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ABSTRACT

This work reports the fabrication of nano-activated charcoal incorporated sodium alginate-based
cross-linked membrane via solution casting method. The morphology of the fabricated membrane
was investigated by using scanning electron microscopy. Fourier-transform infrared spectroscopy
confirmed the fabrication of the nano-activated charcoal incorporated sodium alginate-based
cross-linked membrane. It presented a water uptake of 43% and was used for Rhodamine B (RhB)
adsorption from an aqueous solution at room temperature. The influence of contact time, membrane
dosage, and initial concentration of RhB on the percentage removal of RhB from an aqueous solution
at room temperature was evaluated. At optimum conditions, a maximum percentage removal of 98%
was obtained. Adsorption isotherms such as Langmuir, Freundlich, Temkin, Dubinin—-Radushkevich
were used to study RhB adsorption onto the fabricated membrane. Results showed that adsorp-
tion of RhB onto the fabricated nano-activated charcoal incorporated sodium alginate-based cross-
linked membrane was chemical adsorption process. Adsorption kinetics were also investigated
by employing kinetic models including pseudo-first-order model, pseudo-second-order model,
Elovich model, liquid-film diffusion model, modified Freundlich equation and Bangham equa-
tion. Rhodamine B adsorption onto the fabricated membrane fitted to pseudo-second-order model.
Therefore, the fabricated nano-activated charcoal incorporated sodium alginate-based cross-linked
membrane proved efficient for RhB adsorption from an aqueous solution at room temperature.

Keywords: Rhodamine B; Fabricated cross-linked membrane; Adsorption; Chemical adsorption
process; Pseudo-second-order model

1. Introduction

Dye-stuffs are organic substances, used in several
industrial sectors including plastics, textile, paint, cosmet-
ics, ink, and varnishes that result environmental pollution
due to highly toxic compounds present in them [1,2]. The

* Corresponding authors.

artificial colorants are recognized as a major source of envi-
ronmental pollution, based on both the volume of dye dis-
charged and the composition of the effluent. Resultantly, it
is crucial to remove these substances from the colored efflu-
ents before being rejected to aqueous media. Rhodamine
B (RhB) dye is among the mostly used dyes in the field of
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textile and cosmetics. It is a basic dye and belongs to the
group of heterocyclic organic compounds. It can cause eye
burns, vomiting, cyanosis, and respiratory damage, necro-
sis of living tissue, nausea, tachycardia and diarrhea for
humans [3]. Therefore, it is crucial to take necessary mea-
sures to minimize the effects of Rhodamine B (RhB) onto
human and animals.

The removal of dyes from an aqueous solution was car-
ried out by using physical, chemical, and biological pro-
cedures [4-6]. Adsorption is considered as an excellent
procedure for dye removal among these reported proce-
dures. It is because of higher efficiency, economic feasibil-
ity and operations and easy to design [6—12]. Therefore, it is
significant to utilize an adsorbent with higher capability for
the removal dyes from an aqueous solution.

Commonly utilized adsorbents that exhibited oxtraor-
dinary capability for dye removal from an aqueous solution
were demonstrated to date by researchers [7,13]. For the
color removal, commonly the commercial activated carbon
is an excellent adsorbent. Its large scale uses were restricted
due to its higher price. Among the latest trends, meso-
porous carbons are gaining fame as efficient adsorbents.
Ordered metal halide free mesoporous carbons have been
successfully applied for the removal of basic dyes [14]. A lot
of adsorbents including walnut husk [15], composites [16],
commercial anion exchange membrane [17,18], synthesized
anion exchange membranes [19,20], rice husk [21], leaves
powder of various plants [6,22], biochars from crop residues
[23], natural clinoptilolite [24], sesame hull [25], biomass
of Penicillium YWOT1 [26], natural zeolite [27], cross-linked
succinyl chitosan [28], modified bentonite [29], eucalyptus
barks [30] modified attapulgite [31], clay material [32-34],
activated carbon [35], dehydrated beet pulp carbon [36],
polyurethane foam [37], etc. were employed for the removal
of dyes from an aqueous solution. Similarly, metal organic
frameworks have also superceded many adsorbents as effi-
cient dye removing agents [38]. Agriculture by-products
showed its efficiency as a low cost adsorbents and they
were mostly being modified chemically to enhanced their
adsorption capability toward the dyes [39]. Nevertheless,
there are some adsorbents which represented poor adsorp-
tion capacity for the anionic dyes due to their anionic or
hydrophobic surfaces. Therefore, the removal of dyes
from an aqueous solution demands cheap and effective
adsorbents [40]. We shall report the synthesis of low cost
membrane for adsorption of RhB from an aqueous solution.
To the beat of our knowledge, the fabrication of nano-ac-
tivated charcoal incorporated sodium alginate-based
cross-linked membrane has not been reported yet.

In this research, the fabrication of the nano-activated
charcoal incorporated sodium alginate-based cross-linked
membrane was reported via solution casting method for
RhB removal from an aqueous solution at room tempera-
ture. The fabricated membrane was characterized in term
of Fourier-transform infrared spectroscopy (FTIR), mor-
phology, surface area and water uptake. It was used for RhB
adsorption from an aqueous at room temperature. The effect
of operating factors on the percentage removal of RhB from
an aqueous solution was studied in detail. Adsorption iso-
therm and kinetics for RhB adsorption onto the fabricated
membrane was revealed.

2. Experimental
2.1. Materials

Alginic acid sodium salt powder, calcium chloride
dihydrate were purchased from Sigma-Aldrich (St. Louis,
Missouri, United States). Nano-activated charcoal was sup-
plied by BDH Middle East FZ LLC (Dubai, United Arab
Emirates). Rhodamine B was bought from Sinopharm
Chemical Reagent Co., Ltd., (Shanghai, China). Chemical
structure of RhB is represented in Fig. S1. Deionized water
was used throughout this work.

2.2. Fabrication of fabricated nano-activated charcoal incorporated
sodium alginate-based cross-linked membrane

The fabrication of nano-activated charcoal incorporated
sodium alginate-based cross-linked membrane was carried
out by solution casting method as reported in our previ-
ous work [41-45]. Firstly, 1.5% activated charcoal powder
was mixed with 3% sodium alginate solution. The mixture
was stirred for 3 h and left for 30 min to release bubbles
formed during mixing. Then it was casted on a glass plate
and dried in a hot air oven at 40°C for 24 h. The dried film
of the charcoal-alginate membrane was immersed in a 3%
CaCl, solution for 4 h for crosslinking. The fabricated mem-
brane was washed three times with deionized water and
dried in an oven at 50°C for 2 h. Dried membranes were
kept in an airtight bottle until further use. The fabricated
membrane is shown in Fig. S2.

2.3. Characterization
2.3.1. Instrumentations

Morphology of the fabricated membrane was analyzed
by using scanning electron microscopy (SEM; Tescan VEGA
XM variable pressure SEM, Brno-Czech Republic). The pre-
pared membrane was analysed for Brunauer-Emmett-Teller
(BET) surface area, pore-volume, and average pore size,
using Nova Touch LX 2 surface area and pore size analyser
(Quantachrome —Boynton Beach, FL, USA) with nitrogen
purging at bath temperature 77.35 k.

FTIR analysis of the fabricated membrane before and
after the reaction was performed by using Jasco FT/IR-6300
Instrument (Vector 22, Bruker, Massachusetts, MA, USA), IR
scanning ranging from 400 to 4,000 cm™.

2.3.2. Water uptake

Water uptake of the fabricated membrane was deter-
mined by soaking accurately weighted dried membrane into
distilled water at room temperature. After withdrawing the
surface water with a tissue paper, the wet weight of the mem-
brane was attained. Water uptake was calculated from the
difference in mass before and after drying of the membrane
by using Eq. (1) [41,42].

Wier =W,
W, = —WEL — TIoRY  100% 1)
WDRY
where W, . and W represent respectively the wet and dry

weights of the prepared membrane.
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2.4. RhB adsorption on the nanocomposite membrane

Adsorption of RhB from an aqueous solution onto
nano-activated charcoal incorporated sodium alginate-based
cross-linked membrane was performed using the procedure
reported in our previous work [17,20,21,46—48] (Section S1
in supporting information for details).

2.5. Adsorption isotherms

Several adsorption isotherm models including Langmuir,
Freundlich, Temkin and Dubinin—Radushkevich were uti-
lized to investigate RhB adsorption onto the fabricated
nano-activated charcoal incorporated sodium alginate-based
cross-linked membrane (Section S2 in supporting informa-
tion for details).

2.6. Adsorption kinetics

Kinetic models such as pseudo-first-order model, pseudo-
second-order model, Elovich model, liquid-film diffusion
model, modified Freundlich equation and Bangham equa-
tion were applied to study RhB adsorption from an aque-
ous solution onto the fabricated nano-activated charcoal
incorporated sodium alginate-based cross-linked membrane
(Section S3 in supporting information for details).

3. Results and discussion
3.1. Morphology and BET surface area

Morphology of the fabricated nano-activated charcoal
incorporated sodium alginate-based cross-linked membrane
was revealed in detail by using scanning electron micros-
copy (SEM). Fig. 1 depicts the SEM micrographs of blank
alginate hydrogel membrane, surface and cross-section of
the fabricated membrane. It was noted that the fabricated
nano-activated charcoal incorporated sodium alginate-
based cross-linked membrane exhibited rough structure.
There were small cracks or hole on surface of the fabri-
cated membrane. Therefore, it could serve as an efficient
material for RhB adsorption from an aqueous solution.

The BET surface area of activated carbon membrane
was calculated to be 82.721 m?/g, from the 0.05 < P/P, > 0.35
region of the adsorption curve. Isotherm plot represents

type V hysteresis loop with capillary condensation, charac-
teristic of mesoporous materials with irregular pore structure
[1]. The average pore radius was 2.3056e + 02 nm indicat-
ing the mesoporous characteristics of membrane. The total
pore volume measured was 9.5363e + 00 cc/g at a relative
pressure of 0.9759%4 [49].

3.2. FTIR test

Fig. 2 represents IR spectra of the pristine sodium algi-
nate membrane and fabricated cross-linked membrane. In
the pristine membrane, the peaks observed at the region of
1,725 cm™ are due to the carboxylic acid groups. The peaks
observed at 1,034-1,036 cm™ are corresponding to the C-O-C
bonding [50]. The broad peaks at the wavelength ranging
from 3,393 and 3,401 cm™ were associated to -OH stretching
vibration [50]. Moreover, two peaks which are noted at 1,601
and 1,390 cm™ were due to the stretching vibration of asym-
metric and symmetric COO- groups in the alginate [50,51].
The new bands at 2,400 and 2,800 cm™ were seen into the
fabricated nano-activated charcoal incorporated sodium
alginate-based cross-linked membrane. It proved the suc-
cessful fabrication of nano-activated charcoal incorporated
sodium alginate-based cross-linked membrane.

FTIR was utilized to confirm RhB adsorption from an
aqueous solution onto the fabricated membrane. Fig. 3
shows the FTIR spectrums of the fabricated nano-acti-
vated charcoal incorporated sodium alginate-based cross-
linked membrane before and after RhB adsorption onto it.
The changes in the intensities of the band were observed
after RhB adsorption onto it. The changes in peak positions
at 2,800; 2,600; 1,600 and 1,200 cm™ were noted on RhB
adsorption from an aqueous solution onto the fabricated
membrane. Moreover, the peak intensities was also changed
with it (Fig. 3). These changes in peak intensities proved
the RhB adsorption on the fabricated membrane.

3.3. Water uptake

Water uptake is a crucial factor of the membrane.
It showed the hydrophilicity of the fabricated membrane
[20,45]. It has a significant effect on adsorption property of
the fabricated membrane. For the fabricated membrane, the
water uptake was found to be 43% at ambient temperature.

Fig. 1. (a) SEM micrographs of sodium alginate membrane, (b) surface of the fabricated nano-activated charcoal incorporated
sodium alginate-based cross-linked membrane, and (c) cross-section of the fabricated nano-activated charcoal incorporated sodium
alginate-based cross-linked membrane.
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Fig. 2. FTIR spectrums of pristine sodium alginate membrane
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Fig. 3. IR spectrums of the nano-activated charcoal incorporated
sodium alginate-based cross-linked membrane before and after
RhB adsorption onto it.

From this, it was concluded that the nano-activated char-
coal incorporated sodium alginate-based cross-linked
membrane was convenient for RhB adsorption from an
aqueous solution at room temperature.

3.4. Effect of operating factors on RhB removal from an aqueous
solution

The effect of contact time on RhB removal from an
aqueous solution by using nano-activated charcoal incor-
porated sodium alginate-based cross-linked membrane
was investigated in detail. Fig. 4a represents the effect of
contact time on the RhB removal from an aqueous solution
at room temperature. Results showed that the percentage
removal of RhB was increased with contact time. It was

found to be increased from 17% to 97% with increasing
contact time. Table 1 gives an interesting comparison of the
RhB removal capability of the fabricated membrane with
other adsorbent reported in literature. The equilibrium was
attained after 2,880 min. The measured optimum time was
employed to conduct further experiment. Result further
indicates that the RhB percentage removal was rapid in ini-
tial stage and slowed down later. The fast RhB removal in
first step was associated to the presence of several empty
sites onto the fabricated membrane [20,52].

Fig. 4b shows the effect of mass of the fabricated
nano-activated charcoal incorporated sodium alginate-
based cross-linked membrane dosage on the percentage
removal of RhB from an aqueous solution at room tempera-
ture. It was observed that the removal of RhB was enhanced
from 50% to 98% with increase in dosage of the fabricated
membrane from 0.10 to 0.30 g. It was associated to enhance
in the number of available active sites with increasing the
fabricated nano-activated charcoal hydrogel membrane
from 0.10 to 0.30 g. The optimized dosage of the fabri-
cated nano-activated charcoal incorporated sodium algi-
nate-based cross-linked membrane (0.30 g) was used for
further work because at this amount there was maximum
RhB removal from an aqueous solution at room tempera-
ture. Our previous studied showed similar results [18,53].

The effect on initial concentration of RhB on the per-
centage removal of RhB from an aqueous solution by using
the fabricated nano-activated charcoal incorporated sodium
alginate-based cross-linked membrane was also studied.
Fig. 4c represents the effect of initial concentration of RhB
in an aqueous solution on the percentage RhB removal at
room temperature. The percentage removal of RhB from
an aqueous solution by using the fabricated nano-acti-
vated charcoal incorporated sodium alginate-based cross-
linked membrane was declined with increasing initial
concentration of RhB in an aqueous solution. The effect
initial concentration of RhB on the percentage removal is
shown in Fig. S3. Same results were attained in previous
work [54-56]. Some of RhB was unabsorbed because of
higher saturation of adsorption sites at higher initial con-
centration of RhB in an aqueous solution. At low concen-
tration, more binding sites were present for adsorption of
RhB. The number of RhB molecules competing for binding
sites onto the fabricated nano-activated charcoal incorpo-
rated sodium alginate-based cross-linked membrane was
enhanced with increasing concentration of dye.

3.5. Adsorption isotherms

Adsorption isotherms such as Langmuir, Freundlich,
Temkin, Dubinin-Radushkevich were applied to inves-
tigate RhB adsorption from an aqueous solution onto the
fabricated nano-activated charcoal incorporated sodium
alginate-based cross-linked membrane. Fig. 5a represents
the Langmuir isotherm for RhB adsorption onto the fab-
ricated nano-activated charcoal incorporated sodium
alginate-based cross-linked membrane. In this case, the
correlation coefficient (R*> = 0.877) value was close to
unity. The determined value of parameters for it are given
in Table 2. From this, we noted that RhB adsorption fol-
lowed Langmuir adsorption isotherm. The R, (0.13-0.74)



S.S. Ayyaril et al. / Desalination and Water Treatment 278 (2022) 239-250 243

]l]“ . . . . {“) - . . . HJU‘

80 -
704

Removal of RhB (%)
Removal of RhB (%)

50 -

30 — T — 40 : T - T '
0 500 1000 1500 2000 2500 3000 0.10 0.15 0.20 0.25 0.30

Time (min) Dosage (g)

100

(c)

Removal of RhB (%)

20

0 100 200 300 400 500
C, (mg/L)

Fig. 4. (a) Effect of contact time, (b) effect of dosage, and (c) effect of initial concentration RhB on RhB removal from an aqueous
solution by using the fabricated nano-activated charcoal incorporated sodium alginate-based cross-linked membrane.

Table 1

Comparison of adsorption performance of the fabricated membrane for RhB with other reported adsorbents
Adsorbent Removal (%) References
TRH 83.0 [21]
Fly ash based inorganic polymer 62.45 [1]
CMK-8 carbon replica ~100 [57]
Mesoporous silica (KIT-6) 65.0 [57]
Co-FeOOH/g-C,N, composite 91.5 [58]
Activated biochar 54.0 [59]
P-CZIF-86 99.90 [60]
MgO-FCM-NP 99.0 [61]
A-rGO/cobalt oxide nanoparticles composite 95 [62]
Raphia hookeri fruit epicarp 89.0 [63]

Nano-activated charcoal incorporated sodium alginate-based cross-linked membrane 97.0 This work
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Fig. 5. (a) Langmuir isotherm, (b) Freundlich isotherm, (c¢) Temkin isotherm, (d) Dubinin-Radushkevich isotherm for RhB
adsorption onto the fabricated nano-activated charcoal incorporated sodium alginate-based cross-linked membrane.

value showed that RhB adsorption was favorable process.
Fig. 5b denotes Freundlich adsorption isotherm for RhB
adsorption onto the fabricated nano-activated charcoal
incorporated sodium alginate-based cross-linked mem-
brane and the determined values of its factors (n and k)
are given in Table 2. The correlation coefficient (R? = 0.772)
value represented that RhB adsorption followed Freundlich
adsorption isotherm. The determined value of Freundlich
constant ‘n” exhibited that RhB adsorption onto the fabri-
cated nano-activated charcoal incorporated sodium algi-
nate-based cross-linked membrane was good (Table 2).
Temkin adsorption isotherm for RhB adsorption is depicted
in Fig. 5c and the calculated values of b and A, are shown
Table 2. For Temkin isotherm, the correlation coefficient
(R? = 0.646) value showed that RhB adsorption onto the
fabricated nano-activated charcoal incorporated sodium
alginate-based cross-linked membrane followed Temkin
isotherm. Fig. 5d shows Dubinin-Radushkevich isotherm
for adsorption of RhB onto the fabricated nano-activated
charcoal incorporated sodium alginate-based cross-linked

membrane. The calculated values of its factors are repre-
sented in Table 2. The measured mean adsorption energy
was 34.50 kJ/mol. It showed that RhB adsorption was
chemical adsorption process [56,64]. The value of E greater
than 8 kJ/mol shows chemical ion exchange adsorp-
tion process whereas values of E below 8 kJ/mol were
the characteristic of physical adsorption process [17].

3.6. Adsorption kinetics

Adsorption kinetics for RhB adsorption onto the fabri-
cated nano-activated charcoal incorporated sodium algi-
nate-based cross-linked membrane was explored by using
several kinetic model including pseudo-first order model,
pseudo-second-order model, Elovich model, liquid-film dif-
fusion model, modified Freundlich equation and Bangham
equation. The plot pseudo-first-order model for RhB adsorp-
tion is shown in Fig. 6a and the determined K, value is
given in Table 3. There was a gap between experimental
and calculated adsorption capacity (Table 3). The correlation
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Table 2

Determined adsorption isotherms parameters for RhB adsorp-
tion onto the fabricated nano-activated charcoal incorporated
sodium alginate-based cross-linked membrane

Adsorption isotherms Determined
parameters
Langmuir isotherm Q, 8.21
K, x10* 1.40
R, 0.13-0.74
R? 0.877
Freundlich isotherm n 3.37
k. 1.04
R? 0.772
Temkin isotherm b, 2365
AL 0.750
R? 0.646
Dubinin—-Radushkevich px10* 4.20
isotherm Q, 6.20
E 34.50
R? 0.831
Q,, (mg/g); K, (L/mol); k; ((mg/g)(L/mg)""); C,, (mol/g); p (mol/
J»); E (KJ/mol).

(a)

245

coefficient (R* = 0.908) value was less than unity. From this,
it was concluded that it does not explain the rate process.

Fig. 6b depicts pseudo-second-order model for RhB
adsorption onto the fabricated nano-activated charcoal
incorporated sodium alginate-based cross-linked mem-
brane and the determined adsorption capacity (q,) value is
given in Table 3. Here, the correlation coefficient (R* = 0.999)
value was close to unity. This calculated adsorption capac-
ity (1.92 mg/g) value was in good agreement with the
experimental value (1.61 mg/g). It represented that RhB
adsorption followed pseudo-second-order model.

The plot Elovich model is represented in Fig. 6¢ and its
calculated values of the factors (a and ) are represented
in Table 3. The correlation coefficient (R*> = 0.993) value was
smaller than pseudo-second-order model. Hence it is not
good to explain RhB adsorption from an aqueous solution
onto the fabricated nano-activated charcoal incorporated
sodium alginate-based cross-linked membrane.

Fig. 6d shows the plot of liquid-film diffusion model and
the measured value of K, is represented in Table 3. For it,
the correlation coefficient (R? = 0.971) value was lower than
pseudo-second-order model. Therefore, this model is not
sufficient to explain RhB adsorption onto the fabricated
nano-activated charcoal incorporated sodium alginate-based
cross-linked membrane.
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Fig. 6. (a) Pseudo-first-order model, (b) pseudo-second-order model, (c) Elovich model, (d) liquid-film diffusion model, (e) modified
Freundlich equation, (f) Bangham equation for RhB adsorption onto the fabricated nano-activated charcoal incorporated sodium

alginate-based cross-linked membrane.
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Table 3

Determined kinetics parameters for RhB adsorption onto the
fabricated nano-activated charcoal incorporated sodium algi-
nate-based cross-linked membrane

Adsorption kinetic models Determined parameters

Pseudo-first-order model ¢, 161
q, 2.45
K, x10* 8.24
R? 0.908
Pseudo-first-order model g, 1.92
K, x10* 9.52
R? 0.999
Elovich model A 0.01
B 2.43
R? 0.993
Liquid-film diffusion K, *107 1.60
model Cy 0.15
R? 0.971
Modified Freundlich M 2.70
equation k%1073 3.59
R? 0.964
Bangham equation A 0.41
k, x10* 7.50
R? 0.968

g, (mg/g); K,: (min); K, (g/mg'min); a (mg/g-min); B (g/mg); K,:
(min™); k (L/g-min); k, (mL/g-L).

The modified Freundlich equation’s plot is depicted
in Fig. 6e. The measured values of factors (m and k) for it
are given in Table 3. The correlation coefficient (R* = 0.964)
value for it was less than pseudo-second-order model. It
showed that modified Freundlich equation not convenient to
discuss RhB’s adsorption.

Bangham equation’s plot for RhB adsorption is depicted
in Fig. 6f and the determined values of its factors (a and
m) are shown in Table 3. The double logarithmic plot did
not give linear curves depicting that the diffusion of RhB
into pores of the fabricated nano-activated charcoal incor-
porated sodium alginate-based cross-linked membrane
is not the only rate controlling step [65,66]. It may be that
both film and pore diffusion were significant to different
extent for RhB adsorption from an aqueous solution.

4. Conclusions

In summery the nano-activated charcoal incorpo-
rated sodium alginate-based cross-linked membrane was
fabricated successfully by solution casting method. The
fabricated membrane represented rough morphology. It
exhibited water uptake of 43%. The fabrication of mem-
brane was confirmed by FTIR spectroscopy. The removal
of RhB was increased with contact time and membrane
dosage while decreased with initial concentration of RhB
in an aqueous solution. Adsorption isotherm demonstra-
tion represented that experimental data for RhB adsorption
best fitted to Langmuir isotherm. Moreover, adsorption

isotherm investigation showed that adsorption of RhB
onto the nano-activated charcoal incorporated sodium algi-
nate-based cross-linked membrane was chemical adsorption
process with mean adsorption energy 34.50 kJ/mol. Kinetic
studies showed that RhB adsorption fitted to pseudo-sec-
ond-order model. From these results, it was concluded
that the fabricated membrane is efficient for RhB removal
from an aqueous solution at room temperature presenting a
maximum removal of 98%.
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Supporting information

S1. RhB adsorption on the nanocomposite membrane

Firstly, an aqueous solution of RhB was prepared into
distilled water. To find out the optimized contact time,
3.75 g of the nano-activated charcoal incorporated sodium
alginate-based cross-linked membrane was shaked into
250 mL of RhB aqueous solution with initial concentration
of RhB 25 mg/L into an aqueous solution at room tempera-
ture with varying time intervals ranging from 0 to 2,880 min
at shaking speed of 200 rpm. The optimized dosage of the

fabricated membrane was determined by shaking its vary-
ing mass from 0.10 to 0.40 g into measured volume of RhB
aqueous solution (250 mL) for specific time (2,880 min) at
room temperature with initial concentration of RhB into an
aqueous solution 25 mg/L at shaking speed of 200 rpm. To
investigate adsorption isotherm, the measured mass of the
prepared membrane was shaked into 250 mL of an aque-
ous solution with different concentration of RhB ranging
from 25 to 500 mg/L at room temperature for 2,880 min
at shaking speed of 200 rpm. The concentration of RhB
was determined by using UV-VIS Spectrophotometer
(UV-2550, Shimadzu, Kyoto, Japan) by finding the absor-
bance of the supernatant at wavelength (A = 554 nm
for RhB). The RhB concentration was calculated from the
calibration curve. The RhB adsorbed onto the fabricated
membrane at time ¢, was determined by using Eq. (S1):

Co — Ct
= X V Sl
7.==" (s1)
where C, and C, denote the RhB concentration at initial
state and at time t, respectively. Similarly V and W are vol-
ume of RhB aqueous solution and weight of the membrane,
respectively.

S2. Adsorption isotherms
52.1. Langmuir isotherm

Langmuir isotherm is based on the maximum adsorption
corresponds to the saturated monolayer of liquid molecules
on the solid surface. It is represented as [S1]:

C 1 C

e

. KO, 0 =2

where K, is Langmuir constant (L/mg), C, is supernatant
concentration at equilibrium state of the system (mg/L)and
Q,, is Langmuir monolayers adsorption capacity (mg/g),
and g, is the amount of dye adsorbed at equilibrium state of
system (mg/g). Its significant characteristics can be given in
term of dimensionless constant separation factor R, that is
express by [S2]:

1

R=——_ S3
" 1+K,C, (53)

The value of R, denoted the shape of the isotherm to
be either unfavorable (R, > 1), linear (R, = 1), favorable
(0<R, >0), orirreversible (R, =0) [S3].

52.2. Freundlich isotherm

Freundlich isotherm is an empirical equation employed

to discuss the heterogeneous system. It is shown as [S4]:
1

logg, =K, +—logC, (S4)
n

where Kf and 7, are Freundlich constant.
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52.3. Temkin isotherm

Temkin isotherm is denoted as [S5]:

q,=B;InA, +B.InC, (S5)
where B, = RT/b,, R is gas constant (8.31 J/mol K) and T is
absolute temperature (K). The constant b, is related to the
heat of adsorption and A, is equilibrium binding constant
coinciding to the maximum binding energy.

S2.4. Dubinin—Radushkevich isotherm

Dubinin—-Radushkevich isotherm is shown as [S5]:

Ing, =Ing,, - Be’ (S6)
where $ (mol?/K]) is constant related to the adsorption
energy and ¢ is the Polanyi potential can be determined by
using Eq. (57):

s:RTln(h-l]
CC

where R is gas constant (8.31 kJ/mol) and T is absolute tem-
perature (K). The mean free energy E (k]J/mol) can be mea-
sured by using Eq. (S8):

(S7)

=L (58)

S3. Adsorption kinetics
S3.1. Pseudo-first-order model

Lagergren pseudo-first-order rate is shown as [S6-S9]:

Kt

1

2.303

log(q, —q,)=logq, - (S9)

where K, (min™), g, (mg/g) and g, (mg/g) denote rate constant
of pseudo-first-order model, concentration of RhB adsorbed
at equilibrium and time t respectively.
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Fig. S1. Chemical structure of Rhodamine B dye.

Fig. S2. Image of the fabricated nano-activated charcoal
incorporated sodium alginate-based cross-linked membrane.
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Fig. S3. (a) RhB aqueous solution before adsorption and (b) RhB
aqueous solution after adsorption onto the fabricated nano-acti-
vated charcoal incorporated sodium alginate-based cross-linked
membrane.

G3.2. Pseudo-second-order model

Pseudo-second-order kinetic model is represented as
[S9-S11]:

f_ 1.t (510)

a ka a,

where K, (g/mgmin) is the rate constant of pseudo-sec-
ond-order model.

$3.3. Elovich model
Elovich model is expressed as [S12,513]:

q, =%ln(aﬁ)+%lnt (S11)
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where a (mg/g min) and {3 (g/mg) are constant. The param-
eter a is initial adsorption rate and f is the extent of surface
coverage and activation energy for chemisorption.

53.4. Liquid-film diffusion model
It is denoted as [S14]:

In(1-F)=-Kt (512)

where K, is liquid-film diffusion rate constant and F = q,/4.

53.5. Modified Freundlich equation
It was developed by Kuo and Lotse [S10,515]:

g, =kC,t"™ (S13)
where C, k, t and m are initial concentration (mg/L), adsorp-
tion rate constant (L/g:min), contact time (min™) and the
Kuo-Lotse constant respectively. Its linear form is repre-
sented as:

1
Ing, =1n(kC0)+%lnt (S14)
53.6. Bangham equation
Bangham equation is shown as [S9,513]:
C k,m
loglog| —2— |=1 . +alogt 15
°8 Og[co qlm] Og[z.so?,v] *o8 15

where m is mass of the fabricated (adsorbent) used (g/L), V
is volume of RhB dye solution (mL), a (<1) and k, (mL/(g/L))
are constants.
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