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a b s t r a c t
Waste parts of the plant Sauropus androgynus (SA), an agricultural by-product, and its base-modified 
form (MSA) have shown potential for the removal of the cationic crystal violet (CV) dye from 
aqueous solution. The optimum contact time of SA and MSA was found to be 180 and 120  min, 
respectively, and no changes in the pH of the system were necessary for optimum performance. 
SA performed well in moderate ionic environments; and MSA tolerated up to 1.0 M ionic strength. 
The adsorption process was exothermic. The Sips isotherm model is suitable to describe adsorption 
of CV on both SA and MSA giving adsorption capacities of 326.38 and 489.58 mg g–1, respectively. 
Regeneration studies showed that acid and base washings of SA and MSA could regenerate the 
adsorbents and allowed them to be reused. Given the excellent adsorption capacities, stability at dif-
ferent pH and salt concentrations, ability to be regenerated and reused, both SA and MSA would be 
deemed suitable new, potential low-cost adsorbents to remove the CV dye in wastewater treatment. 
More importantly, MSA has demonstrated its superior characteristics to be used in real-life situation 
for removal of CV dye when present in high ionic environments.
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1. Introduction

Water quality has been affected greatly due to the dis-
charge of pollutants from industrial activities. In textile 
industry, it is estimated about 12% dyes used in the dyeing 
process will be lost and discharged as industrial effluents 
into the environment. Synthetic dyes, being stable and non-
biodegradable in nature, lead to their accumulation over 
long periods of time. Dyes when enter into the water system 
lower the concentration of dissolved oxygen, thereby affect-
ing the photosynthetic activity of aquatic plants. Further, 

some dyes have been proven to be carcinogenic and muta-
genic to bio-organisms due to the presence of aromatic rings 
in their structures. Such dyes would cause adverse effects on 
human health, such as allergies, diarrhea, hyperventilation, 
skin infection or even immune-suppression, respiratory 
disorder, central nervous disorder and neurobehavioral 
disorders on human beings [1–3].

Crystal violet (CV) is a cationic dye that is often used 
in different industries, such as textiles, cosmetics, paints, 
papers, and also in medical community [4]. It exists as a 



447C.W.S. Chieng et al. / Desalination and Water Treatment 210 (2021) 446–460

green crystalline solid, but gives a dark purple color solution 
in water. It is also known as gentian violet or methyl violet 
10B due to the presence of six methyl groups in the structure, 
as shown in Fig. 1. However, despite its uses, CV has been 
known to pose some threats to human and animals, such 
as glans penis necrosis, ototoxicity, carcinogenic, and can 
produce weak mutagenic activity in mammalian cells [5–7]. 
Owing to its multiple uses such as in biological staining and 
as a colorant in industries, wastewater effluents which are 
discharged without pre-treatment may contain CV residues. 
Thus, it is imperative that CV be removed from wastewater as 
it is considered a bio-hazardous compound which can affect 
aquatic life and cause adverse health effects in human [8,9]. 
Therefore, CV was chosen as the model dye in this study.

Contamination of wastewater is harmful to any form 
of bio-organisms as it is able to accumulate and pass onto 
other organisms in the food chain or even through physical 
contacts. Therefore, environmental concerns and regulations 
have been raised to minimize and control the amount of pol-
lutants and contaminants being released into any forms of 
water sources. Treatment of wastewater has been done to 
clean and remove the pollutants and contaminants present 
in the water sources. Among the different types of wastewa-
ter treatment [10–16], a commonly used method to remove 
dyes from wastewater is adsorption where pollutants 
(adsorbates) present in the wastewater get adsorbed onto the 
surface of the solid phase (adsorbent) [17]. This technique 
is economically feasible and efficient in the separation of 
adsorbate from the wastewater. The adsorption process 
can be either physisorption or chemisorption, depend-
ing on the forces and interactions between the adsorbent 
and adsorbate. The last decade has seen the emergence of 
various different types of adsorbents, both synthetic and 
natural, being used to remove heavy metals [18–23] and 
dyes [24–31]. Not all adsorbents have the ability to remove 
adsorbates efficiently [32–37], and therefore, the search 
for an efficient, low-cost adsorbent with high adsorption 
capacity for a particular adsorbate is still a challenge.

In this study, a new low-cost organic adsorbent is 
obtained from the waste of a plant named Sauropus androg-
ynous (SA), as shown in Fig. 2a. SA, more commonly known 
as “Cangkuk manis,” is grown mostly in South Asia, Southeast 
Asia, and China. It has been widely used in traditional med-
icine to increase breast milk production, healing of inju-
ries, relieving fever, and urinary disorders and as cure of 
diabetes [38]. Despite its uses and high nutritional value, 
excessive intake of SA can cause drowsiness and constipation 

[39,40]. Consumption of SA over a period can lead to the 
development of SA-associated obliterative bronchiolitis [41]. 
In Brunei Darussalam, SA is a popular vegetable often served 
either fried or as a soup dish. Only the leaves are edible 
while the stems are thrown away and are of no economical 
value. Thus, it was decided to make use of the discarded 
stems and turn them into a potentially useful low-cost adsor-
bent. To date, there has been no report on the use of SA as 
an adsorbent in removing pollutants. Hence, this will be the 
first report on utilizing SA in adsorption study.

The aims of this research are therefore to investigate 
the suitability of utilizing SA as a low-cost adsorbent to 
remove CV dye and the possibility of enhancing its removal 
ability through base modification with sodium hydrox-
ide (NaOH). Studies have shown that base modification is 
a simple, straightforward, and yet highly efficient method 
of enhancing adsorption efficiency of an adsorbent. For 
example, reports have shown that NaOH treatment of rock 
melon skin showed a 200% increase toward methyl violet 
2B dye [42], while Artocarpus odoratissimus leaves enhanced 
its adsorption toward methyl violet 2B and malachite green 
dyes by approximately 66% and 620%, respectively [43,44]. 
Therefore, in this study, SA will be chemically modified 
with NaOH in an attempt to enhance its adsorption toward 
CV. Characterization using scanning electron microscopy 
(SEM), Fourier-transform infrared (FTIR) spectroscopy, and 
point of zero charge (pHpzc) of both SA and its base modified 
form (MSA) were performed. In addition, effects of various 
parameters, such as contact time, medium pH, and ionic 
strength on the extent of adsorption of CV dye by both SA 
and MSA were studied. Adsorption isotherms and kinetics 
of both adsorbents toward CV dye were also investigated. 
Lastly, the dye loaded adsorbents were tested for their 
regeneration and reusability.

Fig. 1. Chemical structure of CV.

 

(a)  

(b)  (c)  

Fig. 2. (a) Sauropus angrogynus (SA) plant, (b) Dried SA, 
and (c) NaOH modified SA (MSA).



C.W.S. Chieng et al. / Desalination and Water Treatment 210 (2021) 446–460448

2. Methods and materials

2.1. Instrumentation

Meter balance (Precisa Executive Series 360 ES Balance, 
China) was used to record the masses of samples. The pH 
of solutions was measured with the EDT directION GP 353 
ATC pH meter (UK). Automated shaker (Thermo Scientific 
MaxQ Shaker, USA), orbital shaker (Stuart SSL1, UK), 
and flask shaker (Stuart SF1, UK) were used to shake the 
flasks at 250  rpm containing the adsorbate-adsorbent mix-
tures. Absorbance of CV dye, before and after adsorption, 
was measured using UV-vis spectrophotometer (Thermo 
Scientific Genesys 20, USA). JSM-7610F field emission 
scanning electron microscopy (FESEM), Japan, was used 
to observe the surface topography of the adsorbents. FTIR 
spectrometer (Agilent Technologies Inc., Cary 630 FTIR, 
USA) was used to obtain the IR spectra in the range of 
4,000 and 650  cm–1 for the determination of the functional 
groups present in the adsorbents.

2.2. Chemicals and reagents

Crystal violet (CV) dye, purchased from Sigma-Aldrich 
(USA) with molecular formula C25H30ClN3 (molar mass 
407.99  g  mol–1), was used as the adsorbate to be removed 
in this research. NaOH, purchased from Merck (USA), 
was used to modify SA and also as the washing reagent in 
regeneration study. Sodium chloride (NaCl) and sodium 
nitrate (NaNO3) were purchased from Sigma-Aldrich, while 
hydrochloric acid (HCl), potassium chloride (KCl) and 
potassium nitrate (KNO3) were from Merck. All chemicals 
and reagents were used without further purification.

2.3. Preparation of SA and its surface modification

The Sauropus angrogynus (SA) plants were purchased 
from a local supermarket in the Brunei-Muara District, in 
Brunei Darussalam. The stems, being the inedible parts of 
the plant which are thrown away, were collected and cut 
into small pieces, washed throughout using double distilled 
water until free of dirt and dust. The washed sample was 
then dried in an oven at 60°C until a constant mass was 
obtained in order to assure that all the water in the sam-
ple has been removed. Dried sample was then blended and 
sieved using a set of laboratory sieves to obtain particles of 
diameter <355 μm (Fig. 2b).

SA was modified by shaking the sample in 1 M NaOH for 
120 min. The modified SA (MSA) was filtered and washed 
with distilled water until the pH was approximately at 7. 
Lastly, the MSA was dried in an oven at 60°C. The dried 
MSA, as shown in Fig. 2c, was kept in a dry, clean and well-
sealed zip lock bag until ready to be used.

2.4. Point of zero charge

Point of zero charge (pHPZC) was carried out to investi-
gate the pH when the electrical charge on the adsorbent’s 
surface is zero, following the procedure as outlined by 
Zehra et al. [45]. A mass of 0.050  g of the adsorbent was 
shaken in 25.0 mL of 0.1 M of KNO3 with the pH adjusted 

to 2, 4, 6, 8, and 10 for period of 24  h. No adsorbate was 
used in the experiment.

2.5. Optimization of adsorption parameters

Optimization of parameters for contact time (0–240  min), 
medium pH (2–12), and ionic strength using four salts 
(NaCl, KCl, NaNO3, and KNO3) at different concentra-
tions (0, 0.01, 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 M) were carried 
out prior to performing adsorption isotherm and kinetics 
studies. All adsorption experiments were done using mix-
tures of 0.05 g of adsorbent in 25.0 mL of dye at specified 
concentration (adsorbent:adsorbate ratio is 1 g:500 mL), and 
the mixture was shaken on an orbital shaker set at 250 rpm. 
At the end of all adsorption experiments, each mixture was 
filtered through a metal sieve and the filtrates were col-
lected and diluted, if necessary, before their absorbance 
was measured. The initial and final absorbance values of 
the dye were used to determine the extent of dye removal. 
All experiments were carried out in duplicate, unless oth-
erwise stated, to obtain an average result. The adsorp-
tion capacity (qe), expressed in mg of dye adsorbed by per 
of adsorbent (mg g–1), can be calculated by using Eq. (1):

q
C C V
me

e=
−( )0 	 (1)

where C0 is the initial concentration of adsorbate in mg L–1, 
Ce is the final concentration of adsorbate in mg  L–1, V is 
the volume of adsorbate used in L, and m is the mass of 
adsorbate used in g.

The percentage removal (%) of adsorbate in the system 
can then be calculated using Eq. (2):

% removal =
−( )

×
C C
C

e

o

0 100 	 (2)

2.6. Batch adsorption experiments

Batch adsorption isotherm experiments of CV by SA and 
MSA were carried out by shaking the absorbent with various 
concentrations of the dye ranging from 0 to 1,000 mg L–1 at 
ambient temperature (25°C) for its optimum shaking time. 
To investigate the effect of temperature on adsorption, the 
experiments were carried out by shaking adsorbent-CV 
mixture at 298, 313, 323, 333, and 343  K at the optimum 
contact time in a thermostatic water bath.

2.7. Regeneration study

Regeneration study was carried out following the meth-
ods outlined by Dahri et al. [46] with slight modification. 
Briefly, a sample of 1.00 g each of SA and MSA was sepa-
rately agitated with 500 mL of 800 mg L–1 CV dye according 
to their optimum contact time to obtain adsorbents satu-
rated with CV dyes. Desorption studies were subsequently 
carried out by dividing the dye saturated samples into five 
portions. Three portions were shaken with different solu-
tions: 0.1  M of HCl, 0.1  M of NaOH and distilled water, 
whereas another portion was quick washed with distilled 
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water and a control of the experiment was also included 
for comparison. In the desorption study, the ratio of mass 
of adsorbent (g) to washing solution (mL) was kept at 1:50.

3. Results and discussion

3.1. Characterization of adsorbents

SEM images in Fig. 3 show SA and MSA before and after 
adsorption of CV dye. Prior to surface modification, the 
majority of the surface of SA is generally flat and smooth, 
even though there are some folds and pores. In contrast, 
base modification drastically altered the surface morphol-
ogy of SA. The surface of MSA became more undulating 
with the formation of more deep pores or holes, causing 
the surface to be rougher and more exposed. This increases 
the surface area and active sites present on the adsorbent’s 
surface. After adsorption of CV by SA and MSA, pores, and 
active sites on the surface of both the adsorbents were seen 
to be covered by the CV dye.

The FTIR spectrum of SA identifies a few functional 
groups: the broad band at 3,263 cm–1 indicates the presence 
of hydroxyl group (–OH), weak band at 2,913  cm–1 indi-
cates that (C–H) bond in methyl group (–CH3) is present, 
a medium stretching band at 1,617  cm–1 confirms the pres-
ence of imine group (C=N) and a medium stretching band 

of C–N is observed at 1,005 cm–1 (Fig. 4). The adsorption of 
CV dye onto the adsorbent’s surface shifted these stretching 
bands to 3,279; 2,896; 1,586; and 1,001 cm–1, respectively.

The IR spectrum of MSA identifies the presence of the 
following functional groups: the broad band at 3,272  cm–1 
indicates the presence of hydroxyl group (–OH), weak band 
at 2,906  cm–1 indicates that (C–H) bond of methyl group 
(–CH3) is present, a medium stretching band at 1,586  cm–1 
confirms the presence of imine group (C=N) and a medium 
stretching band of C–N is observed at 1,102  cm–1. Slight 
changes in the wavenumbers were observed after treatment 
of CV dye: stretching bands of (–OH), (C–H), (C=N), and 
(C–N) at 3,267; 2,865; 1,577; and 1,004 cm–1, respectively. The 
shifts observed in the IR bands indicate that these functional 
groups are probably involved in the adsorption of CV dye.

Fig. 5 shows the point of zero charge (pHpzc) of SA is at 
pH 6.40 whereas the pHpzc of MSA is at pH 5.00. At any pH 
below the pHpzc, the surface of an adsorbent becomes more 
positively charged as a result of protonation and favors the 
adsorption of anionic substances, whereas, at pH higher 
than pHpzc, deprotonation results in the surface of adsorbent 
causing it to become more negatively charged and attracts 
cationic substances in solution. Unlike reported adsor-
bents where base modified adsorbents showed a higher 
pHpzc, it was observed in this study that base modification 
of SA sample has lowered the pHpzc of SA from 6.4 to 5.0. 

 

 

SA SA-CV 

MSA MSA-CV 

Fig. 3. SEM images of SA and MSA before and after adsorption of CV dye at ×2,000 magnification.
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This indicates that adsorbent’s surface of SA was positively 
charged in the adsorption process, as the untreated (ambi-
ent) pH of CV dye was found to be at pH 5.05. Hence, there 
would be some electrostatic repulsion between the posi-
tively charged surface of SA and the cationic CV dye. This 
explains the more efficient adsorption of cationic CV dye 
by MSA as compared to SA, as shown by the higher maxi-
mum adsorption capacity (qmax) in the adsorption isotherm 
section.

3.2. Effects of experimental parameters on the extent of adsorption

3.2.1. Effect of contact time

The duration of contact time is an important parame-
ter to investigate in adsorption studies as it provides infor-
mation on the time needed for the adsorbent–adsorbate 
system to reach a state of equilibrium. In this study, 
during the first 30 min of contact time (Fig. 6), the adsorp-
tion of CV on the adsorbent increased rapidly due to the 
presence of high availability of active sites on the adsor-
bent’s surface for adsorbates to bind to. Beyond 30  min, 
the adsorption rate abruptly decreased and showed insig-
nificant increase in the amount of CV dye adsorbed until 
it reached equilibrium. This decrease in rate is due to the 
reduction in availability of vacant active sites for binding of 
adsorbates [47]. The contact time for SA and MSA to reach 
equilibrium was found to be 180 and 120 min, respectively.

3.2.2. Effect of medium pH

The pH of the system is a significant parameter in 
adsorption studies as it affects the surface charge of the 
adsorbent and the ionization of adsorbates. In this study, 
the extent of removal using 100 mg L–1 CV dye solution was 
investigated at pH 2.0, 4.0, 6.0, 8.0, 10.0, and 12.0. Results 
presented in Fig. 7 show that both SA and MSA gave similar 
trends, with the lowest removal of CV at pH 2.0. Compared 
to the ambient pH at pH 5.05, a reduction of approxi-
mately 64% and 46% were observed at pH 2.0 for SA and 
MSA, respectively. This could be attributed to the increased 
hydroxonium (H3O+) ions present in strong acidic condition 

which will cause the functional groups on the surface of 
adsorbent to be protonated, and thus, the adsorbent’s sur-
face will become positively charged. This in turn will lead 
to the electrostatic repulsion between positively charged 
surface and cationic CV dye, thereby lowering the extent 
of removal of the dye. Further, H3O+ ions will also compete 
with cationic CV dye for active sites in the adsorbent.

The percentage removal of SA and MSA rapidly 
increased when the pH of the system was changed from pH 
2.0 to 4.0. Between pH 4.0 to pH 10.0, the increase in per-
centage removal of CV dye was insignificant; <3% for both 
adsorbents. The highest removal of CV for both adsorbents 
was at pH 12.0 which could be explained by the presence of 
OH–, at which the functional groups on the adsorbent would 
be deprotonated. The negatively charged surface of adsor-
bent will favor adsorption as it is electrostatically attracted 
to cationic CV dye as they are oppositely charged.

3.2.3. Effect of salts (ionic strength)

Effect of ionic strength provides information on the 
extent of electrostatic interactions between the adsorbent 
and adsorbate in ionic environments. Such information is 
important when extended toward real applications because 
wastewater effluents containing dyes usually have salts 
present and these salts could occupy or compete for vacant 
sites on the surface of adsorbent during the adsorption 
process. Herein, according to the results shown in Fig. 8 
for SA, the adsorption of CV on SA decreases, in general, 
upon addition of salts up to 1.0 M concentration, which is 
a fairly high concentration levels of ions as far as industrial 
effluents are concerned. This clearly shows the ionic envi-
ronments block the diffusion of big molecules, such as CV 
dye, from the bulk to the adsorbent’s surface. Further, when 
the concentration of salt is high, cations present in salt will 
compete and occupy the active sites where cationic CV dye 
was supposed to bind to. This would inhibit the adsorp-
tion of CV dye onto the adsorbent’s surface and decrease 
the electrostatic interaction between adsorbent and adsor-
bate. However, the increase in the extent of dye removal in 
NaCl environments at concentrations beyond 0.1 M may be 
due to higher chloride levels which could attract positively 

0

20

40

60

80

100

0 30 60 90 120 150 180 210 240 270
Time (min)

A
ve

ra
ge

re
m

ov
al

 (%
)

Fig. 6. Effect of contact time on the amount of CV dye adsorbed onto SA () and MSA () at room temperature.
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charged CV dye molecules through Coulombic interactions. 
This argument is valid to some extent in the KCl medium 
where the extent of dye removal has increased from 0.2 M 
up to 0.8 M. Another fact to be considered is that the mech-
anism of adsorption may not purely depend on electro-
static interaction, and non-electrostatic interactions such as 
hydrophobic–hydrophobic interactions are also possible.

Such complications were not encountered when the 
adsorbent is MSA and the extent of dye removal decreases 
with increase in the ionic concentration in a more system-
atic manner. This is probably due to high concentration of 
surface negative charges created as a result of base treat-
ment, thereby promoting stronger ionic interactions with 
the positively charged dye molecules, masking the effect 

0

20

40

60

80

100

2 4 ambient (5.05) 6 8 10 12
pH

A
ve

ra
ge

 r
em

ov
al

 (%
)

Fig. 7. Effect of pH on the removal of 100 mg L–1 CV dye by SA () and MSA () at ambient temperature.
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of bulk chloride ions to some extent. More importantly, 
the extent of dye removal by MSA did not go below 59% 
even at 1.0  M ionic environment, whereas in the pres-
ence of NaNO3 and KNO3 environments, the extent of dye 
removal by SA was below 50%. This clearly demonstrates 
the potential of MSA for removal of CV dye when present 
in ionic environments. Nevertheless, in the absence of ionic 
environments, both SA and MSA can be recommended.

3.3. Adsorption isotherm

The results obtained from the isotherm experiments 
are shown below in Fig. 9, and the data obtained were ana-
lyzed by the Langmuir [48], Freundlich [49], Temkin [50], 
Dubinin–Radushkevich (D–R) [51], Redlich–Peterson (R–P) 
[52], and Sips [53] isotherm models to predict the adsorption 
of CV dye onto SA and MSA. Six different error functions: 
average relative errors (ARE), sum of the square of the errors 
(ERRSQ), the hybrid fractional error function (HYBRID), 
Marquardt’s percent standard deviation (MPSD), sum of 
absolute errors (EABS), and Chi-square test (χ2) were also 

carried out on the various isotherm models. These isotherm 
models have been widely discussed [54].

Briefly, the Langmuir isotherm model describes the 
adsorption process based on the monolayer adsorption of 
adsorbate onto the adsorbent surface, in which there is no 
involvement in the interaction between adsorbate. Non-
linear and linear forms of this model are given by Eqs. (3) 
and (4), respectively.

Non-linear: q
q K C
K Ce

m L e

L e

=
+1

	 (3)

Linearized: 
C
q K q

C
q

e

e L m

e

m

= +
1 	 (4)

where qm is the theoretical monolayer adsorption capacity 
of adsorbent in mg  g–1, qe is experimental adsorbed dye in 
mg g–1, KL is the Langmuir adsorption constant in L mg–1, and 
Ce is the final concentration of adsorbate in mg L–1.
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Fig. 9. Comparison of experimental qe () with six isotherm models, namely Langmuir ( ), Freundlich ( ), Temkin ( ), 
D-R ( ), R-P ( ) and Sips ( ), for adsorption of CV onto SA (a) and MSA (b).
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Another important parameter relevant to the Langmuir 
isotherm is the separation factor (RL), a dimensionless con-
stant used to find out if the Langmuir isotherm model is 
favorable. It can be calculated according to Eq. (5).

R
K CL
L

=
+( )
1

1 0

	 (5)

where C0 is the initial concentration of adsorbate in mg L–1. 
When 0 < RL < 1 provides favorable conditions, RL > 1 indi-
cates unfavorable, conditions, RL = 1 is Langmuir linear, and 
RL = 1, Langmuir irreversible.

The Freundlich adsorption isotherm assumes the adsorp-
tion takes place on a heterogeneous surface where it can 
adsorb more than a layer of adsorbate onto the adsorbent 
surface. This model suggests that increase in the concen-
tration of adsorbate in the system will lead to the increase 
in adsorption of adsorbate onto the adsorbent surface. 
It assumes that availability of active sites on the adsorbent is 
unlimited. The Freundlich isotherm model can be described 
by Eqs. (6) and (7) listed below:

Non-linear: q K Ce F e
nF=
1

	 (6)

Linearized: ln ln lnq
n

C Ke
F

e F= +
1 	 (7)

where qe is experimental adsorbed dye in mg  g–1, KF is the 
adsorption capacity of adsorbent in mg g–1 (L mg–1)1/n, nF is 
the Freundlich constant, and Ce is the final concentration of 
adsorbate in mg L–1.

Unlike the Langmuir and Freundlich isotherms, the 
Temkin isotherm takes account of the interaction between 
the adsorbent and adsorbate. The model assumes the heat 
energy of adsorption of the adsorbate decreases linearly with 
the coverage. The equations of Temkin isotherm model are 
stated as Eqs. (8) and (9):

Non-linear: q RT
b

K Ce
T

T e= ln 	 (8)

Linearized: q RT
b

K RT
b

Ce
T

T
T

e= +ln ln 	 (9)

where qe is experimental adsorbed dye in mg  g–1, bT is the 
Temkin constant in kJ  mol–1, KT is the equilibrium binding 
constant, and Ce is the final concentration of adsorbate in 
mg L–1.

Dubinin–Radushkevich isotherm is used to predict the 
adsorption mechanism with the observed energy of adsorp-
tion onto the heterogeneous surface. Eqs. (10)–(12) represent 
the isotherm model:

ln ln DRq q Ke m= − ε2 	 (10)

where qe is experimental adsorbed dye in mg  g–1, 
qm is the theoretical isotherm adsorption capacity of 

adsorbent in mg g–1, KDR is the constant to adsorption energy 
in (mol kJ–1)2, and e is the D–R isotherm constant.

ε = +








RT

Ce
ln 1 1 	 (11)

where R is the gas constant (8.314 J mol–1 K–1), T is the tem-
perature in K, and Ce is the final concentration of adsorbate 
in mg L–1.

E
K

=
1

2 DR

	 (12)

From Eqs. (10) and (11), the mean free energy needed 
for adsorption of one molecule of adsorbate (E) in the solu-
tion to be transferred onto the adsorbent surface can be 
calculated.

The R–P is a three-parameter model, which is a combi-
nation of both Langmuir and Freundlich isotherm models. 
It does not completely obey any one of the monolayer and 
multi-layer adsorptions of Langmuir and Freundlich, as it 
approaches the Langmuir model at lower concentration of 
adsorbate and approaches the Freundlich model at high con-
centration of adsorbate. The equation for the R–P model is 
defined in Eqs. (13) and (14):

Non-linear: q
K C

Ce
e

e
n=

+ ∝
RP

1
	 (13)

Linearized: ln lnK
C
q

n Ce

e
eRP ln−









 = ⋅ + ∝1 	 (14)

where qe is experimental adsorbed dye in mg  g–1, KRP and 
α is the R–P constant, n is the exponent that lies between 0 
and 1, and Ce is the final concentration of adsorbate in mg L–1.

The Sips isotherm is another three-parameter isotherm 
model which combines the features of Langmuir and 
Freundlich isotherm model, which predicts the Freundlich 
adsorption at low adsorbate concentrations and Langmuir 
adsorption at higher concentrations. This model is described 
by Eqs. (15) and (16):

Non-linear: q
K C
a Ce
S e

S e

s

s
=

−

β

β1
	 (15)

Linearized: βS e
S

e
SC

K
q

aln ln ln= −








 + 	 (16)

where qe is experimental adsorbed dye in mg  g–1, KS is the 
Sips isotherm constant in L  g–1, βS is the exponent of Sips 
isotherm, aS is the Sips isotherm model constant in L  g–1, 
and Ce is the final concentration of adsorbate in mg L–1.

Different error functions which can be calculated using 
Eqs. (17)–(19) listed below [54] can be used to identify 
which isotherm model best describes the experimental data 
obtained from isotherm experiments. The smaller the error 
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functions, the closer the isotherm model to the experimental 
curve.

•	 Average relative errors (ARE):

ARE ,calc meas

meas

=
−( )













=

∑
100

1

2

n
q q

qi

n
e e

e

,

,

	 (17)

•	 Sum of absolute errors (EABS):

EABS ,meas ,calc=  −
=
∑
i

p

e eq q
1

	 (18)

•	 Chi-square test (χ2):

χ2

2

1
:

q q
q

e e

ei

n
,meas ,calc

,meas

−( )
=
∑ 	 (19)

where qe,meas is the experimental adsorption capacity in 
mg  g–1, qe,calc is the calculated adsorption capacity isotherm 
model in mg g–1, n is the number of data points, and p is the 
number of parameters.

From Fig. 9, it was found that the amount of CV dye 
adsorbed onto the MSA was higher as compared to SA. 
In order to find the best-fitted isotherm model for the 
experimental data, the isotherm model should be closest 
to the experimental graph of qe vs. Ce, having the highest 
R2 value and the lowest error values. From the simulation 
plots of various isotherm models in Fig. 9, the Freundlich, 
D–R, and R–P isotherm models show clear deviation from 
the experimental data leaving only the Langmuir, Temkin, 
and Sips isotherm models being possible. Table 1 shows the 
R2 value of the Temkin model (0.9145) is relatively lower 
than that of the Langmuir (0.9678) and Sips (0.9761) mod-
els. The R2 value of Sips isotherm was the highest whereas 
the errors of Langmuir isotherm are the lowest as shown in 
Table 1. However, the difference in error functions of the 
Langmuir and Sips isotherms was small and comparable. 
Therefore, the above comparisons point toward the conclu-
sion that the adsorption mechanism of CV by SA adsorbent 
is best described by both the Langmuir and Sips isotherm 
models.

Fig. 9 shows that MSA adsorbent shifted the Temkin 
isotherm model and caused slight deviation from the exper-
imental plot. In this case, plot of qe against Ce eliminated 
four of the isotherm models: the Freundlich, D–R, R–P, 
and Temkin. Comparison of the R2 and errors were done. 
Although the Langmuir and Sips isotherm models have 

Table 1
Isotherm values of each model for adsorption of CV on SA and 
MSA adsorbents

Model SA MSA

Langmuir

qmax (mmol g–1) 0.72 0.81
qmax (mg g–1) 294.35 329.17
KL (L mmol–1) 0.01 0.02
R2 0.9678 0.9821
RL 0.10–0.92 0.04–0.82
ARE 12.43 19.32
EABS 0.48 0.46
c2 0.23 0.13

Freundlich

KF (mmol g–1 (L mmol–1)1/n) 0.01 12.34
n 1.41 1.68
R2 0.9522 0.9759
ARE 19.10 13.20
EABS 1.10 0.81
c2 0.56 0.44

Temkin

KT (L mmol–1) 0.22 0.78
bT (kJ mol–1) 20.49 20.97
R2 0.9145 0.8822
ARE 127.80 159.33
EABS 0.93 1.52
c2 1.61 2.39

Dubinin–Radushkevich

qmax (mmol g–1) 0.27 0.32
qmax (mg g–1) 111.60 128.73
B (J mol–1) 7.04 × 10–7 2.42 × 10–7

E (kJ mol–1) 842.59 1,437.96
R2 0.7231 0.7303
ARE 258.07 159.77
EABS 3.23 3.48
c2 6.01 4.48

Redlich–Peterson

KR (L g–1) 0.02 0.01
α 0.36 0.51
aR (L mmol–1) 1.12 2.39
R2 0.7882 0.9464
ARE 17.82 85.24
EABS 1.07 4.32
c2 0.53 4.64

Sips

qmax (mmol g–1) 0.80 1.20
qmax (mg g–1) 326.38 489.58
KS (L mmol–1) 0.01 0.02
1/n 0.97 0.74
n 1.03 1.35
R2 0.9761 0.9824
ARE 12.46 13.04
EABS 0.54 0.51
c2 0.24 0.23
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comparable R2 values for adsorption of CV by MSA, few 
error functions of the Langmuir isotherm are much greater 
as compared to those of the Sips isotherm. For instance, 
ARE in Langmuir and Sips are 19.32 and 13.04, respectively; 
MPSD in Langmuir and Sips were 29.15 and 17.48, respec-
tively. Due to the large difference in error values, the Sips 
isotherm model with its lower error values can be taken as 
the better fitted model to describe the adsorption system 
under investigation.

By comparing the isotherm modeling for both SA and 
MSA systems, it can be argued that adsorption of CV dye 
on both SA and MSA can be explained by both monolayer 
and multilayer adsorption, and that the values obtained by 
the Sips isotherm modeling can be used. Accordingly, the 
qmax value of SA (326.38 mg g–1) is greater than that of many 
reported adsorbents, such as activated carbon, peat, and fruit 
wastes, as reported in Table 2. Upon treatment with NaOH, 
the modified MSA shows further enhancement of its qmax value 
by 50%, which is a significant achievement of this research. 
These results conclusively demonstrate that both SA and 
MSA are strong adsorbents for CV, and that these adsorbents 

have potential as new low-cost adsorbents for large-scale 
removal of CV dye even when present in ionic environments.

3.4. Effects of temperature

Adsorption of CV on SA and MSA investigated within 
the temperature range between 298 and 343  K using 100 
and 500  mg  L–1 CV dye solutions shows that the extent of 
adsorption decreased with increase in temperature, indi-
cating that the adsorption process is exothermic (Fig. 10). 
This is favorable when applied to wastewater treatment 
because no heating is required to enhance the adsorption of 
dye, making the removal process more economical.

3.5. Regeneration study

Improper disposal of adsorbents after the adsorption 
process can also be considered as hazardous materials or 
secondary pollutants that cause environmental issues [77]. 
Therefore, regeneration or reuse of adsorbent is import-
ant to minimize expenses on proper disposal of adsorbent. 
Over the years, although there have been many reports on 

Table 2
Comparison of qmax values in (mg g–1) on different adsorbents on CV dye

Adsorbent qmax (mg g–1) References

Sauropus androgynous 326.4 This study
NaOH modified Sauropus androgynous 489.6 This study
Activated carbon (Ag nanoparticle immobilized) 87.2 [55]
Activated carbon (Chitosan composite) 0.3 [56]
Artocarpus odoratissimus (Tarap) core 217.0 [57]
Artocarpus odoratissimus leaf 50.5 [58]
Bentonite 105.3 [59]
Gum arabic-cl-poly(acrylamide) nanohydrogel 90.9 [60]
Artocarpus odoratissimus skin 118.0 [61]
NaOH modified Artocarpus odoratissimus skin 195.0 [61]
Artocarpus altilis (Breadfruit) skin 145.8 [62]
Montmorillonite 370.4 [63]
Acid modified montmorillonite 400.0 [63]
Artocarpus odoratissimus leaf-based cellulose 239.0 [64]
Cucumis sativus peel 149.3 [65]
Momordica charantia (bitter gourd) waste 244.8 [66]
NaOH modified rice husk 44.9 [67]
Artcoarpus camansi peel 275.0 [68]
NaOH modified Artcoarpus camansi peel 479.0 [68]
Heat treated halloysite 190.0 [69]
EDTA/graphene oxide corncob 95.9 [70]
Peat 108.0 [71]
Yeast treated peat 18.0 [72]
Bio-compatible self-assembled peptide fibrils 625.0 [73]
Dendritic post-cross-linked resin 497.5 [74]
Diplazium esculentum 350.9 [75]
Untreated almond shell 114.0 [76]
NaOH treated almond shell 123.0 [76]
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the use of adsorbents to remove pollutants, however many 
of these reports have excluded the study on the reusabil-
ity of these spent adsorbents [78–81]. Regeneration of SA 
and MSA was done in this study by treatment of acid, base 
and water. As shown in Fig. 11, both SA and MSA could be 
regenerated, where acid and base being the more suitable 
washing solutions for desorption of adsorbates from the 
adsorbents. In regeneration of both SA and MSA adsorbents, 
the results showed an overall decrease throughout the five 
cycles. However, the percentage removal of SA adsorbent 
during acid and base washings were still 26.5% and 28.7%; 
percentage removal of MSA adsorbent during acid and base 
washings were higher compared to the SA adsorbent, which 
were 30.3% and 35.3%. Washing of adsorbents by using dis-
tilled water did not really regenerate the adsorbents, in this 
case, as it yielded a very low percentage removal, which was 
only around 10% removal for both SA and MSA. However, 
it must be stressed that high CV concentration (800 mg L–1) 
was used in this study and therefore, for SA and MSA to 
still adsorb even after five cycles further confirms their 
ability to be regenerated and reused. In contrast, many 
adsorbents showed much reduced adsorption after a few 
cycles even when low dye concentrations were used [82].

4. Conclusion

Waste parts of the plant SA have been proven to be a 
potential, new and efficient low-cost adsorbent for the 
removal of CV dye from aqueous solution, with an adsorp-
tion capacity of 326.38 mg g–1 according to the Sips isotherm 
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model which is valid based on non-linear curve fitting 
and error function determinations. This value is superior 
to many other adsorbents reported. Further, modified SA 
(MSA), successfully and easily prepared by treatment with 
1.0 M NaOH, shows a much better adsorption capacity of 
489.58  mg  g–1, indicating 50% enhancement due to simple 
base treatment. The time taken for SA and MSA adsorbents 
to reach equilibrium was found to be 180  and 120  min, 
respectively. Highest percentage removal of adsorbate from 
the systems for both SA and MSA were at pH 12, where there 
is no competition of cationic CV dyes and H3O+ ions for 
active sites on the adsorbent’s surface. When the concentra-
tion of salts present in an aqueous solution is high, it shows 
an overall decrease in the percentage removal of CV dye. 
However, the removal was not totally inhibited, and SA and 
MSA were still able to remove at least 47% of dye present in 
the system. More importantly, MSA is more tolerant to ionic 
environments compared to SA. The temperature dependant 
experiment also shows that the adsorption process is exo-
thermic. The SA and MSA can be easily regenerated by using 
acid and base as washing solutions. The above findings 
therefore indicate that both SA and MSA are potential can-
didates to be applied as adsorbents in real life wastewater 
treatment. Various chemical treatments can be studied for 
the modification of SA, which could include acid, chelating 
agents and surfactants to see if such methods could result in 
the enhancement of adsorption. Therefore, SA can be further 
examined and investigated for its potential as an alternative 
to commercial adsorbent as compared to base modified.
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