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A high quality nitrogen-rich mesoporous carbon material (FSAC) was prepared from carbonized fishery waste
through chemical activation using NaOH. The obtained material had a high surface area of 1867 m?/g, pore size
of 2.5 nm and mesopore volume of 0.38 cm>/g. The adsorption efficiency of FSAC was examined for methylene
blue (MB) removal from aqueous solution in batch method. The effects of initial concentration of dye
(25-400 mg/L), temperature (30-50 °C) and pH (3 —11) on the adsorption of MB on FSAC were studied. Evalu-
ation of MB uptake by FSAC revealed that Langmuir isotherm and pseudo-second-order adsorption model ade-
quately described the experimental data. The FSAC spontaneous and endothermic MB uptake at 30 °C gave
high adsorption capacity of 184.40 mg/g. These results show that FSAC can be used as an efficient and low cost
adsorbent for cationic dye removal.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The exponential increase of pollutants in our environment due to so-
ciety development through advancement in science and technology is
becoming alarming. The environments usually polluted are water,
land, and air, and pollution affects plants, animals, and other non-
living things in the ecosystem. Polluted water (wastewater) contains
several substances such as heavy metals, dyes, pesticides, pharmaceuti-
cals, herbicides, among others depending on the source of the effluents
[1].

Dye effluents are complex, highly visible, and undesirable due to
their brilliance at low concentration. As such, their stable presence in
waters is toxic and harmful to aquatic life as they impede sunlight pen-
etration, thereby limiting the photosynthesis activities of the ecosystem
[2]. Dye substances have high resistance to biodegradability and are sta-
ble in different weather conditions [3]. Stable dye substances affect the
genetic mutation of reproducing animals; in addition, these stable dyes
are major sources of cancer diseases; affect heartbeats; and cause jaun-
dice, skin irritation, kidney, liver, and central nervous system dysfunc-
tion, and other numerous health challenges [4,5].

Many industries, including cosmetics, paper and pulp, electroplating,
automobile, tanneries, and textiles, produce dye wastewater; thus, dye
wastewater removal is one of the most significant environmental sus-
tainable measures that are globally acknowledged [6]. To solve this
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problem, membrane, coagulation, advanced oxidation processes, elec-
trochemical methods, and other technologies have been explored; how-
ever, various limitations inhibit their applicability [7]. The efficient,
simple, and promising adsorption technology provide bail to purifica-
tion of dye wastewater [8]. However, the expensive commercial activat-
ed carbon is the major challenge [9,10].

As search into sourcing renewable, cheap, environmentally friendly,
and abundantly available precursor for production of adsorbents con-
tinues, activated carbons have been prepared from various cheap
sources [11-15].

Daily consumption of various fish species has increased in numerous
parts of the world. This results in generation of 50%-70% of original ma-
terial in Fishermen's Market and handling industries [16]. In 2010 the
total fish leftover in Malaysia only was around 1.77 million tons which
costs about RM 6.8 million and among the total production >30% was
solid waste consisting mainly of scale, bone, and skin [17]. Such waste
is always hazardous which results in severe contamination of the envi-
ronment by creating health issues and undesirable odor. Various agri-
cultural wastes have been processed, activated and transformed into
valuable materials to be used in various applications [ 18-24]. Therefore,
fish waste management should be implemented and be a source of the
production of high value-added products. In fact, fish scales mainly con-
sist of protein (collagen) and hydroxyapatite (HAp) along with fatty
acids, vitamins, antioxidant and trace elements [25,26]. Due to the pres-
ence of specific chemical groups such as hydroxyl, carboxyl, amine and
amide, fish scales can be an alternative to commercial adsorbents be-
cause of their availability as wastes and being widely accessible [27].
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The use of the adsorptive potentials of aquatic lives or fishery wastes
(shrimps, crabs, and lobsters) [28] as an adsorbent for dye removal is
now a research focus. Thus, the production of carbon-based adsor-
bent from fish scales is a promising way not only to generate low-
cost adsorbent for water purification but also to re-purpose a rapidly
accumulating disposal problem of industrial/municipal by-products
[26].

In this work, feasibility of preparing high-surface-area nitrogen-rich
mesoporous carbon material (FSAC) from fishery waste was investigat-
ed. The applicability of FSAC in treating dye effluents was tested by
using the adsorbent to adsorb methylene blue (MB) dye from simulated
wastewater. The adsorption equilibrium, kinetics and thermodynamics
of the MB on FSAC were also studied.

2. Materials and methods
2.1. Chemicals and precursor

The adsorbate used was MB dye (Anax = 665 nm, molecular
weight = 373.9 g/mol, C;¢H4N3SCl. 3H,0,) procured from Sigma
Aldrich (M), Malaysia, and was used without further purification.
Appropriate quantity of MB was dissolved in double distilled water
obtained from water treatment system USF ELGA to prepare stock
solution. Working solution of desired concentration (25 mg/L-
400 mg/L) was prepared by consecutive dilution of standard stock
solution and used for entire study. Analytical grade sodium hydrox-
ide and hydrochloric acid were supplied by Sigma Aldrich, Malaysia.
Fish (Labeo rohita) scales were obtained from a local market in Pe-
nang, Malaysia.

2.2. Fish scales carbon material preparation

Dirt and gelatinous substances on the fish scales (FS) were removed
by thorough washing with double distilled water fallowed by drying at
60 °Cin an oven. The dried FS was carbonized by heating in a vertical tu-
bular stainless steel reactor at 600 °C for 90 min in nitrogen (99.995%)
flow (100 cm®/min). The carbonized fish scale (CFS) was allowed to
cool under N, gas flow and then ground and sieved into 0.4-0.5 mm
particle sizes.

The resulting char was impregnated by NaOH at the ratio of 3:1
(NaOH:CFS) (wt:wt%) for 4 h fallowed by drying at 105 °C in an oven.
The dried mixture was then activated by heating in a horizontal tubular
stainless steel reactor at 800 °C for 90 min. in N, atmosphere (flow
100 cm?/min). The sample was left to cool to room temperature under
the same N, gas flow. After cooling, the FSAC was washed with HCI
(1.0 mol/L) followed by hot distilled water until pH ~6.5. The FSAC
was then kept for drying at 105 °Cin an oven for 24 h and later on stored
in closed voiles for future analysis.

2.3. Kinetics and equilibrium adsorption studies

MB adsorption onto the FSAC was carried out by batch experiments.
250 mL Erlenmeyer capped volumetric flasks were used for performing
adsorption studies. In each flask, 200 mL of the required solution and
fixed amount of the FSAC (0.2 g) were added. Solutions were continu-
ously agitated at 125 rpm in isothermal water bath shaker for 24 h at de-
sired temperature. At each predetermined time interval the MB final
concentration was determined till the process attained equilibrium.
UV/Visible Shimadzu, Model UV 1601, Japan, double beam spectropho-
tometer was employed to analyze the concentrations of MB by absor-
bance measurements at 665 nm.

To study the kinetics of MB adsorption by FSAC at different initial
concentration (25, 50, 100, 150, 200, 300, and 400 mg/L), the Erlenmey-
er flasks containing 200 mL each of the aqueous samples at their initial
pH with 0.2 g FSAC added were placed in the shaker at 30 °C. At pre-set
intervals of time, the residual MB concentration was determined and

the amount of the adsorbate adsorption, Q; (mg/g), at time t was evalu-
ated as follows:

Q= W 1)

where Cy and C; are the initial and any time liquid-phase MB concentra-
tion, respectively; FSAC adsorbent mass is denoted by M (g) and volume
of MB solution by V (L)

Adsorption equilibrium studies were repeated in a procedure similar
to those of kinetic experiment. However, the MB dye concentration was
measured at time t = 0 and equilibration time. Amount of adsorbed dye
molecules at equilibration time per grams of FSAC solid was calculated
as follows:

Q. = =W @)

where C. (mg/L) is the liquid-phase MB concentration at equilibration
time (min). Kinetics and equilibrium adsorption studies were measured
repeated at isothermal condition of 40 and 50 °C.

For studying the effect of pH on MB adsorption by FSAC, 100 mL of
100 mg/L adsorbate solution was measured and 0.1 M/1.0 M of both
NaOH and HCl were used to adjust the solution to the desired pH.
These samples were placed in the shaker set at 30 °C for equilibrium ad-
sorption via batch experiments.

24. Characterization of FSAC adsorbent

Surface physical properties of FSAC were analyzed by Micromeritics
(ASAP 2020, USA) using N, as adsorbate at — 196 °C. Micropore volume
and surface area were obtained from surface area analysis technique by
t-plot method. Scanning electron microscope (SEM) for FSAC was im-
aged using Zeiss Supra 35VP to obtain its morphology. Energy dispersive
X-ray (EDAX) was employed for elemental analysis of the adsorbent
using the same instrument with the SEM. The surface functional groups
on adsorbent before and after adsorption were characterized by Perkin
Elmer Spectrum GX Infrared Spectrometer with the wave number rang-
ing from 400 to 4000 cm ™! using potassium bromide disc sample meth-
od of investigation.

3. Results and discussion
3.1. FSAC characterization

Adsorption properties of activated carbons are invaluably affected
by their porosity and surface area [29]. Enormous space is more avail-
able for adsorbate adsorbent contact on large surface area carbon mate-
rials than on a smaller surface. Aperture of the developed pore suggests
whether adsorbate molecules can easily penetrate or not, whereas the
amount or volume of the solute an adsorbent material can retain is de-
termined by its pore volume [30]. The FSAC had a BET surface area of
1867.67 m?/g, which is larger than surface sizes obtained by other re-
searchers [31] and also comparable with some commercial activated
carbon produced [32].

MB has the following molecular dimensions: 1.43 nm width,
0.40 nm thickness, and 0.61 nm depth [30]. The MB molecular size can
easily penetrate the pore size and be retained in the pore volume of
FSAC obtained as 2.5 nm and 0.38 cm>/g, respectively. In accordance
to the IUPAC classification of pore into micropore (<2 nm), mesopores
(2-50 nm), and macropores (>50 nm), the FSAC pores were majorly
mesopores [33]. The large surface area and porosity successfully devel-
oped on FSAC was attributed to the activation agent and temperature
used, which are very influential activated carbon preparation process
variables [34].

The N, adsorption-desorption isotherm plot on Fig. 1 revealed the
presence of type 4 hysteresis loop at medium to high relative pressure



430 F. Marrakchi et al. / Powder Technology 321 (2017) 428-434

800

—a— Adsorption

700

- & - Desorption

600

500

Quantity Adsorbed (cm?/g STP)

400 °
_§ 20
300 SE s
S
.o
8E 10
200 3
T 5
3
100 0 o=
0 10 20 30 40 50
Pore Diameter (nm)
0 " I " I " I " I "
0 0.2 0.4 0.6 0.8 1

Relative Pressure (P/P,)

Fig. 1. Nitrogen adsorption-desorption isotherm plot for FSAC.

and a type IV isotherm, which on each layer adsorbed represents mono-
layer capacity; such hysteresis loop is common in activated carbons
[33]. This hysteresis loop is indicative of mesoporous adsorbent associ-
ated capillary condensation during adsorption-desorption [35].

The morphological structure of FSAC determined by SEM revealed
some pores on the micrograph, as shown in the Fig. 2a. The EDX analysis
(Fig. 2b) also revealed high (>70%) elemental composition of carbon
and threshold content of heteroatoms (N: 19.45%; Ca: 0.02%). As per
our previous study, the raw fish scales (FS) is composed by: C: 46.08%;
N: 26.64%; O: 24.86%; Ca: 1.27%; P: 0.91%; S: 0.24%) [36]. The compari-
son between FSAC and FS revealed that the activation by NaOH resulted
in the increase in carbon content accompanied by a slight decrease in
the nitrogen content and the significant reduction of oxygen, calcium,
phosphorus and sulfur due to the elimination of volatiles during activa-
tion process [37].

While considering the economic benefits, the production yield is al-
ways an important parameter. In this study, the yield of carbon material
was calculated based on initial mass of CFS and was around 35%.

3.2. FSAC FTIR spectra

The FTIR spectra before and after adsorption of MB are presented in
Fig. 3. Several functional group peaks were detected on the FSAC, and
some were useful and involved in MB adsorption, whereas others were
not as indicated by disappearance and shifting in wavenumber and un-
changed wavenumbers (Fig. 3), respectively. Similar observation by
other researchers has been reported [38]. The active functional groups
on the FSAC that participated in binding the MB molecules were —OH,
C—0, (=0, and —COO— representing respectively the hydroxyl, inor-
ganic carbonates, cyclic acid anhydride, and carboxylic groups. The
peak at 3420.90 cm™ ! on FSAC, which shifted to 3419.94 cm™ !, repre-
sents the O—H stretching vibration of the hydroxyl group [39]. The
peaks on fresh FSAC at 1616.42, 1456.32, 1414.85, and 1032.85 cm™ ! at-
tributed to asymmetric CO; stretch carboxylates; C=0 groups (carbonyl
anion), C—O stretch inorganic carbonates, primary alcohols, and phenols
shifted to 1596.16, 1465, 1422.56, and 1033.89 cm ™!, respectively [30].
The wide stretch of O0—H groups combined with stretches of (=0 is di-
agnostic for carboxylic acids, which enhance MB adsorption on FSAC.
Some N—H in-plane secondary amides and NO, scissors of nitro func-
tional groups at wavenumbers of 1517 and 603.75 cm™ !, respectively,
on FSAC surface remained stationary as they did not actively participated
in the process of adsorption.
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Fig. 2. (a) SEM for FSAC at 10,000 x magnification; (b) elemental compositions and molar
ratios of FSAC.

3.3. Effect of MB initial concentrations

Concentration difference is a driving force in mass transfer opera-
tion. A range of 25-400 mg/L initial aqueous solution of MB was used
to study its effect on MB adsorption by FSAC, and the profiles are
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Fig. 3. FTIR spectra for FSAC (a) before adsorption (b) after adsorption.
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presented in Fig. 4. The resistances between the adsorbent and aqueous
phases were surmounted by driving force emanating from concentra-
tion difference such that larger adsorption was observed at higher initial
solute concentration. However, higher percentage of MB adsorption and
faster attainment of adsorption equilibrium were observed at lower ini-
tial solute concentration. This finding was attributed to spontaneous ac-
cessibility of the numerous vacant active sites on FSAC by the limited
MB molecules in the lower initial sorbate concentration [2]. Longer
time and lower percentage of adsorption at higher initial solute concen-
tration were attributed to the saturation of the available active site pres-
ent on FSAC and also to the less-available surface active sites on FSAC to
preponderance MB solute ratio. Similar observation has been reported
by other researchers [40]. Considering the initial solute concentrations
(25, 50, 100, 150, 200, 300, 400 mg/L) studied, the equilibrium time
was extended to 25 h.

3.4. Effect of variation of pH on MB adsorption onto FSAC

The surface chemistry of an adsorbent has invaluable influence on
adsorption of adsorbate. This can be galvanized or stimulated by alter-
ing the initial pH, which can either impair or aggravate adsorbate ad-
sorption. Investigation on the effects of pH variation on MB dye
adsorption by FSAC was carried out in the pH range of 3-11. Profiles
for the initial pH influence of MB adsorption are presented in Fig. 5.
High initial pH values intensified both the adsorption capacity and the
percentage removal of MB by FSAC. Acquisition of positive charges by
the FSAC and protonation of H™ ions at low pH concentrations may
have competed with the positively charged MB molecules for the limit-
ed active sight on the adsorbent. At higher initial pH the enhanced ad-
sorption may be explained by the involuntary compelling influence
between the positive charged MB molecules and the negative charged
FSAC surface. This observation is similar to reports of other researchers
who equally attempted to investigate MB uptake through adsorption
[38].

3.5. Adsorption isotherms

Equilibrium adsorption isotherm was studied to optimize the maxi-
mum adsorbent usage and to merge the most appropriate correlation
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Fig. 4. Contact time and initial concentration effect on adsorption of MB on FSAC
(temperature = 30 °C, shaking speed = 125 rpm, adsorbent dose = 1 g/L).
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Fig. 5. Effect of pH on MB adsorption by FSAC (temperature = 30 °C, shaking speed =
125 rpm, adsorbent dose = 1 g/L).

that describes the distribution of adsorbate molecules between solid
phase and liquid phase for MB adsorption plant design. Two of the
most commonly used standard isotherms models, i.e., Langmuir and
Freundlich isotherms, were evaluated. These two isotherm models are
applied by researchers in either the non-linear or linearized forms, but
due to the inconsistency of results or errors obtained after linearization
[41], the non-linear form of the models was used in this study.

Langmuir equilibrium isotherm model [42] assumes adsorption to
be monolayer type and describes the adsorbent surface as homoge-
neous having identical surface sites. The model equation can be
expressed as

Qo x kp x Ce
where K; (L/mg) is constant of adsorption associated with free energy,
Qp (mg/g) denotes the maximum adsorption capacities and C. (mg/L)
denotes the equilibrium concentrations of MB.

Freundlich model [43] is the earliest sorption isotherm known. The
model assumes that the energies on the sorption surface are heteroge-
neous, which varies due to surface coverage. The model equation can
be expressed as

1/n
Qe = kg x C/ (4)
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Fig. 6. Adsorption isotherm at different temperatures.
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Table 1
Isotherm parameters of Freundlich and Langmuir models at various temperatures for MB
adsorption on FSAC.

Isotherms Parameters Temperature
30°C 40°C 50 °C
Langmuir Qo 184.40 199.10 214.40
ke 13.220 14.000 16.420
R? 0.946 0.943 0.972
RMSE 16.534 17.796 12.778
Freundlich ke 1124 114.8 132.2
n 9.295 8.525 7.867
R? 0.811 0.811 0.902
RMSE 30.993 30.701 9.551

where n and kg ((mg/g)(L/mg)'/™) are Freundlich parameters in re-
lation to the adsorption intensity and adsorption capacity, respec-
tively. Simulation of the models revealed that both Langmuir and
Freundlich expressions supported the FSAC adsorption data be-
cause of high R? values obtained from the models plots shown in
Fig. 6. This can be adjudged by the sorption intensity on heteroge-
neous energies (112.4-132.2 mg/g) and monolayer coverage
(184.40-214.40 mg/g), which had a corresponding R? range of
0.811-0.902 and 0.946-0.972 for Freundlich and Langmuir iso-
therm models, respectively (Table 1). Root mean square errors
(RMSE) were calculated to evaluate the error of kinetic models
and to draw a more reliable comparison that will justify the most
fitted isotherm model. The R? and RMSE can be calculated according
to the following expressions

ZE:] (Qe. exp_Qe.cal)2
ZE:] (Qe. exp _m>2

RP=1—

1 n
RMSE = J ﬁ 2 (Qe. exp_Qe.cal)2 (6)

Evaluation of the fitness of both models simulated data revealed
lower values (<17) of RMSE of Langmuir model when compared with
Freundlich model, as presented in Table 1. This finding connotes that
adsorption of MB by FSAC was limited to monolayer coverage, suggest-
ing that each active site possesses regular and constant sorption capabil-
ity. Increase in adsorption capacity of FSAC with temperature rise may
have enhanced the kinetic energy of MB molecules onto the adsorbent
surfaces from the bulk aqueous solution [29]. The adsorption capacity
of FSAC for MB uptake obtained are comparable with other adsorbents
[30,38,39,44] for similar pollutant removal from aqueous medium, as
presented in Table 2.

3.6. Adsorption kinetics

For practical designing of an adsorption system it is essential to have
knowledge about potential controlling steps and the mechanism of ad-
sorption, which is provided by adsorption kinetics. Adsorption rate of
MB molecules onto FSAC was modeled using pseudo- first-order
(PFO) and pseudo-second-order (PSO) kinetic equations. PFO kinetics
assumes that the amount of adsorbate adsorbed is proportional to the
initial sorbate concentration and adsorbent dosage, which is entirely a
physisorption process [30]. PSO kinetics has the base on the premises
that chemisorption is the model's rate-limiting step, which involves
electron exchange between adsorbate and adsorbent [45].

The non-linear PFO model [46] equation is as

Q= Qe x (1-e7) @)

where k; is the PFO rate constant and t is the contact time in min.
The non-linear PSO model [45] is given as

1(2 Qg t

Qt - 1+ kZQet

8

where k, (g/mg/min) is the constant known as velocity or rate constant
for second order kinetics.

The model parameters presented in Table 3 were obtained from the
plots (Q; against t) of the two kinetic equations shown in Fig. 7. Simula-
tion of the two kinetic models revealed appreciable hike in adsorption
capacity when initial MB concentration was increased. This observation
was attributed to the increase in frequency of MB molecule interaction
with FSAC surface at higher initial concentration, which also corre-
sponds to high driving force mass transfer of the process [38]. The pre-
ponderance of MB molecules at higher initial concentration also
shortened the time taken for the molecules to access the active surface
of the FSAC.

The calculated Q. values of the two models agreed with the experi-
mentally obtained data as adjudged by the high R? values (>0.957).
However, the R? of PSO kinetics was slightly higher. The RMSE present-
ed in Table 3 showed an error interval of 0.052-9.464 and 0.278-4.991
for PFO and PSO kinetic models, respectively. The lower error values re-
corded for PSO kinetic connotes that it was the best model that de-
scribed adsorption of MB by FSAC.

Therefore, chemisorption (involving chemical reactions) character-
ized MB adsorption by FSAC. This finding further confirmed the mono-
layer coverage of MB on FSAC adjudged by Langmuir as the best fitted
isotherm and that any additional layers that followed may be physically
adsorbed MB molecules [40,47]. This observation is similar to reports by
other researchers.

3.7. Thermodynamic modeling

Adsorption thermodynamic parameters; the Gibbs free energy
(AG®), enthalpy (AH), and entropy (AS®) can reveal the mechanism

Table 2

Adsorption capacity comparisons of adsorbents for methylene blue.
Adsorbent Maximum monolayer adsorption capacity Qp (mg/g) Temperature (°C) Reference
Anaerobic digestion residue 9.5 40 [30]
Palm bark 2.66 40 [30]
Eucalyptus 2.06 40 [30]
Pineapple stem 119 30 [38]
Activated rice husk treated with phosphoric acid 578 30 [39]
Bone char 160 25 [44]

Fish scale activated material 184.40

30 This work
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Table 3
Adsorption kinetic parameters for MB onto FSAC on 30 °C at various initial concentrations.
MB concentration (mg/L) Qeexp Pseudo-first-order Pseudo-second-order
Qecal k1 R? RMSE Qe.cal ko R? RMSE
25 22.33 22.29 0.380 0.999 0.052 22.31 0.516 0.999 0.498
50 52.35 52.25 0.087 0.999 0.169 52.63 8.66E—03 0.999 0.278
100 104.55 102.90 0.057 0.990 2.634 105.20 140E—03 0.999 0.848
150 152.62 148.00 0.037 0.976 6.044 153.90 4.54E—04 0.998 1.869
200 174.90 165.70 0.034 0.958 9.094 173.70 3.34E—-04 0.993 3.801
300 182.65 172.00 0.043 0.957 9.464 179.00 4.44E —04 0.988 4,991
400 188.25 179.10 0.047 0.960 8.139 185.30 5.02E—04 0.993 3.926

and adsorption behavior at different temperatures. The values of these
thermodynamic parameters (AG®, AH®, and AS°) at 30, 40 and 50 °C
can be obtained as follows:

AG = —RT InK, 9)
AS" AH’
InKyq = =5~ —%r (10)

where R (8.314 ]/mol.K) is the universal gas constant, T (K) is the abso-
lute solution temperature, and Ky provides the adsorption distribution
coefficient. The values of AH® and AS® are calculated from the InKp vs
1/T plot which gives a straight line with a slope and intercept of AH°/R
and AS%/R, respectively.

The negative AG values (—4637.69, —6511.45, —9428.57 ]/mol)
confirmed the spontaneous nature of the adsorption. Also the AG®
values decreased with increase in temperature which demonstrated
that the adsorption process was favorable at high temperatures [36].
On the other hand, the positive AH® value (67.77 k]/mol) further re-
vealed the endothermic nature of the adsorption process. Moreover,
the value of AS® was 238.44 J/mol-K, which indicated increased ran-
domness at the solid-solution interface with the loading of MB mole-
cules onto the external and internal surfaces of the FSAC.

------- Pseudo First Order Pseudo Second Order
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Fig. 7. PFO and PSO kinetic fittings for FSAC adsorption FSAC at 30 °C.

4. Conclusion

The feasibility of producing mesoporous and high surface area
nitrogen-rich carbon material (FSAC) from fishery waste was substanti-
ated. FSAC exhibited high surface area (1867 m?/g) and mesoporosity
(2.5 nm). The adsorption results showed that Langmuir isotherm and
PSO adsorption models adequately described the experimentally ob-
tained data. The values of the heat adsorption at various temperatures
indicate that the system FSAC-MB interaction were chemical. The ad-
sorbent FSAC demonstrated effectiveness in removing cationic dyes
with high MB adsorption capacity of 184.40 mg/g at 30 °C. Therefore,
FSAC can be used as a cleaner bio-material adsorbent and an alternative
to many commercial and others agricultural byproducts-based carbona-
ceous adsorbents for the uptake of organic pollutants from aqueous
solution.
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