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Abstract : Cationic and anionic dyes are frequently used in industrial sectors and cause many environmental
and health problems. Orange peel has the potential to absorb dye as an adsorbent. This study aimed to
explore the adsorption of methylene blue (MB) as a cationic dye and methyl orange (MO) as an anionic dye
using orange peel (OP) and its modification using cetyltrimethylammonium bromide (CTAB). OP and OP-CTAB
biomass materials were characterized using FT-IR (Fourier transform infrared), surface area analysis using
BET (Brunauer-Emmett-Teller) and SEM EDX (Scanning Electron Microscopy-Energy Dispersive X-Ray
Spectroscopy). Based on the study results, OP has a microporous skin structure and OP-CTAB mesopores.
Based on the effect of contact time, it is known that the best adsorption process on MB was to use OP
adsorbent with the optimum amount of dye adsorbed produced at 50th minute that was 5.881 ppm, while the
best adsorption process on MO was using OP-CTAB adsorbent with the optimum amount of dye was at 50th
that was equal to 13.34 ppm. Based on the adsorption kinetics data, the adsorption of MO and MB dyes by OP
and OP-CTAB followed the pseudo second order reaction kinetics model. The adsorption of MO and MB by both
OP and OP-CTAB followed Langmuir's adsorption isotherm, meaning that the adsorption process in both MO
and MB using OP and OP-CTAB appeared on homogeneous surface sites, while there was no interaction
between adsorbate molecules and adjacent locations that means the adsorption process only occurred
physically.
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INTRODUCTION 2). Dyes used in the industrial sector, especially
textiles, include methyl orange and methylene blue
(1-3). Methyl orange and methylene blue are azo
dyes that are nonbiodegradable, making them very

Dyes have been used in various industrial sectors,
especially in the textile, rubber, plastic, leather,

cosmetics, food, and medicine industries. Dye waste
from these industries can cause dangerous
environmental problems. This is because some dyes
have toxic, carcinogenic, and mutagenic properties (1,

difficult to degrade (3-5).

Several methods have been used to remove dye
waste, including coagulation, complexation, ion
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exchange, and adsorption (6). Adsorption is not only
used to remove toxic metal ions from water but also
can be used to remove dyes from water (7,8).
Adsorption is the most commonly used method to
remove azo dyes because it is relatively easy,
efficient, inexpensive, and environmentally friendly.
The use of biomass as a cheap and environmentally
friendly adsorbent has begun to be considered as a
replacement for commercially activated carbon (9).
One of the potential biomass adsorbents is orange
peel, and currently, the total area of citrus plantations
in Indonesia is more than 57,000 hectares with a
production of 2.5 million tons (10). Orange peel (OP)
contains pectin, hemicellulose, lignin, chlorophyll, and
other low molecular weight hydrocarbons. Thus,
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orange peel has the potential to absorb color from
diluted solutions as an adsorbent (11).

Some studies have shown the use of orange peel as
an adsorbent, including Krisnan and George (2), who
found that the higher the adsorbent dose of orange
peel is, the greater the amount of methylene blue
that can be removed. This study showed that 2.2
grams of orange peel can remove 96% of methylene
blue in 60 minutes. Nascimento et al. in 2014 (12)
also reported that orange peel successfully removed
Remazol Golden Yellow RNL-150%, Reactive Gray BF-
2R and Reactive Turquoise Q-G125 from diluted
solution. The other previous studies about the use of
orange peel for dye adsorption can be seen in Table 1.

Table 1: Previous studies about the use of orange peel for dye adsorption.

Dye name Max adsorption (mg/g) References
Congo red 22.44 (13)
Procion orange 1.33 (13)
Rhodamine B 3.23 (13)
Acid violet 17 19.88 (14)

DR 23 10.72 (15)
DR 80 21.05 (15)

Some studies have also suggested that modifying
orange peel adsorbents can maximize the adsorption
process, including Ahmed et al. in 2012 (1), who
successfully removed Reactive Blue 19 using orange
peel and NaOH- and cetyltrimethylammonium
bromide (CTAB)-modified orange peel. Based on
previous studies, modified orange peel is better able
to cause desorption of the reactive blue 19 color than
the pristine orange peel. This study aimed to remove
methylene blue as a cationic dye and methyl orange
as an anionic dye using orange peel and CTAB-
modified orange peel.

EXPERIMENTAL METHODS

Materials

The materials used in this study included orange peel
(orange peel was obtained from a local fruit field in
northern Sumatra, Indonesia), CTAB (synthesis
grade, Merck), methylene blue (Merck), methyl
orange (Merck) and Aqua DM (Bratachem).

Adsorbent Preparation

Orange peels were obtained from a local fruit field in
North Sumatra, Indonesia. The preparation of the
adsorbent was adapted from the method of Arami et
al. (2005) (15) with modification. The OP were
washed several times with water and sun-dried for 2
days. The dried materials were mashed and sieved
through a 60-mesh sieve. The dried powder from the
orange peels was stored in a plastic container before
use.

CTAB Modification of Adsorbent

CTAB modification of the adsorbent was adapted from
the method of Taghried and Mayasa (2019), (16) with
modification. The orange peel powder (5 grams) was
soaked in 1% (w/v) CTAB solution (100 mL) for 24
hours and filtered through a vacuum (17, 18). The
obtained precipitate was dried in an oven at 75 °C for
8 hours. The CTAB-modified dried powder was ground
and sieved using a 60-mesh sieve.

Characterization of the Adsorbents

Fourier transform infrared spectroscopy (FTIR, Nicolet
Avatar 360 IR) in the range of 400-4000 cm™ was
utilized for surface chemical analysis. The surface
morphology of the adsorbents was analyzed by using
scanning electron microscopy-energy dispersive X-ray
spectroscopy (SEM EDX) (Phenom Desktop ProXL).
The specific surface area of the adsorbents was
measured by a BET N2 surface area analyzer
(Quantachrome Quadrasorb Evo QDS-MP 30).

MB and MO Adsorption Batch Study

In each adsorption experiment, 25 mL of dye solution
was added to 20 mg of adsorbent at room
temperature, and the mixture was stirred at 400 rpm
for 1 hour. The mixture was centrifuged at 3000 rpm
for 10 minutes to separate the adsorbents, and then,
it was observed at wavelengths of 664.5 nm for MB
and 465 nm for MO using a UV-Vis spectrophotometer
(T70 UV-Vis Spectrophotometer, PG Instrument Ltd).
The amount of MB/MO adsorbed by OP and OP-CTAB
at time t, g (mg/g), was calculated by Equation (1)
(1):
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w

q,= (Eq. 1)

The MB/MO percentage of adsorption was calculated
by Equation (2) (1):

Cc,—C
%Removal=%><100 (Eqa. 2)
0
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RESULTS AND DISCUSSION

FTIR Analysis

FTIR spectroscopy is a useful analytical instrument for
the identification of the functional groups in the
adsorbents and the interaction of orange peels with
CTAB. The FTIR spectra of CTAB, OP and OP-CTAB
were in the range of 400-4000 cm, as shown in
Figure 1. The FTIR spectra of CTAB showed sharp
peaks in the absorption bands at approximately
2918.41 and 2848.08 cm™ due to the symmetrical
and asymmetrical stretching vibrations of the CH»
group on CTAB (19-23). In addition, there was a peak
at 1479.87 cm! for the buckling vibration of the N-C
group on CTAB (24).

—cCTaB
——op
OP-CTAB

1479,87
1848.08
1918.41
=)
1916.02
= 3425.40
1741.00
van 1853.07
3425.48 2923.76
! T I T I T I T ! T I T I T I
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)

Figure 1: IR spectra of CTAB, OP, and OP-CTAB.

In the OP’s spectra, the absorption widened at
3425.40 cm?, indicating the presence of stretching
vibrations from the -OH groups of cellulose, pectin,
hemicellulose, and lignin. The peak at 2926.02 cm
was due to the C-H stretching vibrations. The 1743.83
cm! peak in the OP’s spectra indicated the stretching
vibrations of the carbonyl groups (C=0) of pectin,
hemicellulose, and lignin. The absorption band was in
the wavenumber range of 1300-1000 cm™! for the C-O

stretching vibration of the carboxylic acid and alcohol
groups (25, 26).

The FTIR spectra of OP-CTAB showed similarities with
the FTIR spectra of OP, indicating that both have
similar functional groups and almost the same
compounds. The peak intensity in the FTIR spectra of
OP at 2926 cm! increased from 26.12 to 38.48
(34.22%) after modification with CTAB. This indicates
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that CTAB modification in orange peel increases the
number of -CHz- groups (1). In addition, the
modification of the orange peel by CTAB is also shown
by two peaks at wavenumbers of approximately
2923.76 and 2853.07 cm! in the FTIR spectra of OP-
CTAB as the peak from the symmetrical and
asymmetrical stretching vibration of the C-H group of
CTAB (19, 23).
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Characterization of OP Powder and OP-CTAB
using BET

BET analysis determines the surface area and pore
size, while the BJH (Barrett-Joiner-Halenda) method is
used to determine the pore volume. In Table 2, the
surface area of OP is larger than OP-CTAB. OP has a
surface area of 204 m?/g, and OP-CTAB has a surface
area of 27.210 m?/g. Based on these results, the
CTAB modification of OP resulted in a smaller surface
area than OP. Although the surface area in OP is
larger, OP has a smaller pore size of 1.780 nm, while
OP-CTAB has a smaller pore size of 2.045 nm.

Table 2: BET Analysis Results for OP and OP-CTAB.

Biomass Surface Area (m2/g) Pore Volume Pore size (nm)
oP 204.000 0.181 1.780
OP-CTAB 27.210 0.028 2.045

Based on the pore size, a porous material can be
classified into three classes, namely, microporous
material (pore size<2 nm), mesopores (pore size 2-50
nm) and macropores (pore size>50 nm) (27). OP has
a pore size of 1.780 nm, so it can be categorized as a
microporous material, while OP-CTAB has a pore size
of 2.045 nm, and it can be classified as a mesoporous
material. The presence of CTAB induced the formation
of mesopores that can be used for polymers and other
large compounds that resulted in better particle
dispersion (27). Based on the data, it can be
concluded that OP has a large surface area but a
microporous pore structure, while OP-CTAB has a
small surface area but a mesoporous structure
whereby mesopores can produce better particle
dispersion than other porous structures. In contrast to
the results of research from Taghried and Mayasa
(2019) (16) which resulted in a larger surface area of
OP-CTAB than OP. This is because in this research the

character of orange peel is more porous and it can be
seen from the high surface area before the addition of
CTAB, so that the CTAB enters the pores, whereas in
the previous research it may be less porous, as can
be seen from the very low BET result.

Characterization of OP Powder and OP-CTAB
using SEM EDX

SEM EDX analysis is necessary to determine the
morphology and content of elements present on the
surface of OP and OP-CTAB. Figure 2 shows that the
surface of OP is rougher and more irregular compared
to the surface of OP-CTAB. In addition, the addition of
CTAB made OP smaller and more separate compared
to that without the addition of CTAB. This is supported
by the results of BET analysis showing the pores from
OP-CTAB compared to OP. According to the BET
results, the OP surface area is larger than OP-CTAB,
but based on pore size, OP has a microporous
structure, while OP-CTAB has a mesoporous structure.
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In addition to showing the surface morphological
results of a material, SEM EDX can be used to
determine the elements present on a material
surface. Based on Table 3, the surface of OP contains
the elements of carbon (C), oxygen (O), calcium (Ca)
and potassium (K). In comparison, OP-CTAB contains
the elements of carbon (C), oxygen (O), nitrogen (N),
and aluminum (Al). Additionally, the EDX results in
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Table 3 show the presence of N at 8.410% in OP-
CTAB, indicating that CTAB successfully entered or
attached to the surface of OP. The presence of the N
element from the ammonium group of CTAB with a
positive partial charge causes OP-CTAB to have
cationic properties, so it is easier to attract anionic
dyes than OP.

Table 3: Total (%) components on OP and OP-CTAB surfaces.

Sample Element Mass (%) Atom (%)
C 62.100 69.460
op 0] 35.340 29.680
Ca 1.640 0.550
K 0.920 0.320
C 67.810 73.640
(0] 21.200 17.280
OP-CTAB N 8.410 7.830
Al 2.590 1.250

Contact Time Effect

Figure 3 shows the percentage of MO and MB
adsorbed by OP and OP-CTAB at room temperature at
25 °C as a function of contact time. The variation in
contact time was 10, 20, 30, 40, 50 and 60 minutes
at 15 mg/L MO and MB.

Based on Figure 3, the best color removal rate was for
the OP-CTAB adsorbent on MO and for OP on MB.
Thus, OP-CTAB was more effectively used to remove
MO dyes than MB dyes, while OP was more effectively
used to remove MB dyes than MO dyes. The amount
of MB and MO that can be adsorbed using OP and OP-
CTAB in ppm can be see Figure 4.
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Figure 3: Relationship between Adsorption Capacity and Contact Time.
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Figure 4: Amount of adsorbed dye vs. Contact Time MB 15 ppm (left); MO 15 ppm (right).
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Based on Figure 4, it is known that the amount of MB
that was successfully adsorbed using the OP
adsorbent for 60 minutes was 5.889 ppm (39%),
while MO was only able to adsorb 3.540 ppm (24%).
Different with OP-CTAB adsorbent, the amount of MB
that was successfully absorbed at 60" minute on MB
was 1.550 ppm (10%) while in MO it was 12.963 ppm
(86%). Based on the results can be concluded that OP
is better used to adsorb MB dye than MO and OP-
CTAB is a better adsorption agent for MO than for MB.
OP contains cellulose, pectin, hemicellulose, lignin and
other compounds. The pectin compound in OP has a
carboxylic acid group that causes OP to be negatively
charged so that it is easier to absorb cationic dyes.
OP-CTAB was more effective at absorbing anionic
dyes due to N* derived from the ammonium group,
causing OP-CTAB to have more cationic properties
than OP. This is supported by the SEM EDX data
showing the N content in OP-CTAB; thus, CTAB has
successfully entered the OP surface. Cellulosic
hydroxyl groups from OP combined with the cationic
surfactant (CTAB) will form an ester linkage and
present -CH»- groups to the fiber, leading to a
columbic attraction between the cationic cellulose and
the anionic dyes (MO) (1).

Based on Figure 4, it can be seen that the optimum
condition of MB adsorption was by using OP that
occurs at 50% minute was 5.881 ppm. Meanwhile, the
optimum condition for MO occurred using OP-CTAB
adsorbent at 50t minute that was 13.344 ppm. The
use of OP-CTAB on MB and OP on MO had not reached
optimal adsorption, it can be seen from the trend of
the linear line tends to be gentle on MB-OP adsorption
and tends to decrease for MO-OP-CTAB at 50 and
60t minute. It is due to the fact that at the minute
the adsorption process had reached the equilibrium
between the adsorbent and the adsorbate and
reached the saturation limit, so that the adsorption
reached the optimum. In contrast with MB-OP-CTAB
and MO-OP adsorption processes, the adsorption
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process can be seen in the graph that the trend line
tends to rise that indicates the adsorption process had
not yet reached the optimum. Based on the
description above, it can be seen that the best
adsorption process on MB was using OP adsorbent
with the optimum amount of dye adsorbed produced
at 50% minute that was 5.881 ppm, while the best
adsorption process on MO was using OP-CTAB
adsorbent with the optimum amount of dye was at
50% minute that was equal to 13.34 ppm.

Adsorption Kinetics

The determination of the reaction order from the
adsorption process and reaction rate constants can be
analyzed using pseudo first order or pseudo second
order reaction kinetics equations. The kinetics of
pseudo first order adsorption is based on mass
equilibrium assuming that the rate between successful
absorption and the time is proportional to the
compensation of the dye absorbed at various times
(ge-qt). Thus, it can be formulated using the following
equation:

In (q,—q,)=Inq,—kt (Eq. 3)

where g. is the concentration of adsorbate at
equilibrium, g: is the concentration of adsorbate at
time t, t is the contact time (minutes) and k; is the
constant rate it adsorbs. At time t=0, then q:=0, and
at time t=t, then gt=q:. The value can be obtained by
plotting In(ge-q:) versus t (Figure 5(a)). Meanwhile,
the pseudo second order, which can also be referred
to as pseudo chemical reactions, is described in
Equation 4. The kx> or pseudo second order reaction
rate constant is obtained by plotting a graph of t/qt
vs. t (Figure 5(b)). The results of R? regression values
and reaction rate constants on each reaction kinetics
model are shown in Table 4.

o 1,1,

q k,q> 4.

(Eq. 4)

Pseudo First Order

>

In(ge—qt )
AR W N R O RN WS

40 50 60 70

t{minute)

—8— MO+0OP MO+OP-CTAB

MB+OP MB+0OP-CTAB
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Pseudo Second Order
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Figure 5: Adsorption Kinetics Pseudo first order (top) and Pseudo second order (bottom) from MO+OP;
MO+OP-CTAB; MB+OP and MB+OP-CTAB.

Based on Table 4, the linear regression value (R?) of
the pseudo second order model was greater than the
R? value of the pseudo first order model. This proves

that the adsorption of MO and MB dyes by OP and OP-
CTAB followed the pseudo second order reaction
kinetics model.

Table 4: Constants of the reaction rate and linear regression for pseudo first order and pseudo second order

kinetics.
Sample ki R? k2 R2
MO+OP 0.069 0.919 0.184 0.999
MO+OP-CTAB 0.030 0.209 0.388 0.996
MB+OP 0.050 0.869 0.085 0.998
MB+OP-CTAB 0.073 0.673 0.055 0.924

Table 4 shows that the reaction rate constant of
MO+OP-CTAB was greater than that of MO+OP,
indicating that adsorption reactions using OP-CTAB in
anionic dyes were faster than those using OP. In
cationic dyes, the adsorption reaction rate constant of
OP was greater than that of OP-CTAB, confirming that
in cationic dyes, OP is more effective than OP-CTAB.

Adsorption Isotherm

The adsorption isotherm expresses the relationship
between the adsorbate concentration and adsorption
capacity at equilibrium and a fixed temperature (15).
Adsorption isotherms are often used to characterize
heavy metal adsorption, dyes, volatile organic
compounds, and gases (28). Adsorption isotherm
models can also provide information on the maximum
adsorption capacity, which is significant in the
evaluation of adsorbent performance (29). According
to Langmuir's assumption, there are five adsorption
processes where the chemisorption mechanism
dominates while the shape of the adsorbate molecule

is a single layer or monolayer. In addition, there is no
interaction between the adsorbed molecules, and the
affinity of the adsorbate molecule is the same for each
place on the surface of a homogeneous solid with the
adsorbent molecule at a specific location. It does not
transfer to the concrete surface and is always
irreversible (30). Langmuir's equation can be written
as follows (15, 29):

Co_1 +—1 C

max

(Eq. 5)

qe kL qmux
Ce is the concentration of dissolved substances at the
time of equilibrium (mg/L), ge is the quantity of dyes
absorbed at the time of equilibrium (mg/g), Qmax is
the maximum adsorption capacity, and k. is the ratio
of the adsorption rate and desorption rate. Qmax and
k. values can be determined from the intercept and
slope on the linear curve of the relationship of Ce/Qe
vs. Ce (Figure. 6).
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Figure 6: Langmuir Isotherm Plot.

Freundlich’'s model shows that the equilibrium
relationship in adsorption can be explained by the
absence of molecular separation on the surface after
absorption and the lack of chemical adsorption
events. The Freundlich equation occurs only in fissile
adsorption events due to the absence of molecular
configuration exchanges in the adsorption process.
The molecular form of the adsorbate in this process of
the adsorption isotherm is a multilayer (30). The
Freundlich equation can be written as follows:

log q,=log kﬁ%log C, (Eq. 6)
ke is the Freundlich constant that represents the
adsorption capacity at the time of equilibrium, and
1/n is the intensity of the adsorption. The values of k¢
and 1/n can be determined through the intercept and
slope of the linear curve of the relationship of log ge
vs. log Ce (Figure. 7).

0.5 /

o EMO+OP
; MO+OP-CTAB
= 6 MB+OP
1 0.5 0.5 1 15 . MBLOP-CTAB
03
|
-1
log Ce

Figure 7: Freundlich Isotherm Plot.

In Figure 7, it is shown that both OP and OP-CTAB
adsorption isotherms on MO and MB followed
Langmuir's adsorption isotherm. This is evidenced by
the linearity value (R2?) of Langmuir's adsorption
isotherm being greater than that of the Freundlich
adsorption isotherms (Table 5). Based on these
results, it can be concluded that the adsorption
process in MO and MB using OP and OP-CTAB
occurred on homogeneous surfaces, while there was
no interaction between adsorbate molecules and
adjacent areas that means the adsorption process

only occurs physically. Table 5 indicates that the
highest maximum adsorption capacity (Qmax) was
27.780, i.e., in the MO adsorption process by OP-
CTAB. This suggests that the addition of CTAB can
help the adsorption process more maximally with the
adsorption of anionic dyes. For the removal of cationic
dyes, the use of orange peel without CTAB was better
than orange peel with CTAB. This result is proven by
the adsorption capacity, in which the MB adsorption
process by OP was more significant than the
adsorption capacity for removing MB by OP-CTAB.
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Table 5: Constants and R? values of the Langmuir and Freundlich isotherm models.

Langmuir Isotherm

Freundlich Isotherm

Sample ke Qmax R2 ke 1/n R2
MO+0OP 5.50x10%> 4.405 1.000 1.609 0.409 0.025
MO+OP-CTAB 696.180 27.778 0.995 12.840 0.680 0.984
MB+OP 44.800 10.960 0.993 3.160 0.480 0.992
MB+OP-CTAB -14.780 1.970 0.998 2.190 -0.030 0.498

CONCLUSION

Based on previous studies, based on the pore size, OP
has a microporous structure, while OP-CTAB has a
mesoporous structure. The best adsorption process on
MB was using OP adsorbent with the optimum amount
of dye adsorbed produced at 50% minute that was
5.881 ppm, while the best adsorption process on MO
was to use adsorbent OP-CTAB with the optimum
amount of the best dye was at 50% minute that was
equal to 13.34 ppm. So, the use of OP-CTAB biomass
is better for removing anionic dyes, while OP is better
used to remove cationic dyes due to the N element
from the ammonium group of CTAB because this
group has a positive partial charge causing OP-CTAB
to have cationic properties so it is easier to attract
anionic dyes than OP. Based on the kinetics
adsorption, the adsorption of MO and MB dyes by OP
and OP-CTAB followed the pseudo second order
kinetic reaction model. The adsorption of MO and MB
by OP and OP-CTAB followed the Langmuir adsorption
isotherm, meaning that the adsorption process in MO
and MB wusing OP and OP-CTAB appeared on
homogeneous surface sites, while there was no
interaction between adsorbate molecules and adjacent
sites that means the adsorption process only occurs
physically.
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