
INTERNATIONAL JOURNAL OF COMPUTER APPLICATION                                                                                                                

ISSUE 2, VOLUME 3 (JUNE 2012)                                                                                                                               ISSN: 2250-1797 

 Page 1 
 

Effects of Operational Variables on the Riser Reactor of Fluid 

Catalytic Cracking Unit (FCCU) Using Hysys 

Raji Olabode Yusuf *, Usman Aliyu El-Nafaty, Mohammed Jibril. 

Chemical Engineering Programme, Abubakar Tafawa Balewa University, Bauchi, 

P. M. B. 0248, Bauchi-Nigeria.  

 

ABSTRACT 

The aim of this study was to evaluate the performance of operational variables on 

riser reactor in an industrial fluid catalytic cracking unit using a computer simulator 

(HYSYS). The entire process plant was modeled on the simulation environment of HYSYS. 

The heterogeneous catalytic cracking reactions occur in a riser reactor with the fluid (gas oil) 

and the Magnesiev-370 as the solid catalyst in the plug flow reactor (PFR) (i.e. riser reactor). 

The advantage of using PFR in the model is simply because fluid flow is radially isotropic 

and makes the model particularly suitable for control studies. Three-case study was 

performed to cover a broad range of feed stock operating conditions. The results of gas oil 

conversion and products distribution has been developed and the effects of operating 

variables have also been assessed. For all the three base cases examined, case two (2) showed 

good performance with an increase in volumetric flow rate from 4030m
3
/d to 5630m

3
/d about 

28.42% increment and produces the least temperature and pressure output of 579
0
C and 

2.77kPa respectively. While the carbon composition showed highest reduction in base case 2 

from 0.03 to 0.0054mole fraction. Simulations were also performed to investigate the effects 

of changing various process variables, such as temperature, pressure, volumetric flow rate, 

entropy on the product yields.  
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1.0 INTRODUCTION 

The objective of a Fluid Catalytic Cracking Unit (FCCU) in the Kaduna Refinery and 

Petrochemical Company (KRPC) is to convert high molecular weight gas oils into more 

valuable hydrocarbon products in a pure, safe, cost effective manner (KRPC user Guide 

2008). FCCU, which is often referred to as the workhorse of the refinery contributes about 

40% of the gasoline pool. Since the FCCU riser reactor is capable of converting large 

quantities of feed into more valuable products in a matter of seconds, efficient operation of 

the riser reactor is essential to the optimum efficiency of a refinery. The Analysis and control 

of FCC process have been known as challenging problems due to the following process 

characteristics; (i) very complicated and little known hydrodynamics; (ii) complex kinetics of 

both cracking and coke burning reactions; (iii) strong interaction between the reactor and 

regenerator; and (iv) many operating constraints (Elamurugan et al; 2010). 

HYSYS is an interactive, object-oriented program, which differs from many of the alternative 

commercial simulators (ASPEN PLUS, PRO/II and CHEMCAD) in two main respects. First, 

it has the facility for interactively interpreting commands, as they are entered one at a time, 

whereas most of the other flowsheet simulators require that a run button be pressed after new 

entries are completed. Second, although HYSYS, like many other simulators, uses 

subroutines or procedures to model the process units, it has the unique feature that 

information propagates in both forward and reverse directions. This bi-directionality often 
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makes iterative calculations unnecessary. These two features make the program fast 

responding and relatively easy to use. 

Furthermore, the use of commercial simulators (such as Hysys Plant) allows the entire 

flowsheet calculations and representations (such as thermodynamic and physical properties, 

unit operations, hypothetical and pseudo-components calculation used for representing the 

petroleum compositions and controller functionality), facilitating and robusting the data to be 

treated (Claudia, 2001). 

Large body of literature has been written on modeling and optimization of fluid catalytic 

cracking unit. These include the optimization of model IV fluidized catalytic cracking unit by 

Sundaraliagam, (2007); A two – dimensional model for simulation, control and optimization 

of FCC unit by Conegna. et. al; (2006); and time optimal control of fluid catalytic unit (Liao, 

2008). 

 

1.1 PRINCIPLE OF OPERATION 

Generally, the FCCU contains three main sections: riser reactor, regenerator, and main 

fractionator. Fresh feed gas oil preheated in the heater is injected into the inlet zone of riser 

reactor considered to be the most complex part of the riser. This leads to high turbulence, and 

temperature and concentration gradients. The high molecular weight feed is partly cracked to 

the low molecular weight products. The hot catalyst provides the heat for this endothermic 

cracking reaction. During cracking, coke (carbon) is deposited on the catalyst reducing the 

catalyst activity (Ramasubramanian, 2001). The entrained catalyst is separated from the 

product gas in the cyclones at the top of the reactor .This is done to minimize secondary 

reactions and returned to the stripping section of the reactor where steam is injected to strip 

off the entrained hydrocarbons from the catalyst (Nicuum. et. al; 2002 ). In this study, all the 

cracking reactions are considered to take place in the riser reactor. This assumption is 

reasonable since the zeolite catalysts (Magnesiev-370), the reaction promoters and the 

multifunction catalyst additives highly accelerate the cracking reactions rates. 

 

2.0 METHODOLOGY 

Process Simulation Procedure 

1. Collection of Data: Operating Data and Piping and Instrumentation Diagram of Fluid 

Catalytic Cracking Unit (FCC) of Kaduna Refinery and Petrochemical Company (KRPC) 

were collected from KRPC. 

2. Constructing a FCC Model in a Process Simulator: Building the FCC model of KRPC in 

Hysys using the data collected in 1 above. 

3. Computer Simulation: Computer simulation of the model constructed in 2 was carried out 

using Hysys. 

 

2.1 PROCESS SIMULATION 

 To assess the commercial feasibilities of the proposed process, complete modeling and 

process simulations were first carried out. Most common simulation software can provide 

reliable information on process operation of their comprehensive thermodynamic packages, 

vast component libraries and advanced calculation techniques. The process simulation 

software, HYSYS version 3.2 developed by Hyprotech Ltd; was used in this research. 

The procedures for process simulation mainly involve defining chemical components, 

selecting a thermodynamic model, determining plant capacity, choosing proper operating 

units and setting up input conditions (flowrate, temperature, pressure, catalyst information, 
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and other conditions). Data on most components, such as water, hydrocarbons, oxygen, CO, 

CO2, NO2, SO2, is available in the HYSYS component library. Regarding gas oil feedstock, 

nC25 was assumed and considered as the heavy hydrocarbon to the riser reactor because its 

normal boiling point is averagely close to the feed specification obtained from KRPC FCC 

unit while the gasoline specifications were input into the oil characterization of the HYSYS 

component library as hypo-components and as well as flue gas library components were 

input. The Y-Zeolite (Magnesiev-370) was cloned using ‘’ the hypo-manager as hypothetical 

component’’ tool in HYSYS. Three (3) sets of heterogeneous catalytic reactions were 

modeled in the riser reactor with nC25 as the base component of each reaction set and a 

combustion reaction was also modeled in regenerator with Carbon and Hydrogen as the base 

components. Due to the presence of the highly polar and non polar components 

thermodynamic / activity models Peng Robinson was recommended to predict the activity, 

densities coefficients of the components in a liquid and vapor phase. 

The determination of plant (FCC) unit gas oil capacity and other operational variables was 

based on the operational data got from KRPC FCC. Approximately 144000kg/h of the gas oil 

is fed into riser / reactor and 58500kg/h of the gasoline (C5+) was produced from the main 

fractionator. Most of the heat utilities information was assumed in the order to develop the 

model. The main processing units include reactors- plug flow, continuous stir tank, separator, 

distillation column, valves, cooler and heaters. Because detailed information on the kinetics 

was not available. Kinetics information was obtained for catalytic cracking gas oil and 

combustion of coke (carbon and hydrogen) from open literatures. Single stage distillation was 

used as main fractionator for vapor effluents separation into products ends recovery such as 

the flue gases, gasoline (C5+) and bottom oil. After the input information and operating unit 

models were set up, the process steady- state simulation was executed by Hysys. Mass and 

energy balances each units, as well as operating conditions and modeling FCC was obtained. 

 

3.0 RESULTS AND DISCUSSION 

In this study, the modeling of FCC unit was developed in the simulation environment of 

HYSYS 3.2 software as shown in Figure 1. The simulation results for steady state are 

presented below as it relates the various effects of operating process variables on the product 

yields.  Simulations were performed using plant operating conditions data supplied by KRPC 

FCC. Three case studies were designed to cover a broad range of operating conditions and 

three represent different feedstock conditions. Table 2-4 shows the simulation of products 

composition distribution. 

 

 

Table 1: Industrial Riser Reactor Operating Conditions (Base cases 1-3) 

                                                       BC 1     PY1           BC 2     PY2             BC 3         PY3 

Gas oil (m
3
/d)                                4180    5630           4030       5630           4300         5800 

Gas oil temperature (
0
C)             320       588             310        579              330          592 

Gas oil in-Pressure (kPa)             139      2.81            135         2.77             140          2.88 

Products composition (mole)       1         0.988           1             0.9884         1             0.8118 

%yield products                               25.75                      28.42                          25.86 

Carbon composition (mole)        0.03    0.00538        0.03      0.00541       0.03           0.00555                      

N.B: BC (Base case 1-3) and PY (Products yield 1-3). 
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Figure 2: Steady-state temperature profile in the riser. 

DISCUSSION 

This study investigated typical simulated results for base case operating conditions. It is 

noticed that in this case, the model predictions of products conversion yielded optimally and 

other operational conditions all showed some significant effects on the vapor products. In 

Figure 1 the temperature profile of reactions in the riser/reactor has been illustrated. As 

expected, due to the nature of endothermic reactions, the temperature profile remains 

uniform. Figure 2 the pressure profile in the riser as illustrated was as a result of high 

concentration gradients in the inlet zone and then descended as it reached the top of the riser. 

Figure 3, on the other hand shows the entropy profile ascending in the riser was as a result of 

degree orderliness and is directly proportional to the riser length. 

In Figure 4 the volumetric flow profile is plotted and shows increasing trend along the riser 

length due to rate of cracking and conversion. Figure 5 shows how conversion yielded 

optimally with respect to varying temperature. In figure 6 the reaction rate profile depicts the 

predicted axial profiles in the riser. The model predicts that much of the gas oil conversion 

occurs in the first 3-5m of the riser, which is correspondence with other simulation data. 

There are a number of reasons for this; first the bottom zone of the riser has a high molar 

concentration. In addition, this catalysts just have been reintroduced from the catalyst stream, 

has a higher temperature and activity than it does at higher axial location in the riser. 

Furthermore, the concentration of the gas oil vapor is higher at the base of the riser as 

Figure 1 Modeled FCC Unit 
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compared to that at higher axial locations, where reactions and molar expansion decrease the 

gas oil concentration thus, and the reaction rate of gas oil top products is greatest at the 

bottom of the riser, leading to rapid conversion. The results showed a gradual reduction in 

carbon formation as the temperature increases across the riser reactor length while other 

constituents showed an improved performance. 

 

 
Figure 3: Steady- state Pressure in riser reactor 

 

 

 
Figure 4: Steady- state entropy in riser reactor 

 

 

 
Figure 5: Steady- state volumetric flow in riser reactor 

 

Figure 3: Steady- state entropy in riser reactor        
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Figure 6: Steady- state actual conversion in riser reactor 

 

 
Figure 7: Steady- state Comp prod rate in riser reactor 

 

 

Table 2: Case 1 Product Distribution  
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Table 3: Case 2 Products Distribution 

 
 

 

Table 4: Case 3 Products Distribution 
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4.0 CONCLUSION 

Fluid catalytic cracking riser reactor has been modeled using HYSYS. Three steady state case 

studies corresponding to three different operating conditions have been considered to verify 

and simulate the model. In this study, effect of operating condition on the system behavior 

has been studied. For all the three base cases examined, case two (2) showed good 

performance with an increase in volumetric flow rate from 4030m
3
/d to 5630m

3
/d about 

28.42% increase. It also produces the least temperature and pressure output of 579
0
C and 

2.77kPa along the reactor length respectively. The carbon composition showed highest 

reduction in base case 2 from 0.03 to 0.0054 mole fraction. 

Simulations were also performed to investigate the effects of changing on various process 

variables, such as temperature, pressure, volumetric flow rate, entropy, actual conversion on 

riser reactor length. Each of these process variables showed a significant influence riser 

reactor as illustrated in the above figures. The temperature of the riser reactor at 574
0
C was 

uniformly distributed, the pressure decreased from 2.958kPa to 2.938kPa; the entropy showed 

an ascending order from 558.9kJ/kgmole
0
C to 559kJ/kgmole

0
C and volumetric flow 

increased from 5.470e+7 m
3
/h to 6.505e+7 m

3
/h. Lastly the actual conversion % was attained 

optimally at 56.57% when temperature was 320
0
C.
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