
Int. Journal of Renewable Energy Development 9 (2) 2020: 159-166 
  P a g e  |  

	

© IJRED – ISSN: 2252-4940.All rights reserved 

159 

 Contents list available at IJRED website 
 
Int. Journal of Renewable Energy Development (IJRED) 
 
Journal homepage: http://ejournal.undip.ac.id/index.php/ijred 

 

 
Generating Organic Liquid Products from Catalytic Cracking of 

Used Cooking Oil over Mechanically Mixed Catalysts  

Khajornsak Onlamnao, Sanphawat Phromphithak, Nakorn Tippayawong* 
 

Department of Mechanical Engineering, Faculty of Engineering, Chiang Mai University, Chiang Mai 50200 Thailand 

 

ABSTRACT. Used cooking oil is unsuitable to use again in the food process, but it may be harnessed as raw material in biofuel production. 
In this work, used palm oil was reacted via cracking over mechanically mixed catalysts between ZSM-5 and Y-Re-16 to generate organic 
liquid products (OLP). The catalysts used were known for high acidity and low cost for decomposition, degradation, and deoxygenation of 
triglycerides. The cracking experiments were conducted in a flow reactor. The experimental variables included reaction temperature 
between 300-500 °C, catalyst loading between 5-20 % w/w, and ratio of mixed catalyst between ZSM-5 and Y-Re-16 from 0-100 % w/w. 
They were set via response surface methodology and central composite design of experiments. Both catalysts showed good cracking 
reaction. The optimum condition for generating the OLP of about 85 % w/w was found at 300 °C, 5 % catalyst loading, 97 % ratio of mixed 
catalyst. The OLPs with different short-chain hydrocarbons between C7-C21 were identified. The main components were 71.43% of diesel, 
12.11% of gasoline, and 8.95% of kerosene-like components. ©2020. CBIORE-IJRED. All rights reserved 
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1. Introduction 

Major energy sources utilized in the world are from fossil 
fuels (coal, petroleum, natural gas, bitumen, tar sands, and 
heavy oils) .  They are hydrocarbon- containing materials 
from biological origins millions of years ago.  Burning of 
fossil fuels is the main reason to produce greenhouse effect 
(Karmaker et al. , 2020)  because it releases gas pollutants 
such as carbon dioxide ( CO2) , carbon monoxide ( CO) , 
sulfur-containing, and nitrogen oxide (NOX) (Crabbe et al., 
2001). Finite nature of fossil fuels provokes the 
determination to search for alternative fuels.  Hence, a 
good alternative fuel should be in comprehensive with 
energy conservation, sustainable development, and more 
importantly environmental preservation.    

Biofuel is an interesting alternative energy.  It can be 
produced from wastes such as animal fats and vegetable 
oils (Syah Putra et al. 2014; Suwannapa and Tippayawong, 
2017) .  The waste cooking oil from food industry has been 
generated in a large quantity per year. These vegetable oils 
cannot be used directly in engine because they had poor 
properties; high viscosity, and lower volatility ( Rathore et 
al. , 2016) .  The vegetable oils may need transformation to 
biofuel, which can be upgraded in many ways. 
Transesterification is a common process to produce 
biodiesel (Al Sharifi and Znad, 2019). It changes fatty acid 
and triglycerides into ethyl/methyl esters by esterification 
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and transesterification with short- chain alcohols ( Pascoal 
et al. , 2020) .  Although it is widely used in biodiesel 
production, it has to use perilous catalysts and solvents 
(Nguyen et al., 2019).  

Hydrocracking process is a general refining technique 
to remove hazardous compounds such as nitrogen, sulfur 
and oxygen (Li et al., 2019), but it requires high hydrogen 
pressure and high catalyst quality.  Pyrolysis is a method 
to crack heavy oil molecules at high pressure, high 
temperature, and low oxygen without catalyst (Khuenkaeo 
and Tippayawong, 2018; 2020) .  The liquid fuel from 
pyrolysis of hydrocarbon is low in quality and volume. 
Moreover, general products of this process have a lot of 
oxygen and water content (Prasertpong and Tippayawong, 
2019) and inconstancy (Maher and Bressler, 2007).  

Catalytic cracking is a process that can be applied to 
convert viscous raw materials into lighter products 
( Jaroenkhasemmeesuk et al. , 2018) .  The process of 
cracking vegetable oils can be explained in two stages 
known as primary and secondary cracking.  The primary 
cracking is breaking triglycerides by the formation of acid 
on catalysts through the decomposition of triglyceride 
molecules which occurs on C–O bonds within the glyceride 
part.  The secondary cracking is characterized by 
degradation of the primary cracking products leading to 
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hydrocarbons with properties similar to petroleum 
products.  

Various catalysts have been studied to produce 
hydrocarbons from oils and fats. Zeolite has been reported 
as a main catalyst for biofuel production (Benavides et al., 
2017; Zhao et al., 2015; Khammasan et al., 2018). Emori et 
al.  ( 2017)  studied liquid fuel production from soybean oil 
with catalytic cracking using ZSM-5 zeolite under H2 flow. 
The result showed that ZSM-5 zeolite was a good catalyst. 
The gas flow was found to affect amount of liquid products. 
The advantage of ZSM- 5 is its high flexibility since the 
ratio of the additive to the catalysts can range widely from 
0.8 to 12 %  w/w (Schipper et al. , 1988) .  Y-zeolite catalyst 
was accepted to be effective at deoxygenating biomass 
derived molecules ( Hosseinpour et al. , 2009; Corma et al. , 
2007) .  Zheng et al. ( 2017)  synthesized ultra- stable Y 
zeolites for jatropha seed oil catalytic cracking process. The 
Y zeolite affected octane number and quantity of obtained 
products.  

Khammasan and Tippayawong (2018) reported 
catalytic cracking of beef tallow using ZSM-5 to generate a 
light liquid fuel. The highest liquid conversion of 73 % w/w 
was obtained at 443 °C, 60 min and catalyst loading of 6.3 
% w/w. Jaroenkhasemmeesuk (2017) compared the yield of 
light oil product from catalytic cracking of bio-oil using the 
single catalyst as ZSM-5 and mechanically mixed catalysts 
(ZSM-5 and Y-Re-16). The result showed that using ZSM-
5 and Y-Re-16 could produce more light oil yield than using 
a single ZSM-5, increasing to 75.63% from 66.82% of light 
oil yields.  The ZSM-5 and Y-zeolite catalysts proved to be 
good at cracking oils, which can decompose and degrade 
heavy molecular compounds.  To the authors’  knowledge, 
research studies on producing biofuel via cracking of used 
cooking oils (UCO) with mixed catalysts remain scare.  

In this work, catalytic cracking of used palm oil over 
mechanically mixed catalysts between ZSM-5 and Y-Re-16 
was carried out.  Influences of temperature, catalyst 
volume, and ratio of mixing catalysts were investigated via 
statistical design of experiments.  The optimum operating 
conditions were evaluated via response surface 
methodology (RSM) combine with central composite design 
( CCD) .  The liquid products were also characterized for 
important physical and chemical properties. 

2. Materials and Methods 

2.1 Raw materials  
UCO was collected from a canteen of Chiang Mai 
University. Chemicals were supplied from ACS Material 
including hexane (C6H14), acetone (C3H6O), 
dichloromethane (CH2Cl2), and catalysts. The Y-Re-16 and 
ZSM-5 catalysts characteristics are shown in Table 1. 

2.2 Experiment setup and procedure 
The experimental setup consists of three main parts; 
evaporation, reactor, and condensation, shown in Fig. 1. In 
the evaporation part, 380 W heating mantle was used for 
heating substrate in 1000 mL flask. The reactor made from 
stainless steel (70 mm in diameter, length of 150 mm, 
thickness of 5 mm), was wrapped around by two-band 
heater (1 kW for each). The catalysts were placed in the 
middle socket of the reactor. The condensation part was 

composed of a dry-ice condenser trap and coil condenser 
that held temperature at -32 °C and 40 °C, respectively. 

 
Table 1  
Characteristics of ZSM-5 and Y-Re-16 

Appearance ZSM-5, solid Y-Re-16, solid 
Shape Cylinder Pellet 
Dimension 2 mm diameter,  

2-10 mm long 
2- 3 mm diameter, 
10-20 mm long 

SiO2/Al2O3 ratio 38 5 
Pore volume ≥ 0.25 cm3/g 0.3-0.5 cm3/g 
BET surface area ≥ 250 m2/g ≥ 620 m2/g 

 
Fig. 1 Schematic of the experimental setup 

The ZSM-5 and Y-Re-16 catalysts were prepared by 
calcination at 350 °C for 4 h in an oven for removing 
moisture, similar to that reported in 
Jaroenkhasemmeesuk et al., (2017). The active catalysts 
were then placed in the middle socket of the reactor. For 
catalyst mixture preparation, ZSM-5 and Y-Re-16 were 
mixed via mechanical stirring for 30 min. The UCO was 
cleaned by washing with water, then filtered by 125 mm-
diameter filter paper. After that, the UCO was heated at 
105 °C for 30 min to remove moisture. All experiments 
used 100 g of UCO, which was added to the flask. The UCO 
was heated and allowed to vaporize at 250 ๐C. Its weight 
loss rate was monitored and found to be about 1 g/min of 
evaporation rate. The UCO vapor flew through stainless 
steel pipe (5 mm of diameter) into the reactor, where it was 
heated up to the preset temperature. The UCO vapor 
reacted with the catalysts to generate gas, with a gas 
hourly space velocity of about 0.166 h-1. The reacted oil 
vapor was cooled down through the condenser systems and 
collected in the form of organic liquid product (OLP). The 
yield of OLP was calculated as; 

YOLP = mOLP

mi
 x 100%    (1) 

where YOLP is the OLP yield (% w/w), mOLP is the OLP mass 
(g), and mi is the mass of the raw material (g). 
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2.3 Experimental design 

The operating variables selected were temperature ( XT) , 
catalyst loading (XC), and ratio of catalyst mixture between 
ZSM- 5 and Y- Re- 16 ( XM) .  In this study, the catalysts 
loaded consists of two types ( ZSM- 5 and Y- Re- 16) .  The 
catalyst loading is defined as the ratio between the total 
mass of catalyst and the mass of UCO. The ratio of catalyst 
mixture is defined as the ratio between mass of ZSM-5 and 
the total mass of catalyst. They are shown as Eqs.(2), and 
( 3) .  The RSM combined with CCD was used for design 
experimental of the variables as shown in Table  2. There 
were discussed at 5 levels, code –α, -1, 0, +1, and + α (α is 
equal to 2). The total number of experiment was 20, shown 
in Table 3.  The organic liquid yield was used to indicate 
the best condition. Minitab was used to analyze the result 
of organic liquid yield for finding a regression second-order 
polynomial model, main effects, interaction effects and the 
highest organic liquid yield.  The relationship of four 
variables was presented by regression second- order 
polynomial model as shown in Eq. (4). 

XC = "#
"$%&

       (2) 

XM = "'()*+
"#

      (3) 

Y = k0 + kTXT + kCXC + kMXM + kTCXTXC + kTMXTXM 
      + kCMXCXM + kTTXTT + kCCXCC + kMMXMM  (4) 

where mc, mUCO, and mZSM-5 are the catalyst, used cooking 
oil, and ZSM-5 catalyst mass (g). Y is the predicted yield of 
the OLP, k0 is model constant; XT, XC, and XM correspond 
to temperature, catalyst loading, and ratio of catalyst 
mixture; kT, kC, kM are linear coefficients; kTT, kCC, and kMM 
are the quadratic coefficients; and kTC, kCM, and kTM are 
the cross product coefficients, respectively. 
 
2.4 Analysis of optimized OLP  

The OLPs obtained at the optimum condition were 
analyzed using gas chromatography and mass 
spectrometry (GC-MS)  at Science and Technology Service 
Center, Faculty of Science, Chiang Mai University.  The 
main components of the OLP were classified into three 
main groups; gasoline( C7- C11) , kerosene( C12- C15) , and 
diesel(C16-C21) like hydrocarbons (Khammasan et al., 2018; 
Maher and Bressler, 2007) .  The selectivity was estimated 
as; 

S = ",--	/0	#/1#23124	53/46#7
",--	/0	7/7,8	53/46#7

 x 100%    (3) 

Physical properties of the OLP were analyzed using 
similar standard procedures used for bio-oil (heating value 
and viscosity). The heating value of the OLP was 
determined by ASTM D240 and the viscosity was 
measured based on ASTM D445. 

3. Results and Discussion 

In this study, the products from the catalytic cracking of 
UCO were liquid, solid residue, and gas. The liquid product 

was focused and it was analyzed; viscosity, higher heating 
value, and the chemical composition 

3.1 Effect of ZSM-5 and Y-Re-16 catalysts  

Fig. 2 shows the OLPs produced from thermal and 
catalytic cracking of UCO. Three main components based 
on their carbon number including gasoline (C7-C11), 
kerosene (C12-C15), and diesel (C16-C21) were illustrated. 
The main composition from thermal cracking was 73.6 % 
diesel, which was long-chain and high molecular weight 
hydrocarbons. The catalyst cracking with ZSM-5 and Y-Re-
16 shows good results. It can be observed that gasoline and 
kerosene increased more from catalytic cracking than 
thermal cracking. The ZSM-5 and Y-Re-16 catalysts 
showed both primary and secondary cracking. It was 
expected that the diesel corrected from primary cracking 
on carbonyl group of triglycerides, gasoline and kerosene 
may be received by the secondary cracking of the primary 
cracking product. It was shown that the ZSM-5 and Y-Re-
16 were significant in generating the light hydrocarbon 
fuels. 
 

 
Fig. 2  Main composition of OLP from cracking with/without ZSM-
5 and Y-Re-16 
 
 
3.2 OLPs from catalytic cracking of UCO 

The results from catalytic cracking of UCO are shown in 
Table 3 against test conditions designated from the 
statistical design. The organic liquid yield obtained was 
between 70.4 to 83.9 % w/w. Each catalyst can produce 
more light oils from cracking. When both were used in 
catalytic cracking, they can increase the yields of OLPs 
and short chain hydrocarbons. The significant parameters 
and model were analyzed statistically by ANOVA with 95 
% confidence level. The p-value and f-value identify the 
influence level of each parameter (Yin et al., 2012).The 
significant parameters were present as smaller p-value 
and higher f-value (Istadi et al., 2006). At 95 % confidence 
level, p-value under 0.05 and high f-value represent the 
large effect factors (Mazaheri et al., 2010). The result of 
ANOVA analysis is shown in Table 4. A good correlation 
between the experiment and the prediction was apparent 
with R2 = 0.91. It indicates that exceptional acceptance 
between experiment and predicted OLP yields. 
 
 



Citation: Onlamnao, K., Phromphithak, S., and Tippayawong, N. (2020) Generating organic liquid products from catalytic cracking of used cooking oils over mechanically mixed 
catalysts. Int. Journal of Renewable Energy Development, 9(2),157-166, doi: 10.14710/ijred.9.2.157-166 

P a g e  |  
 

© IJRED – ISSN: 2252-4940. All rights reserved 

162 

Table 2  
Parameter and levels used of experimental design 

 
Table 3  
OLP yields as a function of temperature, catalyst loading and ratio of mixed catalyst. 

Test Condition OLP yield 
(%w/w) 

Predicted 
yield of OLP 

(%w/w) 

Difference 
(%) 

XT (°C) XC (%w/w) XM (%w/w) ZSM-5 
(%w/w) 

Y-Re-16 (%w/w)  

1 350 8.75 25 2.1875 6.5625 82.92 83.36 0.53 
2 450 8.75 25 2.1875 6.5625 80.15 77.31 -3.54 
3 350 16.25 25 4.0625 12.1875 79.98 79.21 -0.96 
4 450 16.25 25 4.0625 12.1875 75.30 73.15 -2.86 
5 350 8.75 75 6.5625 2.1875 83.99 83.36 -0.75 
6 450 8.75 75 6.5625 2.1875 75.59 77.31 2.28 
7 350 16.25 75 12.1875 4.0625 81.09 79.21 -2.32 
8 450 16.25 75 12.1875 4.0625 73.42 73.15 -0.37 
9 400 12.5 50 6.25 6.25 78.55 78.26 -0.37 
10 400 12.5 50 6.25 6.25 79.53 78.26 -1.60 
11 400 12.5 50 6.25 6.25 80.59 78.26 -2.89 
12 400 12.5 50 6.25 6.25 76.24 78.26 2.65 
13 300 12.5 50 6.25 6.25 82.81 84.31 1.81 
14 500 12.5 50 6.25 6.25 70.35 72.20 2.63 
15 400 5.0 50 2.5 2.5 83.15 82.41 -0.89 
16 400 20 50 10 10 72.97 74.10 1.55 
17 400 12.5 0 0 12.5 75.70 78.26 3.38 
18 400 12.5 100 12.5 0 77.14 78.26 1.45 
19 400 12.5 50 6.25 6.25 78.74 78.26 -0.61 
20 400 12.5 50 6.25 6.25 79.72 78.26 -1.83 

 
Table 4.  
ANOVA for OLP yield. 

Source DF Adj SS Adj MS F-Value P-value Comment 

Model 10 240.818 24.082 9.110 0.001  
Blocks 1 5.789 5.789 2.190 0.173  

XT 1 146.660 146.660 55.500 0.000 Significant 
XC 1 68.963 68.963 26.100 0.001 Significant 
XM 1 0.117 0.117 0.040 0.838 Insignificant 

XT*XT 1 2.632 2.632 1.000 0.344 Insignificant 
XC*XC 1 0.037 0.037 0.010 0.908 Insignificant 
XM*XM 1 3.319 3.319 1.260 0.291 Insignificant 
XT*XC 1 0.173 0.173 0.070 0.804 Insignificant 
XT*XM 1 9.299 9.299 3.520 0.093 Insignificant 
XC*XM 1 0.924 0.924 0.350 0.569 Insignificant 

Error 9 23.782 2.642    
Lack-of-Fit 5 12.947 2.589 0.960 0.532  
Pure Error 4 10.835 2.709    

Total 19 264.601        

Parameters Level 
- α  -1 0 +1 + α 

Temperature, XT (๐C) 300 350 400 450 500 
Catalyst loading, XC (%w/w) 5 8.75 12.5 16.25 20 
Ratio of catalyst mixture, XM (%WZSM-5/Wcatalyst loading) 0 25 50 75 100 
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To improve the model, insignificance terms were 
eliminated.  The ANOVA result showed two linear 
significant terms; temperature ( XT)  and catalyst 
loading( XC) , while the square and interaction terms were 
insignificance.  The model was re- analyzed to create a 
revised model.  The new predicted equation model of the 
OLPs yield is shown in Eq. (5), 

Y = 109.40 - 0.06055XT - 0.554XC   (5) 
 
where Y = OLPs yield (%w/w); XT = temperature (oC); XC = 
catalyst loading (%w/w); and XM = ratio of catalyst mixture 
( % w/ w) .  The predicted equation was determined by 
backward elimination and multi- regression from the data 
of experiments.  The polynomial model for the organic 
liquid yield was regressed by considering only the 
significant term.  The optimum condition of the experiment 
was solved using Minitab software. At the predicted 
optimum condition (300 ๐C, and 5 % w/w catalyst loading), 
the highest OLP yields were 88.6 and 84.8 % for predicted 
and average experimental values, respectively.  

Also shown in Table 3, predicted OLP yields were 
within 3. 5%  of the experimental values for all cases.  The 
predicted and experimental values were comparable with 
marginal difference.  The surface plot used to present the 
relation between OLP yield with temperature and catalyst 
is shown in Fig.  3.  The significant terms are temperature 
and catalyst.  They are in linear relationships to the OLP 
yields where maximum occurs at low temperature and 
catalyst loading.  

 
Fig. 3 Surface plot of the reduced model 

 
Fig. 4  Main effects on the OLP yields 

The main effect is shown in Fig.  4 Temperature and 
catalyst loading were observed to be significant. From, Fig 
4( a) , high temperature had a negative effect on the OLP 
yield because increasing temperature led to higher light oil 
vapor.  Some light oil was unable to condense into OLPs 
( Rofiqulislam et al. , 2008) .  Effect of catalyst loading is 
presented in Fig.  4( b) .  Increasing catalyst loading was 
found to decrease the OLP yield possibly from coke 
formation. The coke formation affected surface area on the 
catalyst (Kim et al. , 2020) .The ratio of mixed catalyst did 
not show strong effect within the range of condition 
studied as shown in Fig 4( c) .  Both ZSM- 5 and Y- Re-16 
catalysts can produce light oil from cracking of long- chain 
hydrocarbons to short chain hydrocarbons.  The OLP yield 
was found to increase at 50%  mixed catalyst.  It seemed 
that different structures of catalysts can improve cracking 
reaction, however, it had relatively lower effect than other 
parameters. 

Although the interaction effects are statistically 
insignificant, Fig. 5 implied the interaction of three 
operating parameters on the OLP yield.  The effect of 
temperature with the catalyst loading on the OLP yield is 
shown in Fig. 5 (a). It was found that these parameters did 
not affect the OLP yield much within the range of condition 
studied.  Similarly, the effects of the mixed catalyst with 
the temperature on the OLP yield and the catalyst loading 
are shown in Fig.  5(b)  and Fig.  5(c) , respectively.  Both of 
them displayed the result in similar fashion.  

3.3 Analysis of the OLP 

 The OLP obtained at the optimum condition was analyzed 
for chemical composition, viscosity, and higher heating 
value via GC- MS, ASTM- 445D, and ASTM- 240D, 
respectively.  The result of physical analysis is shown in 
Table. 5. The result of chemical analysis is shown in terms 
of the number of carbon atom in Fig.  6.  The main 
components in the UCO were triglycerides consisting of 
the glycerol and the fatty acids.  The fatty acid part shows 
C12 –  C24 detected, in which C16 and C18 were the major 
components.  Meanwhile, the OLP contained lighter 
molecular weight and short- chain hydrocarbons, 
consisting of C9 –  C18.  It was indicated that thermal 
cracking reaction began at the optimized condition with 
relatively low temperature ( 300 oC)  using only small 
amount of catalysts (5 %w/w), leading to decomposition of 
triglycerides  to light fatty acids (Mancio et al., 2016). The 
catalyst mixture ratio of 97 %  w/ w at the optimum 
condition implied that Y-zeolite did not significantly affect 
the OLP yield.  This was because its large pore size may 
have affected coke and non-condensable gases in the UCO 
( Mante et al. , 2014) .  The ZSM- 5 was more effective in 
generating light liquid products. 

The chemical components in the OLP may be 
classified into five groups, including alicyclic hydrocarbon, 
paraffins, olefins, ketones, and carboxylic acids.  Fig. 7 
shows the percentage of the component groups in the OLP 
consisting of carboxylic acids ( ~76% ) , olefins ( ~9% ) , 
alicyclic hydrocarbons (~7%), paraffins (~6%), and ketones 
( ~1% ) .  The major component in the OLP was carboxylic 
acid, which was expected from the primary cracking. There 
were a small amount of secondary cracking organic liquids 
that were hydrocarbons including olefins, paraffins, and 
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alicyclics.  Only ketones were dehydrogenated from 
carboxylic acids.  . It can be seen that the catalysts were 
selective to the primary cracking.  The catalysts can 
improve its performance for the secondary cracking via 
increasing porousity ( Ibarra et al. , 2019) , nano particles 
(Ahmad et al., 2016), and metal doping such as Ni, Cu, and 
Zn ( Li et al. , 2018; Cheng et al. , 2019) .  These light 

hydrocarbons can be divided into three groups of fuels by 
the carbon atom number, namely gasoline 12. 11% , 
kerosene 8. 95% , and diesel 71. 43% .  According to the 
physical properties, the energy content of the OLP and 
UCO were slightly different, 36.4 and 39 MJ/kg, while the 
viscosity of the OLP (7.93 cSt) was smaller than that of the 
UCO, and in the range of commercial diesels in Thailand.  

 

 
Fig. 5 Interaction effect on OLP 

 

 
Fig. 6 The component of the UCO and OLP in terms of carbon number. 

 
 Table 5 
 Physical properties of the OLP and UCO. 

 Fuel oil Parameter Unit Standard value 

Optimum OLP Viscosity cSt ASTM D445 7.933±0.001 
HHV MJ/kg ASTM D240 8693±28 

 UCO Viscosity cSt ASTM D445 41.050±0.014 
 HHV MJ/kg ASTM D240 9318±44 
Diesel (Thai community standard) Viscosity cSt ASTM D445 1.9-8.0 

HHV n/a n/a n/a 
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Fig. 7 Main groups of components in the OLP 

4. Conclusion 

Liquid bio- fuel may be generated from catalytic cracking 
of waste cooking oil.  In this work, catalytic cracking of 
UCO with mixed catalysts between ZSM- 5 and Y- Re-16 
were studied.  The highest OLP yield was obtained at low 
temperature and catalyst loading with ZSM- 5 ( 300°C, 5% 
catalyst loading, 97% ZSM-5). High temperature and high 
catalyst loading were found to promote lighter 
hydrocarbons which were in the group of gasoline and 
kerosene. ZSM-5 and Y-Re-16 appeared to generate similar 
OLP composition in catalytic cracking of the UCO.  The 
selectivity of gasoline, kerosene, and diesel were 12. 11, 
8. 95, and 71. 43% , respectively.  The viscosity and HHV of 
the OLP were within the Thailand community diesel 
standard. It was shown that the catalytic cracking of UCO 
offers alternative route to generate biofuels, but the cost-
effectiveness should be further addressed.  
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