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Abstract. Liquid waste is a major problem in the textile industry
environment that has the most widespread influence because physical
and aquatic characteristics can have a negative impact on waters.
Most of the liquid waste produced by batik comes from the dyeing
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Batch method, biosorption, the environment without prior processing, the environment has a
langsat shell, methyl orange limited ability to degrade dyestuffs. One alternative method to remove

the dye in water contaminated with methyl orange is biosorption
using a cheap and easily available biosorbent, such as a langsat shell.
This study used a batch method with variations in pH, solution
concentration, particle size, stirring speed, and contact time. The
results of each variation carried out obtained the optimum conditions
for the absorption of Methyl Orange, namely at: pH 4, concentration
150 mg/L, and particle size 150 um. The adsorption isotherm study
was carried out, the Langmuir equation yielded a regression
coefficient value that was close to one (R? = 0.9964) so that it could
be said to be better with a maximum absorption capacity of 3.1164
mg/g
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1. Introduction
Liquid waste is a major problem in the textile industry environment that has the most widespread
influence because the physical and chemical characteristics of water can have a negative impact on
water [1-2]. Most of the wastewater produced by batik comes from the dyeing process and causes
environmental pollution if it is discharged into the aquatic environment directly without prior
processing, while the environment has a limited ability to degrade these dyes [3-4]. The aquatic
environment becomes colored and changes the quality of the water so that it is not suitable for
consumption by living things [5-6]. The liquid waste of this process is one of the sources of water
pollution which is quite high if the waste treatment is not carried out [7].
One of the azo dyes that are widely used in the dyeing process is Methyl Orange. Methyl Orange

(MO) or Methyl Orange is an organic compound with the formula C;sH14N3NaOsS [8]. Methyl
Orange is prepared from sulfanilic acid and N,N- dimethylaniline [9-10]. Methyl Orange is a dye used
to give color to substances, especially fabrics. Methyl Orange is dangerous for health because it is toxic
and mutagenic [11]. The structure of Methyl Orange can be seen in Figure 1.

@

?:I-"DNa

@]

M - /U
a
HaC.
N
CHs

Figure 1. Structure of Methyl Orange [11]

One alternative method to remove the dye in water contaminated with methyl orange is
biosorption using a cheap and easily available biosorbent, such as a langsat shell. Several
classifications of compounds known to have secondary metabolites such as terpenoids, alkaloids,
flavonoids, and saponins were found to be contained in langsat plants. Research on biosorption has
been widely developed in the use of biomaterials lately. In the last few years, for example, green shells
[12], pine leaves [13], and waste of orange and lemon peel [14]. This research used the parameters to
be tested are pH, concentration, and particle size [15-16].

2. Experimental Section

2.1. Materials

The tools used in this study consisted of glassware, a shaker (model: VRN-480), a pH meter (HI2211),
analytical balance (ABS 220-4), filter paper, a magnetic stirrer (MR Hei Standard), mortar and pestle.
pestle, oven, spray bottle, and sieve (BS410). The instrument used is FTIR (Fourier Transform
InfraRed) type Perkin Elmer universal ATL Sampling Accessor 735 B and Spectronic 21. The
materials used in this study were langsat shell, aquades, Methyl Orange solution 1000 mg/L, NaOH
0.1 M, HNO;50.01 M, HNO5 0.1 M, HNOs; 1 M, HNO; 0.5 M, HNO; 5 M.

2.2. Procedure

The langsat shell is cleaned of dirt, cut, washed with water, and air-dried for = 2 months without being
exposed to sunlight. Samples were mashed using a mortar and pestle and sieved using sieves of 150,
180, 250, and 355 um. A total of 20 grams of langsat shell was activated with 0.1 M HNOs for 2 hours,
then washed with distilled water until neutral, and air-dried [17].
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2.2.1 Effect of Solution pH

Prepared 25 mL of Methyl Orange dye solution with a concentration of 100 ppm with variations in
pH 2, 3,4, 5, 6, and 7 then each solution was contacted with 0.2 grams of langsat shell using a batch
system, the solution was then shaken at a speed of 200 rpm for 30 minutes. Then the solution was
filtered and the filtrate was accommodated and measured spectronic 21.

2.2.2 Effect of Solution Concentration

Prepare 25 mL of Methyl Orange solution with concentrations of 50, 100, 150, 200, and 250 mg/L at
optimum pH, then each solution is contacted with 0.2 grams of 150 pm langsat shell using a batch
system, the solution is shaken at 200 rpm for 30 minutes. Then the solution was filtered and the filtrate
was accommodated and measured spectronic 21.

2.2.3 Particle Size Effect

A total of 0.2 grams of langsat shell with variations in particle size of 150 pm, 180 um, 250 um, 355
um, and 425 pm were contacted with 25 ml of Methyl Orange solution with optimum pH and
concentration, then each solution was contacted using a batch system, the solution shaken at 200 rpm
for 30 minutes. Then the solution was filtered and the filtrate was accommodated and measured
spectronic 21.

Langsat Shell

* Mashed
» Sieved using sieves of 150,
180, 250 and 355 um

Powder Langsat Shell

» Activated with 0.1 M
HNO; for 2 hours

» washed with distilled
water until neutral

A

Activated of Langsat
Shell

* Application

Biosorption of Methyl Orange

v v A4

Effect of Effect of Effect of
Solution pH Solution Conc. | | Particle Size

Figure 2. Procedure Biosorption of Methylene Orange Dye
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3. Results and Discussion

3.1 FTIR Characterization

FTIR characterization was carried out to determine the functional groups present in the langsat shell.
Functional groups play a very important role during the dye absorption process which is influenced
by the number of functional groups, types of functional groups, interaction processes, chemical
structure, and bio-sorbent affinity for dyes [18]. In this study, the wave number of 4000-500 cm™ was
used [19].

Testing on samples of langsat shell before activation to determine the functional groups
contained in langsat shell, testing of activated langsat shell to determine functional groups and
structural changes that occur in langsat shell, then testing of langsat shell that has been in contact with
Methyl Orange is carried out to determine the functional groups that can bind the Methyl Orange
compound [20]. The results of the analysis were carried out on the langsat shell before and after
activation and after contact with the langsat shell. The results of the testing of each of these biosorbents
can be seen in Figure 5.
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Figure 3. FTIR spectrum (a) Biomass of langsat shell before activation (b) Biomass of langsat shell
has been activated with 0.01 M HNO; for 2 hours (c) Biomass of langsat shell which has
been in contact with Methyl Orange solution.

50

In Figure 3. it can be seen that for the langsat shell which is not activated, the hydroxyl peak (—
OH) appears at a wave number of 3330 cm™” with a transmittance value of 18.96% T. This wave
number indicates that the presence of a free hydroxyl group from polymeric compounds, this
corresponds to the frequency range for the hydroxyl group between 3600-2800 cm™ which indicates
the presence of polymeric compounds [21]. At wave number 2934 cm’', there is a —CH functional
group with a transmittance value of 18.23% T in the frequency range 2800-3000 cm™, and at a wave
number of 1625 cm™, there is a C=0 (carbonyl) functional group with a value of transmittance of
19.51% T frequency range 1640-1820 cm™'[22].

Inactivated langsat shell biomass, the hydroxyl peak (—OH) appears at a wave number of 3329
cm and a transmittance value of 11.99 %T. For the —-CH group there was no change in the absorption
band with a shift in wave number from 2934 cm™ and the transmittance value obtained was 20.19%
T. And in the —C=0 functional group it appeared at a wave number of 1627 cm™ and the transmittance
value was obtained that is equal to 18.07% T [14].

In the langsat shell biomass which has been contacted with Methyl Orange solution, it can be
seen that there is a change in the absorption of each functional group where the OH functional group
appears at a wave number of 3532 cm™! and a transmittance value of 6.03% T. The —CH functional
group appears at a wave number of 2849 cm! with a transmittance value of 4.66% T. And the C=0
functional group appears at a wave number of 1609 cm™ and the transmittance value obtained is 1.91%
T.
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3.2 Standard Curve Preparation of Langsat Shell

Preparation of the s-curve In this study, before carrying out the optimum conditions of the Methyl
Orange solution, a standard curve was needed for the Methyl Orange to be analyzed properly[23].
According to Lambert-Beer's law, if the concentration increases, the number of molecules through
which a beam of light passes will increase, so that the absorption will increase [24][25]. This is the
same as the results of the calibration curve below which shows that the greater the concentration, the
absorbance of the Methyl Orange solution will increase. The linear equation Y = 0.0732 x — 0.0006
with a value of R? = 0.9996 can be used to determine the optimum conditions for Methyl Orange in
this study [26-27]. The Calibration Curve Standard solution of Methyl Orange can be seen in Figure
4 langsat shell standard.
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Figure 4. Standard Solution Calibration Curve of Methyl Orange

3.3 Effect of Solution pH

pH has an important role in the biosorption process because it can determine surface changes at the
active site of the biosorbent [28]. The effect of pH on the absorption capacity of methyl orange dye by
langsat shell biosorbent is shown in Figure 5.

Variation of pH

pH

Figure 5. Effect of solution pH on the absorption capacity of Methyl Orange using activated langsat
shell (0.2 gram biosorbent, 25 mL Methyl Orange solution 50 mg/L, 150 um biosorbent
particle size, 200 rpm for 30 minutes)

Biosorption of Methylene Orange Dye using Langsat Shell by Batch Method
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Figure 5. shows that adsorption of Methyl Orange using langsat shell bio sorbent occurs
maximally at pH 4 with an absorption capacity of 2.5017 mg/g. Equilibrium is reached when all the
exchange of Methyl Orange and anions on the outer and inner surfaces of the biosorbent has been
reached [29-30]. This is related to protonation or deprotonation of the surface active site of the
biosorbent [31-32].

At a low and acidic pH, the surface of the biomass wall is protonated so that the absorption of
Methyl Orange becomes larger, while at a high pH, the absorption of Methyl Orange becomes smaller
[33]. This is because in water, at a high pH, the surface of the biomass wall of langsat shell powder is
negatively charged and the soluble dye component is an anion so that the absorption of the dye will
be blocked and repel each other [34-35].

3.4 Effect of Solution Concentration
The effect of concentration on the absorption capacity of Methyl Orange dye by langsat shell
biosorbent is shown in Figure 6.

Variation of Concentration

30 + __*

50 ppm 100 ppm 150 ppm 200 ppm 250 ppm

Concentration
Figure 6. Effect of solution concentration on the adsorption capacity of Methyl Orange using activated
langsat shell (0.2 grams of biosorbent, 25 mL of optimum pH 4, 150 pum particle size of
biosorbent, 200 rpm for 30 minutes)
The concentration of the solution in general will increase the biosorption of Methyl Orange dye.
The concentration of a substance will continue to increase at a point when the concentration no longer
affects absorption[36-37]. This can happen because the concentration of the dye is proportional to the
number of active sites on the surface of the biosorbent, causing the active sites to have reached an
equilibrium state [38-39].In Figure 8 it can be seen that increasing the concentration can increase the
absorption capacity of Methyl Orange dye. However, when the active site is saturated, the absorption
capacity will decrease. The increase occurred from a concentration of 50 mg/L to the optimum at a
concentration of 150 mg/L. Optimum absorption occurred at a concentration of 150 mg/L with an
absorption capacity of 3.1164 mg/g. Based on the Langmuir adsorption theory, it is stated that on the
surface of the biosorbent, some active sites are proportional to the surface area of the biosorbent
[9][13].
The Langmuir isotherm model shown in Figure 7 has a value of R? = 0.99964. If the value of
R? is close to one, then the result is good or linear. Based on the value of y = 0.2966x - 0.1701, the
maximum absorption capacity (Qmax) of the Methyl Orange solution that can be absorbed is 3.3715
mg/g. The value of the isotherm equilibrium constant (KI) was obtained at 1.7439 L/ mg. The greater
the KI value, the greater the adsorbent affinity for the dye [40-41].

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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Isoterm Langmuir
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Figure 7. Isoterm Langmuir

Based on the obtained R?, the Langmuir isotherm equation, the results obtained from R? are 0.9964,
close to 1 with a maximum capacity of 1.7439 mg/g.

3.5. Effect of Particle Size

Differences in particle size can affect the biosorption ability of dyestuffs. The smaller the size of the
biosorbent used, the wider the surface area, so that the active center that can interact with dye cations
increases the adsorption power will be better [42-43]. If the size of the biosorbent used is getting bigger,
it can cause a decrease in the area of the biosorbent surface and available binding groups[44]. Also,
the larger particle size can increase the internal diffusion of the bio-sorbent penetration thereby
inhibiting the equilibrium and consequently decreasing the adsorption ability [20][45]. The effect of
particle size on the adsorption capacity of Methyl Orange dye by langsat shell biosorbent is shown in
Figure 8.

Variation of Particle Size

——
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150 pm 180 um 250 pm 355 um 425 pum

Figure 8. Effect of Particle Size of the solution on the adsorption capacity of Methyl Orange using
activated langsat shell (0.2 grams of biosorbent, 25 mL of 150 mg/L solution, optimum pH
4, 200 rpm for 30 minutes)
In Figure 8 it can be seen that there is a decrease in absorption due to the larger particle size. The
decrease occurred from the particle size of 180 m to 425 pm. The particle size of 150 pm is the optimum
with an adsorption capacity of 2.9883 mg/g.

Biosorption of Methylene Orange Dye using Langsat Shell by Batch Method
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4. Conclusion

Activated langsat shell can be used as a biosorbent to absorb Methyl Orange with the optimum
capacity obtained at a solution pH of 4, solution concentration of 150 mg/L, and particle size of
biosorbent 150 pm. The maximum adsorption capacity obtained from the absorption of Methyl
Orange at pH 4 2.5017 mg/g, concentration 150 ppm 3.1164 mg/g, particle size 150 um 2.9883 mg/g

5. Acknowledgement
This study was supported by Hibah Penelitian Dasar Unggulan Perguruan Tinggi (PDUPT) BOPTN

2020.

References

[1]

[2]

[3]

[4]

[10]

[11]

[12]

[13]

R. Mohadi, Normah, E. S. Fitri, and N. R. Palapa. (2022).Unique Adsorption Properties of
Cationic Dyes Malachite Green and Rhodamine-B on Longan (Dimocarpus longan) Peel, Sci.
Technol. Indones., vol. 7, no. 1, pp. 115-125.

B. Isik, F. Cakar, and O. Cankurtaran. (2023). Valorization of Urtica dioica roots as a highly-
effective and eco-friendly biosorbent for adsorptive removal of hazardous textile dyes. Mater.
Sci. Eng. B, vol. 293, p. 116451.

E. Nasra, R. Sari, S. B. Etika, D. Kurniawati, and T. K. Sari. (2020). Optimization of Phenol
Absorption Using Banana Peel (Musa balbisiana Colla) as Biosorbent, vol. 10, no. ICoBioSE
2019, pp. 238-243.

K. Prasad, S. Veluru, S. Himaja Pamu, V. Rao Poiba, H. Talib Hamzah, and M. Seereeddi.
(2023). Potential efficacy of a fruit waste - Manila tamarind seed powder for the adsorption of
hazardous dyes from aqueous solution: Batch studies, Mater. Today Proc., vol. 80, pp. 1334—
1340.

R. Zein, J. Satrio Purnomo, P. Ramadhani, Safni, M. F. Alif, and C. N. Putri. (2023).
Enhancing sorption capacity of methylene blue dye using the solid waste of lemongrass
biosorbent by modification method. 4rab. J. Chem., vol. 16, no. 2, p. 104480.

J. G. da S. Andrade, C. E. Porto, W. M. Moreira, V. R. Batistela, and M. H. N. O. Scaliante,
(2023). Production of hydrochars from Pinus caribaea for biosorption of methylene blue and
tartrazine yellow dyes, Clean. Chem. Eng., vol. 5, no. August 2022, p. 100092.

M. Catanho, G. R. P. Malpass, and A. de J. Motheo. (2006).Avaliacio dos tratamentos
eletroquimico e fotoeletroquimico na degradacao de corantes téxteis, Quim. Nova, vol. 29, no.
5, pp. 983-989.

A. El Amri et al. (2023). Investigation of Typha Latifolia (TL) as potential biosorbent for
removal of the methyl orange anionic dye in the aqueous solution. Kinetic and DFT
approaches, J. Mol. Struct., vol. 1272, p. 134098.

Y. Raji et al. (2022). Efficient Adsorption of Methyl Orange on Nanoporous Carbon from
Agricultural Wastes: Characterization, Kinetics, Thermodynamics, Regeneration and
Adsorption Mechanism, J. Compos. Sci., vol. 6, no. 12.

F. Tarmizi and D. Kurniawati. (2020). The Use of Langsat Skin ( Lansium domesticum ) in
the Biosorption of Methyl Orange, Int. J. Sci. Res. Eng. Dev., vol. 3, no. 3, pp. 624-628.

E. Widjajanti, R. Tutik, and M. P. Utomo. (2011).Pola Adsorpsi Zeolit Terhadap Pewarna
Azo Metil Merah dan Metil Jingga, Pros. Semin. Nas. Penelitian, Pendidik. dan Penerapan MIPA,
Fak. MIPA, Univ. Negeri Yogyakarta, pp. 115-122.

F. 1. Fajarwati, N. Ika Yandini, M. Anugrahwati, and A. Setyawati. (2020). Adsorption Study
of Methylene Blue and Methyl Orange Using Green Shell (Perna Viridis), EKSAKTA J. Sci.
Data Anal., vol. 1, no. 1, pp. 92-97.

P. T. Huynh. (2023). Methylene Orange and Methyl Blue Adsorption Behavior on Pine Leaves
Biomass ( Pinus kesiya ), Res. Sq., pp. 1-20.

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta


http://www.eksakta.ppj.unp.ac.id/index.php/eksakta

Eksakta : Berkala llmiah Bidang MIPA ISSN : 1411 3724 313

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Activated carbon derived from waste orange and lemon peels for the adsorption of methyl
orange and methylene blue dyes from wastewater, Heliyon, vol. 8, no. 8, p. €09930.

S. S. Shah, T. Sharma, B. A. Dar, and R. K. Bamezai. (2021). Adsorptive removal of methyl
orange dye from aqueous solution using populous leaves: Insights from Kkinetics,
thermodynamics and computational studies, Environ. Chem. Ecotoxicol., vol. 3, pp. 172—-181.
M. R. Shahab et al. (2023). Adsorption of methyl orange and chromium (VI) using Momordica
charantia L. leaves: a dual functional material for environmental remediation, J. Iran. Chem.
Soc., vol. 20, no. 3, pp. 577-590.

D. Kurniawati et al. (2015). Biosorption of Pb (II) from Aqueous Solutions Using Column
Method by Lengkeng ( Euphoria logan lour ) Seed and Shell,” J. Chem. Pharm. Res., vol. 7, no.
12, pp. 872-877.

D. Yollanda, E. Nasra, D. K. I. Dewata, and U. K. Nizar. (2019). Pengaruh Ion Cu2+, Zn2+,
Cd2+ dan Cr3+ terhadap Penyerapan Logam Pb2+ Menggunakan Kulit Pisang Kepok (Musa
Paradisiaca L), Menara Ilmu, vol. XIII, no. 2, pp. 171-177.

D. Kurniawati, Bahrizal, T. K. Sari, F. Adella, and S. Sy. (2021). Effect of Contact Time
Adsorption of Rhodamine B, Methyl Orange and Methylene Blue Colours on Langsat Shell
with Batch Methods, J. Phys. Conf. Ser., vol. 1788, no. 1.

R. Zein, Z. Chaidir, Z. Zilfa, S. Fauzia, and P. Ramadhani. (2022). Isotherm and Kinetic
Studies on the Adsorption Behavior of Metanil Yellow Dyes onto Modified Shrimp Shell-
Polyethylenimine (SS-PEI), J. Kim. Val., vol. 8, no. 1, pp. 10-22.

F. Adella and D. Kurniawati. (2020). Effect of Particle Size and Stirring Speed on Rhodamine
B Absorption Using Langsat Shell ( Lansium domesticum ) as Biosorbent Abstract , Int. J. Sci.
Res. Eng. Dev., vol. 3, no. 3, pp. 710-713.

D. K. M Yogi Yunanda. (2023). Effect of Adsorbent Dosage on Copper Ion Adsorption Using
Activated Carbon of Langsat Shell (Lansium domesticum Corr) with Column Method, Indones.
J. Chem. Sci. Technol., vol. 06, no. 01, pp. 01-06.

R. El Amri, R. Elkacmi, and O. Boudouch. (2023). Removal of Methyl Orange from Water
Using Microalgae: Effect of Operating Parameters, Equilibrium, Kinetic and Thermodynamic
Studies, Chem. Africa.

M. T. Amin, A. A. Alazba, and M. Shafiq. (2017). Batch and fixed-bed column studies for the
biosorption of Cu(Il) and Pb(II) by raw and treated date palm leaves and orange peel. Glob.
Nest J., vol. 19, no. 3, pp. 464-478.

N. Nadia Rudi, N. Mohd Apandi, and M. Suliza. (2022). Chemical Treatment of Banana
Blossom Peels Adsorbent as New Approach for Manganese Removal: Isotherm and Kinetic
Studies. Res. Sq., vol. 1, no. 4, pp. 1-33.

Y. Wulandari, L. Kurniasari, and I. Riwayati. (2014). Adsorpsi Logam Timbal dalam Larutan
Menggunakan Kulit Ketela Rambat (Ipomoea batatas L), Pros. SNST, pp. 75-80.

A. Thulasisingh, S. Muthulingam, M. Kumar, N. Rajasekar, S. Mohanraj, and C. G. Malar,
(2023). Biosorption of methylene blue dye using a novel chitosan pectinase blend, Environ. Sci.
Pollut. Res., vol. 30, no. 17, pp. 48948-48961.

I. D. Puja, Desy Kurniawati, Edi Nasra, . Bahrizal, Umar Kalmar Nizar. (2019). Effect of
Biosorbent Particle Size on Biosorption of Lead (II) from Lengkeng Seeds and Shell (Euphoria
logan Lour), pp. 244-248.

J. Kesumaningrum, N. Prasetya, and A. Suseno. (2011). Jurnal Kimia Sains dan Aplikasi
Adsorpsi Fenol dengan Ti02/Zeolit Artificial Berbahan Dasar Sekam, J. Kim. Sains dan Apl.,
vol. 14, no. 1, pp. 26-31.

N. Gogoi, P. Samanta, and P. Dahutia. (2023). Agro-Wastes as Low-Cost Biosorbent for Dyes
Removal from Wastewater,” in Agriculture Waste Management and Bioresource,pp. 149—172.

A. A. Hambisa, M. B. Regasa, H. G. Ejigu, and C. B. Senbeto. (2023). Adsorption studies of

Biosorption of Methylene Orange Dye using Langsat Shell by Batch Method



Desy Kurniawati, Intan Lestari, etal. 314

[32]

[33]

[34]

[35]

[36]
[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]

[45]

methyl orange dye removal from aqueous solution using Anchote peel-based agricultural waste
adsorbent. Appl. Water Sci., vol. 13, no. 1, pp. 1-11.

A. Hadadi, A. Imessaoudene, J.-C. Bollinger, S. Cheikh, A. Manseri, and L. Mouni. (2023).
Dual Valorization of Potato Peel (Solanum tuberosum) as a Versatile and Sustainable
Agricultural Waste in Both Bioflocculation of Eriochrome Black T and Biosorption of
Methylene Blue, J. Polym. Environ.

M. Diehl, L. F. O. Silva, C. Schnorr, M. S. Netto, F. S. Bruckmann, and G. L. Dotto. (2023).
Cassava bagasse as an alternative biosorbent to uptake methylene blue environmental pollutant
from water, Environ. Sci. Pollut. Res., vol. 30, no. 18, pp. 51920-51931.

A. H. Putri. (2021).Biosorption of Mal Malachite Green Dye Using Langsat Peel ( Lansium
domesticum ) Biosorbent, vol. 4, no. 2, pp. 1155-1158.

C. Zaharia and D. Suteu. (2023). Empirical Modeling by Active Central Composite Rotatable
Design: Orange 16 Dye Biosorption onto Biosorbents Based on Residual Bacterial
Lactobacillus sp . Biomass, Separations, vol. 10, no. 279, pp. 1-13.

A. Amari et al. (2023). Remediation of Methyl Red Dye from Aqueous Solutions by Using
Biosorbents Developed from Floral Waste, Adsorpt. Sci. Technol., vol. 2023.

X. Yang et al. (2023).Alkaline ball-milled peanut-hull biosorbent effectively removes aqueous
organic dyes, Chemosphere, vol. 313, p. 137410.

A. Chergui, M. Z. Bakhti, A. Chahboub, S. Haddoum, A. Selatnia, and G. A. Junter. (2007).
Simultaneous biosorption of Cu2+, Zn2+ and Cr6+ from aqueous solution by Streptomyces
rimosus biomass, Desalination, vol. 206, no. 1-3, pp. 179-184.

A. C. Enache, P. Samoila, C. Cojocaru, R. Apolzan, G. Predeanu, and V. Harabagiu. (2023).
An Eco-Friendly Modification of a Walnut Shell Biosorbent for Increased Efficiency in
Wastewater Treatment, Sustain., vol. 15, no. 3.

J. Shu et al. (2017). Copper loaded on activated carbon as an efficient adsorbent for removal of
methylene blue, RSC Adv., vol. 7, no. 24, pp. 14395-14405.

R. E. Tataru-Farmus, R. Cimpoesu, I. Nica, and D. Suteu. (2023). Biosorbent Based on
Poly(vinyl alcohol)-Tricarboxi-Cellulose Designed to Retain Organic Dyes from Aqueous
Media, Polymers (Basel)., vol. 15, no. 3.

M. Dhelipan, A. Arunchander, A. K. Sahu, and D. Kalpana. (2017). Activated carbon from
orange peels as supercapacitor electrode and catalyst support for oxygen reduction reaction in
proton exchange membrane fuel cell, J. Saudi Chem. Soc., vol. 21, no. 4, pp. 487-494.

B. T. Gebeyehu. (2023).Efficient Removal of Methylene Blue Dye from Aqueous Solution
Using a New Biosorbent Derived from Enset ( Ensete Ventricosum ), pp. 1-25.

H. S. Kusuma ez al. (2023). Biosorption of Methylene blue using clove leaves waste modified
with sodium hydroxide, Results Chem., vol. 5, no. January, p. 100778.

L. Medina-Zazueta et al. (2023). Development of Sustainable Magnetic Biosorbent Using
Aqueous Leaf Extract of Vallesia glabra for Methylene Blue Removal from Wastewater,
Sustain., vol. 15, no. 5.

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta


http://www.eksakta.ppj.unp.ac.id/index.php/eksakta

