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AbstractVarious fillers (commercial, nipa palm, sisal activated carbon, zeolite) were incorporated with regenerated
cellulose matrix that dissolved using lithium chloride/N, N-dimethylacetamide solution. The biosorbent films were suc-
cessfully prepared via solution casting and then characterized by Fourier transform infrared spectrometer (FTIR), X-
ray Diffractometer (XRD), thermogravimetric analyzer (TGA), and scanning electron microscope (SEM). The biocom-
posite films with embedded commercial activated carbon exhibited the largest adsorption capacity of methylene blue
(146.81 mg g1). Although the adsorption ability of the nipa palm and sisal activated carbon biocomposite was lower
than the commercial activated carbon biosorbent film, both nipa palm and sisal activated carbon still could potentially
be used as an alternative filler for cationic dye removal. On the contrary, zeolite had low adsorption efficiency owing to
its morphology. The equilibrium adsorption experiment revealed that the Langmuir isotherm model best fitted the bio-
composite films with commercial and sisal activated carbon, whereas the Freundlich adsorption model suited the bio-
sorbent films with nipa palm activated carbon and zeolite than other models. The kinetics results of adsorption for all
biocomposite films were well described using a pseudo-second-order kinetic model. The cellulose/activated carbon
films would be promisingly utilized as a biosorbent for treatment of dye-contaminated wastewater.
Keywords: Cellulose Biocomposite Film, Isotherm, Activated Carbon, Methylene Blue Adsorption, Kinetic

INTRODUCTION

Dyes, organic compounds that are soluble in water, have been
extensively utilized in several industries, such as printing, textile,
rubber, plastic, cosmetic, food, leather, and pharmaceutical [1].
Therefore, large amounts of dye-contaminated wastewater from
these manufacturing has been emitted into the environment, which
could lead to dramatic water pollution if the dye effluents are
directly released or not treated with the proper methods [2]. This
wastewater could cause harm to human and aquatic organisms
owing to the toxicity and carcinogenicity of dyes [3]. Hence, the
treatment of wastewater has become a highly active research topic.
Various processes (i.e., membrane filtration, ion exchange, biologi-
cal treatment, chemical precipitation, coagulation, catalytic degra-
dation, adsorption) have been proposed and developed for removal
of contaminants from polluted water [4]. Among several tech-
niques, adsorption is broadly used due to its simplicity and effec-
tiveness [5,6]. Although various types of adsorbents, such as activated
carbon, zeolite, clay, chitosan, are available and used in many pur-
poses, activated carbon is commonly used to adsorb pollutants from
air and water due to its huge pore size, large pore volume, and ex-
tremely high surface area [7-9]. In addition, many studies have been
conducted to enhance adsorption efficiency.

Activated carbon, a black solid carbon substance, can be pro-

duced by carbonization of biomass at elevated temperature under
inert condition, a process called “pyrolysis” [10]. Recently, different
kinds of biomass were used as precursor to make activated car-
bon [11-13]. To optimize the activated carbon adsorption perfor-
mance, several researchers have investigated the effect of pyrolysis
conditions; for example, retention time [14,15], pyrolysis tempera-
ture [16,17], heating rate [18,19], and pressure [20] on specific sur-
face areas and porous characteristic. However, activated carbon
and many commercial absorbents are usually utilized in the form
of powder, which makes it difficult to recover and regenerate. This
restricted their practical application because if the powdered adsor-
bents were directly used and remained in the environment, they
would end up as the secondary waste. It is important to find a
suitable matrix for implantation that could prevent the production
of additional pollutants.

Cellulose, a renewable resource that consists of repeated glucose
units bonded together by (1-4) glycosidic bonds [21], has gained
increasing attention because it is a low-cost precursor, environmen-
tally friendly material, biodegradable substance, with great resis-
tance to common organic solvents [22,23]. Over the past few years,
the dissolution of cellulose has been achieved using lithium chlo-
ride/N, N-dimethylacetamide (LiCl/DMAc) solvent and there have
been several works that successfully prepared the cellulose-based
composite [24-26]. Hence, in this study, we aimed to immobilize
the fillers (commercial, nipa palm, sisal activated carbon, zeolite)
into the cellulose matrix and fabricate the cellulose biocomposite
film that could remove dyes from aqueous solution which can be
easily recovered after being used. To the best of our knowledge, the
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comparative study of adsorption of dyes onto the biosorbent films
with different fillers has not been conducted. The cellulose solu-
tion was combined with various fillers, and the biocomposite films
were successfully produced by solution casting method. The bio-
composite films were then characterized using FTIR, SEM, XRD,
and TGA. The adsorption isotherms and kinetics were investigated
to gain comprehensive information on the sorption behavior of the
biocomposite films. In addition, regeneration studies of the bio-
composite films were also carried out to evaluate the reusability of
these adsorbents and make them sustainable and economical towards
the environment.

MATERIAL AND METHODS

1. Materials and Chemicals
Sisal fiber was acquired from agricultural Hubkapong Coopera-

tives, Phetchaburi, Thailand. Nipa palm activated carbon (npac) was
sourced locally. Commercial activated carbon (cac) and zeolite Y (zy)
were purchased from Sigma-Aldrich. Sodium hydroxide (NaOH)
and N, N-dimethylacetamide (DMAc) were obtained from RCI
Labscan Limited, Samut Sakhon, Thailand. Hydrogen peroxide
(H2O2), lithium chloride (LiCl), potassium hydroxide (KOH), and
other chemicals were of analytical grade and used as received.
2. Preparation of Sisal Activated Carbon

Sisal activated carbon (sac) was prepared via pyrolysis of sisal
fiber according to the Somsesta and Aht-Ong work [27]. The car-
bonization proceeded at 700 oC with 2 : 1 ratio of chemical activat-
ing reagent (KOH)/sisal fiber under nitrogen flow. The received
activated carbon was washed with distilled water and subsequently
dried overnight in oven at 60 oC.
3. Filler Characterization

The adsorption capability of all fillers (cac, npac, sac, zy) was
determined by removal efficiency of methylene blue from aque-
ous solution. The experiment was conducted via spreading the fill-
ers into the 50 ml of 500 mg L1 methylene blue dye solution for
24 hr. The samples were then centrifuged to separate spent fillers.
The remaining methylene blue concentration in the supernatant
was measured using an ultraviolet-visible spectroscopy in accor-
dance with methylene blue calibration curve at the maximum wave-
length (664 nm). The dye adsorption capacity was estimated using
the equation shown below [28].

(1)

where Qt is the quantity of dye molecules adsorbed by the fillers
(mg/g), C0 is the initial methylene blue concentration (mg/L), Ct is
the remaining methylene blue concentration at time t (mg/L), V is
volume of solution (L), and M is fillers weight (g). Scanning elec-
tron microscopy (SEM) under the accelerating voltage 15 kV was
utilized to explore the morphology and surface details of the fill-
ers. Prior to the examination, sputtering technique was applied to
coat the fillers with gold to prevent electron charging on the surface
of specimens. The samples were then subjected to Fourier trans-
form infrared spectroscopy (FTIR) for investigation of chemical
structure. The analysis was carried out using KBr pellet method,
and the spectra were recorded in the range from 4,000-400 cm1 at

8 cm1 resolution. X-ray diffractometry (XRD) was used to analyze
the crystalline composition under Cu K radiation (=0.1540 nm)
at 40 kV and 40 mA. The diffractograms were collected in the angle
between 2= 5 to 60o at a scanning speed of 2o min1. Thermo-
gravimetric analysis was performed to examine thermal character-
istic of the samples. Here, 10±1 mg of specimens was heated from
ambient temperature to 900 oC at a heating rate of 10 oC min1 under
nitrogen flow.
4. Biocomposite Film Preparation and Characterization

The sisal cellulose was extracted from sisal fiber by delignifica-
tion using sodium hydroxide, and then bleached by sodium hy-
droxide/30% hydrogen peroxide solution. The obtained sisal cellu-
lose was subsequently dissolved using LiCl/DMAc solution, and
further used as a matrix for the biocomposite film.

The fillers (3 g) were mixed with cellulose solution (100 ml), and
the activated carbon was evenly distributed throughout the mix-
ture by sonification and magnetic stirring, respectively. The mix-
ture was then spread over a glass mould, and held at room tem-
perature for 8 hr. The composite gel was subsequently cleaned using
distilled water and isolated under ambient condition until the bio-
composite films were fully dried. The composite films were labeled
as cacc, npacc, sacc, and zyc, according to the fillers that embed-
ded in the biosorbent.

The surface structure as well as morphology of the samples were
investigated using scanning electron microscopy (JSM 6400, JEOL,
Tokyo, Japan). The film surface and cross-section were covered
with gold before the testing. The chemical composition was inves-
tigated by Fourier transform infrared spectrometer with attenu-
ated total reflectance (ATR) method. The infrared spectra ranged
between 4,000-400 cm1 at 8 cm1 scan rate. The crystalline struc-
ture was characterized by X-Ray diffractometer with Cu K radia-
tion under accelerating voltage of 40 kV and a current of 40 mA.
The scanning range was recorded from 2=5 to 60o, with rate of
2o min1. The thermal characteristic was examined using thermo-
gravimetric analyzer where samples were heated from room tem-
perature to 900 oC at a heating rate of 10 oC min1 under nitrogen
atmosphere.
5. Adsorption Isotherms Study

Cationic methylene blue dye was also used in the adsorption
experiment. The biocomposite films were cut into 1×1 cm2 parts
and dried overnight before use. To initiate the testing, the samples
were dropped into 50 ml methylene blue solution at concentra-
tion of 20, 40, 60, 80, 100 mg L1 for 24 hr. Adsorption efficiency
of the biocomposite films was determined by a UV-vis spectro-
photometer and calculated using Eq. (1).

The Langmuir (Eq. (2)) and Freundlich (Eq. (3)) adsorption iso-
therm models [29] were applied to the experimental data, and the
relevant equations are shown below:

(2)

where Qeq (mg g1) is the amount of methylene blue adsorbed on
the films at equilibrium, Ceq (mg L1) is the methylene blue con-
centration in solution at equilibrium, kL (L mg1) is the equilibrium
constant of Langmuir isotherm, and Qmax (mg g1) is the maxi-
mum monolayer coverage capacity of methylene blue onto the

Qt  
C0    Ct V

M
------------------------

Ceq

Qeq
--------  
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kLQmax
----------------   

Ceq

Qmax
-----------
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adsorbents. The values of 1/kL Qmax and 1/Qmax can be calculated
from the intercept and slope of linear regression plots of Ceq/Qeq

versus Ceq for Eq. (2).

(3)

where kF (mg g1) is the adsorption equilibrium constant of Fre-
undlich isotherm and 1/n is the Freundlich characteristic constants
corresponding to adsorption intensity and adsorption capacity of
the adsorbents. The values of lnkF and 1/n can be estimated from
the intercept and slope of linear regression plots between lnQeq
and lnCeq for Eq. (3).

The experimental data were also fitted to the Temkin (Eq. (4))
and Dubinin-Raduskevich (Eq. (5)) models [30], using the equa-
tions presented below:

(4)

(5)

where Qeq (mg g1) is the amount of methylene blue adsorbed
on the films at equilibrium, Ceq (mg L1) is the methylene blue con-
centration in solution at equilibrium, kT (L g1) is the Temkin ad-
sorption equilibrium constant related to the maximum binding
energy, R (J mol1 K1) is the gas constant, T (K) is absolute tempera-
ture and bT (J mol1) is the variation in adsorption energy related

to the enthalpy of reaction. The values of  and  can be

evaluated from the intercept and slope of linear regression plots of
Qeq versus Ceq for Eq. (4).

For Eq. (5), where QD (mg g1) is Dubinin-Radushkevich iso-
therm constant corresponding to the degree of adsorption by the
adsorbent, BD (mol2 kJ2) is Dubinin-Radushkevich isotherm
constant related to the adsorption energy,  is the Polanyi poten-
tial energy which can be calculated using equation =RTln (1+(1/
Ceq)), where R (J mol1 K1) is the gas constant, and T (K) is the
absolute temperature. The values of lnQD and BD can be determined
from the intercept and slope of linear regression plots between Qeq

and 2. Furthermore, E is the energy parameter that provides the
data related to adsorption characteristic, as shown in Eq. (6).

(6)

6. Adsorption Kinetics Study
The kinetic experiments were operated by immersing the bio-

composite film (1×1 cm2) in methylene blue dye solution at con-
centration of 40 mg L1 for fixed time intervals. After removal of a
specimen, the remaining methylene blue concentration was exam-
ined by a UV-vis spectrophotometer.

The kinetics data were then fitted to Lagergren pseudo-first-
order, pseudo-second-order, Elovich models [31], as shown in Eq.
(7)-(9), respectively.

(7)

where Qt (mg g1) is the amount of methylene blue adsorbed on

the films at time t, k1 (1 min1) is the rate constant of pseudo-first-
order, Q1 (mg g1) is the maximum amount of dyes adsorbed onto
the adsorbents, and t (min) is the uptake time. The values of 1/Q1

and k1/Q1 can be estimated from the intercept and slope of linear
regression plots of 1/Qt versus 1/t for Eq. (7).

(8)

where k2 (g mg1 min1) is the rate constant of pseudo-second-
order and Q2 (mg g1) is the maximum amount of dyes adsorbed
onto the adsorbents. The values of 1/k2Q2

2 and 1/Q2 can be calcu-
lated from the intercept and slope of linear regression plots between
t/Qt and t for Eq. (8).

(9)

where  (g mg1) is the extent of surface coverage and activation
energy for the adsorption process and  (mg g1 min1) is the ini-

tial adsorption rate constant. The values of  and 1/ can be

determined from the intercept and slope of linear regression plots
of Qt versus lnt for Eq. (9).

Moreover, an expanded study on adsorption kinetics was con-
ducted with the fitting of kinetics data to the intraparticle diffu-
sion model [32], using the following equation:

(10)

where Qt (mg g1) is the amount of methylene blue adsorbed on
the films at time t, kP (mg g1 min1/2) is the rate constant of intra-
particle diffusion, t (min) is the time of the adsorption process,
and C (mg g1) is the constant which corresponded to the thick-
ness of boundary layer. The values of C and kP can be evaluated
from the intercept and slope of linear regression plots between Qt

and t1/2 for Eq. (10).
7. Reusability Study

The biocomposite films were recycled by immersing the 1×1
cm2 film specimens into the dye solution containing 50 ml of
20 mg L1 of methylene blue for 24 hr. After the biocomposite films
were recovered, they were then treated with 0.1 M NaOH solu-
tion for 9 hr to elute methylene blue dye from their surfaces. The
film specimens were subsequently rinsed with deionized water to
get rid of any remaining alkaline before the next run. Adsorption-
desorption was performed for five consecutive runs using the same
film under the same operating conditions. The % decolorization
of the biocomposite films was calculated as follows:

(11)

where C0 (mg L1) is the initial concentration of methylene blue in
solution, Ct (mg L1) is the concentration of methylene blue in
solution at time t.

RESULTS AND DISCUSSION

1. Characterization of Fillers
The morphology of fillers was investigated by SEM, and dis-
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played in Fig. 1(a), (b), (c), (d). From the figures, highly and well-
ordered porous structure was observed in commercial activated
carbon, nipa palm activated carbon, and sisal activated carbon,
respectively. This was ascribed to their high adsorption amount of
dye as listed in Table 1. Even zeolite Y had a high specific surface
area [33]; methylene blue was hardly adsorbed onto zeolite due to
its porous dimension. At the same resolution, cubic stacking was

Fig. 1. SEM image of (a) commercial activated carbon (cac), (b) nipa palm activated carbon (npac), (c) sisal activated carbon (sac), and (d)
zeolite Y (zy).

Table 1. Methylene blue adsorption of various fillers

Filler Methylene blue adsorption capacity
(mg g1)

commercial-ac 421.74
nipa palm-ac 273.38
sisal-ac 181.21
zeolite Y 034.07

Fig. 2. FTIR spectra of activated carbon (cac), nipa palm activated
carbon (npac), sisal activated carbon (sac), and zeolite Y (zy).

Fig. 3. XRD patterns of activated carbon (cac), nipa palm activated
carbon (npac), sisal activated carbon (sac), and zeolite Y (zy).
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Fig. 4. TGA and DTG curves of activated carbon (cac), nipa palm activated carbon (npac), sisal activated carbon (sac), and zeolite Y (zy).

Fig. 5. SEM surface images of (a) cellulose neat, (b) commercial activated carbon composite (cacc), (c) nipa palm activated carbon composite
(npacc), (d) sisal activated carbon composite (sacc), and (e) zeolite Y composite (zyc) films.
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observed in Fig. 1(d) and there were no apparent pores detected
on the zeolite surface. For this reason, the filler which had the low-
est adsorption capacity to remove dye in this study was zeolite.

The chemical structure of fillers was then examined by FTIR.
As shown in Fig. 2 the spectra of cac, npac, and sac were broad
throughout the line, indicating that the functional groups of these
fillers were eliminated after pyrolysis process.

The spectrum of zeolite revealed the band at the region 3,500
cm1 and 1,650 cm1, corresponding to O-H stretching of surface
hydroxylic group and lattice water molecules, respectively. The
intense peak at 1,000 cm1 was owing to Si-O/Al-O stretching [34].
X-ray diffraction was used to study the crystalline composition of
fillers and the diffractograms are presented in Fig. 3. The broad
peaks at 2=43o and 25o of commercial-ac and sisal-ac fillers cor-
respond to the occurrence of turbostratic structure of disorga-
nized carbon [35].

Meanwhile, xrd pattern of nipa palm-ac indicated the fully amor-
phous structure of this filler. The standard peaks of zeolite y were
observed at 2=6, 10, 12, 16, 19, 20, 24, 27, 31 and 32o, respec-
tively [36].

The thermal analysis curve of fillers was examined and shown
in Fig. 4. The commercial activated carbon exhibited the highest
thermal stability, the total weight loss was approximately 6.26 wt%,
mostly from the loss of moisture. In case of nipa palm-ac and sisal-
ac, the total weight loss was about 27.54 and 20.36wt%, respectively.
The degradation was divided into two stages; the first was due to the
evaporation of water which occurred in the range of 50 to 180 oC.
The later stage proceeded between 180 and 900 oC which was attri-
buted to the destruction of the aromatic organic substances like lig-
nin [37]. A thermogram of zeolite displayed the total weight loss of
approximately 22.53 wt%. It could be ascribed to the elimination
of water that took place in the range between 50 to 200 oC [36].

Fig. 6. SEM images of cross-section for (a) cellulose neat, (b) commercial activated carbon composite (cacc), (c) nipa palm activated carbon
composite (npacc), (d) sisal activated carbon composite (sacc), and (e) zeolite Y composite (zyc) films.
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2. Characterization of Biocomposite Films
The morphology of composite films prepared from different

fillers is exhibited in Fig. 5. A flat surface of cellulose neat film is
displayed in Fig. 5(a). A rough surface was observed when various
fillers were added as shown in Figs. 5(b), (c), (d), (e). The SEM
images of cross-section also indicate that cellulose neat film had a
smooth surface and became rougher after the fillers were embed-
ded. Figs. 6(b), (c), (d), (e) reveal that the fillers are well spread over
the cross-sectional surface of biocomposite films. This rough sur-
face could enhance the adsorption capacity of biocomposite films
because it would act as adsorption sites and robustly transport dye
molecules to deposit when the adsorption takes place [31].

The chemical composition of the biocomposite films was inves-
tigated via FTIR, and the acquired spectra are displayed in Fig. 7,
indicating no apparent changes on the chemical structure of the
biocomposite films.

Fig. 7. FTIR spectra of cellulose neat, commercial activated carbon
composite (cacc), nipa palm activated carbon composite
(npacc), sisal activated carbon composite (sacc), and zeolite
Y composite (zyc) films.

Fig. 8. XRD patterns of cellulose neat, commercial activated carbon
composite (cacc), nipa palm activated carbon composite
(npacc), sisal activated carbon composite (sacc), and zeolite
Y composite (zyc) films.

Fig. 9. TGA and DTG curves of cellulose neat, commercial activated carbon composite (cacc), nipa palm activated carbon composite (npacc),
sisal activated carbon composite (sacc), and zeolite Y composite (zyc) films.

All spectra contained the typical peaks of cellulose, consisting of
stretching vibrations of the hydroxyl group in glucose units, C-H
stretching vibrations of all hydrocarbon component in glucose units,
and C-H bending vibrations in cellulose at 3,331 cm1, 2,894 cm1,
and 1,428 cm1, respectively [38]. In addition, C-O-C pyranose ring
vibration appeared at 1,069 cm1 and a band near 1,647 cm1 was
corresponding to the water hydration (H-O-H bending of adsorbed
water) [39].

The XRD analysis was used for determining the crystalline struc-
ture of composite films, and the diffractograms is presented in Fig.
8. The diffraction pattern of neat film exhibited a band at 2=20
and 22o, corresponding to the [002], and [101] lattice planes of cel-
lulose II, which were the main diffraction pattern of cellulose II or
regenerated cellulose [40].

When the activated carbons were added, the region between 2=
20 and 24o in the diffractograms of composite films was broad-
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ened, implying that the recrystallization of regenerated cellulose was
probably prevented. Nevertheless, this was a favorable change since
liquid or gas would easily be transported through loose or disor-
dered network like amorphous structure [24]. For this reason, an
increment in amorphous would promote the adsorption process
and enhance the adsorption ability of the composite films. Mean-
while, the diffractogram of zeolite Y composite film still main-
tained the zeolite pattern.

The thermal behavior of composite films was also studied. Fig.
9 displays TGA and DTG thermograms of the biocomposite films.
The sisal-ac composite film had the highest thermal stability with
total weight loss of approximately 54.39% at 900 oC, while the remain-
ing weight of neat film was only 15.29% at the same temperature.
Compared to the cellulose neat film, the onset degradation tem-
perature of the biocomposite films was increased along with a
reduction of total weight loss. Hence, it could be concluded that
the insertion of fillers would enhance thermal stability for the com-
posite films.
3. Adsorption Isotherm

Adsorption characteristics of methylene blue on the composite
films were determined. Various isotherm models--Langmuir, Fre-
undlich, Temkin, and Dubinin-Raduskevich--were used to describe
the interaction between adsorbed molecules and the composite
films. The adsorption capacity at equilibrium was investigated and
presented in Fig. 10. The amount of dyes adsorbed increased at
higher initial concentration for all films. This could be explained
by the fact that higher initial dye concentration provides greater
driving force to overcome the mass transfer resistance of the dye
particles between the aqueous solution and the adsorbent surface
and hence enhances the adsorption process [41]. As expected, com-
mercial-ac composite showed the highest adsorption values among
any composite films, approximately 146.81 mg g1 since commer-
cial-ac had the greatest adsorption capacity. Meanwhile, the addi-
tion of nipa palm-ac and sisal-ac could improve the methylene
blue adsorption capacity from 30.28 to 123.58 and 103.66 mg g1,
respectively. However, similar enhancement for zeolite composite
was limited; this could be attributed to its surface morphology, as
mentioned earlier.

The linearized Langmuir and Freundlich isotherm graphs are
shown in Fig. S1. In addition, Table 2 presents the estimated Lang-
muir and Freundlich parameters, including correlation coefficient
(R2). In term of R2, the results reveal that the isotherm data of com-
mercial-ac composite, sisal-ac composite, and cellulose neat films
are best fitted by Langmuir isotherm model, indicating the dye mole-

cules were deposited on the films surface by monolayer adsorp-
tion in nature. Meanwhile, the experiment data of nipa palm-ac
composite and zeolite composite could be described by Freun-
dlich adsorption, implying that the methylene blue was adsorbed
on the biocomposite films as a heterogeneous surface with multi-
layer sorption [42].

Moreover, the Langmuir monolayer maximum sorption capac-
ity (Qmax) for commercial-ac composite, nipa palm-ac composite,
sisal-ac composite, zeolite composite, and cellulose neat films was
estimated as 158.35, 140.06, 110.35, 58.97, and 33.84 (mg g1), respec-
tively. The Langmuir constant (kL) is related to the energy of ad-
sorption. High kL constant indicates a greater affinity between the
adsorbate and adsorption sites on the adsorbent surface [43]. There-
fore, the attractive forces between dye molecules and commercial-
ac composite were highest, while zeolite composite film was the
lowest. In addition, the calculated Freundlich constant or 1/n could
indicate the feasibility of the adsorption system. Here, 0.1<1/n
0.5, demonstrating the adsorption is favorable; 0.5<1/n1, there is
some difficulties in sorption process; 1/n>1, the adsorption pro-
cess is unfavorable [44]. The analyzed data show that the adsorp-
tion process was satisfactory except the zeolite composite film in
which 1/n was approximately 0.58. Hence, some obstacles occurred

Fig. 10. Adsorption isotherm of methylene blue on cellulose neat,
commercial activated carbon composite (cacc), nipa palm
activated carbon composite (npacc), sisal activated carbon
composite (sacc), and zeolite Y composite (zyc) films.

Table 2. Isotherm parameters for methylene blue adsorption onto neat and biocomposite films
Langmuir Freundlich Temkin Dubinin-Radushkevich (D-R)

Qmax

(mg g1)
kL

(L mg1) R2 1/n kF

(mg g1) R2 bT
(J mol1)

kT
(kJ mol1) R2 BD

(mol2 kJ2)
QD

(mol2 kJ2)
E

(J mol1) R2

cacc 158.35 0.46380 0.9796 0.2754 63.616 0.9707 0.1070 19.826 0.9151 5.5137×108 114.9981 3.0114×103 0.7356
npacc 140.06 0.14260 0.9763 0.4405 26.050 0.9811 0.0973 02.361 0.9743 3.7117×107 088.1413 1.1606×103 0.8680
sacc 110.35 0.23940 0.9917 0.3287 31.885 0.9668 0.1330 05.255 0.9965 2.7819×107 083.0373 1.3407×103 0.8972
zyc 058.97 0.01604 0.7519 0.5828 02.582 0.9559 0.2060 00.182 0.8519 1.9929×105 026.6404 1.5845×102 0.7190
neat 033.84 0.07351 0.9860 0.2665 09.157 0.9573 0.3970 01.335 0.9538 1.4585×105 027.7400 1.8519×102 0.8918
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during the adsorption of zeolite composite, and resulted in low
adsorption abilities for this composite film.

The isotherm plots of Temkin and Dubinin-Raduskevich models
are displayed in Fig. S1. Corresponding calculated isotherm param-
eters and correlation coefficient are also listed in Table 2. Accord-
ing to the Temkin isotherm, when the heat of adsorption (bT) was
less than 20 J mol1, the physisorption dominating chemisorption
[45]. Therefore, the adsorption of all biocomposite films was gov-
erned by physisorption interaction. From the linear graph of Dubi-
nin-Radushkevich isotherm, mean free energy of sorption per
molecule of sorbate or E was determined. This was a useful factor
that could predict the adsorption properties, hence it indicated that
any biocomposite films in this study were associated with a phy-
sisorption as the E values for all films were lower than 8 kJ mol1

[46].
4. Adsorption Kinetics

The objective of the adsorption kinetics study was to investigate
the adsorption rate and mechanism. Various kinetics models--
Lagergren pseudo-first-order, pseudo second-order, Elovich, and
intraparticle diffusion--were applied to the experiment data. The
plotting of adsorption capacity of the biocomposite films against
contact time is presented in Fig. 11. Owing to the large availability
of vacant surface sites, during the first 3 hrs (180 min), the dye
molecule uptake rapidly occurred and was still increasing for sev-
eral hours thereafter. The adsorption rate was then gradually de-
creased and almost reached equilibrium at 18 hrs (1,080 min). This
could be attributed to the drastic reduction of the adsorption sites,
and also due to the repulsive forces between methylene blue mole-
cules adsorbed on the composite surface and those in aqueous
solution. Finally, the adsorption equilibrium took place within 24
hrs (1,440 min) due to the saturation of the active sites, and there-

Fig. 11. Adsorption kinetic of methylene blue on cellulose neat,
commercial activated carbon composite (cacc), nipa palm
activated carbon composite (npacc), sisal activated carbon
composite (sacc), and zeolite Y composite (zyc) films.

Table 3. Kinetic parameters for methylene blue adsorption onto cellulose neat, commercial-ac composite, nipa palm-ac composite, sisal-ac
composite, and zeolite composite films

Pseudo-first-order Model Pseudo-second-order Model Elovich model
Q1

(mg g1)
k1

(1 min1) R2 Q2

(mg g1)
k2

(g mg1 min1) R2 

(g mg1)


(mg g1 min1) R2

cacc 82.47 159.6853 0.9890 78.00 1.2016×104 0.9989 0.0854 4.0422 0.8580
npacc 65.88 280.8693 0.9856 67.45 4.9282×100-5 0.9958 0.0747 0.5614 0.9543
sacc 70.71 243.3039 0.9920 65.90 8.8191×105 0.9984 0.0837 1.1400 0.8947
zyc 17.61 030.7195 0.9241 17.90 1.2883×103 0.9999 1.0652 62410.8343 0.9563
neat 24.57 049.5236 0.8391 24.74 7.6998×104 0.9997 0.5292 377.9266 0.8337

Table 4. Kinetic parameters of intraparticle diffusion model
Intraparticle diffusion model

C1

(mg g1)
kP1

(mg/g1 min1/2) R1
2 C2

(mg g1)
kP2

(mg/g1 min1/2) R2
2 C3

(mg g1)
kP3

(mg/g1 min1/2) R3
2

cacc 31.30 1.24090 0.8877 72.79 0.03185 1.0000 - - -
npacc 09.55 1.31470 0.9893 56.54 0.07282 1.0000 - - -
sacc 05.21 1.89630 0.9902 43.38 0.44860 0.9973 58.02 0.06483 1.0000
zyc 14.13 0.08971 0.9534 16.72 0.01752 1.0000 - - -
neat 17.15 0.19550 0.8549 23.66 0.01091 1.0000 - - -

fore the adsorption capacity remained almost constant [5].
The linearized pseudo-first-order, pseudo-second-order, and

Elovich kinetics graphs are shown in Fig. S2, and the parameters
determined from these plots are listed in Table 3. The correlation
coefficient or R2 indicated that dye molecule adsorption for any
films including cellulose neat film was following the pseudo-sec-
ond-order kinetic model. This suggested that chemisorption was
the rate-controlling step in adsorption system for all films, hence
the sorption process associated with the valence forces through
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sharing or exchanging of electrons between adsorbent and adsor-
bate [42]. We also noticed that k2 of methylene blue adsorption of
the zeolite composite (1.2883×103 g mg1 min1), neat (7.6998×
104 g mg1 min1), commercial-ac composite (1.2016×104 g mg1

min1), sisal-ac composite (8.8191×105 g mg1 min1), nipa palm-
ac composite (4.9282×105 g mg1 min1) films was significantly dif-
ferent. This result indicated the adsorption rate of zeolite composite>
neat>commercial-ac composite>sisal-ac composite>nipa palm-ac
composite films.

The fitting curves of intraparticle diffusion model in Fig. S2, as
well as calculated kinetics parameters in Table 4, revealed that the
curves for all biocomposite films except the sisal-ac composite film
were separated into two steps which did not pass through the start-
ing point. Meanwhile, sisal-ac composite was divided into three
parts. In the initial step for any films, methylene blue molecules in
the aqueous solution were transferred onto the film surface (film
diffusion). These dyes were then shifted and deposited into the pores
within the biocomposite films (intraparticle diffusion) [32]. The
third step, which happened only for sisal-ac composite, was the
adsorptive attachment of dye particles [47]. Hence, this result sug-
gested that the intraparticle diffusion was not the single rate-con-
trolling step during the sorption process [48].
5. Reusability

The reusability of any adsorbent is an essential property to make
the adsorption process become the cost-effective method for water
treatment. The recycling of biocomposite films was studied by per-
forming adsorption-desorption experiment and the % decoloriza-
tion of each cycle was estimated as listed in Table 5. It was observed
that the decolorization efficiency of the biocomposite films declined
with increasing number of cycles and this could be attributed to
the incomplete desorption of dye molecules. All of the biocom-

posite films in this study had a great adsorption efficiency and
good reusability except zeolite composite film. The methylene blue
removal efficiency was more than 70% up to three cycles, and still
higher than 60% at the fifth cycle. Meanwhile, the % decoloriza-
tion of zeolite composite was only 42.6% and declined to 35.8%
after five cycles. The results indicate that the commercial-ac com-
posite, nipa palm-ac composite, and sisal-ac composite are reus-
able adsorbents and still show good removal efficiency after being
used several times.

The adsorption ability of other adsorbents for methylene blue
dye removal was compared with the proposed commercial-ac com-
posite, nipa palm-ac composite, and sisal-ac composite, as reported
in Table 6. It is clearly shown that the adsorption capacity of bio-
composite films in this work is better than the other previously
reported works. Moreover, the convenience of recovery and isola-
tion from effluent of the biocomposite films was one of the most
outstanding features for this study. Therefore, it could be concluded
that the currently prepared adsorbents are efficiently, economi-
cally, and practically feasible to be utilized as adsorbents for waste-
water treatment.
6. Adsorption Mechanism

Several studies suggested that the adsorption of dye onto the
adsorbent depended on numerous factors, including textural and
surface properties of the adsorbent, chemical and structural char-
acteristics of the adsorbate, and the adsorbate-adsorbent interac-
tions during a sorption process [56]. After thorough analysis, the
adsorption of cationic methylene blue dye by biocomposite films
can occur through H-bonding interaction, - stacking interac-
tion, electrostatic interaction, and van der Waals force or a simulta-
neous combination of those [57]. Hydrogen bonding is considered
as one of the plausible mechanisms for dye adsorption; it can be

Table 5. Reusability studies for the adsorption-desorption cycles of methylene blue onto the biocomposite films
% Decolorization at adsorption-desorption cycles

0 1 2 3 4 5
cacc 100±0.0. 98.9±0.7 91.2±1.5 82.4±4.7 73.0±3.6 59.8±3.3
npacc 99.8±0.40 95.9±2.0 84.4±2.7 77.8±2.6 59.2±3.2 57.2±1.5
sacc 95.8±2.90 84.3±2.6 71.4±6.9 70.6±5.2 68.7±5.1 63.9±0.7
zyc 42.6±10.3 42.4±6.5 39.2±3.2 38.2±2.3 36.0±2.8 35.8±1.5

Table 6. Comparison of adsorption capacity of previously reported adsorbents for methylene blue adsorption
Adsorbents Adsorption capacity (mg g1) Reference

Commercial activated carbon composite film 146.8 This work
Nipa palm activated carbon composite film 123.6 This work
Sisal activated carbon composite film 103.7 This work
Ruthenium nanoparticle loaded activated carbon 094.6 [49]
Euphorbia rigida activated carbon powder 114.5 [50]
Wheat straw biochar powder 062.5 [51]
Luffa Actangula carbon powder 024.8 [52]
Activated carbon nanofiber (PAN based) 072.5 [53]
Clay 058.2 [54]
Tannin-immobilized cellulose microspheres 055.4 [48]
Freeze-dried agarose gel 010.4 [55]
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formed between H atoms within the biocomposite films and N
atoms in the methylene blue molecules [58]. The aromatic-aro-
matic or - stacking interaction is another possible mechanism
that can explain the sorption phenomenon. Since methylene blue
contains benzene rings, it can generate the - stacking interac-
tion with activated carbon because this porous material has a ben-
zene ring as well [59]. Electrostatic interaction is also another
essential driving force for the adsorption of methylene blue. This
attractive force can occur between methylene blue cation and the
negatively charged spots on the biocomposite film surface [60].
Therefore, it can be concluded that these interactions effectively
enhance and play a crucial role in the sorption process of cationic
methylene blue dye onto the surface of biocomposite films. Never-
theless, it seems that zeolite composite lacks - stacking interac-
tions since both cellulose and zeolite do not have the benzene ring.
Besides the morphology, the adsorption mechanism can also ascribe
a low sorption capacity of zeolite towards methylene blue dye.

CONCLUSIONS

Biocomposite films were successfully fabricated by simple solu-
tion casting. Different fillers were embedded in regenerated cellu-
lose matrix. The biocomposite film containing commercial activated
carbon showed the highest capacity of approximately 146.81 mg g1

for cationic methylene blue dye adsorption. Although the adsorp-
tion efficiency of nipa palm and sisal activated carbon composite
was less than the biosorbent film with commercial activated car-
bon, the prepared activated carbon still possessed great adsorption
ability and may be used in place of commercial one. The acquired
adsorption isotherms of the commercial-ac composite and sisal-ac
composite were fitted with the Langmuir model, while nipa plam-
ac composite and zeolite composite were best described by Freun-
dlich model. The adsorption kinetics data for all biocomposite films
were well explained by the pseudo-second-order kinetic model,
and the intraparticle diffusion model revealed that intraparticle
diffusion was not the sole rate-limiting step. The reusability study
showed that the biocomposite films can be regenerated five times
and effectively utilized as a good reusable adsorbent for the treat-
ment of cationic dye-contaminated wastewater.
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Fig. S1. Adsorption isotherm of methylene blue on cellulose neat, commercial activated carbon composite (cacc), nipa palm activated car-
bon composite (npacc), sisal activated carbon composite (sacc), and zeolite Y composite (zyc) films, (a) Langmuir isotherm, (b) Fre-
undlich isotherm, (c) Temkin isotherm, (d) Dubinin-Raduskevich isotherm.
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Fig. S2. Adsorption kinetic of methylene blue on cellulose neat, commercial activated carbon composite (cacc), nipa palm activated carbon
composite (npacc), sisal activated carbon composite (sacc), and zeolite Y composite (zyc) films, (a) Lagergren pseudo-first order, (b)
pseudo-second order, (c) Elovich, (d) intraparticle diffusion.
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