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ABSTRACT

Palm oil shells and fibers are widely used as fuel for factory boiler furnaces. However, boiler ash residue produced 
is often underutilized. This study aims to explore the use of boiler bottom ash (BBA) as an adsorbent for the 
adsorption of lead (Pb) and its subsequent application in palm oil mill effluent (POME) purification for water 
dilution in crude palm oil (CPO) processing. BBA was activated using 0.2, 0.4, 0.6, and 0.8 mol/L potassium 
hydroxide (KOH) solutions for 24 hours, and the carbonation was conducted at 400°C for 60 minutes. Factors, 
such as the concentration of KOH for BBA activation, pH levels, adsorption temperature, adsorption kinetics, 
and the application of the adsorbent in POME purification for water dilution in the CPO processing model, were 
evaluated. The results showed that the optimal KOH concentration was 0.4 mol/L, as determined by SEM, EDX, 
and lead adsorption analysis. The maximum adsorbent capacity of approximately 0.43 mg/g was obtained at 50°C 
and pH 4.6, with an adsorption rate constant of 5.97 per minute. The results also showed that the adsorption 
process followed the Langmuir model. In addition, the adsorption activation energy and the Arrhenius constant 
values were -28675.82 J/mol and 0.0001, respectively. The use of POME filtrate for water dilution had no effect on 
the free fatty acids, water content, impurities, or DOBI (Deterioration Bleachability of Index) in CPO. Lead value 
showed significant differences in all treatments without dilution. These results indicate that BBA activated with 
KOH can function as an adsorbent to reduce lead content. POME purified with BBA adsorbent has the potential to 
be used as diluent water in CPO processing to reduce raw water use and ultimately decrease POME production.
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INTRODUCTION

The expansion in several sectors and crude palm 
oil (CPO) output indirectly cause an increase in waste 
generation, including palm oil mill effluent (POME), 
empty fruit bunches, fiber, and palm kernel shells 
(Suparma et al., 2014). Several studies have shown 
that palm kernel shells and fiber can be used as boiler 
furnace fuel (Suparma et al., 2014). The combustion 
of shells and fibers in boiler furnaces occurs at high 
temperatures, leading to the production of by-products, 
such as fly ash and boiler bottom ash (BBA) (Prianti 

et al., 2015). BBA often accumulates at the bottom 
because it is not sucked up by the suction machine due 
to the larger mass. This waste is then disposed of on 
land around the palm oil mill, which increases the risk of 
environmental and health problems (Asyri et al., 2015). 

According to previous studies, POME is often used 
as liquid fertilizer, but some are discharged into the 
environment after treatment. POME has been reported 
to contain organic compounds and heavy metals (Cd, 
Zn, Cu, and Pb) (Nursanti, 2013), which can contaminate 
the environment. Heavy metals, such as lead (Pb), 
have non-biodegradable characteristics and are easily 
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accumulated due to their high solubility, leading to high 
environmental damage (Ray & Shipley, 2015; Mahmud 
et al., 2016). 

To address this problem, there are different ways 
to remove heavy metals from wastewater, including 
membrane separation, adsorption, and electrophoresis. 
Adsorption is often used to reduc heavy metal levels in 
wastewater (Wijaya et al., 2020), but it depends on the 
pH of the solution. A study showed the best results at 
pH 4, where adsorption followed the Freundlich model 
(Chen & Shi, 2017), and at pH 5, where adsorption 
followed the Langmuir model (Oktasari, 2018). Some 
materials commonly used as adsorbents are zeolites 
(Elysabeth et al., 2015), fly ash, and coal bottom ash 
(Praipipat et al., 2023), but these materials have some 
issues, such as having contaminants and not being very 
crystalline (Elysabeth et al., 2015). Fly ash and coal 
bottom ash also contain a lot of heavy metals (Firman 
et al., 2020).

	 BBA, produced from burning shells and fibers in 
boiler furnaces, can be used as an adsorbent (Khanday 
et al., 2017). The adsorbent’s ability to work depends 
on its surface properties, surface area, pore size, and 
functional groups (Myllymaki et al., 2018). To improve 
the ability, the adsorbent needs to be modified using 
different activation materials (Gautam et al., 2014). 
Potassium hydroxide (KOH) is commonly used to activate 
BBA because it has a high carbon content. Several 
studies have shown that uncarbonated lignocellulosic 
materials are better activated with zinc chloride (ZnCl₂) 
as their high oxygen content facilitates interaction with 
the activator (Permata et al., 2019). Therefore, this 
study aims to explore the use of BBA as an adsorbent for 
the adsorption of lead and its subsequent application in 
POME purification for water dilution in CPO processing. 
The use of purified POME is expected to reduce the use 
of raw water in CPO processing. The amount of purified 
POME facilitates the creation of a sustainable palm oil 
processing industry. The influence of KOH content on 
BBA activation for lead adsorption, the impact of pH 
and adsorption temperature on lead metal ions, and the 
kinetics of adsorption were also examined in this study. 

METHODS

Materials
POME, BBA, and CPO were obtained from a palm 

oil processing facility (Sambas, Indonesia). NaOH 
99%, HNO3 65%, potassium hydroxide, acetic acid, 
sulfuric acid 90%, hydrogen peroxide 30%, n-hexane 
95%, ethanol, iso-octane, oxalic acid, phenolphthalein 
indicator 1%, and alizarin red S monosodium salt were 
obtained from Merck KGaA (Darmstadt, Germany). 

Research Instruments
Furnace (Eyela, TMF-2200, Japan), Drying Oven 

(Sanyo, MOV-112, Japan), Centrifuge (DILB, DMO636, 
Cina), UV-VIS Spectrophotometer (Shimadzu, UV-1280, 
Japan), Waterbath (Memmert, Germany), SEM JEOL 
JSM-6510LA dan Auto Coater JEOL JEC-3000FC, Disc 
mill (FFC-45, Indonesia).

Activation of Boiler Bottom Ash 
BBA was activated using the method by Khanday 

et al. (2017). It was crushed using a disc mil and 
went through a 20-mesh sieve. The sample was then 
soaked in potassium hydroxide (KOH) solution with 
different amounts like 0.2, 0.4, 0.6, and 0.8 mol/L for 
24 hours at room temperature, using a 1:1 weight 
ratio. Subsequently, BBA was filtered and washed with 
distilled water. Slowly, 1 mol/L acetic acid was added 
until the pH was 7, then drained. The drying process 
was carried out in an oven at 105℃ for 60 minutes, 
followed by carbonation in a furnace at 400 ℃ for 60 
minutes.

Solids Separation in Palm Oil Mill Effluent 
POME was put in a 50 mL centrifuge tube and 

spun for 15 minutes at 3500 rpm, then the liquid was 
separated from the solids.

Effect of KOH for Boiler Botton Ash Activation on 
Adsorption of Lead Metal Ions 

The activation of BBA was conducted following 
Khanday et al. (2017), with several changes, and the 
filtrate was diluted with distilled water at a 1:2 ratio. 
A total of 0.1 mol/L NaOH and 0.1 mol/L acetic acid 
solution was added to the filtrate until pH reached 4, 6, 
7, and 8. Approximately 50 mL of each filtrate with pH 
levels of 4, 6, 7, and 8 was transferred into 5 Erlenmeyer 
flasks. Each Erlenmeyer flask received 1% activated 
BBA adsorbent at concentrations of 0, 0.2, 0.4, 0.6, and 
0.8 mol/L. The combination of filtrate and adsorbent 
was incubated in a water bath at 60°C for 180 minutes 
with 120 shakes per minute. After adsorption, the 
filtrate was subjected to filtration with Whatman 1 µm 
porous paper. The filtrate was subsequently centrifuged 
at 3500 rpm for 15 minutes and was examined for lead 
metal ions with UV-Vis spectrophotometric method.

Effect of pH on Lead Adsorption 
The activation of BBA followed a procedure similar 

to that of Khanday et al. (2017), with some modifications. 
Distilled water was mixed with the filtrate in a 1:2 ratio, 
followed by the addition of 0.1 mol/L NaOH and acetic 
acid to adjust the pH to 4.6, 7, and 8. Subsequently, 50 
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mL of each filtrate, corresponding to the different pH 
levels, was transferred into 5 Erlenmeyer flasks. In each 
flask, 1% BBA adsorbent, activated using KOH, was 
added in varying concentrations of 0, 0.2, 0.4, 0.6, and 
0.8 mol/L. The filtrate and adsorbent mixture were then 
placed in a water bath at 60°C for 3 hours, with shaking 
at 120 rpm. The mixture was filtered using Whatman 1 
µm porous paper and centrifuged at 3500 rpm for 15 
minutes. Finally, the filtrate was analyzed for lead ions 
using UV-Vis spectrophotometry.

Effect of Adsorbent Mass on Lead Adsorption 
The activation of BBA was carried out using the 

same procedures developed by Khanday et al. (2017), 
with some modifications. The filtrate was mixed with 
distilled water in a 1:2 ratio, followed by the gradual 
addition of 0.1 mol/L acetic acid until the pH reached 
4.6. A 50 mL aliquot of the filtrate was then transferred 
into five 250 mL Erlenmeyer flasks. Different amounts 
of BBA adsorbent were added to each flask: 2%, 
4%, 6%, 8%, and 10%. The filtrate containing lead 
ions was shaken in a water bath at 60°C for 3 hours, 
with a shaking speed of 120 rpm. Following this, the 
mixture was filtered through Whatman 1 µm porous 
paper and centrifuged at 3500 rpm for 15 minutes. The 
filtrate was then analyzed for lead ions using UV-Vis 
spectrophotometry .

Effect of Temperature on Adsorption of Lead 
Metal Ions

The activation of BBA followed a procedure similar 
to that of Khanday et al. (2017), with some modifications. 
A 50 mL lead solution at concentrations of 1, 3, 5, 7, 9, 
12, and 15 ppm was prepared and placed into 250 mL 
Erlenmeyer flasks. To adjust the pH to 4.6, 0.1 mol/L 
acetic acid was added gradually. A total of 2% activated 
BBA adsorbent was introduced to the lead solution. 
The mixture was shaken in a water bath shaker at 120 
rpm at temperatures of 30, 40, 50, 60, and 70°C for 
180 minutes. The mixture was then filtered through 
Whatman 1 µm porous paper. The filtrate was then 
centrifuged at 3500 rpm for 15 minutes. Finally, the 
filtrate was analyzed for lead ion concentration using 
UV-Vis spectrophotometry.

Evaluation of Adsorbent Capacity 
The activation of BBA was carried out using the 

procedures proposed by Khanday et al. (2017) with 
modifications. The filtrate was diluted with distilled water 
in ratios of 1:0 (P1), 1:0.5 (P2), 1:1 (P3), and 1:2 (P4). 
To achieve a pH of 4.6, 0.1 mol/L acetic acid was added. 
Approximately 100 mL of diluted filtrate was transferred 
to each 250 mL Erlenmeyer flask. BBA adsorbent was 

added in quantities of 9.20 g, 6.57 g, 4.19 g, and 2.01 
g for treatments P1, P2, P3, and P4, respectively. Lead 
ions were absorbed in a water bath shaker at 50°C for 
180 minutes at 120 rpm. After adsorption, the mixture 
was filtered through Whatman 1 µm porous paper and 
centrifuged at 3500 rpm for 15 minutes. The filtrate 
was analyzed for lead ion concentration using UV-Vis 
spectrophotometry

Separation of Solids in Crude Palm Oil Using 
POME Filtrate

Approximately 42 mL of the adsorbed POME filtrate 
was incorporated into 158 mL of CPO. The combination 
of filtrate and CPO was heated and stirred gradually to a 
temperature of 90-95℃. The mixture was subsequently 
centrifuged at 3500 rpm for 15 minutes, and the oil layer 
was isolated. The filtrate was examined for free fatty 
acids, moisture content, impurities, DOBI (Deterioration 
Bleachability of Index), and lead levels.

Scanning Electron Microscope Analysis of Boiler 
Bottom Ash 

BBA was placed on carbon tape at the top of the 
specimen holder for drying, followed by coating with Au. 
The sample was then transferred to an auto coater until 
the vacuum coater reached a pressure of 3.2 Pa. The 
coating process was carried out for 120 seconds, and 
electrons were fired at BBA with a certain-level probe, 
followed by evaluation of surface topography.

Energy Dispersive X-Ray (EDX) KOH-Activated 
Boiler Botton Ash

All samples were sputter-coated with a carbon 
layer using an Auto Coater JEOL JEC-3000FC to improve 
electrode conductivity and improve final picture clarity. 
Sample analysis was conducted with SEM JEOL JSM-
6510LA at an accelerating voltage of 5 kV (Bota et al., 
2020).

Lead Metal Ion Analysis 
A combination of 30 mL of filtrate and 1.5 mL of 

HNO3 was subjected to destruction until the solution 
attained a distinct yellow hue. The destroyed filtrate 
was processed using Whatman 1 µm porous paper. 
Subsequently, distilled water was added to the filter 
until its volume reached 30 mL. A total of 2 mL of filtrate 
were collected, 70 mL of distilled water were included, 
and 0.1 mol/L NaOH solution was incrementally added 
until pH reached 4, 6, 7, and 8. Approximately 1 mL 
of 0.1 mol/L Alizarin Red S solution was introduced, 
and lead metal ions were examined utilizing UV-Vis 
Spectrophotometer at wavelengths of 422 nm (pH 4.6), 
517 nm (pH 7), and 518 nm (pH 8). The control solution 
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for each treatment was processed using an identical 
manner, without the addition of filtrate.

Analysis of Lead in Crude Palm Oil 
A total of 2 g of CPO was measured in a 125 mL 

Erlenmeyer flask. Approximately 10 mL of HNO3, 3 mL 
of H2O2, and 1 mL of H2SO4 were introduced into the 
Erlenmeyer flask containing the sample. The mixture 
was cooked on a hotplate at 150°C for 1.5 hours with a 
stirring speed of 80 rpm (Yusairi, 2022). The degraded 
CPO was subjected to cooling and filtration utilizing the 
Whatman 42 paper. Approximately 2 mL of filtrate was 
combined with 70 mL of distilled water. Subsequently, 
a 0.1 mol/L NaOH solution was administered dropwise 
till achieving a pH of 4.6, followed by the addition of 
1 mL of 0.1 mol/L Alizarin red S. The concentration of 
lead was quantified using UV-Vis spectrophotometer at 
a wavelength of 422 nm.

Free Fatty Acid Analysis (SNI 01-2891-1992) 
A total of 7 g ± 0.02 CPO was weighed in 125 

mL Erlenmeyer, followed by the addition of 50 mL of 
neutral alcohol and 2 drops of phenolphthalein indicator. 
CPO was then subjected to a temperature of 40℃ and 
titrated with 0.1 N NaOH solution until a persistent pink 
hue was observed for 30 seconds. The content of free 
fatty acids (FFA) was determined using the subsequent 
Equation 1.
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where A was the weight of dry porous paper, crucible, 
and sample, B was the weight of dry and crucible porous 
paper, and C was CPO weight.
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The 50 mL glass beaker was subjected to heating 
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Equation 3. 
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left behind and stuck to the pore surface of BBA. Some 
of the results of the decomposition of organic matter 
become volatile components and are released into the 
air to form new pores (Marsh, 2006). The activation of 
BBA is often carried out to remove components that are 
still left in the pores. Activation of BBA with 0.4 mol/L 
KOH leads to a cleaner surface with slightly enlarged 
pores (Figure 1b). The physical changes in the surface 
of activated BBA are due to the components on the 
surface and inside BBA pore having been degraded 
by KOH and then released with KOH leaving the pore 
(Chiang and Juang, 2017). 

Energy Dispersive X-Ray (EDX) KOH-Activated 
Boiler Botton Ash 

The results of EDX analysis of control and 0.4 
mol/L KOH-activated BBA are shown in Figures 2(a) and 
2(b). The control BBA has a higher carbon element peak 
than the activated BBA, and the carbonization process 
increases the carbon element. However, the activation 
of BBA with KOH leads to a decrease in carbon, and this 
can be seen from the lower carbon peak of activated 
BBA compared to BBA. Following the reduction in 

carbon content, an increase in silicon (Si) and oxygen 
(O) is observed in activated BBA. These results confirm 
the weak aggregation of Si onto BBA surface induced 
by KOH. Si aggregation is due to the destruction of the 
glassy layer on the surface of BBA, forming active groups 
inside the pore, such as silica and alumina, coming out 
to the surface of BBA (Goñi et al., 2003).

Effect of KOH on Activation of Boiler Botton Ash 
on Lead Adsorption

Figure 3 shows that the adsorbent’s ability to bind 
lead increases by 1.7 times, 1.9 times, and 1.3 times 
for pH 4, 6, 7, and 8, respectively, with an increase 
in KOH concentration from 0 to 0.4 M. This is due to 
the activation of BBA with KOH up to 0.4 M, which 
removes organic matter that closed the pores of the 
particles (Figure 1b). However, the increase in KOH 
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reduced particle surface area and decreased adsorption 
capacity. The best KOH concentration is obtained at 
0.4 mol/L for all pH treatments. The best adsorption 
capacity is obtained at pH 4.6, namely 1.093 mg/g, 
and the decrease in adsorption capacity at high KOH 
concentrations is similar to Santoso et al. (2014). 

The pH significantly influences the adsorption of 
lead, as shown in Figure 3. As the pH increases from 
4.6 to 8, lead adsorption onto activated BBA decreases, 
with optimal adsorption occurring at pH 4.6. This effect 
is attributed to pH-dependent changes in the surface 
charge of the adsorbent, the ionic charge of lead, 
and the degree of ionization of solution components 
(Enache et al., 2017). Under acidic conditions, lead ions 
remain ionized and positively charged, enhancing their 
interaction with the adsorbent surface. However, in 
alkaline conditions, an increased presence of hydroxide 
ions (OH⁻) facilitates the formation of Pb(OH)⁺, 
Pb(OH)₂, and Pb(OH)₃⁻ complexes (Fu et al., 2016). This 
interaction leads to the precipitation of lead hydroxides, 
thereby inhibiting further adsorption onto the adsorbent 
surface. Several previous studies have confirmed that 
the highest adsorption of lead ions occurs at an acidic 
pH range of 4–5 (Jiménez et al., 2019, Mwamulima et 
al.,2018, Tasar and Ozer, 2020). 

IMPACT OF ADSORBENT AMOUNT ON LEAD AD-
SORPTION 

Figure 4 shows the impact of the adsorbent 
quantity on the adsorption of lead. Augmenting the 
adsorbent quantity from 0.5 g to 2 g leads to a 1.77-fold 
increase in the adsorption of lead. An additional increase 
in the quantity of adsorbent does not considerably 
enhance the adsorption of lead. This occurs because 

adsorbent particles can collect or accumulate owing to 
an excessive quantity of adsorbent. The aggregation 
of particles and accumulation of adsorbent materials 
leads to a reduction of the adsorbent’s surface area and 
concealment of active functional groups, hindering the 
interaction of lead with these groups on the adsorbent 
surface. A comparable finding has been documented by 
Araga et al. (2017).  

Adsorbent Capacity 
According to Figure 5, the impact of lead 

concentration in solution at equilibrium leads to 
adsorption at various adsorption temperatures. 
Increasing the concentration of lead significantly 
increases the adsorption of lead metal ions until 
equilibrium conditions are reached. This is because the 
amount of lead in the solution exceeds the available 
adsorbent capacity. The adsorbent can reach saturation 
point, and the absorption efficiency decreases (Lestari 
et al., 2020). 

The maximum capacity of the adsorbent towards 
lead is relatively the same at 30°C, 40°C, and 50°C, 
namely 0.43 mg/g. However, a further increase in 
adsorption temperature (60°C and 70°C) causes the 
adsorption of lead to decrease to 0.35 mg/g, which 
indicates that adsorption is exothermic (Taşar and Özer, 
2020, Araga et al., 2017). 

The increase in temperature affects the adsorption 
speed of lead (Figure 5). This can be seen from the 
adsorption velocity constant value increasing from 
3.07 to 5.97 per minute with an increase in adsorption 
temperature from 30°C to 50°C. However, increasing 
the adsorption temperature from 50°C to 70°C leads to 
a constant drop in adsorption velocity to 1.2 per minute. 
This is because the increase in adsorption temperature 
elevates the kinetic energy of molecules in the solution, 
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specifically lead, and the movement of adsorbate 
molecules is faster. Increased molecular movement can 
increase the intensity of collisions between adsorbate 
and active groups on the adsorbent surface, leading to 
higher adsorption (Taşar and Özer, 2020). However, at 
higher temperatures, the increase in kinetic energy of 
the particles in the solution causes the particles to move 
faster. Consequently, the adsorbates are successfully 
adsorbed by the adsorbent to be released back from the 
surface of the adsorbent pores (Aisyahlika et al., 2020).

Lead Adsorption Isotherm
Adsorption isotherm of activated BBA on lead is 

performed at temperatures ranging from 30 °C to 70 °C 
(Figure 5). The adsorption data indicates adherence to 
the Langmuir model. Based on the Langmuir isotherm 
adsorption model, the adsorption rate constants are 
3.07, 5.54, 5.97, 1.20, and 1.20 per minute at 30, 
40, 50, 60, and 70 °C, respectively. Furthermore, the 
Arrhenius equation is used to determine the impact 
of temperature on the adsorption rate constant. The 
regression of the Arrhenius equation shows that the 
adsorption activation energy (Ea) is -28675.82 J/mol, 
while the value of the Arrhenius constant (kA) is 0.0001. 

The Ea and kA values are used to predict the 
adsorption of lead at various temperatures. Figure 6 
shows that the Langmuir adsorption isotherm model is 
suitable for lead adsorption at 60 and 70 °C. However, 
the obtained Langmuir model is unsuitable for 30, 40, 
and 50 °C temperatures. This can be because lead 
adsorption on activated BBA adsorbent is exothermic 
(Taşar and Özer, 2020, Araga et al., 2017). Based on 
the adsorption at the best condition, every 1 g of bottom 

ash adsorbent can reduce the binding of lead metal ions 
by 0.333 mg lead.  

Use of POME Filtrate on Quality of Crude Palm Oil
POME contains higher lead than standard water, 

and adsorption of lead on POME using activated BBA 
adsorbent reduces lead in the filtrate. The use of POME 
filtrate purified using BBA adsorbent as water dilution 
for CPO quality is presented in Table 1. Filtrate without 
dilution, as used for water dilution, gives significant 
differences in lead content. The moisture content, 
impurity content, DOBI, and lead of CPO after treatment 
are in the specified quality standards in all treatments. 
FFA content in all treatments is higher than the specified 
quality standard, which is a maximum of 5%. 

The high FFA value in CPO is due to decreasing 
the quality of the raw material during storage and oil 
separation. High moisture content can increase the 
activity of lipases that hydrolyze triglycerides into 
FFAs. In addition, high moisture also creates an ideal 
environment for the growth of microorganisms that 
accelerate fat hydrolysis. High contaminant matter 
levels can also act as a catalyst for triglyceride hydrolysis 
reactions. These factors accelerate the formation of FFA 
(Juniarto and Isnasia, 2021).

Using POME filtrate without dilution for water 
dilution in separating oil and sludge significantly affects 
lead content in CPO. This is because POME filtrate 
without dilution still has lead concentration higher than 
the specified quality standard (1 mg/L) and lead in POME 
filtrate is diffused into CPO during the sludge separation 
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process. Separating oil and sludge using distilled water 
and diluted POME filtrate as water dilution does not 
substantially influence lead content of CPO produced. 
Lead in vegetable oil is generally due to contamination 
from natural sources and plantation activities (fertilization 
and herbicide spraying) during harvesting, transport, 
and processing. (Yang et al., 2016). 

CONCLUSION

In conclusion, SEM analysis of activated BBA using 
0.4 mol/LKOH led to a cleaner particle surface with 
slightly larger pores than the control. Evaluation using 
EDX showed a weak degree of aggregation of Si onto 
the surface of activated BBA and a decrease in carbon 
followed by an increase in Si and O. In addition, the 
best KOH concentration was obtained at 0.4 mol/L for 
all pH treatments, with the most adsorption occurring 
at pH 4.6. The adsorbent’s maximal capacity remained 
consistent at 30°C, 40°C, and 50°C, which was about 
0.43 mg/g. However, a further increase in adsorption 
temperature (60°C and 70°C) caused the adsorption 
of lead to decrease to 0.35 mg/g which showed that 
adsorption was exothermic. In addition, the temperature 
rise influenced the adsorption rate of lead which rose 
from 3.07 to 5.97 per minute when the adsorption 
temperature elevated from 30°C to 50°C. Elevating the 
temperature from 50°C to 70°C reduced the adsorption 
velocity constant to 1.2 per minute, and the adsorption 
of lead adhered to the Langmuir isotherm model. The 
adsorption rate constants were 3.07, 5.54, 5.97, 1.20, 
and 1.20 per minute for temperatures of 30, 40, 50, 
60, and 70°C, respectively. The adsorption activation 
energy (Ea) value was -28675.82 J/mol, and the 
Arrhenius constant (kA) value was 0.0001. The use of 

POME filtrate with and without the addition of water 
as water dilution did not affect FFA, moisture content, 
contaminant content, and DOBI. However, the treatment 
without dilution made a difference in lead content. The 
results indicated that BBA activated with KOH could 
serve as an adsorbent to diminish lead concentration in 
POME. POME purified with BBA adsorbent could be used 
as diluent water in CPO processing process to reduce 
raw water use, ultimately reducing POME production.
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