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ABSTRACT

Adsorption of the cationic dye Rhodamine B (RhB) onto surfactant modified laterite (SML)
was studied in this work. The removal efficiency of RhB using laterite increased significantly
after surface modification by pre-adsorption of anionic surfactant sodium dodecyl sulfate (SDS).
Some experimental parameters such as pH, adsorbent amount and ionic strength were also
investigated. The optimal conditions for RhB removal using SML were found to be pH 4,
adsorbent amount 10 mg/mL and ionic strength 0.1 mM NaCl. Under optimum conditions, RhB
removal efficiency increased from 25.77 % to 94.85 %, when using unmodified laterite and
SML, respectively. After 5 regenerations of SML, the removal efficiency of RhB was still higher
than 90 %. Adsorption of RhB onto SML decreased with increasing NaCl concentration from
0.1 to 200 mM, demonstrating that adsorption of RhB onto SML mainly induced by electrostatic
attraction. The two-step adsorption model can fit the experimental results of RhB adsorption
isotherms onto SML at different NaCl concentrations. Our results indicate that SML is a novel
adsorbent to remove ionic dye from aqueous solution.
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1. INTRODUCTION

Dye is one of the major constituents of the wastewaters. Many industries related to textile,
paint and varnishes, ink, plastics, pulp and paper, cosmetics, tannery, and dye manufacturers can
release dyes [1]. However, numerous dyes are toxic, that can lead to hazardous risks for animals,
plants and human’s physical health [2]. Rhodamine B (RhB), which is a cationic dye, is widely
used in many industrial activities. Nevertheless, RhB is a toxic organic dye when releasing to
water environment. Therefore, the removal of RhB from aqueous solution is important in
environmental remediation. Many studies investigated the removal of RhB from aqueous
solution using different treatment techniques to achieve better water quality [3-7]. Among
various techniques to remove RhB, adsorption is one of the most effective and suitable for
developing countries when using natural adsorbents.
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Laterite is a common soil in Vietn Nam so that it is very cheap. Basically, in acidic or
neutral media, laterite has positive charge due to the presence of many metal oxides [8]. Thus,
laterite can be used to remove anions directly. For RhB, the surface modification of laterite to
enhance the removal efficiency is needed. When the surface of laterite is modified by anionic
surfactants, the surface charge of laterite becomes negative so that anionic surfactant modified
laterite is a potential material to remove cationic dyes. Sodium dodecyl sulfate (SDS) which is
well known anionic surfactant, is an eco-friendly chemical. The surface modification of solid
surface by SDS to remove both organic and inorganic contaminants was reported [9]. To our
best knowledge, removal of RhB using SDS modified laterite has not been studied.

The present study is the first work which investigates the adsorption of RhB onto SML
compared with laterite without surface modification by SDS. Some experimental parameters
including pH, adsorbent amount and ionic strength are also investigated. The regeneration
experiment is studied to evaluate the potential of the SML adsorbent. The adsorption mechanism
is evaluated based on adsorption isotherm.

2. EXPERIMENTAL
2.1. Material

Raw laterite was collected at Thach That, Ha Noi, Viet Nam.

Rhodamine B (RhB) with the spectroscopic reagent, was purchased from Merck
(Germany). Other chemicals were obtained from Merck. Ultrapure water system (Labconco,
USA) with resistivity 18.2 MQ cm was used to produce ultrapure water in preparing all aqueous
solutions.

NaCl (Merck), HCI and NaOH (Scharlau) were used in the present study.
2.2. Experimental procedure

The laterite was pre-treated with chemicals according to our previously published paper [8].
In the next step, the material was modified with 0.01 M SDS (Scharlau, Spain) in 0.01 M NaCl
at pH 5 by thoroughly shaking for 3 h, and then washed with ultrapure water one time. The SDS
amount on laterite after washing with ultrapure water is about 10.91 mg/g. The treated-laterite
was called as SDS modified laterite (SML).

2.3. Adsorption studies

All adsorption experiments were performed in 15 ml Falcon tubes at 25 + 2 °C controlled
by an air conditioner. A stock solution of 10°M RhB was prepared by dissolving RhB salt into
ultrapure water. The stock would be then diluted appropriately to obtain different concentrations.
lonic strength and pH were adjusted by the addition of NaCl, HCI and NaOH).

For RhB adsorption, a determined amount of laterite and SML was thoroughly mixed with
10 mL RhB at different pH values and NaCl concentrations. The effect of pH, adsorbent amount,
ionic strength, and initial concentrations of RhB were investigated. The RhB concentrations
before and after adsorption were determined by ultraviolet visible (UV-Vis) spectroscopy at a
wavelength of 555 nm using a spectrophotometer (UV-1650 PC, Shimadzu, Japan). The removal
of RhB was calculated by equation (1).
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where C; and C. are the initial concentration and the equilibrium concentration of RhB,
respectively.

The adsorption capacity I" (mg/g) of RhB onto SML was calculated by equation (2).
Ci—C
[ =—"—xv (2)
m

where C; (mg/L) and C, (mg/L) are the initial concentration and the equilibrium concentration of
RhB, respectively. V (L) is volume of solution and m (g) is adsorbent amount.

2.4. General isotherm equation

The obtained isotherms were fitted by general isotherm equation that could be applied to
illustrate adsorption isotherms of RhB onto SML. The general isotherm equation (3) is

_ TwkiCe %+k2Cen_1 3
 1+k,Ce 1+k,Cen"1 ( )
where I' (mg/g) is adsorption capacity of RhB, I',, (mg/g) is the maximum adsorption capacity,

k. (g/mg) and k, (g/mg)™* are equilibrium constants for first layer adsorption and clusters of n
molecules.

3. RESULTS AND DISCUSSION
3.1. Effect of pH

The pH of the solution plays an important factor on the adsorption because pH strongly
affect to surface charge and charging behavior of RhB in the solution. The effect of pH on RhB
removal with initial concentration of 10° M using laterite and SML is studied in the pH range of
3-10 (Figure 1) while other parameters were kept constant, including contact time 120 min,
adsorbent amount 10 mg/mL, initial concentration of RhB 10°M and temperature 25 °C + 2 °C.

100 -
__ 80 A
S ——5ML
— €0 A
> == | aterite
g 40 -
[¢5)
T 50 -

0 1 1 1 1 1 1 1

Figure 1. The removal of RhB using laterite and SML at different pH.

In Figure 1, the removal of RhB using SML decreased from 98.69 % to 57.03 % with the
increase of pH from 3 to 10. This trend can be explained that the desorption of SDS is increased
with increasing pH. When SDS desorption takes place, the surface charge of SML is less
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negative which leads to the reduction of adsorption of cationic RhB dye onto the surface of
SML.

As can be seen in Figure 1, the maximum removal of RhB using laterite is only 36.41% at
pH 3, and decreased gradually to 17.67 % with increasing pH from 3 to 10. Figure 1 also
indicates that the RhB removal using laterite is much lower than that using SML. At the same
initial concentration of 10° M RhB, removal of RhB using SML is about 3 times greater than
that using laterite. At pH lower than 4, the formation of RhB is changed (pKa 3.7), so that pH 4
is selected for future studies.

3.2. Effect of adsorbent amount

The adsorbent amount is important factor because it is proportional to the total surface area
of the adsorbent. The effects of adsorbent amounts of laterite and SML on the removal of RhB
are shown in Figure 2. Other parameters such as contact time of 120 min, pH of 4, initial
concentration of RhB of 10° M and temperature of 25 °C + 2 °C were fixed.
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Figure 2. The removal of RhB using laterite and SML at different adsorbent amounts.

Figure 2 and Table 1 show that the removal of RhB using laterite increases from 11.36% to
67.56 % with increasing laterite adsorbent dosages from 1 to 100 mg/mL. This may be due to the
increase of coagulation of laterite particles when increasing their amount [12, 13]. For SML, the
removal efficiency increases with increasing SML amount and reaches to maximum (100 %)
with SML amount of 25 mg/mL. When SML amount is higher than 25 mg/mL, the RhB removal
is unchanged. However, increasing adsorbent amount from 10 mg/ leads to the decrease in the
adsorption capacity due to the aggregation of laterite particles at high adsorbent dosages [14].
Therefore, the optimum SML amount is of 10 mg/mL g which is kept constant for further
experiments.

3.3. Effect of ionic strength
lonic strength affects the electrostatic attraction between ionic adsorbates and oppositely

charged adsorbents, as well as the desorption ability of SDS from the surface of SML adsorbent.
In this investigation, salt concentrations were varied from 0 to 200 mM, while the contact time
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120 min, pH 4, adsorbent amount 10 mg/mL, initial concentration of RhB 10° M and
temperature 25 °C + 2 °C were kept constant.
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Figure 3. The removal of RhB using laterite and SML at different NaCl concentrations.

Figure 3 shows that the percentages of removal of RhB using SML are all higher than those
using unmodified laterite at all investigated salt concentrations. However, these removals
decrease when increasing salt concentrations from 0 to 200 mM. In order to demonstrate the
effect of ionic strength in more detail and predict the mechanisms, adsorption isotherm is
investigated and indicated below.

3.4. Adsorption isotherms

The effect of ionic strength on the adsorption of RhB onto SML was studied at three NaCl
concentrations in pH 4 and shown in Figure 4.

Figure 4 shows that the adsorption capacity of RhB decreased with increasing NaCl
concentrations from 1 to 100 mM. RhB adsorption capacity achieved the maxima at the lowest
salt concentration. When increasing salt, the number of counter Na* ions increases and the
competitive adsorption between Na® and cationic dye RhB onto the SML is enhanced [15].
Furthermore, the electrostatic attraction is also screened by increasing salt [8]. It implies that
electrostatic attraction between the cationic RhB molecules and oppositely charged SML surface
mainly controlled the adsorption.
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Figure 4. Adsorption isotherms of RhB onto SML at different NaCl concentrations. Points are
experimental data, solid lines are fitted by the two-step model.
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Figure 4 also indicates that at different NaCl concentrations, the adsorption isotherm of
RhB onto SML can be fitted well by general equation Eq. (3). The fitting parameters in Table 1
were optimized to obtain the best fit. At different salt concentrations, adsorption increases with
increasing initial RhB concentration and the higher adsorption capacity is obtained at the lower
NaCl concentration. The maximum adsorption of 18 mg/g for RhB at 1mM NaCl decreased to
14.5 mg/g at 100 mM NaCl. When concentration of NaCl increases from 1 mM to 100 mM, an
increase of k; is observed while k, and n are not changed. It means that the value of k, and n do
not depend on salt concentration. These results demonstrate that adsorption of RhB on SML is
mainly induced by electrostatic attraction.

Table 1. The fitting parameters for RhB adsorption onto SML.

CNaCI Foo,RhB kl, RhB kZ, RhB N
(mM) | (mg/g) (9/mg) (g/mg)™
1 18 1.0 x 10° 2.0 x 10* 2.2
10 16 8.5 x 10* 2.0x 10* 2.2
100 14.5 8.0x 10* 2.0 x 10* 22

1.1. Regeneration of SML

The reuse potential of absorbent is important to estimate nevelty the utility of SML. Thus,
two parallel experiments were performed to study the reusability of the adsorbent [16]. The
regeneration was carried out with five cycles of adsorption/desorption. The adsorbed RhB onto
SML was desorbed by using 0.1M NaCl and 0.1 M HCI solutions, the desorbed SML samples
were then washed with ultrapure water until the concentration of RhB reached to lower than
detection limit of UV-Vis method (107 M for RhB). The result of reuse SML is indicated in
Figure 5.
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Figure 5. The removal of RhB using regenerated SML within 5 cycles.

As can be seen in Figure 5, the removal of RhB using regenerated SML is only slightly
decreased as increasing number of regeneration cycles. However, the removal RhB using SML
at 5™ cycle of regeneration is still higher 90 %. This result demonstrates that surfactant modified
laterite is a novel adsorbent in terms of economic and environmental aspects.
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4. CONCLUSIONS

We have studied the removal of Rhodamine B (RhB) using laterite and surfactant modified

laterite (SML). The removal efficiency of RhB using SML is all higher than that using
unmodified laterite. The optimum conditions for removal of RhB using SML were found to be
of pH 4, adsorbent amount 10 mg/mL and ionic strength 0.1 mM NaCl. Adsorption isotherms of
RhB onto SML at three NaCl concentrations were fitted well by two-step adsorption model. The
adsorption of RhB onto SML decreased with increasing ionic strength due to electrostatic
interactions between cationic dye RhB and negatively charged SML surface. Within five cycles
of adsorption/regeneration SML, the removal efficiency of RhB was still higher than 90 %,
indicating that SML is an economic and novel adsorbent for cationic dye removal.
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