ± 0.001
0.266 ± 0.001
0.354 ± 0.003
0.173 ± 0.002
0.177 ± 0.004
0.187 ± 0.007

Pseudo-second-order model
R2
0.9562
0.9415
0.9479
0.9607
0.9571
0.9546

qe2, cal
(mg/g)
27.98 ± 0.72
32.04 ± 0.97
39.46 ± 1.28
44.84 ± 1.75
52.46 ± 2.34
56.23 ± 2.89

k2
(g/mg min)
0.011 ± 0.001
0.014 ± 0.002
0.017 ± 0.004
0.005 ± 0.0001
0.006 ± 0.0004
0.007 ± 0.0005

R2
0.9905
0.9899
0.9931
0.9912
0.9934
0.9915

Figure 6. Plots of ln k2 versus 1/T for the estimation of activation energy for
the adsorption of AY 17 and AMR onto AASP (initial dye concentration: 300 mg/
L, volume: 30 mL, agitation: 180 rpm, pH: 2.0, dose: 50 mg, temperature: 303–323 K).

(303–323 K). From the results, it was observed that the
adsorbed amount of both days raised with equilibrium time
up to 120 min at all temperatures, after that the adsorption
remained at a constant level. The initial sharp rise in the
adsorption efficiencies may be due to the sufficient number
of available active sites on the AASP surface. The adsorption
efficiency decreases with further increase in the contact time
because the active adsorption sites on the adsorbent surface
are unavailable. Thus, the optimal equilibrium time
was 120 min.
Figure 7. Non-linear isotherm plots for the adsorption of (a) AY 17; and (b)
AMR onto AASP (initial dye concentration: 100–1,000 mg/L, volume: 30 mL, agitation: 180 rpm, pH: 2.0, dose: 50 mg, time: 120 min, temperature: 303 K).

Adsorption kinetics
Adsorption kinetic study is essential in investigating the
adsorption mechanism, which is necessary to evaluate the
dye uptake efficiency. In order to examine the rate of
adsorption of AY 17 and AMR onto AASP, two different
kinetic models were used, pseudo-first-order (Lagergren
1898), and pseudo-second-order (Ho and McKay 1999). The
following equations are generally express the non-linear
forms of the kinetic (PFO and PSO) models.
qt ¼ qe1 ð1  exp ðk1 tÞÞ
qt ¼

q2e2 k2 t
1 þ qe2 k2 t

(5)
(6)

Figure 5a,b shows PFO and PSO kinetic plots for AY
17 and AMR adsorption onto AASP at different temperatures. The relative kinetic parameters of the PFO and
PSO models (obtained from the non-linear regression
method) are presented in Table 2. Considering the regression coefficient (R2 ), the best correlation of experimental
data was with the PSO kinetic model data of AY 17 and
AMR. Also, the calculated qe2 values from PSO model
were closer to the experimental qe, values, suggesting that
the electrostatic interactions nature between AASP, and
dye (AY 17 and AMR). Particularly positively charged
amine groups in AASP, and the negatively charged
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sulfonate groups in the AY 17 and AMR, boost the
adsorption process.

Adsorption activation energy
The Arrhenius equation is used to correlate the activation
energy (Ea) and the rate constant of the PSO model at three
different temperatures. This equation can be expressed as
follows:
ln k2 ¼ ln Ao 

Ea
RT

(7)

The magnitude of the Ea could be used to determine
the type of adsorption process, either physisorption or
chemisorption. The physisorption energy requirements are
smaller (5–40 kJ/mol), reversible and equilibrium is rapidly
attained. The chemisorption reactions involve stronger
forces and thus requiring higher activation energies
(40–800 kJ/mol) (Banerjee et al. 2015; Koyuncu and Okur
2021). Ea can be calculated from the slope of a linear plot
between ln k2 and 1/T (Figure 6). The computed value of
Ea for the adsorption of AY 17 and AMR on the AASP
was found to be 19.9 and 15.9 kJ/mol, respectively, suggesting that the physisorption was the predominant mechanism involved.
Table 3. Isotherm parameters for the adsorption of AY 17 and AMR
onto AASP.
Dye

Isotherm

AY 17
Langmuir

Freundlich
AMR
Langmuir

Freundlich

Parameters

Values

qm (mg/g)
KL (L/mg)
R2
v2
Kf (mg/g)
n
R2
v2
qm (mg/g)
KL (L/mg)
R2
v2
Kf (mg/g)
n
R2
v2

42.7 ± 1.3
0.0051 ± 0.0004
0.9971
5.4
3.384 ± 1.075
2.823 ± 0.412
0.9466
21.2
89.2 ± 1.13
0.0033 ± 0.0001
0.9995
2.9
3.468 ± 0.823
2.261 ± 0.2
0.9741
16.4
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Adsorption isotherms
The adsorption isotherms are the graphical curves at a constant temperature that shows the relation between the
amount of dye adsorbed and the remaining dye concentration in the equilibrium solution. To estimate the total
amount of sorbent required to remove the adsorbate from
the solution the isotherms are essential. In the present study,
two well-known non-linear models Langmuir (Langmuir
1918), and Freundlich (Freundlich 1906) was used to analyzing the experimental equilibrium data of AY 17 and
AMR adsorption.
The Langmuir isotherm describes the monolayer exposure of the adsorbate on a homogeneous surface with no
interactions between the adsorbed molecules. The Langmuir
model estimates the maximum uptake of the adsorption
process. It can be expressed by Equation (8):
qe ¼

qmax KL Ce
1 þ KL Ce

(8)

The maximum sorption capacities (qmax) of the AASP
were found to be 42.7 mg/g, and 89.2 mg/g for AY 17 and
AMR, respectively. The nature of adsorption was calculated
by a dimensionless constant known as separation factor
(RL), expressed by the following Equation (9):
RL ¼

1
1 þ KL Co

(9)

The value of RL indicate the type of adsorption process:
RL > 1 (unfavorable), RL ¼ 0 (irreversible), 0 < RL < 1
(favorable), and RL ¼ 1 (linear). In this work, the calculated
RL values were found to be 0.363 and 0.457 for AY 17 and
AMR, respectively, which indicates that the adsorption process is favorable for the evaluated AASP.
Freundlich model depends on the theory of heterogeneous surfaces with unequal energies are available on the
adsorbent surface for adsorption. It is represented in
Equation (10):
qe ¼ Kf Ce1=n

(10)

If the n value is in the range from 1 to 10, the adsorption
is said to be favorable (Munagapati et al. 2019). In the present study, the n value obtained from Freundlich model for
AY 17 and AMR was found to be 2.823, and 2.261,

Table 4. Comparison of the adsorption capacities of different adsorbents for the removal of AY 17 and AMR from aqueous media.
Dye

Adsorbent

AMR

Water hyacinth leaves
Fe3O4/MgO nanoparticles
PPY-CS-LS
LMSH/NIPAm
Layered double hydroxides
Fe3O4@mZnO2/rGO
Alumina reinforced polystyrene
Aminated avocado seed powder
AC/a-Fe2O3 composite
Silica nanofibre
Commercial activated carbon
Non-living aerobic granular sludge
TiO2 and corn cob film
Aminated avocado seed powder

AY 17

qmax (mg/g)
70.61
38.1
29.5
1.58
0.967
76.90
20.2
89.2
71.43
40.32
83.33
133.3
0.241
42.7

Reference
(Guerrero-Coronilla et al. 2015)
(Salem et al. 2016)
(Zhou et al. 2017)
(Bai et al. 2016)
(Abdellaoui et al. 2017)
(Jiang et al. 2014)
(Ahmad and Kumar 2011)
Present study
(Ranjithkumar, Sangeetha, et al. 2014)
(Teli and Nadathur 2018)
(Ranjithkumar, Nizarul Hazeen, et al. 2014)
(Gao et al. 2010)
(Gan et al. 2017)
Present study
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Figure 9. Desorption of AY 17 and AMR from the AASP using different eluents.

Figure 8. (a) Effect of temperature; and (b) plots of ln Kc versus 1/T on the
adsorption of AY 17 and AMR onto AASP (initial dye concentration: 300 mg/L,
volume: 30 mL, agitation: 180 rpm, pH: 2.0, dose: 50 mg, time: 120 min, temperature: 303–323 K).

Figure 10. Adsorption-desorption cycles for (a) AY 17; and (b) AMR using 0.1 M
NaOH eluent.

Comparison of AASP with other adsorbents for removal
of AY 17 and AMR
Table 5. Thermodynamic parameters for the adsorption of AY 17 and AMR
onto AASP.
Dye
AY 17
AMR

Temp. (K)

DGo
(kJ/mol)

303
313
323
303
313
323

6.038 ± 0.689
5.540 ± 0.574
5.132 ± 0.516
4.696 ± 0.398
4.252 ± 0.343
3.754 ± 0.218

DSo
(kJ/mol K)

DHo
(kJ/mol)

0.045 ± 0.001

19.79 ± 0.91

0.047 ± 0.001

18.94 ± 0.69

The adsorption efficiency of AASP obtained in the present
work for adsorption of AY 17 and AMR was compared with
various adsorbents that have been reported in the literature
(Table 4). From Table 4, it was noted that AASP has a satisfactory adsorption efficiency comparison with other adsorbents. So, AASP can be an efficient, suitable adsorbent for
the adsorption of AY 17 and AMR from the aqueous
environments.
Effect of temperature

respectively, indicating the adsorption of AY 17 and AMR
onto AASP is favorable.
Figure 7a,b and Table 3 displayed the non-linear plots
and the estimated equilibrium parameters for the removal of
AY 17 and AMR onto AASP, respectively. Based on the
higher value of the R2 and lower value of v2, it is clear that
the Langmuir isotherm model was the most adequate to represent the adsorption equilibrium of AY 17 and AMR.

The effect of temperature on the sorption of AY 17 and
AMR onto AASP shown in Figure 8a. The experiments carried out at various temperatures (303, 313, and 323 K) at a
constant initial dyes concentration of 300 mg/L, and a pH of
2.0. As shown in Figure 8a, the AASP adsorption efficiency
toward AY 17 and AMR gradually increased from 9.2% to
15.2%, and from 13.4% to 19.89%, respectively when temperature raised from 303 to 323 K. When the temperature
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increased, the mobility of the dye ion also increases.
Therefore, a number of molecules acquiring sufficient energy
to undertake an interaction with the active site at the surface
also increases; as a result, adsorption increases. So, the
adsorption of AY 17 and AMR on the surface of AASP is
the endothermic nature of the sorption process. The
thermodynamic parameters (DGo, DHo, and DSo) were used
to define the thermodynamic behavior of the adsorption of
AY 17 and AMR onto AASP. The following Equations
(11–14) determined the thermodynamic parameters:
DGo ¼ RTlnKc
Kc ¼

CAe
Ce

DGo ¼ DH o  TDSo
ln Kc ¼ 

DGo
DH o DSo
¼
þ
RT
RT
R

(11)
(12)
(13)
(14)

The DHo and DSo of adsorption were calculated from the
slope and intercept of the Vant’s Hoff plots of ln Kc against
1/T (Figure 8b), respectively. The decreased DGo value with
the temperature rise indicated that the adsorption is a nonspontaneous process and therefore involves an external
source of energy to take place the process (GuerreroCoronilla et al. 2015). The positive values of DHo using
AASP represented endothermic nature of adsorption process
for both dyes. The magnitude of DHo determines the type of
adsorption. The heat of chemisorption falls into a range of
80–200 kJ/mol. But the heat evolved during physisorption is
of the same order to the heat of condensation, i.e.,
2.1–20.9 kJ/mol. (Cho et al. 2015). Therefore, based on the
values of DHo, the adsorption of AY 17 and AMR onto
AASP may involve physisorption. The positive DSo values
for AY 17 and AMR implied an increased extent of randomness at the AASP adsorbent-dye solution interface during
the sorption. The values of all calculated thermodynamic
parameters are listed in Table 5.
Desorption and reusability studies
The desorption experiments can estimate the recovery possibility of dye that is adsorbed on the adsorbent surface. The
desorption of AY 17 and AMR loaded AASP was carried
out using 0.1 M NaOH, NaCl, Na2CO3, HCl, HNO3, and
H2SO4 solutions. The eluting efficiency of different solutions
is illustrated in Figure 9. The results suggested that 0.1 M
NaOH exhibited the highest desorption efficiency of 92%
and 96% for AY 17 and AMR, respectively. Hence, the
regeneration studies were performed using 0.1 M NaOH eluent for five consecutive adsorption-desorption cycles, and
the results were shown in Figure 10. The AASP maintained
12% and 15% removal efficiencies for AY 17 and AMR
respectively after one adsorption-desorption cycle. After five
cycles of reuse, the regenerated AASP still retained about
8% and 10% removal efficiencies for AY 17 and AMR
respectively. The AY 17 and AMR removal efficiency of
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AASP decreased with increasing cycle number. However, the
decrease of adsorption efficiency could be caused by the loss
of active sites, incomplete desorption and weak electrostatic
attractions between the adsorbent and the adsorbate. Thus,
the obtained results demonstrated that the AASP could be
efficiently reused up to five cycles for the removal of AY 17
and AMR from aqueous solutions without much loss of
adsorption efficiency.

Conclusions
The removal of AY 17 and AMR from the aqueous medium
was studied using AASP as adsorbent. Prepared AASP
(before and after dye adsorption) was characterized through
FTIR, FESEM, EDX, and N2 adsorption/desorption analysis.
The AY 17 and AMR dyes are involved in electrostatic
interactions with the surface of the AASP. The kinetic
parameters of the adsorption process were evaluated by
using non-linear PFO and PSO modes at different temperatures. Adsorption kinetics of AY 17 and AMR onto AASP
followed the PSO model. The Ea was calculated at 19.9 and
15.2 kJ/mol from the Arrhenius equation, which indicated
that the adsorption process of AY 17 and AMR onto AASP
involves physisorption. Non-linear isotherm models
(Langmuir and Freundlich) were used to analyze the equilibrium adsorption data. Based on low v2 and high R2 values,
the Langmuir model better described the sorption process.
The adsorption of AY 17 and AMR strongly depended on
the pH solution and maximum adsorption capacity of AY
17 (42.7 mg/g), and AMR (89.2 mg/g) was observed at pH
2.0. The pH at the pHpzc of AASP was found to be 5.8. The
thermodynamic results (DGo, DSo, and DHo) demonstrated
that the adsorption of AY 17 and AMR are non-spontaneous
and endothermic in the temperature range 303–323 K.
Desorption studies showed that 0.1 M NaOH was the best
desorbing eluent which desorbed 92% and 96% of AY 17 and
AMR, respectively. The reusability potential of AASP for the
removal of AY 17 and AMR was confirmed from the adsorption/desorption experiments with negligible activity loss even
after five cycles. The obtained results suggest that the AASP
can be successfully employed for the removal of AY 17 and
AMR from an aqueous medium.

Nomenclature
Ao
BET
BJH
Ce
Co
CAe
Ea
EDX
FT-IR
k1
k2
Kc
Kf
KL
M
n

frequency factor
Brunauer-Emmett-Teller
Barret-Joyner-Halenda
equilibrium concentration of dye solution, mg/L
initial concentration of dye solution, mg/L
solid phase concentration at equilibrium, mg/L
Arrhenius activation energy, kJ/mol
Energy Dispersive X-ray spectroscopy
Fourier Transform Infrared Spectroscopy
PFO rate constant, 1/min
PSO rate constant, g/mg min
equilibrium adsorption distribution coefficient
Freundlich constant related to adsorption capacity, mg/g
Langmuir constant, L/mg
mass of adsorbent used, g
number of data points (v2 analysis)
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n
1/n
PFO
PSO
qe
qe,cal
qe,exp
qe1, qe2
qt
qmax
R
FE-SEM
T
V
DGo
DHo
DSo

Freundlich constant (dimensionless)
heterogeneity factor
pseudo-first-order
pseudo-second-order
amount of the dye adsorbed at equilibrium, mg/g
equilibrium capacity obtained by calculated from model,
mg/g
equilibrium capacity from the experimental data, mg/g
amount of dye adsorbed at equilibrium, mg/g
amount of dye adsorbed at time t, mg/g
saturated monolayer adsorption capacity of the adsorbent,
mg/g
ideal gas constant, 8.314 J/mol K
Field Emission Scanning Electron Microscopy
absolute temperature, K
volume of dye solution, L
change in Gibbs free energy, kJ/mol
change in enthalpy, kJ/mol
change in entropy, kJ/mol K

Funding
The authors would like to acknowledge the research support from
MOST 106-2625-M-224-002, MOST 106-2915-I-224-501, MOST 1072625-M-224-002, and MOST 108-2625-M-224-005, by the Minister of
Science and Technology (MOST), Taiwan.

References
Abdellaoui K, Pavlovic I, Bouhent M, Benhamou A, Barriga C. 2017. A
comparative study of the amaranth azo dye adsorption/desorption
from aqueous solutions by layered double hydroxides. Appl Clay
Sci. 143:142–150. doi:10.1016/j.clay.2017.03.019.
Adeyemo AA, Adeoye IO, Bello OS. 2017. Adsorption of dyes using
different types of clay: a review. Appl Water Sci. 7(2):543–568. doi:
10.1007/s13201-015-0322-y.
Ahmad R, Kumar R. 2011. Adsorption of amaranth dye onto alumina
reinforced polystyrene. Clean Soil Air Water. 39(1):74–82. doi:10.
1002/clen.201000125.
Albadarin AB, Mo J, Glocheux Y, Allen S, Walker G, Mangwandi C.
2014. Preliminary investigation of mixed adsorbents for the removal
of copper and methylene blue from aqueous solutions. Chem Eng J.
255:525–534. doi:10.1016/j.cej.2014.06.029.
Ashraf MA, Hussain M, Mahmood K, Wajid A, Yusof M, Alias Y,
Yusoff I. 2013. Removal of acid yellow-17 dye from aqueous solution using eco-friendly biosorbent. Desalin Water Treat. 51(22–24):
4530–4545. doi:10.1080/19443994.2012.747187.
Bai H, Zhang Q, He T, Zheng G, Zhang G, Zheng L, Ma S. 2016.
Adsorption dynamics, diffusion and isotherm models of
poly(NIPAm/LMSH) nanocomposite hydrogels for the removal of
anionic dye Amaranth from an aqueous solution. Appl Clay Sci.
124-125:157–166. doi:10.1016/j.clay.2016.02.007.
Banerjee S, Dubey S, Gautam RK, Chattopadhyaya MC, Sharma YC.
2019. Adsorption characteristics of alumina nanoparticles for the
removal of hazardous dye, Orange G from aqueous solutions. Arab
J Chem. 12(8):5339–5354. doi:10.1016/j.arabjc.2016.12.016.
Banerjee S, Gautam RK, Jaiswal A, Chattopadhyaya MC, Sharma YC.
2015. Rapid scavenging of methylene blue dye from a liquid phase
by adsorption on alumina nanoparticles. RSC Adv. 5(19):
14425–14440. doi:10.1039/C4RA12235F.
Benkaddour S, Slimani R, Hiyane H, El Ouahabi I, Hachoumi I, El
Antri S, Lazar S. 2018. Removal of reactive yellow 145 by adsorption
onto treated watermelon seeds: kinetic and isotherm studies. Sustain
Chem Pharm. 10:16–21. doi:10.1016/j.scp.2018.08.003.
Bhomick PC, Supong A, Baruah M, Pongener C, Sinha D. 2018. Pine
Cone biomass as an efficient precursor for the synthesis of activated
biocarbon for adsorption of anionic dye from aqueous solution:

isotherm, kinetic, thermodynamic and regeneration studies. Sustain
Chem Pharm. 10:41–49. doi:10.1016/j.scp.2018.09.001.
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