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Abstract

In this work, the Sumatera bentonite was sodium-pillarized in a new low-temperature and restricted time prepa-
ration route and then applied in anionic surfactant sodium lauryl sulphate removal. Structure characterization
used Fourier Transform Infra Red (FT-IR), Scanning Electron Microscope - Energy Dispersive X-ray (SEM-EDX),
X-ray Diffraction (XRD), and Brunauer—-Emmett—Teller (BET) analysis. A strong peak at 22° and 35.66° in XRD
analysis was detected as Sodium-pillar that increased crystallinity, then the functional changes of dehydration in
lattice structure were detected in 1013 cm~! by FTIR analysis. The morphology and compositional transformation
were analyzed by SEM-EDX and BET analysis, denoted by increasing particle shape and sodium intercalant com-
position homogeneity. Moreover, the surface area increased from 61.791 to 66.086 m2/g. The sodium lauryl sul-
phate adsorption by bentonite-Na reached maximum capacity at 8.403 mg/g, which is higher than the pristine ben-
tonite (5.747 mg/g) under the optimum condition. The adsorption mechanism is feasible, endothermic, and con-
formed to the pseudo-second-order and Freundlich adsorption model. The new route proposed for sodium intercala-
tion effectively improves the Sumatera bentonite adsorption ability to remove sodium lauryl sulphate waste.

Copyright © 2023 by Authors, Published by BCREC Group. This is an open access article under the CC BY-SA
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1. Introduction waste is frequently disposed of straight into the
environment. It triggers a hazardous effect on
the human tissue system (like eye and skin irri-
tation) and aquatic life for long-term accumula-
tion [3]. Generally, anionic surfactants repre-
sent 60 % amount of surfactant pollution, con-
tributed mainly by linear alkyl sulphonate
(LAS) or sodium lauryl sulphate (SLS) [4].

Surfactants are estimated to be used for 16.6
million tons in 2022 in personal care, household,
cosmetics, foodstuffs, and agrochemicals to opti-
mize the amphoteric property [1,2]. Surfactant
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SLS is a synthetic anionic surfactant used
in household products of soap, detergent, and
other cleansing liquids. In a natural water sys-
tem, 50% of surfactants are naturally degrad-
ed, 25% form a solid suspension, and then 25%
1s dissolved as a pollution compound; thus, its
needs to be removed [5,6]. Conventional water
treatment for surfactant waste included floccu-
lation, coagulation, foam separation, Fenton ox-
idation, aerobic biodegradation, membrane fil-
tration, and adsorption [7]. However, adsorp-
tion was chosen due to its economic and easy
use, and considerable research has been report-
ed to eliminate the most profitable and efficient
adsorbent [8].

Bentonite was popularly utilized as a good
precursor adsorbent due to its abundance and
available multi-function features in modifica-
tion [9]. The bentonite adsorption capability is
driven by the exchangeable cations in the lat-
tice structure of sandwiching layers, filled
mainly by calcium, magnesium, and others
[10,11]. Bentonite modification enlightens the
adsorption capability via thermal activation,
acid-base activation, pillarization/intercalation,
ion exchange, and composite with other com-
pounds [9]. Pillarization/intercalation is nomi-
nated as a simple method to increase the sur-
face area of bentonite in the adsorption process.
However, pillarization/intercalation needs high
energy via thermal and long-time preparation
[12,13]. According to literature observation,
there is no updated report explaining the mech-
anism of low-temperature preparation in ben-
tonite intercalation. Based on the Laipan re-
port [14], an over-concentrated solution has a
potential in the intercalation by intramolecular
force of the particle into the interlayer struc-
ture.

In this work, the new route pillarization of
Sumatera bentonite was proposed using satu-
rated sodium under low-temperature and re-
stricted time preparation then used as the SLS
removal. Hopefully, this work provides a new
perspective on SLS waste removal using a new
route-prepared bentonite-based adsorbent. The
bentonite-modified adsorbent was character-
ized by SEM-EDX, FT-IR, XRD, and BET anal-
ysis then the adsorption mechanism was stud-
ied by kinetic, thermodynamic, and isotherm
adsorption models.

2. Materials and Methods

2.1 Chemicals and Instrumentations

The bentonite was imported from Sumatera,
Indonesia (called Sumatera bentonite/SB). The
pure-grade chemicals were purchased, such as

sodium hydroxide (by Merck), chloride acid (by
Merck), silver nitrate (by Sigma Aldrich), sodi-
um chloride (by Merck), chloroform (by Sigma
Aldrich), sodium lauryl sulphate
(C12H250S03Na/SLS by Sigma Aldrich), sodium
dihydrogen phosphate monohydrate (by Sigma
Aldrich), 0,5% phenolphthalein indicator solu-
tion (by Merck), and methylene blue (by Sigma
Aldrich). The characterization of adsorbent was
conducted by using JSM 6510-LA SEM-EDX
with 20 kV energy scanning and 10,000 magni-
fications, Rigaku Mini-flex600 XRD was used
scanning speed 1 deg/min from 26 range 10-
90°, Perkin-Elmer UATR Spectrum two FT-IR
instrumentation within range of 400-4000
cm~!, and Surface Area Analyzer of
Quantachrome ASIQ-win v.3.01 based on BET
calculation. The reducing concentration of SLS
was analyzed by spectrophotometer UV-Vis
Bio-Base BK-UV 1800 PC at 652 nm
(methylene blue standard wavelength).

2.2 Bentonite Pillarization

The pristine bentonite modification was ap-
proached by saturated sodium chloride solution
intercalation (with the composition of bentonite
100 g and sodium chloride 333 mL) under room
temperature for 120 min, followed by distilled
water dissolution for 10 minutes (the ratio of
the mixture to distilled water is 1:2). The pre-
cipitate was separated and washed with heated
distilled water. Re-dissolved in 333 mL satu-
rated sodium chloride solution for 120 min,
mixing under room temperature. The filtrate
solution was checked for Cl- excess by adding
the silver nitrate as an indicator. The clear
precipitate was calcined at a temperature of
200 °C for 12 h. This material is denoted as
bentonite-Na (B-Na).

2.3 Adsorption Work

The adsorption work was initiated by vary-
ing the doses in the 0.01, 0.02, 0.03, 0.04, 0.05,
and 0.06 g. Next, the effect of adsorption time
was analyzed by variation time 0, 10, 20, 30,
40, 50, and 60 min in the adsorbent composi-
tion of 0.02 g/50 mL SLS sample. The adsorp-
tion mechanism was studied by varying tem-
peratures 30, 40, 50, 60, and 70°C, then vary-
ing concentrations of SLS sample 2, 4, 6, 8, and
10 mg/L in composition adsorbent 0.04 g/50 mL
sample for 30 min. The excess filtrate concen-
tration was measured by the MBAS
(Methylene Blue Active Substances) method
[15,16].

The MBAS method was detailed by follow-
ing steps: the filtrate was separated and added

Copyright © 2023, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 18 (1), 2023, 50

by solutions of phenolphthalein 3-5 drops and 1
N of NaOH drop by drop until the solution color
changed to pink and added by H2SO4 drop by
drop to remove the color. Then, the solution
was added by 3.125 mL methylene blue solu-
tion and 2.5 mL chloroform solution. The solu-
tion was shaken for 30 s and aged for phase
separation. The separate phase of chloroform
was drawn off into the second funnel, then re-
peat the extraction of solution in the first fun-
nel was repeated twice with 10 mL chloroform
each time. The 6.25 mL of wash solution was
added to the second funnel, shaken for 30 s,
and aged for phase separation. Next, the
washed chloroform layer was drawn off, and
the spectrophotometer UV-Vis measured the
absorbances of sample solutions at a maximum
wavelength of 652 nm (with a blank of chloro-
form).

Preparation of methylene blue and washing
solution was adapted by following steps: meth-
ylene blue solution was composed of mixing of
30 mL of methylene blue 1000 mg/L, 41 mL of
H>S04 6 N, 50 g of NaH2POy4, and distilled wa-
ter in 1000 mL dilution flask. Next, the wash-
ing solution was prepared by mixing 41 g of
H2S04 6N, 50 g of NasH2PO4, and distilled wa-
ter in a dilution flask of 1000 mL.
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2.4 Analysis of Adsorption Mechanism

According to the literature, the determina-
tion of adsorption kinetics of pseudo-first-order
and pseudo-second-order models are figured
out in Equations (1) and (2), respectively [17]:

In(g, —q,)=Ingq, —tK, (1)
t_1 .t
a ¢K, aq, @

where, g. and ¢: are defined as adsorption ca-
pacity at equilibrium and definite time, respec-
tively, then K; and K: are the rate adsorption
of pseudo-first-order (min-!) and pseudo-second
order (g.mg-1.min1), respectively, then the ¢ for
time (min).

The effect of thermodynamic changes con-
sidered by the formula [18]:

AG® = -RTInK, 3)
AG° = AH° —-TAS° 4)
AS° AH°
Ink, =25 _
nnf,; R RT )]

where, AG°, AH®, and AS° described as the val-
ue of Gibbs energy (kd/mol), enthalpy changes
(kJ/mol), and entropy changes (kd/mol.K), re-
spectively, then R is the standard gas constant
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Figure 1. SEM visualization of Sumatera Bentonite (SB) (a) and Bentonite-Na (B-Na) (b).
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(8.324 kd/mol), T is temperature reaction (K),

and Ky is the equilibrium constant.
Furthermore, the isotherm adsorption was

considered by Langmuir and Freundlich iso-

therm model and measured by Equations (6)
and (7) [19]:

c__1 .¢ ©
qe qmaxKL qmax
1
Ing, =InK, + nC, (7)
n

where, g and gme« are denoted as capacity ad-
sorption at equilibrium and maximum phase,
respectively (mg/g), C. is final concentration
equilibrium (mg/L), Kz is constant of Langmuir
adsorption (L/mg), then K and n are constant
of Freundlich adsorption (L/g).

3. Results and Discussion

This work proposed a new route of bentonite
sodium intercalation under low-temperature
and restricted time preparation to produce an
adsorbent to SLS waste. Removal of SLS waste
is demanding due to the high volume of waste
disposed of, triggering several disadvantages:
life health, water quality, and increasing unde-
sirable foam [20,21]. The economic discovery of
adsorbent material applied in SLS waste treat-
ment was established as a bright solution [22].
Here, we report the result of bentonite modifi-
cation as an adsorbent agent of SLS waste.

The morphology and composition of materi-
als according to SEM-EDX analysis are shown
in Figure 1 and Table 1. The pillarization has
expanded the layered structure of B-Na due to
intramolecular force from intercalant that in-
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——B-Na 3623
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Figure 2. FTIR spectra of Sumatera Bentonite
(SB) and Bentonite-Na (B-Na).

creases the swelling capacity [23]. According to
the EDX data, intercalation affects lattice and
interlayer structure. The evidence showed by
increasing Na* composition in B-Na, while de-
creasing Fe*, Mg+, and Ca* as cation interlay-
ers in SB. Conversely, crystallinity increase
was recorded as additional Sit and Al* composi-
tional in B-Na. The absence of the Ti* com-
pound from B-Na means this phase has no im-
purities [24].

FTIR analysis shows the functional group
transformation using wavelength movement
displayed in Figure 2. The slight movement in
the most substantial spectra of B-Na in 1013
cm-! is dedicated to Si—O stretching vibration
inside the tetrahedral framework of the mont-
morillonite layer [25]. The movement and de-
creasing intensity in the band 1428 cm~! and
3380 cm™! are related to H-O—H bending and
stretching of the tetrahedra framework. The
decreasing intensity was also observed in the
band 2623 cm1, confirming the transformation
of OH stretching from the montmorillonite
framework [26]. Different bands of fingerprint
region were recorded in 494 and 521 cm™! for
indication vibration band of Si—O-Si and
Si—0-Al, respectively [27].

Fundamentally, there is no significant
change in B-Na from the pure one, SB. Howev-
er, the reduction intensity of the OH group was
detected due to intercalation and calcination
[27,28]. The slight intensity reduction at 845
cm™! is associated with the decomposition of
quartz crystals in B-Na [29].

The XRD pattern of B-Na and SB is dis-
played in Figure 3. According to the JCPDS file
numb. 46-1045, the XRD pattern of bentonite
can be analyzed as quartz mineral that
emerged at 26.8°. The intensity of a quartz
mineral at 26.8° was reduced due to structural
transformation after pillarization and ampli-

Table 1. EDX composition of Bentonite-based
adsorbent.

Sumatera .
Compound Bentonite Bentonltoe -Na
(mass%) (mass%)

C 10.74 9.63
O 56.23 55.26
Na 0.13 1.65
Mg 1.07 0.57
Al 5.47 7.40
Si 17.37 19.66
K 0.55 2.45
Ca 5.08 2.13
Ti 0.64 -

Fe 2.72 1.25
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fied by increasing peak intensity at 22° and
35.66° associated with montmorillonite mineral
formation [30]. The high crystallinity of mont-
morillonite confirmed the FTIR analysis
[28,31].

The textural characteristics of SB and B-Na
were analyzed by adsorption-desorption of ni-
trogen at 77.35 K. Figure 4 displayed the iso-
therm characteristics of nitrogen adsorption-
desorption of nitrogen by SB and B-Na. The
graphical plot shows that both SB and B-Na
followed type IV isotherm according to Brun-
nauer-Deming-Teller (BDT) classification [32].
Overlapping of adsorption-desorption point da-
ta plotting started from the low relative pres-

Q ——SB
— B-Na

Intensity (a.u)
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Figure 3. XRD pattern of adsorbent (Sumatera
Bentonite (SB); Bentonite-Na (B-Na)).
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Figure 4. N2 adsorption-desorption characteris-
tics of Bentonite-based adsorbent.

sure around 0.45 and showed a hysteresis type
H3. This characteristic includes material in
mesopore layered material [33].

BET model was used in specific surface area
parameter calculation of SB and B-Na as tabu-
lated in Table 2. According to Table 2, the sur-
face area of SB was lower than the B-Na. Fi-
nally, it confirmed that the improving interlay-
er of B-Na is due to the intercalation process
that triggers the increasing active surface area
for the adsorption mechanism. The pore diame-
ter and pore volume calculated based on Bar-
rett-Joyner-Halenda (BJH) method show de-
creasing value due to increased crystallinity
that changes the structural compositional and
pore surfaces [33]. However, the interlayer lift-
ing provides a wider active surface area.
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o] s @
= B-Na
70 4
S .
< 604
b5 ) s
2 50
: /
2 40 y
[~ ) |
E " J/f l/
7] /. /.’__‘__.——"
204
|
10 -
0 lé._._-. ./
Time (Minutes)
90
0] " SB DR
—_—— B-Na /
S 60+ )
: |
2 50- / -
[=] | /
£ 401 .
301 g}
17 ]
7 204 // /
104 /./
04 ._»;-_{_"'__._______.

0.00 0.01 0.02 0.03 0.04 0.05 0.06
Adsorbent doses (g)

Figure 5. Effect of adsorption time (a) and ad-
sorbent doses (b) of Bentonite-based adsorbent.

Table 2. The BET surface area analysis, pore diameter, and pore volume of Bentonite-based adsorbent.

Adsorbent BET Surface Area (m2?/g) Pore Diameter (nm) Pore Volume (cm?/g)
Sumatera Bentonite 61.791 4.678 0.144
Bentonite-Na 66.086 4.279 0.141
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The characterization materials show inte-
gration information of adsorption synergism in
the bentonite-modified adsorbent. The expand-
ed materials shown in SEM analysis support
the higher crystallinity condition affected by
the intercalation process according to XRD
analysis [34]. Moreover, the functional group
transformation detected in FTIR analysis and
BET surface area analysis supports the pro-
posed adsorption mechanism dominated by di-
rect interaction between adsorbent and adsorb-
ate [35].

Adsorption Capacity of SLS (mg/g)

The SLS wastewater adsorption was stud-
ied using the modified and pure bentonite ac-
cording to the kinetics, isotherm, and thermo-
dynamics model. Figure 5 showed the SLS ad-
sorption using B-Na pillarized reached the
equilibrium for 40 min of adsorption time. A
prior report described the impact of intercala-
tion increasing the active site from the pure
bentonite; thus, increasing the active site trig-
gers a high rate of adsorption [14]. Figure 5(b)
shows the most effective adsorbent doses were
used at doses 0.04 g adsorbent.

The kinetic adsorption was calculated by
adopting pseudo-first-order (PFO) and pseudo-
second-order (PSO) models [36]. Table 3 shows

Q ——B-Na
M —— B-Na Adsorption 50°C
—— B-Na Adosrption 70°C

M

101 =
«
8 - -
2
61 ‘@
=
44 ]
=
54 =

0 M

2 4 6 8 10 M
Initial Concentration (mg/L) : . i .
20 40 60 80

Figure 6. The Effect of Temperature and Initial
Concentration Adsorption of SLS Waste Using
Sumatera Bentonite (SB) (a) and Bentonite-Na
(B-Na) (b).

20 (degree)

Figure 7. XRD pattern of Bentonite-based ad-
sorbent on different temperature adsorption.

Table 3. Kinetics adsorption of SLS waste using Sumatera Bentonite (SB) and Bentonite-Na (B-Na).

C q PFO PSO
Adsorbent ! y Qe cale K; Qe calc y K
mgh) mell) (ngrg) (min) __(mgfg) (min)
Sumatera Bentonite 1054 0.843 1.008 0.8078 0.031 0.855 0.925 0.062
Bentonite-Na ’ 1.62 4.345 0.059 0.049 1.704 0.8758 0.092

Table 4. Isotherm adsorption of SLS waste using Sumatera Bentonite (SB) and Bentonite-Na (B-Na).

Adsorbent Temperature Langmuir model isotherm Freundlich model isotherm
(K) Qmax (Mg/g) K R n Kr Re
303 1.234 3.958 0.807 1.217 4.66 0.999
313 1.149 3.184 0.896 1.195 3.44 0.999

Sumatera Bentonite 323 5.747 0.270 0.829 1.114 1.54 0.996
333 5.708 0.242 0.826 1.101 1.38 0.999
343 5.102 0.247 0.829 1.1 1.26 0.999
303 6.287 0.046 0.807 1.061 0.94 0.999
313 6.377 0.083 0.887 1.095 1.72 0.999

Bentonite-Na 323 8.403 0.044 0.895 1.066 2.57 0.999
333 8.237 0.047 0.895 1.110 2.45 0.999
343 7.230 0.058 0.895 1.094 2.26 0.998
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Table 5. Thermodynamic parameter adsorption of SLS waste using Sumatera Bentonite (SB) and Ben-

tonite-Na (B-Na).

Concentration Adsorbent T (K) g.(mg/g) AH (kJ/mol) AS (kd/mol) AG (kd/mol)
303 0.34 2.065
313 0.44 0.408
SB 323 0.83 52.256 0.166 ~1.248
333 1.22 ~9.905
343 1.59 ~4.561
2 mg/L 303 1.63 —2.481
313 1.77 ~3.219
B-Na 323 92.11 19.88 0.074 ~3.957
333 2.06 ~4.695
343 2.02 ~5.433
303 0.60 4.843
313 0.81 3.162
SB 323 1.56 55.778 0.168 1.481
333 2.33 ~0.200
343 3.10 ~1.881
4 mgfL 303 3.15 —2.223
313 3.44 ~2.923
B-Na 323 411 18.997 0.07 ~3.624
333 4.02 ~4.324
343 3.92 ~5.024
303 0.82 5.067
313 1.11 3.336
SB 323 9.42 57.513 0.173 1.605
333 3.47 ~0.126
343 455 ~1.857
6 mgfL. 303 4.65 —2.175
313 5.13 ~92.830
B-Na 323 6.14 17.692 0.066 ~3.486
333 5.95 —4.142
343 5.76 —4.797
303 1.08 5.156
313 1.45 3.421
SB 323 3.01 57.722 0.173 1.686
333 4.56 ~0.049
§ mll 343 6.08 ~1.784
303 6.18 —2.101
313 6.76 ~2.771
B-Na 323 8.11 18.22 0.067 ~3.442
333 7.92 —4.112
343 7.71 ~4.783
303 1.31 5.955
313 1.77 3.502
SB 323 3.67 58.363 0.175 1.749
333 5.67 ~0.003
343 7.58 ~1.756
10 mg/L, 303 773 ~2.069
313 8.36 ~9.727
B-Na 323 10.09 17.878 0.066 ~3.385
333 9.84 —4.044
343 9.59 ~4.702
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that the SLS adsorption conforms with the PSO
kinetics model due to R2 being closer to the val-
ue of 1. The PSO kinetics model explains that
the adsorption mechanism i1s chemisorption,
which means chemical bonding should occur
[37].

According to Figure 6, the SLS adsorbed is
affected by the increasing temperature adsorp-
tion. The optimum temperature adsorption us-
ing SB is 60 °C, while B-Na is 50 °C. It is evi-
denced that B-Na utilization as an adsorbent is
more effective and low-cost due to lower tem-
perature. The data of various temperature and
concentration adsorption then be analyzed to
determine the parameter of isotherm adsorp-
tion using the Langmuir and Freundlich iso-
therm model [38]. Different temperature ad-
sorption (50 and 70 °C) was checked as addi-
tional information about the effect of adsorp-
tion temperature in structural transformation,
and it concluded that temperature adsorption
did not affect crystallinity changes. This state-
ment is evidenced by XRD analysis in Figure 7.

The Langmuir model was developed to ex-
plaining solid-gas adsorption, then updated for
different adsorbents [39]. This scheme assumes
that the adsorption occurs by monolayer ad-
sorption, thus no specific interactions between
adsorbate molecules [40]. Additionally, the
Freundlich model figured that adsorption oc-
curred by multilayer in heterogeneous places
[41]. Table 4 shows that Freundlich isotherm is
appropriate in SLS adsorption using SB and B-
Na associated with an R2 value closer to 1. The
adsorption capacity (@») displayed Q. of SLS
using B-Na of 8.403 mg/g, while the @» of SLS
using SB of 5.747 mg/g.

The thermodynamic parameters produce
the data of AG, AH, and AS according to the lit-
erature [42] and are shown in Table 5. The AH
analysis shows that the adsorption occurs en-
dothermically due to the positive value of the
AH. The mechanism can be predicted by AH
value with an assumption that interactions of
SLS adsorbate and adsorbent via hydrophilic,
m-cationic, and electrostatic bonding endother-
mically [43]. The hydrophilic interaction sup-
ported by electrostatic bonding of surfactant
active site towards electrophilic area in inter-
layer bentonite. Specifically, chemisorption oc-
curs in SB adsorption due to AH more than 40
kd/mol, while physisorption occurs in B-Na ad-
sorption due to AH 0-40 kd/mol [44,45]. Addi-
tionally, the negative value of AG describes
that the adsorption is feasible and spontane-
ously occurs in nature; thus, the process re-
quires high-temperature adsorption. Further-
more, the positive value of AS described the in-
creasing irregularity interaction between ad-
sorbate particles in the form of liquid to solid
adsorbent [46].

Table 6 compares several adsorbents and
their application to the anionic surfactant. Ac-
cording to the latest work, here is new data on
bentonite-based adsorbent applied in SLS
waste removal.

4. Conclusions

In conclusion, the new route of sodium in-
tercalation in Sumatera bentonite was success-
fully proposed under low-temperature and re-
stricted time preparation, then applied in SLS
waste removal by adsorption. Several methods
of material characterization declared the suc-

Table 6. Comparison adsorption ability of several adsorbent to anionic surfactant.

Adsorbent Anionic surfactant Adsprptlon References
Capacity (mg/g)

Lula soil sediment Sodium dodecylbenzene sulfonate 0.865

Sodium dodecylbenzene sulfonate 9.674 [47]
Dickinson bayou soil sediment  godium hexadecyl diphenyl oxide

. 4.963

disulfonate
Silica Sodium dodecyl sulphate 0.2 [48]
Ca-montmorillonite 0.23

Alkyl ethoxy carboxylate [49]
Kaolinite 0.17

Sulfosuccinate sodium salt
Quartz/clay (Aerosol-OT) 0.046 [50]
Sumatera bentonite ) 5.747 )

Sodium Lauryl Sulphate This study
Bentonite-Na 8.403
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cessful modification. A study of the SLS remov-
al using bentonite-based adsorbent reached the
optimum condition for 40 minutes of adsorption
and 0.04 g adsorbent used for adsorption capac-
ity of bentonite-Na at 8.403 mg/g, higher than
the Sumatera bentonite (5.747 mg/g). The ad-
sorption dominate occurs by physisorption and
1s spontaneously endothermic.
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