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ABSTRACT

This study was carried out to investigate the potential of empty fruit bunch (EFB)
based activated carbon (AC) as a phenol and hydrogen adsorbent. The precursor was
prepared in laboratory tube furnace by carbonization in nitrogen flow followed by
carbon dioxide activation at 900°C, 10°C/min under 15 minutes residence time and
treatment with potassium hydroxide (KOH) solvent at different concentrations (i.e.
0.5M, 1.0M and 2.0M). The optimization study on carbonization parameters;
temperature, heating rate, and residence time on the phenol removal was investigated by
using response surface methodology (RSM) with box-benken design. The optimal
process conditions obtained was; 500°C carbonization temperature, 10°C/min of heating
rate, and 80 min of residence time; which given 7.57% of phenol removal. The best
condition EFB fibre size was the one with greater than 2 mm mesh size; gave 73% of
phenol removal. The kinetics of adsorption was well described by pseudo-second order
model whilst the adsorption equilibrium was best represented by Langmuir isotherm
model. Hydrogen adsorption study was analysed at ambient pressure by Accelerated
Surface Area and Porosimetry analyzer (ASAP 2020) and at high pressure by high
pressure volumetric analyzer (HPVA). The AC that was activated by physical and
followed by impregnated with 2M KOH adsorbed a maximum hydrogen adsorption
capacity value of 2.14 wt% at 19 bars and -196.15 °C. Regeneration study was carried
out by sodium hydroxide (NaOH) treatment and the regeneration efficiency (RE) of the
AC has been reduced to 42 % after the third treatment. The Breuner, Emmer and Teller
(BET) study showed that the ACs produced have surface area between 489 to 687 m%/g.
This study has identified EFB has a potential to be used as a precursor in the preparation
of AC for phenol and hydrogen adsorbent.
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ABSTRAK

Kajian ini dijalankan bagi mengkaji potensi karbon teraktif (AC) daripada tandan
kosong kelapa sawit (EFB) sebagai penjerap fenol dan hidrogen. Bahan mentah diproses
melalui proses pembakaran dengan aliran gas nitrogen menggunakan tiub relau
pembakaran berskala makmal diikuti dengan pengaktifan karbon dioksida pada 900°C,
10°C/min selama 15 minit dan rawatan menggunakan larutan kalium hidroksida (KOH)
pada kepekatan yang berbeza (iaitu: 0.5M, 1.0M and 2.0M). Kajian bagi mengoptimum
parameter-parameter proses pembakaran; suhu, kadar pemanasan, dan masa terhadap
penyingkiran fenol telah dijalankan menggunakan response surface methodology (RSM)
dengan box-benken design. Proses kondisi yang optimum telah diperoleh pada keadaan;
500 °C bagi suhu pembakaran, 10 °C/min bagi kadar pemanasan, and 80 minit bagi
masa pembakaran; iaitu berjaya menjerap sebanyak 7.57% penyingkiran fenol manakala
AC dengan saiz jaringan fiber EFB lebih besar daripada 2 mm memberikan keputusan
terbaik dengan sebanyak 73% penyingkiran fenol. Kajian terhadap kinetik penjerapan
boleh diterangkan dengan lebih baik melalui model pseudo-second order manakala
keseimbangan penjerapan boleh diwakili oleh model isoterma Langmuir. Kajian
menjerapan hydrogen dijalankan pada tekanan sekitar menggunakan alatan Accelerated
Surface Area and Porosimetry (ASAP 2020) dan pada tekanan tinggi menggunakan
penganalisa isipadu bertekanan tinggi (HPVA). AC yang diaktifkan melalui proses
pengaktifan fizikal diikuti rawatan dengan 2M KOH menjerap jumlah hidrogen yang
tertinggi iaitu 2.14 wt% pada 19 bars dan -196.15 °C. Kajian penggunaan semula AC
telah dijalankan dengan menggunakan natrium hidroksida (NaOH) dan kebolehan
penggunaan semula (RE). AC menunjukkan bahawa kapasiti kebolehan penggunaan
semula berkurang kepada 42 % selepas tiga kali rawatan. Kajian Breuner, Emmer dan
Teller (BET) menunjukkan bahawa kesemua AC yang dihasilkan mempunyai luas
permukaan di antara 489 ke 687 m?/g. Kajian ini mendapati bahawa EFB mempunyai
potensi untuk digunakan sebagai bahan pelopor dalam menghasilkan AC untuk penjerap
fenol dan hidrogen.



CHAPTER 1

INTRODUCTION

1.1  Background of the Problem

The Malaysian palm oil industry generates a total of 15 million tonnes of
empty fruit bunches (EFB) annually (as reported in 2008), representing one of the
most abundant agricultural residues in the country. About 9.69 million and 6.36
million tonnes of EFB per year was produced in Peninsular Malaysia and in Sabah
and Sarawak, respectively (Anis et al., 2008). Numerous studies have been reported
on the application of EFB including feedstock of activated carbon (AC) (Alam et
al.,2007), production of cellulose (Astimar et al., 2002), advanced carbon products
(Astimar et al., 2008), derivation of bio-oil (Abdullah and Gerhauser, 2008),
liguefaction of EFB (Akhtar et al., 2009), and bio-oil production (Misson et al.,
2009). One of the potential products from EFB is activated carbon, and more interest
has been shown in this area. Thus, this research was aimed to study the ability of AC

from EFB as phenol and hydrogen gas adsorbent.



1.2 Statement of the Problem

Malaysia is among the biggest exporter and producer of palm oil. About 5
million hectare of oil palm planted area was recorded in Malaysia by 2011 (MPOB,
2011). Meanwhile, about 21.88 million tonnes (wet weight basis) of empty fruit
bunch (EFB) have been produced from the 423 palm oil mills in 2011. The carbon
content on EFB has been reported as in the range of 42-43% (wet basis). The
abundance of EFB has attracted many researches from several areas in pursuing the
research and development (R&D) in preparing of many value added products such as
activated carbon (AC) (Astimar et al., 2011). ACs have wide range of application in
industry, especially to cater the water and air pollution. It also has potential as

hydrogen storage medium.

Phenolic is a type of pollutant which may give negative impact on human
life as well as flora and fauna without proper treatment. High concentrations of
phenolic compound (>1000 mg/L) can be found in palm oil mill effluent (POME)
from oil palm industry. It is important to ensure that the phenol concentration on
wastewater is up to regulatory standard before it can be removed into waterways.
Currently phenol is treated by extraction process and by using conventional AC.
However, the commercial AC which mainly produced by coal and petroleum is quite
expensive and known as depleting thus, has increased the treatment cost. Therefore,
conversion of EFB to AC can be used as an adsorbent for phenolic compounds

treatment.

Hydrogen is one of renewable resources which may help in addressing the
growing on energy demand and thus lower down the global climate change (Viktor,
2007). Four types of storage systems can be anticipated such as the compression of
hydrogen gaseous, liquefaction of liquid hydrogen, metallic hydrides, chemical
storage and physisorption process onto an adsorbent. However liquefaction of
hydrogen needs high amount of energy (Zuttel, 2003). Meanwhile compression

requires very high pressure operations, which contribute to a high cost and rises on



safety issues (Zhou, 2005). Besides, metallic hydrides are suspect to be poisoning,
incompletely reversibility and low kinetics behaviour (Fierro et al., 2010a). Above
all, physisorption storage system on carbon materials is an interesting alternative for
lower pressure needs and thus safer processes, complete reversible, fast kinetics
(Fierro et al., 2011a) environment friendly, economically feasible (Agarwal et al.,
1980 and Texie-Mandoki et al., 2004) and offers relatively high hydrogen storage
capacity.

Thus, this research studied the best operating conditions in conversion of
EFB to activated carbon for the mean of liquid (phenol) and gas (hydrogen)
adsorption.

1.3 Objectives of the Study

This research aims are:

i.  To produce and optimize the production of oil palm EFB based AC for the
removal of phenol.
ii.  To characterize the EFB AC prepared by both physical (carbon dioxide) and
chemical treatment (potassium hydroxide).
iii.  To study the sorption capacity of AC for phenol and hydrogen adsorption.
iv. To study the regeneration capacity of the activated carbon by NaOH

treatment.



1.4 Scope of Research

Empty fruit bunch which was supplied by Malaysia Palm Oil Board (MPOB)
was used as precursor for the preparation of the AC. Response Surface Methodology
(RSM) statistical software with Box-Benken application was applied to get the
optimum conditions of experiment parameter (i.e. carbonization temperature, heating
rate and residence time). This raw material will undergo carbonization process under
N, flow at different range of fibre size (i.e. > 2 mm, 0.355-1.0 mm, and < 0.15 mm),
carbonization temperature (i.e. 500 - 800 °C), heating rate (i.e. 6 °C /min -10 °C
/min), and residence time (i.e. 40 - 120 minutes). RSM was applied only on
carbonization process because it will be further activated under the optimum
activation process parameters obtained by Alam et al., (2009). The activation of the
optimum char was done at CO, gas flow under 900 °C with 0.1 L/min CO, flow rate
and activation time of 15 min (Alam et al.,2009). Different concentration of
potassium hydroxide solutions (i.e. 0.5, 1.5 and 2.0M) were used under chemical
treatment process. The AC produced was then characterized by Scanning Electron
Microscope (SEM), Fourier Transformation Infrared (FTIR), Thermo Gravimetric
Analysis (TGA), Carbon, Hydrogen, Nitrogen, Oxygen (CHNO) analysis, and
Nitrogen adsorption isotherm analysis. The prepared sample’s performance was then
analysed by phenol adsorption test at different temperatures (i.e. 25, 35, 45 and 55
°C) and hydrogen adsorption at different pressures (i.e. ambient pressure - 100 bars).
Finally the regeneration efficiency of ACs as phenol adsorbent was studied by
chemical treatment with NaOH until three cycles of treatment processes were

completed. The flowchart of the experimental design is to be illustrated in Figure 3.1.



1.5

Research Hypothesis

The hypotheses of this study are:

EFB is biomass by product which can be converted into high value added
product such as the AC with significant values of phenol adsorption and
hydrogen storage capacity (Fierro et al., 2011a).

KOH is a good alkaline activating agent for enhancing the micropore
structure of the AC (Kunowsky et al., 2008).

The performance of EFB AC as phenol adsorbent can be regenerated for three
treatment cycles after being treated with NaOH solutions.

Smaller EFB fibre size, long carbonization time low temperature and higher
heating rate are necessary to produce AC with large BET surface area
(Demirbas, 2004).

Microporous material with high micropore content is essential for the
adsorption of phenol (Liu et al., 2010) and hydrogen (Sun and Paul, 2010;
Zhao et al., 2011a).

The AC was synthesised by the preparation of char under different carbonization

parameters, and followed by CO, activation and KOH treatment which give an

alternative as renewable adsorption material for phenol removal and storage of

hydrogen.



1.6 Organization of Thesis

This thesis consists of five chapters. Chapter 1 presents problem background
of the study, statement of problem, research's objectives, and of the research.
Literature review on phenol in environment, hydrogen as future renewable energy,
activated carbon, activated carbon adsorption, and optimization study are represented
in Chapter 2. Research Methodology is presented in Chapter 3 which covers
synthesis of AC, sample characterization, phenol adsorption study, hydrogen
adsorption study, and regeneration study. The results and discussion of this study are
presented in Chapter 4 at which the performance of AC in phenol and hydrogen
adsorption, regeneration, and optimization study are discussed in detail. Summary of
the research findings and some practical recommendations for future works are

included in Chapter 5.
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