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This study presents the Run Octane Number (RON) analysis of gasoline
obtained from catalytic cracking of n-hexadecane using composite
fluid catalytic cracking (FCC) catalyst. Composite FCC catalyst was
formulated using as-synthesized zeolite Y and ZSM-5 anchored on
support matrix made of activated alumina, metakaolin and silica sol.
The as-prepared catalyst was characterized using X-ray diffraction,
the composite catalyst performance at 400, 500 and 550 °C were 53.07,
73.17 and 88.85 %, respectively. The gasoline produced at 400 °C had
paraffinic content of 53 %, olefin and aromatic content of 47 %. The
gasoline produced at 500 °C had paraffinic content of 39 % olefin and
aromatic content of 43 % while the gasoline produced at 550 °C had
paraffinic content of 36 % olefin and aromatic content of 44 %. The
gasoline obtained at 400 °C had the least RON value of 51.47 % whereas
those obtained at 500 and 550 °C had RON values of 85.39 and 87.38 %,
respectively. This study has shown that the optimum operating temperature
was 500 °C and incorporation of ZSM-5 in FCC catalyst formulation
improved the catalyst performance

KEYWORDS

Author affiliations:

Department of Chemical and Petroleum Engineering, Bayero University,
Kano, Nigeria

®To whom correspondence to be addressed:

Tel: 4234 8065984175
E-mail: nusdeen@yahoo.co.uk

Available online at: http://ajmc.asianpubs.org

Zeolite Y, ZSM-5, Fluid catalytic cracking catalyst, Catalytic cracking,
Catalytic performance, Run octane number.

INTRODUCTION

The modern technological advancement is largely driven
by energy availability, as this is informed by the continuous
search not only for more energy sources but alternative energy
sources as well. It was forecasted that by 2030 the world energy
demand would have increased by 57 % [1]. The current global
production of energy rest hugely on petroleum, and it is scarcely
sufficient. The scarcity or insufficiency of petroleum today is
vividly evident in the current energy politics of our modern
day. Therefore, the relevance of petroleum and its strangle hold
in the energy politics of the future is a reality that must be reck-
oned with. Gasoline, which is widely synonymous to petroleum
in literal sense, is the most economically viable product of
petroleum refining. Fluid catalytic cracking (FCC) process is
the key refining process through which gasoline is produced
[2-5]. The FCC process employs the use of catalyst made of
zeolite, the common zeolite used in the formulation of FCC
catalyst is the zeolite Y. Zeolites are crystalline microporous
aluminosilicate minerals. They possess regular two or three
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dimensional structural patterns having internal voids made of
uniform pores, cages, cavities and channels in molecular dimen-
sional order; in the range of 3-10 = [1,2]. They are also referred
to as solid acids with fascinating chemisorption, high selectivity
and thermal stability properties [3,4]. In addtion, they are referred
to as molecular sieves due to their ability to selectively sort mole-
cules primarily based on size exclusion criterion. Zeolite Y is
afaujasite (FAU) member of zeolite family known for its famous
catalytic performance and thermal stability. Among the indust-
rially used zeolites, zeolite Y is the most widely employed in
petroleum refining processes. It is widely used as catalyst in
the fluid catalytic cracking (FCC) and hydrocracking processes
[5-7]. ZSM-5, which means zeolite sieve of molecular porosity
(or zeolite socony mobil)-5, (structure type MFI-mordenite frame-
work inverted) is an aluminosilicate zeolite mineral belonging
to the pentasil family of zeolites. ZSM-5 is composed of several
pentasil units linked by oxygen bridges to form pentasil chains
[8.,9].

Researchers have reported works regarding the perfor-
mance of different catalysts in cracking of hydrocarbon feeds.
The most popular of such works [10-12] are those involving
FCC catalysts made of zeolite Y. In each of these works zeolite
Y catalyst was used for catalytic cracking of different hydro-
carbon feeds and different grade of fuels have been reported for
the works. The current focus of research in this direction bothers
on formulation of hierarchical FCC catalyst which is achieved
by composite catalyst involving different framework type zeolites.
This work studies the run octane number (RON) of the gasoline
produced from the catalytic cracking of n-hexadecane at 400,
500 and 550 °C using a composite FCC catalyst made of zeolite
Y and ZSM-5. It gives deeper perspective of previous work [13]
as this studied the RON property of the gasoline produced using
the composite FCC catalyst made from zeolite Y and ZSM-5.

EXPERIMENTAL

Raw kaolin was collected from Kankara deposit at Kankara
local Government area of Katsina state, Nigeria. Sodium
hydroxide pellets (98%) and conc. H,SO, (98%) were supplied
by Sigma Aldrich Chemicals. Commercial zeolite Y was supplied
by Zeolyst Company, lanthanum chloride and ammonium chloride
were supplied by Fisher Chemical.

Synthesis of zeolite Y and ZSM-5: Zeolite Y was synthe-
sized from Kankara kaolin as reported earlier [13] and ZSM-5
was synthesized from commercial chemicals as per reported
method [14,15].

Catalyst formulation: Fluid catalytic cracking (FCC) catalyst
was formulated by wet granulation method. The RE'Y zeolite
was supported with silica-alumina matrix. The matrix was made
of activated alumina and metakaolin prepared as presented in
previous works [16,17]. Silica sol was used as a binder. The
percentage composition of the formulation was 30 wt % RE
Y, 30 wt % metakaolin, 20 wt % activated alumina and 20 wt %
silica sol. The components were mixed and granulated by
thorough mechanical agglomeration so as to ensure even dispersion
of the active ingredient-RE Y zeolite on the support matrix.
The resulting granules were dried at 100 °C for 6 h.

The XRD patterns of zeolite samples were recorded for 2
values of 5-50° using Pananalytical X'pert operated at continuous

scanning speed of 5 °/min, generator settings of 10 mA, 40 kV
and CuK, node material.

Catalytic cracking of n-hexadecane: The formulated
catalyst’Y was used for catalytic cracking of a model petroleum
oil using a fixed bed reactor. The reactor setup was as presented
in previous work [14,18,19]. The reactor was equipped with
an online GC-MS for online analysis of the gaseous product.
The set-up also consisted of a condenser equipped with a high
pressure liquid separator for collection of the liquid product for
GC-MS analysis. The carrier gas was nitrogen connected via a
mass flow controller (MFC), n-hexadecane was used as the model
oil. The reaction conditions were 400-550 °C, 2 bar, weight hourly
space velocity (WHSV) of 3 h', N, gas flow of 50 L/h.

RESULTS AND DISCUSSION

XRD: Fig. 1 shows the XRD patterns of fluid catalytic
cracking (FCC) formulated from zeolite Y. The characteristic
peaks at Bragg's angle (20) of about 6.2, 24.0, 26.7, and 31.0°
[20-22] could be observed. The peak at 6.2° was the prominent,
having intensity of 1600 counts, as it is the main characteristic
peak of zeolite Y [20-22]. Other zeolite Y peaks such as those
at 20 values of 10.0, 11.7, 15.8 and 20.0° were largely in the
background due to the presence of amorphous support matrix.
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Fig. 1. XRD patterns of the FCC catalyst formulated using zeolite Y

Fig. 2 shows the XRD patterns of FCC catalyst formulated
from zeolite Y + ZSM-5. It could be observed that the intensity
of the characteristic peak of zeolite Y at 20 value of 6.2° was
513 counts. The reduction in the intensity was due to the incorp-
oration of ZSM-5, indicating reduction in the overall concen-
tration of zeolite Y component of the catalyst. Other new peaks
at 20 values of 7.9 and 8.7° could be observed in the XRD pattern
of the composite catalyst, these were due to the characteristic
peaks of ZSM-5 [23].

Catalytic cracking: Fig. 3 shows the catalytic performance
of the composite catalyst measured as the conversion at various
reaction conditions. Generally, the catalytic performance increased
with temperature progression; the performance at 400 °C was
53.07 %, it increased by 38 % at 500 °C, while at 550 °C it
increased by 67 %. The performance of the formulated catalyst
at 550 °C was 21 % higher than the performance at 500 °C.
Analysis of the gasoline selectivity (Fig. 4) further showed that
even though the cracking conversion increased with temperature,
the gasoline selectivity was not in consistent to this trend.
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Fig. 2. XRD patterns of FCC catalyst formulated using zeolite Y + ZSM-5
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Fig. 3. Reaction conversion of the catalytic cracking of n-hexadecane at
different temperatures

Fig. 4 shows that the highest gasoline conversion was at
500 °C, having conversion of 81.3 % followed by 400 °C having
conversion of 76.6 % and the least gasoline conversion was
67.5 % at 550 °C. Hence, the increase in the performance at
550 °C over 500 °C resulted mainly due to the increase in other
bye-products [18] at 550 °C compared to 500 °C.
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Fig. 4. Gasoline selectivity of catalytic cracking of n-hexadecane at different
temperatures

Fig. 5 shows the hydrocarbon composition of gasoline
obtained at various temperatures. The gasoline obtained at 400 °C
was richer in paraffins than olefins and aromatics. The paraffinic
content was 40 % higher than the aromatic content, and 477 %
higher than the olefinic content. In contrary, the gasoline obtained
at 500 and 550 °C were richer in aromatic than paraffins and
olefins. At 500 °C, the aromatics were 10 % higher than the
paraftinic contents and 130 % higher than the olefinic contents,
while at 550 °C the aromatics were 22 % higher than the paraffinic
content and 124 % higher than the olefinic content.
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Fig. 5. Hydrocarbon composition of gasoline obtained at different temperatures

The octane number of gasoline depends on both the carbon
number and molecular structure of the constituent hydrocarbon
of the fuel. Table- 1 presents the various hydrocarbon constituents
of the gasoline obtained at various temperatures and the octane
number of gasoline obtained.

The run octane number (RON) of gasoline was evaluated
using eqn. 1:

RON =) VB™ (1)
where V; is the fraction of the ith component of the gasoline,
B:°N is the contribution of the ith component towards the fuel
octane number. Values of B;°™ used for the various hydrocarbon
constituents of gasoline are obtained from Ghosh et al. [24].

The olefinic and aromatic contents of a gasoline are the
octane boosting components of gasoline [24,25]. It would be
observed that the total octane boosting components of gasoline
obtained at 550 °C was 63.75 %, whereas that of 500 °C was
61.20 % and that of 400 °C was 46.97 %.

The gasoline obtained at 400 °C had the least RON value
of 51.47 % whereas those obtained at 500 and 550 °C had
RON values of 85.39 and 87.38 %, respectively. The optimum
operating temperature was at 500 °C since the RON at 500
and 550 °C are close, the marginal difference cannot compensate
the substantial temperature increase from 500 to 550 °C.

Conclusion

The gasoline obtained at 400 °C using the composite catalyst
was richer in paraffins than olefins and aromatics, while the
gasoline obtained at 500 and 550 °C were richer in aromatic and
olefins than paraffins. The gasoline obtained at 400 °C had the
least RON value of 51.47 % whereas those obtained at 500 and
550 °C had RON values of 85.39 and 87.38 %, respectively.
The catalytic performance of the formulated composite catalyst
at 550 °C was 21 % higher than the performance at 500 °C and
67 % higher than the performance at 400 °C. The optimum
operating temperature was 500 °C, this is consistent with the
finding of previous work [18] and this study has shown that
incorporation of ZSM-5 in the FCC catalyst formulation has
improved the catalyst performance and gasoline selectivity at
the optimum temperature by 33 and 30 %, respectively.
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