East African Scholars Journal of Engineering and Computer Sciences
Abbreviated Key Title:East African Scholars J Eng Comput Sci

E OPEN ACCESS

ISSN: 2617-4480(Print) & ISSN: 2663-0346 (Online)
Published By East African Scholars Publisher, Kenya

Volume-3 | Issue-8 | October-2020 |

Research Article

DOI:10.36349/easjecs.2020.v03i08.002

Estimation of Kinetic Parameters for Five Lump Fluid Catalytic
Cracking Riser Reactor

Kpalap, Emmanuel Kilsibari, Dagde, Kenneth Kekpugile”, Ehirim, Emmanuel Odianyegbuehua

Department of Chemical/Petrochemical Engineering, Rivers State University, Port Harcourt, Nigeria

Avrticle History
Received: 18.09.2020
Accepted: 05.10.2020
Published: 30.10.2020

Journal homepage:
https://www.easpublisher.com/easjecs

Quick Response Code

0

Abstract: An algorithm for the estimation of the kinetic parameters using five lump kinetic
schemes for Fluid Catalytic Cracking of Vacuum Gas Oil has been developed. The
optimization models were also developed using single point regression analysis to predict
the pre-exponential function and activation energies. The mathematical models for the riser
reactor were also developed to predict the yields of the various components. Mathematical
models were integrated numerically using the fourth order runge-kutta algorithm. The
optimization models were solved using Matlab version 8.4. Model predictions from the
optimization model were, for activation energies E;; 36.9920kJ/mol, 44.8125 kJ/mol,
41.8250 kJ/mol, 52.5800 kJ/mol, 57.2977 kd/mol, 56.5128 kJ/mol, 50.5800 kJ/mol and pre-
exponential function ki; 0.0017400s?, 0.00002160 s™, 0.00002024 s*, 0.00055195 s,
0.00006234 s, 0.000017464 s™, 0.002542400 s™ with a maximum deviation of 30%. The
yield from the riser model showed gasoline as been the most obtained essential product and
lesser coke formation compared to the yields obtained without optimization.

Keywords: Kinetic Parameter Estimation, Fluid Catalytic Cracking, Riser Reactor,
Lumping Scheme, Gas oil.
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INTRODUCTION

The estimation of kinetic parameters can be
said to be the judgement of the worth of measurement
of factors that defines a system or operating conditions
with regards to the rate of chemical processes and
reactions. This goes into investigation of the factors or
conditions that influences the rate and speed of a
chemical reaction and give vital information about the
reaction process and as well develop mathematical
models that describes the reaction process [1].

One of the major branches of Chemical
Engineering is Chemical Reaction Engineering which
deals with chemical reactor and their design, especially
the application of chemical Kinetics to industrial
systems. Chemical kinetics which is also known as
Reaction kinetics deals with the study of chemical
processes and reaction rate, which is the analysis of
factors that affects speed of a chemical reaction,
forming mathematical model to predict and describe a
chemical reaction and understanding reaction
mechanism [2].

The major challenge in lumping modeling is
optimization of parameters [3]. Optimization in
Engineering is concerned with selecting the best among
the entire set by efficient quantitative methods [4]. The

objective of the optimization is the use of specific
methods to ascertain the best parameters and efficient
solution to a design or reaction process. This solution
technique is one of the best quantitative tools in
industrial decision making [5].

The current day refineries have many units; of
which Fluid Catalytic Cracking (FCC) unit are one of
them and the major unit of these refineries. Fluid
Catalytic Cracking is a chemical process and vital
process in the refining of petroleum which uses heat
and catalyst to break and convert long chain
hydrocarbons into smaller chain hydrocarbons.
Cracking of petroleum hydrocarbons was first done by
the used of heat alone, but has been completely replaced
by the used of heat and catalysts which has proven to
produce more gasoline with high octane rating [6]. The
product of catalytic cracking includes; Liquefied
petroleum gas, light and heavy fuel oil, fuel gases,
diesel fuel, high octane gasoline which is one of the
main product that is desired from the FCC unit[7].

The aim of this research is to estimate the
Kinetic Parameters of a Fluid Catalytic Cracking Riser
Reactor of Port Harcourt Refinery Company (PHRC)
using Five (5) Lump Kinetic Schemes. The production
rate of the riser reactor of FCC unit will remain the
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same for years if the reaction is not optimized and the
efficiency of the riser reactor improved which is one of
the major factors that affect the production of gasoline.
Hence, kinetic model of FCC riser reactor and the
parameters of the reaction have to be developed and
estimated to improve overall efficiency and a small
improvement in the operation of the FCC riser reactor
can result in impressive economic benefits.

Researchers have done several works on Fluid
Catalytic Cracking (FCC) unit. Yakubu et al., [8]
researched on Parameter estimation of a six-lump
kinetic model of an industrial Fluid Catalytic Cracking
reactor. They developed and simulated a steady state
model of an industrial Fluid Catalytic Cracking (FCC)
reactor with a proposed six-lumped kinetic model to
estimate the following parameters; Frequency factors,
activation energies and heats of reaction for the
catalytic cracking kinetics using a model based
parameter estimation technique along with data from an
industrial FCC reactor in Sudan. The new six-lump
model was implemented on gPROMS software to crack
gas oil.

Souza et al, [9] carried out work on
Thermodynamic optimization of Fluidized Catalytic
Cracking (FCC) reactor. They developed a
thermodynamic optimization procedure for FCC riser
reactor, were the formulation made used of a 2D fluid
flow and Kkinetic model to provide the necessary
information for the optimization process. The
thermodynamic analysis was based on the minimization
of the destroyed exergy in the system. According to
their verifications, for any given catalyst mass flow rate,
there exists an optimum value for the catalyst to oil
mass flow rate ratio (COR) and the optimization was
done based on the catalyst to oil ratio.

Sheth and Babu, [10] worked on Optimization
of Kinetic Parameters in Pyrolysis of Biomass Using
Logarithmic  Differential Evolution (LDE). They
proposed a kinetic model where the kinetic scheme of
biomass decomposition by two competing reactions
giving gaseous volatiles and solid charcoal was used
and based on different possible relation of activity of
biomass with normalized conversion, four other models
were developed. Estimation was done on the obtained
parameters by minimizing the square of the error
between the experimental data of thermo-gravimetry of
hazelnut shell and simulated model, predicting values of
residual weight fraction using Differential Evolution,
which is a population based search algorithm. Out of
the four models developed, three models gave
corresponding result with the experimental data.

The development of Models for Fluid Catalytic
Cracking Fluidized Bed Reactor Using Four-Lump
Kinetic Scheme have been done by Dagde and Akpa
[11], where they developed models for plug flow-plug
flow combination process and plug flow-continuous

stirred tank reactor (CSTR) process and compared their
rate of conversion of gasoil. Their result showed that
the plug flow-plug flow combination process gave a
higher conversion of gasoil. The reactor here was
modelled as a fluidized bed reactor, using four lump
kinetic schemes to describe the Fluid Catalytic
Cracking reaction process in the reactor and a two
phase hypothesis consisting of emulsion and bubble
phase were used to describe the fluidized bed models.

Yakubu et al., [12] researched on Optimization
of Fluidized Catalytic Cracking Unit Regenerator to
Minimize CO, Emissions. The work deals majorly on
minimizing CO, emission from the regenerator reactor
in other to solve the problem of global warming. The
solution technique was model based, where the
regenerator bed was modelled as a perfectly mixed
reactor, where there was no temperature gradient
consideration in the bed. The emulsion phases for
energy and coke balances were modelled as a CSTR
while the bubble phase for the gas component balance
was modelled as a Plug Flow Reactor. Partial
differential equations were used for the component
balance equations for the gaseous phases in emulsion
and bubble.

Most of the works done on FCC unit has to do
with just modelling, design and simulation. Yakubu et
al., [8] actually did a good work on Parameter
estimation (activation energies, rate constants etc.) of a
six-lump kinetic model of an industrial Fluid Catalytic
Cracking reactor, but didn’t consider the estimation of
the pre-exponential factor. Where as in this work, the
estimation of pre-exponential factor will be considered
and the lumping system is different from the previous.
This is to say the number of lumps maybe the same but
the nature of the lumping might be different. For
instance the six lump kinetic schemes of Mu et al., [13]
are totally different from the six lump kinetic schemes
of Souza et al., [9].

Dagde and Puyate [14] did an extensive work
on the modelling and Simulation of industrial FCC
reactor, where the analysis was bases on five-lump
kinetic scheme but the Kinetic parameters such as
Activation energies, Pre-exponential factor, Rate
Constant etc., were not estimated to get the optimum
values.

Souza et al.,, [9] did no estimation on the
kinetic parameters of FCC riser reactor. Their major
interest was on the thermodynamic analysis of the
system.

MATERIALS AND METHODS
Materials

This deals with material components to apply
in the method of the models for FCC Riser reactor. This
work does not involve experimental techniques; hence
model equations relating to the fundamental of the five
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lump kinetic schemes will be applied appropriately. The
feed for cracking process is Vacuum Gas Oil (VGO).
The materials adopted for this research are five-lump
reaction network for the cracking of vacuum gas oil on
FCC Riser Reactor, Optimization tool (Single Point
Regression  Analysis),  F-table,  Principle  of
Conservation of Energy and Mass, Thermodynamic
data and Literature data from FCC unit at Port Harcourt
Refinery Company (PHRC Ltd), Eleme.

Methods

The method applied in this research work was
the development of the mass (mole fraction) and Energy
models in a riser reactor and the derivation of the
Kinetic models of the five-lump network of gas oil on
FCC unit. The formulation of the optimization models
on the riser with the aim of optimizing the rate

constants, pre-exponential factors and activation

energies of the lumps.

Kinetic Model

The performance of the FCC units plays a
major role in the overall economics of petroleum
refining plants. A small improvement in the operation
of an FCC riser reactor can result in impressive
economic benefits. However, these can be achieved
only if a satisfactory material model is available, which
is analytical so that its optimization can lead to optimal
operating conditions. The development of kinetic model
of the five-lump Fluid Catalytic Cracking unit (FCC) is
essential for the modelling of the riser reactor, reactor
design and for the optimization of the rate constants etc.
Table 3.1 shows the lump of the hydrocarbon and the
boiling point range at 1atm [15].

Table-1: Range of Hydrocarbon and Boiling Point for the lumps [15]

Lump Range of Hydrocarbon | Boiling Point Range °C
Fuel Gas C,-GC, <36

Liquefied Petroleum Gas (LPG) | C3—C, > 36

Gasoline Cs—Cp 36 -216

Vacuum Gas Oil (VGO) Ci—Cyo 216 — 342

Coke > Cy > 342

The network for the five-lump; vacuum gas-oil, gasoline, LPG, dry gas and coke taking place in FCC-Unit riser

is shown in Figure 1.

VGO (A)

k1

r
Gasoline (B)

ks
ks

LPG (C)
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Dry Gas (D)
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"
i

Fig-1: Five-lump Network for the FCC of Vacuum Gas Oil
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According to Dagde et al. [16], the rate models are developed considering the effectiveness factor, 7, and in

terms of mole fraction as follows;

(—m) = kly,g Dnss + kzy,f Pnss + k3yj®nss + k4yj®nss

= (ki + ko + ks + ky) 3’3 PNss

(—=78) = ksyg®nss + keyp®nss — klijnss
= ((ks + ke)ys — klyj) O/

(_r(?) = kyycOnss — ksygDngs — kzyj(bnss
= (k7yc — ksys — ki) dnss

(=1p) = — keYp@ngs — k7 ycOngs — k3y/%®nss
= — (keyp + kyyc + k33’3)¢7}ss

(_rE) = _k4yj®nss

where;  kykyksk, ks kgand k, are the
respective rates constants, considered in the reaction
network, ¢ is the catalyst deactivation function, ng; is
the effectiveness factor,r,, 1,7 1, and g are the rate
of reaction for the cracking of gas-oil and information

1)

)

®3)

(4)
©)
of products, y, ¥ Yc ¥p ana Y& are the mole fraction

for; gas oil (A), gasoline (B) liquefied petroleum (C),
fuel gas (D), and Coke (E).

The reaction rate constant is dependent on temperature, as given by Arrhenius equation;

ki = kioexp[ -]

where;  k;, = Pre-exponential factor of i-
species (S™), E; = Activation Energies of i-species,
kcal/mol, R = Gas Constant, kcal/mol°F

Riser Reactor Model (Plug Flow Reactor)
Development

Model Assumption

The following assumptions were made in developing
the models:

i Only one-dimensional flow of materials and
energy occurs in the riser reactor without
axial/radial flow (Han and Chung [17], Gupta
&Rao [18] and Ahari et al. [19], Han and
Chung [17], Gupta & Rao [18] and Ahari et al.
[19],

ii. The riser reactor will be modeled adiabatically

(6)

iii. The viscosities, densities and heat capacities of
the species are constant throughout the flow
process.

iv. Dispersion and adsorption process within the
catalyst particles are very negligible.

V. Due to the static head of catalyst in the riser,
there is pressure change throughout

Vi. Fluid flow will not be affected as a result of
coke deposed on the catalyst.
Vii. Constancy of temperature for both catalyst and

gas in the riser.

Figure 2 depicts a hypothetical representation
of a riser reactor modeled as Plug Flow indicating a
differential volume where; p;and dp; are the inlet
densities, Vg is volume of reactor, Z is the reactor
length,v, is volumetric flowrate.

VoPiolio —» o; Ty —

—» p; +dp;
—> V0.0 T;

[ T +dT

Z=0

Z=1Lg

Fig-2: Hypothetical Sketch of a Plug Flow Reactor (seen as a riser reactor)

The material balance for the riser reactor is given as;

Rate of mass

{ inflow into
the riser

accumulated
within the riser

outflow into
the riser

} { Rate of mass] [ Rate of mass]
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Rate of depletion of
mass due to chemical (M)
reaction with the riser

Applying appropriate terms into equation (7) and simplifying gives;

i _ .. PgRARLR
az = (=1 FgRr 8

Coupling the rate expression gives;

GZI—ZA = —¢&g sz;ARLR (ki +ky+ ks + k4)yj¢ 9)
a p RZI;LR

= e [(ke + ks)yp — kiyilo (10)
dyc 4 Rfl::LR

Tz - &R gF (kyyc — ksys — ko y3)¢ (11)
dy P RiI;LR

= TR [ (kY + kyye + ksyi)le (12)
aye p RZ:LR

az T R gpgR (—ksyi) 9 (13)

where for riser;

¢ = exp[—art] (14)
E
a= Laozepr[— E] (15)
__ LRZpgrAR
"~ Fgr(cTO) (16)
_ __aLrZpgrAR
¢ = exp [ Fgr(CTO) ] (17)

The Energy Model
The law of conservation of Energy was applied on differential volume of the reactor to determine the temperature
distribution gives:

{Rate ofAccumulation}

of Energy within
the riser

of energy into energy from the dif ferential ; —
the riser the riser

{Rate of inflow} { Rate of outflow of

mass due to chemical
reaction with the riser

{ Rate of depletion of }
(18)

Applying appropriate terms into equation (18) and simplifying gives;
dTr _ Zie,(AHy)(-1)pgreRARAl

S (19)
dz (FgRCpgR"' FcathCat)T‘rgf

where; Y- (AH,;)(—m;) is the heat of reaction per unit mass of gas oil due to catalytic cracking for the various species
obtain and is given as;
1 AH, ) (1) = (kyAHTy + koAHT, + ksAHrs + kyAHT,) Y2 + (ksAHTs + kAHT) Y + kAHT; Yo

(20)
Let n= klAHrl + szHTz + k3AHT3 + k4AHT4
¢ =ksAH, 5 + keAH; 6
w=k;AH, ; (21)
Combining (20) and (21) into (19) yields;
_AaTr _ (nyA+ ¢yB+wyc)pgrERARIRG 22)

az (FgRCpgR+ Fcathcat)Tref

Optimization Model for the Kinetic Parameter Estimation

The kinetic parameters (Pre-exponential factors, A;; Activation Energies, E;; and Rate "Constants, k;) are
estimated and optimized using the following models by minimizing the objective function, S; subject to the constraints
values, ¥ o Tre-

Objective function:
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S = (Wi — Yica)® + (Triie — Trca)®)
Where; m = number of species, A, B, C, D, and E

(23)

j=1...5, yjc is the mole fraction of j-component obtained from literature data, y, ¢, is the mole fraction of j-
component obtained from the simulation, Tg;; is the temperature obtained from literature, Ty .4, is the temperature

obtained from the simulation results.
Subject to (Constraint) models;
Yjtit» Troie

Yitie <0

True <0

The incremental changeAs will be obtained as;

As=—[[nxpllpxn]]*nxp]

Where; [n x p] = the matrix of n-iterations by p-components
[px n] = [m x p]" = the matrix transpose.

(24)
(25)

(26)

Thus, Optimization model for the kinetic parameter estimation are thus;

Ei®*D = Ei® 4 qAs
Ki®*D = KiZ 4+ aAs
A = Ai% + als

(@7)
(28)
(29)

where; a = fractional ranges; 0 <a< 1 (usually as @ = 0.82), n is the number of iteration (which is 10), p is the number of
variables (which is 7), As is the Incremental change, « is the step size.

The criteria for convergence;
Fcal = Ftab

(30)

If F.q = F.up, Stop iteration and compute the results which are the activation energy value obtained, else continue

iteration till F.,; = Fyyp

where;
MSM

cal — MSE

MSM is the Mean of Square Mean = Si.of Sauare Mean

P—Components

Sum of Square Error

And MSE is the Mean of Square Error =
(n—p) =Degreeof Freedom
F.q» = determined at 95% confidence level.

The optimised rate constant values were
obtained from the Arrhenius equation; k; =

k;oexp (;—ET")which was used to obtain the optimised

mole fractions and temperature values of the various
species

Kinetic Parameter Estimation Procedures

This was carried out with the aim of
optimising some Kkinetic parameters suitable for the
improvement and maximization of the desired product.
The optimised values were considered to be the best
values between plant/literature/experimental data and
the model calculated values. The estimation of kinetic
parameters in this work was based on the optimization
technique of single point regression analysis using
Matlab which makes complex non-linear models easier
to solve. The riser model equations consist of sets of
non-linear first order differential equations which were
integrated numerically using the fourth order Runge-

(1)

Kutta algorithm and then subjected to the following
optimization technique steps:.

a. Runge-kutta 4™ order algorithm will be used to
solve the steady state mole fraction and
temperature models with the aid of computer
programming software (Matlab).

b. The results from the simulation of the steady
state mole fraction and temperature model
were compared with the literature data with
reasonable agreement.

c. The result from the simulation of the steady
state mole fraction and temperature model
were subjected to optimization (using single
point regression analysis), still with the aid of
MATLAB software. This where the objective
function (s), which is a cost function was
subjected to various constraints which were
Yiiie» Truie and acts as the boundary

conditions.
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d. The optimal “ k; ” values obtained from e. The optimized Kkinetic parameters (pre-
k; = k;gexp (—_El were used to obtain the exponential constants, activation energies and
Lo RT rate constants) were compared with the

optimal yields of the mole fractions and

. . literature data to get percentage deviation.
temperature of the various species. getp g

Operating Parameters

Table-2: Kinetic Parameter for FCC five lumps reaction scheme [20]

Parameters (k;) Activation Pre-exponential | Stoichiometric
Energy, Eio(kJ/mol) Constant, ki (s*) | Coefficient (V)

Gas Oil to Gasoline, k; 46.240 0.002 3.2767

Gas Oil to LPG, k; 59.750 0.0000184 8.2655

Gas Qil to Dry Gas, k3 59.750 0.0000184 20.7527

Gas Qil to Coke, k4 59.750 0.000581 20.965

Gasoline to LPG, kg 78.490 0.00005566 2.5225

Gasoline to Dry Gas, Kg 78.490 0.00002183 6.4022

LPG to Dry Gas, k; 59.750 0.003174 2.5380

Catalyst Decay 117705 83806.556 Lee et al., [21]

Table-3: Average Molecular Weight of FCC five lumps [22]
Lumps | Average Molecular Weight

Gas Oil | My, = 386**
Gasoline | My =117.8*
LPG M, = 46.7*
Dry Gas | My =18.4*
Coke M. = 400*

Table-4: FCC Riser Reactor Feed and Products Properties [15]

Components Flow-rate | Specific | API Gravity | Composition
(Kg/hr) Gravity (Weight %)

Gas Oil Feed 244090 0.927 21.2 100

Fuel Gas 13180 - - 5.4

LPG (C3) 15388 - - 6.3

LPG (C4) 26118 - - 10.7
Gasoline 112037 0.739 60.0 45.9

Light Cycle Qil | 43448 0.973 14.0 17.8

Bottoms 21480 1.072 0.5 8.8

Coke 12448 - - 5.1

Table-5: FCC Industrial Riser Reactor Dimensions [15]

Parameter Values (meters)
Riser Length 22.9
Riser Diameter 2.9

Regenerator Length 35.45
Regenerator Diameter | 9.8
Cyclone Height 14.24
Cyclone Diameter 1.5
Disengager Height 24.5

Table-6: FCC Industrial Riser Distilled-off Gas-oil Percentage and Corresponding Temperature-cuts [15]

Percentage Distilled-off | °C | °K

10 349 | 622
30 421 | 694
50 449 | 722
70 483 | 756
90 532 | 804
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Solution Techniques
The model equations consisting of nonlinear first order differential equations were integrated numerically using
the fourth order Runge-Kutta algorithm subject to the followingboundary conditions:

ya=1
Z=0:y ¥6=Yc =yp=yp=0 (32)
T, = 780K

exponential constants and activation energies. The rate
constants were computed using the Arrhenius equation.

RESULTS AND DISCUSSION
Table 7 shows the results obtained from
equation (27), (28) and (29); yielding the optimized pre-

Table-7: Optimize Kinetic Parameters (Pre-Exponential Constants; Activation Energies and Rate Constants) for
Five Lumps Kinetics scheme.

i . . E;

' ko Ei k; = kjpexp(— RTcal)
1, 0.00174 36.992 0.00173
2, 0.0000216 44,8125 0.00002101
3, 0.00002024 41.825 0.00002011
4, 0.00055195 52.58 0.0005475
5, 0.00006234 57.2977 0.00006179
6, 0.000017464 56.5128 0.00001731

7. 0.0025424 50.7875 0.002523

maximum percentage deviation of 20% and a minimum
deviation of 5%.

Table 8 shows the comparison between model
predictions and literature data [14] for the rate
constants, indicating reasonable agreement with a

Table-8: Comparison of Optimized Rate Constant(k;) Value and Literature Value

Parameter Rate Constant (k;) Deviation

i Literature Optimize

1 0.0020000 0.00173000 0.14
2 0.00001824 0.00002101 0.15
3 0.00001824 0.00002011 0.10
4 0.0005760 0.0005475 0.05
5 0.00005500 0.00006179 0.12
6 0.0000216 0.00001731 0.20
7 0.0031500 0.00252300 0.20

Table 9 shows the comparison between model
predictions and literature data [14] for the activation

energies, indicating

reasonable agreement with a

maximum percentage deviation of 30% and a minimum
deviation of 12%.

Table-9: Comparison of Optimized Activation Energies (E;) Value and
Literature Value

Parameter Activation Energies (E;) Deviation

i Literature Optimize

1 46.240 36.992 0.20
2 59.750 44.813 0.25
3 59.750 41.825 0.30
4 59.750 52.580 0.12
5 78.490 57.298 0.27
6 78.490 56.513 0.28
7 59.750 50.788 0.15

Table 10 shows the comparison between
model predictions and literature data [14] for the pre-
exponential constants, indicating reasonable agreement

with a maximum percentage deviation of 20% and a

minimum deviation of 5%.
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Table-10: Comparison of Optimized Pre-Exponential Constant (k;q) andLiterature Value

Parameter Pre-Exponential Constant (k;,) Deviation

i Literature Optimize

1 0.00200000 0.00174000 0.13
2 0.00001824 0.0000216 0.18
3 0.00001824 0.00002024 0.11
4 0.000581 0.00055195 0.05
5 0.00005566 0.00006234 0.12
6 0.00002183 0.000017464 0.20
7 0.00317400 0.002542400 0.20

.. Lit t —Optimi
Where percentage deviation = |- P2

Literature Value

Results of Simulation
Variation of Mole Fractions of Cracked Gas QOil to
different Species (Gasoline, LPG, Dry Gas and
Coke) along the Reactor

Figure 4 shows the variation of mole fractions
of cracked Gasoil to Gasoline, LPG, Dry Gas and Coke
along the riser reactor bed height. The Gasoil was
assumed as second order that was depleted by chemical
reactions in the presence of Zeolite catalyst to give the
various products (Gasoline, LPG, Dry Gas and Coke).
The profiles of the depletion process of the Gasoil and
formation of products are shown in Figure 4. The

x 100%

(33)

depletion profile is exponential along the riser bed
height while the formation of the products occurred
exponentially along the riser height. From Fig.4,
initially the Gasoil was y, =1, at z=0m and
depleted to the final mole fraction (yield) of y, =
0.496 at z =24m meanwhile, the products mole
fractions initially were respectively yg =y = yp =
yg = 0 for Gasoline, LPG, Dry Gas and Coke and
increased to the respective yields of
yg = 0.4933mol; y, = 0.0177mol; y, = 0.0813mol;
and y; = 0.2937mol.

MaleFraction

—r— GAS OIL
—— GASOLINE

—— LPG
—— DRY GAS

il COKE

Length of Reactor (m)

Fig-4: Profile of Mole Fractions of Cracked Gas Oil to different Species (Gasoline, LPG, Dry Gas and Coke) versus Length of

It should be noted that the yield of Gasoline,
the most desired and economic product was the highest
and least yield was obtained for coke. Coke deposition
on the catalyst pore space reduced gasoline production
due to its secondary cracking to other products. The
products formation results were reasonable and good

Reactor

indicating that the models developed could be used to
predict yields of products in Fluid Catalytic Cracking
reactor. It was also shown that the yields for normal
simulation was lower and more coke produced than
optimization models results since the kinetic parameters
were optimize and upgraded to produce good results.
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Variation of Optimized Mole Fractions of Cracked Gasoil to different Species (Gasoline, LPG, Dry Gas and Coke)

versus Length of Reactor

hale Fraction

——GASOIL
il GASOLIME
—h—LFPG
——DRY GAS

—g—COKE

a 5 10 15

Length of Reactor(m)

Fig-5: Profile of Optimized Mole Fractions of Cracked Gasoil to different Species (Gasoline, LPG, Dry Gas and Coke) versus
Reactor Bed Height

Figure 5 depicts the relationship among the
mole fractions of the five (5) lumped models cracked
from Gasoil to Gasoline, LPG, Dry Gas and Coke along
the riser reactor bed height.

The Gasoil is a second order reactant that was
cracked to give Gasoline, Liquefied Petroleum Gas
(LPG), Dry Gas and Coke. The depletion by chemical
reactions of vacuum gasoil cracked exponentially
from y, =1.00 to y, = 0.0442 when z=0m to
z = 24m along the riser bed height. The cracked Gasoil
produced Gasoline, (yg); LPG (y.); Dry Gas (yp), and
Coke (yg) exponentially along the reactor height with
Gasoline yield being the highest. It should be noted that
Gasoline is the most desired product needed in this
work because it is the most highly demanded product;
hence the result shown in Figure 5 indicates the trend
and acceptability from the literatures. Coke is seen as
the lowest value as the maximum vyield was y; =
0.0140mol at z = 24m. This results show that the
optimized Kinetic parameters (pre-exponential constant

and activation energies) generated gave lowest of coke
and it’s formation as the bottom products. From
observation and literatures, the results should be
acceptable because it agrees with the trends [20, 19,
14]. The results for the optimized Kkinetic parameters
gave higher products yields compared with the normal
process values for gasoline.

Comparison between Gasoline yields for Optimized
and Non-optimized Kinetics

Figure 6 demonstrates the relationship between
the mole fractions of gasoline for the non-optimized and
optimized results along the reactor bed height. Gasoline
formation increased linearly along the length of the
reactor as there was cracking and conversion of gas oil
to different products. The temperature rate in the reactor
favoured greatly the formation of gasoline as it was the
most essential product and had the highest formation
rate. The highest mole fraction for gasoline from the
non-optimized plot was 49% and 51% from the
optimized plot.

Gasoline Male Fraction
&
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Fig-6: Profile of the Mole Fractions of Cracked Gasoline versus Reactor Length
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It was observed that there was more formation
of gasoline) from the optimized plot than the non-
optimized plot, which indicated that optimization of
kinetic parameter was necessary and essential for the
improvement in the production of gasoline.

Comparison between Optimized and Non-optimized
Kinetics for Temperature Profile

Figure 7 depicts the relationship between
Temperature of the riser column and the length of the
riser, showing the similarities and differences between
the non-optimized and optimized results.

Iemperaturs (K)

—— MIDDEL
el OPTIMIZED MODEL

0 5 10

Length of Reactor (m)

Fig-7:Temperature Profile for optimized and non-optimized Kinetics

The reaction process for the cracking of Gas
oil gave products of Gasoline, LPG, Dry gas and coke
was an endothermic reaction, initially from z =0 —
2.5m along the length of the riser column, i.e. very high
heat was needed on the convection zone of the riser
column at T = 780K for cracking to start and continue.
But as the length increased, the heat needed reduced to
T = 774.28K for the non-optimized and to T = 777.86K
for the optimized plot at z = 2.5m. At the Radiation
zone, from z = 2.5 — 24m, heat was liberated and more
heat was present in excess, which gave rise to the
temperature from T = 774.28K to 789.05K for the non-
optimized plot and from T = 777.86K to 783.60K for
the optimized. The maximum temperature from the
optimized plot was less than that from the non-
optimized plot because our aim was to reduce cost and
maximise profit. The higher the temperature and
activation energy, the higher the cost of production and
reactor design. There was more heat at the radiation
zone due to the fact that the cracking process needed
high energy for the activation energy of Gas oil to be
broken for products formation. The radiation zone was
where more heat was needed, in which excess heat was
liberated as a result of heat generated from the
combustion of flue gases at the top of the riser. The
theory behind the cracking process was that the heat at
the convective zone was lower than that at the radiation
zone due to flue gas burning which also generate heat
together with the heat resulted in the reaction process
occurring in the convective zone cause the riser to have
excess heat, which agreed with Figure 7.

CONCLUSION

The research work to Estimate Kkinetic
parameters for five lump Fluid Catalytic Cracking Riser
Reactor of Gas Oil has been carried out. Kinetic
parameters such as Activation Energies and Pre-
Exponential constants estimation were very important
as they form the basis of reactor design and the yield of
the products considered. The models for the FCC riser
were developed using thermodynamic data, material
and energy balances principles. Also optimization
models were obtained using single regression analysis
models and other statistical model such as F-Test. The
kinetic parameters were obtained from works of Dagde,
2008 for the simulation of the models using MATLAB
version 2018. The results were generated for the five
lumped kinetic model where reactant Gasoil as a second
order Hydrocarbon was cracked into products
(Gasoline, LPG, Dry Gas and Coke) and profiles
obtained. The yields in terms of mole fractions of the
various components were obtained from the cracked
Gasoil in the FCC riser reactor. Then, the results
obtained (mole fractions and Temperature result
coupled) were then subjected to optimization process
model using regression analysis models to obtained the
modernized or the optimized kinetic parameters
(activation energies, pre-exponential constants and rate
constants of the lump) as shown in tables and figures.
The optimized kinetic parameters results actually
affected the overall results as the optimized values of
the parameters improved the yields of the most desired
products. The essence of the optimization actually
proved to us that improved kinetic parameters can go on
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to improve the yields of the most demanded and
economic products and also improving the reactor
design. The results were in agreement with the aim and
objectives of the research.
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