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Abstract— Oil palm industry is the leading sector for
Malaysia’s economy and become the largest exporter of palm oil
worldwide and the second largest producer after Indonesia. The
abundant of waste generated from oil palm industry in the year
2012 about 95.21 million tonnes of oil palm waste with the
expectation in 2020 a serious waste management problems occur
with approximately 88.74 Mt of biomass can be produced. During
pruning period, the average of 4 kg per dry frond that lead to a
total production of palm fronds around 5500 kg hectare per year.
However, this highest abundance of OPF waste that has the
potential to be converted into useful products though the
environmental sustainability is still lacking. In this study. it aims to
analyze the optimum parameter in preparing bio char from OPF
and characterization of bio char based on its physical
characteristics. This experiment is a baich experiments using a
jacketed pyrolyzer applying non-direct firing system with 500 gram
of palm frond biomass feed into the pyrolyzer. The heating rate
was used at 20°C/min to rise into target terminal temperature at
400°C, 500°C and 600°C. The terminal pyrolysis temperature used
effect the quality of bio char produced. The best temperature
parameter for this experiment was found at 400 °C which produced
16.071 m*g of BET surface area, alkaline pH and porous structure
compare to others two temperatures. Thus, it has potential to
adsorb heavy metal contaminants with lower pyrolysis temperature.
suitable for acidic soil and act as adsorbent. In this study, oil palm
frond represents as a source for renewable energy and
environment-friendly product.
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. INTRODUCTION

Oil palm mdustry 1s the backbone to change Malaysia’s
economy and plays a major role as the largest exporter of palm oil
worldwide and the second largest producer after Indonesia. There
are few types of ol palm species available globally but in
Malaysia, oil is extracted from mesocarp of oil palm species called
Elaeis guineensis. Over the years, oil palm production has shown
an increase thus cause the ranking from 10" position to second
position (Abdullah, 2011).

The oil palm production in the year 2012 generated 9521
million tonnes of oil palm waste (Ani, 2016). In 2020,
approximately 88.74 Mt of lignocellulosic biomass can be
produced. leading to serious waste management problems (Kabir et
al, 2017). The average weight of 4 kg per dry frond had entered the
pruning period, with a total production of palm fronds around 5500

kg hectare per year (Maulina & Iriansyah, 2018). Oil palm frond
(OPF) is the largest amount of biomass abundance after pruning
process and contains higher composition of cellulose and lignin.

Bio char known as carbonaceous matenal 1s a product from
biomass under pyrolysis process with zero or limited supply of
oxygen, low temperature and heating rate. The product yields are
influenced by the types of feedstock, structural composition, and
pyrolysis condition. Thus, these factors should be taken into
consideration, means not all bio chars are made equal and for the
same end use.

There are two methods to produce bio char either through direct
firing method or non-direct firing method wherein  non-direct
firing method, the heating source not direct contact with the
feedstock and heated externally. The combustion of bio char
through indirect method produces higher yield of bio char that
happens in a separate chamber (air tight container) and heat is
transferred by conduction (Odesola & Owoseni, 2010). By using
the non-direct method, it produced clean air and no pollution
occurred that lead to environmental-friendly. Furthermore, in an
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indirect firing system, the pyrolysis process produces combustible
gases and char from biomass.

Recognizing the highest abundance of OPF waste that has the
potential to be converted into useful products in environmental
sustainability, this study aims to analyze the optimum parameter in
preparing bio char and also to characterize of bio char based on its
physical characteristics. Furthermore. this oil palm frond is easily
found especially after the pruning process. Non-direct firing
method was used in this study because 1t produced clean and dry
air and the heater not release carbon dioxide which can be operated
in a tightly sealed space.

[I. METHODOLOGY

A. Materials

List of Material

The o1l palm frond (OPF) used was coming from palm o1l
plantation at Tanjung Langsat, Kuala Selangor. For the bio char
preparation, the palm frond was obtained after the pruning process
and basically still i fresh condition.
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Samples Preparation

Initially, at the preparing stage. the oil palm fronds collected
from the plantation were cut into small pieces (See Fig. 1) and dried
in the oven overnight at temperature 70 °C to remove the excessive
moisture content from the samples. The OPF was further dried
until the moisture content around 5 mf wit%. After that, the dried
product was mashed in cutting mill with molecular sieve sizing 1
mm. The mashed product was stored in desiccators to prevent
surrounding moisture absorb into the samples due to its
hygroscopic nature (Khor & Lim, 2016).

Fig.1. Picture of a few cut pieces of fresh OPF

Pyrolysis Experiment and Analysis

This experiment conduct was a batch experiment. A jacketed
pyrolyzer sizing 118 cm in height, 14 cm in internal diameter and
24 cm in extemal diameter (See Fig.2 and Fig.3) used with 500
gram of palm frond biomass was fed into a char combustion
chamber with indirect method has been applied. The heating rate
was used at 20°C/min to rise into target terminal temperature. The
target pyrolysis temperatures were at 400°C, 500°C and 600°C.
Once, the terminal temperature was achieved, carbonization was
allowed to proceed at the temperature for one hour. Nitrogen gas
was purged into the double jacket pyrolyzer when the target
temperature attained, to ensure no or low oxygen in the process.
With the presence of oxygen, the biomass will be converted into
ash. After each of the experiments completed, the sample was left
inside the chamber for 24 hours to let the bio char to cool down
before collecting it.
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Fig.2. The drawing of jacketed pyrolyzer
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Fig.3. The drawing of the cap for jacketed pyrolyzer

Brunaeuer, Emmett, and Teller (BET)

BET surface area of the biochar was measured using Autosorb-1
Surface Area Analyzer (Quantachrome Instruments) which samples
0.2 g were degassed at 120 °C for 30 minutes under continuous
nitrogen flow.

pH

Samples were immersed in deionised water with ratio 1:10
(wt/wt). After one hour of stirring at rate 600 rpm, the pH was
measured using Model 420 Thermo Orion (Thermo Fisher
Scientific pH meter) (Ronsse et al, 2013).

UV-Vis Spectroscopy

A stock solution of methylene blue was prepared by dissolving
0.1 g of methylene blue solid in 1000 mL of distilled water in 1 L
volumetric flask. In order to prepare the methylene blue (MB) with
desired concentration, 10, 20 and 50 ppm concentration of MB
stock solution were diluted in 1000 mL distilled water separately.
The solution was shaken vigorously to ensure the mixture was
dissolved well. The adsorption of methylene blue by bio char
sample was conducted using 0.25 g sample (Nurul ‘Uyun Ahmad
et al, 2016) into 25 mL of 10 ppm, 20 ppm and 500 ppm
concentration in 200 ml of Erlenmever flasks. Then, the flasks
were shaken using orbital shaker for one hour at 120 rpm and room
temperature (Nurul “Uyun Ahmad et al, 2016). The sample was
separated by filtration and methylene blue adsorption was
determined by UV-Vis Spectroscopy at wavelength 660 nm
(Nahrul Hayawin Zainal et al. 2018) with R*= 0.9994.

Scanning Electron Microscopy (SEM)
Surface morphology of bio char samples were analyzed which

the pores have been carbonized and activated after the
carbonization process at scanning electron microscopy mag 100x.
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III. RESULTS AND DISCUSSION
A. Characterization of palm frond biochar

BET

Table 1: Surface area of the bio char derived from OPF for different
temperatures

Temperature (“C) Surface Area (m:-g)

400 16.071
500 14.674
600 14.381

Table | indicates that bio chars even from same feedstock are
not possessing similar surface area due to its differences in
production conditions, especially in its final temperature
(Mukherjee & Lal, 2013). As a result, the highest BET surface area
was at temperature 400 °C which is 16.071 mz.-"g compare to the
other two temperatures of bio chars denved from oil palm frond
(OPF). Based on the previous study, the BET surface area for palm
frond analysed from that experiment was 9 mg.-'g afier carbonization
process at temperature 320°C (Som et al, 2013), that means
considerably comparable with the surface area gamned from this
experiments. Surface area of bio char was decreasing with the
increasing of the process temperature. Generally. surface area will
be increased with the increasing of temperature however there is no
actual correlation between this two because certain surface area
will increasing until it reached its peak temperature to a certain
threshold that cause the evaporation of volatile components and
then decreases (Mukherjee & Lal, 2013). Furthermore, the
decreasing accessible BET surface area is probably causing by the
inorganics (ash content) due to ash melting at higher temperatures
and filling up the pores (Ronsse et al, 2013). High surface area
indicates that it have more reactive sites for the adsorption process
to oceur (Liew, et al., 2018).
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Fig.4. pH value for bio char at different temperatures

The data of the graph in Fig.4 show that an increasing in process
temperature will mcrease m the pH value of bio char solution. At
temperature 600 0C, the solution was alkaline with the highest pH
value which approximately pH 10 rather than temperature 400°C
and 500°C. According to previous study, the palm frond bio char
has a high pH of 9.5 (Som et al, 2013), means the pH value 1s
slightly equivalent to this experiments, In theory, the value of
solution pH is affecting due to the value of ash content in the bio

char and also pyrolysis conditions (Ronsse et al, 2013). With the
increasing of pyrolysis ime, the amount of carboxyl group m bio
char reduce and acid 1s conjugate to base affecting the alkalinity of
bio char.

UV-Vis Spectroscopy
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Fig.5. Calibration curve for methylene blue adsorption

The measured absorbance of different methylene blue
concentration was estimated at wavelength 660 nm, as shown in
Fig.5. The calibration curve of absorbance against MB
concentration was obtained by using standard MB solutions was
obeying the Beer’s Law in concentration range (0-50 mg/L).
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Fig.6. Effect on MB absorbance with concentration (ppm) for 400 °C, 500
°C and 600 °C pyrolysis lemperature

The effect of initial concentration of MB plays main role in
determining the absorbance value. The analysis of MB absorbance
was conducted using 10 ppm, 20 ppm and 50 ppm concentration.
The higher the initial concentration of MB, the higher the
absorption process to occur. This is because the surface of
absorbents molecules tends to compete with ions in MB solution
that creates more numbers of collisions between them (Nurul
‘Uyun Ahmad et al, 2016). From Fig. 6 the highest concentration
of MB for absorbance is at 50 ppm, which the absorbance value
was 0.0048 compare to other concentrations. For temperature 400
¢, the adsorption value is increasing with the increasing of initial
MB concentration. Furthermore, absorption is also depending on
the surface area (Nahrul Hayawin Zainal et al, 2018). For
concentration of MB at 10 ppm, the absorbance value 1s decreasing
with the decreasing of temperature.
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Scanning Electron Microscopy (SEM)

b) At500°C

€) At600°C
Fig.7. Scanning Electron Microscope Mag (100x) of Bio char

From Fig. 7, the visualization of surface morphology and pore
size distribution of bio char at temperature 400 °C. 500 °C and 600
%C using Scanning Electron Microscope (SEM) analysis were
shown. The pores were formed due to the evaporation of volatile
matter and breakdown of non-carbon compound into bio char
(Maulina & Iriansyah, 2018). SEM analysis shows that the
suitability of bio char in adsorption study, the more porous the
structures of bio char, the more suitable it can be used as adsorbent
(Yakub, et al., 2015). High temperature caused the outer surface to
be overheated, creating cracks compare to lower temperature
similar to the previous study (Sulaiman et al, 2013).

IV. CONCLUSION

Various temperature 400 °C, 500 °C and 600°C have been used
for OPF pyrolysis that been carried out in a jacketed pyrolyzer at
heating rate 20°C/min. The optimum temperature parameter for
this experiment was found at 400 °C which produced 16.071 m*/g
of BET surface area which means has potential to adsorb heavy
metal contaminants with lower pyrolysis temperature. Also, it has
quite high value of pH that is suitable for acidic soil and it has
porous structure that suitable to act as adsorbent. In this study. o1l
palm frond has potential to become a source for utilization of
abundant waste into renewable energy and environment-friendly
product.

ACKNOWLEDGMENT
Thank you to Dr Jefri Jaapar and Universii Teknologi Mara.
The authors also wish thank you to palm oil plantation owner at
Tanjung Langsat, Kuala Selangor for supplying OPF and Encik
Mohibah Musa and others technical staff for their helps in some
experimental runs. Thank you also to all of my family and friends
for their endless support.

References

[1] Abdullah, R. (2011). World Palm Oil Supply, Demand, Price and
Prospects: Focus on Malaysian and Indonesian Palm Oil Industries.
Vol. 11(2).

[2] Anmi, F. N. (2016). Sustainable Biofuels and Other Related Bio-
Products from Palm Cultivations. MATEC Web of Conferences.
doi:10.105 /matecconf/201677 1 1005

[3] Kabir, G.. Mohd Din, A. T.. & Hameed, B. H. (2017). Pyrolysis of oil
palm mesocarp fiber and palm frond mn a slow-heating fixed-bed
reactor: A comparative study. Bioresour Technol, 241, 563-5372.
doi:10.1016/).biortech.2017.05.180

[4] Liew, R. K., Nam, W. L., Chong, M. Y., Phang, X. Y., Su, M. H,,
Yek, P. N, Lam, S. S. (2018). Oil palm waste: An abundant and
promising feedstock for microwave pyrolysis conversion into good
quality biochar with potential multi-applications. Process Safety and
Environmental Protection, 115, 57-69.
doi:10.1016/j.psep.2017.10.005

[5] Lim. K. H. K. a. K. O, (2016). Carbonisation of Oil Palm Fronds.
Intemational Encrgy Joumal:, 7.

[6] Maulina, 8., & Iriansyah, M. (2018). Characteristics of activated
carbon resulted from pyrolysis of the oil palm fronds powder. 10P
Conference Series: Materials Science and Engineering, 309, 012072,
doi:10.1088/1757-899x/309/1/012072

[7] Mukherjee. A.. & Lal, R. (2013). Biochar Impacts on Soil Physical
Properties and Greenhouse Gas Emissions. Agronomy, 3(2). 313-339.
doi:10.3390/agronomy30203 13

[8] WNahrul Hayawin Zainal, A. A. A, Mohamad Faizal Ibrahim, Juferi
Idns, Mohd Ali Hassan, Ezyana Kamal Bahnn, Nor Faizah Jalani,
Nur Sulihatimarsyila Abdul Wafti and Suraini Abd-Aziz. (2018).
Carbonisation-Activation of Oil Palm Kemel Shell to Produce
Activated Carbon and Methylene Blue

[9] Numl “Uyvun Ahmad, A. F. A. A, Noratiera Che Mat. Fathin Nor
Faridah Mohamed Nawi and Mohd Hakimi Othman. (2016).
ADSORPTION OF METHYLENE BLUE IN AQUEOUS
SOLUTION BY MUSA PARADISIACA STEM POWDER. ARPN
Joumal of Engineering and Applied Sciences, 11.

[10] Odesola 1. F and Owoseni T. A (2010). Development of Local
Technology for a Small-Scale Biochar Production Processes from
Agricultural Wastes. Journal of Emerging Trends in Engineering and
Applied Sciences (JETEAS), 205-208.

[11] Ronsse. F.. van Hecke. S. Dickinson. D.. & Prins. W. (2013)
Production and characterization of slow pyrolysis biochar: influence
of feedstock type and pyrolysis conditions. GCB Bioenergy, 5(2).
104-115. doi:10.1111/gcbb. 12018

[12] Sulaiman, F., Abdullah, N, & Rahman, A. A. (2013). Bio-char from
treated  and  untreated ol  palm  fronds.  248-253.
doi:10.1063/1 4803603

[13] Som, A. M.. Wang, 7., & Al-Tabbaa, A. (2013). Palm frond biochar
production and characterisation. Earth and Environmental Science




NUR ILHAM BINTI ZAINUDDIN (EH220)

Transactions of the Royal Society of Edinburgh, 103(01), 39-50,
doi:10.1017/51755691012000035

[14] Yakub, M. 1., Abdalla, A. Y., Feroz, K. K., Suzana, Y., [braheem, A.,
& Chin, 8. A. (2015). Pyrolysis of Oil Palm Residues in a Fixed Bed
Tubular Reactor. Journal of Power and Energy Engineering. 03(04),
185-193. doi:10.4236/jpee.2015.34026




Manuscript Nur llham binti Zainuddin

ORIGINALITY REPORT

1 1 % 4% 6% 6%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

S Maulina, M Iriansyah. "Characteristics of

activated carbon resulted from pyrolysis of the

oil palm fronds powder", IOP Conference
Series: Materials Science and Engineering,
2018

Publication

2

E)

www.arpnjournals.org

Internet Source

1o

£

Submitted to Universiti Teknologi Petronas
Student Paper

1o

R. Ansari. "Removal of basic dye methylene
blue from aqueous solutions using sawdust
and sawdust coated with polypyrrole”, Journal
of the Iranian Chemical Society, 06/2010

Publication

1o

Submitted to Universiti Brunei Darussalam
Student Paper

1o

Ronsse, Frederik, Sven van Hecke, Dane
Dickinson, and Wolter Prins. "Production and
characterization of slow pyrolysis biochar:

1o



influence of feedstock type and pyrolysis
conditions”, GCB Bioenergy, 2013.

Publication

Kumar, K.V.. "Linear and non-linear regression
analysis for the sorption kinetics of methylene
blue onto activated carbon", Journal of
Hazardous Materials, 20061011

Publication

1o

www.science.gov

Internet Source

1o

Farid Nasir Ani. "Sustainable Biofuels and
Other Related Bio-Products from Palm
Cultivations", MATEC Web of Conferences,
2016

Publication

1o

RN
(@)

Submitted to Universiti Kebangsaan Malaysia
Student Paper

1o

publications.polymtl.ca

Internet Source

1o

-
N

Rock Keey Liew, Wai Lun Nam, Min Yee
Chong, Xue Yee Phang et al. "Oil palm waste:
An abundant and promising feedstock for
microwave pyrolysis conversion into good
quality biochar with potential multi-
applications”, Process Safety and
Environmental Protection, 2018

Publication

<1%



13 G. Kabir, A.T. Mohd Din, B.H. Hameed. <1
. . : %
"Pyrolysis of oil palm mesocarp fiber and palm
frond in a slow-heating fixed-bed reactor: A
comparative study", Bioresource Technology,
2017
Publication
Submitted to Heriot-Watt Universit
Student Paper y <1 %
Exclude quotes On Exclude matches <10 words

Exclude bibliography  On



	Manuscript Nur Ilham binti Zainuddin
	by Nur Ilham Zainuddin

	Manuscript Nur Ilham binti Zainuddin
	ORIGINALITY REPORT
	PRIMARY SOURCES


