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Abstract  

Malaysian Dolomite has shown potential deoxygenation catalyst due to high capacity in removing oxy-

gen compound and produce high quality of biofuel with desirable lighter hydrocarbon (C8-C24). The per-

formance of this catalyst was compared with several commercial catalysts in catalytic pyrolysis of 

Waste Cooking Oil. Calcination at 900 °C in N2 produced catalyst with very high activity due to decom-

position of CaMg(CO3)2 phase and formation of MgO-CaO phase. The liquid product showed similar 

chemical composition of biofuel in the range of gasoline, kerosene and diesel fuel. Furthermore, Malay-

sian Dolomite showed high reactivity with 76.51 % in total liquid hydrocarbon and the ability to con-

vert the oxygenated compounds into CO2, CO, CH4, H2, hydrocarbon fuel gas, and H2O. Moreover, low 

acid value (33 mg KOH/g) and low aromatic hydrocarbon content were obtained in the biofuel. Thus, lo-

cal calcined carbonated material has a potential to act as catalyst in converting waste cooking oil into 

biofuel. Copyright © 2018 BCREC Group. All rights reserved 
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1. Introduction 

The dwindling reserve of conventional       

energy resources, challenges of skyrocketing 

fuel prices and their associated environmental 

problems have increased the awareness to seek 

other sustainable and alternative renewable re-

sources for fuel production [1]. Biofuel has re-

cently used as potential fuel to replace the fossil 

fuel because of its renewability, better gas emis-

sions and its biodegradability. Due to current 

scenario, both edible and non-edible vegetable 

oils are potential to be used as feedstock in the 

production of biofuel. However, the cost of feed-

stock and limited availability of edible vegetable 

oils are always critical issues for the biofuel pro-

duction. The exploit of Waste Cooking Oil 

(WCO) as biofuel feedstock reduces the cost of 

biofuel production since the feedstock costs con-

stitutes approximately 70-95 % of the overall 

cost of biofuel production [2,3]. Non-edible oils 

such as waste cooking oils can be used as a  * Corresponding Author.  
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cheaper feedstock because of its price 2-3 times 

cheaper than virgin vegetable oils [4]. In addi-

tion, a similarity in the quality of biofuel in a 

range of biodiesel derived from waste cooking 

oil and from vegetable oils at an optimum oper-

ating condition was reported by Cetinkaya et 

al. [5]. 

The production of biofuel can be done using 

several condition processing for example, at 

mild temperature process using two-step pro-

cess esterification-transesterification and at 

high temperature process using either thermal 

or catalytic cracking, hydrotreating or hy-

drocracking. These several condition processes  

produce a different range of biofuel. Esterifica-

tion-transesterification process in converting 

triglyceride based feedstock produce biofuel in 

a range of biodiesel. However, final product 

such as pure biodiesel contain high oxygen con-

tent (less stable) and can cause serious damage 

to the engine plug, filter and corrosion to the 

metal part of process [6]. Meanwhile thermal 

cracking, catalytic cracking, hydrotreating and 

hydrocracking will produce wide range of biofu-

els in a lower oxygen content not only in the 

range of gasoline and diesel but also in the 

range of fuel oil or kerosene. 

Catalytic cracking or catalytic pyrolysis 

method offers several advantages over esterifi-

cation-transesterification reaction including 

flexibility of feedstock, lower processing costs 

and compatibility with available infrastruc-

tures, engines and fuel standards [7] due to its 

similarity to that of crude oil processing.  Fur-

thermore, the catalytic pyrolysis method ena-

bles the selectivity of products.  In comparison 

of hydrogen based processes such as hy-

drotreating or hydrocracking, these processes 

are typically more expensive and not economic 

than catalytic cracking due to unavoidable 

large amount of hydrogen needed during the 

processing. Besides, other drawbacks that limit 

these hydrogen based co-processing is the poi-

soning of catalyst by water coming from hydro-

deoxygenation reactions and the low quality of 

the resulting hydrogenated product (mainly 

bad in cold properties). This requires additional 

conditioning step and cost. 

Thermal cracking is a process that possible 

to crack triglyceride-based feedstock without 

the presence of hydrogen. But, high amount of 

oxygenated hydrocarbons is found in the final 

reaction products and this reduces its interest 

especially in fuel transport. In contrast, cata-

lytic cracking or catalytic pyrolysis is faster 

and more selective than thermal cracking 

which allows working under milder reaction 

condition and hence maximizing the production 

of liquid fraction and minimizing yield towards 

gases, coke, and heavy fraction. Almost null 

presence of oxygenated compound in the final 

cracking products is confirmed by different per-

formed studies [8]. Moreover, the presence of 

catalyst shows a great ability to remove the  

oxygenated compounds and convert them into 

CO, CO2, H2O, and mixture of free oxygen hy-

drocarbon. Catalysts for the pyrolysis process 

are usually solid catalysts with good shape se-

lectivity and proper size pore. Acid catalysts, 

such as: HZSM-5, Y-Zeolite, and FCC, have 

been widely used for hydrocarbon cracking. 

However, as reported by Wiggers et al. [9], the 

cracking oils exhibited a high carboxylic acid 

content which is more than 120 of its acid    

value. The higher acid value of product have a 

large effects on the corrosion value, cold filter 

plugging point and freezing point of pyrolysis 

oil [7].  

Therefore, base catalyst is expected to ob-

tain cracking oils with low acid values and 

good quality of oil in terms of good cold flow 

properties. Dolomite is a base catalyst that has 

been used in catalytic pyrolysis and naturally 

abundant rock found in several areas of Malay-

sia. At present, a major domestic usage of dolo-

mite is cement manufacturing and landfill due 

to its very low cost. Dolomite mainly consists of 

CaCO3 and MgCO3 with a small amount of fer-

rite and silica. Like calcite, pure CaCO3, upon 

a simple calcination at high temperatures, the 

carbonate groups of dolomite are decomposed, 

and highly basic CaO and MgO are generated. 

As reported by Asikin-Majid et al. [10], the 

CaO and clamshell derives catalyst are poten-

tial deoxygenation catalyst for the biofuel pro-

duction via cracking-decarboxylation-

decarbonylation of triolein. In addition, CaO 

catalyst could absorb more CO2 either in liquid 

or solid phase in order to remove oxygen com-

pound via decarboxylation-decarbonylation 

mechanism. Meanwhile, Putun [11] reported 

that MgO plays the important role in increa-

sing the oil quality by reducing oxygen levels 

from 9.56 to 4.90 % and converting almost all 

of the long chain alkanes and alkenes to low 

molecular weight hydrocarbon in diesel range. 

However, dolomite has received less attention 

in the basic catalyzed chemical syntheses, in 

spite of its low cost, high basicity, less toxicity, 

and environmental friendliness [12]. Therefore, 

this project is aimed to study heterogeneous 

catalytic pyrolysis of waste cooking oil over 

Malaysian Dolomite as a potential deoxygena-

tion catalyst in producing high quality of biofu-
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el in the range of gasoline, kerosene, and diesel. 

  

2. Materials and Methods 

2.1 Materials 

Malaysian Dolomite was provided by North-

ern Dolomite Sdn. Bhd., Perlis and was used as 

a potential deoxygenation catalyst. Commercial 

ZSM-5, HY-Zeolite and Fluid Catalytic Crack-

ing (FCC) were purchased from Qingdao Wish 

Chemicals Co., LTD, Shandong, China, for com-

parison study. Waste Cooking oil (WCO) was 

collected from residential area and the oil was 

centrifuged at 6000 rpm for 30 min and was 

then filtered to remove food residue. The oil ob-

tained from centrifuging process was used di-

rectly without further purification. Industrial 

Nitrogen gas was purchased from Smart Biogas 

Sdn. Bhd. n-Hexane with purity >98 % was 

purchased from Merck and was used for GC-

MS analysis. 

 

2.2 Catalyst Development 

Dolomite in original form (stone form) was 

pressed, crushed and ground until they were 

changed in a fine powder form. The dolomite 

powder was subjected to size classification     

using a Retsch Test Sieve in ASTM Ell, 250 µ. 

The Sieved Dolomite powder with particles size 

below than 0.25 mm was calcined under flow of 

industrial nitrogen gas in horizontal tube fur-

nace. The heating rate was set up at 10 oC/min.  

The temperature was hold at 900 oC for 4 hours 

before cooling down to room temperature. The 

sieved Malaysian Dolomite powder for both 

natural and calcined forms were used for   

characterization. The commercial catalysts, 

such as: ZSM-5, HY-Zeolite, and Fluid Cataly-

tic Cracking (FCC), were calcined at 700 oC for 

4 hours under flow of industrial nitrogen gas in 

horizontal tube furnace. 

 

2.3 Catalyst Characterization 

The thermal decomposition behavior and 

chemical composition of Malaysian Dolomite 

was analyzed by using thermogravimetric ana-

lyzer (Mettler Toledo, TGA/SDTA851) and 

wavelength-dispersive XXRF (WDXXRF; model 

Bruker, S8 TIGER), respectively. The Malaysi-

an Dolomite were characterized before and af-

ter calcination by using Diffractometer-XRD 

System (Shimadzu XRD6000) for the formation 

of MgO-CaO phase and crystalline phase deter-

mination. Meanwhile, the physical properties 

of the Natural Malaysian Dolomite (NMD), cal-

cined Malaysian Dolomite (CMD900), ZSM-5, 

HY-Zeolite and Fluid Catalytic Cracking (FCC) 

catalysts, such as: specific surface area, total 

pore volume and average pore diameter of the 

samples were determined by Brunauer-

Emmet-Teller  (BET) model  using 

Quantachrome Instrument (model Autosorb-1). 

The surface and microstructure analysis of 

these catalysts were carried out using a Scan-

ning Electron Microscope (SEM) instrument 

equipped with an energy dispersive analyzer 

(EDX). 

 

2.4 Catalytic Pyrolysis of WCO 

The thermal and catalytic pyrolysis reac-

tions of Waste Cooking Oil (WCO) were execut-

ed at 390 °C with Industrial N2 gas at heating 

rate of 100-200 cm3/min. The evaluation perfor-

mance of these catalysts were carried out using 

fractionated cracking system as presented in 

Figure 1.  

In this system, a 44 cm straight fractiona-

ted condenser, gas inlet and thermocouple were 

attached to three mouthed round bottom flask 

which serves as the flask reactor. The thermal 

and catalytic pyrolysis reactions of Waste 

Cooking Oil (WCO) were carried out using 150 

g of waste cooking. Then the sample catalysts 

(5 wt % based on weight of oil) was added to 

the oil in the flask reactor, and the mixture 

was stirred to disperse the catalyst in oil. The 

reaction time was kept at 30 minutes. The gas-

eous and liquid reaction products leaving the 

flask reactor were collected separately. The 

gaseous product was collected by using gas bag 

for certain time to avoid pressure going up. The 

liquid product was collected in a collecting 

flask positioned after the condensing unit. As a 

result, two liquid fractions and small amount 

Figure 1. Fractionated cracking system used 

in the catalytic pyrolysis  
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of soap were obtained in the collector flask 

which are aqueous and organic phases. These 

phases were separated by decantation. The 

amount of the collected liquid, gas, and residu-

al oil-coke were measured. Pyrolysis oil and gas 

product were further analyzed using GC-MS, 

FT-IR and GC-TCD. The Equations (1) and (2) 

were used to calculate the mass balance: 

 

       (1) 

 

   (2) 

 
 

where w is mass of waste cooking oil (g), r is 

mass of coke (g), and y = mass of pyrolysis oil 

(g). Meanwhile, mass of coke (r) can be calcula-

ted using Equation 3 [13]. 

 

r = w1 - w2                       (3) 

 

where w1 is residue in the reactor after the py-

rolysis reaction including coke formation on the 

reactor and on the catalyst, and some amount 

of unreacted oil suspended with the catalyst 

minus the mass of the reactor, and w2 is mass 

of fresh catalyst before the reaction. 

 

2.5 Analysis of Pyrolysis Oil and Gas 

Gas Chromatography-Mass Spectrometry 

(GC-MS) was used to analyze the composition 

of Pyrolysis Oil. The separation of Pyrolysis Oil 

were qualitatively and quantitatively analyzed 

in a non-polar ZB-5MS column (30 m × 0.25 

mm I.D × 0.25 µm film thickness) in a split 

mode. The oven temperature was programmed 

to hold at 40 °C for 3 min, ramp at 7 °C/min to 

300 °C and hold at 300 °C for 5 min. The injec-

tor temperature was set at 250 °C and the flow 

rate of the He carrier gas was 3.0 mL/min. Dif-

ferent class of compound presented in Pyrolysis 

Oil were identified using National Institute of 

Standards and Testing (NIST) library. Identifi-

cation was carried out according to pre-

establish criteria for analysis of the data. Total 

product yield and product selectivity was deter-

mined by comparing the peak area in percent-

age (%) of obtained spectra presented. GC-MS 

analysis as known does not provide exact quan-

titative analytic result of compounds but it is 

actually possible to compare the product yield 

and product selectivity by comparing the peak 

areas as the chromatographic peak area of com-

pounds is proportional to its quantity and the 

relative content of the product based on equa-

tions (4) and (5) below.  

The FTIR spectra instrument (model Per-

kin-Elmer 100 series, USA) was used to deter-

mine the functional group of pyrolysis oil. The 

spectral data was used to identify the com-

pounds by mating the fingerprint of the sam-

ples with those in the database. In addition, 

the functional groups and the structural char-

acterization of compounds enabled us to eluci-

date the possible structural types. The spec-

trum range of the FTIR was the mid-infrared 

region, which covers the frequency ranges of 

500-4000 cm-1. A GC-TCD was used to analyze 

the composition of gas produced from Catalytic 

Pyrolysis of WCO. The gas produced was col-

lected using the Tedlar gas bags equipped with 

rubber septum for certain reaction time and 

certain temperature. To determine the gas 

composition in general, a fixed 1 mL of gas was 

removed from the gas bag using a gastight sy-

ringe (Hamilton, USA). The gas was then in-

jected to a gas chromatography (HP6890N, Ag-

ilent Technologies, USA) equipped with a ther-

mal conductivity detector (TCD) and Carboxen 

1010 PLOT (30 m × 0.53 mm I.D) column 

(Supelco, 25467, USA). 

 

       (4) 

 

 
(5) 

 

 

3. Results and Discussion 

3.1 Thermal Decomposition Behavior 

The thermal decomposition behavior of Nat-

ural Malaysian Dolomite (NMD) was conduct-

ed using thermogravimetric analyzer as shown 

in Figure 2. The slope of TGA curve decreased 

as the temperature increased and starting con-

stant at temperature above 860 °C. No decom-

position of Malaysian Dolomite was observed 

at high temperature. Thus, it was suggested 

that Malaysian Dolomite should be calcined at 

high temperature (>900 °C). The natural Ma-

laysian Dolomite (NMD) shows 49.13 % weight 

loss at 409-860 °C. The derivative thermogravi-

metric, DTG curve indicates two major peaks 

of decomposition and this can be attributed to 

the decomposition of the carbonates mineral 

through releasing of CO2 in high temperature 

of calcination.  

Malaysian Dolomite in a form of double car-

bonate of Calcium and Magnesium, 

CaMg(CO3)2 is often assumed to be decomposed 

in two separate peak represented in chemical 

Equations (6), (7), and (8). As reported by Tau-

( ) %x
w

y
%wtoilpyrolysisofYield 100=

( ) %x
w

rw
%wtWCOofConversion 100

−
=

%x
producttheofareaTotal

CCofArea
(%)yieldoductPr 100248 −=

%x
producttheofareaTotal

productdesiredofArea
(%)yselectivitoductPr 100=
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fiq-Yap et al. [14], both separation peak occurs 

in different stages of thermal temperature 

which are based on enthalpy energy of each 

component. The first peak begins at 409 °C, 

reaches a maximum at 785 °C and ends at 805 

°C whereas the second peak begins at 810 °C 

reaches a maximum at 837 °C and ends at 860 

°C. 
 

First peak: 

 
CaMg(CO3)2 (s) →CaCO3 (s) + MgCO3 (s) + 2C3H6O   (6) 

 

MgCO3 (s)  →  MgO (s) + CO2 (g)             (7) 

 

Second Peak: 

 

CaCO3 (s) → CaO (s) + CO2 (g)           (8) 

 
The first peak at lower temperature repre-

sent the decomposition of the dolomite struc-

ture by releasing CO2 to form CaCO3 and MgO. 

At high temperature, the second peak observed 

corresponds to the decomposition of calcite to 

form CaO, with releasing CO2.  As a result, the 

thermal treatment process at 900 °C was se-

lected as temperature for calcination of Natural 

Malaysian Dolomite (NMD) under flow of nitro-

gen due to disappearance of the CaMg(CO3)2 

phase and the successful formation of MgO-

CaO phase which act as potential deoxygena-

tion catalyst of WCO. 

 

3.2 Chemical Composition Analysis 

The chemical composition of Calcined Ma-

laysian Dolomite (CMD900) were determined 

using wavelength-dispersive XRF and listed in 

Table 1.  

The composition of calcined Malaysian Dolo-

mite in this study are similar with Malaysian 

Dolomite catalyst, P1 reported by Mohammed 

et al. [15] in biomass gasification process. The 

main content of this Malaysian Dolomite are 

CaO (31.0 %), MgO (20.0 %), and small amount 

of undesirable impurities, such as: SiO2, MnO, 

K2O, Na2O, and Al2O3. The formation of CaO 

and MgO indicated that Malaysian Dolomite 

could convert triglycerides of WCO to long 

chain hydrocarbons in a gasoline and diesel 

range. Mohammed et al. [15] reported that 

these undesirable impurities combine with 

CaO to form a slag under elevated tempera-

Compounds (%) Malaysian Dolomite [15] 
Malaysian Dolomite 

(This study) 

SiO2 0.07 0.06 

Al2O3 0.04 0.02 

Fe2O3 0.07 0.08 

CaO 30.0 31.0 

MgO 21.0 20.0 

K2O 0.014 0.02 

Na2O 0.013 0.015 

P2O5 0.013 0.012 

MnO 0.01 0.04 

SrO 0.008 0.008 

TiO2 0.006 0.009 

SiO2 0.07 0.06 

Table 1. Chemical composition of Malaysian dolomite (%)  

Figure 2. Thermogravimetric analysis and deriv-

ative thermogravimetric curves of Natural Ma-

laysian Dolomite  

Co490

Co589

Co810
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tures resulted in a decreasing in pore volume 

and amount of available active site. 

 

3.3 Phase Change Analysis 

The XRD diagrams of Malaysian Dolomite 

before and after calcined are presented in     

Figure 3. After calcination at 900 °C under flow 

of nitrogen gas, the XRD pattern for calcined 

Malaysian Dolomite (CMD900) changed drasti-

cally compared to natural Malaysian Dolomite 

(NMD). New dominant peaks of CaO (JCPDS 

82-1691) and MgO (JCPDS 89-4248) were ob-

served due the formation of MgO-CaO form in 

XRD pattern of calcined Malaysian Dolomite 

(CMD900), which is the active catalytic compo-

nent in removing oxygen compounds. Whereas, 

the natural Malaysia Dolomite (NMD), in XRD 

pattern showed that all peaks correspond to the 

CaMg(CO3)2 (JCPDS 36-0426). While, the small 

additional peaks of SiO2 (JCPDS 35-0063), TiO2 

(JCPDS 76-0326) and Fe2O3 (JCPDS 89-0597) 

were also observed, occurring at 2θ of 28°, 72°, 

and 74°, respectively. All peaks were also ob-

served in research work conducted by Moham-

med et al. [15]. 

  
3.4 Surface Area and Total Pore Volume Analy-

sis 

The BET surface area, pore volume and    

average pore size for Natural Malaysian Dolo-

mite (NMD), calcined Malaysian Dolomite 

(CMD900), ZSM-5, HY-Zeolite, and Fluid Cata-

lytic Cracking (FCC) are summarized in Table 

2. The calcined Malaysian Dolomite generated 

an increase specific surface area and a decrease 

in the particle size during the decarbonation 

process. The surface area and pore volume of 

calcined Malaysian Dolomite (CMD900) has in-

creased from 2.25 m²/g to 12.02 m²/g and 0.06 

cm³/g to 0.24 cm³/g, respectively, due to thermal 

activation at 900 °C. Based on Mohammed et 

al. [15], the increasing of surface area and pore 

volume are possibly due to the high formation 

CaO and MgO content and removing of unde-

sirable impurities, such as: SiO2, MnO, K2O, 

Na2O, and Al2O3, in calcined Malaysian Dolo-

mite. A reduction of 58 % in average pore di-

ameter of calcined Malaysian Dolomite was ob-

served due to decomposition of carbonates  

mineral and the release of CO2 as represented 

in Equations (2) and (3). The increasing of sur-

face area are greater in FCC > HY-Zeolite > 

ZSM-5 > CMD900 > NMD, respectively. In-

creased surfaces area of the catalyst improves 

yield of pyrolysis oil due to increasing the rate 

of reaction by increasing the chances of colli-

sion between WCO molecules with the active 

site. Meanwhile, the average pore size is bigger 

in sequence of catalysts; NMD > CMD900 > 

FCC > ZSM-5 > HY-Zeolite. The bigger average 

pore size presence on surface area of catalyst, 

the higher possibility of coke formation due to 

the partial blockage of pores catalyst by carbon 

formation over the catalyst as shown in Table 

3. 

 

3.5 Surface Morphology Analysis 

Scanning Electron Microscopy (SEM) imag-

es at 10K, 30K, and 60K times of magnification 

for all catalysts are presented in Figure 4. The 

notably change in the external morphology of 

the Natural Malaysian Dolomite (NMD) and 

Calcined Malaysian Dolomite (CMD) were il-

Figure 3. X-ray diffraction pattern of Malaysi-

an Dolomite before and after calcination  

Characterization NMD CMD900 ZSM-5 HY-Zeolite FCC 

BET surface area (m²/g) 2.25 12.02 30.95 33.27 59.99 

Pore volume (cm³/g) 0.06 0.24 0.07 0.08 0.11 

Average pore diameter (nm) 109.41 63.07 1.22 1.22 2.41 

Determined by using BET analysis  

Table 2. Physicochemical properties of all catalysts  
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lustrated in Figure 4 (NMD-a, b, c & CMD-e, f, 

g). The micrograph in SEM analysis showed 

that natural Malaysian Dolomite have a rough 

and disordered surface with low porosity grain 

meanwhile, calcined Malaysian Dolomite shows 

cluster of tidy and higher porosity of grains on 

the surface. Simultaneously, the surface area 

and the pore volume of calcined Malaysian Do-

lomite increased significantly due to effect on 

thermal decomposition and activation at 900 

°C. Report by Yoosuk et al. [16], the increasing 

in surface area upon calcination has been at-

tributed to the formation of pores due to the ex-

pulsion of CO2 via the decarbonation of 

CaMg(CO3)2. Zeolite have found use in petrole-

um refineries almost 50 years ago due their 

high activity to hydrocarbon cracking coupled 

to shape selectivity provided by their pore 

structure and morphology [17]. They achieved a 

higher relative aromatics content which can in-

crease the product octane number by producing 

less gas. This can be seen from the composition 

profile of liquid hydrocarbon (Table 4) which 

can relate to high formation of aromatic con-

tent (ZSM5-6.51 % and HY-zeolite 3.28 %).  

Figure 4 (ZSM-5-g, h, i) shows a disordered 

hexagonal plate shape in calcined ZSM-5 with 

BET surface area around 30.95 m²/g and quite 

similar with BET surface area (33.27 m²/g) of 

calcined HY-Zeolite which have a smooth octag-

onal shape (HY-Zeolite-Figure 4-j, k, l). Cal-

cined FCC shows a fines spherical particle on a 

surface providing a highest BET surface area 

(59.99 m²/g) and pore volume (0.11 cm³/g as 

shown in Figure 4 (FCC-m, n, o). Moreover, 

FCC catalyst appears to be the bimodal pore 

size distribution arising from the combination 

of microporous and mesoporous structure [18]. 

As result, the performance of FCC catalyst ap-

pear significantly better than ZSM-5 and HY-

zeolite in yield of pyrolysis oil as presented in 

Table 3. 

 

3.6 Catalytic Pyrolysis of WCO 

The thermal and catalytic pyrolysis of 

Waste Cooking Oil (WCO) were conducted to 

scrutinize the performance of these catalysts in 

terms of the yield of Pyrolysis Oil and conver-

sion of WCO. The reaction without using cata-

lyst, known as thermal cracking, was also con-

ducted in this studies. The product distribution 

and conversion of WCO to pyrolysis oil (biofuel) 

were measured using mass balance in a unit 

weight percent (wt %). Based on product distri-

bution of WCO pyrolysis over various catalysts 

as shown in Figure 5 and Table 3, the pyrolysis 

using FCC catalyst generated high yield of py-

rolysis oil (25.10 wt%) followed by using ZSM-5 

(23.25 wt%) > CMD900 (13.37 wt%) > HY-

Zeolite (10.92 wt%). The presence of high sur-

face area and bimodal pore size distribution ex-

hibited by FCC catalyst [18] provide the effi-

cient access and molecular transport of WCO 

into FCC active site under mild operation con-

dition.  

Meanwhile, in thermal pyrolysis reaction, 

the yield of pyrolysis oil was very low (1.73 

wt%). This shows that catalytic pyrolysis is 

faster and more selective than thermal crack-

ing which allows working under milder reac-

tion condition and hence maximizing the pro-

duction of liquid fraction. The FCC and HY-

Zeolite shows a higher conversion of WCO fol-

lowed by ZMS-5, Thermal, and CMD900. Large 

average pore diameter of a catalyst can lead to 

faster catalyst deactivated due to large quanti-

ty of coke formation on the catalyst surface 

during the pyrolysis process.  

The deactivation of the catalyst activity will 

affect the conversion of WCO to pyrolysis oil in 

a range of gasoline, kerosene and diesel. In  

catalytic pyrolysis of WCO using CMD900, the 

yield of pyrolysis oil was greater than commer-

cial catalyst, HY-Zeolite due to high presence 

of CaO-MgO phase. As reported by Srinakru-

Catalysts Thermal CMD900 ZSM-5 HY-Zeolite FCC 

Conversion of WCO (wt%) 38.00 35.99 44.33 51.66 51.00 

Liquid Product (wt%) 2.00 21.23 25.28 12.47 27.99 

Pyrolysis Oil (wt%) 1.73 13.37 23.25 10.92 25.10 

Soap Formed (wt%) 0.00 4.84 0.00 0.00 0.00 

Acid Phase (wt%) 0.27 3.02 2.03 1.55 2.89 

Gas Product (wt%) 36.00 14.76 19.05 39.19 23.01 

Coke (wt%) 62.00 64.01 55.67 48.34 49.00 

Table 3. Catalytic performance of various catalyst in the thermal and catalytic pyrolysis of WCO un-

der mild reaction condition (390 °C, 30 minutes, N2 = 100 cm3/mins)  
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Figure 4. Scanning Electron Microscopy (SEM) images at 10k, 30k and 60k times magnification for all 

catalysts  

  

 

  

 

  

 
Natural Malaysian Dolomite (magnification x10k, 30k & 60k) 

  

 

  

 

  

 
Calcined Malaysian Dolomite (NMD) (CDM900) (magnification x10k, 30k & 60k) 

  

 

  

 

  

 
Calcined ZSM-5 (magnification x10k, 30k & 60k) 

  

 

  

 

  

 
Calcined HY-Zeolite (magnification x10k, 30k & 60k) 

  

 

  

 

  

 
Calcined HY-Zeolite (magnification x10k, 30k & 60k) 
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ang et al. [19], the dolomite would only be ac-

tive in the calcined form (CaO-MgO), whereby 

the transformation occurred around 850 °C un-

der atmospheric pressure. Waste cooking oil 

contains high free fatty acid content than the 

fresh cooking oils. Hence, it is known that high-

er free fatty acid contents will lead to formation 

of soap. The small formation of soap (salt) as by 

product was found in these reaction, possibility 

created by hydrolysis (saponification) of fatty 

acid with the base catalyst. The finding was 

similar with Maher and Bressler [20], the salt 

(soap) was produced when CaO was first react-

ed with fatty acid which was then further de-

composed into hydrocarbons and by product. 

The yield of pyrolysis oil would be reduced as a 

result of the soap formation during the pyroly-

sis process as shown in Table 3. However, 

based on various catalysts used, CMD900 still 

show potential catalyst to be used in converting 

triglyceride-WCO into high quality of biofuel in 

the range of gasoline, kerosene and diesel. 

 

3.7 Chemical Composition of Pyrolysis Oil and 

Gas 

3.7.1 Hydrocarbon group analysis 

The composition of pyrolysis oil using differ-

ent type of catalysts in catalytic pyrolysis can 

be determined by comparing the GC-MS peak 

area % of hydrocarbon and oxygenated com-

pound as shown in Figure 6. Based on the re-

sult, pyrolysis oil produced by using CMD900 

as catalyst shows high amount of hydrocarbon 

with 76.51 % and lower amount of oxygenated 

compound (23.49 %). The CMD900 shows a 

great ability to remove the oxygenated com-

pounds and convert them into CO2, CO, H2O, 

and mixture of free oxygen hydrocarbon due to 

formation of CaO-MgO phase. This is in agree-

ment with Asikin-Majid et al. [10] where the 

researchers reported that Ca based catalyst 

acted as deoxygenation catalyst due to its rela-

tively high capacity in removing oxygenated 

compound in the form of CO2 and CO under de-

carboxylation and decarbonylation reaction re-

spectively. Moreover, as reported by Taufiq 

Yap et al. [14], the presence of CaO phase in 

the Dolomite gave additional advantages in tar 

cracking and CO2 absorption. Meanwhile, the 

presence of MgO phase would enhance the 

strength of dolomite particle structure, which 

provides additional void space and a continu-

ous free passage for CO2 diffusion to the interi-

or dolomite catalyst [21,22]. Figure 7 shows to-

tal composition of hydrocarbon chain length 

from C8-C24 determined by peak area % of GC-

MS.  

Based on the result, high yield of hydrocar-

bon chain length from C8-C24 was found in the 

pyrolysis oil using CMD900 followed by Ther-

mal > ZSM-5 > HY-Zeolite > FCC. Even though 

the yield of pyrolysis oil using CDM900 was 

lower, the quality of this pyrolysis oil was ex-

tremely good due to basicity of active sites from 

CDM900 which made the absorption of CO2 

gas during deoxygenation reaction was more 

effective in CaO-MgO phase in CMD900. In ad-

dition, based on the composition profile of liq-

uid hydrocarbon as shown in Table 4, the pres-

ence of straight alkane and alkene in pyrolysis 

oil using CMD900 was higher with 23.71 % al-

kane and 35.09 % alkene.  

The formation of branch alkanes in 

CMD900 product was also higher compared to 

others and the formation of long chain alkanes 

into these branched alkanes was the final step 

to enhance the fuel quality. It was known long 

Figure 5. Product distribution in thermal and 

catalytic pyrolysis of WCO  

Figure 6. The composition of pyrolysis oil us-

ing different catalysts in Catalytic                 

Pyrolysis reaction of WCO  
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ago that straight hydrocarbons are prone to in-

duce engine knock (uncontrolled combustion) 

than highly branched or cyclic compound. This 

is due to straight hydrocarbon contain lower oc-

tane number making them burns so poorly in 

engines. The more branched hydrocarbon is, 

the higher the octane number. The small for-

mation of cycloalkane, cycloalkene, diene, al-

kyne and aromatic could be observed in the 

composition of pyrolysis oil using all commer-

cial catalysts especially ZSM-5 which favored 

aromatic rich liquid hydrocarbon production. 

Meanwhile, the CMD900 produced not only a 

low formation of oxygenated compound but also 

generated a low amount of aromatic hydrocar-

bon content in the pyrolysis oil compared to the 

others. This is considered an advantage be-

cause of the carcinogenic effect from aromatics 

compound in fuels as targeted by ‘European 

Programme on Emission Fuels and Engine 

Technologies’ to reduce benzene content of fuel.  

The pyrolysis oil generated form WCO py-

rolysis using commercial catalyst, such as: 

FCC, ZSM-5, or HY-Zeolite, contains high 

amount of carboxylic acid group in oxygenated 

compound which slightly increase acid value of 

pyrolysis oil. The high acid value was obtained 

with the presence of large amount of carboxylic 

acid group in oxygenated compound as shown 

in Table 5. The acid value of pyrolysis oil gen-

erated from non-catalytic WCO pyrolysis was 

found higher compared to catalytic WCO pyrol-

ysis with thermal (186 mg KOH/ g) > ZSM-5 

(156 mg KOH/ g) > FCC (151 mg KOH/ g) > 

HY-Zeolite (129 mg KOH/ g) > CMD900 (33 mg 

KOH/ g). Acid value of pyrolysis oil decrease to 

16 until 82 % with the presence of acid and 

base catalyst, respectively. As reported by Wig-

gers et al. [9], the cracking oils using acid cata-

lyst exhibited a high carboxylic acid content 

(higher acid value) which gave a large effects 

on the corrosion value, cold filter plugging 

point and freezing point of pyrolysis oil. 

The degree of selectivity for each catalyst 

towards gasoline, kerosene and diesel range 

obtained from deoxygenation reaction of WCO 

is shown in Figure 8. The selectivity was se-

lected based on carbon number of hydrocarbon 

content in pyrolysis oil. Based on the result 

shown in Figure 8, pyrolysis oil generated     

using CMD900 and thermal were mostly in 

light hydrocarbon which is in the gasoline 

range carbon number.  

Catalyst 
Total Hydrocar-

bon Product (%) 

Alkane 

(%) 

Cycloalkane 

(%) 

Alkene 

(%) 

Cycloal-

kene (%) 

Diene 

(%) 

Alkyne 

(%) 

Aro-

matic 

(%) 

Thermal 64.27 17.39 6.73 27.37 5.37 0.06 0.89 6.46 

CMD900 76.51 23.71 10.22 35.09 4.67 0.77 0.48 1.57 

ZSM-5 51.99 21.46 6.86 15.58 1.58 0.00 0.00 6.51 

HY-Zeolite 51.94 26.01 4.09 14.73 2.55 0.32 0.96 3.28 

FCC 48.70 21.65 5.05 16.51 2.68 0.69 1.20 0.92 

Table 4. Composition profile of liquid hydrocarbon in pyrolysis oil  

Figure 7. Total composition of hydrocarbon 

chain length from C8-C24  
Figure 8. Selectivity in liquid hydrocarbon 

product produced in catalytic pyrolysis of WCO  
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This is in agreement with Asikin-Majid et 

al. [10], in which the selectivity study where 

thermal reaction or CaO catalyzed reaction 

with triolein generates large fraction of light 

hydrocarbon in a range of C6-C16. Meanwhile, 

the commercial catalyst yielded pyrolysis oil 

with more on diesel range product. The product 

with high carbon number or high molecular 

weight resulted in high filter plugging point 

and high freezing point. Junming et al. [7] re-

ported that the molecular weight had close re-

lationship to the cold flow properties. 

 

3.7.2 Functional group analysis 

Fourier Transform-Infrared Spectroscopy 

(FT-IR) analysis in Figure 9 was performed to 

study the chemical functional groups exhibited 

in WCO and pyrolysis oil generated using dif-

ferent type of catalysts. The FT-IR spectra of 

WCO presented in four extremely broad ab-

sorption peak at 2925 cm-1 and 2855 cm-1, 1746 

cm-1, and 1163 cm-1 which attributed to stretch-

ing absorption of C–H bond attached to the car-

bon atom in the palmitic acid and oleic acid, ab-

sorption of glyceride carbonyl group (C=O) and 

C–O group from ester bond, respectively. The 

summary of IR absorption characteristic for py-

rolysis oil is presented in Table 6 [11,23,24].  

The appearance of new peaks of C≡C at 

2305 cm-1, C–O stretching at 1286 and 1236  

cm-1, and O–H bending at 909 cm-1 in the pyrol-

ysis oil indicated the presence of alkyne and 

carboxylic acid in a small amount. The broad 

absorption peak at 1746 cm-1 and 1163 cm-1 for 

the C=O and C–O stretching in carboxylic acid 

were obviously observed in WCO spectra which 

could be referred as progress of deoxygenation 

cracking reaction. Furthermore, a slight shift 

in FT-IR Spectra peak at 1714 cm-1 [10] and 

1105 cm-1
 in pyrolysis oil denoted the C=O 

stretching and C–O stretching of carboxylic   

acid. The lower intensity of these two absorp-

tion peaks was due to dwindling amount of car-

boxylic acid in the pyrolysis oil generated in 

catalytic WCO pyrolysis reaction. The appear-

ance of phenol and alcohol could be observed at 

absorption peak at 3416 cm-1 in pyrolysis oil ac-

cording to Tanneru and Steele [23]. 

 

3.7.3 Gas composition analysis 

GC-TCD was used to analyze the composi-

tion of gas produced from catalytic pyrolysis of 

WCO. The gas produce was collected using the 

Tedlar gas bags equipped with rubber septums 

for certain reaction time at certain tempera-

ture. The nitrogen gas was used as a carrier 

gas in order to give an oxygen-free condition. 

Based on the result in Table 7, the general 

composition gas such as H2, O2, CO, CH4, and 

CO2 could be detected by using GC-TCD meth-

od analysis.  

As reported by Dandik and Aksoy [25], the 

gaseous product generated from catalytic pyrol-

ysis of Canola oil consisted of H2, CO and CO2­ 

in addition to saturated and unsaturated hy-

drocarbons consisting mostly of those in the C1-

C3 range. The gaseous product consisted of 

Catalyst 
Total Oxygenat-

ed Product (%) 
Ester (%) 

Carboxylic 

Acid (%) 

Ketone 

(%) 

Alcohol 

(%) 

Others 

(%) 

Thermal 35.73 0.64 23.17 1.86 7.96 2.10 

CMD900 23.49 2.61 3.10 6.82 4.71 6.25 

ZSM-5 48.01 0.25 35.23 2.00 9.98 0.55 

HY-Zeolite 48.06 0.12 31.76 0.94 13.82 1.42 

FCC 51.30 0.82 34.18 2.66 11.32 2.32 

Table 5. Composition profile of oxygenated compound in pyrolysis oil  

Figure 9. FT-IR spectra result for WCO and 

pyrolysis oil  
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high amount of CO2 could be observed in 

CMD900 > ZSM-5 > Thermal > HY-Zeolite > 

FCC. Whereas CO content was higher in ZSM-

5 > Thermal > HY-Zeolite > CMD900 > FCC. 

These two gases namely CO2 and CO were pro-

duced during the decarboxylation and decar-

bonylation of WCO occurred during the pyroly-

sis process. These reactions could obviously be 

observed in composition profile of pyrolysis oil 

using CMD900 due to lower amount of oxygen-

ated compound present in Table 5. 

 

4. Conclusion 

Malaysian Dolomite Catalyst (CaMg(CO3)2) 

is a potential deoxygenation catalyst for pro-

ducing biofuel in lighter hydrocarbon (C8-C24) 

via catalytic pyrolysis of WCO. The calcination 

with flow of N2 ­gas at 900 °C, was successfully 

formed the MgO-CaO phase leading to increase 

catalyst physicochemical properties and capa-

bility to absorb more CO2 resulting in lower ox-

ygenated compound (23.49 %) and higher con-

tent of liquid hydrocarbon (C8-C24, 76.51 %) 

present in pyrolysis oil. The alkane and alkene 

compounds are observed in the pyrolysis oil 

through deoxygenation of triglyceride where 

oxygen content is eliminated via decarboxyla-

tion and decarbonylation. In the decarboxyla-

tion of heavy oxygenated compounds, alkanes 

and CO2 are produced, whereas alkenes, water 

and CO are produced in the decarbonylation 

reaction.  
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