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Abstract

In this work one step activation was introduced to potassium hydroxide (KOH) modified palm kernel shells. Various
concentration of potassium hydroxide was used to activate and impregnate palm kernel shell before calcined at 600 °C for 2
hours. All the prepared samples were characterized using Fourier Transform Infrared spectroscopy (FTIR), Nitrogen Adsorption
Analysis and Field Emission Scanning Electron Microscope (FESEM), respectively. The basicity and basic strength of the
prepared samples were determined using back titration methods. Following the preparation, the samples were used as base
heterogeneous catalyst in palm oil transesterification reaction using dimethyl carbonate (DMC). Analysis of the products were
performed using Gas Chromatography-Flame lonization Detector (GC-FID) while to check the possibility of leaching, that is the
presence of potassium in the biodiesel X-ray Fluorescence (XRF) spectroscopy was used. FTIR analysis of the raw palm kernel
shell showed the presence of various functional groups. However, after the activation most of the functional groups were
eliminated. A high BET surface area of 1054 m%/g was obtained from 10% AC/K, while the BET surface area for 15%, 20% and
25% AC/K decreases. This study shows, as the percentage of one step activation potassium doped carbon increases, the basic
strength increases and followed by the increase in biodiesel production with leaching free reaction. The percentage conversion of
biodiesel for 10% AC/KOH, 15% AC/KOH, 20% AC/KOH and 25% AC/KOH calculated were 35%, 45%, 63% and 67%,
respectively.
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Abstrak
Dalam kajian ini pengaktifan satu langkah diperkenalkan dengan menggunakan kalium hidroksida (KOH) terubahsuai
tempurung kelapa sawit. Pelbagai kepekatan kalium hidroksida digunakan bagi mengaktifkan dan menepukan tempurung kelapa
sawit sebelum dikalsin pada 600 °C selama 2 jam. Kesemua sampel yang telah disediakan dianalisis mengunakan teknik
spektroskopi Inframerah Transformasi Fourier (FTIR), Analisis Penjerapan Nitrogen dan Mikroskopi Medan Pancaran Imbasan
Elektron (FESEM). Kebesan dan kekuatan bes sampel yang disediakan ditentukan melalui pentitratan kembali. Sampel yang
telah disediakan digunakan sebagai pemangkin bes heterogen untuk transesterifikasi minyak kelapa sawit dengan dimetil
karbonat (DMC). Hasil yang didapati dianalisis dengan menggunakan Gas Kromatografi — Pengesan Pengionan Nyala (GC-FID)
manakala untuk mengkaji kemungkinan larut resap iaitu kehadiran kalium dalam biodiesel, spektroskopi sinar-X pendarflour
(XRF) digunakan. Analisis FTIR tempurung kelapa sawit mentah menunjukkan kehadiran pelbagai kumpulan berfungsi.
Walaubagaimanapun, selepas pengaktifan dan karbonisasi, kebanyakan kumpulan berfungsi ini telah disingkirkan. Luas
permukaan BET yang tinggi iaitu 1054 m?/g telah diperolehi daripada 10% AC/KOH, manakala luas permukaan BET untuk
15%, 20% dan 25% AC/KOH menurun. Hasil kajian menunjukkan apabila peratus penepuan karbon dalam pengaktifan satu
langkah oleh kalium meningkat, kekuatan bes turut meningkat diikuti oleh peningkatan hasil biodiesel dalam tindak balas bebas
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larut resap. Peratus penukaran biodiesel untuk 10% AC/K, 15% AC/K, 20% AC/K dan 25% AC/K adalah masing-masing 35%,
45%, 63% dan 67%.

Kata kunci: pengaktifan satu langkah, dimetil karbonat, biodiesel, bebas larut resap

Introduction

Activated carbons (AC) are important material, which have been widely used in various industrial applications,
which include separation/purification of liquid or gas and removal of heavy metal [1]. In the preparation of
heterogeneous catalyst, activated carbon has proved to be highly effective as catalyst support. Activated carbon can
be produced from a variety of raw material mostly coal and agricultural by products or lignocellulosic materials.
Production of activated carbon from agricultural by products is preferable since it is more cost effective. There are
numerous study regarding the production of activated carbon from agricultural by products such as coconut shell [2,
3], pistachio nut shell [4], sugar cane Bagasse [5], olive stones [6] and macadamia nut-shell [7]. Palm kernel shell
(PKS) is one of the most abundant agricultural waste produce since palm oil industry is one of the major industries
in Malaysia. Hence, palm kernel shell would be a better choice to be utilized for the raw material in the production
of activated carbons.

Due environmental concerns, biodiesel has received many attentions to be used as an alternative diesel fuel since it
has a unique advantage such as being biodegradable, non-toxic and suitable for domestic production. Biodiesel is a
mono alkyl ester of long chain fatty acids obtain from transesterification reaction of triglyceride such as vegetable
oil or animal fat with simple alcohol as shown in Figure 1.
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Figure 1. Transesterification of triglyceride with alcohol

Glycerol is produce as the undesired by product in this reaction. The separation process of glycerol could be costly
and technically difficult. In this study dimethyl carbonate (DMC) will be introduced as a reagent to replace alcohol
in the transesterification reaction. Free glycerol biodiesel can be obtained because fatty acid glycerol carbonates
(FAGCs) is form and can be easily remove from the biodiesel as shown in Figure 2.
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Figure 2. Transesterification of triglyceride with DMC

Another problem normally occur in the production of biodiesel is leaching [8]. In conventional method, normally
part of the alkali metal catalyst would leach into the biodiesel, thus reducing the biodiesel quality. The removal of
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the catalyst would require a series of repeated washing and this will contribute to environmental problem. By
immobilizing the catalyst in a suitable support can prevent the leaching problem and therefore separation can be
easily done through centrifugation or filtration.

In this study, activated carbon from palm kernel shell was produced through one-step activation using potassium
hydroxide (KOH) as activating agent Potassium doped activated carbon (AC/K) were then tested as a potential
heterogeneous base catalyst in production of biodiesel from palm oil. In addition, by considering the advantages
offered by DMC, it was chosen as a reagent and reactant in this reaction replacing alcohol.

Materials and Methods
This locally available palm kernel shell (PKS) were collected from the Kulai palm oil mill. Refined oil was
purchased from local markets. Potassium hydroxide (KOH), n-hexane, n-heptane were purchased from QREC while
dimethyl carbonate and 37% HCL were purchased from MERCK.

Preparation of AC/K catalyst

The base activation was carried out by using a liquid state KOH impregnation at different concentration. KOH
solution at 10%, 15%, 20%, and 25% concentration were prepared by dissolving KOH pallets in deionized water in
a 100-mL volumetric flask. About 10g of dried PKS were impregnated with different percentage concentration of
KOH in a hot plate and stirred for 5 hours and dried in an oven overnight at 100 °C. The impregnated carbon was
further calcined in a furnace at 600 °C for 2 hours and finally dried in an oven for 24 hours. All the samples were
labeled as 10% AC/K, 15% AC/K, 20% AC/K and 25% AC/K according to the respective KOH percentage
concentration.

Transesterification reaction with DMC

The reaction was conducted by mixing the palm oil and DMC with a 1:9 ratio in a two-necked 250-mL round
bottom flask immersed in paraffin oil to control the temperature. The flask is equipped with a reflux and a magnetic
stirrer. Firstly, the catalyst was added to the DMC and vigorously stirred with slight heating for 30 minutes until
completely dissolved. About 10 g of palm oil were added into the mixture of catalyst and DMC then the mixture
was refluxed at temperature close to the boiling point of DMC (80 — 90°C). The reaction condition for are based on
methodology reported by previous study [9,10]. After reflux, the mixture allowed to cool at room temperature and
transferred into 15ml centrifuge tube. The mixture was centrifuged at 3000rpm for 30 minutes to separate the excess
DMC and catalyst from the solution. The biodiesel was then collected for characterization by filtering out the
catalyst.

All materials were characterized using Thermogravimetric Analyzer (TGA), Fourier Transform Infrared (FTIR),
Nitrogen Adsorption Analysis-(BET) surface area, Field Emission Scanning Electron Microscope (FESEM) and
Energy Dispersive X-ray fluorescence (XRF). While the transesterification reaction of palm oil with DMC to
produce biodiesel was performed using gas chromatography — flame ionization (GC — FID) and Gas
Chromatography — mass spectrometry (GC-MS).

Results and Discussion
Thermogravimetry analysis of raw palm Kernel shell
Thermogravimetry analysis (TGA) is commonly used to study the thermal decomposition of agricultural by product.
Raw palm kernel shell was first analyzed using diamond TG/DTA Perkin Elmer to estimate the optimum
carbonization temperature for the activation process. Figure 3 shows the TGA thermogram of raw-PKS subjected in
a temperature range 50 — 800 °C at a heating rate of 10 °C/min under air flow and nitrogen gas flow.

From the thermogram shown in Figure 3, there are various weight losses which can be separated into four different
stages from stage I to IV. During stage I, 11.5% of weight loss occurred at the temperature of 50 — 130 °C. This is
due to the elimination of moisture in the raw material. Major weight loss of 47.4% occurs at temperature range from
240 — 360 °C which is at stage II. It is assumed that the decomposition of the major components of lignocellulose
biomass including hemicellulose, cellulose and lignin occur at this stage [11]. In stage III, at temperature of 360 °C
to 450 °C, it shows the final decomposition or weight loss which corresponding to lignin decomposition and
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charcoal oxidation. The percentage weight lost recorded at this region were 16% and it is believed that most of these

lignocellulosic materials in raw-PKS were decomposed. As reported by some researchers, lignin was gradually lost
at temperature from 200 °C to 720 °C [12].
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Figure 3. TGA curve of raw PKS

No significant change in weight loss on the stage IV for at which the temperature is around 450 °C. Total weight
loss occurs at 800 °C. This is probably caused by the formation of volatile tar as the predominant product during the
volatilization [13]. It is also believed that the organic compound in raw samples was completely carbonized at 500
°C. To ensure complete decomposition of organic compounds and liberation of volatile temperature for activation of
activated carbon was set at 600 °C.

Fourier transfer infrared spectroscopy analysis

Fourier transfer infrared spectroscopy (FTIR) was employed to identify the variety of functional group presence in
the raw-PKS and activated carbon. It also provides information on the effect of the activation process that has been
carried out as an evidence of the phase transformation which occurred in both raw-PKS and AC/K catalyst. Figure 4
shows the spectra of raw-PKS and the prepared 10%, 15%, 20% and 25% AC/K catalyst.
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Figure 4. FTIR spectrum of (a) raw-PKS (b) 10%AC/K (¢) 15%AC/K (d) 20%AC/K (e) 25%AC/K

Raw-PKS shows additional extra bond compares to AC/K. These extra bands are at 3343 cm™ which is usually
assign to hydrogen bond OH group [6]. The absorption band at 2025.92 cm™ which was due to the C-H stretching in
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methyl and methylene groups. This band is different to the C-H vibrations band for —CHs-and CH,=, which are
located around 1372.96 cm™ and 1453.10 cm™, and is very useful for identifying the methylene and methyl groups
in each compound [14]. Moreover, peak at 1735 cm™ which represents the stretching of (C=0) carbonyl groups.
The bands at 1595.21 cm™, 1507.95 cm™ and 1423 cm™ indicated the presence of C=C stretching of aromatic
compounds. Another peak at 1239.90 cm™ and a subsequent small rise in 1161.97 cm™ could be assigned to the
stretching of C-O in ester, ethers or phenol groups. The strong band at 1032.15 cm™ could be attributed to the (C-
OH) alcohols group. From the analysis of the FTIR spectrum, carbonyl group, ether, esters, alcohols and the phenol
groups can be suggested as the main oxygen group present in the raw PKS. This result supported by the thermogram
of TGA analysis. The spectrum of raw PKS is quite similar to the study reported by previous study [15].

However, for the prepared AC/K at 10%, 15%, 20% and 25% concentration spectra illustrated less absorption peak
compared with raw-PKS. From the spectra, it can be observed that most of the absorption peaks of functional
groups were disappeared. This phenomenon might be explained as the process of carbonization in which most of the
functional group presented in the raw-PKS were evaporated as volatile materials upon heating which indicated the
activation process have taken place [16]. The spectra of prepared 10%, 15%, 20% and 25% AC/K showed a
decreasing trend in the broad peak of C-O around 900-1300 cm™ and the C=C absorption band around 1500 —1650
cm™. This result in agreement by the previous studies [11, 17] indicating that by increasing the amount of activating
agent, the activation reaction would increase and more weak bonds disappeared by thermal degradation.

Nitrogen adsorption analysis
The single point nitrogen gas adsorption characterization was performed to study the surface area of the prepared
AC/K catalyst. The specific BET surface area, SBET of 10% AC/K, 15% AC/K, 20% AC/K and 25% AC/K

samples are shown in Figure 5.
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Figure 5. Single point BET surface area of raw PKS, AC-Com and prepared AC/K

Lowest surface area is shown in the raw-PKS which is 1.51 m*/g. This is because of the dense structure of raw-PKS
with lack of pores. After activation, there is an increase in the surface area of the activated carbon. This shows that
potassium hydroxide, KOH successfully act as an activating agent. However, there is a significant reduction in the
specific BET surface area as the percentage concentration of KOH loading increases from 10% to 25%. Further
increased in percentage of KOH loading caused the surface area of other activated carbons to decrease. The
reduction of BET surface area may be caused by the filling of potassium hydroxide molecules into the pores of the
activated carbon. The excessive amounts of KOH would promote a vigorous gasification reaction and diminished
the carbon framework leading to a dramatic decrease of accessible area. Besides, an excessive KOH molecule might
decompose following the reactions in equation 1 and 2 [18,19].

2KOH — K,0 + H,0 (D
H,0+C — CO +H, )
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Field emission electron microscope

The morphological structure of raw-PKS and AC/K was characterized by field emission electron microscope
(FESEM). Information on the structural change in the raw-PKS before and after activation we thoroughly studied.
Figure 6 shows the FESEM micrographs of raw-PKS with 2.50KX magnifications. A dense and planar image with
some occasional cracks can be seen. This mainly due to high percentage composition of lignin, a phenolic polymer
that provides structural strength to the plant and give its hard and rough wood like structure.

Figure 6. FESEM image of (a) raw PKS (b) 10%, (c) 15%, (d) 20% and (e) 25% AC/K with magnification of
2.50KX

Figure 6 (a — d) shows the FESEM micrograph at 2.50KX magnification of prepared AC/K at 10%, 15%, 20% and
25% concentration respectively. The FESEM micrographs reveal the presence of cavities and pores with different
size and shapes. The development of pore and cavities in the AC/K is the result of the release of volatile
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components and the evaporation of KOH from the spaces, which were previously occupied by the reagent. Pore
structure is one of the important characteristic in the heterogeneous catalysis process as the pore structure helps in
the dispersion of the catalytic species throughout the carbon and thus increasing the catalytic performance [20]. The
development of porosity by KOH activation is associated with the gasification reaction and formation of potassium
species such as potassium dioxide, potassium carbonate and hydrogen [21]. However, as the percentage
concentration of potassium hydroxide increase, a larger and wider pore can be seen. Beyond the optimum value, the
excessive KOH would promote vigorous gasification reaction and may cause the excessive carbon burn-off, which
can destroy the carbon framework, which collapse of some pore walls leading to a dramatic decrease of accessible
area [22].

Back titration analysis

Determination of the amount of the basic site of the prepared AC/KOH catalyst was performed by the back titration
method. This method was suggested in determining the amount of basic site of the bulk catalyst [23]. This analysis
is important to identify the best prepared AC/KOH. Their basicity should be known first before applying as a
catalyst for transesterification reaction. Figure 7 shows the amount of basic sites recorded in millimole per gram for
the prepared 10% AC/K, 15% AC/K, 20% AC/K and 25% AC/K, respectively.
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Figure 7. Amount of basic site of prepared AC/K catalyst

From the Figure 7, 25% AC/K shows highest amount of basic site of 1.75 mmol/g, follow by 20% AC/K and 15%
AC/K, which have a basic site of 1.53 and 1.45 mmol/g respectively. While for 10% AC/K it shows a lower basic
site of 1.25 mmol/g. It was found that the basic site increase with increase of percentage of KOH concentration. In
addition, KOH can decompose into potassium species such as potassium oxide that acts as active site, which
probably contribute to the basicity of the catalyst. Thus, increase the amount of KOH loading will probably
increases the production of active site. This result in agreement with studies reported by Intarapong et al. [24],
which found that the basicity and the activity of the catalyst increased with increased of the potassium loading to the
ZI‘Oz.

Analysis and determination of transesterification product

The biodiesel obtained from the reaction process was analyzed to investigate the effectiveness of 10%, 15%, 20%
and 25% AC/K as catalyst to catalyze the transesterification reaction of palm oil with DMC. Gas chromatography
method was used for analysis and for the confirmation of the components in biodiesel produced. The biodiesel,
which is fatty acid methyl esters (FAMESs), was firstly analyzed by GC-FID to determine the percentage conversion.

Figure 8 shows typical example of the GC chromatogram of the FAMEs. The elution order for the FAMEs obtain in

the transesterification reaction with different percentage concentration catalyst is similar. The composition of
FAME obtained including Methyl myristate (C14:0), Methyl palmitate (C16:0), Mehyl stearate (C18:0), Methyl
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oleate (C18:1) and Methyl linoleate (C18:2). Methyl palmitate and Methyl oleate are the main methyl esters for
palm oil biodiesel. While Methyl myristate, Methyl stearate and Methyl limoleate exist in small percentage of the
biodiesel. This data agrees with data reported in previous works [25,26].
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Figure 8. GC chromatograms of biodiesel using 25% AC/K catalyst

From the chromatogram obtained, percentage conversion of the biodiesel was calculated. Besides that, X-ray
Fluorescence (XRF) analysis were done to determine the possibility of potassium leaching into the biodiesel after
the reaction. Table 3.1 shows percentage conversion and the potassium content in the biodiesel produced from
prepared 0% AC/K, 10% AC/K, 15% AC/K, 20% AC/K and 25% AC/K.

Table 1. Percentage conversion and potassium content of the biodiesel

Samples  Percentage Conversion Potassium

(%) (wt.%)
AC-Com 0 ND
10%AC/K 35 ND
15%AC/K 45 ND
20%AC/K 63 ND
25%AC/K 67 ND

ND: not detected

An increasing trend can be seen in the percentage conversion of biodiesel. For 10% AC/K, 15% AC/K, 20% AC/K
and 25% AC/K the percentage conversion of biodiesel were 35%, 45%, 63% and 67% respectively. As the basicity
of the catalyst used increase, the percentage conversion also increases. In addition, this proved that the production of
biodiesel does not always depend on the surface area of the catalyst as reported in previous studies [26, 27]. As for
the XRF analysis, it shows that there is no potassium content detected in the biodiesel after the reaction. This
showed that by using DMC, the alkali catalyst in the one step activated KOH modified carbon do not dissolve or
leach out into the reaction medium.

Conclusion
The prepared AC/K KOH was identified and could be an effective and potential heterogeneous base catalyst in
transesterification of palm oil and DMC. The used of DMC in this reaction can prevent the leaching of KOH into
the biodiesel and the transesterification produced glycerol free-FAME. The percentage conversion of biodiesel for
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10% AC/K, 15% AC/K, 20% AC/K and 25% AC/K were 35%, 45%, 63% and 67%, respectively. Highest
percentage conversion was obtained from 25% AC/K, although it has the lowest surface area compared with others.
This showed that, the production of methyl ester in biodiesel not always depend on the large surface area. In
addition, from the study, it shown that the basicity and the basic strength of the prepared AC/K play an important
role in the catalytic performance of the catalyst. Increase in the basicity and basic strength of the catalyst. Higher
percentage loading of potassium increased the basicity of the catalyst, which gives a significant impact to the
percentage conversion of biodiesel.
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	Glycerol is produce as the undesired by product in this reaction. The separation process of glycerol could be costly and technically difficult. In this study dimethyl carbonate (DMC) will be introduced as a reagent to replace alcohol in the transester...
	Figure 2.  Transesterification of triglyceride with DMC
	Another problem normally occur in the production of biodiesel is leaching [8]. In conventional method, normally part of the alkali metal catalyst would leach into the biodiesel, thus reducing the biodiesel quality. The removal of the catalyst would re...
	In this study, activated carbon from palm kernel shell was produced through one-step activation using potassium hydroxide (KOH) as activating agent Potassium doped activated carbon (AC/K) were then tested as a potential heterogeneous base catalyst in ...
	Materials and Methods
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	Preparation of AC/K catalyst
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	Transesterification reaction with DMC
	The reaction was conducted by mixing the palm oil and DMC with a 1:9 ratio in a two-necked 250-mL round bottom flask immersed in paraffin oil to control the temperature. The flask is equipped with a reflux and a magnetic stirrer. Firstly, the catalyst...
	All materials were characterized using Thermogravimetric Analyzer (TGA), Fourier Transform Infrared (FTIR), Nitrogen Adsorption Analysis-(BET) surface area, Field Emission Scanning Electron Microscope (FESEM) and Energy Dispersive X-ray fluorescence (...
	Thermogravimetry analysis of raw palm kernel shell
	Thermogravimetry analysis (TGA) is commonly used to study the thermal decomposition of agricultural by product. Raw palm kernel shell was first analyzed using diamond TG/DTA Perkin Elmer to estimate the optimum carbonization temperature for the activa...
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	Figure 3.  TGA curve of raw PKS
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	Fourier transfer infrared spectroscopy analysis
	Fourier transfer infrared spectroscopy (FTIR) was employed to identify the variety of functional group presence in the raw-PKS and activated carbon. It also provides information on the effect of the activation process that has been carried out as an e...
	Figure 4.  FTIR spectrum of (a) raw-PKS (b) 10%AC/K (c) 15%AC/K (d) 20%AC/K (e) 25%AC/K
	Raw-PKS shows additional extra bond compares to AC/K. These extra bands are at 3343 cm-1 which is usually assign to hydrogen bond OH group [6]. The absorption band at 2025.92 cm-1 which was due to the C-H stretching in methyl and methylene groups. Thi...
	However, for the prepared AC/K at 10%, 15%, 20% and 25% concentration spectra illustrated less absorption peak compared with raw-PKS. From the spectra, it can be observed that most of the absorption peaks of functional groups were disappeared. This ph...
	Nitrogen adsorption analysis
	The single point nitrogen gas adsorption characterization was performed to study the surface area of the prepared AC/K catalyst. The specific BET surface area, SBET of 10% AC/K, 15% AC/K, 20% AC/K and 25% AC/K samples are shown in Figure 5.
	Figure 5.  Single point BET surface area of raw PKS, AC-Com and prepared AC/K
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	H2O + C → CO + H2                  (2)
	Field emission electron microscope
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	Figure 6.   FESEM image of (a) raw PKS (b) 10%, (c) 15%, (d) 20% and (e) 25% AC/K with magnification of      2.50KX
	Figure 6 (a – d) shows the FESEM micrograph at 2.50KX magnification of prepared AC/K at 10%, 15%, 20% and 25% concentration respectively. The FESEM micrographs reveal the presence of cavities and pores with different size and shapes. The development o...
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	Determination of the amount of the basic site of the prepared AC/KOH catalyst was performed by the back titration method. This method was suggested in determining the amount of basic site of the bulk catalyst [23]. This analysis is important to identi...
	Figure 7.  Amount of basic site of prepared AC/K catalyst
	From the Figure 7, 25% AC/K shows highest amount of basic site of 1.75 mmol/g, follow by 20% AC/K and 15% AC/K, which have a basic site of 1.53 and 1.45 mmol/g respectively. While for 10% AC/K it shows a lower basic site of 1.25 mmol/g. It was found t...
	Analysis and determination of transesterification product
	The biodiesel obtained from the reaction process was analyzed to investigate the effectiveness of 10%, 15%, 20% and 25% AC/K as catalyst to catalyze the transesterification reaction of palm oil with DMC. Gas chromatography method was used for analysis...
	Figure 8 shows typical example of the GC chromatogram of the FAMEs. The elution order for the FAMEs obtain in the transesterification reaction with different percentage concentration catalyst is similar. The composition of FAME obtained including Meth...
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