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Abstract. Solid nanocatalyst derived from oil-palm empty fruit bunches (OP-EFB) fiber was 

successfully synthesized and its application for biodiesel production was investigated. The OP-

EFB was treated by burning, milling and heating methods to generate ashes in a nanoparticle 

size. The nanoparticle palm-bunch ash was characterized by scanning electron microscopy 

(SEM) and x-ray diffraction (XRD). The effects of the calcination temperature and catalyst 

amounts for transesterification reactions were investigated. XRD analysis of palm bunch ash 

exhibited that the highest composition of peaks characteristic were potassium oxide (K2O). 

SEM analysis showed that the nano palm bunch ash have a particle size ranging of 150-400 

nm. The highest conversion of palm-oil to biodiesel reach to 97.90% was observed by using of 

palm bunch ash nanocatalyst which heated at 600°C, 3 h reaction time and 1% catalyst amount. 

Reusability of palm bunch ash catalysts was also examined. It was found that of its high active 

sites, reusable solid catalyst was obtained by just heating of palm bunch ash. It has a capability 

to reduce not only the amount of catalyst consumption but also reduce the reaction time of 

transesterification process. 

1.  Introduction 

Recently, alternative  energies, for  example, hydrogen energy [1-3], solar energy [4, 5], and biodiesel 

[6, 7], have been focused worldwide because of recent energy. Biodiesel is one of popular alternative 

energy in the world due to biodegradable and renewable fuel [8]. Biodiesel is mono-alkyl esters of 

long chain fatty acids. Biodiesel has physical and chemical properties that resemble diesel fuel. In 

addition, biodiesel is an environmentally friendly fuel due to its nontoxic and lower emissions of CO 

emission [9]. Currently, most commercial processes used for biodiesel synthesis employ a 

homogeneous base catalyst, such as NaOH or KOH. However, it suffers several drawbacks, such as 

equipment corrosion and deal with H2SO4 waste produced from neutralization process [10, 11]. This 

situation has deficiency not only due to high catalyst consumption but also biodiesel purification 

process would be difficult. This will certainly lead to increase production costs[12]. On the other hand, 

heterogeneous catalysts could replace homogeneous ones to eliminate the problems associated with 

homogeneous catalysts. Solid based catalysts are easily regenerated and less corrosive, safer, cheaper 
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and more environmentally friendly process, and therefore, attracted considerable attention recently 

[13, 14].  

Oil-palm empty fruit bunch (OP-EFB) is a solid lignocellulosic waste, abundantly generated in 

Southeast Asia (SEA), particularly Indonesia, Malaysia, and Thailand, with total production almost 

88.5% of  world’s palm oil (48.99 million metric tons per year) [15, 16]. Pyrolysis of OP-EFB will 

produce volatile matters, carbonaceous substances and ash residue. Ash residue contains organic and 

inorganic materials. Inorganic constituent of OP-EFB ash is mainly potassium in crystalline forms. 

This metal rich constituent is easily converted into potassium oxide (K2O) by burning and calcination 

in air atmosphere at moderate temperature [17]. So far, studies on the preparation and application of 

biomass catalyst are very limited in open literatures. These results have motivated the present study 

involving the conversion of EFB biomass to catalyst for transesterification reaction of palm oil into 

biodiesel. Therefore, it is possible to utilize potassium oxide from palm bunch ash as a low-cost solid 

catalyst for biodiesel production. The aim of the present work is to obtain an active and cheap solid 

catalyst from empty fruit bunch ash for transesterification of vegetable oils into biodiesel. For this 

purpose, the EFB was treated by burning, milling and heating methods to generate ashes in a 

nanoparticle size. The catalysts were characterized by analytical techniques. In this work, the 

performance of non-nanocatalyst and nanocatalyst on transesterification of palm oil into biodiesel 

were investigated. 

2.  Materials and methods  

2.1.  Preparation of Nanocatalyst Palm Bunch Ash 

Oil-palm empty fruit bunch was cleaned up from impurities, washed and dried for 1 to 2 days, 

respectively. The dried materials then burned in open air to get ashes and put into siever screening 100 

mesh. OP-EFB ash pass through a 100 mesh Siever can be directly used for nanocatalyst preparation 

stage. While the ash retained on Siever recycled into milling and sieved again.  K2O-riched ash put 

into a porcelain mortar and calcined at temperature of 600 °C under air atmosphere for 4 hours to 

vaporize remaining volatile substances and impurities  to its enhance active sites. 

2.2.  Catalyst Characterization  

The catalysts were characterized by powder X-Ray Diffraction (XRD) and scanning electron 

microscopy (SEM). In the XRD method, the samples were recorded on Bruker diffractometer using 

Cu-K radiation ( = 0.154 nm) operating at 40 kV and 100 mA. The diffractograms were recorded in 

the 2θ ranges of 10 – 60
o
 at a scanning speed of 5

o
 min

-1
. Diffraction peaks of crystalline phases were 

compared with those of standard compounds reported in the JCPDS (Joint Committee of the Powder 

Diffraction Standards) database (JCPDS-International Center for Diffraction Data (ICCD), 2000). The 

morphology and structure of OP-EFB ash nanocatalyst powder was recorded by Scanning Electron 

Microscopy (SEM). Fatty acid composition of biodiesel was determined by gas chromatography with 

Mass Spectrometry (GC-MS). 

2.3.  Evaluation of transesterification reaction  

Testing of the catalysts was conducted by transesterification reaction in a set of three-neck flask 500 

ml as a reactor and equipped with impeller, temperature controller, and reflux cooling system. The 

catalytic reaction was carried out at 65o
C for 3 h. Catalyst loading of 0.1- 5.0 wt.% and methanol to 

palm-oil mole  ratio of 6:1 were used in the catalyst testing. After the reaction finished, the biodiesel 

product (FAME) was separated after aged for 24 h forming 3 layers (residual methanol, FAME, and 

glycerol as well as used solid catalyst). The resulted FAME biodiesel was characterized and identified 

using GC-MS (SHIMADZU) equipped with Agilent DB-1 column and helium as a gas carrier. 

3.  Results and discussion  

3.1.  Characterization Palm Bunch Ash Catalyst by XRD  

Figure 1.a shows the XRD pattern OP-EFB ash non-calcined catalyst. K2O formation was confirmed 

by XRD patterns obtained from the study. According to XRD pattern, OP-EFB ash composes of K2O 

as a major component. XRD spectra show that K2O have identical crystal structures to cubic type 
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(JCPDS card no. 26-1327, space group Fm3m). The characteristic peaks of K2O appear at 2 = 

25.121
o
, 28.607

o
, 31.843

o
, 40.625

o
, and 50.101

o
, respectively. It also demonstrated that the highest 

intensity of characteristic peaks of K2O of non-calcined catalyst at 2 = 28.607
o
 reaches up to 674 cps, 

as can be seen in Figure 1.a. 

 

 

          
 

Figure 1. XRD patterns of (a) OP-EFB ash without calcined, (b) palm bunch ash calcined at 600 
o
C. 

 
 

Figure 1.b depicts the XRD pattern of the sample after annealed at 600 
o
C. The OP-EFB ash 

nanocatalyst powder showed a significant increase of the intensity of K2O main peak up to 1135 cps, 
as depicted in Figure 1.b. The K2O as major compound in OP-EFB ash possess basic surface sites, 

which make them highly efficient in catalytic process applications, although it can be seen some 
small peaks due to phases of silica compound. Comparing the XRD pattern of non-calcined and 

calcined catalyst demonstrated that the intensity of K2O increased from 674 to 1135 cps (at 2 = 

28.607
o
). This findings indicated that calcination temperature at 600 

o
C led to increase the degree of 

crystallinity of K2O. Calcination can enhance crystals growth of a compound, wherein the crystals 

growth will increase with increasing temperature of heating to form a complete crystalline structure at 

optimum temperature. It can vaporize impurities or volatile matters that cover the pores of the catalyst.  

3.2.  Characterization of Palm Bunch Ash by SEM   

In order to elucidate the effect of milling on particle sizes of palm bunch ash, the SEM measurement 

of ash catalysts was also performed. The SEM morphologies of non-nano and nanocatalyst are shown 

in Figure 2. The palm bunch ash catalyst was previously calcined in a muffle furnace for 4 h at 600 
o
C. 

The non-nanocatalyst sample is composed by large particles, exposing irregular particles, which sizes 

ranged between 2000-5000 nm, as illustrated in Figure 2.a. The SEM image of non-nanocatalyst 

showed a compact agglomeration. After milling process the particle sizes of catalyst become smaller, 

as can be seen in Figure 2.b. The nanoparticles with average size around 150 to 400 nm are observed. 

The catalyst in nanosizes is able to increase the catalyst surface area significantly. 

 

(a) (b) 
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Figure 2. SEM Images of palm bunch ash: a) non-nano and b) nanosizes 

 

3.3.  Effect of Catalyst Loading on Biodiesel Production  

Catalyst weight is one of parameters determining the performance of a catalyst. Reactivity of the 

catalyst can be known from its ability to accelerate the reactions in which reactants are converted into 

products obtaining optimum yield with less consumption of the catalyst.In this study, the weight of 

catalyst is used as one of the parameters to determine catalyst performance. The effect of the catalyst 

loading on the biodiesel yield was investigated by varying the catalyst mass ratio from 0.1-5.0 wt.%. 

Then biodiesel yield from transesterification reaction compared between nanocatalyst and non-

nanocatalyst loadings were also determined. Nanocatalyst palm bunch ash denoted as N-catalyst, 

whiles the non nanocatalyst denoted as S-catalyst. 

The activity of N-catalyst and S-catalyst was evaluated in terms of ester conversion during 

transesterification of palm-oil. The biodiesel yield exhibited a gradually increasing trend as the 

catalyst loading increased. However, further increase in the amount of catalyst, the biodiesel yield 

decreased. In detail, the highest biodiesel yield gains (optimum), i.e 97.13% results from N-catalyst 

loading with ratio catalyst 1% by weight of oil and earned the highest yield (optimum), i.e 93.32% 

resulting from the use of S-catalyst by weight of the catalyst 3% by weight oil. This evidence 

demonstrated that the use of N-catalyst requires less amount of catalyst compared to S-catalyst to 

produce optimum yield of biodiesel. This is resumed due to the catalyst in nanometer size has a 

specific surface area greater than the mass or volume of the same of non-nanocatalyst. The active 

compound potassium oxide (K2O) contained in the ash palm bunches catalyst distributed not only on 

the surface of the catalyst but also inside of the catalyst particles. During high speed grinding 

treatment bulk catalyst was initially broken up and reduced in nanometer size to form new higher 

surface area, as well evidenced by SEM images.  
Potassium oxide compounds play an active role in the formation of methoxide anion in the catalyst 

activation process. Methoxide anion formation becomes very important because the anion active role 

in the termination of the carbonyl carbon bond of triglycerides to form methyl esters (biodiesel). If the 

distribution of potassium oxide on the surface of the catalyst increases, the possibility of methoxide 

anions will be increased. Increasing the amount of methoxide anion in the catalyst activation process 

will accelerate the reaction time required by anion methoxide break the chains of carbon carbonyl 

compounds of triglycerides. By utilizing nanocatalyst which has a high reactivity then the 

transesterification process would be more effective due to the process only requires less amount of 

catalyst loading. Conversely, biodiesel yield decreased after optimum yield is reached with a higher 

amount of catalyst loading. This is because by increasing the amount of the catalyst in the 

transesterification process, the density of the particles of the catalyst will increase. If the densities of 

catalyst particles are high, it will trigger agglomeration of catalyst particles. Catalyst agglomeration 

will affect the active surface area of the catalyst decreases which subsequently decreasing the 
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reactivity. That situation will complicate the process of activation of the catalyst. Where the active 

compound will be difficult ionized of potassium oxide resulting in a decrease in the amount of 

methoxide anions in the process. 

 

 
 

Figure 3. Effect of catalyst loading on 

biodiesel production  

 

 
 

Figure 4. Effect of calcination temperature of 

catalyst on biodiesel production 

In addition agglomeration of catalysts may also affect the process of mass transfer of the reactants 

that inhibit diffusion onto the surface of the catalyst after being covered by the other agglomerated 

particles. This is because most of the active compound which is located on the surface of the catalyst 

particles is covered by other particles. Where the active compound will be difficult ionized of 

potassium oxide resulting in a decrease in the amount of methoxide anions in the process. Decreased 

amount of methoxide anions in the catalyst activation and mass transfer process would lead to 

suppressed biodiesel yield. It is caused due to insufficient of methoxide anion availability to break 

carbonyl carbon bonds so that the conversion of triglycerides into methyl ester decreased, 

consequently lowering the yield of biodiesel. There is slight reduction of conversion of reactants due 

to reaction system being as viscous slurry and emulsified [18]. 

3.4.  Effect of calcination temperature of ash catalyst 

In this study, the calcination temperature of ash catalyst is used as one of the parameters to determine 

catalyst performance. In order to study the influence of the calcination temperature on  the catalyst 

performance, N-catalysts have been calcined from 200  to  800o
C. As presented in Figure 4, it can be 

seen that the increase of biodiesel yield is in accordance with increasing of calcination temperature 

which lead to enhance crystal growth. The improved crystal growth affected by increasing heating at 

appropriate temperature would lead to form a complete crystal structure of the compound. In addition, 

from Figure 4 can also be seen that the yield of biodiesel at temperature 600°C and 800°C drastically 

decreased from 97.89 to 75.87%. The decrease was due to reduced active compound in crystal phase 

of potassium oxide (K2O) contained in nanocatalyst. The active phase on the catalyst was sintered at 

higher temperature and total basicity [19, 20]. As evidenced by the catalyst XRD characterization, the 

ash catalyst comprises of K2O. The active species of the solid catalysts were K2O. The K2O is 

incorporated on the surface of empty fruit bunch ash support, leading to the improved activity of the 

catalyst. The calcination process for the solid ash catalyst is favourable for the interaction between 

K2O and other metal oxides, which may lead to the enhanced stability of catalyst [21]. However, the 

declining of the crystal phase of the compound would be caused by calcination temperature at 800°C 

is above K2O melting point 740 °C. Heating at excessive high temperatures would developed crystals 

agglomeration which decreasing catalyst surface area and subsequently suppressed nanocatalyst 

reactivity and lead to decline biodiesel yield drastically [22]. 



6

1234567890‘’“”

ICGSCE 2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 358 (2018) 012008 doi:10.1088/1757-899X/358/1/012008

3.5.  Composition of palm oil  

Figure 5 displays biodiesel chromatogram spectra that identify the presence of methyl esters contained 

in biodiesel. Methyl myristate and methyl palmitate are identified at peak 1 and 2. Methyl stearate, 

methyl oleate and methyl linoleate are demonstrated at peak 3, 4 and 5. While, methyl linolenate and 

methyl arachidate are identified at retention time of 25.167 and 25.31 seconds, as recorded at peak 6 

and peak 7, respectively. All data of the biodiesel composition are tabulated in Table 1. From Table 1, 

it is reported that methyl oleate is the highest concentration of 38.98%. The lowest concentration of 

methyl ester biodiesel constituents are methyl myristate and methyl linolenate. 

 

 

 
Figure 5. GC-MS chromatogram of biodiesel product 

 

Table 1. Fatty Acid Methyl Ester (biodiesel) 

Peaks No. Component Composition ( % ) 

1 Methyl Myristate (C16:0) 0,76 

2 Methyl Palmitate (C16:1) 35,52 

3 Methyl Stearate (C18:0) 11,88 

4 Methyl Oleate (C18:1) 38,98 

5 Methyl Linoleate (C18:2) 3,16 

6 Methyl Linolenate (C18:3) 0,76 

7 Methyl Arachidate (C20:0) 8,94 

 

3.6.  Characteristic of biodiesel 

To study the physicochemical properties, the transesterification reaction was carried out in the 

presence of the nanocatalyst under calcined at 600 
o
C. The characteristics of the biodiesel sample were 

shown in Table 2.  

 

Table 2. Characteristic of biodiesel of this work, standard ASTM, prEN & SNI 

Parameter This work ASTM prEN SNI 

Kinematic viskosity (cSt) 3,59 – 3,69 1,90 – 6,00 3,50 – 5,00 2,30 – 6,00 

Density (gr/cm
3
) 0,8717 – 0,8741 0,80 – 0,88 0,86 – 0,90 0,85 – 0,89 

Acid number (mg KOH/gr) 0,11 – 0,2805 max 0,80 max 0,3 max 0,80 
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As listed in Table  2, the fuel  properties of the prepared biodiesel have been found to  comply with the 

ASTM, prEN and SNI standards. Refer to Table 2, there can be seen that the kinematic viscosity of 

biodiesel is ranging from 3.59 - 3.69 cSt. It can be seen that the density of biodiesel is ranging from 

0.8717 - 0.8741 g/cm
3
 and the acid number is ranging from 0.1122 - 0.2805 mg KOH/g. These values 

are also in compliance with ASTM standards, prEN and SNI [23-25].  

4.  Conclusions 

A palm bunch ash solid catalyst was successfully synthesized through calcination method. The catalyst 

was calcined at temperature of 600 
o
C. The major component of nanocatalyst derived from palm 

bunch ash is potassium oxide (K2O). The particle sizes of palm bunch ash ≤ 400 nm. Utilization of as-

produced nanocatalyst derived palm bunch ash resulting the highest conversion of palm oil into 

biodiesel reached up to 97.90%, reactions for 1 h and  catalyst loading 1.0 wt.%.. 
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