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Abstract.

The batik production process involves several stages that generate liquid, gaseous,
and solid waste. Furthermore, the process requires significant amounts of water.
Without proper treatment, this can degrade water quality. Certain waste
parameters, specifically Total Suspended Solids (TSS) and Total Chromium, exceed
established quality standards. Given the limitations batik artisans face regarding
infrastructure, resources, and access to technology, there is a need for a waste
treatment model that is simple, modular, and easy to maintain. Adsorption is a
widely used method for wastewater treatment, with corn cobs serving as an
adsorbent. The purpose of this study is to test the ability of activated carbon from
corn cobs to reduce TSS and total chromium in batik wastewater. The adsorbent
dosage was 1.5 grams and 3 grams, with stirring times of 30, 60, and 90 minutes, at
a stirring speed of 200 rpm. The results indicate that activated carbon derived from
corn cobs effectively adsorbed TSS and Total Chromium from batik wastewater. The
highest effectiveness of the percentage of TSS and Chromium content allowance at
the variation of activated carbon dose of 3 grams and at the contact time of 90
minutes with the percentage of TSS elimination of 80% and Total Chromium of 97%,
but it has not met the quality standards in accordance with the Ministry of
Environment and Foresty Regulation No. 16 of 2019, namely TSS of 50 mg/L and
total Chromium of 1 mg/L.
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I INTRODUCTION

Batik production consists of several stages, the process begins with waxing, coloring, and the process
concludes with de-waxing, or the wax removal process [1]. During the batik making process, waste will be
produced, according to the process carried out, the waxing process produces gas waste from heating smoke
and wax vapor, the coloring process produces liquid waste containing natural dyes and synthetic dyes,
whereas the de-waxing process produces gas waste from heating smoke, solid waste from wax residue, and
liquid waste containing starch, soda, dye residue and fabric fiber residue [2], [3].

Batik production requires a lot of water during the production process, resulting in high batik waste
discharge [2]. Each meter of batik cloth requires 25-20 m3 of clean water, and 80% of the water will become
waste [4]. Improperly treated batik waste can contribute to environmental degradation and pollution, as has
occurred in Pekalongan City, where the condition of the river is moderately to severely polluted,
characterized by the presence of plankton types Nitzschia, Navicula, and Oscillatoria, which indicate the
presence of organic and inorganic material pollution [5]. The abundance of plankton in the Maduri River,
Pekalongan ranges from 1104-5393, while the diversity index (H’) ranges from 1.011-1.885, which means
the river is in a moderate to severely polluted condition [6].

The characteristics of batik waste exceed the industrial wastewater quality standards according to the
Regulation of the Minister of Environment of the Republic of Indonesia Number 5 of 2014, the
characteristics of batik waste are as follows: pH 8,31, TSS 2,40 mg/L, TDS 0,66 mg/l, TS 3,04 mg/L, COD
1070,16 mg/L, BOD 54,40 mg/L, and DO 1,20 mg/L [7]. The results of Belaon & Hendrasarie, 2023
obtained the following batik wastewater characteristics: TSS 160 mg/L, TDS 997 mg/L, COD 1120 mg/L,
color 540,1 Pt-Co, temperature 27 0C, and pH 9,77 [8]. In addition to organic materials, batik waste can
contain heavy metals such as Cadmium (Cd), Mercury (Hg), Lead (Pb), Chromium (Cr), and Copper (Cu)
[9]. Heavy metals come from synthetic dyes such as Diazo salts or Diazonium salt, Caustic Soda, and
Sodium Hydroxide, CrCI3 (Chromium Chloride), K2Cr207 (Kalium Dichromate), Cr (NO3) (Chromium
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Nitrate), and PbCrO4 (Lead Il Chromate) [10], [11]. The concentration of Cr6+ in batik waste was 2,361
mg/L [12], while according to Widaryati & Laksmitasari, 2020, Cr6+ in batik waste was 0,153 mg/L,
whereas the total Chromium concentration was around 10,0 mg/I [13], [14].

The concentration of chromium in batik wastewater is influenced by the type of dye used, the amount
of solvent, and the frequency of washing [11]. Chromium in water can harm aquatic organisms by disrupting
their metabolic system due to the inhibition of enzymes in physiological processes [15]. Chromium can
irritate the eyes, nose, and lungs, as well as cause skin irritation. Continuous exposure at high doses can
cause skin burns, cancer of the digestive tract, and lung cancer [16].

Most batik industries are developed on a household scale, with industrial areas located within the same
premises as the artisans’ homes [17]. The batik industry has the potential to pollute the environment because
batik artisans do not have their own waste treatment facilities, while the capacity of existing integrated
wastewater treatment facilities is insufficient to accommodate the total volume of waste produced [18].
Limited infrastructure, resources, and access to technology for batik industry players necessitate a simple,
modular, and easy-to-maintain wastewater treatment system [19]. Under these circumstances, adsorption is
an effective and easy-to-operate alternative wastewater treatment method [15].

Conventional wastewater treatment methods for separating ions from water include precipitation, ion
exchange, biological absorption, membrane filtration, electrochemistry, and adsorption [20]. Adsorption is
the process of mass transfer through the pore surface from the adsorbate to the adsorbent [21]. Adsorption is
a widely chosen method for wastewater treatment. This method has the advantages of high absorption
capacity, regeneration ability, lower cost, and abundant raw materials [22]. One adsorbent that can be used is
corncobs.

Corn cob activated carbon has been tested to reduce Iron levels in well water. The results derived from
the study indicate that corn cob activated carbon can reduce Iron levels by 56% [23]. Corn cob adsorbent can
reduce Chromium (Cr IV) and Cadmium (Cd Il) levels in artificial waste by 80% [24]. Meanwhile, the
ability of corn cob adsorbent to reduce TSS, COD, and color in textile waste is 15.47%, 13.21%, and 67.5%,
respectively [25]. Corncobs have advantages such as being readily available, inexpensive, and easy to
manufacture, having a higher carbon content, and being environmentally safe because they are made from
organic materials. The chemical content of corn cobs consists of cellulose, hemicellulose, lignin, and
extractive substances. When in the form of activated carbon, the cellulose content is 40% and hemicellulose
is 36% [26].

Based on the aforementioned problems, the objective of this study was to test the ability of corn cob
activated carbon to reduce TSS and Total Chromium in batik wastewater by varying the adsorbent dosage
and stirring time.

1. METHODS

Batik waste was collected from UMKM batik “X” in Malang City. Currently, the UMKM batik does
not have a wastewater treatment plant (MMTP), and the remaining batik waste is disposed of directly into
water bodies. This study used a descriptive qualitative approach. The study was conducted at the
Environmental Engineering Laboratory of ITN Malang. Data collection through laboratory experiments
involved several stages: initial research, including activated carbon preparation, carbonization, and
activation. The next step was the main research, which involved the adsorption of batik wastewater using
activated carbon derived from corn cobs.

The equipment used in this study was a jar test, an Atomic Absorption Spectrophotometer (AAS), an
analytical balance, an oven, a furnace, Glassware, and filter paper. The materials used were batik waste, corn
cob waste, NaOH 0,5 N, Distilled Water, concentrated Nitric Acid (HNO3), Hydrogen Peroxide (H202),
Chromium Stock Solution (Cr) 1000mg/L, Acetylene gas, and Diluting Solution.

The manufacture of corn cob-derived activated carbon begins with a preparation process. This
preparation aims to reduce the moisture content of corn cobs through drying them until completely dry. This
process facilitates a more complete carbonization stage. The next stage is the carbonization of corn cobs. In
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the carbonization stage, the dried corn cobs are heated in a furnace at a temperature of 400 OC for 1 hour to
obtain carbon. Following the cooling process, the carbonized corn cob was ground to obtain the desired
particle size and then sieved using a 100-mesh sieve. In the subsequent stage, the carbonized corn cob was
activated by soaking it in a 0.5 N NaOH solution for 24 hours. The purpose of activation is to expand the
surface of the activated carbon and release hydrocarbons and organic compounds that are still attached to the
carbon. The next stage involved washing the activated carbon with distilled water until a neutral pH is
obtained. Before use, the activated carbon was dried using an oven at a temperature of 100 0C for 3 hours,
and cooled in a desiccator.

The main study used a batch adsorption method, using a jar test to aid stirring at a stirring speed of
200 rpm. The media weights varied between 1.5 grams and 3 grams, and stirring times were 30, 60, and 90
minutes. Each variation was repeated three times to ensure valid data.

TSS analysis was conducted using the gravimetric method. This method is a quantitative analytical
technique based on measurement of the difference in sample weight before and after heating. The TSS
concentration can be calculated using the following formula:

TSS Reduction= (WIWOX1000 )

Where WO is the weight of the media containing the filter paper (mg), while W1 is the weight of the
media containing the filter paper and the residue (mg), V is the Volume of the test sample (ml) and 1000 is
the conversion factor.

Total chromium concentration was analyzed using ASS, a method that quantitatively analyzes
elements by measuring the wavelengths of free metal atoms. The chromium concentration was calculated as
follows:

Metal content (mg/L) = C x fp 2

Where C is the metal content obtained from the measurement result (mg/L), while Fp is the dilution
factor.

. RESULT AND DISCUSSION

The physical characteristics of batik wastewater include a dark red color, turbidity, absence of odor,
and foam formation. Preliminary analysis was conducted to determine the initial characteristics of batik
waste. The analysis results showed a TSS concentration of 480 mg/L, and the total chromium concentration
was 1.71 mg/L. Both parameters exceeded the quality standards required by the Minister of Environment
Regulation No. 16 of 2019. Where the TSS concentration was 50 mg/L and the total chromium was 1 mg/L
for textile waste with a discharge of less than 100 m3/day.

This study compared adsorbent dosage and mixing time. The weight variations used were 1,5 grams
and 3 grams, while the mixing times were 30,60, and 90 minutes. The best removal percentages for TSS and
total Chromium were achieved at high dosages and longer stirring times. The complete analysis results can
be seen in Table 1.

Table 1. Results of TSS concentration measurements

Dose Time Initial Average Percentage
No Adsorbent Stirring Concentration Concentration Elimination
(gr) (minute) (mg/L) (mg/L)

30 390 19%
1 15 60 310 35%
90 233 51%
30 480 197 59%
2 3 60 150 69%
90 90 80%

Source: Processed primary data, 2026

The percentage of TSS removal increased with increasing adsorbent dosage and longer stirring time.
The highest percentage of removal was at 3 grams of adsorbent weight with a stirring time of 90 minutes,
with a percentage of 80%. The percentage of TSS removal in each variation can be seen in Fig. 1.
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Fig. 1. TSS Removal Percentage

The decrease in TSS values is due to the large surface area and small pores of activated carbon derived
from corn cobs, which are capable of binding and retaining suspended solid particles in liquid waste, thus
reducing TSS levels [27]. Table 1 shows that the adsorbent dosage affects the decrease in TSS concentration.
The amount of adsorbent itself will affect the surface area of the adsorbent, where the wider the surface area
of the adsorbent, the more substances will be adsorbed.

Contact time can also affect the amount of adsorbate absorbed, as each adsorbent has its own specific
adsorption capacity and rates. An increase in contact time between the adsorbent and the adsorbate leads to a
higher amount of adsorbate being absorbed [28].

According to [29], the decrease in TSS can be caused by the binding of organic compounds by carbon
and it can be said that activated carbon from corn cobs works effectively to reduce TSS levels in batik waste.
The percentage of TSS removal increases with the increase in the weight of activated carbon. At a variation
of 3 grams of adsorbent weight, the TSS removal efficiency is between 59-80%, while at 1.5 grams of
adsorbent weight, the TSS removal efficiency is between 19-51%. This is because the heavier the mass of
activated carbon, the greater the absorption capacity. An increase in activated carbon dosage results in a
larger available surface area of the adsorbent, which enhances the interaction between the adsorbent and
adsorbate. This allows more TSS molecules to attach to the surface of the adsorbent, thereby increasing
absorption efficiency.

Adsorption is a reaction that occurs on the surface of a solid or adsorbent, whether in a gaseous or liquid
state [30]. Adsorption is a mass transfer process involving the adsorbate is removed by the adsorbent. This
separation process occurs due to electrostatic effects that create van der Waals forces [31].

Corn cobs contain carbon compounds, consisting of 41% cellulose and 36% hemicellulose, which are
the main ingredients for making activated carbon [32]. Corn cobs have a low ash content of 0.91%, while
their high carbon content compared to the ash content makes them a promising precursor for the production
of activated carbon with potential adsorbent capabilities [33]. Activated carbon production can be carried out
through physical and chemical activation. The purpose of activation is to open pores so that adsorption
performance can be maximized [34]. With the activation process using NaOH, micropores will increase,
thereby enlarging the adsorption area and increasing the absorption efficiency of suspended particles such as
TSS [35]. NaOH activation can cause degradation of the lignocellulose structure, thereby breaking lignin and
cellulose bonds and enlarging the micropores [36]. Activation of corn cob activated carbon with NaOH can
form negatively charged functional groups on the surface of the activated carbon, thereby strengthening the
electrostatic interaction with positive ions such as TSS [37].

Contact time plays an important role in the adsorption process. An increase in contact time between the
adsorbent and adsorbate provides more opportunities for adsorbate molecules to interact with the active sites
of the adsorbent, resulting in an increase in adsorption capacity [38]. The contact time variation of 90
minutes provides the highest efficiency of 80% at an adsorbent weight of 3 grams, while at a contact time of
30 minutes the efficiency is lower at 59%. During immersion, activated carbon comes into contact with the
compound to be absorbed, so the longer the immersion contact time, the greater the resulting adsorption
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capacity. Adsorption using activated carbon is a type of physical adsorption that involves pores and attractive
forces between adsorbent and adsorbate molecules. There are large pores in Activated carbon, which also
affects the size of the adsorbate molecules absorbed [39]. Sufficient contact time is needed to achieve
adsorption equilibrium. If the liquid phase containing the adsorbent is in a stationary state, then the diffusion
of the adsorbate through the adsorbent surface will be slower, so stirring is needed to accelerate adsorption
[40].

The study was conducted in batches with a stirring speed of 200 rpm. Stirring in the adsorption process
can increase adsorption efficiency and capacity. Stirring enhances the kinetic energy, so that the frequency of
collisions between the adsorbent and adsorbate increases, reducing boundary layer resistance and
accelerating mass transfer from the solution to the adsorbent surface [41]. Stirring speed helps optimize
adsorption. With stirring, the adsorption process will be faster, so that the formed film layer is thinner and a
large adsorption constant is obtained [42].

The total chromium concentration in batik waste was 1,718 mg/l, exceeding the quality standards
required by the Minister of Environment Regulation No. 16 of 2019. Based on Table 2, it was found that the
adsorbent dosage and stirring time affected the percentage of total Chromium removal. The percentage of
total Chromium removal increased with increasing adsorbent dosage and contact time.

Table 2. Results of Total Chromium Concentration Measurements

Dosage Time Stirring Initial Percentage
No Adsorbent (gr) (minute) Concentration | Average Elimination
(mg/L)

30 0,956 44
1 15 60 0,677 61
90 0,559 67
30 1718 0,44 74
2 3 60 0,304 82
90 0,054 97

Source: Processed Primary Data, 2026

The largest Chromium removal was at 98% with an adsorbent weight variation of 3 grams and a
stirring time of 90 minutes, while the smallest percentage was at 1,5 grams with an adsorbent weight of 30
minutes, with a percentage of 44%. The effect of weight variation and stirring time can be seen in Fig. 2
below.
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Fig. 2. Percentage of total Chromium Removal

The decrease in Cr value is due to the heavier activated carbon. The higher the efficiency of Cr ion
reduction, the more activated carbon causes an increase in the surface area of the adsorbent. The larger the
activated carbon, the more active groups are available, so that the exchange of H+ with the total Cr metal
increases.

Activated carbon is a carbon that has the ability to absorb cations, anions, and compounds in the form
of inorganic and organic compounds in the form of gas or solution [43]. The increase in Cr reduction occurs
because the longer the contact time, the more Cr metal comes into contact with the activated carbon, so that
more Cr metal is adsorbed in the pores of the activated carbon [44].
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Adsorption on cellulose-based adsorbent is controlled by several factors such as van der Waals forces,
hydrophobicity, hydrogen bonds, polarity, and steric interactions. Cellulose consists of repeating units of -
D-Glucopyranose covalently linked by acetal functions between the equatorial OH group on the carbon atom
(C4) and the carbon atom (C1) therefore, it is called B-1,4-glucan. As a result, cellulose has a large linear
chain polymer with a large number of hydroxyl groups (three groups per anhydrous glucose unit) [45]. In
physical adsorption, adsorbates (heavy metals) accumulate on the surface of the adsorbent by interactions
mentioned above [46]. The mechanism of decreasing chromium concentration is influenced by electrostatic
attraction. Electrostatic attraction occurs between functional groups that have a negative charge on the
surface of the adsorbent and chromium molecules that have a positive charge. This force binds the chromium
to the carbon surface, allowing separation via adsorption [47]. The atomic arrangement on the surface of
activated carbon is an unbalanced force compared to that of most solids [29]. This imbalance causes other
molecules to attempt to penetrate the activated carbon surface. The difference in adsorbate concentration
between the adsorbates with activated carbon, it will attract metal ions into the adsorbent to form a single
layer (monolayer) and diffuse in the carbon pores [48].

Research data shows that a 3-gram adsorbent weight variation has a higher chromium removal
percentage than a 1.5-gram weight variation. This indicates that adding more adsorbent will increase the
efficiency of the Chromium removal process. Increasing the weight/dose of the adsorbent will increase the
availability of particle contact surfaces, which means that the active groups for adsorption also increase, thus
facilitating the penetration of chromium metal ions into the adsorbent groups [49].

The increase in adsorption efficiency may also be attributed to the formation of additional functional
groups during NaOH-assisted thermochemical activation and the increased surface area, which can
contribute to enhancing the metal absorption capacity of the corn cob-derived adsorbent [50]. This is also in
accordance with research conducted by Jamshaid et al, 2017, which concluded that alkaline treatment has the
highest adsorption capacity [51]. The alkaline conditions and high temperatures in the initial treatment will
cause a more perfect degradation process, resulting in purer cellulose and achieving a more optimal
adsorption process [24]. Activated carbon that has been activated when contacted with liquid waste
containing heavy metals will absorb the heavy metals. This is due to the capillary phenomenon that causes
the emergence of adsorption power on the surface of the activated carbon [52].

The hydroxyl groups in cellulose make the adsorbent polar. Therefore, cellulose is more effective at
adsorbing polar substances than less polar ones [53]. During the adsorption process, heavy metal ions
migrate from the solution to the surface of the corncob adsorbent, where they are adsorbed due to van der
Waals forces. Thus, electrostatic interactions occur when chromium ions are close to the adsorbent side [54].
The interaction of hydroxyl groups with chromium ions can also occur through the formation of coordination
complexes. The oxygen atom in the hydroxyl group has a lone electron pair that will occupy the empty
orbital on the metal ion to form a compound or complex ion [53].

The longer the contact time between the adsorbate and the adsorbent, the percentage of total chromium
removal increases. At a contact time of 90 minutes, a percentage of 97% was obtained at a variation of the
adsorbent weight of 3 grams, while at a weight of 1.5 grams, a percentage of 67% was obtained. The longer
the contact time between the adsorbent and the adsorbate, the greater the adsorption capacity is [55]. Each
adsorbent has a different ability to absorb pollutants. This ability depends on the type of adsorbent and the
surface area of the pores. The adsorption capacity is influenced by the contact time between the adsorbent
and the adsorbate. If the contact time is too short, the metal contaminants cannot be bound properly. On the
other hand, if the contact time is too long, the pores of the adsorbent are reduced, so that the adsorbent's
ability to absorb metals decreases and the metal will be released back into the water [16].

One important factor that helps the adsorption process is stirring. Stirring helps the activated charcoal
come into contact with the waste so that it becomes homogeneous and helps the collision process between
heavy metals and the adsorbent. The stirring speed affects the contact area of the adsorbent; the faster the
stirring speed, the better the expansion of the contact so that the absorbed metal molecules are larger [56].
Stirring helps ensure the constant movement of the adsorbate particles. This movement will accelerate the
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particles in the wastewater to diffuse more quickly into the pores [41]. During the stirring process, a bond is
formed between the adsorbent and adsorbate. If the stirring speed is too high, it can result in the activated
carbon being unable to form a strong bond, so that only a small amount of adsorbate can be absorbed [57].

V. CONCLUSION

Based on the results of the study, it can be concluded that activated carbon from corn cobs has the
potential as an adsorbent to reduce the concentration of TSS and total Chromium in batik industrial
wastewater. The adsorbent dose and contact time affect the removal of TSS and total Chromium
concentrations. The effectiveness of the highest TSS and Chromium removal percentage is at a variation of
the activated carbon dose of 3 grams and at a contact time of 90 minutes, with a TSS removal percentage of
80% and a total Chromium of 97%, but it has not met the quality standards according to the Minister of
Environment Regulation No 16 of 2019. It is necessary to test other parameters and combine them with other
treatments so that batik wastewater can meet the quality standards.
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