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a b s t r a c t
A vast amount of dye effluent is continually released into the water, posing a significant hazard 
to the natural environment and human health. This study aims to investigate the adsorption of 
methylene blue from an aqueous solution using orange peel as activated carbon. To comprehend 
the adsorption behavior, the influences of adsorbent dose (0.1–0.8 g), starting dye concentration 
(10–80  mg/L), and contact duration (10–80  min) were investigated. Fourier-transform infra-
red spectroscopy was used to recognize the functional group in orange peel. A non-linear 
pseudo-first-order reaction could describe the adsorption process. The process was best fitted with 
the Langmuir isotherm than the Freundlich isotherm. The results obtained were a high level of 
color removal achieved within a short time which was 50 min, and orange peel held as a potential 
low-cost adsorbent for dye removal from industrial wastewater.
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1. Introduction

Wastewater is water mixed with certain substances, 
resulting in changes to biological, physical, and chemical 
properties. The discharge of wastewater containing dyes 
is a major problem in the environment. Dye is a common 
organic compound generally used in industries, such as 
leather tanning, printing, textiles, pulp/paper, cosmetics, 

plastics, and rubber industries [1]. Out of all these vari-
ous industries, the textile industry ranked first when it 
comes to using dyes for the coloration of fibre. The dye 
industry is expected to develop by around 2%–3% each 
year due to rising worldwide dye production and con-
sumption [2]. Textile dyes are generally made from azo 
compounds and their derivatives which are benzene 
groups. Azo compounds if too long in the environment, 
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will be a source of disease because it is carcinogenic and 
mutagenic [3]. Without proper treatment, the release 
of these organic dyes effluents is worrying for environ-
mental and health problems [4]. Thus, the appropriate 
treatment is crucial for the overall safety and benefit of 
humans, animals, and the environment.

Methylene blue, known as methylthioninium, is one 
of the most harmful basic/cation dyes. It is widely used 
for coloring products in paper, temporary hair colorants, 
dyeing of cotton, wood, and silk [5]. Methylene blue can 
cause harmful effects, such as cyanosis, methemoglobin-
emia, dyspnea, and tachycardia. If methylene blue comes 
in contact with skin, it may cause skin irritation and allergic 
reaction. The dye’s effluent also disturbs the photosynthe-
sis process of aquatic plants by preventing and cutting off 
sunlight penetration into the water [6].

According to Crini and Lichtfouse [7] in the textile 
industry, nearly 200,000 tons of these dyes are lost to efflu-
ents every year, and most of these dyes escape conventional 
wastewater treatment processes and persist in the environ-
ment. For this reason, the removal of dyes from effluent 
has been extensively studied for many years, and lots of 
technologies have been developed. Among them, some pop-
ular techniques are oxidative degradation [8], biochemical 
degradation [9], photodegradation [10], electrocoagulation 
[11] and electrochemical degradation [12]. Comparatively, 
adsorption appears to be a significant method due to its 
extensive uses, such as ease of operation, low cost, wide 
availability, and recyclability [13,14].

Adsorption is a physical process in which a solute (dye) 
is transferred from a solvent (effluent) to an adsorbent 
(solid matrix surface). This occurs when a liquid mixture 
comes into contact with a solid (adsorbent), and a mix-
ture component (adsorbate) clings to the solid’s surface. 
Adsorbents with high specific surface areas (m  surface/g 
solid), such as activated carbon, enable little amounts of 
adsorbent to extract significant volumes of adsorbate 
from fluid mixes.

Among adsorbents, activated carbon is the most used 
adsorbent in various purification processes, including gas 
purification, sewage treatment, and purification. However, 
commercial activated carbon is costly and its regeneration 
is very difficult, especially for powdery activated carbon 
[15,16]. For the sake of reducing the treatment cost for meth-
ylene blue dye removal from wastewater, the researcher 
came out with the idea of developing low-cost adsorbents 
prepared from agricultural waste like grape waste [17], 
Oryza sativa L. [18], Apium graveolens [19], Mucuna beans 
[20], Salacca zalacca skin [21], spent coffee ground [22] 
and dragon fruit peel [23] and pomegranate fruit peel [24].

Orange peel comprises cellulose pectin, hemicellulose, 
lignin, and other low molecular weight compounds like 
limestone. Since the 1980s, orange production has contin-
ued to grow across the world, and in 2014, orange produc-
tion clocked in at 68,925,200 tons, with much of that figure 
being used to make products like jams, marmalades, and 
juices–all of which result in the waste of orange peels at 
a massive scale (around 3.8  million tons of waste a year) 
[25]. This waste has little to no economic value, leading to 
serious disposal problems [26]. Furthermore, orange peel 
is an option as a low-cost adsorbent due to its abundance 

in nature, non-toxicity, and biodegradability. Articles on 
the removal of methylene blue dye from aqueous solu-
tions are numerous but using acid-treated orange peel as 
an adsorbent is still not widely available. Therefore, this 
study was carried out to investigate the effect of adsorp-
tion of orange peel with a different parameter, such as dye 
concentration, adsorbent dosage, and contact time using 
methylene blue.

2. Materials and methods

2.1. Sample preparation

The orange, Citrus sinensis peel (mesocarp and exocarp) 
was collected from a local fruit stall. The orange peel was 
washed several times to remove other impurities attached 
to the surface and cut into small pieces (i.e., 3  cm × 3  cm). 
The orange peel was then dried in an oven for 24 h at 106°C.

2.2. Preparation of adsorbent

The 25-g of dried orange peel was ground into small 
pieces using a grinder. Then, the crushed orange peel was 
sieved using a Sieve shaker AS 200 control-RETSCH with 
125 and 250 µm. The powder was then mixed with 100 mL 
concentrated phosphoric acid in a beaker. Then, it was 
stirred until the orange peel powder had fully absorbed 
the phosphoric acid [27]. It was then dried at room tem-
perature for 24  h. Finally, it was burned in the Chamber 
Furnace Carbolite Gero CWF-1200 at 400° for 30  min to 
activate the carbon.

2.3. Methylene blue dye stock solution

The methylene blue stock solution was made by dis-
solving 0.1  g methylene blue dye powder in 1,000  mL of 
distilled water. The stock solution was diluted with distilled 
water [28]. Distilled water was used to dilute methylene 
blue concentrations of 10, 20, 30, 40, 50, 60, 70, and 80 mg/L 
from the produced stock solution. Before the adsorption 
procedure, the absorbance of the stock solution was mea-
sured with a UV-Vis spectrophotometer to create the cal-
ibration curve graph. The calibration curve was created by 
plotting the collected observation data against concentration.

2.4. Batch equilibrium study

The adsorption process has experimented with in the 
batch system under 30° temperature with initial methylene 
blue (10–80  mg/L) and varying shaking speed (300  rpm), 
contact times (10–80 min), and adsorbent dosages (0.1–0.8 g). 
The conical flask was then placed in a shaker at a shaking 
speed (350  rpm). A control sample was prepared. After 
the desired contact time, the flask was withdrawn from 
the shaker, and the mixture of dye and adsorbent was fil-
tered. A UV-Vis Spectrophotometer was used to measure 
the dye concentration after the treatment.

2.5. Effect of contact time

The test was performed at eight different shaking 
periods of 10, 20, 30, 40, 50, 60, 70, and 80 min at the same 
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beginning time for eight separate conical flasks with a 
10 min interval. In each conical flask, 0.5 g of activated car-
bon dose was given to 10 mL of dye stock solutions with an 
initial dye concentration of 50  mg/L. The temperature was 
30°C during the test, and the speed was 300 rpm. After the 
necessary time had passed, the absorbance of each conical 
flask was measured using a UV-Vis spectrophotometer.

2.6. Effect of initial dye concentration

The initial dye concentrations of 10, 20, 30, 40, 50, 60, 
70, and 80 mg/L were used. The test was performed at 30°C 
for 50  min, and 0.5  g of activated carbon was added for 
each dye concentration range with 100 mL volume of solu-
tion. The absorbance for each concentration was measured 
using UV-Vis after 50 min.

2.7. Effect of adsorbent dosage

The test was performed at 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
and 0.8  g of activated carbon dosage. The test was carried 
out at 30°C for 50  min. The dosage was added to 100  mL 
of dye stock solutions with 50  mg/L of initial dye con-
centration in each conical flask. The absorbance for each 
conical flask was measured using UV-Vis after 50 min.

3. Results and discussion

3.1. Characterisation using Fourier-transform 
infrared spectroscopy

The temperature influenced the carbonization yield. 
The optimum condition was obtained at 400° and 30  min. 
The spectrum of orange peel was obtained from Fourier-
transform infrared spectroscopy (FT-IR) in the 4,000–
400  cm–1 wavelength range. Several identified functional 
groups from the spectra were listed in Tables 1 and 2.

According to Fig. 1, a –OH appears at the wide peak 
of 3,357.7  cm–1 due to the stretching vibration of hydro-
gen-bonded phenol and alcohol groups. Fig. 1 shows the 
FT-IR spectrum of orange peel as an absorbent, while 
Fig. 2 shows the FT-IR spectrum of activated carbon orange 
peel. Fig. 2 shows a reduction in the intensity of the peak 
detected at 3,357.7  cm–1 in Fig. 1. Due to the action of the 
acid on the orange peel, some of the alcohol groups were 
able to be transformed into ethers. The peak at 879.84 cm–1 
in Fig. 2 was after that decreased and somewhat distorted, 
possibly due to a reduction in water content. The carbon-
ization of the orange peel resulting from acid treatment 
was seen by the peak at 1,056.2  cm–1 in Fig. 1 and fur-
ther decreased at 968  cm–1 in Fig. 2. This demonstrated 
that the functional group present in the orange peel was 
changed by acid-treated orange peel. As a result, acid-
treated orange peel has a considerably higher capacity for 
methylene blue adsorption from an aqueous solution [28].

3.2. Effect of contact time, initial dye concentration, 
and adsorbent doses on adsorption

3.2.1. Effect of contact time

Contact time had a significant impact on the removal 
percentage since most of the adsorption process occurs in 
the first 30 min and then increases at a prolonged rate [29]. 
Fig. 3 depicts the quantity of methylene blue dye adsorbed 
during a period of 10–80  min. The procedure was carried 
out under stable conditions, with a 50 mL starting concentra-
tion of 50 mg/L of methylene blue, 0.5 g of adsorbents, and a 
temperature of 30°C.

The adsorption process increased along with contact 
time and reached an equilibrium in 60  min. There was no 
drastic uptake in the percentage of methylene blue removal. 
The graph showed that the highest percentage of methy-
lene blue removed was 61% at 80 min. The methylene blue 

Table 1
Functional group identified from spectra of orange peel

Peak wavelength (cm–1) Functional group

1,056.2 Alcohol with primary structure C–O stretch
1,235.6 Ether, C–O–O stretch for cyclic ether
1,616.6 Nitromethane, N≡O stretch
1,739.4 Carboxylic acids C=O stretch
2,923.2 Alkanes H–C–H asymmetric and symmetric stretch
3,357.7 Phenols and alcohol O–H bond stretch

Table 2
Functional group identified from spectra of activated carbon orange peel

Peak wavelength (cm–1) Functional group

2,803.6 Alkane H–C–H asymmetric and symmetric stretch
2,337.6 Nitrite C≡N stretch
1,106.5 Ether C–O–C stretch for cyclic ether
968 Alcohol with primary of CH2OH for CO (stretch)
879.84 Aromatic compound with CH out-of-plane deformation
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molecules get to the boundary layer during the adsorption 
process, which then diffuses into the available activated car-
bon orange peel surfaces. The methylene blue will diffuse 
into the porous structure of the adsorbent. The percent-
age of methylene blue removal was high during the ini-
tial 50 min as the vacant binding sites on activated carbon 
orange peel surfaces were high.

However, as the contact time increased to 60  min, the 
percentage of methylene blue removal became slower. 
This shows that the binding sites on the adsorbents were 
already occupied with other methylene blue molecules. 
It reached a constant state at 60 min where there was little 
to no more adsorption process. The methylene blue mole-
cules could not diffuse anymore because the binding sites 
were fully occupied.

Based on the percentage of methylene blue removal, 
the adsorbate was adsorbed in the chemisorption process. 
This is because the gap between the percentages from each 
time interval was not too big. Moreover, the adsorption 
rate was constantly increasing even at low temperatures. 
The adsorbate was bound to the surface of the adsorbent 
through a strong chemical bond.

3.2.2. Effect of initial dye concentration

The percentage of methylene blue removal for 50  mL 
of different ranges of initial concentration of methylene 
blue (10–80  mg/L) was studied. The experiment was run 
at 30° for 50  min. The maximum uptake for the adsorp-
tion process was when it reached the concentration range 
of 10–50  mg/L, where the percentage decreased from 80% 
to 35%. However, the adsorption rate gradually decreased 
when it reached a concentration of 60–80 mg/L. The percent-
age of removal stayed constant at 31% at 80 mg/L.

Based on Fig. 4, the adsorption capacity increased as the 
initial dye increased, and the percentage removal decreased 
with an increase in initial dye concentration. The adsorp-
tion depended on the initial concentration of methylene 
blue because, at low concentrations, the ratio of methylene 
blue molecules to the available binding sites at the adsor-
bate surface area was low, making it independent of initial 
concentration. However, when at high concentration, the 
unoccupied binding sites are reduced, so the percentage 
removal becomes dependent on initial concentration [29]. 
It can also be associated with the faster methylene blue 
saturated binding site on the adsorbent surface.

Fig. 1. FT-IR spectra of raw orange peel.

Fig. 2. FT-IR spectra of acid-treated orange peel.
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3.2.3. Effect of adsorbent doses

The effect of variation in adsorbent dosage from 0.1 to 
0.8  g used to remove methylene blue. The experiment was 
run under constant parameters with 50 mL of 50 mg/L ini-
tial concentration of methylene blue at a temperature of 30°. 
Fig. 5 shows a rapid increase from 0.1 to 0.5  g adsorbent 
dosage with removal of 14%–38%. The adsorption process 
reached a constant state at dosage above 0.5 g. This may be 
due to the increase in the availability of the binding sites 

at the adsorbent surface. The increase in dosage provides 
more sites for dye saturation during the process [30].

The gap between the percentage of removal for each 
dosage showed a tremendous gap based on the graph. This 
shows that the adsorbate was adsorbed on the monolayer. 
This means that only one molecule can take over the sites. 
That was why the data obtained from each dosage inter-
val showed a considerable gap percentage value. This was 
because of the high ability of the adsorbent to adsorb more 
than one methylene blue molecule.

Fig. 3. Effect of contact time at the time range of 10–80 min.
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3.3. Adsorption kinetic study

The most common method to study the behavior of acti-
vated carbon is through kinetic and adsorption equilibrium 
models. The rate constants were calculated by using the 
pseudo-first-order and pseudo-second-order kinetic mod-
els. The parameters of the non-linear pseudo-first-order 
and pseudo-second-order models are shown in Table 3. The 
anticipated outcomes of the non-linear pseudo-first-order 
and pseudo-second-order kinetic models are shown in Fig. 6.

The amount of dye adsorbed at equilibrium can be rep-
resented as qe. Meanwhile, the amount of dye adsorbed at 
any time can be represented as qt. K1 is the pseudo-first-order 
rate constant (min–1). From Fig. 6, the plots for both graphs 
are linear but do not pass through the origin. The deviation 
of the plot of qt vs. t and t/qt vs. t proved that the adsorp-
tion process was controlled by film diffusion instead of 
intra-particle diffusion.

The pseudo-first-order kinetic model yielded a qe value 
of 0.5333, whereas the pseudo-second-order kinetic model 

yielded a qe value of 3.4048. The adsorption capacities for 
the pseudo-second-order kinetic model were greater than 
for the pseudo-first-order kinetic model. On the other 
hand, the pseudo-first-order kinetic model better obeys 
the adsorption kinetic data than the pseudo-second-order 
kinetic model. This was since the correlation coefficient for 
the pseudo-first-order model, R2  =  0.9854, gave a strong fit 
and was enough for explaining kinetic data. Meanwhile, the 
correlation coefficient for the pseudo-second-order model, 
R2 = 0.9017, was less than 0.98. This indicated a weak correla-
tion. Thus, the best kinetic model that fitted well for meth-
ylene blue adsorption was calculated using the non-linear 
pseudo-first-order kinetic models.

3.3.1. Adsorption isotherm

The adsorption isotherm demonstrates how the adsorp-
tion molecules dispense between the solid and liquid phases 
when the adsorption process reaches an equilibrium state. 
Adsorption isotherm also can be described as the equilib-
rium concentration of the substrate that came in contact 
with the adsorbent. To find a suitable model for the pro-
cess, the analysis of the isotherm data was calculated using 
different isotherm models [31]. The two typical adsorption 
isotherms are shown in Fig. 7, the adsorption isotherm, 
Langmuir isotherm, and Freundlich isotherm. Table 4 shows 
the parameters of kinetic models.

From Fig. 7, The Langmuir isotherm fitted the adsorp-
tion process better than the Freundlich isotherm. The R2 
value for Langmuir was 0.8255, while Freundlich isotherm 
was 0.0151. The R2 values for the Freundlich isotherm 
were too small to be considered best fits. This means that 
the adsorption of methylene blue dye is favorable to the 

Table 3
Parameters of non-linear pseudo-first-order and pseudo-second-
order models

Parameter Kinetic models

Pseudo-first-order Pseudo-second-order

R2 0.9854 0.9017
K1 (min–1) 0.0521 –
K2 (min–1) – 7.32 × 10–3

qe (mg/g) 0.5333 3.4048

y = 0.293x + 11.78
R² = 0.901
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Langmuir isotherm. The data fit better to the Langmuir 
model than the Freundlich model. Five gradual increasing 
initial concentrations (0, 10, 30, 50, and 70 mg/L) of meth-
ylene blue were considered for this plot. The parameters, 
such as KL, were found to be 0.1456 L/mg.

The amount of methylene blue adsorbed on the acti-
vated carbon surface at constant temperature was chemisorp-
tion. This was further supported by Langmuir’s theory, 
which is the formation of a monolayer. Because of the mono-
layer formation, a saturation in adsorption would reach 
a higher equilibrium concentration of the adsorbate [32]. 
This type of adsorption occurred due to short-range chem-
ical forces, which do not allow penetration through the 

primary adsorbed molecules. In other words, for each active 
site, can be occupied by only one adsorbate molecule.

4. Conclusions

This study had successfully examined the orange peel 
as an agricultural waste material that can be used as an 
adsorbent to remove methylene blue from an aqueous 
solution. Activated carbon orange peel, a low-cost adsor-
bent, was proven to be effective in removing methylene 
blue from wastewater that contained textile dye. High 
level of colour removal achieved within a short time which 
was 50  min. Hence, by using orange peel as an adsorbent, 
it can be an alternative for less costly adsorbent used in 
wastewater treatment and solving waste management issues.
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