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Abstract
The laundry wastewater contains phosphates that can lead to eutrophication. Treatment of
laundry wastewater with phosphate concentration can be done physically or chemically.

This work is licensed The adsorption method was selected due to its high efficacy, and economical operation.
gndet2_Olaahe Activated carbon derived from Empty Palm Oil Fruit Bunch (EPOFB) biomass waste was
linesiliis ) utilized as the adsorbent, leveraging its lignocellulosic components such as cellulose,

International License

hemicellulose, and lignin, that can adsorb pollutants. This study aims to assess the impact
of adsorbent dosage and contact time on the adsorption capacity and phosphate removal
efficiency. The activated carbon was produced from EPOFB via carbonization and
activation processes at 400°C and KOH 6M. The variables including adsorbent dosage
and contact time, ranging from 0.2 to 1.0 g/100mL and 20 to 100 minutes, respectively.
Results indicate that the adsorbent dosage affects phosphate removal from synthetic
laundry wastewater, while contact time does not significantly impact removal efficiency.
The highest removal efficiencies of 67.37% and 70.03% were achieved at optimal doses
of 8 g/L and 10 g/L, respectively, with contact times of 20 and 80 minutes. The isotherm
model and kinetics of phosphate adsorption onto synthetic laundry wastewater using
EPOFB adsorbent were identified as Freundlich and pseudo-second order, respectively.
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1. Introduction

Typically, a laundry facility utilizes 15 liters of water to process 1 kilogram of laundry and releases 400
m? of wastewater daily [1]. Detergent use contributes to surfactant levels ranging from 20-30% and
phosphate levels between 70-80%. Phosphate primarily comes from Sodium Tripoly Phosphate (STPP),
a key detergent component acting as a builder. Phosphate concentrations in laundry wastewater
typically fall between 11-31 mg/L [2]. The presence of phosphate in STPP within laundry wastewater
can promote the overgrowth of algae and cyanobacteria in aquatic environments, potentially triggering
eutrophication. This process diminishes dissolved oxygen levels and the overall capacity of water
bodies, leading to the demise of aquatic life [3].

Adsorption emerges as a viable method for phosphate removal from laundry wastewater due to
its simplicity, cost-effectiveness, high efficacy, and lack of secondary pollution generation compared
to chemical precipitation and ion-exchange methods. Studies have demonstrated the effectiveness of
adsorption techniques in reducing phosphate levels using scallop shells as adsorbents [4]. Activated
carbon stands out as a commonly employed adsorbent due to its capacity to adsorb both organic and
inorganic substances [5]. Empty Palm Oil Fruit Bunch (EPOFB) represents one potential biomass
source for activated carbon production.

EPOFB is solid waste from oil palm plantations, readily available and accounting for about 23%
of the total fresh fruit bunches. The carbon content in EPOFB ranges from 40.93% to 68.3%. EPOFB
contains lignocellulosic materials comprising 30—55% cellulose, 15-35% hemicellulose, and 20-30%
lignin [6]. Lignocellulosic materials consist mainly of carbon, rendering them capable of adsorbing
various pollutants. EPOFB has been utilized as an adsorbent in heavy metal adsorption processes,
achieving an efficiency of 81.3% for Cu (II), and 99.56% for Cd [7]. Studies on the utilization of EPOFB
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to reduce phosphate concentrations have not been widely conducted. Activation of activated carbon
using acid or alkali solutions has also been carried out to enhance adsorption capacity. This study
utilized activated carbon from EPOFB activated with KOH, which represents the novelty of this
research.

2. Method
Method is a part consists of the design of the research, subject, instrument, data collection procedure,
and data analysis.

2.1. Preparation of EPOFB activated carbon

EPOFB was taken from the oil plantations located in Muara Badak, Kutai Kartanegara District,
Indonesia. EPOFB undergoes initial cutting and drying in an oven at 105°C for a duration of 24 hours.
Following this, the material is subjected to carbonization at 400°C for 60 minutes [8]. After
carbonization, the resulting charcoal is finely ground and sifted through a 100-mesh sieve [9]. The
carbon derived from EPOFB undergoes chemical activation using a 6M KOH solution and is left to rest
for 24 hours [10]. Subsequently, the activated carbon is thoroughly rinsed with distilled water and
subsequently dried in an oven at 120°C for 1 hour [11].

2.2. Preparation of Synthetic Laundry Wastewater
The wastewater used is in the form of an artificial solution made from anhydrous potassium dihydrogen
phosphate (KH,PO,). The phosphate concentration corresponds to the results of the characterization of
laundry wastewater, which was taken from the wastewater outlet of a laundry business in North
Balikpapan, Indonesia. The sampling was conducted using the grab sampling method in accordance
with SNI 6989-59-2008.

Based on the characterization of the laundry wastewater, the initial phosphate concentration was
10 mg/L to determine the effect of varying adsorbent doses and contact time on phosphate removal
efficiency. The use of synthetic waste is intended to make the research results more objective regarding
the phosphate parameter.

Molecular weight KH,PO,

(1
Ml)lecula? We[gh 0 [ [4- | L Olu”le

Mass of PO, =

Based on the above calculations, the procedure for preparing the KH,PO, solution is as follows:
Weigh the grams of KH;POy;

Place it in a 250 ml beaker glass and add 100 ml of distilled water;

Stir until homogeneous;

Transfer the resulting solution into a 1000 ml volumetric flask;

Dilute the solution with distilled water up to the mark and shake until homogeneous;

The KH,POj4 solution is obtained.

O a0 o

2.3. Preparation of Activator Solution KOH 6M

To dissolve KOH, this equation is used.
Mass of KOH 1000 )

Molecular weight KOH *Volume

Molarity =

2.4. Characterization of Activated Carbon
The characterization of activated carbon is conducted by examining the moisture content, ash, and fixed
carbon in EPOFB activated carbon, as shown in Table 1.

Table 1. Methods of examination for activated carbon characterization
Parameter Unit  Methods of Examination Formula
i mass of crucible + mass of activated carbon (gram
Moisture ASTM D-3173-03 [12] ! / (gram)
content mass of crucible (gram)
mass of crucible + mass of activated carbon (gram
Ash %  ASTM D-3174-04 [13] f 155 of (gram)
content mass of activated carbon (gram)

Fixed ASTM D-3173-07 [14] 100% — (moisture content + volatile matter
carbon + ash content)
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Subsequently, the results of these characteristics are compared with the quality standards for
activated carbon as per SNI 06-3730-1995. The tools used for activated carbon characterization are
porcelain crucible (as a container for EPOFB samples), oven (to remove the moisture content [15] and
ash content from EPOFB biomass at 105°C for 1 and 2 hour, respectively), furnace 950°C (for ash
content examination), desiccator (for drying samples under atmospheric pressure or vacuum pressure),
and an analytical balance (to measure the mass of an object precisely).

Following this procedure, FTIR testing was carried out to analyze the surface morphology and
functional groups of the activated carbon. FTIR analysis was conducted in Integrated Laboratory in
Institut Teknologi Kalimantan, Indonesia. FTIR was performed before and after activation process
within the wavenumber range of 400 cm™! to 4000 cm!. After that, BET test was conducted and aimed
to measure the surface area and pore volume of the carbon before and after activation.

2.5. Adsorption Process

The adsorption process is carried out using a batch system with a 50 ml synthetic wastewater placed in
a 250 mL Erlenmeyer flask at room temperature of 20-25°C, with pH measured before and after the
treatment. The pH is adjusted to neutral by adding 0.1 M HCI and 0.1 M NaOH solutions. This study is
conducted with treatments according to the research variables in Table 2 below.

Table 2. Research variables
Adsorbent Dosage (g/50 mL)
0.1 0.2 0.3 0.4 0.5

20 0.1;20 0.2;20 0.3;20 0.4;20 0.5;20

Contact 40 0.1;40 0.2;40 0.3;40 0.4;40 0.5;40
time 60 0.1;60 0.2 ;60 0.3;60 0.4 ;60 0.5;60
(minute) 80 0.1;80 0.2 ;80 0.3;80 0.4 ;80 0.5;80
100 0.1;100 0.2;100 03;100 0.4;100 0.5;100

The stirring speed used is 100 rpm [16]. Next, filtering with Whatman No. 42 filter paper is
employed to separate the adsorbent and filtrate. After the samples are separated, they are measured to
determine the final pH value and phosphate concentration in the filtrate.

2. Result and Discussion

2.1. Proximate Analysis

Based on the research results, the moisture content value of EPOFB activated carbon is 0.58%. This
moisture content value has met the SNI 06-3730-1995 standard, which is below 10%. The low moisture
content in activated carbon can also be caused by the hygroscopic nature of the 6M KOH activator.
Volatile matter testing aims to determine non-carbon compounds. High carbonization temperature
results in the evaporation of volatile matter [17]. The volatile matter content in EPOFB activated carbon
is 11.79%. The ash content in EPOFB activated carbon is 10.48%. This ash content value has not met
the required standard, which is below 10%. The ash content value can be influenced by mineral content
such as Ca, K, Mg, and Na in activated carbon [18]. The high ash content causes pore blockage, reducing
the adsorption capacity of activated carbon [19].

Fixed carbon content is the amount of pure carbon present in EPOFB activated carbon. The fixed
carbon content in EPOFB activated carbon is 77.05%. This fixed carbon content value has met the
required standard, which is above 60%. This is related to the characteristics of EPOFB, which contain
a carbon content of 40.93-68.3% [20]. Additionally, EPOFB contains lignocellulosic materials
consisting of cellulose (CsHi9Os), hemicellulose (CsHgOs4), and lignin (CsiHo2O2) [21]. These
lignocellulosic materials can be degraded into simple carbon chains through pyrolysis at temperatures
of 300-600°C. Similar results were also found in previous studies on the fixed carbon content in EPOFB
activated by H3POs, which was 75% [17].

2.2. FTIR Analysis

Based on the test results, the wave number of 3025.50 cm™! indicates the presence of C-C groups from
aromatic compounds. The C-C groups were identified in the range of 3010-3100 cm™'. In the absorption
peak of the CC group, stretching occurs, resulting in the absorption peak being unidentifiable after
activation. the formation of O-H groups after activation are detected at wave number of 3365.85 cm™'.
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Previous research indicated that O-H groups were present in the range of 3500-3200 cm™ [22]. New
peaks, identified as C-O groups, appear at the wave number of 1258.22 cm™, falling within the range
of 1340-1470 cm™'. The absorption peak of the C=C group shifts from 1555.44 cm™! to 1573.47 cm.
The C=C groups are present in the range of 1500-1400 cm™'. Shifts are also found in the range of 695-
995 cm!, indicating the presence of C-H groups at absorption wave numbers 0f 994.57 cm™ and 866.83
cm!. The shift in wave absorption indicates that the C=C and C-H groups undergo bending vibration
(bonding) characterized by peak narrowing. Based on Figure 1, it can be concluded that the adsorbent
has functional groups with a typical activated carbon structure containing O-H, C-O, C-C, and aromatic
C=C and C-H groups used as active groups to adsorb adsorbates.

Transmittance (%)

before activation

0.94 -

after activation

4000 3000 2000 1000

; 1
Wavenumber (cm ™)

Figure 1. FTIR analysis of EPOFB activated carbon

2.3. BET Analysis

The surface area of carbon after activation is 224.513 m?/g. The surface area of activated carbon is
larger compared to before activation, which was 0.26 m?/g. In previous research, an increase in surface
area after activation was found, from 2.34 m?/g to 263 m?/g [8]. Additionally, there was an increase in
pore volume after activation, from 0.0039 cm?¥/g to 0.1653 cm?3/g. This can occur because activation can
increase surface area through the binding of H>O molecules and reducing tar formation. The increase
in surface area is also due to the increased formation of micropores, which are <2 nm in size. The
formation of micropores is indicated by a decrease in pore diameter after activation, from 15.15 nm to
1.1 nm. Activation results in the formation of a microporous structure in EPOFB activated carbon.

2.4. The Impact of Adsorbent Dosage on Phosphate Removal Efficiency and Adsorption Capacity
Figure 2 shows that as the adsorbent dosage increases, the phosphate removal efficiency also increases.
At dosages ranging from 2 g/L to 8 g/L, the phosphate removal efficiency increases from 52.08% to
70.03%. The addition of adsorbent dosage can increase the surface area and active sites, allowing for
more adsorbate to be absorbed. However, at a dosage of 10 g/L. and a contact time of 20 minutes, there
is a decrease in removal efficiency from 67.37% to 54.94%. This decrease occurs when the addition of
dosage exceeds the optimum dosage, resulting in the accumulation of adsorbent particles. This
condition leads to hindrance in the bulk transfer stage between the adsorbent and adsorbate, thus
reducing the adsorbent's adsorption capacity. Based on the results shown in Figure 2, the optimum
dosage of EPOFB activated carbon is 8 g/L and 10 g/L with removal efficiencies of 67.37% and 70.03%,
respectively.

The addition of dosage from 2 g/L to 10 g/L results in a decrease in adsorption capacity from
2.64 mg/g to 0.71 mg/g, as shown in Figure 3. The highest adsorption capacity is found at a dosage of
2 grams, which is 2.64 mg/g. This high adsorption capacity indicates the optimum dosage of EPOFB
activated carbon, suggesting that the adsorbent's active sites have maximally absorbed phosphate. The
decrease in adsorption capacity occurs at a dosage of 10 grams with a capacity of 0.56 mg/g. The
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decrease in adsorption capacity can be attributed to the competition between cations for the adsorption
sites of adsorbent particles, leading to the closure of active sites on the surface of adsorbent [23].

The statistical analysis used was parametric analysis with the one-way ANOVA method. Based
on the results of the normality test, significance values > 0.05 were obtained, indicating that the data
were normally distributed. The results obtained from the homogeneity test indicated significance values
> 0.05, suggesting that the data obtained were homogeneous. Regarding the use of dosage variations,
the significance value was 0.001, meaning that the dosage variations of the adsorbent had a significant
effect on phosphate removal efficiency in synthetic laundry wastewater.
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Figure 2. Impact of adsorbent dosage on the removal efficiency
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Figure 3. Impact of adsorbent dosage on the adsorption capacity

2.5. The Impact of Contact Time on Phosphate Removal Efficiency and Adsorption Capacity

In Figure 4, within the adsorbent dosage range of 4-8 g/L, an increase in contact time results in a
decrease in efficiency. At contact times ranging from 20 to 100 minutes, there is a decrease in phosphate
removal efficiency from 67.37% to 54.73%. This indicates a reduction in active sites due to adsorbent
particles binding with phosphate [24]. The interaction between adsorbent and adsorbate leads to the
formation of a layer on the adsorbent's surface, thereby covering it. Increased contact time leads to
desorption. However, contrary to previous results, at dosages of 2 g/L and 10 g/L, an increase in contact
time from 20 to 80 minutes results in an increase in removal efficiency from 54.94% to 70.03%.
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Increased contact time can enhance the interaction of phosphate with empty active sites, resulting in
increased adsorbate uptake [25]. Meanwhile, at a contact time of 100 minutes, there is a decrease in
phosphate removal efficiency from 70.03% to 59.42%. This decrease indicates that the adsorbent has
reached saturation, resulting in repulsive forces between adsorbate molecules and the adsorbent. Based
on the results, the optimum contact time for EPOFB activated carbon is 20 and 80 minutes, with removal
efficiencies of 67.37% and 70.03%, respectively.
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Figure 4. Impact of contact time on the removal efficiency
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Figure 5. Impact of contact time on the adsorption capacity

Figure 5 shows that contact time does not significantly affect the adsorption capacity for
phosphate. A contact time of 20 minutes demonstrates high adsorption capacity for all dosage
variations. This indicates abundant availability of active sites, leading to increased adsorbent adsorption
capacity [25]. At a contact time of 20 minutes, the initial phosphate adsorption capacity is 2.26 mg/g.
Meanwhile, at 80 minutes, equilibrium time is reached for dosages of 2 g/L. and 10 g/L. This occurs
because the availability of active sites affects phosphate adsorption capacity. Dosages of 2 g/L and 10
g/L have fewer active sites compared to dosages of 4, 6, and 8 g/L, triggering less adsorption capacity
[26]. Additionally, a dosage of 10 g/L experiences adsorbent agglomeration, resulting in reduced active
site availability.

The decrease in adsorption capacity is also related to the large size of phosphate molecules,
requiring more time to achieve bond stability on the adsorbent surface. Finally, at the last contact time
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of 100 minutes, the phosphate adsorption capacity decreases to 1.17 mg/g because the adsorbent has
reached equilibrium [27]. As for the statistical analysis of contact time variations, the significance value
was 0.717, indicating that contact time variations did not have a significant effect on phosphate removal
efficiency in synthetic laundry wastewater.

2.6. Isotherm Analysis and Adsorption Kinetics

The equations and parameters of Freundlich and Langmuir isotherms are shown in Table 3. Isotherm
modeling was conducted at a contact time of 40 minutes with varying dosages. Based on the isotherm
analysis results, the correlation coefficient (R?) of the Freundlich isotherm (0.817) is closer to 1
compared to the Langmuir isotherm (0.561). Based on the isotherm modeling, phosphate adsorption
using EPOFB activated carbon follows the Freundlich isotherm model. Previous studies using coal
stove ash waste and acidic soil in Kenya for phosphate adsorption also reported that the isotherm model
follows the Freundlich isotherm [28][29]. The Freundlich isotherm model describes the adsorption
process occurring by forming non-uniform layers on the adsorbent surface [30]. The parameter 1/n,
indicating the surface heterogeneity of the adsorbent, is 3.702. A value of 1/n > 1 indicates low affinity
between the adsorbate and adsorbent at low concentrations due to competition between water molecules
and phosphate for adsorption on activated carbon.

The coefficients of pseudo first-order and pseudo second-order adsorption kinetics for phosphate
adsorption using EPOFB activated carbon at the optimum dosage of 8 g/L are shown in Table 3. The
correlation coefficient (R?) value for pseudo second-order kinetics, namely 0.99, is closer to one than
that for pseudo first-order kinetics. This proves that the phosphate adsorption process in synthetic
laundry wastewater is described by pseudo second-order kinetics. Pseudo second-order kinetics indicate
that adsorption with EPOFB activated carbon occurs due to covalent bonding between the adsorbent
and adsorbate through electron sharing or exchange [31]. Phosphate can be trapped on different surfaces
of the adsorbent based on pseudo second-order adsorption kinetics [32]. Phosphate absorption rate
following pseudo-order kinetics has also been reported in phosphate adsorption studies using activated
carbon from peanut shells [33] and date palm fiber bioadsorbents. The adsorption capacity based on
pseudo second-order kinetics calculation is 0.67 mg/g, while for pseudo first-order kinetics, it is 2.14
mg/g. The adsorption capacity value based on pseudo second-order kinetics is closer to the experimental
adsorption capacity value of 0.85 mg/g.

Table 3. Isotherm Analysis and Adsorption Kinetics

Freundlich Langmuir
Equation y=3.702x — 2.4187 Equation y =2.2647x + 15.042
R? 0.817 R? 0.561
Ke 262.240 Jm 0.442
1/n 3.702 K. 0.4416
n 0.2701
Adsorption kinetics result
Pseudo first-order Pseudo second-order
R? 0.26 R? 0.99
Q. exp (mg/g) 0.85 Q. exp (mg/g) 0.85
Q. cal (mg/g) 2.14 Q. cal (mg/g) 0.67
K (/menit) 0.003 K (/menit) 0.29
h (mg/g.menit) 0.1225

3. Conclusion

The dosage of EPOFB adsorbent affects phosphate removal in synthetic laundry wastewater.
Meanwhile, contact time does not significantly affect phosphate removal efficiency. The highest
removal efficiency of 67.37% and 70.03% was achieved at the optimum dosages of 8 g/L and 10 g/L
with contact times of 20 and 80 minutes, respectively. The isotherm and kinetic models for phosphate
adsorption in synthetic laundry wastewater using EPOFB adsorbent are Freundlich and pseudo-second-
order kinetics.
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