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ABSTRACT

Oil palm waste (OPW), comprising mainly of empty fruit bunch, mesocarp fiber, frond, trunk, and palm
kernel shell generated from the palm oil industry, waﬂllected, characterized, and then pyrolyzed to
evaluate their potential to be converted into biochar. Oil Palm Empty Fruit Bunches (OPEFB) are a
source organic material with abundant nutrients and are highly potentially useful as biochar. This
article provides experimental data for the production of biochar at a temperature range of 100 to 300 °C
at time of 4 to 8 hours. The cmical components examined are pH, CEC, C-Organic, N-total, C/N, K
dd, P, Ca, Mg, and Na, using Fourier Transform Infrared Spectroscopy (FTIR). The results showed that
organic C, nitrogen, and pH were highest at 200-300 °C and had a burning time of 8 hours.
Furthermore, the highest concentrations of P, Ca, and Mg were recorded at 200-300°C after 5 hours,
Kdd at 100-200 °C after 5 hours, and Na and CEC at 200-300 °C after 4 hours. The transmittance
intensity produced by the spectrum of hydroxyl (O-H) vibrations, carbonyl stretching (C=0), alkanes
(-CH). and aromati "=C) decreased with increasing time, while stretching alcohol (C-0) vibrations
increased with time. Our results demonstrate that OPEB is a biowaste that shows exceptional promise to
be transformed into high-grade biochar rather than simply disposed of by landfilling or burning.
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Characterization of Biochar Empty Fruit Bunches OPEFB at Various Temperatures and Burning Time

1 Introduction

0il palm is one of the growing plantation commodities and has an
important role in the Indoffian current economy. According to
the data BPS d (2018), in 2017 the total area of oil palm
plantations in Indonesia has reached 1230 million ha with an
average productivity of 2.80 tons of CPO (crude palm oil) and 0.56
tons of PKO (palm kernel oil)/ ha/year. Currently, palm oil mill
residues, especially empty oil palm fruit bunches, have been
produced massively.

OPEFB is a source of organic matter rich in N, P, K, and Mg
nutrients. The number of empty fruit bunches is estimated at 23%
of the processed freuit bunches. Oil palm from one tonne of
empty fruit bunches contains 1.5% N, 0.5% P, 73% K, and 0.9%
Mg. Further, it contains 6.79% N-nutrients, 402-453% C-
macronutrients, 2.4-2 7% K;.S—I 2% N, 005-2.6% P05, 0.4-
0.5% MgO, and C/N 45-70, microelements, such as 10 ppm B, 23
ppm Cu, and 51 ppm Zn (Razali and Kamarulzaman 2020). The
chemical properties of biochar, such as nutrients, have an
important role in soil fertility
Furthermore, EPEFB  contains 4 cellulose, 46.5%
hemicellulose, and 22.8% 1i iao et al. 2019; Ferreira et al.
2020). Oil palm shells contain 29.4% lignin, 27.7% hemicellulose,
266% cellulose, 80% water, 0.6% ash, and 4.2% extractive
components, all included in hydrocarbons (Gupta et al. 2018). The
lignin and cellulose content in each raw material affects the
biochar formation.

Biochar provides opportunities to store carbon (C) in soil over
much longer periods mpared to unpyrolyzed biomass
Application of biochar affects several soil properties including
electrical conductivity (EC), pH, cation exchange capacity (CEC),
nutrient levels, porosity, bulk density, and microbial community
structures (Shaaban et al. 2018)

Biochar is a product of pyrolysis of biomass in the absence of
oxygen and has a high potential to sequester carbon into more
stable soil organic carbon (OC). Despite a large number of studies
on biochar and soil properties, few studies have investigated the
effects of biochar in contrasting soils (Ghorbani et al. 2019)

OPEFB is the best material for biochar because of its high
calorific value (Bi et al. 2021). Results of pyrolysis products
dependent on temperature, time, pressure, and composition of
raw materials produce differences in physical form and structure.
These differences significantly affect biomass carbonization,
producing biochar and nutrient content (Qiao et al. 2019). The
pyrolysis
evaporation The effect of biomass addition on pyrolysis

prn at 100 - 170 °C releases water content due to

characteristics and gas emission of coal gangue by multi-
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component (Ferreira et al. 2020). The temperature range of 170 -
270 °C causes exothermic reactiai and decreases the
evaporation of CO and CO: gases. The carbon sequestration
potential (CSP) of zeolite is arguably zero while rubberwood
sawdust and rapeseed meal biochars were produced at 300 °C
which is too low to carbze cellulose and lignin {Dominguez et
al. 2020). The results showed that the biochars produced at
different  pyrolysis had different
characteristics which influenced their reactivity to the gasifying

temperatures physical
agent during gasification. It was found that when the pyrolysis
temperature was increased from 300 to 700 °C, the HHV of the
biochars increased from 23.06 to 26.77 Ml/kg, and the surface
area of the biochars increased from 0.0218 to 0.2720 m2/g, the
biochar yield decre:m from 5483 % to 28.37 % (Selvarajoo
and Oochit 2020). FTIR revealed the presence of functional
groups such as -OH, —0, C = C, and —CH. These play
important roles in the specific surface area of the biomass
(Ighalo et al. 2020).

Pyrolysis using high lempreﬁ produces biochar with a high
surface area and aromatic carbon content. The temperature and
duration of combustion determine the quality of biochar.
Therefore, it cessary to know the optimal temperature and
burning time. This study aimed to examine the sicochemical
characteristics of OPEFB biochar. Also, it aimed to determine the
optimum temperature and burning time for establishing the OPEFB
biochar quality. This report is part of research on increasing the
productivity of lowland rice using methanotroph bacteria and
TKSS Biochar in the Morowali Regency.

19
2 Materials and Methods

2.1 Production of Oil Palm Empty Fruit Bunch (OPEFB)
Biochar

The raw material used in this study is Oil Palm Empty Fruit
Bunches (OPEFB), shown in Figure 1.
community plantations in Witaponda District Ungkaya Village,

It was obtained from

Morowali Regency, Central Sulawesi Province. OPEFB is burned
using tools and procedures easily adopted by farmers. It was dried
in the sun for three days and burned at temperatures around 100—
200 °C  and 200-300 °C (Sukmawati et al. 2020) using a closed
drum without oxygen (Figure 2). Therefore, it did not undergo a
complete oxidation process that removed much carbon. After
forming biochar, it was doused with water and dried, at which
point the lemperzm was adjusted using a thermocouple. The
temperatures we —200 *C (T1} and 200-300 °C (T2), and the
burn times were 4 hours (W1), 5 hours (W2). 6 hours (W3), 7
hours { W4), and rs (W3). Therefore, it obtained 10 treatment
combinations of TIWI, TIW2, TIW3, TIW4, TIW5, T2W1,
T2W2, T2ZW3, and T2W4.
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Figure 1 Oil Palm Empty Fruit Bunches

2.2 Chemical component analysis of OPEFB biochar

The analysis of biochar samples were carried out er the
laboratory conditions and the recorded parameters were pH, H,O,
KCl (Glass Electrode), C-organic (Walkley-Balck), total N
(Kjeldahl), total P, and K (25% HCI), available P (Bray or Olsen);
exchangeable bases (Ca, Mg, Ca, and Na) (extraction of NH40Ac
pH 7.0), exchangeable Al (extraction of 1 N KCl); saturation of Al
(ratio X hangeable AI'KPKNH40Ac), KPK extraction of
NH40Ac-pH 7), KBNH40Ac (pH 7): Al, Fe, and Si free oxide
amorphous and organic associations (extraction of Citrate-
Bicarbonate- thionite, Ammonium  Oxalic, Sodium
Pyrophosphate) The digestion method referred to the method for
soil samples (Pierzynski 2009)
4
2.3 Fourier Transform Infrared Spectroscopy [!T[R} Analysis

The chemical functional groups of biochar were examined using
FTIR analysis.ule presence of certain chemical functional
groups helps understand the mechanism of the biochar
adsorption process. Before the analysis, the sample was ground
to a powd and oven-dried overnight to remove residual
moisture. It was then mixed with potassium bromide (KBr) in a

ratio of 1 part sample to 200 parts KBr. The sample mixtures

Figure 2 Drum and Temperature Mea;u;r;g Equipment for Making
21 OPEFB Biochar

were analyzed using an FTIR analyzer (Nicolet 5700, FTIR,

Thermo Fisher Scientific, Waltham, MA, USA).

interpretation of the FTIR spectrum refers to hydroxyl s
OH (30003690 cm™), CH alkanes (2927-2856 cm’', 14461370
cm’ l), aromatic rings C = C (1560-1600 cm’), carboxylic acidC =
O (1560-1600 cm"), C-OH (1033 cm") (Tippayawong et al.
2018). FTIR spectroscopy was performed on a Prestige-21 FT-IR
(Shimadzu Corp) IR spectrometer, equipped with a bright ceramic
light source, KBr beamsplitter, and doped L—amne tri-glycine
sulfate (DLATGS). The sample measurements were collected in
the range of 4000-600 cm” and 16 additional scans. All FTIR
spectra are in the transmittance unit. The magnetic study of the
samples was co using a vibrating magnetometer (Oxford
Instruments, VSM 1.2 H).

3 Results and Discussion

3.1 Analysis of the Nutrient Content of Biochar in Qil Palm
Empty Fruit Bunches

The main biomass components, including hemicellulose, cellulose,
and lignin, were degraded during combustion. Each biomass
directly influences the yield and characteristics of the resulting

Figure 3 Oil Palm Empty Fruit Bunch Biochar
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OPEFB product, containing 10.45% carbon black (Figure 3). The
product was analyzed for biochar content and the results are in
Tables 1 and 2.

The results of chemical components produced by each biochar are
presented in Table 1 and revealed that the organic C content for all
treatments ranged between 24.01%-28.12%. The highest organic C
content (28.129) was reported at 200-300 °C, with a burning time
of 8 hours, while it was reported 24.01% at 100-200 °C for 5 hours.
Further, the results of the C-organic content can be concluded very
high because it exceeds five percent.

Further, the C/N ratio analysis for each treatment was carried out
and it was classified as very high and it exceeds more than 20%. A
temperature of 100-200 °C with a burning time of 7 hours gives a
very high C/N ratio of 163.41%, while the lowest C/N ratio was
produced at 200-300 °C for & hours (13.13%). These results are
consistent with previous studies, where the C/N of oil palm shell

602

biochar was 31.6%, while it was reported 57.37% for the empty
fruit bunches {Sung 2016). The high C/N value is due to the loss
of nitrogen during pyrolysis (Qiao et al. 2019). The P content
analysis results for each treatment were generally classified as very
low (less than 11%). The highest P element was produced at 200-
300 °C for 5 hours (0.52%), whfRthe lowest was produced at 100-
2000 °C for 7 hours (0.04%). The results obtained in this study
d to the
influence of low pyrolysis temperature (500 C) that can be a

realed that in general biochar properties are
source of nutrients (Zhang et al. 2017).

The result presented in Table 2 revealed that the highest
concentration of micronutrient Ca, Mg, and Na (3225, 1635,
41.32 cmol/kg respectively) in OPEFB biochar was reported at
200-300 °C with a burning time of 5 hours, while the lowest
concentration (16.21, 1023, 21.85 cmolkg respectively) was
produced at 100-200 °C for 5 hours of burning time. Further, the

pH obsach biochar sample was tested and it was reported in the

Table | Nutrient Analysis Results on Organic matters in Oil Palm Empty Fruit Bunch Biochar

Treatment

Nutrient Analysis

C Organic (%) C/N (%) P205 (%) K (cmol / kg)
1 TIWI 24.72 1 08 22.79 0.25 18.25
2 TIwW2 24.01 061 39.20 0.32 32.25
3 TIW3 26.82 0.70 38.32 0.22 14.75
4 TIW4 26.15 0.16 163 41 0.04 15.26
5 TIWS 26.92 0.19 139 .66 0.23 10.24
6 T2W1 27.38 038 72.77 0.46 12.36
7 T2W2 24.42 101 24.15 0.52 14.25
8 T2W3 27.20 028 98.21 0.35 13.85
9 T2W4 26.79 054 49.36 0.41 16.21
10 T2WS 28.12 2.14 13.13 0.39 14.02

2 Nutrient Analysis Results of Oil Palm Empty Fruit Bunch Biochar

Table

Treatment

Analysis

Mg (cmol [ kg) Na (cmol / kg)
1 TIW1 18.35 1022 2825 730 29.39
2 TIW2 16.21 1325 3500 769 20.58
3 TIW3 28.62 1421 2185 853 18.19
4 TIW4 26.32 1532 31.14 851 16.68
5 TIWS 24.36 16.32 2534 771 10.20
6 T2W1 22.41 1034 41.32 177 23.05
7 T2W2 32.25 1635 3225 761 12.28
8 T2W3 27.15 1521 3227 820 11.48
9 T2W4 23.36 1236 2863 796 10.82
10 T2W5 21.14 1025 3225 856 15.35
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moderately alkaline category. The highest pH value of 8.56 was
reported from the OPEFB biochar samples burned at 100-200 °C
temperature for 6 hours, while the lowest pH value 7.30 was
reported from the OPEFB biochar sample burned at 100-200 °C
for 4 hours. The results are consistent with, where oil palm shells
and corn cobs had a pH value of 7.3, while empty fruit bunches
had 7.2 (Sukmawati et al. 2020).

The analysis of CEC values showed various results in the moderate
category of 10-29 cmol’kg (Table 2). The highest CEC value (29.39
cmol/kg) was reported at 100-200 °C for 4 hours, while the lowest

Musa et al.

highest K content at 100-200 °C with a burning time of 5 hours
and the lowest at 100-200 °C and 200-300 °C with a burning time
of 8 hours. A longer burning time causes more potassium content
to be lost because its volatility is different from that of hard-to-
decompose phosphorus. Table 2 shows that low organic C
contributed to the high potassium content. This is in line with what
showed that incrmng pyrolysis time increases the loss of volatile
components and fixed carbon value.

The analysis showed that the highest content of calcium, magnesium,
and sodium was at 200-300 °C with a burning time of 4-5 hours,

(10.20 cmol/kg) was reported for 8 hours at 100-200 °C. In contr; 13 while the lowest was at 100-200 °C for 4, 5, and 6 hours. The results

to this, Mukherjee & Zimmerman (2013) reported that the CEC of
biochar from oil palm empty fruit bunches was reported 21.5
cmol/kg while the biochar produced by pyrolysis at 300400 °C had

h CEC value of 50.52-56.88 cmol/kg. Further, CEC values for
oil palm shell: pty fruit bunches, and corn cobs were reported
50.52 cmol/kg, 52.36 cmol/kg, and 56.84 cmol/kg respectively.

The highest organic C and nitrogen content (28.12%) was reported
from the OPEFB biochar samples burned at 200-300 °C after 8
hours of burning, while the lowest was at 100-200 °C for 5 hours of
burning. Pyrolysis enhances the thermochemical process, forming
cellulose and lignin from long-to-short carbon chain structures.
These results are contradictory to the findings of Sukmawati et al.
(2020) who reported the lowest value of 59.85% at 300400 °C
burning time for 4 hours. Good biochar is produced at high
temperatures without oxygen. High temperatures accelerate the
decomposition process of organic matter biomass components into
lignin, ceIIuInmnd hemicellulose. Moreover, a higher rate of
decnmpnsoforganic matter increases the formation of nutrients.
The high lignin, cellulose, and hemicellulose content in OPEFB
increase the nrgC content. Furthermore, the high organic C
content increases the amount of organic matter in the soil, improving
its physical, chemical, and biological properties. The amount of
lignin and cellulose in each raw material affects the process of
biochar formation, and high lignin content makes more carbon.

The high value of C/N at 100-200 °C with a burning time of 7
hours is caused by the reduced N in nitrogenous biomass. The low
organic C content reduces the C/N ratio at 200-300 °C for & hours
due to organic carbon compounds' decomposition and nitrogen
compounds' changes during combustion. The C/N ratio is reduced
through combustion by converting organic C into CO, and
nitrogen loss as NHi. A higher C/N ratio increases the time it takes
to overhaul the organic matter.

The analysis regarding the highest P,Os content showed that it was
lowest at 200-300°C for 5 hours and at 100-200°C for 7 hours.
This indicates that phosphate decomposes and stabilizes at high
temperatures. Phosphorus is difficult to decompose and reacts
slowly at low temperatures. Similarly, the analysis showed the

showed that higher temperatures increase the produced Ca, Mg, and
Na content. This might be due to the increased pH and cations
content of biochar at 200-300°C. The results indicate that the pH of
each biochar was alkaline, with a moderate base category ranging
from 730 to 8.50. The pyrolysis process decomposed three
of
Furthermore, it produces volatile substances that regulate the pH of
har, forming a carboxyl functional group on the biocurface.
Biochar is generally alkaline with a pH of between 7.1 to 10.5 due to

biomasses lignin, cellulose, and hemicellulose content.

the presence of carboxyl groups, oxygen, and carbonate (Sukmawati
et al. 2020). These components are produced by decomposing
cellulose and hemicellulose into organic and phenolic acids during
pyrolysis at 200-300 °C (Spokas et al. 2012)

The highest CEC analysis results were reported at 200-300 °C with
a burning time of 1 hour and the lowest at 100-200 °C for 8 hours.
The cation exchange capacity of biochar shows how well the
nutrients bound to biochar are available for plant uptake and
prevent leaching from ground and surface water. The higher the
CEC represents the better quality of the biochar and this could
increase soil fertility. This is because biochar holds and stores
nutrients in the soil colloid, which stops them from being washed
away by ground or surface water.

32 FTIR Analysis of Qil Palm Empty Fruit Bunch Biochar

13
Results presented in Table 3 show the FTIR spectru 9palm
empty fruit bunches biochar produced by pyrolysi 200 °C
(T1) and 200-300 *C (T2). The burning time was 4 hours (W1), 5
hours (W2), 6 hours (W3), 7 hours (W4), and 8 hours (W3). The
results of the study revealed that the ten analyses have similar
FTIR spectra based on the resulting functional groups. Functional
group analysis also has si ities with research that has been
carried out by Sukmawati et al. (2020) and l'm et al. (2016).
Figure 4 shows the FTIR spectrum pattern of biochar absorption
from oil palm empty fruit bunches. Treatments T1 and T2 show the
absorption spectrum of stretching hydroxyl vibrations (OH)
appearing on all biochar surfaces at wavenumbers between
341593 and 344679 cm'. The spectrum shows a shift in
wavenumber with changes in time and temperature.
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Table 3 FTIR Spectrum of Oil Palm Empty Fruit Bunch Biochar

Hydroxyl Alkanes Carbonyl Aromatic Alcohol
Biochar
(O-H) (C=0) (C=C)
TIW1 3414 .00 2922.16 1427 32 1693.50 1600 92 1028 06
TIW2 341593 2922.16 1433.11 1701.22 1591.27 1029 99
TIW3 3444 87 2922.16 1427 32 1693.50 1602 85 1026.13
T1W4 341593 2922.16 1433.11 170122 1595.13 1024 20
TIW3 341593 2922.16 1417 68 1693.50 1598 99 1028 06
T2W1 3417 86 202409 1446 61 1689 64 160670 1029 99
T2W2 3444 87 2922.16 1427 32 1697 .36 159127 1018 41
T2W3 3417 86 2922.16 1419 61 1689 64 1598 99 1028 06
T2W4 3679 2922.16 1427 32 1693.50 1597 06 1026.13
T2W35 342172 202409 1425 40 171668 1610 56 1045 42
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Figure 4 FTIR Spectrum of OPEFB Biochar at variations in temperature and burning time

Figures 4a and 4b show that the transmittance intensity produced
by the hydroxyl (O-H) stretching vibration decreases with time.
This indicates that the percentage of IR radiation transmitted
decreases time. The stretching vibrational
spectrum of alkanes (-CH) in the T1 and T2 treatments appears
the wavenumber of 2922.16-2924.09 cm”. The wavenumber is

with combustion

n

strengthened by bending the alkane (CH) vibration spectrum at
1417.68-1446.31 cm™'. The stretching vibrational spectrum of
alkanes (-CH) does not show a significant shift in wavenumber.
The bending vibrational spectrum of alkanes (C-H) shows a shift in
wavenumber with changes in temperature and time. Moreover, it
shows that the transmittance intensity produced by the stretching
vibrational spectrum of alkanes (-CH) decreases with time. In
contrast, the transmittance intensity produced by the bending
vibration spectrum of alkanes (C-H) increases with time. The
spectrum of carbonyl (C=0) stretching vibrations in T1 and T2

treatments appeared at wavenumbers of 1689 64-171668 cm'l,

indicating a shift with changes in time and temperature.

Figures 4a and 4b also show that the transmittance intensity
produced by the carbonyl (C=0) stretching vibration spectrum
decreases with time. The spectrum of aromatic stretching vibrations
(C=0C)in Tl and T2 treatments appeared at wavenumbers of
1591.27-1610.56 cm™. This indicates a shift in wavenumbers with
Also,
transmittance intensity produced by the stretching aromatic vibration

changes in time and temperature. it showed that the
spectrum (C=C) decreased with time. The spectrum of alcohol (OH)
stretching vibrations in Tl and T2 treatments appeared at a
wavenumber of 1018.41-104542 cm’'. This shows a shift in
wavenumber with changes in time and temperature. The figures
show that the transmittance intensity generated by the stretching

alcohol (OH) vibration spectrum increases with time.
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Conclusions

The choice of temperature and combustion time depends on the
desired nutrients, each element required a specific temperature
and time to produce the highest nutrients. The characterization
results mved that organic C, nitrogen, and pH gave the highest
values at a temperature of 200-300 °C and a bmng time of 8
hours. The highest content of P, Ca, and Mg is at a temper

of 200-300 *C with a burning time of 5 hours, K dd content at a
temp re of 100-200 “C for 5 hours, and the content of Na and
CEC at a temperature of 200-300 °C with a burning time of 4
hours.

Conflicts of interest

There are no conflicts to declare.
Acknowledgments

The authors would like to thank the support from PT. Hengjaya
Mineralindo, who has participated in this research. Chemistry and
Soil Fertility Laboratory of Hasanuddin University for facilities in
testing chemical composition and Organic Chemistry Laboratory
for FTIR.

References

Bi, H., Ni, Z., Tian, J., Wang, C., et al. (2021). The effect of
biomass addition on pyrolysis characteristics and gas emission of
coal gangue by multi-component reaction model and TG-FTIR-
MS. The Science of the itotal environment, 798, 149290,
https://doi.org/10.1016/j.scitotenv.2021.149290.

Dominguez, E.L., Uttran, A., Loh, SK., Manero, M.H., et al.
(2020). Characterisation of Industrially Produced Oil Palm Kernel
Shell Biochar and Its Potential as Slow Release Nitrogen-
Phosphate Fertilizer and Carbon Sink. Marerials Today:
Proceedings, 31(1),221-27.

Ferreiraa, M F.P., Oliveira, BFH., Pinheiro, W.B.S.., Correa,
N.F., Franga, L F., Ribeiro, N.F.P. (2020). Generation of Biofuels
by Slow Pyrolysis of Palm Empty Fruit Bunches: Optimization of
Process Variables and Characterization of Physical-Chemical
Products. Bioenergy 140: 105707,
https://doi.org/10.1016/j.biombioe.2020.105707.

Biomass and

Ghorbani, M., Asadi, H., Abrishamkesh, S. (2019). Effects of Rice
Husk Biochar on Selected Soil Properties and Nitrate Leaching in
Loamy Sand and Clay Soil. Ihrernational Soil and Water
Conservation Research, 7(3), 258-265. https://doi.org/10.1016/
Jiswer 2019.05.005.

Musa et al.

Gupta, G.K., Ram, M., Bala, R., Kapur, M., & Mondal, M.K.
(2018). Pyrolysis of chemically treated corncob for biochar
production and its application in Cr{VI) removal. Environmental
Progress and Sustainable Energy, 37, 1606-1617. https://dol.org/
10.1002/ep.12838.

Ighalo, J.0., Adeniyi, A.G., Eletta, O.AA., & Arowoyele, LT.
(2021) Competitive adsorption of Pb(II), Cu(Il), Fe(II) and Zn(II)
from aqueous media using biochar from oil palm (Elaeis
guineensis) fibers: a kinetic and equilibrium study. Indian
(5. 501-511. DOI:

Chemical Engineer, 63

10.1080/00194506.2020.1787870

Mukherjee, A., & Zimmerman, A.R. (2013). Organic Carbon and
Nutrient Release from a Range of Laboratory-Produced Biochars
and Biochar-Soil Mixtures. Geoderma, 193194, 122-30.

Pierzynski, G.M. (2009) Methods of Phosphorus Analysis for
Soils, Sediments ., Residuals ., and Waters. In Kovar, J.L. (ed)
USDA-ARS National Soil Tilth Laboratory 2110 University Blvd.
Ames, TA 50011-3120 GaryJune:
Retrieved from http://www seral 7.ext.vt edu/Documents/
P_Methods2ndEdition2009 pdf%0AContact.

Virginia Tech University.

Qiao, Y., Wang, B., Zong, P, Tian, Y., et al. {2019) Thermal
Behavior, Kinetics and Fast Pyrolysis Characteristics of Palm Oil:
Analytical TG-FTIR and Py-GC/MS Study. Energy Conversion
and  Management, 199, 111964,  https://doi.org/10.1016/
jenconman.2019.111964.

Razali, N., NZ. (2020).
Characterizations of Biochar from Palm Oil Trunk for Palm Oil
Mill Effluent (POME) Treatment.” Marerials Today: Proceedings
31(1): 191-97. https://doi.org/ 10.1016/).matpr 2020.02.219.

& Kamarulzaman, Chemical

Rosli, N. S., Harun S., Jahim J. Md., & Othaman, R. (2016).
Chemical and physical characterization of oil palm empty fruit
bunch. Malaysian Journal of Analytical Sciences, 21(1), 188 - 196.

Selvarajoo, A., & Oochit, D. (2020).
Temperature on Product Yields of Palm Fibre and Its Biochar
Characteristics. Materials Science for Energy Technologies 3:
575-83. https://doi.org/10.1016/j.mset.2020.06.003.

Effect of Pyrolysis

Spokas, K. A, Cantrell, K. B, Novak, I. M., Archer, D. W, et al.
(2012). Biochar: a synthesis of its agronomic impact beyond
carbon  sequestration. Journal of environmental quality, 41(4),
973-989. https://doi.org/10.2134/jeq2011 0069,

Shaaban, M., Van Zwieten, L., Bashir, 8., Younas, A. et al.

(2018). A concise review of biochar application to agricultural

Journal of Experimental Biology and Agricultural Sciences
http:/fwww.jebas.org




soils to improve soil conditions and fight pollution. Journal of

environmental  management, 228, 429-440.

10.1016/j.jenvman.2018.09.006.

https://doi.org/

Sukmawati, Ala, A., Patandjengi, B., & Gusli, S. (2020). The
Physicochemical Properties of Agricultural Waste Inoculated with
Alginate-Producing Bacteria: Structural Modification For Biochar
Stability As A Soil Amendment Formula. Planr Cell
Biotechnology and Molecular Biology, 21, 87-101.

Sung, C.T.B. (2016) Availability , Use , and Removal of Oil Palm

Biomass in Indonesia. Working Paper Retrieved From

https://theicct.org/sites/default/files/publications/Teh_palm%20resi
dues_final.pdf

Tippayawong, N., Rerkkriangkrai, P., Aggarangsi, P., & Pattiya,
AL, (2018) Characterization of Biochar from Pyrolysis of Corn
Residues in a Semi-continuous Carbonizer. Chemical Engineering
Transactions, 70, 1387-1392.

Zhang, H., Chen, C., Gray, EM. & Boyd, S.E. (2017) Effect of
Feedstock and Pyrolysis Temperature on Properties of Biochar
Governing End Use Efficacy. Biomass and Bioenergy, 103, 136—
46. http://dx doi.org/10.1016/j.biombioe.2017.06 024,

Journal of Experimertal Biology and Agricultural Sciences
http:/fwww.jebas.org




acterization_of_Biochar_Empty_Fruit_Bunches_OPEFB_at_Var...

ORIGINALITY REPORT

24, 12+ 19 4

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

www.researchgate.net

Internet Source

3%

Anurita Selvarajoo, Dooshyantsingh Oochit.
"Effect of pyrolysis temperature on product
yields of palm fibre and its biochar
characteristics", Materials Science for Energy
Technologies, 2020

Publication

2%

e

www.neliti.com

Internet Source

2%

-~

Nadia Razali, Nurhanim Zulaikha
Kamarulzaman. "Chemical characterizations
of biochar from palm oil trunk for palm oil mill
effluent (POME) treatment”, Materials Today:
Proceedings, 2020

Publication

T

Submitted to American University in Cairo
Student Paper

T

M Wasilul Lutfi, D P T Baskoro, S Anwar, H B
Pulunggono. "Relation subsidence and water

T



level of peatland cultivated with oil palm in
Riau, Indonesia", IOP Conference Series: Earth
and Environmental Science, 2021

Publication

Eva Leones Dominguez, Arasu Uttran, Soh
Kheang Loh, Marie-Hélene Manero et al.
"Characterisation of industrially produced oil
palm kernel shell biochar and its potential as
slow release nitrogen-phosphate fertilizer and
carbon sink", Materials Today: Proceedings,
2020

Publication

T

Hanzhi Zhang, Chengrong Chen, Evan M.
Gray, Sue E. Boyd. "Effect of feedstock and
pyrolysis temperature on properties of
biochar governing end use efficacy", Biomass
and Bioenergy, 2017

Publication

(K

journal.ugm.ac.id

Internet Source

T

Mansour Issaoui, Meriem Belhachemi, Khaled
Mahmoudi, Mahassen Ben Ali, Salah Jellali,
Mejdi Jeguirim. "Palm wastes valorization for
wastewaters treatment", Elsevier BV, 2023

Publication

T

Sakiah. "Total microbes and soil respiration
on land without applications and with the
application of oil palm empty fruit bunches in

(K



different depths", IOP Conference Series:
Earth and Environmental Science, 2019

Publication

—
N

Submitted to University of Sassari
Student Paper

(K

—
W

Sukmawati, A Ala, Baharuddin, S Gusli.
"Biochar interventions enriched with alginate-
producing bacteria support the growth of
maize in degraded soils", IOP Conference
Series: Earth and Environmental Science, 2020

Publication

T

repository.uin-suska.ac.id

Internet Source

T

—
Ul

www.tandfonline.com

Internet Source

(K

A L Lita, A Maulana, Yulnafatmawita, Gusmini, <'I y
Herviyanti, R Ryswaldi. "Characteristics ’
Biochar from Young Coconut Waste based on
Particle Size as Améliorant"”, IOP Conference
Series: Earth and Environmental Science, 2022
Publication
Submitted to Jackson High School

Student Paper J g <1 %
link.springer.com

InternetSpourceg <1 %




M Bence Babinszki, Emma Jakab, Viktor Terjék, <1 o
Zoltan Sebestyén et al. "Thermal ’
decomposition of biomass wastes derived
from palm oil production”, Journal of
Analytical and Applied Pyrolysis, 2021
Publication

Chenglin Miao, Luoyu Cai, Yanfei Wang, <1 o
Xingjun Xu, Jiarui Yang, Yufei He, Dianging Li, ’
Junting Feng. "Array Modified Molded
Alumina Supported PdAg Catalyst for
Selective Acetylene Hydrogenation: Intrinsic
Kinetics Enhancement and Thermal Effect
Optimization", Industrial & Engineering
Chemistry Research, 2021
Publication

Submitted to Institute of Research & <'I o
Postgraduate Studies, Universiti Kuala ’
Lumpur
Student Paper
coek.info

22 Internet Source <1 %
www.mdpi.com

InternetSourcep <1 %

np.e-journal.id

24 IEtErneE)Souche <1 %

Jishi Zhang, Qinging Wang. "Sustainable <1 y

0

mechanisms of biochar derived from brewers'



spent grain and sewage sludge for ammonia-
nitrogen capture", Journal of Cleaner
Production, 2016

Publication

N
(@)}

smujo.id

Internet Source

<1%

27

Adebo, Grace Modupe, and Odefadehan O. O.

"Analysis of City Greening Approach to
Sustainable Ecosystem Management in Ondo
State", Environmental Management and
Sustainable Development, 2015.

Publication

<1%

Md Shawon Mahmud, Khim Phin Chong.
"Formulation of biofertilizers from oil palm
empty fruit bunches and plant growth-
promoting microbes: A comprehensive and
novel approach towards plant health", Journal
of King Saud University - Science, 2021

Publication

<1%

Nur Afifah Usman, Anthon Monde, Uswah
Hasanah. "THE EFFECT OF SOIL WATER
CONTENT AND GAMAL BOKASHI ON
VEGETATIVE GROWTH OF SWEET CORN (ZEA
MAYS SACCARATA)", AGROLAND: The
Agricultural Sciences Journal, 2018

Publication

<1%

Omolayo M. Ikumapayi, Esther T. Akinlabi,
Jyotsna D. Majumdar, Stephen A. Akinlabi.

<1%



"Applications of coconut shell ash/particles in
modern manufacturing: a case study of
friction stir processing", Elsevier BV, 2020

Publication

Submitted to Universiti Putra Malaysia

Student Paper y <1 %
backend.orbit.dtu.dk

Internet Source <1 %

Henry Budi Hasibuan, Marheni, Abdul Rauf. <1 o
"Role of bacterial symbionts of larvae Oryctes ’
rhinoceros L. and microbial decomposer on
composting of empty bunch of oil palm in big
hole planting system", AIP Publishing, 2021
Publication

Angga Adriana Imansyah, Dede Romansah. <1 o
"PENGARUH BERBAGAI WARNA CAHAYA DAN °
Trichoderma sp. TERHADAP PERTUMBUHAN
BIBIT KRISAN (Chrysanthemum sp.)", Pro-
STek, 2020
Publication
eprints.uad.ac.id

IntErnetSource <1 %
industrial.uru.ac.th

Internet Source <1 %
jopr.mpob.gov.m

JInte':r)net SOLE?CE g y <1 %




Rubia Idris, William Woei Fong Chong, Atikah <1 o
Ali, Sidah Idris, Mohd Faizal Hasan, Farid Nasir ’
Ani, Cheng Tung Chong. "Phenol-rich bio-oil
derivation via microwave-induced fast
pyrolysis of oil palm empty fruit bunch with
activated carbon", Environmental Technology
& Innovation, 2021

Publication

Subhash Chandra, Jayanta Bhattacharya. 1
. <l
"Influence of temperature and duration of
pyrolysis on the property heterogeneity of
rice straw biochar and optimization of
pyrolysis conditions for its application in
soils", Journal of Cleaner Production, 2019

Publication

Yazid Bindar, Yogi Wibisono Budhi, Pandit 'I
. <l%
Hernowo, Steven Wahyu, Syed Saquib,
Tjandra Setiadi. "Sustainable technologies for
biochar production”, Elsevier BV, 2023

Publication

uir.unisa.ac.za
<1 %

Internet Source

B

Yingyun Qiao, Fanfan Xu, Xue Ming, Shangwu <1 o
Feng, Yaoyao Ji, Yuan Jiang, Jun Li, Bo Wang,

Yuanyu Tian. "Valorization of Vegetable Waste

via Pyrolysis: Thermal Behavior, Volatiles

Release, and Products Analysis from Its

Extractives", Energy & Fuels, 2020

42



Publication

Guangcan Su, Nurin Wahidah Mohd Zulkifli,

. . . <l%
Hwai Chyuan Ong, Shaliza Ibrahim, Quan Bu,
Ruonan Zhu. "Pyrolysis of oil palm wastes for
bioenergy in Malaysia: A review", Renewable
and Sustainable Energy Reviews, 2022
Publication

Joshua O. Ighalo, Adewale George Adeniyji, <1 o

0

Omodele A. A. Eletta, Lois T. Arowoyele. "
Competitive adsorption of Pb(ll), Cu(ll), Fe(ll)
and Zn(Il) from aqueous media using biochar
from oil palm () fibers: a kinetic and
equilibrium study ", Indian Chemical Engineer,
2020

Publication

Exclude quotes On Exclude matches <5 words

Exclude bibliography On



