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INTRODUCTION

So far, conventional use of empty oil palm 
fruit bunches (EFB) has been limited to being 
used as mulch which functions as a surface cov-
ering medium to maintain soil moisture and tem-
perature in oil palm plantations. After experienc-
ing decomposition, this mulch also acts as a sup-
plier of nutrients for soil and plants. The process 
of utilizing EFB as mulch is less profitable and 
less added value because the degradation process 
is very slow. Therefore, efforts need to be made 
to find alternative innovations in handling or uti-
lizing this palm oil industrial waste. One alterna-
tive for the utilization of EFB which is considered 
prospective is to convert it into biochar.

The conversion of EFB into biochar can be 
carried out by a hydrothermal carbonation process 

to convert lignocellulose into solid carbon with 
a low oxygen to carbon ratio (Jamari dan Howse 
2012). This process is known as pyrolysis and can 
increase the energy density contained in it com-
pared to the energy density of the original biomass 
(Raju et al. 2016). Pyrolysis of EFB at tempera-
tures of 200–700 °C produced biochar as much as 
29.39–42.74% (Raju et al. 2016; Kresnawaty et 
al. 2018; Febriyanti et al. 2019; Tiara et al. 2019).

Raju et al. (2016), conducted pyrolysis re-
search at various temperatures to determine the 
effect of temperature on the pyrolysis products 
to be produced. Increasing the pyrolysis tem-
perature decreased the percentage of biochar 
produced due to continued devolatilization of the 
remaining volatile matter in the charcoal. Con-
versely, increasing the pyrolysis temperature in-
creases the production of liquids and gases due 
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to the addition of volatile matter devolatilization 
of biochar.

Previous studies have shown that biochar can 
be used as an adsorbent for methylene blue, heavy 
metals in the form of Cu, Pb, Zn, As, Cd and herbi-
cide compounds (Foo dan Hameed 2011; Samsuri 
et al. 2014; Sari et al. 2014; Shariff et al. 2014; Ya-
vari et al. 2017; Zamani et al. 2017). However, the 
adsorption capacity of the biochar is relatively low, 
due to its relatively low surface area. Pyrolysis of 
EFB at 300–700 °C without pre-treatment produces 
biochar with a low surface area of 3.34–5.76 m2/g 
(Thoe et al. 2019). The pre-treatment and post-treat-
ment stages in the biochar production process from 
EFB can increase the surface area of the resulting 
biochar, thereby increasing its adsorption capacity.

This study aims to identify the effect of the 
activation process with alkaline pre-treatment 
and post-treatment on the characteristics of acti-
vated biochar produced from EFB.

RESEARCH METHODS

Materials and equipment’s

The main materials used in this study are EFB, 
NaOH, KOH, and equates, as well as chemicals for 
laboratory analyses. The equipment used is a py-
rolysis reactor, furnace, Erlenmeyer, Mohr pipette, 
bulb, spectrophotometer, test jar, desiccator, por-
celain dish, oven, pH meter, and other laboratory 
equipment for testing biochar characteristics. FTIR 
(Fourier Transform Infra-Red) was used for quali-
tative analysis of functional groups produced by a 
chemical compound contained in biochar.

Research procedure

Preparation of raw materials

Empty oil palm bunches (EFB) are dried to 
a moisture content of less than 10%. EFB is then 
reduced in size to a size of 1–3 cm.

Production of activated biochar

Pretreatment activation

Pretreatment was carried out by heating EFB 
using an autoclave at 121 °C for 90 minutes. The 
EFB was then soaked using NaOH or KOH with 
concentrations of 0%, 4%, 8%, and 12% for 3 h. The 
soaked EFB is then washed with clean water to a 
neutral pH and then dried at room temperature. The 
EFB produced from this process is then pyrolyzed at 
a temperature of 400–600 °C for 60 minutes.

Post-treatment activation

Biochar from empty oil palm bunches by py-
rolysis at 400–600 °C for 60 minutes was acti-
vated using physicochemical methods. Biochar 
is heated using an autoclave at 121 °C for 90 
minutes. The heated biochar was then soaked 
in NaOH or KOH solution with a concentration 
of 0%, 4%, 8%, and 12% for 3 h. The following 
process is the washing of the soaked biochar to 
neutral pH. Table 1 shows the combination of ac-
tivator types and activator concentrations in pre-
treatment and post-treatment.

Laboratory analysis

Laboratory analysis of the biochar samples 
was analyzed according to Indonesian Nasional 
Standard (SNI 06-3730-1995).
 • Water content – a total of 1 gram of sample is 

placed in a dish of known mass, then dried in an 
oven at 105 °C until a constant mass is obtained. 
The sample is then cooled in a desiccator.

 • Ash content – A total of 1 g of biochar is placed 
in a porcelain dish and heated in an oven at 
105 °C until a constant mass is obtained. The 
sample in the dish is then put into the kiln and 
opened at 650 °C for 4 h, then cooled in a des-
iccator. The formed ash is then weighed.

 • Volatile substances – sample of biochar is 
heated in a kiln at 900 °C for 15 minutes, 
cooled in a desiccator, and then weighed. 

Table 1. Combination of activator types and activator concentrations in pretreatment and post treatment
Concentration Heating + KOH Heating + NaOH

0% Heating + KOH/NaOH 0% (HKN0)

4% Heating + KOH 4%
(HK4)

Heating + NaOH 4%
(HN4)

8% Heating + KOH 8%
(HK8)

Heating + NaOH 8%
(HN8)

12% Heating + KOH 12%
(HK12)

Heating + NaOH 12%
(HN12)
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 • Carbon content – carbon content can be deter-
mined by calculating the absolute percentage 
difference with the sum of the percentage of 
moisture content, volatile substance content, 
and ash content of biochar.

 • Iodine absorption – a total of 1 g biochar is 
put into an Erlenmeyer, then 0.125 N iodine 
solution is added as much as 25 mL. The sus-
pension is stirred for 15 minutes, then the Er-
lenmeyer is covered and kept in the dark place 
for 2 h. The solution is filtered, then 10 mL of 
filtrate is taken, put into a clean Erlenmeyer, 
and titrated with Na2S2O3 solution until the so-
lution is light yellow. The amylum indicator is 
added as much as 1 mL to the filtrate; titration 
is carried out until the blue color disappears. 
The volume of Na2S2O3 solution used was re-
corded, and the absorbency of biochar against 
iodine was calculated in mg/g.

 • Absorption of methylene blue – a total of 1 
g of biochar was put into a beaker glass and 
added 25 mL of 10,000 mg/L methylene blue 
solution was stirred with a magnetic stirrer for 
30 minutes. The solution is filtered, then the 
absorbance of the filtrate is measured with a 
Shimadzu UV-1800 spectrophotometer at λmax 
methylene blue, which is 664.4 nm. The deter-
mination of the residual methylene blue con-
centration in the filtrate is carried out by the 
calibration curve method.

 • FTIR (Fourier Transform Infrared) – FTIR 
spectroscopy is an infrared spectroscopy 
equipped with a Fourier transform to detect 
and analyze the results of the spectrum. The in-
frared spectrum results from the transmission 
of light passing through the sample, measuring 

the intensity of light with a detector, and com-
paring it with the intensity without the sample 
as a function of wavelength. FTIR analysis is 
carried out to determine changes in biochar 
functional groups before and after activation.

RESULTS AND DISCUSSION

Mass balance of biochar manufacturing 
process

Biochar production begins with the process 
of reducing the size of EFB to about 1–5 cm in 
size. In the process of reducing the size, there is a 
loss of about 5% of raw materials. After reducing 
the size, EFB is dried to a moisture content of less 
than 10%. The pyrolysis process was carried out at 
a temperature of 400–600 °C for one h. The yield 
of biochar obtained from this pyrolysis process 
ranges from 46–65%. From 1000 g of EFB, 284–
494 g of biochar is produced. The mass balance 
of biochar manufacturing is presented in Figure 1.

During the pyrolysis process, various process-
es occur subsequently and/or simultaneously in-
cluding dehydration, depolymerization, breaking 
of polymeric hydrocarbon bonds in the material, 
and the formation of bonds or new compounds or 
fragments with a certain molecular weight. The 
low molecular weight fragments will break down 
into gas and liquid compounds (bio-oil), while 
the high molecular weight fragments will become 
biochar. The higher the carbonization tempera-
ture, the more volatile compounds will be decom-
posed and gasified, resulting in a reduction in the 
mass of the resulting carbon product.

Figure 1. Mass balance of biochar production
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Water content 

The water content of the biochar from the EFB 
because of the research was quite low, ranging 
from 2.52–8.08% (Figure 2), lower than the In-
donesian national standard (SNI 06-3730.1995). 
However, the water content of the resulting bio-
char adjusts to its hygroscopic properties. Bio-
char pores can absorb moisture from the air. The 
relatively low water content of biochar is caused 
by the surface of the biochar which contains few-
er polar functional groups, so that the interaction 
between steam and biochar is low (Paramitadevi 
dan Rahmatullah 2017).

It can be seen from Figure 2 that the lowest 
water content was in the 12% KOH activated bio-
char, which was 2.52%, while the highest water 
content was in the heat-activated biochar, which 
was 8.08%.

Ash content

Ash is an inorganic mineral and silicate com-
pound contained in the biochar structure and does 
not evaporate during the carbonization process. 
The ash content varies depending on the precur-
sor used as a carbon source in the manufacture of 
biochar. Figure 4 shows the ash content of the bio-
char produced in various treatments. Activation 
with KOH and NaOH causes a decrease in the ash 
content of biochar. This is because the activation 
process can extract the silicate content in the bio-
char, which results in a decrease in the ash content 
after chemical activation. During the extraction 
process, the silicate on carbon reacts with KOH 
and NaOH to form potassium silicate and sodium 
silicate, with the reaction mechanism as follows:
SiO2(s) + 2 KOH(aq) → K2SiO3(s) + H2O(aq) (1)

2 NaOH(aq) + SiO2(s) → Na2SiO3(s) + H2O(aq) (2)

In the silica molecule (SiO2), the high electro-
negativity of the O atom causes Si to be more elec-
tropositive and an unstable intermediate [SiO2OH]- 
is formed, so that dehydrogenation will occur and 
hydroxyl ions originating from alkali will bond 
with hydrogen to form water molecules. Two K+ 
ions will balance the negative charge formed and 
interact with SiO3

2- ions to form potassium silicate. 
Apart from being caused by the silica extraction 
process, the decrease in ash content in activated 
biochar is also caused by several mineral com-
pounds making up the ash content which can dis-
solve in KOH solution including Al2O3 and P2O5.

The ability of biochar to adsorb is affected by 
the ash content. The ash content of the biochar 
produced in this study was in the range of 4.19–
9.01%. This value meets the Indonesian national 
standard for activated charcoal. 

Laos et al. (2016), produced activated char-
coal from candlenut shells with ash content is 
8.5%. The high ash content is allegedly caused 
by contact with outside air during the pyrolysis 
process, so that more material is converted to ash. 
Various mineral elements in the ash can affect the 
formation of biochar pores, where these mineral 
elements can close the biochar pores in the bio-
char activation process. The number and size of 
the biochar pores affect its absorption of iodine.

Volatile material content

Volatile material is the substances that evap-
orate at a certain temperature and time. Volatile 

Figure 2. Water content of biochar 
activated by different treatments

Figure 3. Ash content of biochar 
activated by different treatments
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substances consist mostly of flammable and non-
combustible gases. Combustible gases include 
methane, hydrocarbons, hydrogen, carbon monox-
ide, while non-combustible gases include carbon 
dioxide and nitrogen (Iskandar dan Rofiatin 2017). 
Figure 4 shows that the levels of volatile matter 
(volatile meters) range from 10.85–17.55%. Low-
er volatile matter levels were observed in biochar 
with activation treatment using 4% KOH catalyst, 
while volatile matter with higher volatile matter 
values could be observed in biochar with activa-
tion treatment using 8% KOH catalyst. The results 
of this study indicate that the volatile matter con-
tent of biochar meets the Indonesian national stan-
dard (SNI 06-3730-1995) which is 15–25%.

Domingues et al. (2017), produced biochar 
from Coffee husk with a volatile content of 17.6%. 
Other researchers produced biochar from sugarcane 
bagasse, soybean stover, swine manure, and buck-
wheat husks with volatile content 7.7%, 14.7%, 
35.5% and 11.7% (Jin et al. 2016; Domingues et al. 
2017; Karunanithi et al. 2017; Zama et al. 2017). 

Higher pyrolysis temperatures cause the re-
lease of volatile matter and form more biochar 
pores (Shaaban et al. 2014). The levels of vola-
tile matter also affect the formation of pores in 
biochar (Tomczyk et al. 2020). An increase in 
temperature causes a decrease in the volatile mat-
ter content (Crombie et al. 2013; Tag et al. 2016). 
Zhao et al. (2017), reported that an increase in 
pyrolysis temperature reduced the volatile mat-
ter content from 60.8% to 14.9% in biochar from 
apple tree wood. On the other hand, high levels of 
volatile matter indicate that biochar may still con-
tain some of the original organic plant residues 
such as cellulose (Tomczyk et al. 2020).

Carbon content 

The bound carbon content in biochar which 
was activated by heating with the addition of 
an alkaline catalyst (KOH and NaOH) was in 
the range of 74.81–84.60% (Figure 5). A lower 
carbon percentage was observed in biochar with 
pretreatment activation using 8% KOH, while 
a higher carbon percentage was found in post-
treatment activated biochar using 12% KOH. 
These results indicate that the carbon content of 
biochar meets the Indonesian national standard 
(SNI 06-3730-1995) for powdered activated 
carbon, which is a minimum of 65%. The car-
bon content can basically be increased by in-
creasing the pyrolysis temperature (Domingues 
et al. 2017).

Zama et al. (2017), conducted investigations 
with buckwheat husk at a pyrolysis temperature 
of 350–700 °C to produce a fixed carbon content 
of 70.1–83.9%. Other researchers produced bio-
char from coffee husk, sugarcane bagasse, soy-
bean, swine manure with carbon content 66%, 
90.5%, 82%, 74.9% (Jin et al. 2016; Domingues 
et al. 2017; Karunanithi et al. 2017). The fixed 
carbon is directly proportional to the pyrolysis 
temperature (Iskandar dan Rofiatin 2017). Ac-
cording to Tomczyk et al. (2020), an increase 
in pyrolysis temperature can increase the fixed 
carbon due to a higher degree of polymerization, 
which causes the carbon structure in the biochar 
to condense. Tag et al. (2016), reported that an 
increase in pyrolysis temperature increased in 
the carbon content of pomace biochar. While 
increasing pyrolysis temperature causes carbon 
content in manure sources to decrease (Cantrell 
et al. 2012).

Figure 4. Volatile matter content of biochar 
activated by different treatments

Figure 5. Carbon content of biochar 
activated by different treatments
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Iodine absorbency

Biochar absorption of iodine was measured to 
determine the ability of biochar to absorb colored 
solutions with a molecular size of less than 10 Å 
(or 1 nm). The higher the results of the measure-
ment of iodine absorption, the better the biochar 
produced will be for application as an adsorbent 
(Sidik et al. 2019). Absorption of iodine and 
methylene blue correlates with the surface area 
of biochar and is directly related to the ability of 
biochar to adsorb certain components (Tamrin 
dan Zahrim 2017). The results of measuring the 
absorption of iodine in this study were 208.86–
616.32 mg/g (Figure 6). Biochar’s ability to ab-
sorb iodine is lower than activated charcoal ac-
cording to Indonesian national standards, which 
is at least 750 mg/g.

The absorption of iodine produced in this 
study is in line with the absorption of iodine of 
activated carbon from palm fruit bunches (Nurlia 
et al. 2020). The absorption capacity of iodine in 
dragon fruit peel reaches 195.2 mg/g (Jawad et al. 
2021). The low absorption of iodine in this study 
is due to the temperature used in the activation 
process which, is ambient temperature. The high 
activation temperature affects the formation of 
pores in activated carbon.

Methylene blue absorption

Biochar absorption test for methylene blue 
solution was carried out to indirectly estimate the 
surface area and ability to absorb colored solu-
tions (Nurlia et al. 2020). According to Desi et 
al. (2015), the ability of biochar to absorb methy-
lene blue is due to the pore size of the biochar.  

The absorption capacity of biochar on methy-
lene blue from this study was in the range of 
62.53–81.11 mg/g with an absorption efficiency 
of 16.13%. (Figure 7). 

The highest absorption value of biochar to 
methylene blue can be observed in the activation 
treatment using heating. From the absorption ca-
pacity of methylene blue, the resulting activated 
biochar meets the Indonesian national standard 
for activated charcoal, which is 60 mg/g. The ad-
dition of activator in the activation process has 
the potential to penetrate closed pores, so that the 
pores will open and the mesoporous-sized pores 
will widen (Guo et al. 2014; Kong et al. 2015). 

The absorption capacity of methylene blue 
produced in this study was higher than that of ac-
tivated carbon from palm fruit bunches (63–73.59 
mg/g) (Nurlia et al. 2020). The absorption capac-
ity of Methylene blue in dragon fruit peel biochar 
was 195.2 mg/g (Jawad et al. 2021), moringa leaves 
were 136.99 mg/g (Do et al. 2021). The activation 
temperature used greatly affects the formation of 
pores in activated carbon, thereby affecting the 
ability to adsorb Methylene blue. In addition, the 
absorption of methylene blue can increase with in-
creasing pH of the methylene blue solution and the 
dose of adsorbent used (Hussein dan Ahmad 2007). 

In closing, the characteristics of the biochar 
produced in this study are compared with the 
results of other studies (Table 2), including pa-
rameters of water content, ash content, volatile 
matter content, fixed carbon, iodine absorption 
and methylene blue absorption. From the table, 
it can be seen that the characteristics of biochar 
are influenced by raw material factors, the con-
ditions of the pyrolysis process, and the method 

Figure 6. Iodine absorbency of biochar 
activated by different treatments

Figure 7. Methyl bule absorption of biochar 
activated by different treatments



248

Journal of Ecological Engineering 2023, 24(10), 242–251

of activation. The biochar from EFB has the po-
tential to be further developed as a low-cost ad-
sorbent that can be applied for various purposes, 
for example for advanced wastewater treatment. 
Furthermore, saturated adsorbent can be used as 
fertilizer or soil improver.

FTIR

FTIR analysis was performed to determine 
changes in biochar functional groups before and 
after activation. FTIR testing was carried out on 
four EFB biochar samples, namely biochar without 

Tabel 2. Characteristics of biochar from various biomasses

Biomass Ash (%) Volatile matter 
(%)

Fixed carbon 
(%)

Iodine 
absorbency 

(mg/g)

Methylene blue 
absorbency 

(mg/g)
Reference

EFB 9.01 17.55 74.81 616.32 81.11 This research

Coffee husk 19.6 17.6 66.0 - - Domingues et al. 
(2017)

Sugarcane bagasse 2.2 7.7 90.5 - - Domingues et al. 
(2017)

Soybean stover 17.2 14.7 82.0 - - Karunanithi et al. 
(2017)

Swine manure 49.8 35.5 74.9 - - Jin et al. (2016)

Buckwheat husks 33.1 11.7 83.9 - - Zama et al. 
(2017)

Palm bunches - - - 325.8 73.59 Nurlia et al. 
(2020)

Dragon fruit peel - - - - 195.2 Jawad et al. 
(2021)

Moringa leaves - - - - 136.99 Do et al. (2021)

Candlenut shell 8.5 252.97 Laos et al. (2016)

Table 3. IR uptake characteristics in each biochar sample
Absorption area Functional Pyrolysis AK AN Del K

995–675 C-H (Alkena) + + + +

900–690 C-H (Aromatic Ring) + + + +

1300–1050 C-O (Alcohols / ethers / carboxylic acids / esters) - + - -

1360–1180 C-N (Amina / Amida) - + - -

1600–1500 C=C (Aromatic Ring) + + + +

1570–1500 Groups / component NO2 + + + +

2260–2100 C≡C (Alkuna) + + + +

3600–3200 O-H (hydrogen/phenol bonds) - + - -

3650–3590 O-H (monomer/phenol bond) - - - +

1238–1230 C-H component - + - -

2935–2915 Methylene C-H asym./sym. Stretch + - - -

2850–2815 Methoxy, methyl ether O-CH3, C-H stretch - - + -

3040–3010 Terminal (vinyl) C-H stretch + - - -

2100–1800 transition metal carbonyls + + + +

1380–1350 Nitrate ion + + + +

1100–900 Silicate ion + + + +

2323–2350 NH Component - + + +

1190–1130 Secondary amine, CN stretch - - - +

Note: Pyrolysis – pure biochar, AK – biochar post-treatment with the addition of KOH, AN – biochar post-
treatment with the addition of NaOH, Del K – biochar pretreatment with the addition of KOH.
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activation, biochar with pre-treatment, and bio-
char with KOH post-treatment, and biochar with 
NaOH post-treatment. The FTIR spectrum used to 
test the 4 samples is between 4000 and 650 cm-1. 
The FTIR test results for the four samples can be 
seen in Figure 8. The biochar samples have similar 
aromatic groups and aliphatic functional groups. 
The complete IR absorption characteristics of 
each sample can be seen in Table 3.

In biochar samples, there are O-H function-
al groups, hydrogen bonds, C-H bonds derived 
from cellulose, and C=C bonds derived from lig-
nin aromatic rings (Saelee et al. 2014). Biochar 
has functional groups O-H hydrogen bonds and 
C-H bonds originating from cellulose, as well as 
C=C bonds originating from lignin aromatic rings 
(Saelee et al. 2014). This C=O bond indicates the 
presence of carboxylic or carbonyl groups pres-
ent in the aromatic ring (Prapagdee et al. 2014). 
In addition, biochar has a C-N functional group 
which can be an amine or an amide, and nitro 
compounds (NO2) may come from the nitrogen 
content contained in EFB.

Heating at 350–650 °C causes chemical bonds 
in biomass to break and form new bonds, such as 
carboxyl, lactone, lactol, quinine, chromone, an-
hydride, phenol, ether, Pyron, pyridine, pyridine, 
and pyrrole (Mia et al. 2017). When biomass is 
pyrolyzed at temperatures higher than 400 °C, the 
peak intensities are mostly reduced or shifted. The 
phenol and amide groups are decomposed, so that 
the cellulose component turns into a biochar car-
bon structure (Ray et al. 2020). Peaks with a band 

of 4000 to 3500 cm−1 indicate the release of H2O 
from the pyrolysis process (Ray et al. 2020). After 
the activation process, the methylene C-H bond 
at a wavelength of 2935–2915 and the vinyl C-H 
bond at a wavelength of 3040–3010 disappear. Af-
ter the activation process is carried out there is a 
NH component in the absorption area 2323–2350.

CONCLUSION

Based on the results of this study, EFB pre-
treatment produced activated biochar with a larger 
surface characterized by a higher iodine absorp-
tion value. By the alkaline pretreatment, there was 
a change in a functional group which led to the for-
mation of O-H (monomer/phenol bond), second-
ary amine, CN stretch, and NH Component. It is 
necessary to conduct experiments on applying bio-
char for the adsorption of wastewater pollutants, 
for example, biologically treated palm oil factory 
waste. Saturated biochar can then be used as fertil-
izer to improve soil structure. The saturated bio-
char can then be used as fertilizer to improve the 
soil’s physical, chemical, and biological structure.

Acknowledgements

The author would like to thank the Ministry 
of Education, Culture, Research and Technology 
of the Republic of Indonesia for providing grants 
through the Doctoral Dissertation Research 
Scheme Year 2021–2022.

Figure 8. FTIR Biochar, a) Pyrolysis without activation; b) with NaOH post-
treatment; c) with KOH post-treatment; d) with pretreatment



250

Journal of Ecological Engineering 2023, 24(10), 242–251

REFERENCES

1. Cantrell K.B., Hunt P.G., Uchimiya M., Novak J.M., 
Ro K.S. 2012. Impact of pyrolysis temperature and
manure source on physicochemical characteristics
of biochar. Bioresour Technol., 107, 419–428. DOI: 
10.1016/J.BIORTECH.2011.11.084.

2. Crombie K., Mašek O., Sohi S.P., Brownsort P., Cross
A. 2013. The effect of pyrolysis conditions on biochar
stability as determined by three methods. GCB Bio-
energy, 5(2), 122–131. DOI: 10.1111/gcbb.12030.

3. Desi, Suharman A., Vinsiah R. 2015. The effect of
carbonisation temperature variation to the adsorp-
tion ability of rubber fruit shell activated carbon
(in Indonesian). Pros SEMIRATA 2015., siap terbit.

4. Do T.H., Nguyen V.T., Dung N.Q., Chu M.N., Van
Kiet D., Ngan T.T.K., Van Tan L. 2021. Study on
methylene blue adsorption of activated carbon made 
from Moringa oleifera leaf. Mater Today Proc. 38,
3405–3413. doi:10.1016/J.MATPR.2020.10.834.

5. Domingues RR, Trugilho PF, Silva CA, A ICN, Melo 
CA, Magriotis ZM, Sa MA, Melo D. 2017. Properties
of biochar derived from wood and high-nutrient bio-
masses with the aim of agronomic and environmental 
benefits. June. doi:10.1371/journal.pone.0176884.

6. Febriyanti F, Fadila N, Sanjaya AS, Bindar Y, Irawan
A. 2019. Utilization of empty palm oil bunch waste
into bio-char, bio-oil and gas by pyrolysis method
(in Indonesian). J Chemurg. 3(2). doi:10.30872/
cmg.v3i2.3578.

7. Foo KY, Hameed BH. 2011. Preparation of oil palm
(Elaeis) empty fruit bunch activated carbon by mi-
crowave-assisted KOH activation for the adsorption 
of methylene blue. Desalination. 275(1–3) 302–305.
doi:10.1016/j.desal.2011.03.024.

8. Guo Z, Bian X, Zhang J, Liu H, Cheng C, Zhang
C, Wang J. 2014. Activated carbons with well-de-
veloped microporosity prepared from Phragmites
australis by potassium silicate activation. J Taiwan
Inst Chem Eng. 45(5), 2801–2804. doi:10.1016/J.
JTICE.2014.07.017.

9. Hussein M.Z., Ahmad F.B.H. 2007. Adsorption of
methylene blue onto treated activated carbon ad-
soption of methylene blue onto treated activated.
Malaysian J Anal Sci. 11(11), 400–406.

10. Iskandar T, Rofiatin U. 2017. Biochar Characteris-
tics Based On Biomass Types And Pyrolysis Pro-
cess Parameters (in Indonesian). J Tek Kim. 12(1),
28–34. doi:10.33005/tekkim.v12i1.843.

11. Jamari SS, Howse JR. 2012. The effect of the hy-
drothermal carbonization process on palm oil empty 
fruit bunch. Biomass and Bioenergy. 47, 82–90.
doi:10.1016/j.biombioe.2012.09.061.

12. Jawad AH, Abdulhameed AS, Bahrudin NN, Hum
NNMF, Surip SN, Syed-Hassan SSA, Yousif E,

Sabar S. 2021. Microporous activated carbon 
developed from KOH activated biomass waste: 
surface mechanistic study of methylene blue dye 
adsorption. Water Sci Technol. 84(8), 1858–1872. 
doi:10.2166/wst.2021.355.

13. Jin Y, Liang X, He M, Liu Y, Tian G, Shi J. 2016.
Manure biochar influence upon soil properties, phos-
phorus distribution and phosphatase activities: A mi-
crocosm incubation study. Chemosphere. 142, 128–
135. doi:10.1016/J.CHEMOSPHERE.2015.07.015.

14. Karunanithi R, Ok YS, Dharmarajan R, Ahmad M,
Seshadri B, Bolan N, Naidu R. 2017. Sorption, kinet-
ics and thermodynamics of phosphate sorption onto 
soybean stover derived biochar. Environ Technol
Innov. 8, 113–125. doi:10.1016/J.ETI.2017.06.002.

15. Kong JJ, Yue QY, Zhao P, Gao BY, Li Q, Wang
Y, Ngo HH, Guo WS. 2015. Comparative study
on microstructure and surface properties of kera-
tin- and lignocellulosic-based activated carbons.
Fuel Process Technol. 140, 67–75. doi:10.1016/J.
FUPROC.2015.08.025.

16. Kresnawaty I, Putra SM, Budiani A, Darmono T.
2018. Conversion of palm oil empty bunches (EFB) 
into bio charcoal and liquid smoke (in Indonesian).
J Penelit Pascapanen Pertan. 14(3). doi:10.21082/
jpasca.v14n3.2017.171-179.

17. Laos LE, Masturi M, Yulianti I. 2016. The Effect of
Activation Temperature on the Absorption of Acti-
vated Carbon in Candlenut Shells. Proc Natl Semin
Phys. V. 135–140. doi:10.21009/0305020226.

18. Mia S, Singh B, Dijkstra FA. 2017. Aged biochar
affects gross nitrogen mineralization and recovery: a
15N study in two contrasting soils. Glob Chang Biol
Bioenergy., siap terbit. [diakses 2023 Agu 2]. https://
www.cabdirect.org/cabdirect/abstract/20183212529.

19. Nurlia N, Anas M, Erniwati E. 2020. Analysis of
Variation of Activation Temperature on the Crys-
talline Structure of Activated Charcoal from Palm
Bunches (Arenga Pinnata Merr) With Potassium
Silicate (K2SiO3) Activating Agent (in Indonesian). 
J Penelit Pendidik Fis. 5(4), 221–226. doi:10.36709/
jipfi.v5i4.14106.

20. Paramitadevi Y V., Rahmatullah. 2017. Technical
problems of wastewater treatment plant in crude
palm oil industry A case study in PT Socfin Indo-
nesia-Kebun Sungai Liput, Nang groe Aceh Darus-
salam Province. Di dalam: IOP Conference Series:
Earth and Environmental Science. Volume ke-65.

21. Prapagdee S, Piyatiratitivorakul S, Petsom A,
Tawinteung N. 2014. Application of biochar for
enhancing cadmium and zinc phytostabilization in
vigna radiata L. cultivation. Water Air Soil Pollut.
225(12). doi:10.1007/s11270-014-2233-1.

22. Raju M, Tambunan A, Setiawan R. 2016. Charac-
terization of charcoal and pyrolysis gases of palm
oil waste (in Indonesian). J Keteknikan Pertan. 4(2).



251

Journal of Ecological Engineering 2023, 24(10), 242–251

23. Ray A, Banerjee A, Dubey A. 2020. Characteriza-
tion of Biochars from Various Agricultural By-Prod-
ucts Using FTIR Spectroscopy, SEM focused with 
image Processing. Int J Agric Environ Biotechnol. 
13(4). doi:10.30954/0974-1712.04.2020.6.

24. Saelee K, Yingkamhaeng N, Nimchua T, Sukyai 
P. 2014. The 6 Extraction and Characterization of 
cellulose from sugarcane bagasse by using environ-
mental friendly method. 26th Annu Meet Thai Soc 
Biotechnol Int Conf., siap terbit.

25. Samsuri AW, Sadegh-Zadeh F, Seh-Bardan BJ. 
2014. Characterization of biochars produced from 
oil palm and rice husks and their adsorption capaci-
ties for heavy metals. Int J Environ Sci Technol. 
11(4). doi:10.1007/s13762-013-0291-3.

26. Sari NA, Ishak CF, Bakar RA. 2014. Characteriza-
tion of oil palm empty fruit bunch and rice husk 
biochars and their potential to adsorb arsenic and 
cadmium. Am J Agric Biol Sci. 9(3). doi:10.3844/
ajabssp.2014.450.456.

27. Shaaban A, Se SM, Dimin MF, Juoi JM, Mohd 
Husin MH, Mitan NMM. 2014. Influence of heat-
ing temperature and holding time on biochars de-
rived from rubber wood sawdust via slow pyrolysis. 
J Anal Appl Pyrolysis. 107, 31–39. doi:10.1016/J.
JAAP.2014.01.021.

28. Shariff A, Aziz NSM, Abdullah N. 2014. Slow Py-
rolysis of Oil Palm Empty Fruit Bunches for Bio-
char Production and Characterisation. J Phys Sci. 
25(2). doi:10.5281/zenodo.4319307.

29. Sidik DAB, Hairom NHH, Mohammad AW. 2019. 
Performance and fouling assessment of different 
membrane types in a hybrid photocatalytic mem-
brane reactor (PMR) for palm oil mill secondary 
effluent (POMSE) treatment. Process Saf Environ 
Prot. 130. doi:10.1016/j.psep.2019.08.018.

30. Tag AT, Duman G, Ucar S, Yanik J. 2016. Effects 
of feedstock type and pyrolysis temperature on 

potential applications of biochar. J Anal Appl Pyrol-
ysis. 120:200–206. doi:10.1016/j.jaap.2016.05.006.

31. Tamrin KF, Zahrim AY. 2017. Determination of op-
timum polymeric coagulant in palm oil mill effluent 
coagulation using multiple-objective optimisation on 
the basis of ratio analysis (MOORA). Environ Sci 
Pollut Res. 24(19). doi:10.1007/s11356-016-8235-3.

32. Thoe JML, Surugau N, Chong HLH. 2019. Applica-
tion of Oil Palm Empty Fruit Bunch as Adsorbent : 
A Review. Trans Sci Technol. 6(1):9–26.

33. Tiara ES, Susanto Ginting A, Setiawan RPA, Jo-
elianingsih J, Tambunan AH. 2019. Exergy Analy-
sis on Pyrolysis Process of Oil Palm Empty Fruit 
Bunch. Di dalam: IOP Conference Series: Materials 
Science and Engineering. Volume ke-557.

34. Tomczyk A, Sokołowska Z, Boguta P. 2020. Biochar 
physicochemical properties: pyrolysis temperature and 
feedstock kind effects. Rev Environ Sci Biotechnol. 
19(1):191–215. doi:10.1007/s11157-020-09523-3.

35. Yavari Saba, Malakahmad A, Sapari NB, Yavari 
Sara. 2017. Synthesis optimization of oil palm emp-
ty fruit bunch and rice husk biochars for removal of 
imazapic and imazapyr herbicides. J Environ Man-
age. 193. doi:10.1016/j.jenvman.2017.02.035.

36. Zama EF, Zhu YG, Reid BJ, Sun GX. 2017. The 
role of biochar properties in influencing the sorp-
tion and desorption of Pb(II), Cd(II) and As(III) 
in aqueous solution. J Clean Prod. 148, 127–136. 
doi:10.1016/J.JCLEPRO.2017.01.125.

37. Zamani SA, Yunus R, Samsuri AW, Salleh MAM, 
Asady B. 2017. Removal of Zinc from Aqueous So-
lution by Optimized Oil Palm Empty Fruit Bunches 
Biochar as Low Cost Adsorbent. Bioinorg Chem 
Appl. 2017. doi:10.1155/2017/7914714.

38. Zhao S, Ta N, Wang X. 2017. Effect of Temperature 
on the Structural and Physicochemical Properties 
of Biochar with Apple Tree Branches as Feedstock 
Material.


