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Abstract. The Caﬂlic cracking of waste cooking oil was investigated at various operating temperatures and reaction
time in this paper. The purpose of this research was to study the characteristics of biofuel produced through the catalytic
cracking process using the combination of catalyst H-USYlnd ZSM-5 with mass ratio 0.5:0.5 (w/w). The effect of
combined catalyst with variation in operating temperatures ( °C, 450 °C, 500 °C and 55 ) and reaction times (30,
45 and 60 min) were studied on waste cooking oil after pretreatment. The » by mass ol waste cooking oil to the
amount of catalyst used is 40:1 (w/w). The process was carried out in a flow reactor under the atmospheric pressure (1
atm) and an air flow rate of 100 cc/min. The result showed that the combined catalyst is most effective in the catalytic
cracking of waste cooking oil at 450 °C reaction temperature and 60 min reaction time. Under these optimal conditions,
the percentage yield by mass of liquid biofuel product was 49.35 % with a product composition of 15.71 % gasoline
(Cs—Ci2), 11.97 % diesel products (C17-Ca), and 1.09 % Heavy oil (Czo >).

Keywords: Biofuel, catalytic cracking, H-USY, waste cooking oil, ZSM-5

INTRODUCTION

The stock of world fossil energy will run out in the near future because the production of oil continues to
increase but its availability is not renewable. Therefore, in anticipation of future fuel oil crises, renewable energy
resources such as biofuel must be developed and utilized [1-8].

Biofuels are one such renewable energy source. Biofuels provide many advantages, namely sustainability,
reduction of greenhouse gas emissions, and security of supply [9]. Biodiesel has advantages compared to petroleum-
derived oil, it can reduce harmful emissions such as CO and CO; in the burning of this fuel didn’t produce sulfur
emissions (SO>) it has high cetane number that makes its ignition properties to be exceptionally well [10].

Waste cooking oil (WCO), generated from cooking oil derivation, namely palm oil [11] sunflower oil [12],
soybean oil [13], coconut oil [14] etc. has become the worldwide interest [15]. Biofuel production is among the
optimum processes to utilize the oil waste in terms of efficiency and economically effective [7]. Waste cooking oil
contains fatty acids, mostly palmitic acid (21.47 %) and oleic acid (28.64 %) [16].

The biofuel term refers to the gaseous or liquid fuels widely applied in the transportation which mainly generated
from biomass [17]. Biodiesel may be produced by various methods, including trans-esterification and catalytic
cracking. Trans-esterification is currently the most extensively applied process, in regards to its simple technical
process as well as efficient [18]. The drawback of this method is the high content of glycerol that would be
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generated throughout the trans-esterification process [19], which must be removed through a costly extraction
process [15]. In contrast to trans-esterification, which can only be applied to create biodiesel, the catalytic cracking
can generate gasoline and kerosene [20]. In comparison to trans-esterification, the catalytic cracking of WCO to
create bio-oil has been an interesting procedure to manage the waste, in terms of its economic cost, rate of
conversion which is relatively high, as well as both energetic and chemical value [21].

Catalytic cracking refers to process of conversion which might be used in a varied feed stocks from gas oil to oil
and residuum [22-26]. The catalytic cracking idea is pm‘liculal‘laimilar to thermal cracking, however, it is different
in regards to the application of a catalyst, which theoretically 1s not consumed in the process. It is one of several
B«lclical applications applied in a refinery that employ a catalyst to enhance the efficiency process and product slate.
In terms of process parameters, catalytic cracking is typically performed at temperatures ranging from 485 to 540 °C
(900-1000 °F) and pressures up to 100 psi [27].

Zeolites are extensively applied in the chemicals and oil refining production in the process of catalytic cracking
in the petrochemical industry. The compounds carry a noticeably large surface areas and high adsorption capacity
with molecular dimension of the pores [28]. Between the zeolites, H-ZSM-5, H-Beta and H-USY are the most
broadly applied for catalytic upgrading processes [29]. Zeolite capacity as cracking catalyst is based on acidity and
stability, which is depended on SV/Al ratio. High acidity can increase the catalytic activity, thermal stability and acid
resistance. The active core of zeolite which functions in cracking reactions is part of a Bronsted-acid which is
centered on Al atoms [30-31].

The purpose of this study was to determine the optimum concentration of combined ZSM-5 an USY catalysts
to generate biofuel from waste cooking oil. Y-zeolites have high temperature stability [32]. -5 showed a
moderate selectivity towards hydrocarbons [33] and a medium pore ZSM-5 catalyst has the ability to convert
n-alkanes to aromatics which selectively cracks low octane components into higher octane components [34]. The
goal of employing a combined catalyst is to utilize the unique advantages of each zeolite to their best effect. The
process was conducted in a fixed-bed flow reactor at a constant pressure of 1 atm with variation of reaction time and
temperature. The effect of the catalyst on biofuel and the physical properties of hydrocarbons products such as
density, dynamic viscosity, calorific value will be discussed in this paper.

Several studies for the prq_lclion of biofuels by catalytic cracking process using various types of catalysts have
been carried out, but the use of combined H-USY with ZSM-5 catalysts for catalytic cracking of waste cocalg oil
has never been thoroughly investigated. Therefore, the combined catalyst activity in biofuel production and the
quality of products produced with waste cooking oil as raw materials need to be further studied.

MATERIALS AND METHOD
Materials
The material used in this research were waste cooking oil, tetraethyl orthosilicate (Si[OET]4), tetra propyl
ammonium hydroxide (TPAOH), aluminum isopropoxide (Al[OPr]z), NaOH, USY catalyst, filter paper, litmus
paper and distilled water.
Method

Preparation of Samples

Waste cooking oil was filtered using charcoal from kernel palm shells placed in 2 inch diameter PVC pipe, with
a wire filter at the bottom. The filters holds the charcoal, which traps waste, odor, and residue that may be carried
along from the frying process and clean waste cooking oil is accommodated in the container bottom. This procedure
was according to the method investigated by Nazarudin et al. [35].
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Catalyst Synthesis Procedure

The method of ZSM-5 catalyst synthesis was referred to Nazarudin [36] with SiO»/Al;O3 = 20 ratio with the
following materials weights 25.39 g of Si[Ogrls (SiCgH2pO4), 12.3935 g of TPAOH ((CH;CH>CH:)4N(OH)),
0.55375 g of Al[OPr]s (CoH21A103), 16.71 g of H20 and 0.01725 g of NaOH for each ZSM-5 synthesis process.
After weighing it down, all the ingredients were mixed in a small Teflon container and stirred using a magnetic
stirrer at room temperature (30 °C) for @8 h until clear solution was formed. Then, the clear solution was put into a
reactor for the hydrothermal treatment mn an oven at 165 °C temperature for 5 days. After the ZSM-5 crystal were
formed, the crystals were washed with distilled water with the hd of a centrifugal pump until it reached pH = 7.
Then, it was followed by the drying process at 105 °C in an oven for 24 h. The catalyst was then calcined for 5 h at
550 °C temperature to burn the TPAOH template molecule to qm a stable and heat-resistant catalyst. USY
catalyst was bought from Aldrich chemistry Singapore and then calcined at 550 °C for 5 h to obtained H-USY
catalyst, according to USY calcination process in Nazarudin [36].

Catalytic Cracking Process

Equal amounts by mass (0.5 gram) of H-USY and ZSM-5 were mixed in a small container then put in a pyrolysis
reactor’s bed and then the temperature was set using the computer system and then it can be controlled and
monitored through the control panel. The preheating reactor and the pyrolysis reactor filled with the combined
catalyst were heated to the target temperatures which were 400 °C, 450 °C, 500 °C and 550 °C. After it reached the
desired temperature, then the waste cooking oil at a ratio of 40:1 (w/w) with the catalyst was injected through the
injection port to preheat the reactor to change the phase of waste cooking oil liquid phase into gaseous phase and
nitrogen to help to push the waste cooking oil gaseous phase from nitrogen tank flowed through and controlled with
flow meter then the waste cooking oil gaseous phase enter the pyrolysis reactor where the catalytic cracking reaction
took place and reacted for 30, 45 or 60 min. The condensable gas product from catalytic cracking was condensed
into the liquid product in the cooling system product reservoir and the incondensable gas was accommodated in the
gas sampling bag. After the experiment, the residual left in the reactor and condensed liquid biofuel products were
weighed, and the gas conversion was calculated by subtracting the initial weight with the residue and liquid formed
in the final product.

RESULTS AND DISCUSSION

Catalysts Characteristics
X-ray Diffraction (XRD) Analysis

XRD analysis was carried out to identify and determine quantitatively the shape of the ZSM-5 crystalline phase
and the crystallinity and types of minerals contained in the zeolite. The characterization of ZSM-5 catalyst was
carried out using XRD with 5.0084 initial position of 27 theta and the final position is 59.9864 with continuous scan
type, 10 mm specimen length extension and temperature measurement is -273.15 °C with Cu as anode material and
the diffractometer type is XPert MPD.

Figure 1 shows the diffraction peaks at 20 = 8.1085°, 9.0164°, 23.2667°, 23.4996° and 24.1308°. The types of
components of the ZSM-5 catalyst are characterized by the 260 peak appearance in certain regions of the crystallinity
level of the component structure. The peaks in the ZSM-5 diffractogram showed a pattern similar to the standard
ZSM-5 diffractogram in Fig. 2 which is 20 at 7-9° and at 23.05° and 23.8°. The result pattern also shows the
identical characteristic peaks of ZSM-5 that have been synthesized by Liu et al. [37], Song et al. [38], Treacy et al.
[39] and Pan et al. [40]. It can be concluded that the synthesis catalyst is the type of MFI structure. This MFI
structure is obtained from the use of TPA+ as a template. The X-ray diffraction pattern showed that the synthesis
catalyst consists of MFI phase with high crystallinity and there is no other crystalline phase in the synthesis of
ZSM-5 and has the similar structure as the ZSM-5. The Crystallization of ZSM-5 synthesis is fairly good because
the ZSM-5 diffractogram shows sharp peaks and good peak separation.
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ZSM-5 catalyst has a hexagonal crystal morphology. The results of the analysis with 30000x magnification, as
shown in Fig. 3a, show that the ZSM-5 form groups (clusters) with polymorphous (not homogeneous) structures.
The results of the analysis show that the crystallization formed is not well aggregated. In the results of the study by
Song et al. [38], the particles of ZSM-5 formed groups (clusters) and there was an aggregation between ZSMS5
particles. The EDX spectra in Fig. 3b shows the elemental composition of the synthesized ZSM-5 by percent mass.
The result of 96.43 %, 3.57 % Al and the trace of Na derived from sodium hydroxide used in the synthesis process
of the catalyst with 0 % indicate.
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FIGURE 1. Patterns of ZSM-5 catalyst synthesis. FIGURE 2. ZSM-5 Diffractogram Standard by Treacy et al.
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FIGURE 3. (a) SEM image of ZSMS3 catalyst, (b) EDX spectra of ZSM-5 catalyst with the elemental content of the ZSM-5
catalyst, (c) SEM image of H-USY catalyst, (d) EDX spectrum and composition of synthesized ZSM-5 catalysts.
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SEM analysis of H-USY catalyst with a magnification of 20000x in Fig. 3¢ showed the regular crystal structure
formed a tabular layer and had a hollow space between the crystal structure because USY catalyst is a zeolite that
has a large pore size and faujasite framework type (FAU). This FAU type zeolite has a channel size bigger than
ZSM-5 (MFI) or -Zeolite (BEA). The EDX analysis on H-USY catalyst was carried out to determine the chemical
composition contained in the sample. The results of EDX analysis are presented in Fig. 3d and it is shown that the
micro-structure of the H-USY sample contains the composition of elements Si, Al, and Na with a relative mass
percentage of Si elements of 71.47 %, Al elements of 23.18 % and 5.35 % in the catalyst.

The Effect of Reaction Temperature and Reaction Time in the Catalytic Cracking Process
11

The catalytic g{:king process is c: out in a fixed-bed flow reactor by inserting the combined catalyst
H-USY and ZSM-5 with 1:1 ratio (w/w) into the catalyst bed in a vertical reactor and waste cooking is inserted
through the horizontal reactor after being heated to the lentl temperature. The products obtained were analyzed
using gravimetric analysis, with the temperature variables used are 400 °C, 450 °C, 500 °C and 550 °C with ratio
catalyst to raw material is 1:40 (w/w). E

The effect of reaction time on biofuel yield in the catalytic cracking process of waste cooking oil using combined
H-USY and ZSM-5 catalyst can be seen in Table 1 that a reaction time of 60 min results in the highest yield of
liquid biofuel products (49.35 %) at 450 °C reaction temperature and the pattern showed that at 30 min reaction time
produce the smallest amount of yield liquid product at 550 °C temperature reaction for the overall observation while
for the other different temperature reaction and time reaction for every testing is varied [41].

Density Analysis

Density is one of the physical properties of biofuels that shows the weight ratio of biofuels in a certain volume, the
density expresses in g/cm®. The longer the chain of fatty acids, the higher the density. The level of saturation also
affects the density which is the value of the density of a product will decrease with the increase number of double
bonds in the product. The density of liquid biofuel of catalytic cracking waste cooking oil at 450 °C reaction
temperature and 60 minutes reaction time with a combined H-USY and ZSM-5 catalyst is 0.93384 g/cm®. The initial
density of waste cooking oil is 0.9772 g/cm’, it can be concluded that there is a decrease in the density after the
catalytic cracking process due to the decreasing chain of fatty acids because it has undergone a cracking process into
the biofuel product with hydrocarbon fuel chains such as Cg -2 (gasoline) and C3-Cyy (diesel).

Calorific Value Analysis

The Calorific value analysis process uses an Automatic Calorimeter PARR 6400 3 determine the calorific value
in units of cal/g by the isoperibol or adiabatic method. This instrument combines the closed loop sub-coolig@ system
into the calorimeter. This sub-system uses a thermo-electric cooling assembly that is installed directly into a one liter
water tank that supplies cooling water to the calorimeter. An externally pressurized nitrogen tank is used to supply
rinse water to the calorimeter. The calorific value indicates the energy contained in the fuel per unit mass of fuel.
This calorific value is important to measure the energy content of each fuel mass so that consumption to produce
certain energy can be calculated correctly. The calorific value of the liquid biofuel product is 38.5850 (Mj/Kg).

Viscosity Analysis

The viscosity was measured by using a KV-6 viscometer bath from GRHA Pertamina Indralaya laboratory.
Kinematic viscosity was determined by measuring the flow time of the sample through a calibrated capillary
viscometer at 40 °C based on the law of gravitation. The viscosity of the liquid biofuel produced by catalytic
cracking waste cooking oil at 450 °C reaction temperature and 60 min reaction time with a combined H-USY and
ZSM-5 catalyst is 5.567 cSt.
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Eas Chromatography—Mass Spectrometry (GC-MS) Analysis.

From all data, then, one sample with the best liquid yield biofuel which is catalytic cracking at a reaction
temperature of 450 °C and reaction time of 60 min was then tested for GCMS to determine the content and the
components in the biofuel. The results obtained are presented in the Fig. 4, it can be seen that there are 100 peak
areas. The retention time data show the type of compound contained in the sample tested by comparing it with the
standard data contained in the chromatogram. These 100 peak areas are then grouped based on the amount of carbon
atoms it has. The retention time of highest peak area and the other peak area data are combined together based on
the same amount of carbon atoms in the compounds.

GC-MS data shows that 12.57 retention time is 1-undecene (C;Hz:) compound with the highest peak area of
2.57 % as the representation of the hydrocarbon’s contents with 11 atom carbons in the product with the total of
11.01 peak area for hydrocarbon with 11 carbon atoms. The data then for each compound was grouped based on the
length of the carbon chain. The results of the analysis shows that the product contains 31.31 % area of gasoline
(Cs-Cy2), 24.26 % area of diesel (C3-Cap), 2.21 % area of heavy oil (C > 20), 25.49 % acidic compounds and the
rest is other fraction with 16.72 % area.

TABLE 1. The Result of Catalytic Cracking with different reaction temperature and reaction time using combined
H-USY and ZSM-5 catalyst.

Temperature Time Waste Cooking Oil Liquid Yield Residue Gas Yield
(°C) (minutes) (gram) (%) (%) (%)
400 30 40.67 41.53 8.21 50.26
450 40.95 40.93 22.56 36.51
500 38.41 21.92 16.43 61.65
550 40.29 21.77 13.25 64.98
400 45 39.74 4645 15.68 37.87
450 41.46 32.18 22.65 45.18
500 40.98 48.05 2.76 49.19
550 40.05 21.05 16.70 62.25
400 60 41.23 39.07 13.24 47.68
450 40.08 49.35 6.16 44.49
500 40.13 24.99 13.28 61.72
550 40.63 27.69 12.21 60.10
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FIGURE 4. GC-MS analysis data of catalytic cracking WCO at 450 °C reaction temperature and 60 minutes reaction time.
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CONCLUSION

Reaction time and temperature have significant effects on the production of biofuel from waste cooking oil by

catalytic cracking. The highest yield liquid was obtained by catalytic cracking using combined H-USY and ZS-5 is
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.35 %. The hydrocarbon contents in the product of catalytic cracking process were diesel oil (Cjz — Ca) with
.37 % area, Cs-Ci2 (gasoline) with 2.21 % Area of heavy oil (C >20). The biofuel product has a calorific value of
.0906 MJ/Kg, density of 9.069 g/cm® and kinematic viscosity of 9.2441 ¢St.

ACKNOWLEDGMENTS

guthors are thankful to Energy and Nano Material Research Centre, LPPM, Universitas Jambi and Laboratory of
ergy Engineering and Waste Treatment, Universitas Sriwijaya for providing the materials and tools necessary for
s research.

REFERENCES

X. Zhao, L. Wei, S. Cheng, Y. Cao, I. Julson and Z. Gu, Appl. Catal. A 507, 44-55 (2015).
X. Zhao, L. Wei, S. Cheng, Y. Huang, Y. Yu and I. Julson, Fuel Process. Technol. 139, 117-126 (2015).
T.T. V. Tran et al., J. Waste Manag. 52, 367-374 (2016).
A. P. 8. Chouhan and A. K. Sarma, Renew. Sust. Energ. Rev. 15, 4378-4399 (2011).
Z. Yaakob, M. Mohammada, M. Alherbawi, Z. Alam and K. Sopian, Renew. Sust. Energ. Rev. 18, 184-193
(2013).
T. D. Tsoutsos, S. Tournaki, O. Paraiba and S. D. Kaminaris, Renew. Sust. Energ. Rev. 54, 74-83 (2016).
E. H. S. Moecke et al., J. Clean. Prod. 135, 679-688 (2016).
A. T. Kiakalaieh, N. A. 5. Amin and H. Mazaheri, Appl. Energy 104, 683-710 (2013).
L. Reijnders, Energy Policy 34, 863-876 (2006).
. A. M. Lubad and P. Widiastuti, Lembaran Publikasi Lemigas 44, 307-318 (2010).
. P. Tamunaidu and S. Bhatia, Bioresour. Technol. 98, 3593-360 (2007).
. Z.D. Yigezu and K. Muthukumar, J. Anal. Appl. Pyrolysis 112, 341-347 (2015).
. F. Yu, L. Gao, W. Wang, G. Zhang and J. Ji, I. Anal. Appl. Pyrolysis 104, 325-329 (2013).
. S. Sulaimana, A.R.A Aziz and M. K. Aroua, J. Food Eng. 114, 228-234 (2013).
. J. Wang, Z. Zhong, B. Zhang, K. Ding, Z. Xue, A. Deng and R. Ruan, Waste Manag. 60, 357-362 (2017).
P. Hariyadi, Mengenal Minyak Sawit dengan Beberapa Karakter Unggulnya (2014) available at http://phariyadi.
staff.ipb.ac.id/files/2015/01/2014-Buku-Mengenal-Minyak-Sawit-deng an-Beberapa- Karakter-Unggulnya. pdf.
A. Demirbas, Biodiesel: A Realistic Fuel Alternative for Diesel Engines, (Springer-Verlag, London, 2008).
S. Morais, T. M. Mata, A. A. Martins, G. A. Pinto and C. A. V. Costa, J. Clean. Prod. 18, 1251-1259 (2010).
L. Li, Z. Ding, K. L1, J. Xu, F. Liu, S. Liu, S. Yu, C. Xie and X. Ge, I. Anal. Appl. Pyrol. 117, 268-272 (2016)
A.A. Mancioa et al., Ind. Crop. Prod. 91, 32-43 (2016).
. S.S.Lam et al., Renew. Sust. Energ. Rev. 53, 741-753 (2016).
. S. Parkash, Refining Processes Handbook (Gulf Professional Publishing, Amsterdam, 2003).
I. G. Gary, G. E. Handwerk and M. J. Kaiser, Petroleum Refining: Technology and Economics (CRC Press,
Boca Raton, FL, 2007).
I. G. Speight, The Chemistry and Technology of Petroleum (CRC Press, Boca Raton, FL, 2014).
I. G. Speight, Handbook of Petroleum Refining (CRC Press, Boca Raton, FL, 2017).
C. S. Hsu and P. R. Robinson, Handbook of Petroleum Technology (Springer, Cham, Switzerland, 2017).
I. G. Speight, Heavy Oil Recovery and Upgrading (Gulf Professional Publishing, Laramie, United States,
2019).
. A. Corma, J. Catal. 216, 298-312 (2003).
. N. Chaihad et al., Renew. Energy 136, 1304-1310 (2018).
. C. Song et al., Chin. J. Catal. 34, 2153-2159 (2013).
. S. Park et al., Catal. Today 303, 64-70 (2017).
. G. Elordi, M. Olazar, G. Lopez, P. Castano and J. Bilbao, Appl. Catal. B. Env. 102, 224-231 (2011).

040047-7




33

34
35

36
37
38
39

. S. D. Stefanidis, K. G. Kalogiannis, E. F. Iliopoulou, A. A. Lappas and P. A. Pilavachi, Bioresour. Technol.

102, 8261-8267 (2011).

. J. D. Adjaye and N. N. Bakhsi, Biomass Bioenerg. 8, 265-277 (1995).
. N. Nazarudin, I. Lestari and S. Rohaniah, Optimasi Penurunan Nilai Bilangan Asam pada Proses Penjernihan

Minyak Sawit Curah, available at

https://www.academia.edu/36035734/OPTIMASI_PENURUNAN_NILAI-

_BILANGAN_ASAM_PADA_PROSES_PENIJERNIHAN_MINYAK_SAWIT _CURAH
. N. Nazarudin, Doctoral dissertation, University College London, London, 2012.
. Q. Liu et al., Appl. Surf. Sci. 435, 945-952 (2018).
. W. Song, R. E. Justice, C. A. Jones, V. H. Grassian and S. C. Larsen, Langmuir 20, 8301-8306 (2004).
. M. M. J. Treacy and J. B. Higgins, Collection of Simulated XRD Powder Patterns for Zeolites (Elsevier,

Amsterdam, 2001).

40. F.Pan, X. Lu, Y. Wang, S. Chen, T. Wang and Y. Yan, Mater. Lett. 115, 5-8 (2014).
41. E. Kozliak, R. Mota, D. Rodriguez, P. Overby, A. Kubatova, D. Stahl, V. Niri, G. Ogden and W. Seames, Ind.

Crop. Prod. 43, 386-392 (2013).

040047-8




paper9

ORIGINALITY REPORT

12 106 106 4«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

garuda.ristekdikti.go.id

Internet Source

2%

o

discovery.researcher.life

Internet Source

T

e

siepub.unsri.dev

Internet Source

T

-~

N. Nazarudin, E. N. Ningrum, O. Alfernando.
"The synthesis of Ni-ion exchanged-ZSM5
catalyst and its application in catalytic
cracking of polypropylene", AIP Publishing,
2020

Publication

T

S. Arita, N. Nazarudin, L. Rahmiyati, L. N.
Komariah, O. Alfernando. "Pyrolysis of empty
fruit bunches to bio-oil using combination of
ZSM-5 and spent FCC catalysts", AIP
Publishing, 2020

Publication

T

Submitted to Weston College

Student Paper

T




hoay.com.vn

Internet Source

T

E James G. Speight. "Catalytic Cracking
Processes", Elsevier BV, 2019

Publication

(K

n aip.scitation.org

Internet Source

(K

burjcdigital.urjc.es

Internet Source

T

Nazarudin, Ulyarti, O Alfernando, S Fitri. "Used
cooking oil catalytic cracking using Cr-charcoal
ion-exchanged catalyst", Journal of Physics:
Conference Series, 2020

Publication

T

Exclude quotes On Exclude matches <1%

Exclude bibliography On



