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INTRODUCTION

Batik is a masterpiece of the Indonesian Na-
tion which has been recognized by The United 
National Educational, Scientific, and Cultural 
Organization (UNESCO) as a Intangible Cultural 
Heritage of Humanity on October 2, 2009 (Ich.
unesco.org, 2009). In addition, batik has also be-
come an important uniform for Indonesian people 
in various activities. The batik industry in Indo-
nesia can provide benefits to society by providing 
employment opportunities for the community and 
supporting the development of micro, small and 
medium enterprises (MSMEs) (Widjajanti et al., 
2022). Batik is created by painting images and 
adding colour to a piece of cloth. Batik craftsmen 
typically use synthetic dyes to colour the batik 

cloth. However, synthetic dyes take a considera-
ble amount of time to decompose naturally that 
contributed to the environmental pollution. This 
raises the risk of dangerous chemicals accumu-
lating in the environment, thereby negatively 
impacting the ecosystem and upsetting the eco-
logical balance (Solayman et al., 2023). Moreo-
ver, Synthetic batik dyes containing heavy metals 
(Cu, Zn, Ni, Al, Fe, and Pb) can have a negative 
impact on the skin of traditional batik industry 
workers (Oginawati et al., 2022). Another hazard 
posed by synthetic dyes is pollution of the aquatic 
environment caused by high levels of BOD and 
COD in wastewater (Abdelhameed and Emam, 
2019; Sutisna et al., 2017). Synthetic textile dyes 
represent a large group of organic compounds 
that have adverse environmental effects and pose 
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risks to humans. Batik liquid waste has attracted 
the attention of several researchers to overcome 
the problem of environmental. One of the tech-
nologies carried out is to modify the material 
from activated charcoal. According to (Ahmed 
et al., 2022) activated charcoal is an environmen-
tally friendly material and can absorb wastewater 
well (Saravanan and Kumar, 2022). Other tech-
nologies that can be used to treat wastewater are 
adsorption technology, biodegradation technol-
ogy, membrane technology, and oxidation tech-
nology which have been developed to address 
the problem of water pollutants (Ma et al., 2021). 
Adsorption technology is the most economical 
and efficient choice because the adsorption tech-
nology uses a simple design and low cost (Yaas-
hikaa et al., 2019). In addition, adsorption tech-
nology has been widely applied in the control of 
antibiotic dyes and water pollution (Jiang et al., 
2018). Biochar can be applied for the absorption 
of organic pollutants from waste water (Qiu et al., 
2022). Biochar can be applied for the absorption 
of organic pollutants from waste water (Qiu et al., 
2022). The biochar adsorption mechanism can be 
carried out by electrostatic interactions, ion ex-
change, pore filling and precipitation (Ambaye et 
al., 2021). Biochar efficiency is influenced by the 
phytochemical characteristics of biochar such as 
pyrolysis temperature (Pellera et al., 2012), dos-
age, contact time, initial pH, initial concentration 
and temperature of the biosorption process (Lam 
et al., 2016). Studies from (Bayoka et al., 2023) 
have shown that variation in pyrolysis temper-
ature can lead to biochar with different charac-
teristics and can impact their catalytic activity. 
Therefore, selecting 300 °C as the calcination 
temperature might aim to enhance the catalytic 
activity of the biochar for the specific purpose be-
ing investigated, as evidenced by its demonstrat-
ed highest catalytic activity for Methylene Blue 
degradation.. Additionally, the reduced catalytic 
activity observed in biochar at 500 °C may be 
attributed to the detrimental effect of potassium, 
which could deactivate the Cu-Ni alloy present 
in the bimetallic, thereby influencing the overall 
catalytic performance.

However, modified chemical activity can in-
crease the effectiveness of biochar (Tomczyk et 
al., 2023). Chemical activation can be used to im-
prove the absorption quality of biochar such as 
iron (Fe) (Guo et al., 2023), KOH and KMnO4 
(Yue et al., 2023), Mg (Zhu, 2020), and citric-ac-
id assisted (Omiri et al., 2022). Biochar can be 

produced from biomass such as sugarcane ba-
gasse using a pyrolysis process (Mufandi et al., 
2020; Treedet et al., 2020). Bagasse is the resi-
due from sugarcane (Saccharum Officinarum 
L.) milling after the sap is taken. Utilization of 
bagasse began to be developed for various ap-
plications. Sugarcane bagasse has been made of 
activated carbon and used for the removal of fer-
rous metals (Fe) and manganese from water (Mn) 
(Dalai et al., 2015), as well as for the collection 
of tri-chloro-phenol (Mubarik et al., 2016). In ad-
dition, bagasse was also tried to be used for chro-
mium adsorption (Ullah et al., 2013), inorganic 
phosphate from aqueous solution (Manyatshe 
et al., 2022), rapid removal of copper ions form 
wastewater (Li et al., 2022), dan methylene blue 
adsorption (Dzoujo et al., 2022). The degradation 
process of methylene blue textile waste was ex-
plained from this research (Amelia et al., 2019, 
2020; Maryudi et al., 2019). Several reviews (Ad-
egoke et al., 2023; Cheng et al., 2021; Li et al., 
2021) have reviewed systematic discussions and 
stated that surfactant modification, wet treatment, 
acid and other composite materials are of concern 
in the use of biochar. An in-depth study on the 
modification of sugarcane bagasse biochar com-
posite has been carried out by (Bai et al., 2021) 
using the Fe2O3/Fe3O4/WBC composite for Cr(V) 
adsorption. (Jamilatun et al., 2023) investigated 
the activation of biochar from sugarcane bagasse 
using 3M HCl soaked and ultrasonicated at 60 °C. 
(Chen et al., 2021) investigation of biochar modi-
fication from sugarcane bagasse using iron-doped 
base (KOH) activation to remove imidacloprid 
(IMI) from water. (Pereira Da Silva et al., 2019) 
conducted research on biochar from sugar cane 
using iron salts including nitrate, acetate, and a 
mixture of both to remove colouring substanc-
es. (Praipipat et al., 2023) conducted research on 
the modification of biochar from sugarcane ba-
gasse using iron(III) oxide-hydroxide to remove 
lead(II) ions. None of the studies mentioned 
above have explained the modification of biochar 
composites from sugarcane using iron (Fe) from 
magnetic separation of beach sand. The combi-
nation of Fe (iron) from beach sand and C (Car-
bon) catalyst from biochar has not been widely 
explored by previous researchers. The use of iron 
(Fe) from beach sand as the main material pro-
vides a unique dimension to this research because 
beach sand has not been explored as a source of 
material in the synthesis of catalytic materials. 
Meanwhile, Biochar as a catalyst carbon source 
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adds complexity and novelty, because biochar is 
obtained from wasted biomass materials.

Therefore, the focus of this research is to 
modify the biochar derived from sugarcane ba-
gasse that combined with iron (Fe) from magnet-
ic separation of beach sand. the combination be-
tween the biochar and iron can become advanced 
materials, namely, Fe/C catalysts that can be 
applied to the treatment of batik dye wastewater 
treatment with the Heterogeneous Fenton from 
the wet impregnation method. By exploring the 
combination of iron from beach sand and catalyst 
C from biochar, this research could open the door 
to further understanding of the potential of these 
materials in the field of catalysis and sustainable 
process development.

MATERIALS AND METHODS

Material and biochar preparation 

This research was conducted through four 
stages of the process:
1. Biochar in this research was obtained from sug-

arcane bagasse by using pyrolysis process. The 
pyrolysis process of sugarcane bagasse has been 
completed in previous research (Jamilatun et 
al., 2023; Jamilatun et al., 2022). Pyrolysis was 
carried out using 15 g of bagasse in the reactor 
sleeve. The sleeve was inserted into the fixed bed 
reactor and tightly closed. Then, it was warmed 
up with a heating rate of 10–12 °C/min. Pyroly-
sis temperature was set at (300, 400, 500, 550, 
and 600 °C) for 60 minutes or until there were no 
more drips. After each pyrolysis, the equipment 

was cooled, and the biochar product was re-
trieved from the reactor. The pyrolysis process is 
a thermal method at high temperatures that can 
convert organic material in decomposed sugar-
cane bagasse into biochar (Wasakorn Treedet, 
Ratchaphon Suntivarakorn, Ilham Mufandi, 
2021). Before pyrolysis process is conducted, 
sugarcane bagasse is dried under sunlight to re-
duce the water content. The high of water con-
tent in sugarcane bagasse can increase energy 
consumption in the pyrolysis process. This initial 
stage is an important parameter for producing bi-
ochar with excellent adsorption levels.

2. Iron-modified biochar was conducted with sand 
synthesis for obtaining Fe particles. this stage 
is a modified material Fe from sand synthesis 
and C from biochar. The aim of this stage is to 
integrate iron particles into the biochar struc-
ture and forming a modified Fe/C catalyst.

3. Application of IMB on MB as one of the syn-
thetic dyes used in the batik industry. At this 
stage it is hoped that IMB can effectively re-
duce contamination in batik wastewater

4. Analysis of the characteristics of biochar as an 
adsorbent to reduce pollution of batik waste-
water. It should be noted that the Fe/C catalyst 
was used with the aim of improving the quality 
of biochar adsorption in batik wastewater (Qin 
et al., 2022).

Experiment process can be seen in Figure 1. 
Raw material of sugarcane bagasse was collect-
ed from the Madukismo Sugar Factory. BC (Bi-
ochar) is obtained from the pyrolysis of bagasse. 
Preparation of biochar using pyrolysis method 
refers to previous studies (Jamilatun et al., 2020; 

Figure 1. Experimental process
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Pitoyo et al., 2022). The activation process is de-
scribed in detail. The biochar is filtered with a 140 
mesh sieve to separate the biochar particles. The 
activation method is used to increase the ability 
of biochar as an adsorbent. In this study, 3M HCL 
solution was used as a solvent for biochar acti-
vation. Biochar was soaked with 3 M HCL solu-
tion, then the mixed container was covered with 
aluminium foil and ultrasonicated at 60 °C for 1 
hour. last process was washed using distilled wa-
ter until the pH was neutral (pH 7) and dried in 
the oven at 120 °C for 2 hours.

Material modification/fabrication 
of IMB from beach sand

The material modification was applied to pre-
pare the Fe Particle from beach sand. The step of 
the process to obtained the Fe from beach sand 
can be seen in Figure 2. Firstly, magnetite crys-
tal was extracted from 500 g of beach sand that 
extracted by using a magnetic separator. The ex-
tracted magnetite was sieved with sized of 140 
mesh. Secondly, 10 g of magnetite particles were 
dispersed in 54 mL of 12 M HCl (37%) and al-
lowed to be ultrasonicated. The frequency used in 
this process is 30 kHz for 1 hour. The suspension 
solution was filtered using 0.8 m filter paper to 
obtain FeCl2 and FeCl3 solutions. Approximate-
ly ± 50 mL of the 6.5 M NH4OH solution was 
added to the filtered solution one drop at a time 
into a black deposit was formed. Thirdly, the pre-
cipitate was washed repeatedly with ethanol and 
distilled water into a neutral pH was reached. 
The precipitate was separated from the solution 
by centrifugation, then dried in an oven at 60 °C 
for ± 12 hours. After obtaining the iron magnetic 

nanoparticles, it was dispersed in isopropyl alco-
hol at various concentrations including 2%, 4%, 
and 6%. Subsequently, the solution was mixed 
with activated carbon and subjected to ultrasoni-
cation for 1 hour. The mixture was then dried for 
24 hours to allow the isopropyl alcohol to evapo-
rate. Following this, the mixture was calcined at 
300 °C for 3 hours. Finally, the Fe/C catalyst was 
characterized using SEM-EDX, pH, and BET.

Determination of the optimum wavelength

This step is the important in chemical analysis 
using the spectrophotometric method. The absor-
bance of the optimum wavelength of blue textile 
dye was measured from 500–600 nm at 10 nm 
intervals. Absorbance measurements were carried 
out at a concentration of 20 ppm using a UV-Vis 
spectrophotometer.

Waste degradation test with IMB

Schematic of the degradation of methylene 
blue as a synthetic dye in batik wastewater us-
ing IMB can be seen in Figure 3. This scheme 
illustrates the steps in the adsorption process of 
methylene blue in water, which will adhere to 
the carbon surface due to physical and chemi-
cal interactions. The duration of contact between 
wastewater and activated carbon is critical for ef-
fective adsorption (Amelia et al., 2020).

A total of 200 ml of blue synthetic waste with 
a concentration of 20 ppm was put into a glass 
beaker. Then add 10 ml of 50% H2O2, stirred with 
a magnetic stirrer at 450 rpm. Enter the Fe/C 
catalyst that was obtained in the previous step 
as much as 5 mg into the container with stirring 

Figure 2. Fe particle process from beach sand
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speed of 450 rpm. For testing the waste degra-
dation, a sample of 5 ml each at a certain time 
interval was tested with a UV-VIS spectropho-
tometer. IMB immersion into batik wastewater 
was carried out in various ways, namely 30, 60, 
90, 120, and 180 minutes. The mixture of Fe in 
IMB varies around 2% Fe, 4% Fe, and 6% Fe. 
The relationship between degradation of batik 
wastewater with soaking time and Fe content in 
IMB has been calculated using the coefficient of 
determination (R2) with equation 1. The coeffi-
cient of determination (R2) is used to evaluate 
how well a linear regression model fits the ob-
served empirical data. The relationship between 
Batik waste degradation with soaking time and 
Fe content using the coefficient of determination 
gives an idea of how much variability in Batik 
waste degradation can be explained by the model 
you use. The higher the R2value, the greater the 
proportion of variability that can be explained by 
the model, indicating that the model fits the ex-
perimental data excellent.

 𝑅𝑅2 = 1 − 𝑆𝑆𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆𝑆𝑆        (1) 

 
 (1)

In his calculation, SSE is the square of the 
number of errors (residual squared). While SST is 
the sum of the squared variations in the dependent 
variable. This regression model is used to deter-
mine the effect of the independent variable on the 
dependent variable. the R-squared value is be-
tween 0–1. The R squared value of 0.75 belongs 
to the strong category, 0.50 is the moderate cat-
egory, and R squared 0.25 is the weak category. 
The closer to number 1, the better the relationship 
between the independent and dependent variables 
(Dziejarski, 2022; Tagbo et al., 2022). 

RESULTS AND DISCUSSION

Properties of iron-modified biochar (IMB)

In this study, biochar was obtained from sug-
arcane bagasse sourced from the Madukismo Sug-
ar Factory. It was dried for 4 days and was heated 
for 1 hour. Iron is obtained from modification of 
iron particles from beach sand. The process of the 
making Fe particles from beach sand can be seen 
in Figure 2. The IMB was carried out to improve 
the quality of biochar in absorbing batik wastewa-
ter. Biochar from sugarcane pyrolysis is activated 
using Fe particles from beach sand. Activation 
process is to break the hydrocarbon bonds. IMB 
was mixed between Fe Particles modified from 
beach sand and Biochar from sugarcane bagasse. 
For knowing the capability of IMB, this research 
has characteristics including specific surface area, 
micropore area, total pore volume, micropore 
volume, and average pore diameter. The proper-
ties of IMB can be seen in Table 1. 

According to Table 1, IMB was found that the 
specific surface area (SBET) of 64.983 m2/gram, mi-
cropore area (Smic) of 46.215 m2/gram, percent Smic 
of 71.7%, total pore volume of 0.60 cm3/gram, mi-
cropore volume (Vmic) of 0.25 cm3/gram, Vmic per-
centage of 41.7%, and average pore diameter of 
2.043 nm. According to the International Union of 
Pure and Applied Chemistry (IUPAC), pores are 
categorized into three groups based on their sizes: 
macro (> 50 nm), meso (2–50 nm), and micropo-
res (< 2 nm) (Sing, 1985; Thommes et al., 2015). 
The characteristics of IMB in this article demon-
strate that it belongs to the micropore category. 
Microscopic structures are formed as lignin un-
dergoes carbonization, leading to the production 

Figure 3. Schematic of the degradation 
of methylene blue using IM
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of more micropores (Zhang et al., 2022). The 
value of 64.983 m²/gram shows that biochar has a 
fairly large specific surface area. This usually cor-
relates with the presence of pores. The micropore 
area (Smic) value is 46.215 m²/gram and the micro-
pore area (Smic) percentage is 71.1%, indicating 
that most of the biochar pores are micropores. The 
total pore volume of 0.60 cm³/gram indicated the 
total amount of empty space in the biochar. The 
micropore volume of 0.25 cm³/gram and the Vmic 
percentage of 41.7% reaffirm that this biochar has 
a significant amount of porosity in the form of mi-
cropores. The average pore diameter of 2.043 nm 
indicated that the biochar pores are mostly micro-
scopic in size (micropore). Micropores are very 
small in size, so they have a high specific surface 
area per unit mass. This allows materials with mi-
cropores to have a large gas or liquid absorption 
capacity. Micropore has strong adsorption proper-
ties for small molecules, such as gases or organic 
compounds. This makes micropores often used in 
applications such as exhaust gas adsorption, water 
purification, or air pollutant reduction.

The formation of biochar structure is in-
fluenced by pyrolysis temperature and activa-
tion time. According to [46], [47] the structure 
and properties of biochar experience significant 
changes as the pyrolysis temperature increases. 
These results reflect the influence of pyrolysis 
temperature on the formation and evolution of 
biochar. Microporous evolution occurs through 
three stages including phase separation, migra-
tion, and thermal degradation (Chen et al., 2015). 
Based on the statement above, the results of this 
research are relevant in that IMB has the micropo-
rous category resulting from thermal degradation 
and phase separation. The pore structure is also 
affected by an increase in activation time which 
can cause the carbon structure to break down and 
cause cross-linking which results in collapsed 
pores (Borhan et al., 2019). In this study, the 

micropore surface area was obtained 71.1%. in 
other words, the surface area of mesopores and 
macropores are smaller than that of micropores. 
The percentage of micropore can contribute to 
the outer surface and volume of the micropore. 
These findings are relevant to the study (Loc et 
al., 2022; Phuong et al., 2016). The results of the 
micropore surface area make a major contribution 
to the overall surface area of biochar. Surface area 
with IMB content has a positive correlation as de-
scribed in the SEM analysis section 3.2. 

SEM analysis of IMB

In this part, SEM revealed the pore structure 
of activated biochar using Fe particles from beach 
sand. Fe particles have been placed and stabilized 
in IMB. The presence of Fe particles has also been 
presented in graphical form. IMB activation uses the 
impregnation method of the catalyst precursor. Iron 
(Fe) from the beach sand was put into the biochar 
pores. In this study, 196 pm iron (Fe) was applied in 
the IMB because ions can easily enter into the pores 
of the IMB. The size of the iron is important. The 
impregnation process is carried out by contacting 
the metal solution on the surface of the biochar. The 
next stage is the formation of iron (Fe) oxide using 
the drying process and calcination process. The dis-
tribution of iron oxide on the carbon surface is very 
important in the impregnation process of iron oxide 
on the carbon surface. Metal distribution on the car-
bon surface will maximize the absorption process. 
In this study, a catalyst morphology analysis was 
tested by using Scanning Electron Microscopy-En-
ergy Dispersive X-Ray Spectroscopy. The results of 
the tests can be seen in Figure 4. 

Based on Figure 4, the presence of iron (Fe) 
from beach sand shows an increase in the pore 
structure and pore surface area. In addition, the 
carbon content contained in IMB shows that the 
higher the carbon content, the better IMB is in 
absorbing heavy metals in batik wastewater. Four 
variations of Fe from beach sand include CF-0%, 
CF-2%, CF-4%, and CF-6% for each variation of 
the Fe sample that used in this research. The results 
of the SEM-EDX indicated that the addition of 0% 
Fe ions (CF-0%) showed irregular surface mor-
phology and no visible pores on the carbon surface. 
Furthermore, The addition of 2% Fe ions (CF-2%) 
showed regular surface results and visible pores on 
the carbon surface, although it had porosity with 
uneven sizes.”. The addition of Fe ions as much as 
4% and 6% resulted in the porous structure of the 

Table 1. Properties of IMB based on BET analysis
Characteristic Value

Specific surface area (SBET), m2/gram 64.983

Micropore area (Smic) 46.215

% Smic 71.1

Total pore volume, cm3/gram 0.60

Micropore volume (Vmic), cm3/gram 0.25

% Vmic 41.7

Average pore diameter, nm 2.043
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carbon being clearly visible. This indicates that the 
mixture of Fe ions has been impregnated by oxi-
dation of iron on the carbon surface. In addition, 
the difference in Fe and Carbon content in biochar 
can also be affected by the calcination process for 
the formation of iron (Fe) oxidation. According to 
(Leng et al., 2021; Liao et al., 2022) biochar has a 
different pore structure depending on the pre-treat-
ment process and the operating temperature used. 
The pore size of biochar can be based on the in-
fluence of temperature. The iron content in carbon 
can affect the absorption process. The distribution 
of iron oxide on the biochar surface can be seen in 
Figure 5. the addition of Fe ions to biochar showed 
an increase in carbon content in biochar. The car-
bon content in biochar increases in line with the 
addition of Fe ion levels. The highest levels of Fe 

and carbon were found in the addition of 6% Fe 
ions resulting.

Optimal wavelength of adsorption

The determination of the wavelength of ad-
sorption was determined using a UV-Vis spectro-
photometer to explain the maximum adsorption 
quality in batik wastewater. Maximum absorp-
tion measurements in this study used the UV-Vis 
spectrophotometer method. This method is used 
to measure the absorption or adsorbance power 
of a liquid (batik waste) against light wave-
lengths. The UV-Vis spectrophotometer works 
to send light from a light source through a liq-
uid sample. In principle, this method reflects light 
which provides information on the concentration 

Figure 4. Morphology structure on IMB based on SEM analysis
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of compounds. In this research, batik waste was 
trapped using biochar which had been modified 
using iron (Fe) from beach sand. The level of ab-
sorption of batik waste water can be seen from 
the wavelengths produced by the Uv-Vis spectro-
photometer test. The wavelength shows the ad-
sorbance reading so that the validation carried out 
can determine the quality of biochar for absorbing 
metals in batik waste. Data from wavelength mea-
surements on batik wastewater absorption was 
measured from 400–600 nm with an interval of 10 
nm. The measurement of adsorption was carried 
out at a concentration of 20 ppm using UV-Vis 
spectrophotometry. It was seen that the highest 

adsorption peak of the solution was observed at 
the optimum wavelength of 571 nm with an ad-
sorption level of 0.155. This wavelength is the 
complementary colour of the measured solution 
which has been used to calculate the batik waste-
water degradation test using IMB with Fe of 6% in 
the next section. The determination of the wave-
length in wastewater can be seen in Figure 6. 

Effect of pH 

In this section, the effect of pH on the ab-
sorption of methylene blue (MB) with a carbon 
catalyst from sugarcane bagasse with percentages 

Figure 5. Element composition of IMB based on SEM analysis

Figure 6. Optimum wavelength of iron-modified biochar (IMB) based on UV-Vis spectrophotometer
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of 10%, 20%, and 30%. pH is an important pa-
rameter in the adsorption process. The methylene 
blue solution used was 100 ml with 5 grams of 
catalyst. Reaction times occurred at varying times 
from 0, 30, 45, 60, 90, 120, and 180 minutes. The 
results of research on the influence of pH on MB 
can be seen in Figure 7.

Based on Figure 7, the initial pH of MB is in-
dicated to be acidic. After immersion or reaction 
with a carbon catalyst, MB degrades to a neutral 
or normal pH. In all tests, the carburet catalyst 
with a percentage of 30% showed more signifi-
cant changes in pH. The increase in pH over time 
can be related to the adsorption capacity of ac-
tivated carbon. A low initial pH (acid) indicated 
a decreased dye adsorption efficiency. According 
to (Salahshour et al., 2021), acidic pH has a pos-
itively charged adsorbent surface and methylene 
blue has a cationic charge so that a repulsive force 
occurs between the cationic surface and the ad-
sorbent surface. This shows that acidic pH can-
not be used properly in the methylene blue ad-
sorption process. On the other hand, an increase 
in pH causes the surface of the adsorbent to be 
negatively charged so that an attractive force oc-
curs between the surface of the adsorbent and the 
cationic methylene blue. 

This experiment provides significant insight 
regarding the transformation of MB in acidic 
wastewater conditions. At the start of the exper-
iment, the pH of the Methylene Blue solution 
was very low indicating an acidity level that was 
potentially dangerous for the environment. How-
ever, through the degradation process that occurs 

during the reaction with Activated Carbon, the pH 
of the solution increases until it reaches a neutral 
or normal level. These results have very positive 
implications, indicating that wastewater which 
originally contained methylene blue in an acidic 
state can be converted into a solution that is much 
safer for the surrounding environment.

Removal test of batik wastewater with IMB

The IMB (Iron-Modified Biochar) applica-
tion was applied to batik wastewater. Batik waste 
is one of the water pollutions caused by the indus-
try which contains heavy metals Cr and Pb which 
are toxic from dyes (CrCl3, k2Cr207) or from other 
substances. The pollution of liquid waste from the 
batik industry damages the aquatic ecosystem and 
endangers the surrounding environment. From the 
experimental results, IMB with a mixture of 6% 
Fe and soaking for 180 minutes showed the high-
est decrease in batik wastewater, around 69%. 
This proves that the mixture of Fe in IMB can 
significantly reduce batik wastewater pollution. 
The results of this study are relevant to research 
conducted by (Ali et al., 2014) that the adsorbent 
dose or the concentration of the adsorbent used 
can affect the adsorption of magnetic biochar. 
The absorption of batik waste experienced a sig-
nificant reduction within 180 minutes. This study 
proves that modified Fe obtained from beach sand 
can increase the absorption of batik waste. The 
results of absorption of batik waste can be seen 
in Figure 8. The immersion time of IMB in ba-
tik wastewater solution also affects the level of 

Figure 7. Effect of pH on IMB
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reduction in wastewater pollution. The longer the 
immersion of wastewater in the IMB, the higher 
the reduction in wastewater pollution levels. The 
relationship between degradation of batik waste-
water with soaking time and Fe content in IMB 
has been calculated. In this study, the relationship 
between the degradation of batik wastewater with 
different mixtures of Fe (2%, 4%, and 6%) was 
examined with resulting in R2 values of 0.987, 
0.905, and 0.975, respectively. The results of the 
regression analysis indicate that the residual er-
rors in the regression models are relatively small.

Furthermore, the removal of batik wastewa-
ter using IMB with a Fe concentration of 6% has 
been tested on batik dyes consisting of yellow, 
fast green, methylene blue, red, and methylene or-
ange that can be seen in Figure 9. This test was 
carried out using the Fenton heterogeneous meth-
od. Based on the research results, degradation of 
batik dye with Fe 6%/C using the heterogeneous 
Fenton method showed a significant decrease in 
concentration. The percentage of removal at 180 
minutes using the heterogeneous Fenton method 
obtained for degradation of dyes yellow of 16%, 
fast green of 3%, methylene orange of 4%, red of 
3%, and methylene blue of 23%. The variation of 
degradation efficiency in dyes is influenced by the 
molecular structure. Methylene blue has a simpler 
chemical structure than fast green or others that can 
affect the interaction with Fe/C catalytic materials. 
Methylene blue is a wet dye with cationic proper-
ties that tend to be more easily adsorbed on neg-
atively charged surfaces on biochar. Meanwhile, 
fast green is an anionic dye with a more complex 

molecular structure, including additional function-
al groups such as sulfonates, which can inhibit its 
adsorption and degradation. These results are rel-
evant to research from (Tran et al., 2024) that the 
cationic nature of methylene blue is more easily 
adsorbed on the surface of biochar. In addition, the 
cationic nature of Methylene Blue allows signifi-
cant electrostatic attraction to negatively charged 
sites on biochar (He et al., 2024). These colours are 
often used to make batik, therefore innovation in 
absorption technology is needed before the waste-
water from batik is discharged into rivers.

Method limitations   
and production challenges

One of the major limitations of the hetero-
geneous Fenton method used is its sensitivity to 
pH. Variations in pH in industrial wastewater can 
result in decreased efficiency, posing a challenge 
for large-scale applications. In addition, there is 
a risk of iron ions leaching from biochar which 
can cause secondary pollution, so the stability of 
iron-enriched biochar needs to be further evaluat-
ed, including the environmental impact of resid-
ual iron in treated water. Industrial-scale biochar 
production also faces significant challenges, such 
as the need for a consistent and quality supply 
of raw materials, and high production costs, in-
cluding energy, labour, and equipment. In addi-
tion, optimization of the production process is 
required to ensure that the biochar properties are 
maintained as production scales up. The environ-
mental impacts of large-scale biochar production, 

Figure 8. Comparison of Fe concentration on batik waste degradation results
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Figure 9. Evaluation of batik waste removal using activated carbon/Fe2O3

including energy consumption and carbon foot-
print, also need to be considered, and a life cycle 
assessment (LCA) may be required to evaluate 
these impacts in their entirety.

CONCLUSION

In this research, IMB has been applied to ba-
tik wastewater. The formation of biochar struc-
ture is influenced by pyrolysis temperature and 
activation time. The results of this research are 
relevant because IMB has a micropore category 
because of thermal degradation and phase sep-
aration. The pore structure is also influenced by 
increasing the activation time, which can cause 
changes in the carbon structure. The use of IMB 
with the addition of Fe particles from beach sand 
can modify the pore structure of biochar, increase 
porosity, and optimally absorb heavy metals. Ad-
ditionally, the highest adsorption peak of the solu-
tion was observed at the optimum wavelength of 
571 nm with an adsorption peak of 0.155. IMB 
was applied to batik waste with resulting that 
the highest dye reduction of 2%, 4%, and 6% 
Fe with removal percentages of 59%, 63%, and 
69%, respectively. increasing pH can be consid-
ered as a key factor in improving the adsorption 
efficiency of methylene blue by carbon catalyst 
from sugarcane bagasse. Furthermore, the degra-
dation of industrial batik waste with IMB using 
the heterogeneous Fenton method is more effec-
tive. The percentage of removals at 180 minutes 
using the heterogeneous Fenton method obtained 

for degradation of dyes yellow of 16%, fast green 
of 3%, methylene orange of 4%, red of 3%, and 
methylene blue of 23%.
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