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ARTICLE INFO ABSTRACT

Keywords: Increasing the yield of Gasoline has been the desire of every crude oil refining process in the oil industry. The
Kinetics ) principal unit that has significantly contributed to increasing the yield of Gasoline is the Fluid Catalytic Cracking
Heavy oil (FCC) unit. The performance of the FCC unit is dependent on many parameters, substantively the catalyst-to-oil
I;/i[z:jilaﬁon ratio (COR) and the temperature of the catalyst (t..;) when entering the riser reactor. To understand the effect of

COR and t.q, a five-lump kinetics model was developed, and the simulated result was further plugged into
MINITAB 7.0 software in order to generate a set of empirical equation models. The empirical equation models
predicted the optimal yield of gasoline to be 56.83%, with corresponding optimal parameters of COR and
temperature of catalyst as 3.35 and 900 K, respectively. The actual yield of gasoline at 3.35 COR and 900 K
catalyst temperature was 56.78%, with a 0.09% error compared to the predicted yield of gasoline. The two
parameters were varied with the values from previous studies, and the predicted result compared to the actual is
7.8648 root mean square error (RMSE). Therefore, the empirical equation model is reliable in predicting the

Sensitivity analysis

yield of gasoline with respect to the COR and temperature of catalyst.

1. Introduction

The Fluid Catalytic Cracking Unit (FCCU) is a major unit that evolved
in the refinery to increase gasoline production based on its demand [1].
It is also essential for the production of high-grade gasoline to match the
continuous upgrade in technology. Fluid Catalytic Cracking (FCC) is one
of the most effective subordinate processes in the refinery used to boost
gross refinery margin (GRM) [2] also one of the most significant pro-
cesses in the petroleum refining industry [3] as a lot of money is spent on
refining [4]. The fluid catalytic cracking unit has increased profitability
as it transforms cheap heavy feedstock into lighter, more treasured hy-
drocarbons such as liquefied petroleum gas (LPG) and gasoline at
extremely high temperatures and restrained pressure in the presence of a
catalyst which is finely divided and silica/alumina based.

The FCCU can be described presently as the core of refineries. The
feedstock used in the riser a reactor of the FCC unit determines the
quality of the product obtained from the unit [5] (see Fig. 1).

A cracking process was introduced due to the large amount of high
boiling materials after the process of crude oil distillation which is the
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first unit with the highest output in the refinery [7]. This process
involved the conversion of heavy crude into compounds of lower boiling
points and molecular weight [8]. The fixed catalyst was initially used for
the process, but this process was not so efficient due to the local varia-
tion in the temperature of the bed. Due to the deposition on the surface
of the catalyst, carbon could not be burnt off, so it had to be taken out of
the bed from time to time. However, all these shortcomings led to the
introduction of fluidized catalysts. The fluidized systems possess high
heat transfer coefficients, enabling uniform temperatures within the
reactors and easy control of the conditions. The major disadvantage of
the fluid bed catalytic cracking is the number of side reactions due to
some longitudinal mixing [9].

The core of several refineries is catalytic cracking. It transforms
heavy feeds into lighter products with the aid of a catalyst by cracking
large molecules into smaller molecules. In comparison to hydrocracking,
which runs at high partial hydrogen pressures, catalytic cracking oper-
ates at low pressures without incorporating hydrogen. Catalytic
cracking is inherently safe, as it actually operates during the cracking
process with very little oil in inventory. It is an endothermic process
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Fig. 1. Schematic diagram of KRPC’s FCC [6].
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Table 1
Statical Table of gasoline yield.
Source DF Adj SS Adj MS F-Value P-Value
Model 5 1113.05 222.611 10925.74 0.000
Linear 2 1092.26 546.128 26803.97 0.000
COR 1 522.33 522.332 25636.07 0.000
Tcat 1 569.92 569.923 27971.88 0.000
Square 2 6.17 3.084 151.34 0.000
COR*COR 1 6.01 6.014 295.19 0.000
Tcat*Tcat 1 0.15 0.153 7.49 0.012
2-Way Interaction 1 14.63 14.631 718.07 0.000
COR*Tcat 1 14.63 14.631 718.07 0.000
Error 24 0.49 0.020 0.000
Total 29 1113.54
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Fig. 2. Plot of simulated gasoline Yield versus Predicted gasoline yield
by Minitab.

because it consumes heat [10].
In the riser reactor where cracking takes place, vaporised oil enters
through the bottom simultaneously with the hot catalyst (fresh or
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Fig. 3. Normplot of residuals for gasoline showing the justification of
the model.

regenerated), which is fluidized. The contact between the two brings
about the cracking, which takes place between 2 and 10 s [11]. With
this, some catalysts would have coke deposits on them and are then
drawn off through the side valves in the reactor, while the products are
then sent to the separator. The spent catalyst is being sent into the
regenerator, where the coke deposits are burnt off with air to give the
regenerated catalyst, CO, CO2, and H20 [12] although all efforts are
been made to reduce CO; as it is a byproduct of carbonaceous fuel [13].
Fresh catalysts are added intermittently even as the aged catalyst are
removed from the process to keep a balanced system in terms of the
amount of catalyst need per time.

The yield of Gasoline of major interest as the demand is on the in-
crease especially in places like Nigeria due to power outage and gen-
erators are powered majorly with it in both residential and business
places especially growing ones [14]. The availability of gasoline as a
source of energy is very critical to the sustainability for human activity
[15]. Despite the effort to increase the yield by using the FCCU, the
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Fig. 4. Residual vs fits for gasoline showing the random fitting.

demand is still not met and the price is on the increase due to increase in
the use of automobiles driven by factors such as economic growth,
population growth, general inflation, and finally rise in the price of
gasoline [16-18].

This has necessitated the reason for a sensitivity analysis determined
based on the different factors obtained in production or a model which
will help redirect and give possible changes that can be made to current
process that bring about the increase of gasoline production.

2. Methodology

The sensitivity analysis was done using Minitab software where the
simulation results obtained from the simulated results in MATLAB which
followed Olafadehan et al. (2018) and Olafadehan et al. (2019) method
of lumping. The DOA function was used at 95% confidence level, which
is the most accurate of all. The linear factor, square factors and inter-
active factor were also used where COR is represented as X; and (t.q) is
represented as X5 .

The best optimized condition was given at COR = 3.35 and t.o; = 900
K. At this condition the output of gasoline, the premium product, is
56.78%, which is more than what was obtained from the industry.

3. Discussion of results; GA yield with respect to variations in
COR, tcat

The sensitivity test was done using the single, square and interactive
factors. The p-value for the sensitivity of GA varying the temperature
and catalyst to oil ratio of the riser reactor at confidence level of 95%
were <0.000 from Table 1.

The lower the p-value with respect to the confidence level the better
and reliability of the model. The uncoded model for GA was obtained
from the minitab in Equation (1).
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GA =1717.58 + 1.365X, + 0.0043X, + 0.1795X; — 0.000017X;
—0.005783X,X, 1

From Fig. 2 we can see that the plot of experimental value that is the
simulated value and the predicted value from Minitab is gives a straight-
line graph with shows perfection and proper fitting of the 95% confi-
dence level.

The summary regression obtained for GA are as follows; the standard
error given is 0.1427. It reflects the variability around the estimated
models which is very good based on the confidence level of 95% that was
set. The R? value is 99.96%, R? (adjusted) is 99.95% and R? (predicted)
was given as 99.91% which are all close to perfection. The R? value is
clearly justified in Fig. 3 where data is seen almost fitting fully into the
line of the normplot.

The residual fits Fig. 4 also show random fitting which justifies the
validity of the normplot.

Equation (1) was used in Table 2 to test the validity of the empirical
model equation using the COR and (t,) obtained from the MINITAB and
Heydari et al. (2010). It can be seen that the result obtained in line one of
the equations gave 0.09% error while the general Root mean square
error (RMSE) gave 7.083. The result generated from the table may have
given the RMSE of 7.8648 due to the different conditions involved in
generating the models used.

4. Conclusion

The exquisiteness of this study is that the empirical model equation
obtained from MINITAB can be used in predicting the yield of gasoline
when the COR and catalyst temperature is to change at any point in time.
This equation was obtained from a five lumps kinetic model which
incorporated mass and heat transfer, catalyst deactivation, pressure
drop and heat capacity of each component of the lumps. Therefore, the
empirical equation model is reliable in predicting the yield of gasoline
with respect to COR and temperature of catalyst.
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Table 2
Evaluation of gasoline yield equation using results from other work.
COR Tcat References Predicted(P) Yield of GA Observed(O)Yield of GA P-O %Error (P-0)"2
3.35 900 56.83144 56.78 —0.05144 —0.0906 0.002646
6.75 868 [3] 52.01381 41 —11.0138 —26.863 121.3041
8.75 910 [3] 47.05488 43 —4.05488 —9.42996 16.44206
10.75 890 [3] 48.02967 41 —7.02967 —17.1455 49.41621
11.75 925 [3] 44.97886 37 —7.97886 —21.5645 63.66225
4.9 845 [19] 56.12886 49 —7.12886 —14.5487 50.82062
6.88 930 [20] 47.76148 45 —2.76148 —6.13662 7.625759
> (P-0)2 309.2736
& (P-0) "2)/n 61.85473
RMSE VI (P-0) "2)/n] 7.864778
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