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Abstract 

This research evaluates the effectiveness of cracking palm oil from an empty fruit bunch (EFB) over 
dolomite in a continuous reactor and used the 2k factorial design to investigate the influence of 

parameters, such as reaction temperature (380-460C), feed rate of palm oil (3-9 mL/min), nitrogen 
gas flow rate (50-150 mL/min), and the amount of catalyst (30-60% by reactor volume) that affected 
the yield of organic liquid product (OLP) and diesel-like fraction. OLP was obtained and analyzed by 

using distillation simulation gas chromatography and gas chromatograph mass-spectrometry to 
identify the structure of liquid fuels. An analysis from the design-expert program demonstrated that 

the optimum conditions for the catalytic cracking of PEFB on dolomite in continuous reactor were: a 

temperature of 460C, feed rate of palm oil 8.96 mL/min, nitrogen gas flow rate of 50.04 mL/min, and 
the amount of catalyst 60% (v/v), which yielded the highest diesel-like fraction of 66.12%wt and a 
liquid yield of 57.93%wt. The physicochemical analysis of OLP resulted in a heating value of 45.20 
MJ/kg and acidity value of 0.35 mgKOH/g. 

Keywords: Catalytic cracking; Empty fruit bunch (PEFB); Dolomite; Organic liquid product (OLP). 

1. Introduction

Biodiesel is bio-renewable and environmentally-friendly fuel that can be made from triglyc-

eride in animal fats or vegetable oils by a trans-esterification reaction with alcohols, such as 

methanol and ethanol, using a homogeneous base or acid catalysts [1-7].  Nevertheless, these 

systems of homogeneous catalysis have many disadvantages since a purification process is 

required to remove these catalysts from the end products. In this regard, glycerol as a by-

product has proven to be difficult to remove and requires an immense amount of water to do 

so. Therefore, the catalytic cracking of triglycerides represents an alternative way to produce 

biofuel with fewer complications and less use of resources. In addition, the process also has 

lower production costs, lower equipment costs, and compatibility with existing infrastructure 

and feed stock flexibility [8-11], which result in final products that have a composition similar 

to diesel fuel [12-15].   

With regard to the raw materials used in this research, the empty fruit bunch (EFB) is a 

commonly available biomass waste residue generated from the palm oil industries in Thailand 

and other locations, particularly in Southeast Asia [16-19]. The EFBs are often incinerated at the 

plant site, which causes air pollution. The successful conversion of these waste materials to 
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produce biofuels may, therefore, provide environmental, as well as additional financial bene-

fits. Dolomite (CaMg(CO3)2) is a mineral that consists of calcium carbonate and magnesium 

carbonate, which has low toxicity, low cost, and high basicity. It is a naturally abundant min-

eral in many areas of Thailand. Currently, this mineral is mostly used for cement manufactur-

ing and landfill due to its low cost, low toxicity, high basicity, and environmentally-friendly 

properties. The material was chosen for this experiment in light of the extent of its successful 

application in in biodiesel production, as reflected in numerous existing literature [20].  

The objective of this research was to investigate the optimum conditions for the production 

of biofuel through the catalytic cracking of palm oil from empty fruit bunches (EFB) on dolomite 

in continuous reactor. The experiments were designed to study the effect of different types of 

catalysts and other factors such as the reaction temperature, feed rate, nitrogen gas flow rate, 

and the amount of catalysts on the liquid yield and diesel fraction from obtained biofuel.   

2. Methodology 

2.1. EFB preparation and characterization  

The EFB used in this study as the feedstock was obtained from Southern Palm (1978) 

Company Limited in Thailand. The palm oil sample was filtered through filter paper to remove 

solid impurities and was heated to 100-110C for 10 minutes to remove moisture prior to its 

use in cracking. The thermal decomposition of sample was evaluation by thermo-gravimetric 

analysis (TGA) carried out by a Setaram LABSYS EVO thermogravimeter at a ramping rate of 

20C/min in an argon atmosphere.  

2.2. Catalyst preparation and characterization 

The dolomite, which will be the experiment’s catalyst, was obtained from L S M (1999) 

Company Limited in Thailand. The dolomite was dried in the oven at 110C for 2 hours to 

remove all surface moisture and calcined at 600C for 1 hour in a muffle furnace to remove 

impurities and left to cool to room temperature.   

The X-ray diffraction (XRD) was performed by a Bruker AXS D8 Discover.  The samples 

were scanned from 5 to 70. The diffractograms were analyzed using the standard JCPDS files. 

Elemental analysis was performed by an AXIOS PW-4400 fluorescence spectrometer. Morpho-

logical study was carried out by a JOEL JSM-5800LV scanning electron microscope. The in-

strument was operated at 15 kV acceleration voltages. Prior to analysis, samples were coated 

with a thin film of gold to make them conductive. The N2 adsorption and desorption isotherms 

were measured by a Micromeritics ASAP 2020 instrument. Pore size distributions of the sam-

ples were determined from the isotherms by the Barrett-Joyner-Hallenda (BJH) method. All 

samples were dried in the oven at 110C overnight before the adsorption measurement. 

2.3. Catalytic cracking reaction 

The cracking of palm oil from EFB was conducted in a continuous reactor 3 L (Biodiesel reactor 

unit, model no. Bio-3401) from HIRO Company Limited in Japan. The dolomite as catalyst was 

loaded over quartz wool and placed in the horizontal furnace. The temperature was monitored 

by a thermocouple positioned in the center of catalyst bed.  Nitrogen gas as a carrier gas was 

passed through the reactor throughout the reaction. The reaction temperature was in the 

range of 380 to 460C. The palm oil was fed using a rotary pump (Iwaki Metering Pump model 

no. LK-22VSH-02). Once a stable state was reached in the reactor, the liquid product (organic 

and aqueous fractions) was collected in a liquid sampler, while the gaseous products were 

collected in a gas-sampling tube. The process run time for each experiment was 5 hours.  

The gaseous product was analyzed using column (Molecular sieve packed columns) over 

gas chromatograph (Agilent 7820A), equipped with thermal conductivity detector (TCD). The 

OLP was analyzed by gas chromatograph simulated distillation (GC SimDist) using a capillary 

glass column (100% dimethylpolysiloxane stationary phase, J&W Scientific, DB-HT-SIMDIS, 5 

m length 0.53 mm diameter  0.15 m film thickness) over gas chromatograph (Agilent 
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7890A), equipped with flame ionization detector (FID). The OLP contains a large number of 

components of hydrocarbon compounds.  

Consequently,  the composition of liquid product was defined according to the boiling range 

of petroleum products in three categories, that is gasoline fraction (273.15-473.15 K), kero-

sene fraction (473.15-523.15 K), and diesel fraction (523.15-643.15 K). The liquid product 

identification and composition determination were performed on a GC Agilent series 7890A 

with a Agilent mass selective detector of series 5975C using a capillary glass column (J&W 

Scientific, 100% dimethylpolysiloxane stationary phase, HP-5MS, 30 m length  0.25 mm 

diameter  0.25 m film thickness). The yield of organic liquid products was calculated using 

the following equation: 

Yield (wt%) =  (
Obtained Product(g)

PEFB Feed(g)
) × 100%          (1) 

2.4. 24 Factorials design 

Table 1. 24 factorials design containing five central points 

Run 
Code factors 

A B C D 

1 -1 -1 -1 -1 
2 +1 -1 -1 -1 
3 -1 +1 -1 -1 
4 +1 9 -1 -1 
5 -1 3 +1 -1 
6 +1 3 +1 -1 

7 -1 9 +1 -1 
8 +1 9 +1 -1 
9 -1 3 50 +1 
10 +1 3 50 +1 
11 -1 9 50 +1 
12 +1 9 50 +1 
13 -1 3 +1 +1 

14 +1 3 +1 +1 
15 -1 9 +1 +1 

16 +1 9 +1 +1 
17 0 0 0 0 
18 0 0 0 0 
19 0 0 0 0 
20 0 0 0 0 

21 0 0 0 0 

3. Results and discussion 

3.1. Oil characterization 

The fatty acid composition was determined by gas chromatography simulation distribution 

(standard method D2887). The analysis of the EFB’s boiling point before catalytic cracking 

was determined by DGC standard ASTM D2887, as shown in Table 2. The EFB was mainly 

composed of long residue at 84.50% whereas the quantity of diesel was 15.50%. The EFB 

cannot be directly used in engines and requires further processing to improve its quality. The 

catalytic pyrolysis process breaks down the large molecules to smaller hydrocarbon molecules. 

The OLP created from pyrolysis has similar properties to generic diesel oil and benzene oil, as 

well as other physical and chemical properties that are similar to petroleum diesel oil. 

The composition of  the EFB was determined in the terms of different types of fatty acids 

as represented in Table 3. The result showed that the majority proportion (43.07%) of palmitic 

acid (C16:O) was saturated, while 39.72% oleic acid (C18:1) was an unsaturated fatty acid. 
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Table 2. The distribution of palm oil from empty fruit bunch, as analyzed by gas chromatography simu-

lation distribution (DGC) 

Boiling point Composition Recovery (wt%) 

IBP-200 Naphtha (C5-C12) 0.00 
200-250 Kerosene(C12-C15) 0.00 
250-370 Diesel(C15-C33) 15.50 
370-FBP Long residue(>C33) 84.50 

Table 3. Composition of fatty acid of EFB 

Fatty acid composition, g/100 g 

Lauric acid  C12:0 0.30 

Myristic acid C14:0 0.90 

Pentadecanoic acid C15:0 0.05 

Palmitic acid C16:0 43.07 

Hepadecanoic acid C17:0 0.12 

Stearic acid C18:0 4.38 

Arachidic acid C20:0 0.36 

Behenic acid C22:0 0.08 

Lignoceric acid C24:0 0.10 

Total saturated fatty acid  49.36 

Palmitoleic acid  C16:1  0.15 

Oleic acid C18:1  39.72 

Cis-9, 12-Octadecadienoic acid C18:2  9.96 

Cis-9, 12, 15-Octadecatrienoic acid C18:3   0.31 

Cis-11-Eicosenoic acid C20:1  0.14 

Nervonic acid C24:1 0.14 

Total unsaturated fatty acid  50.42 

Unidentified peak  0.24 

 

 

Figure 1 GC-MS Chromatograms of palm oil from 
EFB 

The chemical compound of the EFB was 

analyzed by gas chromatograph-mass 

spectrometry. Figure 1, shows the chroma-

togram of the EFB sample. For the purpose 

of clarity, the solvent peaks (carbon disul-

fide) are not shown. The n-hexadecanoic 

acid (palmitic acid, C16:0) appears at a re-

tention time of 10.015 min, followed by 9-

Octadecenoic acid (oleic acid, C18:1), 

which appeared at a retention time of 

10.879 min and octadecanoic acid (stearic 

acid, C18:0) peak appears at a retention 

time of 10.946 min, as shown in Table. 4.  

The large peaks of GC-MS chromatogram,  

mostly shows carboxylic acid, while small peaks show other groups. The EFB is a source of 

hydrocarbons C16-C18 atoms, which is similar to the number of carbon atoms of diesel produced 

from petroleum distillation. 

A thermal analysis of the EFB’s decomposition temperature was also performed. The TGA 

curves of the EFB are shown in Figure 2 and demonstrate the fact that the EFB begins to 

thermally decompose at approximately 155C, while the high temperature of decomposition 

is 440C, at a heating rate of 20C/min from 25 to 600C, under the inert gas (argon) atmos-

phere.  Consequently, the decomposition temperature range of 380 to 460C was chosen for 

the cracking of the EFB. 
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Table 4. The chemical compound of EFB 

Retention 
time (min) 

Name 
Formula 
chemical 

Area (%) 

10.015 n-Hexadecanoic acid C16H32O2 34.88 

10.145 Octadecanoic acid C18H34O2 0.98 

10.877 6-Octadecenoic acid C18H34O2 48.15 

10.947 Octadecanoic acid C18H34O2 6.33 

12.291 9-Octadecenal, (Z)- C18H34O 0.79 

13.617 Squalene C30H50 0.90 

14.792 Benzo[h]quinoline, 2,4-dimethyl- C15H13N 0.92 

15.135 Cyclotrisiloxane, hexamethyl- C6H18O3Si3 3.95 

15.798 2-Ethylacridine C15H13N 0.67 

 

Figure 2 Thermal decomposition analysis of PEFB by themogravimetric analyzer 

3.2. Catalyst characterization 

3.2.1. X-ray Fluorescence (XRF) 

The catalyst used in this study was powdered dolomite. Its chemical composition, as de-

termined through X-ray fluorescence (XRF) analysis, is as follows: CaO 59.80%, MgO 33.5%, 

SiO2 0.39%, Fe2O3 0.23%, Al2O3 0.19% and Others 5.89%. The XRF analysis result can be 

seen in Table 5.  It is observed that the CaO content in the dolomite is higher than MgO 

content. Calculations by stoichiometry on the XRF analysis showed that the dolomite consisted 

of 59.80 wt% CaO and MgO 33.50 wt%.  

Table 5. Chemical composition of dolomite 

Compound Concentration (wt%) 

Calcium (CaO) 59.80 

Magnesium (MgO) 33.50 

Silica (SiO2) 0.39 

Iron (Fe2O3) 0.23 

Aluminium (Al2O3) 0.19 

Other 5.89 

3.2.2. X-ray powder diffraction (XPD) 

Figure 3 shows the X-ray Powder Diffraction (XPD) patterns of the raw dolomite and cal-

cined dolomite at 800C.  It can be seen that CaO, MgO, Mg(OH)2 and Ca(OH)2 is present in 

the raw dolomite.  A decarbonation occurs with the increase in calcination temperature, which 

leads to the transformation of CaMg(CO3)2 to CaO, MgO and carbonate phase of CaCO3 or 

calcite. The diffraction peak intensities of MgO increased relatively after calcination and the 
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peak of calcium hydroxide (Ca(OH)2) and magnesium hydroxide (Mg(OH)2) disappears in an 

XPD analysis of calcined dolomite. 

 

Figure 3. XPD pattern of dolomite (a) raw dolomite and (b) calcined dolomite at 800C, symbol: (•) 

Mg(OH)2, () Ca(OH)2, ()  CaCO3, () MgO, and () CaO 

3.2.3. BET surface area measurement 

The surface areas of the raw dolomite and calcined dolomite were determined through the 

nitrogen adsorption method and the BET equation, as shown in Table 6. The maximum activity 

was obtained with the catalyst calcined at 800C for 2 hours. Table 6 shows the specific surface 

area and porosity of the dolomite. Decarbonation by the calcination of the dolomite produces 

MgO and increases its specific surface area. Thus, the BET surface area of raw dolomite 8.00 

m2g-1 was significantly increased to 19.95 m2g-1 after thermal treatment at 800C. The dolo-

mite also saw increases in pore volume and diameter.  

The thermal decomposition of dolomite occurs via a system involving a number of reactions 

that are still being debated in existing literature. When performed in vacuum or in an inert 

atmosphere, this is also a one-step reaction leading to the mixture of magnesium or calcium 

oxides. When it takes place in air or in the presence of CO2, it occurs as a two-step process. 

Thus, the phenomenon that occurs during the thermal decomposition of fresh dolomite can be 

expressed as follows: 

MgCa(CO3)2 → MgO + CaCO3 + CO2   (2) 

CaCO3 → CaO + CO2         (3) 

Table 6. Specific surface area and porosity of examined dolomite 

Sample 
Specific surface area 

(m2 g-1) 
Total pore volume 

(cm3 g-1) 

Raw dolomite 8.00 0.01 
Calcined dolomite 19.95 0.10 
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3.2.4. SEM analysis 

The results of the SEM analysis is shown in Figure 4. Changes in the morphology of the 

dolomite were observed as a result of recrystallization when undergoing calcination. The SEM 

image of the raw dolomite clearly shows that it had a wide range of particles sizes in random 

shapes and may display a macropore or almost non-porous structure. The microstructure of 

calcined dolomite has a porous surface, the particle size decreased due to cracking large par-

ticles from the decarbonation of dolomite (chemical equation 1-2). This phenomenon is caused 

by the release of CO2 from the dolomite grain and it proves that the dolomite calcinations 

reaction originated on the surface of dolomite. 

  
a. b. 

Figure 4. Electron micrograph of raw dolomite (a) and calcined dolomite (b) at 2500x magnification 

3.3. Yield liquid 

Table 8 shows the highest yield of liquid and diesel-like fuel that can be obtained from the 

catalytic cracking of palm oil from the EFB. The important operating variables affecting the 

liquid yield and product distribution were: reaction temperature, feed rate, flow rate of the 

carrier gas, and the amount of catalyst. A 2k factorial design with three process variables 

where each containing three levels, namely low (-1), central (0), and high level (1) was used. 

Table 7 presents the 2k full factorial design with the operating range of each variable. The total 

number of experiments conducted was 16, where five experiments were repeated at the cen-

tral level of each factor to check their reproducibility and experimental error. 

The results show that higher temperatures and lower feed rates gave higher yields of gaseous 

product, while low reaction temperatures and high feed rate deactivated the catalyst [21-29]. 

The conversion of EFB, yield of OLP and yield of diesel-like fraction at different reaction are 

presented in Table 8. It shows that the OLP varied in the range of from 7.08 to 65.76 wt%. 

The OLP increased steadily with the increase in the reaction temperature due to higher crack-

ing rates. The diesel-like fraction varied in the range of 47.50 to 74.35 wt%.   

Table 7. Code factor and factor level of variable of cracking of palm oil from empty fruit bunch on dolo-
mite in continuous reactor 

Factor 
Factor 
code 

Level Unit 

Low  

(-1) 

Central point 

(0) 

High  

(+1) 
 

Reaction temperature A 380 420 460 C 

Feed rate of palm oil B 3 6 9 mL/min 

Flow rate of carrier gas 
(N2) 

C 50 100 150 mL/min 

The amount of catalyst D 30 45 60 
%v/v of reac-
tor volume 

1262



Petroleum and Coal 

                        Pet Coal (2020); 62(4): 1256-1271 
ISSN 1337-7027 an open access journal 

Table 8. Experimental matrix and response obtained based on Design of Experiment 

Run 
Code factors OLP yield 

(wt%) 
Diesel fraction 
yield (wt%) A B C D 

1 -1 -1 -1 -1 36.25 63.13 
2 +1 -1 -1 -1 63.70 59.07 
3 -1 +1 -1 -1 42.29 58.38 
4 +1 9 -1 -1 65.76 56.25 
5 -1 3 +1 -1 34.36 59.50 

6 +1 3 +1 -1 55.58 57.82 
7 -1 9 +1 -1 36.55 51.25 
8 +1 9 +1 -1 63.14 47.50 
9 -1 3 50 +1 28.20 74.35 
10 +1 3 50 +1 53.84 67.81 
11 -1 9 50 +1 30.40 71.88 
12 +1 9 50 +1 61.68 66.13 

13 -1 3 +1 +1 26.87 70.63 
14 +1 3 +1 +1 51.62 63.44 

15 -1 9 +1 +1 7.08 61.57 
16 +1 9 +1 +1 59.19 62.25 
Repeated trial      
17 0 0 0 0 42.87 49.38 
18 0 0 0 0 37.01 48.75 

19 0 0 0 0 39.69 49.13 
20 0 0 0 0 33.79 50.62 
21 0 0 0 0 40.86 48.73 

3.4 Results of 2k factorial design 

3.4.1. Variables affecting the percentage of oil yield 

To confirm the significance of variables on the percentage of oil yield, the 2k factorials design 

was used to determine the effect of four operating parameters: reaction temperature (A), flow 

rate of oil (B), flow rate of carrier gas (C) and the amount of catalyst (%v/v) of reactor volume 

(D). The variables’ significance was assessed using an analysis of variance (ANOVA).  

Since several variables were studied, the conditions that significantly affected the product distri-

bution had to be identified statistically. Figure 5 shows the half normal plot of the effect of reaction 

temperature (A), flow rate of oil (B), flow rate of carrier gas (C) and the amount of catalyst (%v/v) 

of reactor volume (D) were significant variables for OLP. Therefore, the ANOVA, was performed 

at 95% level of confidence for designed experiments using the Design-Expert software (ver-

sion 6.0.6). The value of Prob > F for the models is less than 0.05, indicating that the model 

is significant and shows that the terms in the model has a significant effect on the response.  

Table 9 shows the summary of the results obtained. It found that the reaction temperature (A), 

flow rate of oil (B), flow rate of carrier gas (C) and the amount of catalyst (%v/v) of reactor 

volume (D) have a value Prob > F less than 0.05 and implies that these variables affect the 

yield of OLP. Figure 6 shows the normal plot of residuals of OLP, the correlation coefficient for 

the OLP was 0.96. The data on OLP yield fits the normal distribution and contains no outliers. 

Table 9. ANOVA result for the 2k factorials design of OLP 

Source 
Sum of 

Squares 

Degree of 

freedom 

Mean 

Square 
F value 

Prob > F 

value 

Model 6160.75 4 1540.19 248.70 <0.0001 

A 5504.37 1 5504.37 888.82 <0.0001 

B 182.84 1 182.84 29.52 <0.0001 

C 79.10 1 79.10 12.77 <0.0012 

D 394.45 1 394.45 63.69 <0.0001 

Residual 191.98 31 6.19   

Total 6586.43 36    

1263



Petroleum and Coal 

                        Pet Coal (2020); 62(4): 1256-1271 
ISSN 1337-7027 an open access journal 

 

  

Figure 5. Half Normal probability plot of percent-
ages yield of OLP 

Figure 6. Normal probability plot versus studen-
tized residuals of OLP 

3.4.2. Variables affecting the percentage of diesel-like fraction yield 

Figure 7 shows a half normal probability plot of the effect of reaction temperature (A), flow 

rate of oil (B), flow rate of carrier gas (C), the amount of catalyst (%v/v) of reactor volume 

(D), reaction temperature-the amount of catalyst (%v/v) of reactor volume of reaction inter-

action (AD), flow rate of oil-flow rate of carrier gas of reaction interaction (BC), and reaction 

temperature-flow rate of carrier gas-the amount of catalyst (%v/v) of reactor volume (ACD).  

It indicates that these variables are factors that affect the percentage yield of diesel products.  

Table 10 shows the ANOVA results, which found that the reaction temperature (A), flow 

rate of oil (B), flow rate of carrier gas (C), the amount of catalyst (%v/v) of reactor volume 

(D), reaction temperature-the amount of catalyst (%v/v) of reactor volume of reaction inter-

action (AD), flow rate of oil-flow rate of carrier gas of reaction interaction (BC), and reaction 

temperature-flow rate of carrier gas-the amount of catalyst (%v/v) of reactor volume of re-

action interaction (ACD) have a value Prob>F less than 0.05 percent and implies that these 

variables affect the yield of diesel products.   

Figure 8 shows the normal plot of residues. The obtained data on diesel product was tested 

for normalcy to determine if the data obtained from the experiment is suitable for further 

statistical evaluation.  It was determined that the percentage of diesel is approximately a 

straight line with R2= 0.97 and data on diesel product fit the normal distribution, while con-

taining no outliers.  

Table 10. ANOVA result for the 2k factorials design of diesel fraction 

Source 
Sum of 
Squares 

Degree of 
freedom 

Mean 
Square 

F value 
Prob > F 

value 

Model 1608.63 7 229.80 164.18 <0.0001 

A 92.24 1 92.24 65.90 <0.0001 

B 180.83 1 180.83 129.19 <0.0001 

C 201.55 1 201.55 143.99 <0.0001 

D 1027.29 1 1027.29 733.91 <0.0001 

AD 5.96 1 5.96 4.26 0.0485 

BC 74.82 1 74.82 53.45 <0.0001 

ACD 25.94 1 25.94 18.53 0.0002 

Residual 39.19 28 1.40   

Total 2201.09 36    
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Figure 7. Half Normal probability plot of percent-
ages yield of diesel-like fraction form the crack-
ing of EFB on dolomite in continuous reactor 

Figure 8. Normal probability plot versus studen-
tized residuals of diesel fraction 
 

3.5. Optimum conditions according to the Design-Expert 6.0.10 program 

Table 11 shows an analysis from Design-Expert 6.0.10 program. According to the program, 

the optimum condition for catalytic cracking of palm oil from EFB on dolomite in continuous 

reactor is as follows: a temperature of 460C, feed rate of palm oil 8.96 mL/min, nitrogen gas 

flow rate of 50.04 mL/min, and the amount of catalyst 60% (v/v). This gave the highest 

diesel-like fraction of 66.12%wt, whereas liquid yield was 57.93%wt. The desired criteria are 

summarized in Table 12, which shows that the values obtained from program and experiment 

yielded the same optimum condition.   

Table 11. Optimization criteria 

Name Goal Lower Limit Upper Limit Unit 

Temperature is in range 380 460 °C 
Feed rate of palm oil is in range 3 9 mL/min 
Flow rate of carrier 

gas 

is in range 50 150 mL/min 

Catalyst is in range 30 60 %v/v 
Liquid yield maximize 25.95 66.75 %wt 
Diesel yield maximize 47.5 75.57 %wt 

Table 12. Optimum conditions from Design-Expert Program 

Factor Condition from program Condition from experiment 

Reaction temperature (oC) 460.00 460.00 

Feed rate of palm oil (mL/min) 8.96 9.00 
Flow rate of carrier gas 
(mL/min) 

50.04 50.00 

The amount of catalyst (v/v% 
reactor volume) 

60.00 60.00 

OLP (wt%) 59.73 61.68 

Diesel fraction (wt%) 66.12 66.13 

3.6. Properties of the biofuel 

The elemental composition of the palm oil from the EFB (PEFB) and pyrolysis oils from 

triglyceride materials both with and without the dolomite are shown in Table 13. The analysis 

of the PEFB found that the following elemental contents: carbon, hydrogen, nitrogen, and 

oxygen (by reference) were 59.30, 12.00, 0.04 and 28.66% respectively. The analysis of the 

OLP shows that the carbon, hydrogen, nitrogen and oxygen (by reference) were 76.50, 12.80, 

0.03 and 10.67% respectively.  The presence of oxygen in OLP is lower than that of the oils 

from the PEFB. The decreasing of percentage of oxygen corresponded to the increase of the 
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heating value [30-34]. Normally, the effect of decreasing percentage of oxygen is that the heat-

ing value increases. 

Table 13. Elemental analysis of the bio-oil 

Oil C H N O* 

PEFB  59.30 12.00 0.04 28.66 

Non-catalyst 70.90 11.90 0.09 17.11 
OLP 76.50 12.80 0.03 10.67 

The total acid and heating value of PEFB and OLP were measured by potentiometric titration 

(ASTM D664), as shown in Table 14. The acid value of OLP is lower than the PEFB, decreasing 

from 54.44 to 0.35 mgKOH/g. The acid value was quite low when the catalyst contained MgO. 

These phenomena of decarboxyalation of fatty acids to hydrocarbons were catalyzed by MgO, 

as shown in Equation 4 [1]. 

RCOOH → RH +CO2    (4) 

The heating value was determined for the catalytic cracking products and presented in 

Table 14. The heating value of OLP is higher than PEFB, increasing from 39.25 to 45.20 MJ/kg. 

It was observed that the OLP has characteristics similar to those of petroleum fuels.   

Table 14. Acid and heating values of OLP 

Oil Acid value 
(mgKOH/g) 

Heating value 
(MJ/kg) 

PEFB 54.44 39.25 
OLP  0.35 45.20 

The chemical composition of OLP produced at optimum operating condition was analyzed 

by gas chromatograph-mass spectrometry and presented in Figure 9. The OLP produced can 

be classified into hydrocarbons, alcohols, phenol, esters, aldehydes, ketones, carboxylic acids, 

and other ester. GC MS analysis matches each peak observed in the chromatogram with a 

substance peak stored in the reference library. The result of the analysis is presented in Table 15. 

The GC-MS chromatograms large peaks mostly show aromatic, aliphatic and cyclic hydrocar-

bons while small peaks shows other groups.   

 

Figure 9. GC-MS Chromatograms of OLP 
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Table 15. The chemical compound in the oil yield product of cracking of PEFB on dolomite in continuous reactor 

Time (min) Name Formula chemical Area (%) 

3.117 3-Nonene C9H18 0.06 
3.147 2-Cyclopenten-1-one, 2-methyl- C6H8O 0.09 
3.182 cis-2-Nonene C9H18 0.04 
3.269 Bicyclo[2.2.2]octane, 2-methyl- C9H16 0.05 
3.343 Cyclohexane, propyl- C9H18 0.06 
3.399 2-Cyclopenten-1-one, 3,4-dimethyl- C7H10O 0.10 
3.468 Cyclopentene, 1-butyl- C9H16 0.07 
3.490 Cyclohexanone, 2-methyl- C7H12O 0.08 

3.568 Cyclohexene,1-propyl- C9H16 0.09 
3.681 Phenol C6H5OH 0.28 
3.763 2,4-Hexadienoic acid, ethyl ester (Ethyl sorbate) C8H12O2 0.11 
3.789 1-Decene C10H20 0.43 
3.854 Decane C10H22 0.67 
3.897 4-Decene C10H20 0.13 
3.971 2-Decene, (Z)- C10H20 0.09 
4.019 1-Tridecyne C13H24 0.05 
4.132 D-Limonene C10H16 0.35 
4.210 2-Cyclopenten-1-one, 2,3-dimethyl- C7H10O 0.10 
4.279 Phenol, 2-methyl- C7H8O 0.73 
4.348 Benzene, butyl- C10H14 0.08 
4.435 Phenol, 3-methyl- C7H8O 0.13 
4.530 Cyclooctane, methyl- C9H18 0.09 
4.578 1-Undecene C11H22 0.70 
4.639 Undecane C11H24 0.85 
4.678 5-Undecene C11H22 0.76 
4.730 Phenol, 2,6-dimethyl- C8H10O 0.14 
4.752 5-Undecene C11H22 0.44 
4.838 Cyclodecene, (Z)- C10H18 0.18 
4.873 Cyclopentene, 1-butyl- C9H16 0.18 
4.929 Phenol, 2-ethyl- C8H10O 0.13 
4.951 Cyclohexane, 2-propenyl- C9H16 0.06 
5.016 Phenol, 2,3-dimethyl- C8H10O 0.19 
5.042 Cyclopentene, 1-pentyl- C10H18 0.06 
5.064 8,10-Dodecadien-1-ol, (E,E)- C12H22O 0.06 
5.107 Cyclohexanol, 1-ethynyl- C8H12O 0.19 
5.133 Benzene, pentyl- C11H16 0.31 
5.211 4-Methylphenyl acetone C10H12O 0.09 
5.246 Phenol, 3,5-dimethyl- C8H10O 0.06 
5.332 1-Dodecene C12H24 0.84 
5.397 Dodecane C12H26 1.46 
5.432 3-Dodecene, (Z)- C10H20 0.28 
5.467 Phenol, 2,3,6-trimethyl- C9H12O 0.06 
5.506 2-Dodecene, (Z)- C12H24 0.17 
5.584 Z-1,6-Undecadiene C12H20 0.07 
5.606 Phenol, 2,3,5-trimethyl- C9H12O 0.06 
5.684 Phenol, 2-ethyl-4-methyl- C9H12O 0.13 
5.731 1-Tridecene C13H26 0.17 
5.792 1,E-8,Z-10-Tridecatriene C13H22 0.12 
5.818 p-Aminotoluene C7H9N 0.05 
5.840 2,4-Dodecadiene, (E,Z)- C12H22 0.07 
5.883 Bicyclo[6.4.0]dodeca-9,11-diene C12H18 0.18 
5.090 Phenol, 2-ethyl-4-methyl- C9H12O 0.07 
5.935 Benzene ethanol, .beta.-methyl- C9H12O 0.14 

6.004 Phenol, 2,3,4,6-tetramethyl- C10H14O 0.12 
6.056 1-Tridecene C13H26 1.59 
6.117 Tridecane C13H28 2.97 
6.143 3-Tridecene, (Z)- C14H28 0.24 
6.217 2-Tridecene, (E)- C14H28 0.17 
6.260 1H-Imidazole, 2-ethyl- C5H8N2 0.08 
6.455 Cyclopentane, (2-methylpropyl)- C19H18 0.33 
6.503 Cyclopentene, 1-octyl- C13H24 0.21 
6.642 1-Methyl-2-n-hexylbenzene C13H20 0.10 
6.676 Cyclopentane, (2-methylpropyl)- C9H18 0.16 
6.741 2-Tetradecene, (E)- C14H28 2.85 
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Time (min) Name Formula chemical Area (%) 
6.798 Tetradecane C14H30 4.62 
6.819 3-Tetradecene, (Z)- C14H28 0.43 
6.893 3-Tetradecene, (Z)- C14H28 0.27 
6.941 Naphthalene, 1,6-dimethyl- C12H12 0.25 
6.993 Cyclotetradecane C14H28 0.17 
7.075 8-Hexadecyne C16H30 0.26 
7.140 Cyclopentane, decyl- C15H30 1.08 
7.179 Cyclopentene, 1-octyl- C13H24 0.48 
7.275 Cyclohexene, 1-octyl- C14H26 0.69 
7.353 Cyclopentadecane C15H30 1.44 
7.383 1-Pentadecene C15H30 1.81 
7.444 Pentadecane C15H32 9.24 
7.491 1-Octadecyne C18H34 0.24 
7.582 (1S)-(+)-Menthyl chloroformate C11H19ClO2 0.85 
7.643 Cyclohexane, (1-methylpropyl)- C10H20 0.47 
7.726 Cyclohexene, 1,6-dimethyl- C8H14 0.33 
7.795 n-Nonylcyclohexane C15H30 2.19 
7.851 Cyclohexadecane C16H32 0.33 
7.916 Cyclohexene, 1-nonyl- C15H28 2.33 
7.955 Z-8-Hexadecene C16H32 1.56 
7.994 Cetene C16H32 1.47 
8.037 Hexadecane C16H34 2.36 

8.059 Z-8-Hexadecene C16H32 0.51 
8.116 Cyclopentane, (2-methylpropyl)- C9H18 0.41 
8.189 Cyclopentene, 5-hexyl-3,3-dimethyl- C13H24 0.52 
8.224 6-Methyl-bicyclo[4.2.0]octan-7-ol C9H16O 0.37 
8.259 Cyclodecanol C10H20O 0.26 
8.302 Trans-1-methyl-2-nonyl-cyclohexane C10H20 0.48 
8.341 1-Methyl-2-methylenecyclohexane C8H14 0.36 

8.441 Pentadec-7-ene, 7-bromomethyl- C9H31Br 1.02 
8.497 8-Heptadecene C17H34 2.15 
8.528 8-Heptadecene C17H34 2.98 
8.571 E-14-Hexadecenal C16H30O 1.09 
8.614 Heptadecane C17H36 3.12 
8.636 E-14-Hexadecenal C16H30O 1.19 
8.705 8-Heptadecene C17H34 0.81 
8.848 2-Methyl-Z-4-tetradecene C15H30 0.30 
8.926 7-Octadecyne, 2-methyl- C19H36 0.21 
8.952 Heptadecane, 2-methyl- C18H38 0.55 
8.991 Cyclohexane, 2-propenyl- C9H16 0.72 
9.039 5-Octadecene, (E)- C18H36 0.41 
9.069 9-Octadecene, (E)- C18H36 0.71 
9.087 9-Octadecene, (E)- C18H36 0.59 
9.148 Octadecane C18H38 1.26 
9.169 E-15-Heptadecenal C17H32O 0.40 
9.260 Cyclopentadecanone, 2-hydroxy- C15H28O2 0.33 
9.299 (R)-(-)-14-Methyl-8-hexadecyn-1-ol C17H32O 0.24 
9.395 7-Pentadecyne C15H28 0.22 
9.473 Z,E-3,13-Octadecadien-1-ol C18H34O 0.22 
9.525 cis-11-Tetradecen-1-ol C14H28O 0.37 
9.559 1-Heneicosanol C21H44O 0.22 
9.585 9-Nonadecene C19H38 0.90 
9.629 Z-5-Nonadecene C19H38 0.21 
9.672 Hexadecane C16H34 0.68 
9.702 2-Heptadecanone C17H34O 2.69 
9.772 1-Eicosene C20H40 0.15 
9.806 Hexadecanoic acid, methyl ester C17H34O2 0.18 
9.963 13-Tetradecen-1-ol acetate C16H30O2 0.44 
10.045 1,19-Eicosadiene C20H38 0.20 
10.084 Cyclopropaneoctanal, 2-octyl- C19H36O 0.46 
10.171 Octadecan-4-one C18H36O 1.14 
10.348 7-Heptadecyne, 1-chloro- C17H31Cl 0.11 
10.405 Eicosane C20H42 0.17 
10.578 Z,E-3,13-Octadecadien-1-ol C18H34O 2.36 
10.639 Octadecane C18H38 0.28 
10.682 2-Nonadecanone C19H38O 0.32 
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Time (min) Name Formula chemical Area (%) 
10.834 Oleic Acid C18H34O 0.66 
10.934 2-Dodecen-1-yl(-)succinic anhydride C16H26O3 0.14 
10.968 3,4-Octadiene, 7-methyl- C9H16 0.14 
11.012 6-Octadecenoic acid C18H34O2 0.37 
11.094 Docosane C22H46 0.11 
11.116 9-Octadecenoic acid, (E)- C18H34O2 0.17 
11.467 1-Tricosene C23H46 0.36 
11.528 1-Chloroeicosane C20H41Cl 0.09 
11.571 .beta.-Piperidinopropiophenone C14H19NO 0.08 
11.887 Pyrrolidine, 1-(1-oxopentadecyl)- C19H37NO 0.27 
11.926 Benzene, 1-fluoro-4-methoxy- C7H7FO 0.26 
12.347 Eicosane C20H42 0.05 
13.058 10-Nonadecanone C19H38O 0.06 
14.406 Cyclotrisiloxane, hexamethyl- C6H18O3Si3 0.10 
14.432 Cyclotrisiloxane, hexamethyl- C6H18O3Si3 0.09 
15.243 Silane, chlorodiethylheptyloxy- C11H25ClOSi 0.09 
16.396 13H-Dibenzo[a,i]carbazole C20H13N 0.32 

Figure 10 shows the concentration of CO2, indicating that a significant fraction of oxygen from 

triglyceride fatty acid in palm oil was converted to CO2 and short chain hydrocarbon molecules 

were generated. A possible reason for this phenomenon is that the higher temperature accel-

erated the thermal cracking and hence changing the long chain of hydrocarbon molecules to 

middle hydrocarbon and light hydrocarbon molecules [35-43]. Therefore light hydrocarbon molecules 

were thermally and catalytically cracked, converting them into gaseous product. 

 

Figure 10. GC chromatograph of gas products from cracking of Palm oil from EFB on dolomite in con-
tinuous reactor 

4. Conclusion 

This research aimed to discover variables that significantly affect the catalytic cracking 

process of PEFB over dolomite in a continuous reactor and to find the optimum condition that 

will produce the maximum yield of organic liquid products (OLP) and diesel-like fraction. Using 

the 2k factorial design, the researchers investigated the effects of reaction temperature, feed 

rate of palm oil, nitrogen gas flow rate and the amount of catalyst (v/v% by reactor volume) 

on the yield o OLP and diesel-like fraction, where the liquid products were obtained and ana-

lyzed by using distillation simulation gas chromatography and gas chromatograph mass-spec-

trometry to identify the structure of liquid fuels.  

An analysis from a design-expert program indicated that the optimum conditions for the 

catalytic cracking of PEFB on dolomite in a continuous reactor were the following: a tempera-

ture of 460C, feed rate of palm oil 8.96 mL/min, nitrogen gas flow rate of 50.04 mL/min, and 

the amount of catalyst 60% (v/v). These conditions led to the highest yield of diesel-like 

fraction of 66.12%wt and a liquid yield of 57.93%wt.  It was found that basic catalyst gave a 

product with relatively low acid value. The results demonstrate that biofuel from catalytic 

cracking of PEFB has characteristics similar to those of petroleum fuels. 
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