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Abstract. Greenhouse effect is the serious environmental issue whereby the gaseous
component involved is dangerous. One of the gases that contributed to atmosphere is carbon
dioxide (COy), in which is more than 80%, followed by methane and nitrous oxide that resulted
from human activities, industrial sector and transportation. Activated carbon (AC) is the best
adsorption technology due to simple design and ability to capture carbon dioxide efficiently.
This paper was aimed to produce activated carbon derived from waste material, to determine
adsorption rate at different pressures and temperatures and to relate adsorption kinetics and
isotherms equilibrium to describe adsorption processes. Palm Kernel Shell (PKS) was selected
as raw material to produce AC. Char was produced via carbonization process at 700 °C + 20
°C for 2 h with 10 °C/min heating rate under inert gas flow. The sample is then grinded and
sieved to 0.65mm to 0.8mm, followed by chemical treatment by using potassium hydroxide
with ratio of 1:1 and directly undergoing microwave treatment. Adsorption rate performances
were investigated by different temperatures of 25 °C and 10 °C and pressures of 5, 15 and 25
bar. The sample were characterized by thermo-gravimetric analysis, surface area analysis, and
ultimate analysis. AC-PKS shows the highest surface area. As a result, increase in pressure led
to increase in CO; adsorption while decrease in temperature in CO; adsorption. In conclusion,
the findings revealed that the potential of AC-PKS to capture CO; in order to enhance
environmental sustainability and economically.

1.0 INTRODUCTION

Greenhouse effect is the serious environmental issue whereby gaseous component involved is
dangerous. One of the gases that contributed to atmosphere is carbon dioxide (CO,), which is more
than 80%, followed by methane and nitrous oxide that resulted from human activities, industrial sector
and transportation. Carbon dioxide is the gas that makes a harmful contribution to the environment,
especially for greenhouse effect and global warming. Human activities are the main cause of the
greenhouse effect. Statistics from National Research Council showed that 81.6% of carbon dioxide gas
is contributed by human activities [1]. Also, human activities can be categorized into a few sectors
including transportation, industry and commercial. Electricity and transportation have the largest
contribution followed by industry and residential [2]. Many methods have been used for carbon
dioxide capture such as absorption, membranes separation, distillation and adsorption [3]. Adsorption
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is the best method for capturing process due to simple design and ability to capture CO, efficiently [4].
Currently, activated carbon is one of the adsorption technologies due to large pore volume and which
leads to better adsorption performance. However, the commercial activated carbon is highly expensive
because of raw material used such as coal [5]. Therefore, many researchers are interested to produce
activated carbon derived from agricultural waste material such as Palm Kernel Shell, Coconut Shell
and Empty Fruit brunch in order to enhance sustainability and preserve environmental quality [6,7].
PKS is the shell that is separated from nut after crushing from palm oil mill. Kernel shells are a fibrous
material that can be easily handled in bulk directly from the product line to the end use. Large and
small shell fractions are mixed with dust-like fractions and small fibre [8]. Moisture content of PKS is
the range of 11 to 13% and quite low compared to other biomass residuals. Furthermore, PKS is the
best and higher quality biomass in terms of uniform size distribution, ease of handling and crushing,
and limited biological activity due to low moisture content compared to other biomass in industry
around Malaysia [9,10]. Adsorption equilibrium describes the interactions between adsorbent and
adsorbate to applied gas with various conditions [11,12]. Hence, synthesis of PKS bio-char and
activated carbon was carried out. The sorbent was characterized by using Thermal-gravimetric
analysis, Surface area analysis, and Ultimate analysis.

2.0 EXPERIMENTAL METHODOLOGY
2.1 Char and Activated Carbon Preparation

Raw Palm Kernel Shell was loaded into stainless steel tabular reactor with the specifications of 5 cm
internal diameter, 15 cm length and 500 g max capacity and placed in a well lagged vertical tube
furnace. The grinded sample was heated starting from temperature room of approximately 25°C until
carbonization temperature of 700 °C at heating rate of 10 °C/min by using nitrogen flow at 1L/min to
produce bio-char during carbonization process. The experiment was conducted in 2 hours period
before cooled down to room temperature for 24 hours. Details of carbonization process was taken
from previous work [13]. The bio-char was further grinded and sieved to 0.65mm to 0.8mm. 50 g of
bio-char PKS was impregnated with 1.0 M of Potassium Hydroxide solution (KOH) using 1:1 weight
ratio. The mixture was stirred for about 2 hours at temperature 85 °C with stirrer speed at 7-8 rotation
per minute (rpm). Once the reaction is finished, the slurry was filtered and put in oven at temperature
105 °C for 24 h. Afterwards, the filtered sample underwent microwave treatment. The 50 g of prepared
samples were charged at quartz reactor with high temperature. Then, the sample was pre-heated in
microwave oven with 200 ml/min nitrogen gas flow rate. The gas flow was switched over to carbon
dioxide gas with same flow rate. The power level used was 400W with 6 min of irradiation time
[14,15].

2.2 Carbon dioxide performance test for adsorption process.

The carbon dioxide adsorption and desorption process are carried out in carbon dioxide adsorption
system at ambient and low temperature. A purified carbon dioxide gas will flow into the loading cell
before being transferred to the reactor containing the sample. The gas that flows into the reactor will
be compressed at variety of pressures. The adsorption time will be taken as the gas is compressed to
the sample in the reactor. After adsorption time is reached, the gas will be released from the reactor.
The adsorption process will be conducted up to three cycle operations in order to stabilize the samples
throughout this study. The amount of gas adsorbed [16] was calculated using the equation (1) below:

Q = 1/m (VIR (PIZT|i - [PIZTleq)a + VWIR (PIZT|s - [PIZT|eq)y) (1)
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where, P is pressure, T is temperature, V is volume, R is gas constant, a is adsorption cell, | is loading
cell, I is initial state, eq is adsorption at final equilibrium state, m is adsorbent mass, ¢ is amount of gas
absorbed and Z is compressibility factor.

The carbon dioxide gas which adsorbed in adsorption cell was released to fume cupboard by opening
the vent valve below the adsorption cell. The time taken and pressure of the cell was recorded until
there is no gas left inside the adsorption cell [17].

2.3 Material Characterization

The material characterization consists of three parts which are Thermalgravimetric Analysis (TGA),
Surface Area Analysis and Ultimate Analysis.

2.3.1 Thermalgravimetric Analysis.

The thermal property of the raw PKS was determined using thermogravimetric analysis.
Approximately 10 mg of raw PKS was placed in crucible (aluminium type) and then placed in furnace.
The moisture content and volatile matter were obtained from TGA by continuous heating by 10
°C/min from room temperature (approximately 25°C) to 600 °C rate of and nitrogen flow rate of 10
mL/min. The temperature was increased until 900°C in order to get fixed carbon content with the same
rate of heating and nitrogen gas flowrate. The residue of the sample can be considered representing the
ash content [18].

2.3.2 Surface Area Analysis.

The standard method for determining surface areas known as BET analysis was used to analyse the
surface area of three samples which are raw, biochar and activated carbon. All samples were sent for
BET analysis. In BET laboratory, liquid nitrogen at -196 °C was absorbed in the sample that was used
for surface area estimation. This was achieved using the volumetric techniques (Micrometrics ASAP
2020). The surface area was evaluated by taking an average microspore of the activated carbon. The
adsorption data at relative pressure (P/P) range of 0.04 to 0.2 was considered in order to calculate the
surface area by using the BET method. [19].

2.3.3  Ultimate Analysis (CHNS).

Ultimate analysis was carried out using elemental analyser. The samples that need to be studied are
raw, bio char 500°C and 700°C. Carbon (C), Hydrogen (H), Nitrogen (N), and sulphur (S) is the
elements that need to be covered and analysed. The composition of oxygen is calculated by using the
percentage of differential elements [20].

3. RESULTS AND DISCUSSIONS

3.1 Material Characterization

There are three characterizations involved in adsorption process which are Thermalgravimetric (TGA)
analysis, Surface area analysis and Ultimate analysis.
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3.1.1 Thermalgravimetric Analysis.
Figure 1 shows TG curve and derivative TG curve profiles with temperature range of 0-1000 °C on
Activated Carbon Palm Kernel Shell.

TGA (% mass lost versus temperature profile)
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Figure 1. TGA Analysis of Palm Kernel Shell Activated Carbon Produced.

From that figure, it can be analysed that the highest of derivative temperature is about 600 °C.
Basically, there are two peaks that appear at range of 280-300 "C and 350-370 °C. The first peak
represents hemicellulose decomposition and the second peak is cellulose decomposition. After 400 °C,
some amount of lignin decomposed as well [21]. The mass loss of AC-PKS is around 70%. The mass
loss is mainly occurred at the point where the TG curve was beginning to flat and some lignin
structure is not decomposed. The curve flatten represents that no decomposition occurs in AC-PKS
and beyond around 650 °C or higher, it is a good condition to do carbonization process [22].

3.1.2 Surface area analysis
Table 1 shows surface area analysis for three different conditions of the sample.

Table 1. Porosity parameters of activated carbon obtained from nitrogen adsorption

Samples BET (m?%g) Votal Vmicro
(cm3/g) (cm3/g)
Raw PKS 0.8 0.001 0.009
Char PKS 24.5 0.01 0.01
AC-PKS 322.5 0.2 0.105

The objective of the analysis is to compare the surface area of three samples, which are raw, bio-char
and activated carbon of Palm Kernel Shell. Table 1 shows that the activated carbon is the highest
surface area compared to raw and char. This is because activated carbon has ability to adsorb gases
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and basically nitrogen gas is used as adsorption test due to the highest purity and the most interaction
bonding to all solids. The pores can be divided into three parts namely macropores (>50 nanometer),
mesopores (2-50 nanometer) and micropores (<2 nanometer) [23]. It can be concluded that the higher
BET surface area, the higher the gas adsorption rate because of ability to capture carbon dioxide gas at
different conditions [24].

3.1.3 Ultimate analysis
Table 2 shows that the composition on elemental at three different samples which are raw PKS, PKS

Char at 500°C and 700°C.

Table 2. Composition of element gases in three samples.

Samples Description N (%) C (%) H (%) S (%) 0 (%)
Raw Palm Kernel Shell 0.34 47.97 6.06 0.05 45.59
Palm Kernel Shell Char at 0.48 74.70 3.22 0.05 21.55
500 °C
Palm Kernel Shell Char at 0.59 86.84 1.96 0.03 10.58
700 °C

The carbon number is increased due to carbonization process in which cellulose components were
burnt and decomposed into bio-char [26]. The optimum temperature of PKS Char samples is about
700°C due to moisture removal and lignition decomposition. The H content is decreased because at
high temperature, some molecular chains break due to low stability [27].

3.2 Carbon Dioxide performance test for adsorption process.

Figure 2 shows the comparison of rate constant adsorbent at different temperatures conditions with
three pressures applied in this study which are 5, 15 and 25 bars.

Rate constant adsorbent versus Pressure at different temperature condition
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Figure 2. Rate constant adsorbent at both temperature conditions.



The 7th AUN/SEED-Net Regional Conference on Natural Disaster (RCND 2019) IOP Publishing
IOP Conf. Series: Earth and Environmental Science 479 (2020) 012024  doi:10.1088/1755-1315/479/1/012024

It can be described that increase in pressure led to increase in CO. adsorption while decrease in
temperature led to decrease in CO- adsorption. This is because temperature plays role to adsorb the
molecule energy sample to create Van Der Waal’s attraction until reaching equilibrium [28,29].

4.0 CONCLUSION

In can be concluded that sustainable Palm Kernel Shell is a valid precursor for synthesized from waste
material to activated carbon production for CO- adsorption via carbonization, chemical treatment with
KOH and microwave treatment. The characterizations carried out in this study are TGA, BET and
CHNS. The minimum temperature for PKS carbonization is 650°C based on TGA result. BET results
show that AC-PKS is the highest porosity with 322.5 m?g which is appropriate for gas phase
application. The ultimate analysis revealed that PKS char at 700°C contained 86.84% of carbon
number. Carbon dioxide adsorption, there is an increased in time to reach equilibrium with increased
in pressure and increase in adsorption rates but decrease in temperature. The amount of CO2 adsorbed
at 5, 15 and 25 bars for ambient temperatures are 1.275. 3.402 and 5.640 mmol/g respectively while
for low temperature are 2.02, 3.86 and 6,85 respectively. As findings of this paper, the potential of
PKS as precursor has capability to improve its ability to capture CO; gas so that the environment is
sustained more economically.
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