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Abstract

Three treatments (untreated, NaOH-treated and H,SO,-treated) of sugarcane bagasse (SB)
were investigated for their effectiveness as absorbent for removal of safranin O, a cationic
dye, from water and characterized by Fourier transform infrared spectroscopy (FTIR) and
scanning electron microscopy (SEM). Effects of pH, initial dye concentration and contact
time were studied in batch mode; zero point charge and surface chemistry were
determined; and isotherm models and kinetic equations were developed. Peak adsorption
was achieved at pH 10. The adsorption capacity was enhanced by increasing the initial
concentration of safranin O. When acidity and basicity were determined by the Boehm
method, more acidic groups were found to dominate on the surface of SB. The dye
adsorption experimental data were analyzed using both Freundlich and Langmuir models.
The Langmuir model showed a superior fit over that of the Freundlich model for the three
adsorbent treatments. Lagergren-first-order and pseudo second-order models were used to
determine the adsorption kinetics; the pseudo second-order model proved to be the
optimum model. The maximum adsorption volume was found to be 58.853, 62.884 and
54.822 mg. g'1 for untreated, NaOH-treated and H,SO,-treated SBs, respectively.
Adsorption reached equilibrium at approximately 1020 minutes (17 hrs). This study
suggests that SB is a good candidate for a low-cost adsorbent.

1. Introduction

Dyes and pigments are an important category of water contamination[1]. Indeed,
discharge of these pollutants into water resources can result in reduction of light diffusion
and consequently reduction of the photo-synthetic efficiency of aquatic plants.
Furthermore, these contaminants heighten the chemical oxygen demand (COD) of the
effluents. Finally, dyes are known to be potentially toxic or even mutagenic [2-4].

Safranin O [listed in C.I.as Basic Red 2 (BR2)] is a typical organic dye, a member of the
Quinone—Imine category. Safranin O is widely applied for counterstaining targets. For
instance, it marks yellow as a metachromatic procedure for cartilage staining [5].
Commercial Safranin O, a cationic dye [6], is a reddish or brownish-red powder and has
blood-red solution style in water. A number of physicochemical procedures are available
for elimination of dyes from aqueous solutions: membrane filtration [7,8], flocculation [9],
chemical oxidation [10,11,12], electroflotation [13], ozonation [14,15], ion-exchange [16],
adsorption [7-18] and irradiation [19]. Of these techniques, adsorption has been found to
be the most influential method with the advantages of low operational cost, low sludge
production and applicability in cases of low contaminant concentrations [20].
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Activated carbons, carbon blacks, and activated carbon
fibres are among the carbonaceous materials that are famous
for their extensive specific surface area, pore volumes,
chemical inertness, and mechanical stability [21,22]. They are
also widely known to remove dyes [23,24]. However, the
adsorption process with activated carbon is expensive [25-27].

Recently, attention has turned to the production of low-cost
adsorbents from waste materials [27,28]. Studies have
investigated the applications of these inexpensive adsorbents
for removal of specific pollutants, mainly dyes and heavy
metals, from aqueous phase [29, 30]. The use of some
agricultural by-products such as sawdust, bark, tree fern and
SB as inexpensive substitutes for more conventional
adsorbents is gradually gaining interest in the industry. The
constituents of these materials, which include polymers,
cellulose, lignin, and hemicelluloses, may be responsible for
their natural exchange capacity and general sorptive
characteristics [25, 31].

In this study, SB was used as an agent to remove the dye
safranin O from aqueous solution [25]. Three treatments of the
SB adsorbent were used, namely, untreated, NaOH-treated
and H,SO,-treated. SB was treated by H,SO, and NaOH to
investigate modification effect on adsorption capacity. Fourier
transform infrared (FTIR) and (SEM) were used to
characterize the SB [31]. The chemical modification of
sorbents with acids or bases was conducted to enhance their
adsorption capacity and to examine potential application of
this new sorbents in basic dye wastewater treatment. The acid
and base were used to modify the adsorption capacity of
adsorbent in elimination of basic dyes from wastewater [32].

The kinetics of adsorption and equilibrium parameters were
determined to explain the outcomes.

2. Materials and Methods
2.1. Materials

SB was collected from a local fresh juice shop in Bangi,
Malaysia. The SB was washed with distilled water and then
dried in an oven at 80°C degrees for 24 hours [33]. The
material was then ground to a fine powder (particle size
range is 0.02-2000 um)[33] in a blender (Panasonic, China).
Untreated SB was prepared by washing, drying (at 80°C
degrees for 24 hours), and grinding only. The 300 g of ground
powder was divided into three equal parts, one of which was
untreated while the other parts were soaked in either the acid
solution (0.01 N of H,SO4 99.96%) or the base solution (1 N
of NaOH, 99.96%) in 1 L for 24 hours at room temperature
(29°C). After treatment, both powders were thoroughly rinsed
with distilled water and then dried overnight separately in an
oven. The weight loss of H,SO,, and NaOH treated material
was roughly 28% and 43%, respectively.

Cationic dye safranin O was purchased from
Sigma—Aldrich (Malaysia) and used without further
purification as an adsorbate. The stock solution was prepared
by dissolving 1 g dye in 1000 mL distilled water [26]. The
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chemical structure of safranin O is shown in Fig. 1.
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Fig. 1. The chemical structure of safranin O as a cationic dye.

2.2. Analytical Method

The concentrations of safranin O in the samples before and
after the adsorption process were quantified using UV—visible
spectrophotometer (Perkin Elmer Lambda 35, U.S.). The
maximum wavelength (A,,) for safranin O absorbance was
516 nm. In addition, the pH of the solutions during the study
was determined by pH meter (Cyber Scan 510, U.S.).

2.3. Characterization of the Adsorbent

Fourier transform infrared spectroscopy (FTIR) of SB
samples was recorded by Nicolet 6700 Thermo Scientific-
FITR spectrometer (USA). The FTIR analysis was performed
on the SB and acid and base treated SBs to determine the
surface functional groups in range 4000—400 cm .

Scanning electron microscopy (SEM) micrographs of
samples were obtained using a scanning electron microscope
(ZEISS SUPRA 55 VP, Germany). The morphology of
untreated, acid treated and base treated SB before and after of
adsorption was analyzed at a voltage of 10 KV. All sample
surfaces were gold-coated before analysis.

The point zero charge (pH,,.) of SB [34] was determined by
solid addition using 0.01 M KNO; solution. The process was
conducted in 250 mL conical flasks (10 conical flasks) with
stopper cork, each containing 90 mL of 0.01 M KNO; solution.
The initial pH (pH;) of the solution in the conical flasks was
modified in the range of pH 2 to pH 11 at intervals of 1 pH
value by adding 0.2 N HNO; or 0.2 M KOH. Subsequently,
the volume of the solutions was modified to 100 mL by adding
KNOj; solution at the same concentration. Then the initial pH;
of the solutions was precisely measured and set to one of the
pH settings. At this stage, 1g of SB adsorbent was added to
each conical flask, and the flasks were covered instantly.
Subsequently the suspensions were shaken manually and
allowed to equilibrate for 48 h with intermittent manual
shaking (150rpm). The difference between the initial (pH;)
and final (pHy) pH values (ApH = pH; — pHy) was plotted
versus the pH;. The pH,,. is the point of intersection of the
obtained graph with x-axis at ApH = 0.

The acid-base titration experiments using Boehm titration



International Journal of Ecological Science and Environmental Engineering 2015; 2(3): 17-29 19

[35] were employed to investigate the existence of acidic and
basic sites on the SB surface; results are shown in Table S.1.
Alkaline solutions (0.1 N of NaOH, 0.1 N of NaHCOs and 0.1
N of Na,COs) were used to neutralize all acidic sites while 0.1
N of HCIl solution was used to neutralize the basic sites. The
acidic and basic sites were investigated by adding 50 mL of
0.1 N titrating solutions and 1 g of SB to all 250 mL conical
flasks. The flasks were shaken gradually in a constant
temperature water (25°C) bath and left for 4 days. Finally, 10
mL of each sample was titrated with 0.1 N of HCI or 0.1 N of
NaOH solutions.

2.4. Adsorption Study

The adsorption of safranin O on SB was studied in batch
mode. Different parameters, including pH variation, initial
dye concentration (5, 10, 15, 20, 25, 30, 35, and 40 mg/L) and
contact time (5, 10, 15, 30, 60, 90, 120, 180, 300, 420, 540,
660, 780, 900, 1020, 1140 and 1260 min) were assessed. The
initial pH of the safranin O solutions was adjusted by adding
0.5 N of HCI or 0.5 N of NaOH solutions. The adsorbate
solutions (250 mL) with different initial safranin O
concentrations (from 5 to 40 gm/L at 5 mg/L intervals) were
placed in 250 mL conical flasks. One g of adsorbent (4
gL-1)was then added as an optimum dosage to each flask and
equilibrated in a shaker at 200 rpm under ambient temperature
conditions. All isotherm experiments were conducted in 250
mL conical flasks. Adsorbate solutions (250 mL) of desired

initial concentrations (5—40 mg/L at 5 mg/L intervals) were
equilibrated in a shaker at 200 rpm using 1 g of adsorbent
under ambient temperature conditions. The adsorption
capacity values at equilibrium (qe) were calculated using the
following equation:

4.(mg /)= (C, —Q)x% (1)

where Cj is the initial adsorbate concentration (mg/L), C, is
the adsorbate concentration at equilibrium (mg/L), V is
volume of the solution (L) and # is mass of the adsorbent (g).

The kinetics studies were conducted to measure the
time-dependent uptake of safranin O onto SB. The studies
were carried out using 250 mL conical flasks containing 250
mL of adsorbate solutions with the various initial safranin O
concentrations (between 5 and 40 mg/L at 5 mg/L intervals).
To each flask, 1 g of adsorbent was added. Subsequently, it
was equilibrated in a shaker at 200 rpm under ambient
temperature conditions and at predetermined time intervals (5,
10, 15, 30, 60, 90, 120, 180, 300, 420, 540, 660, 780, 900,
1020, 1140 and 1260 min). The adsorbate solution of the
specified flask was then filtered and analyzed for its dye
concentration.

3. Results and Discussion

3.1. Characterization of Adsorbents
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Fig. 2. FTIR spectra of untreated SB, acid treated SB and base treated SB before adsorption.

The FTIR spectrum of samples indicated weak and broad
peaks in the region of 3840 - 600 cm™ as shown in Fig. 2. The
FTIR band could reveal that carboxyls, lactones, and phenols
groups as reported by surface analysis with Boehm method.

The treated and untreated SBs displayed the strong peak of
hydroxyl (O—-H) group at wave number 3350 cm™. The CHj
(alkane group) corresponded closely to the 2920 cm’™ band.
The carboxyl groups equivalent to carboxylic groups and
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C-OH vibrations in the range of 1200 to 1300 cm’ and a
carbonyl (C=0) at 1734 cm™" stretching vibrations in ketones,
aldehydes, lactones. The band of alkenyl C=C stretch was
revealed at 1640 cm™ . The band 1427 cm™ might be as a result
of amides functional groups of primary amides and aliphatic
amides [36]. The vibration of band 600 cm™ was caused by
aromatic C-H bending. There was no significant difference
between untreated and treated SBs, thus the acid and base
treatment had no obvious impact on the principal chemical
structures of SB.
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Fig. 3. SEM image of (A and B) untreated SB, (C and D) acid treated SB and
(E and F) base treated SB.(A,C and E)show before while (B,E and F)
demonstrate after dye adsorption process.

The SEM image (Fig. 3A) of untreated SB at 7 mm
magnification shows irregular expanded porous surface before
the adsorption process. The magnified image of untreated SB
(Fig. 3B) shows well coverage of empty pores. Figs. 3C-F
shows the images of acid treated and base treated SB before
and after adsorption. Based on Fig 3, it is obvious that all
samples were irregularly shaped (2 um). The changes in
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external morphology after acid and base treated can be
investigated by comparing with Figs 3 before the adsorption.
It can be observed that the surface of base treated (Fig. 3E)
was much cruder than untreated SB and acid treated (Fig. 3A
and C), which can be attributed to this fact that lignin and
hemicelluloses dissolved or degraded in the basification
procedure [37]. The surface of base treated SB (Fig. 3F)
became much smoother after adsorption of safranin O when
compared to before adsorption (Figs. 3E and 3F). The porous
surface of all samples was almost well occupied with safranin
O after adsorption process.

3.2. Effect of Initial pH

One of the potentially most crucial parameters in adsorption
process in aqueous solution is the effect of pH [38]. The effect
of pH on the amount of dye adsorbed was studied by varying
the initial pH under constant process parameters at
equilibrium conditions. The effect of pH was studied for the
three adsorbent treatments, as shown in Fig. 4.

20
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Fig. 4. The effect of pH on the adsorption of safranin O on untreated,
NaOH-treated and H,SO-treated samples. Conditions: Initial concentration
40 mg/L, mass of adsorbents 1gr, temperature 25°C, time 24 hr.

The figure shows that the NaOH-treated indicated no more
difference of dye adsorption in pH range 2 to 10. Therefore,
any advantage of the NaOH pretreatment of SB is independent
of the solution pH, probably due to the negative charge of the
surface adsorbent (OH") and the positive charge of safranin O
solution. However, the adsorption capacity is 16.55 mg/g for
NaOH-treated bagasse (Fig. 4).

According to Fig. 4, for the H,SO,-treated SB the highest
extent of adsorption (14.95 mg/g) took place at pH 10 (there is
no pHy, for the H,SO,-treated sample as in Fig. 4). At lower
pH values between 2 and 5, the quantity of the adsorbed dye
shows the lowest value.

For the untreated sample, it was evidence that the adsorbent
showed better adsorption capacity in the pH range from 5 to
10 as seen in Fig. 4 (pHy,= 6.6 from Fig.5). The reason for
this might be the higher adsorption ability of the dye

molecules by the adsorbent surface which are negatively
charged. pH 10 indicating a strong basic medium was found to
be the most favorable as the maximum removal of dye was
observed at this pH condition (maximum adsorption of 16.23
mg/g). Since one of the basic substance in SB is cellulose, thus
at the place where water comes in contact with the outermost
part of the cellulose, a negatively charged medium is
established [39]. Due to the fact that safranin O is a cationic
dye, it thus exhibits attractive tendencies whenever it is within
the vicinity of structures with anionic effect, of which most
adsorbents are good examples.

6 —&— untreated

=4 —®— NaOH-treated

—a— H:SOs-treated

ApH (initial pH - final pH)

0 2 4 6 8 10 12
Initial pH

Fig. 5. Point of zero charge (pH,.) plot for untreated, NaOH-treated and
H>SOy-treated SB using 0.01 M of KNO;,

3.3. Effect of Initial Concentration and
Contact Time
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Fig. 6. concentration effect of adsorption of Safranin O by untreated SB
(pH=10).

The effect of initial dye concentration and contact time on
the removal of safranin O using each SB treatment is shown
in Figs. 6-8. The removal of dye increased with increasing
dye concentration. The adsorption increased with an increase
in contact time. The dye removal is rapid at the initial stages
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of adsorption at different initial concentrations. By increasing
contact time, the adsorption gradually decreased until
reaching equilibrium. The solution pH was kept at 10.
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Fig. 7. concentration effect on adsorption of Safranin O by NaOH-treated
SB(pH=10).

80

—— S mgl —— 10 mgl ——15mg/l —i—20mg/l
—¥— 25 mg/ —o— 30 me/l —+—35mell —— 40 mgl
t
O
iy
0 300 600 200 1200 1500

t (min)

Fig. 8. concentration effect on adsorption of safranin O by H,SOtreated
SB(pH=10).

At lower concentrations, equilibrium was attained at
around 11 hrs (660 mins) (Figs. 6-8), but higher initial
concentrations required a longer time to reach equilibrium, the
maximum equilibrium time was around 1020 mins (17 hours)
(Figs. 6-8). The adsorption capacities (g.) for the uptake of
safranin O versus contact time in the maximum initial
concentrations for untreated, base-treated and acid-treated SB
were 58.853, 62.884 and 54.822 mg/g, respectively. All the
experiments were conducted under the same conditions.

The adsorption process can be divided into two sections. In
the first section adsorption is high at the initial stages (0 to 90
min) due to rapid attachment of safranin O to the surface of the
SB. Thereafter during the second section adsorption took
place at a slower rate until equilibrium was achieved.

3.4. Adsorption Isotherm

In order to evaluate safranin O adsorption onto untreated,
NaOH-treated, and H,SOy-treated SB, the Langmuir and
Freundlich isotherm models were used [1,3.,4,8,12,13,17,18,
24.26-32,40,41]. The Langmuir model hypothesizes that
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adsorption occurs onto a monolayer surface of adsorbent. This
model posits no attraction between adsorbed molecules [42].
The Langmuir model and its linearized form are illustrated by
the following two equations:

qulce
=7 2
1+kc, @
C, 1 C,
= + (3)
qe quL qm

where ¢, represents equilibrium adsorption capacity; g,is the
maximum adsorption capacity required to produce a complete
monolayer on the surface (mg/g); and k; is the Langmuir
constant related to the energy of adsorption (L/mg). The
values of ¢,, and k; can be derived from the slope and intercept
of the plot C./q, versus C,.

The Freundlich model, on the other hand, describes the
phenomenon of adsorption empirically on heterogeneous
surfaces in a multilayer adsorption system [43]. The
Freundlich model and its linearized form are illustrated by the
following equations:

q.-k:C." (4)

log(4.) :log(mﬁlog(ce) 5)

In these equations, n and kr are Freundlich isotherm
constants related to the adsorption intensity and adsorption
capacity of the adsorbent (mg/g), respectively. These
constants can be obtained from the slope and intercept of the
plot of logC, against logg, [44].

The equilibrium data were modeled using the Freundich
and Langmuir models. The experimental data of equilibrium
adsorption was compared to the isotherm models, as shown in
Fig. 9. The isotherm was found to be linear over the entire
concentration range studied with a good linear correlation
coefficient (R’). The highest value of the linear correlation
coefficient was used to determine the best fitting model with
the experimental data. The parameters tested by the two
models for the three types of SB adsorbents are listed in Table
1. In Fig.9, the Langmuir model showed a better fit with the
isotherm data with its higher R? value than did the Freundich
model, indicating the removal of safranin O was monolayer
adsorption by the untreated sample. Moreover, Fig.9 showed
that both Langmuir and Freundlich models gave good fit with
the isotherm data, indicating the base treatment followed by
adsorption on monolayer and multilayer, and the acid
treatment demonstrated a better fit with the Langmuir model
than with the Freundlich model due to the higher R’ values
(Table 1). Furthermore, these outcomes were evident by
non-linear plots (Fig. 9). The values of exponent 7 are in the
range of acceptable adsorption (1<n< 10) (Table 1) [38].
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Fig. 9. Comparison of adsorption capacity with two isotherm plots for untreated, NaOH-treated, H,SO-treated SB.

Table 1. Isotherm parameters for Safranin O adsorption by untreated, acid and base-treated SB.

Langmuir constants

Freundlich constants

Adsorbents

K.(L/g) a R K«(mg/g)(L/mg)"" n R’
Untreated 1.8021 0.0278 0.9839 6.6373 2.4728 0.9530
NaOH treated 2.6455 0.0384 0.9790 8.5986 2.5833 0.9554
H,SO, treated 1.3966 0.0232 0.9872 5.7408 24783 0.9450

3.5. Adsorption Kinetics

Lagergren first-order [45] and pseudo-second-order
[1-3,8,12,13,15,17,24,26-32,33,37,38,40,41,43,44,45-49]
kinetics models were utilized to determine the specific rate
constants of adsorption of afranin O in the three adsobent
system. The kinetics study for the adsorption of Safranin O on
untreated, acid-treated and base-treated SB was conducted
using varying initial safranin O concentrations. The Lagergren
first-order model is shown in the following equation:

klt

2.303 ©

log(q,—q,)=logq, —

Where ¢, and ¢, are the adsorption capacities at equilibrium
and time ¢ and k;is the adsorption rate constant. The values of
adsorption capacity and rate constant were calculated from the
slope and intercept of the plot of log (g.— ¢g,) against ¢.

The pseudo-second-order reaction in linear form is given
as:

t 1 1
—= +—1

a9, kq’ q,

(7

where £, is the pseudo-second-order rate constant. The values
of adsorption capacity and rate constant were derived by the
intercept and slope of the plot #/g; against ¢.

Two values kyand g, ,, (the amount of adsorption for first
order equation) were determined by the slope and intercept of
the log(g. — ¢,) plotted against 7. Using second order kinetics,
k, and ¢, ., (amount of adsorption for second-order
equation) were obtained from the intercept and slope of ¢/,

plotted versus ¢. The comparison between the results obtained
by the two models is presented in Tables 2-4.

Table 2. Kinetics parameters for the adsorption of safranin O at various initial concentrations on untreated SB.

Lagergren first-order

Pseudo-second-order

Co q exp Rz k1 (hal el Rz k2 (hal e2
(mg/L) (mg g™ (min™) (mg g™ (g.mg™" min™) (mg g™
5 9.062 0.9661 0.0357 6.899 0.9996 0.0110 9.158
10 16.726 0.8267 0.0233 11.092 0.9996 0.0034 17.007
15 25.732 0.8957 0.0313 17.446 0.9996 0.0026 26.110
20 33773 0.8378 0.0258 22.709 0.9996 0.0017 34.364
25 42.297 0.8639 0.0196 26.903 0.9995 0.0011 43.103
30 49.059 0.9163 0.0175 34.072 0.9994 0.0008 50.251
35 53.808 0.9460 0.0166 35.958 0.9995 0.0007 54.945
40 58.853 0.9174 0.0143 37.506 0.9997 0.0008 59.880
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Table 3. Kinetics parameters for the adsorption of safranin O at various initial concentrations on NaOH-treated SB.
Lagergren first-order Second-order Kinetics

Co q exp R ki Qeale2 R k, Qeale2

1 ST -1 I B | -1
(mg/L) (mg g”) (min”) (mgg’) (g-mg” min") (mgg’)
5 9.118 0.9661 0.0357 4.829 0.9999 0.0232 9.158
10 17.039 0.8267 0.0233 7.764 0.9999 0.0076 17.007
15 26.118 0.8957 0.0313 12.212 0.9999 0.0058 26.316
20 34.424 0.8378 0.0258 15.896 0.9999 0.0036 34.722
25 43.237 0.8639 0.0196 18.832 0.9999 0.0025 43.478
30 51.059 0.9163 0.0175 23.851 0.9999 0.0018 51.546
35 56.916 0.8818 0.0164 25.009 0.9999 0.0174 57.471
40 62.884 0.9174 0.0143 24.672 0.9999 0.0158 63.291

Table 4. Kinetics parameters for the adsorption of safranin O at various initial concentrations on H,SO-treated SB.
Lagergren first-order Pseudo-second-order

C, q exp 2 kq Qealel 2 k; Qeale2

-1 R . o1 -1 R R -1
(mg/L) (mg g™) (min”) (mg g™) (g-mg” min") (mg g™)
5 9.006 0.9383 0.0267 8.069 0.9986 0.0053 9.200
10 16.412 0.8312 0.0228 13.948 0.9818 0.0008 17.544
15 25.346 0.8986 0.0309 21.938 0.9946 0.0009 26.455
20 33.122 0.8400 0.0253 28.668 0.9670 0.0003 35.971
25 41.356 0.8714 0.0189 32.900 0.9908 0.0003 44.248
30 47.060 0.9242 0.0168 41.908 0.9236 0.0002 49.358
35 50.700 0.9157 0.0115 44.005 0.9835 0.0002 55.556
40 54.822 0.9224 0.0140 44.432 0.9969 0.0003 57.803

The best fit of the models for (untreated, NaOH-treated and
H,SO,-treated SB) were selected using the highest value of

linear regression coefficients value (R?) and reasonable values
of the calculated ¢, and ¢ ., . The regression

coefficient values (R’) of the second-order model are higher
than those of the first-order model in all three adsorbent

treatments. The calculated g, ., also show good agreement

with the experimental ¢, , values within an error of 2.2 to

9.6%. Therefore, these comparisons suggest that the
adsorption process did not follow the first-order model but
instead obey the second-order model for all adsorbent
treatments.

As seen in Figs. S.1-S.6, the curve fitting plots of #/g, versus
t reveal good fit for the entire adsorption period for safranin O
while the plots of log(g.—y,) versus ¢ do not fit as well. Due to
the assumption behind the second-order model and the good
fit of the second-order kinetic for the entire adsorption period,
the adsorption is taken to be chemisorption [38]. Different
adsorption capacities of SB and its derivation types are listed
in Table 5. Bagasse pith had better adsorption capacity for
methyl red by 90.2 mg g'l, while in this study, untreated SB
capacity was 58.8 mg g, Therefore, this value has shown
reasonability of this process in comparison with other amount
of adsorption in Table 5.

Table 5. Adsorption capacities and the adsorbate used for adsorption of safranin O onto SB.

Adsorbent Adsorbate Adsorption capacity (mg g™) Reference
Bagasse pith(raw) Acid blue 25 17.5 [50]
Acticated carbon bagasse Acid blue 80 391 [51]

AC-SB Acid orange 10 5.7 [52]

Bagasse pith (raw) Acid red 114 20 [50]

Bagasse pith Acidred 114 229 [53]

Bagasse pith raw Basic blue 69 152 [50]
AC-Bagasse Basic red 22 942 [54]

Bagasse pith ( raw) Basic Blue 3 37.5 [55]

Bagasse pith (raw) Reactive orange 16 344 [55]

Bagasse pith (raw) Methyl Red 90.2 [56]

Bagasse pith (raw) Congo Red 44 [57]
Sugarcane dust Basic violet 10 50.4 [58]
Sugarcane bagasse Methylene blue 342 [59]
Sugarcane bagasse Methyl red 54.6 [60]
Untreated Bagasse Basic red 2 (Safranin O) 58.8 Present work
Bagasse treated by NaOH Basic red 2 (Safranin O) 62.8 Present work
Bagasse treated by H,SO4 Basic red 2 (Safranin O) 54.8 Present work
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4. Conclusions

SB was shown to be an inexpensive agricultural industrial
adsorbent that can be appropriately used to eliminate safranin
O in aqueous solution in a batch method. The safranin O
elimination in artificial wastewater by acid and base
pre-treated SB was investigated in this study. Untreated and
sulfuric acid- and hydroxide sodium-treated SB were utilized
in safranin O adsorption with different dye concentrations and
pH as well as different contact times. The adsorption

efficiency of different adsorbents was in the order: g
base-treated SB, 62.884 mg g™ >¢, untreated SB, 58.853 mg
g >, acid treated, 54.822 mg g'. The initial pH10 was
obtained as the optimum pH for three adsorbents. The
isotherm data indicated the best fit to the Langmuir model,
giving evidence that the adsorption took the form of
monolayer coverage. The kinetics results were fixed on the
second-order kinetic model, and adsorption reached
equilibrium at approximately 1020 mins (17 hours).
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Table S.1. The Bohem titration data for three adsorbents untreated, NaOH treated and H>SO, treated.

Bohem Titration method

adsorbent carboxyl groups lactone phenolic acidity basictiy
untreated 0.1607 0.0001 0.2443 0.4050 0.0205
treated by NaOH(0.5) 0.2262 0.0785 0.2240 0.5288 0.0068
treated by H,S04(0.01) 0.1548 0.0015 0.1138 0.2700 0.0260
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