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ABSTRACT

To prevent the serious threat of textile wastewater, researchers have developed adsorption-based wastewater treat-
ment using cheap, yet effective, adsorbent materials. Of which is natural bentonite, that has the advantages for
adsorption due to its porous structure and functional groups but still suffers from its low affinity against anionic
and hydrophilic azo dyes. Herein, we aimed of improving the affinity by amino acid tryptophan embedment into
the locally isolated natural bentonite collected from Aceh Province, Indonesia. The prepared bentonite samples
were characterized using Fourier transform infrared, X-ray diffraction, and scanning electron microscopy. Adsorp-
tive removal was performed on naphthol blue black (NBB) in a batch system with variations of contact time, pH,
and adsorbent dosage. The isotherm studies were carried out at optimum conditions (contact time=15 minutes;
pH 1; adsorbent dosage=0.2 g) with several models including Langmuir, Freundlich, Sips, and Redlich-Peterson
isotherm models. The characterization results revealed that the modification altered its functional group, crystal-
linity, and micro-surface morphology that add more benefits for adsorption. At optimum conditions, 99.2% NBB
has been successfully removed from the aqueous solution. The isotherm studies suggested that the NBB adsorption
onto the tryptophane-modified natural bentonite was dependent on Sips isotherm model (R*=0.999; root-mean-
square-errors=1.11x10* mg/g).

Keywords: amino acids; bentonite; diazo dye; freundlich; sips; montmorillonite; textile wastewater.

INTRODUCTION requiring complex equipment and expensive
maintenance. Alternatively, adsorption is another

Naphthol blue black (NBB) is diazo dye and ~ wastewater treatment method that is quite popular

commonly used in textile industry, in which its
pollution threat has attracted many researchers
to develop a proper treatment. Electrochemical
oxidation (Afanga et al., 2021), photodegrada-
tion (Surya et al., 2018), enzymatic degradation
(Ighrammullah et al., 2023; Puspita et al., 2022),
and membrane distillation (Baghel et al., 2018)
are some examples of methods proposed to treat
NBB from textile wastewater effluent. The fore-
going methods have several drawbacks including
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and considered as simple and cheap. In this light,
employing bentonite could be perceived as stra-
tegic since the material is relatively cheap, abun-
dant in nature, and can be recovered after used in
the treatment. Of many examples, the clay and its
composite have utilized for water treatment by re-
searchers across the globe (El-kordy et al., 2022;
Ighrammullah et al., 2020; Jaber et al., 2022; La-
hnafi et al., 2022). Since our group is based in
Indonesia, our works focused on the utilization
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of local natural products including bentonite.
Some studies have used natural bentonite from
Indonesia to treat different pollutants including
heavy metal (Kadja and IImi, 2019) and synthetic
azo dyes (Abdel Salam et al., 2020; Taher et al.,
2019). The superiority of bentonite in adsorp-
tion is ascribed to its high porosity and contact
surface area and rich functional groups. How-
ever, its affinity against negatively or neutrally
charged and hydrophobic molecules, including
protonated NBB, is low. Therefore, in this pres-
ent study, we have modified the local bentonite
with amino acid tryptophan embedment to give
more affinity against the NBB. Tryptophan could
add new N- and O-functional groups which con-
tribute to the adsorption capacity, hence its high
applicability in modifying dye-adsorbing materi-
als (Ahmad et al., 2022; Sahoo et al., 2019; To-
ledo et al., 2020). Other than the novelty reason,
the employment of tryptophan is based on the
fact that this amino acid could be recovered from
cheap resources such as tofu wastewater (Fatha-
na et al., 2021). To prepare the organoclay, re-
searchers have utilized the cations (such as Na®)
from the interlayer region to be exchanged with
the amino acid cations (Chen et al., 2018; Lahn-
afi et al., 2023). Previous research suggested that
free amino acid could form various Coulombic
interactions with organic synthetic dyes, namely
electrostatic interaction, hydrogen bond, and n-n
stacking (Zhang et al., 2020). There have been
several studies employing this strategy of em-
bedding amino acids into bentonite (the adsor-
bent is then commonly referred as organoclay) to
improve its performance for adsorptive removal
of pollutants (Abdel Salam et al., 2020; Hajjiza-
deh et al., 2020; Zhou et al., 2019). The inno-
vativeness of our work is that we utilized local
natural bentonite from Aceh Province Indonesia,
where its modifications along with its utilization
to treat anionic dyes are still underreported.

MATERIALS AND METHODS

Materials

Chemicals used in this study were NaCl, L-
tryptophan, naphthol blue black (NBB), HCI, and
NaOH were analytical grade and purchased from
Merck (Selangor, Malaysia). Ca-bentonite was
natural bentonite, collected from Desa Teupin
Reusep, North Aceh, Indonesia.

Preparation of Tryptophan-Na-bentonite
(Tr-Na-Bentonite)

The oven-dried Ca-Bentonite (105°C) was
added to a NaCl-containing glass Beaker with a
ratio of 1 g:100 mL and subsequently stirred for
24 h (250 rpm; room temperature) to form Na-
bentonite. Thereafter, the precipitate was washed
with deionized water repeatedly to remove chlo-
ride ions (confirmed using AgNO3 test; 4000
rpm). The sample was decanted at room tempera-
ture, oven-dried at 105°, and crushed and sieved
with a 100-mesh sieve.

To prepare the tryptophane-Na-bentonite
(Tr-Na-bentonite) the previously obtained Na-
bentonite was dispersed in a solution containing
L-tryptophan (0.2 g/g Na-bentonite) so that the
ratio between Na-Bentonite and the solution was
1 g: 100 mL. The mixture was left for 24 hours on
a shaker at 250 rpm until the Trp-Na-Bentonite
was formed. Thereafter, Trp-Na-Bentonite was
separated from the mixture by centrifugation and
washed with deionized water. The oven-dried pre-
cipitate of Trp-Na-bentonite (105°C) was crushed
with a crusher and sieved with a 100-mesh sieve.

Characterization

The prepared Trp-Na-bentonite was charac-
terized using Fourier transform infrared (FT-IR)
Prestige 21 (Shimadzu, Kyoto, Japan), scanned
from 4000 to 450 cm™' for functional group identi-
fication. The X-ray diffraction (XRD) pattern was
obtained from an analysis using Shimadzu XRD-
700 (Kyoto, Japan), in which the conditions used
for the X-ray tube were 40 kV and 30 mA (Cu
Ka radiation), scanning the sample from 26=10°
to 80° with a speed of 2°/minute. Morphological
characteristics of the Trp-Na-bentonite surface
were observed on scanning electron microscope
(SEM) Jeol. Jsm-6510 LA (Tokyo, Japan) at 15
kV with 10,000x magnification.

Batch adsorption of Naphthol Blue Black
(NBB)

The batch adsorption studies were performed
using Erlenmeyer (250 mL) containing 25 mL
NBB treated with adsorbent Trp-Na-bentonite.
The Erlenmeyer was then placed on a rotary
shaker at 120 rpm and at room temperature. The
adsorbent was separated from the treated solution
using centrifugation at 400 rpm for 15 minutes.
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The filtrate was measured for remaining NBB
concentration using UV-Vis spectrophotometer at
maximum wavelength (615 nm). The first batch
adsorption parameter optimized was contact time,
where the contact time varied from 5 to 25 minutes
(initial NBB concentration = 10 mg/L; pH 7; adsor-
bent dosage = 0.2 g). Next, the optimum pH was
determined by varying the level from pH 1 to 9 (ini-
tial NBB concentration = 10 mg/L; contact time =
15 minutes; adsorbent dosage = 0.2 g). The effect of
adsorbent dosage was investigated with a variation
from 0.1 to 0.5 g (initial NBB concentration = 2.5
mg/L; contact time = 15 minutes; pH 1). Variation
on initial concentration of NBB was also performed
with the range of 2.5-20 mg/L (initial NBB con-
centration = 2.5 mg/L; contact time = 15 minutes;
pH 1; adsorbent dosage = 0.2 g). Data from the ini-
tial concentration variation were used to construct
isotherm models using OriginPro 2021 (OriginLab
Corporation Northampton, MA, USA).

RESULTS AND DISCUSSION

Characteristics of Trp-Na-Bentonite

Bulk appearance and micro-surface morphology

The appearances of bulk samples of Na-
bentonite and Na-Trp-Bentonite prepared in this
study have been presented in Figure la and 1b.
Except the change in the color tone, where the
Na-Trp-Bentonite appeared to have darker color
than that of Na-Bentonite, no other differences
were found between the two samples. The color
change could be associated with the addition of
organic content (in this case tryptophan), fol-
lowed by preparation processes involving several
steps of oven-drying.

A deeper analysis of the micro-structure
morphology on both samples shows the particles
have irregular structures (Figure 1c,d). Flake-like
small particles were found more common in Trp-
Na-Bentonite than in Na-Bentonite which could
be ascribed to the results of crushing steps during
the preparation. The presence of pores is more
pronounced in Na-Bentonite as compared with
that in Trp-Na-Bentonite. The similar findings
were also observed by a previous study using
glutamate as the modifying amino acids, where
higher numbers of small and flake-like particles
observed in the modified sample (Hajjizadeh
et al., 2020). This indicates the incorporation
of amino acid tryptophan increases the particle
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size, hence reducing the porosity (Figure 1c,d).
The change of particle size has been confirmed
using ImagelJ software based on the suggestion
of a previous study (Rahmi et al., 2022b). The
averaged diameter of the particle increased from
5.232 to 6.684 um. Increases on diameter were
observed in organoclays modified with amino
acids (Zhou et al., 2019). Despite the decrease
in porosity, higher NBB uptake could occur with
enriched functional group from the amino acids.
Therefore, we have investigated the functional
groups of Na-bentonite and Na-Trp-Bentonite
based on FT-IR. O-containing functional groups
have been suggested to facilitate the adsorbate
diffusion into the adsorbent particles via in-
creased hydrophilicity and strong affinity with
azo dye (Yang et al., 2021). Another study has
witnessed that carbonaceous adsorbents enriched
with N-containing functional groups could effec-
tively remove azo dyes (included methyl orange,
Congo red, crystal violet, and malachite green)
from waters (Nguyen et al., 2022).

Functional group

A broad spectral band between 3700 and 3250
cm™ in the spectra of Na-bentonite and Na-Trp-
Bentonite is assigned to the stretching vibration
of bonded O-H (Figure 2). A small spectral peak
at 2508 cm, in the spectra of Trp-Na-bentonite,
is assigned to the stretching vibration of O-H in
carboxylic acid, which belongs to the tryptophan.
The successful tryptophane incorporation is also
indicated by the presence of C-N from amino
acid based on an exclusive spectral peak at 1419
cm™ in the spectra of Trp-Na-bentonite (Kim et
al., 2007). At a finger print region, spectral peaks
from the stretching vibrations of Si-O-Si (1026—
1024 cm), AI-Mg-OH (794-793 cm™), Si-O-Al
(544-539 cm), as well as Al(Mg)-O-Si (489—
466 cm') were observed, indicating the typical
IR characteristics of bentonite (Figure 2).

The FT-IR analysis revealed the addition of
tryptophane contributes to presence of O- (from
the carboxylic group) and N-containing function-
al groups (from the amine group). These func-
tional groups are essential in adsorbent since they
could act as binding sites through Coloumbic in-
teractions or complex formation. In a study using
cellulose acetate-based polyurethane film, the ad-
sorption of a cationic Pb?* was found to be depen-
dent on the N- and O-functional groups (Fathana
etal., 2021; Ighrammullah et al., 2021).
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Figure 1. Bulk reducingance of Na-Bentonite (a) and Trp-Na-Bentonite (b). SEM images of Na-
Bentonite (c¢) and Trp-Na-Bentonite (d) observed under 10,000x magnification. Particle size
distribution of Na-Bentonite (¢) and Trp-Na-Bentonite (f) based on the analysis using ImageJ

Crystallinity

Crystallinity profiles of Na-Bentonite and
Trp-Na-Bentonite have been characterized using
XRD analysis, where their diffractograms have
been presented (Figure 3). A clear crystallinity
peak at 20 = 21° corresponds to a crystalline
lattice from montmorillonite (bentonite). Other
crystalline peaks observed at 20 = 36° and 62°,
also correspond to the montmorillonite crystal-
line structure, but the latter only observable in
the sample before the tryptophan incorpora-
tion. These assignments of crystalline peaks are
in accordance with the previous report (Abdel
Salam et al., 2020). Silicate minerals, namely

quartz and anorthite, were observed based on
defined crystalline peaks at 26 = 26° and 27°,
respectively. The presence of those minerals
was found in the samples before and after the
addition of tryptophan. Other minerals, such as
tridymite (20 = 23°) and halloysite (20 = 12°),
could be observed with weak intensity only in
the Na-Bentonite sample. Our findings are simi-
lar to reported studies, where bentonite samples
generated peaks associated with SiO, and Al O,
(Kantesaria and Sharma, 2020).

Decreased intensity of the crystalline peaks
obtained in this present study could be ascribed
to the decrease in crystallinity of the bentonite
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Figure 3. Diffractograms of Na-Bentonite and Trp-Na-Bentonite

sample following the modification with trypto-
phan. The presence of amino acid tryptophan in
may change the interparticle interaction, causing
an irregularity in the mineral structure, hence
reducing the crystallinity. Such modification of
the crystalline structure (higher amorphousness)
could be responsible for higher pollutants uptake
due to higher water diffusion (Hameed, 2020).
The same stipulation was also made by research-
ers who modified magnetic chitosan for aqueous
heavy metal removal (Rahmi et al., 2022b). In
addition, the introduction of tryptophan may al-
ter the interlayer spacing in the clay structure as
suggested by a study modifying bentonite with
glutamic acid (Hajjizadeh et al., 2020). In this
present study, the interspace distance in montmo-
rillonite (20 = 21°) increased from d = 4.07 A to
4.08 A, corroborating the successful embedment
of tryptophan into the Na-bentonite.
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Adsorption of NBB onto Trp-Na-Bentonite

Comparison between Na-Bentonite and
Trp-Na-Bentonite in removing NBB

Based on previous characterization, we found
that several changes on the Na-Bentonite follow-
ing the incorporation of tryptophane could be
beneficial for NBB removal. Herein, we com-
pared Na-Bentonite and Trp-Na-Bentonite in a
batch system for NBB removal. Each adsorbent
(0.2 g) was inserted into an Erlenmeyer contain-
ing 25 mL NBB 10 mg/L in a pH 7.5 aqueous
solution. After 10 minutes of rotary shaking (120
rpm), the removal of NBB reached 9.23% and
17.23% in systems using Na-Bentonite and Trp-
Na-Bentonite, respectively (Figure 4). Due to
higher adsorption of NBB on Trp-Na-Bentonite
than on Na-Bentonite, the former was chosen for
the next adsorption studies.
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Figure 4. Removal percentages of NBB
yielded by Na-Bentonite and Trp-Na-
Bentonite in a batch adsorption
Contact time

Effect of contact time on NBB adsorption
onto Trp-Na-Bentonite have been presented in
Figure 5. The adsorption of NBB could be ob-
served as early as 30 seconds with adsorption ca-
pacity reaching 0.0362 mg/g. The adsorption ca-
pacity doubled when measured after 1 minute ad-
sorption, and the increase remained significantly
until the 3™ minute. Following that, the increase

persisted but relatively slow until the equilibrium
was reached at the 15" minute. Thereafter, no
change was observed with the adsorption capac-
ity. Hence, 15 minutes was taken as the optimum
time and used for the next studies.

pH

The effect of initial solution pH on NBB ad-
sorption onto Trp-Na-Bentonite has been presented
(Figure 6). When the solution pH was adjusted to
pH 1, the adsorption capacity reached 1.15 mg/g.
This number sharply depleted when the solution pH
was increased to pH 2 and 5 (0.82 and 0.22 mg/g,
respectively). These findings are similar to previ-
ously published reports, where NBB adsorptive re-
moval was optimum at pH 1 (Ermanda et al., 2021).
The adsorption capacity kept on a decreasing trend
when the solution pH was more than 5 but relative-
ly small. The effect of pH could be ascribed to the
amine group incorporated in the bentonite which
could be protonated at low pH. NBB is an anionic
dye, hence having negative change and higher af-
finity with the positively charged adsorbent. The bi-
ased result deriving from the possible degradation
of NBB was anticipated by comparing the treated
sample with reference sample at the same pH level.
Therefore, pH 1 was taken as the optimum pH level.

Adsorbent dosage

The effect of adsorbent dosage on the NBB
removal by Trp-Na-Bentonite has been presented
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Figure 5. Adsorption capacity of NBB onto Trp-Na-Bentonite observed at various
contact time. Q¢ (mg/g) represents adsorption capacity at ¢ time
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Figure 7. Adsorption capacity and removal percentage of NBB in a batch adsorption system using
Trp-Na-Bentonite. Qe (mg/g) represents adsorption capacity at the time equilibrium is achieved

in Figure 7. The adsorption capacity appeared
in a decreasing trend as the adsorbent dosage was
increased. When 0.1 g Trp-Na-Bentonite was used,
the adsorption capacity was recorded to be 0.56. By
increasing the amount of adsorbent to the system
to 0.2, 0.3, 0.4, and 0.5 g, the adsorption capaci-
ties were also reduced to 0.31, 0.18, 0.12, and 0.08
mg/g, respectively. Nonetheless, when the dosage
increased from 0.1 to 0.2 g, the removal percent-
age experienced an increase from 89.49% to 99.2%.
The different trend of adsorption capacity and
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removal could be understood by the fact that the
adsorption capacity (mg/g) is inversely related to
the adsorbent dosage (g). Hence, small adsorbent
dosage and high pollutant uptake is the condition
for high adsorption capacity. Meanwhile, the re-
moval percentage only depends on the number of
pollutant uptake. When the dosage was increased
further up to 0.5 g, the removal percentage also
experienced a declining trend up to 65.48%. De-
creased values on both adsorption capacity and
removal percentage in this case is ascribed to the
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reduced diffusion force following the first adsor-
bate concentration decrement. For adsorption ef-
ficiency, it is better to take removal percentage
as the parameter, hence the 0.2 g as the optimum
adsorbent dosage.

Adsorption isotherm

In this study we employed Langmuir and
Freundlich models as two-parameters isotherm
equations as well as Sips and Redlich-Peterson as
three-parameters isotherm models, following the
suggestion from a previous study (Tzabar and ter
Brake, 2016). Langmuir and Freundlich may pre-
dict the nature of adsorbate-adsorbent interactions
because the two models used different assumptions.
In Langmuir model, the adsorption occurs in mono-
layer with homogenous energy among the binding
sites. Meanwhile, Freundlich model assumes multi-
layer adsorption with heterogenous binding energy
among the binding sites. The fitting curve between
the experimental data and theoretical data from each
isotherm models is presented in Figure 8.

The fitting parameters and isotherm model pa-
rameters have been calculated and are presented
in Table 1. The fitness was judged based on R?
and root-mean-square-errors (RMSE). Note that
RMSE also acts as an internal validation factor.
According to the two-parameter isotherm model,
the data derived from the experiment were in a

good agreement with the prediction from Freun-
dlich isotherm model (R*= 0.966; RMSE = 0.102
mg/g). This means the adsorption favors multi-
layer adsorption. However, better fitness was ob-
tained when the analysis was carried out using Sips
isotherm model (R*= 0.999; RMSE = 1.11x10*
mg/g). The adsorption capacity-related parameter
in this isotherm is K, where the value obtained
herein is 0.077 (L/g). Since it is a form of combined
equation from Langmuir and Freundlich models,
the assumption of Sips isotherm might apply dif-
ferently depending on the adsorbate concentration.
The isotherm may favor Freundlich assumptions if
the adsorbate concentration range is low (Mozaf-
fari Majd et al., 2022; Tzabar and ter Brake, 2016).

In our previous study, Sips isotherm model
was found well-fitted with the Cd** adsorption
onto modified magnetic chitosan which also con-
tained O- and N-functional group (Rahmi et al.,
2022a). Anionic methyl orange adsorption on
modified chitosan also fitted well with Sips iso-
therm model (Tanhaei et al., 2020). In a study
observing surfactant adsorption on carbonate sur-
face, the data obtained from the experiment were
in a good fitness with that predicted by the Sips
isotherm model (Kumar and Mandal, 2019). In
addition, cationic methylene blue adsorption onto
piacava fibers was suggested to be well predicted
by the Sips isotherm model (Marques et al., 2019).
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Figure 8. Experimental (m) and theoretical (-

- -) data of Qe and Ce obtained from batch

adsorptions of NBB onto Trp-Na-Bentonite with concentration variation (2.5-20 mg/L)
at optimum conditions. Qe (mg/g) and Ce (mg/mL) represent adsorption capacity and
final adsorbate concentration at the time equilibrium is achieved, respectively
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Table 1. Adsorption isotherm parameters NBB onto Trp-Na-Bentonite

Isotherm models Parameter
R? 0.832
Langmuir RMSE 0.226 mg/
_ QmKLCe g g
9e =71 K,C, Qm 2.52 mglg
Ke 1.08 L/'mg
R? 0.966
Freundlich RMSE 0.102 mg/g
1
qe = KFC/ " Ky 1.26 (mg/g) (dm3g)"
n 2.36
R? 0.982
Redlich-Peterson RMSE 0.055 mg/g
_KgCe Kq 1.053 L/g
Te = T4 apC? v
ag 8.63 mg
g 0.55
R? 0.999
Sips RMSE 1.11x10* mg/g
k.l Bs 0.026
e= 3
1+asc)” Ks 0.077 (Lig)
as 0.935 L/mg

Note: f - sips isotherm model exponent; a,— Redlich—Peterson isotherm constant (mg'); a,— sips isotherm model
constant (L/mg); g — Redlich—Peterson isotherm exponent; K.~ Freundlich isotherm constant related to adsorption
capacity (mg/g)(dm*/g)"; K, —Langmuir isotherm constant (L/mg); K, — Redlich—Peterson isotherm constant (L/g);
K — Sips isotherm model constant (L/g); O — Langmuir adsorption capacity maximum (mg/g).

STRENGTHS AND LIMITATIONS

This present study is one of a few studies ex-
ploring the utility of Indonesia’s local clay for
wastewater treatment after modified with tryp-
tophan. Moreover, we employed concentration
range mimicking that used in industrial setting,
particularly textile industry. The adsorbent along
with its modifying agent could be obtained from
renewable resources. Nonetheless, our study is
limited to perform comprehensive characteriza-
tions including the specific surface area, volume
of the pores, and pores distribution of the Trp-
Na-Bentonite and Na-Bentonite. Moreover, the
thermal properties of the materials reported in
this present study have not been studies. Charac-
terization on the crystalline structure of the mate-
rial was only based on the XRD analysis, whilst
additional structural characterizations such as X-
ray fluorescence (XRF) were not performed. Re-
garding the adsorption performance, our data are
not sufficient to establish the kinetic and thermo-
dynamic studies. Herein, we aimed to report the
improved adsorptive performance of Indonesian
bentonite after modified with tryptophan against
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an azo dye — NBB. Therefore, we assure the con-
tinuation of this study with more strategic modifi-
cation approach, and more comprehensive studies
will be carried out.

CONCLUSIONS

Embedment of NBB into adsorbent Na-Ben-
tonite could improve the NBB removal in a batch
adsorption system which could be associated with
the addition of O- and N-containing functional
group and the increased amorphousness of the ad-
sorbent. The optimum contact time, initial pH level,
and adsorbent dosage were 15 minutes, pH 1, and
0.2 g respectively. The NBB adsorption onto Trp-
Na-Bentonite is dependent on Sips isotherm model.
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