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the adsorptive removal of methylene blue dye (MB) from aqueous solution. The weight
fraction of PEG was varied to investigate the effect of material bead composition on the
morphology, molecular structure, crystal phases, thermal stability, mechanical
properties, and adsorption performance of the composite beads. Batch adsorption was
carried out at various times to estimate the time at equilibrium adsorption capacity and
kinetic model. Various operating conditions such as pH, initial MB concentration, and
adsorbent dosage in experiment were also executed to examine the adsorption
performance of this system. The result showed that all beads have porous structure and
the pore size increase after the addition of PEG200. The adsorption capacity and % MB
removal generally showed an improvement with the rise of PEG content. The batch
adsorption experiments demonstrated that the best % removal and adsorption capacity
of MB were 93.35 % and 28.005 mg/g, respectively, that was obtained by composite
CA/PEG200 (80/20) bead at pH of 11, initial MB concentration of 30 mg/L, and bead
Keywords: dosage of 1 g/L. The adsorption kinetic fitted well to Elovich-kinetic model with average
Cellulose acetate; polyethylene glycol;  R? of 0.844. Overall, this work offers new finding into the development of effective,
adsorbent; methylene blue; composite  environmentally friendly, and inexpensive cellulose-based adsorbents for wastewater
bead remediation.

1. Introduction

The increasing of industrialization, along with the increase in human population, has a severe
impact on environmental pollution, especially water pollution. Water pollution can be caused by toxic
heavy metals, anions, inorganic, micropollutants, and organic compounds such as dyes, phenols,
pesticides, humus elements, and detergents. These pollutants considerably impact the ecology and
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harm the ecosystem, flora, and fauna. Many of these pollutants are not easily degraded. Therefore,
it is necessary to carry out treatment of contaminated water before being released to a broader area
of the earth [1].

The textile industries consume more than 10 million kilograms of dye annually worldwide [2,3],
with nearly 1 million kilograms of dye thrown into the water. When this pollutant dyes have been
released into water body, it is no longer good condition for water environment. Consequently, it is
challenging to remove the pollutant dyes because they have a complex molecular, causing stable and
difficult to be degraded. Moreover, ordinary people usually judge water quality based on its color.
The color of water is the first thing when assessing water quality. Because some types of dye are
easily noticeable when they are present in water, even at low concentration of 1 ppm, which is not
desirable [4]. Some technologies used to reduce pollutants in water include oxidation and reduction,
separation with membrane, liquid extraction, ion exchange, coagulation, evaporation, crystallization,
and adsorption. Each of these methods differs in their effectiveness in reducing pollutants and costs.
Among of these various separation methods, the adsorption method is an effective method used to
remove pollutants in wastewater, because it gives good results with a high level of efficiency for
pollutant removal. This approach also uses a simple design process and equipment [4].

The most common adsorption process in wastewater treatment used activated carbon as the
adsorbent, because it has a high-efficiency level and does not produce harmful by-products.
However, activated carbon has non-biodegradable properties, which means activated carbon cannot
be recycled. Therefore, it is necessary to develop innovations for biodegradable and recycled
adsorbents [4]. Instead of modifying the polymer chain, adding additives such as polyethylene glycol
(PEG) has been reported to increase the beads' hydrophilic properties. Earlier research by Idris et al.,
[5], regarding to the membrane dialysis using CA (Cellulose Acetate) as raw material, reported that
the effect of PEG addition has proven to enhance the membrane performance. Membrane
performance in binding with solute is strongly influenced by PEG addition and its molecular weight
[5]. PEG is one of the most common carriers used as an additive in a drug-matrix complex mixture to
increase drug dissolution. PEG is one type of polymer that can form complex polymers on organic
molecules when it is added into complex mixture, forming complexes with any drugs, to increase the
rate of dissolution. Moreover, PEG itself can act as inert material and is not accessible to hydrolyzing.

Cellulose and its derivatives can be prepared in the form of spherical bead and applied as
adsorbent. Cellulose beads were prepared by dissolving cellulose derivatives (viscose, cellulose ester,
or ether) in their solvent and then regenerated by dropping slowly in a coagulation bath. The chemical
composition of this regenerated cellulose bead was adjusted to perform de-derivatization form,
which has been used in various applications. Because, cellulose beads have several distinctive
properties, such as product availability and affordable price, spherical shape, possibility to adjust the
particles size, mechanical strength (low-pressure loss in column, possibility to be applied as industrial
filters), high porosity (accessibility for high molecular mass compounds), hydrophilicity (tolerance of
biological structures, fast kinetics) and chemical reactivity in derivatizations [6]. Moreover, cellulose
beads have porous structure, which are suitable as adsorbent.

Our previous studies observed the preparation of composite cellulose-based beads from the
mixture of cellulose acetate butyrate (CAB) and poly(L-lactic acid) (PLLA) and their application as
adsorbent in both batch and continuous adsorption systems [7-9]. The addition of PLLA improved the
adsorption efficiency since the morphology of composite bead become more porous. In addition, the
concentration of polymer solution, which influence the morphology of the beads, were also
considered to affect the adsorption capacity and % removal of the MB. Researches conducted by
Rofaudin et al., and Caesario et al., [8,9] on the continuous adsorption of dyes by composite beads
from CAB and PLLA showed that pure CAB and CAB/PLLA composite beads affect the morphology,
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adsorption capacity and % removal from beads. Pure CAB bead have more porous morphology with
larger surface area than CAB/PLLA composite beads. However, the pore size in cellulose beads
become bigger after the addition of PLLA, contributing to better adsorption performance. The
utilization of PLLA in the blend was motivated by its moderate properties such as biodegradability
and excellent mechanical properties [10,11]. Thus, the composite beads are also biodegradable and
better in mechanical properties.

In this research, cellulose beads were prepared from pure cellulose acetate (CA) and the mixture
of CA and polyethylene glycol 200 (PEG200) and applied as adsorbents for adsorption of cationic dye
methylene blue (MB) in batch system. CA is one of cellulose derivatives that can also be prepared as
cellulose beads with porous structured morphology [12]. The addition of PEG200 is expected to
modify the morphology of cellulose beads. PEG200 was reported by Ni'mah et al., [11] to have an
effect of promoting the formation of pores in PLLA structure. Therefore, in this current study, the
effect of PEG200 addition in CA matrix in the formation of cellulose beads was evaluated on the
adsorption of MB. To the best of our knowledge, this system of adsorbent was never studied yet. The
effect of operational conditions on the adsorption performance of composite cellulose beads for MB
removal was also analyzed. An evaluation of kinetic models suitable to describe the batch adsorption
of MB was also carried out. In addition, the cationic dye methylene blue (MB) was used as adsorbate
in this current research. MB is a dark green crystalline form, odorless, stable when in contact with
air, and will produce a thick blue color. The MB is also soluble in water or alcohol and has a melting
point of 100-110°C, a density of 1 gr/ml at a temperature of 20°C, and a solubility of 43.6 gr/L in water
at 25°C [13]. MB is a cationic dye compound with the formula Ci6H1sCIN3XH20. This compound is
called basic blue 9 with a color index of 52015. The color of MB is dark green in powder form and
deep blue in solution, in which it dissociates into MB cations and chloride anions [14]. The molecular
length of MB is 13.82 A and about 9.5 A wide [15].

2. Methodology
2.1 Materials

Cellulose acetate (CA) (average Mn = ~30,000 by Gel Permeation Chromatography (GPC); 39.8
wt.% acetyl) was purchased from Sigma-Aldrich (USA). Polyethylene glycol 200 (PEG200) was
purchased from Sigma-Aldrich (USA). All the materials were utilized as received, without any further
purification.

2.2 CA/PEG200 Beads Preparation

CA was dissolved in dimethyl sulfoxide (DMSQO) and acetone in a ratio of 70:30 at 50°C under
mechanical stirring for about 1-2 hr. In another beaker, PEG200 was suspended into chloroform and
stirred at 50 °C for about 30 min. Then, PEG200 solution was added slowly to the CA solution under
vigorous stirring and hold at 50 °C for about 1 hr. After forming a homogenous solution, the mixture
solution was added to distilled water in coagulation bath drop by drop by using a bead maker. The
height of apparatus of bead maker and volume of distilled water in coagulation bath were maintained
at the same height and volume between all variables to obtain uniform size of beads. The obtained
composite CA/PEG200 beads were then immersed in 0.5 N sodium hydroxide (NaOH) solution for 24
h to remove the acetate content. The composite beads were then washed several times using
distilled water until obtaining neutral pH condition. Then, the bio-composite beads were dried in an
oven at 60—70°C for roughly 4 h. Besides, pure CA beads were prepared with the same procedure,
excluding the step of adding PEG200 to the polymer matrix.
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2.3 Composite Beads Characterization

The morphology of fracture surface of CA and CA/PEG200 beads were observed using an Inspect
S50 Scanning Electron Microscope (SEM). The functional groups of the sample were examined by
Fourier Transform-Infrared spectra (FTIR; Spectrum Nicolet iS10 FTIR Spectrometer (Thermo
Scientific)). All the infrared spectra were scanned in the range of wavenumber 400-3600 cm™. X-Ray
Diffraction (XRD) analysis was carried out by using a Panalytical X’PERT PRO XRD equipment to inspect
the crystal phases of bead samples. The thermal stability of the samples was characterized by
Thermogravimetric analyser (TGA; Mettler Toledo).

2.4 Batch Adsorption Evaluation

The adsorption of methylene blue (MB) as cationic dye adsorbate was carried out experimentally
in batch system. A series of batch adsorption experiments were executed to observe the effect of
operating condition on the MB adsorption onto CA/PEG200 composite beads. Consequently, the
adsorption process was examined in various pH (3-11), MB initial concentrations (10-30 mg/L), and
adsorbent dosages (1-3 g/L). The PEG200 content in composite beads were also varied to identify its
impact on MB adsorption efficacy. Besides, to study kinetic of adsorption, the experiments were
carried out at various contact time from 0 to 30 hr, as well as to get the equilibrium adsorption time.
Initial and final concentration of MB solution after adsorption at respecting variables were measured
by UV-VIS Spectrophotometry (Thermo Genesys10S UV-VIS, USA) at absorbance of 660 nm.
Adsorption performance was evaluated from the adsorption capacity (Q, mg/g) and % removal (% R)
of MB dye which were calculated by Eq. (1) and (2), respectively, as following

0= COG—C <V (2)
__ (Co—-C)x100
%R = (=10 (2)

where Co is the initial concentration of MB dye (mg/L), C is the final concentration of MB (mg/L), G is
the weight of adsorbent beads (g), and V is solution volume (L).

3. Results and Discussion
3.1 SEM Characterization

SEM (Scanning Electron Microscopy) analysis aims to determine the morphology of internal
structure of CA and CA/PEG200 (80/20) beads with magnifications of 75 and 15,000, as displayed in
Figure 1. The zoom-out images of internal structure of the beads are presented in Figure 1(a) and (b),
where it could be seen that the beads show almost spherical shape with some pores and internal
interconnected tubular channels. The internal structure of pure CA bead reveals more dense area,
while CA/PEG200 (80/20) bead shows more holey structure. For zoom-in SEM images in Figure 1(c),
it could be seen that the cross-sectional structure of CA/PEG200 (100/0) beads shows uniform sized
and rough porous structure, showing that the surface has more adsorption site for dye (adsorbate).
Meanwhile, after the addition of 20 wt.% of PEG200, a typical well-defined porous framework
structure with more and bigger pores is observed, as displayed in Figure 1(d). It shows that the
addition of PEG200 into CA matrix induced the formation of bigger and more pores in solidified bead
obtained from polymer solution, as consequently providing more active site to remove dye. PEG200
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is known as plasticizer when it is blended with other polymers (in example: poly(L-lactic acid); PLLA),
which can increase the polymer chain mobility [16-18]. Anthanasoulia and Tarantili [16] have
reported that the addition of PEG enhances the crystallization ability of PLLA phase due to its
lubricating effect which increased mobility of PLLA chains. The more flexible mobility of polymer
chain in a solution, the easier movement of solvent from polymer solution to co-solvent in coagulant
bath, resulting the more and bigger pores formed inside the beads.

Solid state formation from cellulose solution is accompanied by the replacement between solvent
and non-solvent. During solidification process of cellulose beads, the solution on the surface of the
cellulose beads is replaced quickly, and the surface of porous bead rapidly forms a film layer, which
inhibits the replacement rate of solvent and non-solvent to a certain extent [19].

N N -
Fig. 1. SEM images of fracture surface of pure CA bead (a, c) and CA/PEG200
(80/20) composite bead (b, d) in magnifications of 75 (top images) and
15,000 (bottom images)

3.2 FTIR Analysis

The FTIR spectra of PEG200, CA, and CA/PEG200 (80/20) are shown in Figure 2. The dominant
functional group of PEG200 is hydroxyl group (-OH) located in the wavenumber range of of 3200-
3600 cm™. As shown in Figure 2, -OH group in pristine PEG200 appears at 3391.59 cm™. Furthermore,
the FTIR spectrum of PEG200 points out the absorption peaks at 2866, 1453, 1349, and 1059 cm?,
which correspond to the Csp3-H stretching, C-H bending (1453 and 1349 cm™), and C-O stretching
vibrations, respectively [20].

The CA characteristic peaks are seen at a wavenumber of 3302 corresponding to the hydroxyl
functional group, as displayed in Figure 2. Absorption peaks at 2899, 1647, 1416, and 1021 cm™ are
also appeared in the spectrum of pure CA beads, which attribute to the C-H stretching in sp3
hybridization, carbonyl group (C=0), C-H bending, and C-O stretching vibrations, respectively [20].
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Molecular structure of CA contains ester functional group indicated the existence of carbonyl groups
(C=0) which are usually observed at wavenumber 1735-1750 cm™ [19]. However, in this study, the
carbonyl functional groups of CA bead appear at wavenumber of 1647 cm™2. This shift is caused by
complete hydrolysis, regenerated, and deacetylation of porous cellulose acetate beads to porous
cellulose beads [21]. During dissolution of CA, the intramolecular and intermolecular hydrogen
bonding in cellulose structure is broken. And then solidification result in the recombination of new
hydrogen bonds in regenerated cellulose [19].

Meanwhile, the FTIR spectrum of CA/PEG200 (80/20) composite beads exhibits almost similar
spectrum of pure CA beads. Absorption peaks at 3309, 2899, 1647, 1416, dan 1021 cm™* can be seen
in spectrum as demonstrated in Figure 2. Slightly shift of hydroxyl (-OH) group from wavenumber of
3302 to 3309 cm is due to small amount interaction of hydrogen bonding between -OH group in
PEG200 and C=0 group in CA. Unremarkably change in intensity of absorption peaks at 3309, 1647,
and 1021 cm™ occurred after 20 wt.% PEG200 addition because of the change in component
composition of composite beads. Absorbance peak of C=0 and -OH groups become slightly smaller
in their intensity, because CA portion is lower in CA/PEG200 (80/20) composite bead than in pure CA
bead. It proved that the binary blend forms homogeneous mixture and physical interaction.
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Fig. 2. FTIR spectra of pristine PEG200, pure CA beads, and CA/PEG200
(80/20) composite beads, as indicated 3.3 XRD Analysis

XRD characterization was carried out for all various bead compositions which aimed to observe
the crystallography pattern of cellulose beads, regenerated from CA solution, with the increasing
addition of PEG200. Figure 3 depicts the crystalline phase of pure CA and composite CA/PEG200
beads. The XRD pattern of pristine CA beads [CA-PEG200 (100-0)] clarifies its discriminative broad
peak at around 20 = 25° [22], which is assigned to the (002) plane of cellulose Il form. Since the CA
beads were formed from dissolution and solidification of CA, the hydrogen bond network in CA
experienced reconstruction and regeneration, which promotes the formation of cellulose Il crystal
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structure [23]. The broad peak of cellulose crystal phase indicates low crystallinity index or almost
amorphous. Meanwhile, the XRD pattern of CA-based hybrid beads also point out the typical broad
peak of CA shifted at around 26 = 21° [22]. Furthermore, the XRD pattern of pure CA and CA/PEG200
beads evinces a structure mostly amorphous, once only broad crystalline peak was observed [24].
The higher content of PEG200, the broader peak of CA/PEG200 beads appear in XRD pattern, showing
more amorphous of the crystal phase.
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Fig. 3. XRD diffraction patterns of pure CA and composite
CA/PEG200 beads with weight ratio as indicated

3.4 Thermal Stability Observation

TGA characterization was carried out to observe thermal stability of regenerated cellulose beads
obtained from CA solution and their composites with PEG200, as shown in Figure 4. TGA profiles
exhibit three main stages of cellulose degradation and residual degradation. As revealed in TGA
curves, pure CA bead displays a significant weight loss at 50-160 °C associated to the bound and
internal free water desorption. Second decomposition peak of pure CA bead is observed at between
280-340 °C due to polymer chain degradation. The last step is carbonization and oxidation process
which was occurred at 340-800 °C.

Meanwhile, TGA thermogram of CA/PEG200 (80/20) beads in Figure 4 displays a significant
different pattern compared to that of pure CA beads. TGA profile shows a slight weight loss at 50-
100 °C, elucidated water or moisture vaporization indicating hydrophobic nature of the beads. The
significant mass loss between 200-360 °C can be attributed to the polymer chain degradation, which
is fragmentation of carbonyl and carboxyl group due to partial pyrolysis [25,26]. The main polymer
structure is further decomposed in 360-700 °C region indicating further degradation and
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carbonization. Then, further carbonization and oxidation of gaseous products occurred at 735 °C to
higher temperature. In addition, TGA pattern in Figure 4 shows that the weight residue of CA/PEG200
beads at 800 °C is much higher than that of pure CA beads. This result implies amelioration in thermal
stability of composite CA/PEG200 beads compared to pristine CA beads.

120
— CA/PEG200 (100/0)
_____ i - —— -~ CA/PEG200 (80/20)
100 4 4 T}
~ <~ i 1200-360°C
i 3 N\
~ £\
X 80 B
= 60— i v
~— H A :
= : i '
=1)] = 4 ! Vo
o i i A
= 40 | | \
o\ .
1 ¢ ' e 735°C
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| 50-160°d
0 oo a 1 Easas

0 200 400 600 800

Temperature (°C)
Fig. 4. Thermogravimetry analysis (TGA) curves of pristine CA and
CA/PEG200 beads, as indicated

3.5 Batch Adsorption Evaluation

A batch adsorption process was conducted under variation bead compositions and adsorption
parameters of time (t), pH, and initial concentration of MB (C,) to evaluate their effect on adsorption
performance. Some operational conditions were kept unchanged for all variables, which are bead
dosage of 2 g/L, temperature of 30 °C, and equilibrium time of 24 hr. An experiment under variation
of time in batch adsorption was also needed for studying adsorption kinetics of the novel composite
beads.

3.5.1 The effect of time on adsorption performance

An adsorption experiment with variation of time was carried out at pH of 7, bead dosage (G) of 2
g/L, initial MB concentration (Co) of 20 mg/L, and temperature (T) of 30°C, to determine the
equilibrium adsorption time for all bead compositions. The concentration of methylene blue (MB)
dye was measured every 6 hours until 30 h. In addition, the effect of time was evaluated on
adsorption performance in terms of adsorption capacity and % removal as depicted in Figure 5. As
we can see in Figure 5, the adsorption capacity (Q) and % removal (%R) of all variable bead
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compositions increase significantly with the increasing of time until 18 h of adsorption. At longer
adsorption time, the Q and %R increase slowly and finally remain constant. The time at which the
adsorption capacity remains stable is defined as equilibrium adsorption time. And, the adsorption
capacity at equilibrium time is called equilibrium adsorption capacity (Qe).
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Fig. 5. Effect of time on (a) adsorption capacity and (b) % Removal of Methylene Blue
(MB) at C,=20 mg/L, G=2 g/L, T=30 °C and pH=7 with variation of bead compositions

3.5.2 The effect of beads composition on adsorption process

The equilibrium adsorption process was carried out in 25 ml MB solution at various MB
concentration, beads dosage of 2 g/L, temperature 30 °C, pH 7, and for 24 h. Figure 6 displays graphs
of adsorption performance (Q and %R) with the variation of PEG200 content and C,. At lower C,, the
increase in PEG200 content does not result in either Q or %R. However, at higher Co, the Q and %R
in general increase with the increasing of PEG200 content. Low concentration of MB contains small
amount of solute that can be adsorbed, leading to small value of Q and %R due to more active site
available for adsorption. In contrast, high concentration of MB contains large amount of solute which
are able to fill the vacant site on the surface of porous beads. Moreover, the increase in MB
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concentration raises the driving forces of the MB molecules to overcome the mass transfer
resistance, leading to the increase in the movement of MB molecules from their solution to bead’s

surface [27].
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Fig. 6. Effect of PEG200 content on (a) adsorption capacity and (b) % Removal of Methylene Blue
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3.5.3 The effect of pH of dye solution on adsorption process
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The adsorption process was carried out at various pH (3, 7, and 11). The pH of MB solution was
adjusted using 1 N HCl and NaOH solutions. Figure 7 shows the graphs revealing the effect of pH on
Q and %R of MB on pure CA and composite CA/PEG200 beads. The operational conditions of
adsorption were fixed at C, of 20 mg/L, bead dosage of 2 g/L, and temperature of 30°C for 24 h. As
seen in Figure 7, the increase in pH also improves Q and %R of MB on all variable bead compositions.
Indeed, pH of solution plays important role in adsorption since it influences the charge of adsorbent
surface. At high pH (basic solution), the surface of cellulose-based beads become more negatively
charged. Consequently, the stronger electrostatic interaction between negatively charged cellulose
beads and cationic MB. This result was in line with the earlier research by Eltaweil et al., [26] that
also evinced the enhancement of Q and %R of MB with the raising of pH medium.
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3.5.4 The effect of initial concentration of dye solution on adsorption performance

An experiment of batch adsorption at various initial concentrations of MB (Co) was conducted for
all variables of bead composition to examine their effect on Q and %R of MB on cellulose-based
adsorbent beads. Initial MB or solute concentration is one of the key parameters to investigate the
efficacy of adsorbent materials. Figure 8 demonstrates the impact of initial concentration of MB dye
on adsorption performance of beads. It is presented in Figure 8 that the raise in Co results in the
increase in Q and %R. This trend appears on the adsorption performance of almost all CA/PEG200
beads. However, the dye removal percentage is declined as per increase in C, above 20 mg/L for pure
CA and CA/PEG200 (85/15) beads. The decrease in %R might be caused of MB desorption. At high
dye concentration, the adsorption occurs rapidly so that the adsorbent cannot adsorb further, as the
active sites have been already full. Finally, in longer adsorption time, the fully adsorbed adsorbents
could release back the solute to the dye solution called desorption. Therefore, it is important to
evaluate the equilibrium adsorption time of a specific adsorbent.

After comparing the adsorption performance of adsorbent beads for MB removal in batch system
for all variables (bead compositions and operational conditions), the best performance was
demonstrated by the biocomposite CA/PEG200 (80/20) bead at pH of 11, dosage bead of 1 g/L, and
initial MB concentration of 30 mg/L. The best % removal and adsorption capacity of MB were 93.35
% and 28.005 mg/g, respectively.
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3.6 Kinetic Study of The Adsorption

Adsorption kinetics investigates the interaction between adsorbate and adsorbent interaction
and depends on the adsorption condition. Different kinetic models were utilized to determine the
adsorption rate—determining steps and the mechanism of the adsorbate on adsorbent [28-32].
Moreover, modelling of adsorption kinetics is of paramount importance to describe the experimental
data and to predict the results for conditions beyond those treated experimentally [33]. Lagergren’s
kinetics equation was the most commonly used for the batch adsorption process. In this study, the
experimental data was analysed and fitted to three different kinetic models: the so-called pseudo-
first order model (PFO), the pseudo-second order model (PSO), and the Elovich model. The kinetic
data were collected in every 6 h at batch adsorption conditions of C,=20 mg/L, G=2 g/L, T=30 °C, and
pH=7.

The kinetic model of Pseudo first order (PSO) is described by the Lagergren kinetic equation, as
shown in Eq. (3)

k
log(qe — q¢) = logqe. - (213;3) t (3)
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where, gt is the adsorption capacity at time t (mg/g), ki defines rate constant for first order kinetics
(h71), and t is contact time (hour), ge represents equilibrium adsorption capacity (mg/g) which was
obtained from solver after trial ge for linear relationship of log(qe-gt) vs. t. Then, k1 could be obtained
from the slope of linear equation. The Pseudo-second order (PSO) kinetic is expressed as written in

Eq. (4)

= () + ()

(4)

where, ka symbolizes rate constant of second order kinetic (g/mg). The amount of dye adsorbed at
equilibrium time (ge) and k2 were obtained from the linear relationship of t/gt vs. t. Meanwhile, the
Elovich kinetic model is also often used to describe adsorption kinetics. The Elovich equation model
is written as seen in Eq. (5) [34]

t=()In(@.p) + (3)Int
- Qe+ G i

where, gt is the amount of dye adsorbed by adsorbent at time t (mg/g). The others (o and B) represent
the parameters of the Elovich model during any an experiment. The parameters a and B are defined
as initial rate of adsorption and desorption constant, respectively [35].

To evaluate which kinetic models fitted well to experimental data, correlation coefficient (R?) was
determined from calculation or linear graph of each model. Higher value of R? (closer to unity)
showed the more fitted experimental data to the model. Data of constant values, parameters, and
R? of each kinetic model for all variable bead composition were tabulated in Tabel 1. Figure 9-11 show
the plot of experimental data fitted to Pseodu-first order (PFO), Pseodu-second order (PSO), and
Elovich kinetic models, respectively. In average, the smallest value of R? is for Pseodu-first order (PFO)
kinetic model showing impropriety of this model to experimental data. On the other hand, Elovich
kinetic model demonstrates highest value of R?, as listed in Table 1. This implies that the experiment
data of MB adsorption on CA/PEG200 beads adsorbent can be well described by using Elovich
equation model, reflecting the nature of chemical adsorption. In engineering practice, it is important
to determine an efficient adsorption time for the batch adsorption system suitably described by the
Elovich kinetic model. In general speaking, the result in this study provides a potential of using
biosorbent in waste water treatment which follow the principles of sustainable development by
utilizing biodegradable and renewable materials [36].
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Table 1

Parameters of MB Dyes Adsorption Kinetics by CA/PEG Beads

Parameter CA/PEG200 CA/PEG200 CA/PEG200 CA/PEG200 CA/PEG200 AVG
kinetics (100/0) (95/5) (90/10) (85/15) (80/20)

Pseudo-first

order

Qe (mg. g 7.504 4.543 5.689 5.791 5.264

k1 (h) 0.074 0.185 0.123 0.107 0.160

R? 0.910 0.685 0.805 0.840 0.729 0.794
Pseudo-second

order

Qe (mg. g) 10.706 5.230 7.176 7.377 6.222

k2 (hY) 0.005 0.049 0.017 0.015 0.0322

R? 0.918 0.700 0.820 0.842 0.7406 0.804
Elovich

Equation

a (mmol/g.min) 1.169 5.302 2.318 1.671 3.651

B (g/mmol) 0.381 1.10 0.713 0.603 0.834

R? 0.923 0.913 0.795 0.839 0.749 0.844

4. Conclusions

Biocomposite beads were successfully prepared from the mixture of cellulose acetate and
polyethylene glycol 200 (CA/PEG200) for adsorption of methylene blue (MB) in batch systems. The
adsorption performance of biocomposite beads was improved with the increasing content of
PEG200. The basic conditions are favourable for adsorption of MB by CA/PEG200 beads. The
negatively charged of cellulose-based bead’s surface in high pH (basic condition) provided more
electrostatic interaction between cellulose beads and cationic MB. Adsorption performance was also
enhanced when occurred in high initial MB concentration of 30 mg/L because it contains large
amount of solute which are able to fill the vacant site on the surface of porous beads. The best
adsorption performance was reached at condition of pH 11, initial MB concentration 30 mg/L, and
bead dosage 1 g/L for biocomposite CA/PEG200 (80/20) bead, with % MB removal and adsorption
capacity of 93.35 % and 28.005 mg/g, respectively. The appropriate kinetic model to describe the
adsorption of MB on CA/PEG200 beads was Elovich kinetic model, demonstrating the presence of
chemisorption in the adsorption process.
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