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1.0 ABSTRACT 

This work presents a model-based synthesis approach that enables the determination of the 

optimal thermal and physical reaction conditions for a particular feed, maximising olefin yields 

in the steam cracking process. In order to determine if there is still scope for yield improvements 

it is helpful to know what the optimal reaction conditions for the steam cracking process are. 

Process gas temperature, feed pressure and steam to hydrocarbon ratio in the feed all have 

important impacts on product yields in tubular reactors for steam cracking.  

This study was aimed at evaluating the effects of these parameters quantitatively based on 

computer simulations. Steady-state operation of the tubular reactors in industrial thermal 

cracking furnaces was simulated in HYSYS with a molecular reaction scheme. Various case 

studies then investigated the influence of process gas temperature, feed pressure and inlet steam 

to hydrocarbon ratio so that the ethylene/propylene product yields could be evaluated. Four feeds 

were studied- ethane, propane, butane and light naphtha. 

The theoretical maximum achievable ethylene yield for ethane cracking was found to be 66 wt% 

whilst a maximum yield of 31.6 wt% was obtained for propylene from propane cracking. For all 

cases, linear temperature profiles with a maximum temperature of 925 
o
C proved to optimal 

which is lower than allowed. Furthermore, steam mass ratios and feed pressures of 0.5 and 3 bars 

respectively proved to be suitable values for reducing coking rates without comprising reactor 

yields to a great extent. The resulting residence times were in the same order as with current 

technology for steam cracking.  

The design of the reactor was found appropriate to crack hydrocarbon feed-stocks and the olefin 

yields follow the expected trends. 
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2.0 INTRODUCTION 
 

Over the years, on an industrial stage, thermal cracking has been a key production process. Many 

methods can be used to manufacture olefins, but steam cracking or pyrolysis is the most 

preferred route in modern practice. Steam cracking has formed part of the foundation for the 

petrochemicals industry for over 85 years. Of all the olefins, ethylene is one of the most 

important building blocks of synthetic organic chemistry (Matar and Hatch, 1994). It is used to 

make polyethylene amongst other products. Additionally, propylene is becoming increasingly 

important due to its rising economic value.   

 

The steam cracking method is utilized to convert hydrocarbon feeds such as ethane, naphtha, and 

gas oil into light olefins such as ethylene and propylene, which are intermediate products of the 

petrochemical industry. However, ethylene provides the connection between chemical 

companies and petroleum refiners. An ethylene plant is frequently and fittingly called an olefin 

plant, since the final products are olefins. 

 

Figure 1: Flow Diagram of a Typical Steam Cracking Furnace (Emerson Process 

Management 2008) 
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One of the first patents for the commercial production of ethylene is credited to Union Carbide in 

1922. Three years later, the first commercial plant for ethylene product was built in West 

Virginia in the United States. Since then, the olefins industry has progressively advanced. 

Starting with “worldscale” ethylene plants in the early 1950’s with capacities of around 20,000 

to 50,000 MTY, plants have become larger, more energy efficient, and more environmentally 

friendly. The production capacity for today’s worldscale crackers can be over 1,000,000 MTY of 

ethylene. Steam crackers utilizing feeds besides ethane usually also generate propylene as a 

byproduct (among other byproducts). Indeed, as the ethylene market grew, so did the propylene 

market. 

 

2.1 Background 
 

Many chemical reactions occur during steam cracking, most of which are centered on free 

radical mechanisms. Computer simulations based on modeling steam cracking incorporates 

hundreds or even thousands of reactions. The major reactions include: 

 

Initiation reactions- A single molecule breaks into two free radicals. Only a small fraction of 

feed molecules actually take part in initiation, but these reactions are required to create the free 

radicals that drive the rest of the reactions. In steam cracking, initiation basically includes 

breaking a chemical bond between two carbon atoms, as opposed to the bond between a carbon 

and a hydrogen atom. (Wikipedia 2012) 

CH3CH3 → 2 CH3• 

 

http://en.wikipedia.org/wiki/Chemical_reaction
http://en.wikipedia.org/wiki/Computer
http://en.wikipedia.org/wiki/Simulation
http://en.wikipedia.org/wiki/Chemical_bond
http://en.wikipedia.org/wiki/Hydrogen
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Hydrogen abstraction- A free radical eliminates a hydrogen atom from another molecule, 

making the second molecule a free radical. 

CH3• + CH3CH3 → CH4 + CH3CH2• 

 

Radical decomposition- A free radical breaks into two molecules- an alkene and a free radical. 

This process leads to the alkene products of steam cracking. 

CH3CH2• → CH2=CH2 + H• 

 

Radical addition- The reverse of radical decomposition happens when a radical reacts with an 

alkene to form one, larger free radical. These processes are involved in creating the aromatic 

products that form when heavier feedstocks are utilized. 

CH3CH2• + CH2=CH2 → CH3CH2CH2CH2• 

 

Termination- occurs when two free radicals react to form products that are not free radicals. 

Two frequent versions of termination are recombination, when the radicals merge to produce a 

single larger molecule, and disproportionation, when a single radical transfers a hydrogen atom 

to the next, resulting in an alkene and an alkane. 

CH3• + CH3CH2• → CH3CH2CH3 

CH3CH2• + CH3CH2• → CH2=CH2 + CH3CH3 

 

In an olefin plant, the feed is heated, combined with steam, and heated further to incipient 

cracking temperature (500-650°C), then the mixture goes into a fired tubular reactor where the 

reactions take several seconds (750-875°C). The saturated hydrocarbons in the feed crack into 
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smaller molecules by free radical reactions. The steam used is an inert gas used to enhance olefin 

selectivity and to decrease coke formation by decreasing the hydrocarbon partial pressure. 

Radiation burners in the sidewalls or long flame burners at the bottom of the furnace supply the 

heat needed for the endothermic reactions.  

 

Main products are hydrogen, methane, ethylene, propylene, other olefins, and diolefins. On 

exiting the reactor the products are cooled instantly to 550-650°C to avoid secondary reactions, 

after which gases are separated. Secondary reactions lead to the formation of coke on the walls 

of the reactor.  

 

Due to the highly endothermic reaction, it is promoted at higher temperatures and lower 

pressures. Long chain hydrocarbons crack more easily than shorter chain compounds and need 

lower cracking temperatures. Coke formation decreases olefin selectivity because of the 

increased pressure drop in the cracking coil. Coke is burned off with steam and air during a 1-4 

days decoking period. The decoking procedure must be carried out every 10-80 days based on 

furnace design and operating philosophy.  

 

2.2 Importance of this research 
 

The capacity and throughput of steam crackers are constantly increasing because of rising world 

demand for polymers (polyethylene and polypropylene in particular) and other olefin-based 

derivatives. Many developments have occurred in ethylene pyrolysis to increase capacity, 

improve yield and thermal efficiency and decrease downtime for maintenance and decoking 
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along with material developments and improvement in tube size and shape. Additionally, 

intensive research has been done on alternative technologies for ethylene production.  

 

The steam cracking process understanding has evolved from an empirical description to a 

detailed knowledge of its fundamentals, in terms of chemical mechanism, kinetics, process 

requirements, design methods, etc. The practical state-of-the-art in steam cracking has reached a 

stage of maturity where improvements in yield and product selectivity are becoming increasingly 

difficult due to engineering restrictions. 

 

2.3 Objectives 
 

 To identify the factors which govern olefin yields in steam cracking reactors. 

 To develop a model whereby simulation of the steam cracking process can be done. 

 To use this model to observe the trend in olefin yield with varying conditions and 

compare with the trends found in various literatures. 

 To offer optimum conditions and configurations whereby high olefin yields can be 

obtained from steam cracking reactors for different feed stocks via the model designed. 

 To determine whether there is still scope for improvement in olefin steam cracking 

processes and identify where future research can be done. 
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3.0 LITERATURE REVIEW 
 

Despite the abundance of analysis in the technical journals on the subject, there is really only a 

moderate amount of flexibility to change the yields in olefin plants from any particular feed. The 

problem is that the yield of each of the co-products moves in different directions as the pressure, 

temperatures and residence times are changed. The fluctuations of the market values of the co-

products often result in little incentive to effect yield changes. (Burdick and Leffler 2010)  Steam 

cracking products depend on the cracking temperature, the steam to hydrocarbon ratio (pressure), 

reactor residence time and the composition of the feed. (Posch 2011) This section is a summary 

of previous and recent advances in the reaction schemes for naphtha cracking, simulation, 

modeling, and optimisation analyses of tubular reactors. 

3. 1 Steam Cracking Reaction Mechanisms 
 

The cracking process involves many free-radical reactions. Towfighi and Karimzadeh published 

a free-radical reaction scheme for naphtha cracking which includes 150 reactions. Due to 

computation difficulties, models based on molecular reactions have been widely used. Wang et 

al. developed a molecular reaction mechanism for steam cracking of naphtha. Kumar and Kunzru 

proposed another molecular reaction mechanism for naphtha steam cracking based on their 

laboratory experimentation.  

 

Sundaram and Froment developed a free-radical scheme for ethane cracking, where 49 reactions 

were proposed and products heavier than C5H10, whose yields are usually very small, were 

lumped together as the single component C5+ to simplify the reaction scheme. Kinetic 

parameters were mainly obtained through trial and error and by fitting pilot-plant data. Other 
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free-radical schemes have also been proposed by several authors, using fewer reactions. Tarafder 

et al. evaluated several reaction schemes for ethane cracking, including the molecular and the 

free-radical schemes by Sundaram and Froment, and concluded that the free-radical mechanism 

of Sundaram and Froment provides more accurate predictions. 

3.2 Mathematical models for Steam cracking 
 

A lot of effort has been dedicated to the development of mathematical models for pyrolysis 

reactions to predict the product composition from a variety of feedstocks under different reactor 

conditions. (Lan et al. 2008) Safarik et al. (1996, 1997) and Billaud et al. (1991) stated that 

researchers have examined the thermal degradation of hydrocarbons in detail, and that the 

processes occurring during thermal cracking of hydrocarbons are well understood. Modelling of 

industrial hydrocarbon pyrolysis is a powerful tool to optimize feedstock selection and operating 

conditions. 

 

An example is the SPYRO model, which was described first by Dente et al. (1979), and recently 

by van Goethem et al. (2001). Broad accessibility to this model is limited due to financial 

reasons. Another approach is the molecular kinetics model, different versions of which can be 

found in the paper by Belohlav et al. (2003), or by Pant and Kunzru (1997, 1998). This model 

applies formal molecular reactions. Each feed component (individual hydrocarbon molecule) 

cracks according to a first order kinetic model; each reaction has its own basic rate constant and 

energy of activation. Because the complexity of the cracking furnace modeling, it is necessary to 

make simplifications in the: 

- pyrolysis reaction scheme, 
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- modelling of heat transfer and gas flow, 

- coke deposit formation, 

- characterization of pyrolysed hydrocarbon feedstock. 

 

Little research has been performed to find thermal and physical optimal reaction conditions for 

the steam cracking process (van Dammeet al., 1984; Plehiers and Froment, 1987, 1991). In the 

mid-eighties, research was carried out to determine the best temperature profile, both by 

experiments and simulations (van Damme et al., 1984). This research provided a foundation for 

the development of reversed split and Uno-Quattro coils (Plehiers and Froment, 1987, 1991).  

 

The procedure and computational practices to find the most favorable reaction conditions were 

previously explained and investigated by van Goethem et al. (2008) using a small scale, lumped 

network for steam cracking. This small kinetic scheme was used to demonstrate the 

computational viability but its simplicity makes the results inaccurate. 

 

However, Goethem et al conducted a new study in 2010 entitled “Model-based, thermo-physical 

optimization for high olefin yield in steam cracking reactors” using a distributive reaction-

mixing synthesis model combined with the software SPYRO which contains 7000 reactions 

between 218 and 27 radical species. The objective was to determine the best possible olefin 

yields by changing thermal and physical processing conditions for the steam cracking process by 

relaxing some existing, practical engineering restraints. 
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Goethem et al pointed out that generally, ethylene yields are enhanced by decreasing residence 

time and increasing the cracking temperature, or, raising the cracking severity. These rigorous 

conditions are inhibited by the metallurgy of the cracking tubes in the furnaces. At present, the 

maximum tube metal temperature for tubes made of Cr–Ni alloys is about 1400 K. 

 

 

Figure 2: Typical Temperature Profile for a Steam Cracking Reactor (Goethem et al 2010) 

 

Furthermore, Goethem et al noted that steam dilution is efficient in decreasing coking rate. A 

mass-based steam dilution ratio (SDR) of 0.5 (steam over hydrocarbons) was used, which is a 

standard value in realistic steam cracking. A single ratio is applied as to decrease the quantity of 

calculations. Also, low pressure, selected as 1–5 bars. The theory was to regard a (reference) 

volume with a single coordinate (not a 3D geometry), along which cracking reactions happen. 

There is flexibility to change the pressure, temperature and allocation of reactants over a larger 
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span than common. This enabled them to identify the most advantageous reaction conditions for 

olefin yields. Optimization analyses were performed with five feedstocks.  

 

Goethem et al chose two other optimality criteria, each of which could be used separately in an 

optimisation. The first was to maximize the ethylene yield, and the second was to maximise the 

ethylene and propylene yields simultaneously. The case with ethane feed and ethylene and 

propylene yield is eliminated since no considerable quantity of propylene is produced, leading to 

nearly identical results as optimization with ethane feed and ethylene yield. (Goethem et al. 

2010) 

 

The study found that a linear-concave unconstrained temperature profile with a maximum 

temperature of 1231 K was best for ethane cracking and that ethane should be introduced at the 

beginning of the reactor volume. Propane and heavier feedstocks need an isothermal profile at 

1300 K for optimality with dips at the start and the center of the reaction coordinate, while 

distribution of the hydrocarbon feed along the reactor coordinate gives higher yields. Existing 

applied reaction temperatures are lower than the maximum yield temperatures. Therefore the 

yield will increase with higher temperatures. However, this optimum is inhibited by the pressure 

which is at its lower limit. The resultant residence time is in similar order as present technology 

for ethane cracking. (Goethem et al. 2010) 

 

Of all cases optimised, under different temperature and pressure profiles it was found that plug 

flow was the best flow regime. It was also found that the pressure in all the optimisations is made 

equal to its lower limit of 1 bar. This validates current conclusions from basic chemical reaction 
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kinetic insights. Goethem et al also determined that intermediate product removal does not have 

any benefit to achieve higher objective function values.  

 

Table 1: Summary of results of Goethem et al’s Analyses (Goethem et al 2010) 

 

 

Furthermore, the results indicate that ethane feeds produce the highest olefin yields among the 

feedstocks studied. The maximum selectivity is achieved at the temperature of 1145 K. This 

agrees with existing reaction conditions which are about 1145 K. However, the standard 

industrial ethane conversions at that temperature level of 1145 K are 70% while the selectivity 

for the typical temperature (TT) profile is achieved with a conversion of 92%. So, there is still 

scope to develop the existing ethane cracking technology. (Goethem et al. 2010) 

 

Goethem et al’s work can be compared to previous work on the subject matter. In the mid-

eighties, some research was done to determine the optimal temperature profile, both by 

experiments and simulations (van Damme et al., 1984). Cracking of light naphtha was done in a 
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pilot reactor where the temperature profile could be changed. The outcomes of the experiments 

indicate that linear temperature profiles lead to higher yields than with the standard (convex) 

temperature profiles. This might seem to contradict Goethem et al’s work: except for ethane feed 

cases, the optimal temperature profiles are far from linear. These differences in results could be 

due to a different choice of boundary conditions in both studies. (Goethem et al. 2010) 

 

 In the published research by Froment, the residence time and the conversion were kept constant 

when comparing the linear and the convex profiles. In order to attain the same conversion and 

residence time for the linear profiles a higher temperature is needed. In Goethem et al’s work, the 

maximum temperature is kept constant which will result in different conversions and residence 

times for the examined temperature curves. 

 

It was concluded that the maximum achievable ethylene yield for ethane cracking was 66.8 wt%, 

while generally 55 wt% is considered as the maximum obtainable in typical cracking. Goethem 

et al’s work is limited because it does not take into account exact reactor geometry but an 

abstracted reaction volume with one reaction coordinate to find the theoretical best olefin yields. 

The design of the pertaining optimal (new) reactor equipment is an ensuing step, not mentioned 

in the article. The study also does not make statements on the definite shape, or the material of 

the reactor equipment, nor on the energy provision means (direct, indirect, etc.). (Goethem et al. 

2010) 

 

The reliability of simplified models is limited; as they often adjust the kinetics parameters, 

several experiments are carried out, and thereafter the experimental results are compared with the 
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predicted yields. Due to the limited amount of reliable experimental data, the applicability of the 

models is restricted; the deviation may be significant when applied to another reactor or to a 

different type of feedstock. 

3.3 Computer Simulations 
 

Gao et al (2009) modeled the steam cracking of naphtha in a study entitled, “Optimal operation 

of tubular reactors for naphtha cracking by numerical simulation” The study stated that process 

gas temperature profile and steam to hydrocarbon ratio in the feed have important impact on 

product yields and coking rate in tubular reactors for naphtha cracking. Hence the study was 

aimed at evaluating these effects quantitatively based on numerical simulation. Gao et al also 

identified that although ethane, propane, butane, naphtha and gas oil can be used as feedstocks 

for cracking reactions, naphtha is the most frequently used raw material. Hence naphtha cracking 

was the focus of the study. 

 

Steady-state operation of the tubular reactor in an industrial thermal cracking furnace was first 

simulated in HYSYS with a molecular reaction scheme. A 1D plug flow reactor (PFR) model 

was chosen in HYSYS to simulate the tubular reactors. Various case studies then investigated the 

influence of process gas temperature profile and inlet steam to hydrocarbon ratio so that the 

ethylene/propylene product yields and coking rate can be evaluated. Finally, steady-state 

optimisation was applied to the operation of this industrial furnace. The optimal process 

temperature profile and the optimal inlet steam to naphtha ratio were found to maximize the 

operation profit. The results of the study are summarized below via table and graph. 
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Table 2: Simulation results compared with industrial data (Gao et al 2009) 

 

 

 

Figure 3: Main cracking product yields along the reactor tube (Gao et al 2009) 

 

Wang et al also conducted a similar study on Hysys but used a propane feedstock instead. They 

utilized reaction kinetics in Froment 1975 and simulation was based on pilot plant in Froment 

1975. The study defined a thermal cracking furnace as tubular reactors where thermal cracking 

of hydrocarbon takes place. Furthermore, Wang et al explained the current status of thermal 

cracking- that cracking reactions are endothermic and lots of energy transferred through the tube 

wall.  
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The study emphasized also that coke is formed during pyrolysis and steam is added as a diluent 

to the feed. Hence, product at the tubular reactor outlet must be cooled down quickly to avoid 

any further cracking. Wang also identified the disadvantages/drawback in existing thermal 

cracking furnaces. Since thermal cracking reaction is very sensitive to temperature, high heat 

flux through tube walls is required and high surface temperature is involved. At this high surface 

temperature, heavy coke deposits are formed during normal operation. De-coking takes place 

every 40 to 100 days. Coking limits heat transfer and also reduces ethylene selectivity. From 

their simulations, Wang et al found product compositions close to those published in Froment 

(1975) using pfr models on Hysys. 

3.4 Laboratory Models 
 

On the other hand, Pinter et al decided to model the process practically by designing a reactor in 

a laboratory to simulate an industrial cracker. The reactor was designed, constructed and 

analysed to compare yields under various operating conditions. A typical industrial gasoline was 

utilized as feedstock to investigate the reactor. The primary aim of the experimental work was to 

characterize and compare the olefin yields of different commonly used raw materials. In 

addition, a further goal was to explore the steam-cracking behaviour of other possible feedstocks, 

such as high molecular weight mixtures formed in polyolefin production or recycling which have 

not been previously studied experimentally in detail. 

  

Although the loading of the laboratory and of the commercial reactor is different by two orders 

of magnitude, at the same severity, the differences of the yields are only within 4 to 7%. The 

olefin yields in the laboratory reactor are typically higher, but the yield curves are completely 
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similar. It can be concluded that, by using a given feedstock in a laboratory reactor, it is possible 

to predict the expected value and tendency of the yields of commercial reactors. 

 

A primary objective was to develop a laboratory-scale cracking reactor that could operate under 

industrial conditions (temperature and residence time). It was noted that operation of the reactor 

below 800 °C is not necessary since cracking of gas-oils below this value is not economic. On 

the other hand, the use of high temperature (above 890 °C) under hundreds of milliseconds 

contact time is not desirable, because secondary reactions decrease yields of valuable 

components, the exception being only the pyrolysis of ethane. Similarly, an increase in steam 

dilution beyond the limits would be beneficial in reducing coking, and but it would consume an 

excessive amount of energy. However, a reduction in steam would negatively affect the coking 

of the reactor. 

 

The flow pattern (laminar or turbulent) in the reactor has a significant influence on the operation 

of the reactor. Commercial reactors operate with gases flowing in turbulent regime. However, 

similar flowrates cannot be generated in a small scale furnace. As a result, the laboratory scale 

unit operated in the laminar-flow regime. 

 

Generally, it was determined that the performance of the laboratory reactor is comparable to that 

of commercial furnaces, although some yield differences were seen. These differences could be 

attributed to the flow regime: instead of the strongly turbulent flow typical of commercial 

reactors, the laboratory reactor operated in laminar-flow regime. 
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As a consequence of the laminar flow profile in the lab scale device, the distribution of residence 

times of the feedstock is not perfectly uniform. Higher residence times decrease the yields of 

valuable intermediate products due to secondary reactions. The coke deposition during several 

days of operation was negligible according to visual observation. This finding was attributed to 

the start-up and shut-down procedures, when steam was fed into the reactor for 2 to 3 hours, 

resulting in coke gasification.  

 

Table 3: Summary of results from Pinter at al’s lab reactor (Pinter et al 2004) 

 

 

Pinter et al’s design and construction of the apparatus was successful since the ethylene and 

propylene yields follow the trends found in the literature. The apparatus was demonstrated to 

successfully steam-crack complex mixtures and to make comparative measurements of olefin 

production capacity based on different feedstocks. The reproducibility of the measurements was 

very good, with a maximum deviation in olefin yields of less than 2%. 

 

However, another lab-based experiment done by Depeyre et al. titled “Modeling of thermal 

steam cracking of an Atmospheric Gas oil” explored a number of other parameters. In Depeyre et 

al’s work gas oil cracking experiments in the presence of steam were carried out in a laboratory-
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scale tubular quartz and an Inconel reactor. Two reactors were used as opposed to one in Pinter 

et al.’s study. The effects of inlet steam to gas oil ratio, residence time, and temperature on the 

main products were examined. The temperature, steam to gas oil weight ratio, and residence time 

were manipulated in the ranges 625-800 
o
C, 1-2 kg/kg, and 0.4-1.0 s, respectively.  

 

The aim of the experimental study was to obtain data on the composition of effluent products of 

cracking and to investigate the effects of various parameters on the optimal production of 

ethylene. The first step in the research on atmospheric gas oil cracking was to determine the 

operating conditions and yields of various products, particularly ethylene.  

 

Experiments were carried out for a range of temperatures from 650 to 800 
o
C. The flow rates of 

gas oil and steam used in the quartz reactor were respectively 33.7, 46.0, 54.0, 60.0 g/h and 34.9, 

46.6, 118.8 g/h. The optimal yields of C2H4 and C3H6, respectively 27% and 15% by weight, 

were achieved in a quartz reactor respectively at 770 and 700 
o
C, for a steam to gas oil mass ratio 

equal to 1 (the same used in Goethem et al’s study)  using a residence time of 0.6 s. The study 

also found that for all the inlet flow rates of gas oil and steam, the gaseous conversion increased 

with the temperature to the maximum obtained at about 750 
o
C. Gaseous conversion is the ratio 

of the total weight of gas produced per weight of gas oil injected. The yield of C3H6 increased 

when the temperature rose and attained a maximum (14%) at 700 
o
C. For temperatures higher 

than 700 
o
C, the yield of C3H6 declined as the conversion in gas declined.  

 

Several residence times were obtained by varying the feed gas oil flow rates from 30 to 60 g/h 

and inlet flow rates within the range 35-80 g/h, while the steam to gas oil weight ratio was 
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maintained within the range 1-1.33. For a dilution ratio equal to 1 and temperatures lower than 

750 
o
C, C2H4, yields decreased with residence time.  

 

The optimal C2H4 yield of 31 % by weight was achieved in the Inconel 600 reactor at 760 
o
C for 

a residence time equal to 0.37 s and for a mass ratio of steam to gas oil equal to 1.86. For the 

same operating conditions, the residence time in the Inconel 600 reactor was 15% lower than that 

in the quartz reactor. Gaseous olefin conversion was 10% greater in the Inconel 600 than in the 

quartz reactor.  

3.5 Steam Cracking with Catalysts 
 

To improve the yield of light olefins and to decrease the process temperatures, the use of 

catalysts could be a choice. (Wan et al. 2007) However, the use of packed bed catalysts in 

commercial coils has pressure drop limitations. Higher pressures are required for processing the 

feed over a packed catalyst bed, reducing the yield of lower molecules in steam cracking. Several 

research groups have tried to overcome the disadvantages of the technology by using catalysts in 

steam cracking, but so far no commercial application has been achieved, though some of the 

results are promising. 

 

Chernykh et al.1 proposed a promoted vanadium catalyst on a low surface alumina carrier. With 

this catalyst, the yield of ethylene in the cracking of gasoline at 780 °C, at a steam-to-feed ratio 

of 1:1, and at a residence time of 0.15 s is 40 wt %. This yield is approximately 5-10 wt % higher 

than the yield of ethylene in typical steam cracking of naphtha in commercial reactors. 
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The calcium aluminate catalyst T12 was investigated by Kikuchi et al. under various conditions 

of temperatures, pressures, steam ratios, residence times, and feedstocks to produce olefins. In 

this work the conditions to produce olefins using a catalyst have been optimized, but there is no 

comparison between the yields of products with and without a catalyst. 

 

Lemonidou et al. proposed several types of catalysts consisting of different phases of calcium 

aluminate and other complexes of various metal oxides such as Mg, Mn, Ti, In, and Zr which 

have been tested in steam cracking of n-hexane. The selectivity ratio, defined as the weight of the 

target product (ethylene or propylene) to the weight of reacted n-hexane, is 10-18% higher than 

the selectivity ratio over R-alumina. The selectivity ratio over R-alumina is already 7% higher 

than the ratio achieved in an empty tube. The best results of selectivity ratio were obtained with a 

calcium aluminate catalyst at the CaO-to-Al2O3 molar ratio 12:7. 

 

Talaras et al. found that the use of MgO for catalytic steam cracking increases the conversion of 

n-heptane. Taralas also studied the catalytic steam cracking of n-heptane using dolomites 

(CaMg(CO3)2) and NiMo/Al2O3. He showed that the conversion of n-heptane is constant over 

NiMo catalyst and decreases over dolomite. 

 

Mukhopadhyay et al. reported that yields of ethylene and propylene in steam cracking of naphtha 

over 12CaOH.7Al2O3 at 780 °C, at a steam-to-feed ratio of 1:1, and at a residence time of 0.23 s 

increased by 7 wt % compared to those for an empty tube under identical conditions. 
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Golombok et al. investigated vanadium oxide, magnesium oxide, potassium containing catalysts, 

and inert packings such as quartz and alumina materials. In these experiments it was shown that 

the improvements of yields over the inert materials are in a similar range as those with catalysts. 

 

Different catalysts were used to improve the yield of light olefins and to decrease the process 

temperatures. However Golombok et al. have shown that increased light olefin yields during 

catalytic steam cracking are mainly due to a surface / volume effect and are not due to a catalytic 

effect. The only effect that has been observed was the suppression of coking activity by a 

catalyst containing potassium. 

 

In summary, some investigators found that the ethylene yield was affected by the active sites of 

the catalysts while others found that this was due to the surface of packed bed materials. The 

work reported by Towfighi et al was aimed at determining the reasons for the increase of light 

components in the product of steam cracking of naphtha through a packed bed reactor. The effect 

of inert materials and the catalytic effect on the distribution of products were investigated in a 

bench scale steam cracking unit. 

 

Towfighi-Karimzadeh et al investigated several different metal oxide catalysts and inert ceramic 

packing in different size diameters and compared it with cracking in an empty tube. In these 

experiments it was shown that the improvement of yields over the inert ceramic materials are in a 

similar range as with the catalysts. Also it was shown that the yields of products are in similar 

range with different surface area of inert material packing. 
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Naphtha and water were pumped to two separate vaporizers and mixed at the outlet of the 

vaporizers. The mixed stream is routed through a preheater and then enters the reactor at 

approximately 400 °C. Thermal steam cracking of naphtha was performed in a vertical tube of 

length 120 cm and inside diameter 1.9 cm. A screen was welded inside the tube to hold 

approximately 150 cm
3
 of the ceramic or catalytic active materials. The reactor was placed in a 

vertical furnace heated by three equal zones. 

 

The experiments can be classified into three categories according to the use of an empty tube, the 

inert, or ceramic materials and the catalysts. All the experiments were carried out under the same 

operating conditions. The maximum skin temperature is set between 770 and 890 °C in the 

experiments. The residence time in all experiments is 0.6 s at a steam/ hydrocarbon ratio of 0.7 

(g/g). To maintain a constant residence time in all experiments, the naphtha flow rate is changed 

from 6.1 g/min for packed bed reactors to 7.8 g/min for an empty tube. The same naphtha 

feedstock was used in all experiments. 

 

Figure 4: Yield of C2H4 in steam cracking of naphtha in an empty tube and in a ceramic 

packed bed reactor (Towfighi et al. 2002) 



Page | 24  
 

 

Figure 5: Yield of C2H4 in the ceramic packed bed reactor at different surfaces of the 

packings. (Towfighi et al 2002) 

 

  

 

Figure 6: Yield of C3H6 in the ceramic packed bed reactor at different surfaces of the 

packings. (Towfighi et al. 2002) 
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Figure 7: Yield of C2H4 in a ceramic packed bed reactor and over different metal oxide 

catalysts. (Towfighi et al. 2002) 

 

The results indicate that lower molecular weight products, such as methane, hydrogen, and 

ethylene, have been increased by steam cracking in packed bed reactors as opposed to a typical 

approach in an empty tube. Steam cracking of naphtha over six different catalysts consisting of 

mixtures of alumina and metal oxides, was also tested, and the results are compared with those 

for a ceramic packed bed reactor.  

 

It was found that the catalysts used do not improve the yields of ethylene and propylene as main 

products. However, the same catalysts have shown significant gasification activity, indicated by 

the increased yield of H2, CO, and CO2 with a reduction of the yields of ethylene, propylene, and 

other cracking products. Among those catalysts, it has been found that calcium aluminate 
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(12CaOH.7Al2O3) selectively gasifies aromatics produced during the cracking reactions without 

any reduction of ethylene and propylene. 

 

The catalytic oxy-dehydrogenation of ethane has also attracted continuous interest since the 

1970s (McCain, 1982; Zhou et al., 1995). The goal was to operate at temperatures which are 

significantly lower than the present industrial operation conditions. Although this seems a valid 

possibility, it falls out of the scope of this study. 

3.6 Other Studies 
 

In the 70’s of 20th century, Kellogg Brown and Root developed the millisecond (short residence 

time) pyrolysis coils which achieves improvement in yields by incorporating a reaction 

temperature of 1600-1700 K and contact time of less than 0.1 sec. In 1987, Plehiers and Froment 

studied reversed split coils geometry in the pilot reactor and proposed the Uno- Quattro coils in 

1991 for cracking at high severities to increase ethylene selectivity. The honeycomb high surface 

to volume ceramic reactor and the shell-and-tube pyrolysis reactor were investigated by 

Heynericks and Froment (1991, 1992) in pilot scale for high severity thermal cracking of 

hydrocarbon to produce olefins. 

 

Shahrokhi and Nejati conducted an optimal process study based on 1-dimensional (1D) plug 

flow steady-state model for propane thermal cracking. Operating profit was used as objective 

function and the optimal temperature profile was attained. In formulating the objective function, 

the time needed for decoking was measured and the cost for decoking operations was expressed 

as a fraction of the production income. Masoumi et al. created a 1D steady-state model for 

tubular reactors in naphtha cracking. A free-radical reaction scheme including 90 species and 
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543 reactions was employed. An optimisation study was carried out with the objective to 

maximize operating profit. In the study, the most favorable coil outlet temperature was 

determined to be 1150.49 K. At this condition, the ethylene yield was 33.74% and the coking 

rate was about 0.008 g/cm
2
 min. 

 

The decomposition of propane in a nitrogen matrix was investigated by Sundaram and Froment 

(1979) in a mixed reactor in the temperature range 720-870 °C. Chief products reported were 

methane, ethylene, and propene. The loss of propane was determined as first order in propane 

concentration with an activation energy of 49.0 kcal/mol. This coincides with the results of Van 

Damme et al. (1975) and Froment (1990) in the steam cracking of propane. 

 

Sundaram et al. (1981) also analysed the pyrolysis of ethane in a nitrogen matrix in the 

temperature range 750-870 °C in a mixed reactor. Main products were ethylene, methane, C4H6, 

and C5+, coinciding with those of McDonnell and Head (1983). They determined the gas phase 

decomposition to be first order in ethane concentration with apparent activation energy of 54.0 

kcal/mol conforming to prior investigations in a tubular pilot reactor (Froment et al., 1976). 

Similar results were found by Froment (1990) for the steam cracking of ethane. 
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4.0 METHODOLOGY 
 

To investigate the olefin yields of steam cracking reactors, modeling of an industrial reactor was 

done as well as analyses of further factors which could not be examined with the model. 

4.1 Choice of Simulation software 
 

Steady state simulation and optimization of steam cracking was done on Aspen Hysys V7.2. This 

was chosen since the software is widely accessible and easy to use. Additionally, published work 

by Gao et al (2009) and Wang et al (2007) proves that Hysys models can be used as the basis for 

various studies. Parameters that could not optimized on Hysys are identified in the discussion 

and analysed based on the literary work of others along with the Hysys results.  

4.2 Choice of Feed-stocks 
 

The choice of feedstock can depend on the cracker furnace construction, the availability of the 

particular feed, its current market price and the desired end-products. The most important and 

useful olefins are ethylene and propylene. As such, the optimization study focused on optimizing 

the yields of these two products. Four feeds were selected for consideration- ethane, propane, 

butane and light naphtha. The first three feeds were selected because they are the smallest pure 

components that can be applied in the steam cracking process and produce the largest quantities 

of the above mentioned olefins. Naphtha was selected for comparative purposes. 

4.3 Choice of Reactor 
 

Thermal cracking takes place in long tubular reactors where plug flow is the preferred flow 

regime from basic chemical reaction engineering principles (Levenspiel, 1999). As such, the 
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steam cracking furnace was modeled as a plug flow reactor. 

 

4.4 Objective Functions 
 

The main product of the steam cracking process is ethylene and hence the primary objective 

function was to maximize ethylene yield. However, the side product, propylene, is increasingly 

more important because of its economic value. Hence, the second objective function was to 

maximize the ethylene and propylene yields together. The second objective function was not 

considered for the ethane feed since no significant amount of propylene is produced.  

4.5 Steam Cracking Reaction Schemes 
 

A reaction scheme published by Froment (1975) was utilized since it widely cited and is used in 

many optimization studies. It consists of the following 16 reactions: 

 

(1) C3H8              C2H4   + CH4   A= 1.6E09 E= 44 kcal/mole 

(2) C3H8                C3H6 + H2    A= 2.0E09 E= 44 kcal/mole 

(3) 2C3H8               C2H6 + C4H10   A= 2.2E09 E= 54 kcal/mole 

(4) 2C3H8               C3H6 + C2H6 + CH4  A= 1.1E09 E= 48 kcal/mole 

(5) C2H6            C2H4 + H2    A= 0.34E13 E= 60 kcal/mole 

(6) 2C2H6            C2H4 + 2CH4   A= 3.9E12 E= 67 kcal/mole 

(7) 2C2H6            C3H8   + CH4   A= 0.5E11 E= 50 kcal/mole 

(8) 2C3H6            3C2H4    A= 1.3E10 E= 50 kcal/mole 

(9) C3H6 + H2            C2H4 + CH4   A= 1.0E15 E= 60 kcal/mole 

(10) C3H6            C2H2 + CH4   A= 1.4E10 E= 50 kcal/mole 
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(11) C2H4 + H2            C2H6    A= 0.68E13 E= 52 kcal/mole 

(12) C2H4            C2H2 + H2    A= 6.0E13 E= 76 kcal/mole 

(13) 3C2H4            2C3H6    A= 1.3E11 E= 45 kcal/mole 

(14) 2C2H2 + H2            C4H6    A= 6.0E13 E= 45 kcal/mole 

(15) C2H2 + 2H2O            2CO + 3H2  A= 3.5E11 E= 62 kcal/mole 

(16) C2H2 + C3H6            C5H8   A= 9.0E16 E= 64 kcal/mole 

Reactions 5, 8, 11 and 13 are reversible reactions. 

 

The following reaction scheme proposed by Kumar and Kunzru (1985) was used for naphtha 

cracking: 

(1) C2H6<=> C2H4 + H2    A=4.652E+13 E= 65,210 cal/mole 

(2) C3H6 <=> C2H2 + CH4    A=7.284E+12 E= 65,330 cal/mole 

(3) C2H2+ C2H4 => C4H6    A=1.026E+15 E= 41,260 cal/mole 

(4) 2C2H6 => C3H8 + CH4    A=3.75E+12 E= 65,250 cal/mole 

(5) C2H4  + C2H6=> C3H6 + CH4   A=7.083E+16 E= 60,430 cal/mole 

(6) C3H8 <=> C3H6 + H2    A=5.888E+10 E= 51,290 cal/mole 

(7) C3H8 => C2H4 + CH4    A=4.692E+10 E= 50,600 cal/mole 

(8) C3H8 + C2H4 => C2H6 + C3H6   A=2.536E+16 E= 59,060 cal/mole 

(9) 2 C3H6 => 3C2H4     A=7.386E+12 E= 64,170 cal/mole 

(10) C3H6 + C2H6 => C4H8 + CH4   A=1.000E+17 E= 60,010 cal/mole 

(11) C4H10 => C3H6+ CH4    A=7.000E+12 E= 59,640 cal/mole 

(12) C4H10 => 2C2H4  + H2    A=7.000E+14 E= 70,680 cal/mole 

(13) C4H10 => C2H4  + C2H6    A=4.099E+12 E= 61,310 cal/mole 

(14) C4H10<=> C4H8 + H2    A=1.637E+12 E= 62,360 cal/mole 
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(15) C4H8 => H2 + C4H6   A=1.000E+10 E= 50,000 cal/mole 

(16) C2H4  + C3H6 =>Benzene + 2H2  A=8.385E+12 E= 34,560 cal/mole 

(17) C4H6 + C3H6 => Toluene + 2H2   A=9.740E+11 E= 35,640 cal/mole 

(18) C4H6 + C4H8 => Ethyl Benzene + 2H2  A= 6.400E+17 E= 57,970 cal/mole 

(19) C4H6 + C4H6 => Styrene + 2H2   A=1.510E+12 E= 29,760 cal/mole 

4.6 Setting up the file 
 

 In the basis environment window of Hysys, the components were entered based on the 

above reactions. 

 

Figure 8: Component Selection on Hysys 

 Since the components are gases at high temperatures an SRK fluid package was selected 

and applied to the components selected. 
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Figure 9: Selection of Fluid Package on Hysys 

 

 The previous reaction schemes were entered along with the respective stoichiometry, 

reaction phase and activation energies shown above. The reaction set was then added to 

the fluid package. 

 

 

Figure 10: Entering Reaction stoichiometry on Hysys 
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Figure 11: Entering Reaction constants on Hysys 

 

The design of the reactor used was taken from Sundaram and Froment (1977) which simulates an 

industrial reactor.  

 

Figure 12: Typical reactor tube setup 
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The reactor tube consists of a number of bends in parallel as shown above. However, for 

simulation purposes, the combined length of the bends and straight sections were added to give 

one long tube length. 

 

Table 4: Plug Flow reactor dimensions and specifications 

Length (m)- one long tube only 95 

Diameter (m) 0.108 

Wall Thickness (m) 0.008 

Pressure drop (bars) 1 

 

 Hence the simulation environment was entered and four plug flow reactors were set-up. 

A total feed mass flow rate of 3000 kg/h was used in each case. 

 

 

Figure 13: PFRs setup on Hysys 
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The following conditions were used as the basis for optimization studies being typical values 

utilized in industrial steam crackers. 

 

Table 5: Typical values used in steam cracking 

Steam Mass ratio 0.5 

Feed pressure (bars) 3 

Product pressure (bars) 2 

 

4.7 Constraints of Simulation 
 

 Steam cracking starts to occur above 625 
o
C

 
and this value is considered to be the lower 

bound for the process temperature.  

 Nowadays available materials limit the upper process temperature to 925 
o
C and hence 

this was defined as the maximum allowed process temperature. 

 Inlet temperatures beyond 725 
o
C were not utilized as preheating feeds beyond this value 

was considered very energy intensive and uneconomical for practical plant operation. 

 Isothermal temperature profiles were not considered and hence only linear profiles used 

since these are the optimum profiles used in industry. 

 Steam dilution is effective in slowing down the coking rate. Steam mass ratios above 1 

were not used since this would require too much energy in a realistic case. 

 Low pressure also slows down the coking rate, chosen in the range of 1–5 bars.  

 The pressure has a lower constraint of 1 bar because under-pressure (vacuum) is not 

considered to be an option for a process with such a large throughput as applied in olefin 

plants.  
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 An upper limit of 2500 kW was employed as the duty for each reactor since this was 

considered a feasible value for economic plant operation. 

4.8 Simulation Procedure 
 

As identified in the introduction, the factors which mostly influence olefin yields are 

temperature, pressure and steam mass ratio. As such, these were the variables in the optimization 

cases. The effect of changes in these parameters were observed and graphed to ascertain the 

trend with respect to olefin yields. 

 

4.81 Temperature  
 

 For each feedstock, an inlet temperature of 625 
o
C was set and the outlet temperature was 

varied from 650 
o
C to 925 

o
C in 25 

o
C increments (according to the limits defined 

previously) 

 The yield on a mass basis was calculated at each increment for ethylene, propylene and 

ethylene and propylene combined using the mass flows in and out of the pfr. However, 

the yield of ethylene and propylene combined was not considered for the ethane feed 

because no significant amounts of propylene are formed. 

 The inlet temperature was then increased in 25 
o
C increments from the 625 

o
C used 

initially to 725 
o
C (limits defined previously) varying the outlet temperature as described 

above and the yield was determined each time. 

 Graphs were plotted for each feedstock to observe the trend of yield of the products with 

temperature variations. 
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4.82 Steam mass ratio 
 

 An optimum temperature was selected after performing the temperature analysis for each 

pfr. 

 For each feedstock, the inlet steam mass ratio was varied in 0.1 increments from 0.1 to 1. 

 The yield was determined for each of the products under consideration.  

 The trend in yield with steam mass ratio for each product was observed and graphed. 

 

4.83 Pressure 
 

 An optimum steam mass ratio was selected for each pfr. 

 For each feedstock, the pressure was varied from 2-5 bars in increments of 1 bar (taking 

into account a 1 bar pressure drop across the reactor) and the yield recorded for the 

products under consideration.  

 The trend in yield with feed pressure for each product was observed and plotted.  
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5.0 RESULTS 

 

The results will be presented in four sections for each feedstock. Graphs were selected as the 

preferred form for representing the results since it is easier to illustrate trends and draw 

conclusions from them. The raw results from the Hysys simulation, which consists of tables from 

which the graphs were plotted, are presented in the appendix along with supplemental tables and 

graphs which were not discussed in detail. 

 

5.1 Results from Ethane feedstock 

 

 

Figure 14: Variation of Ethylene yield with Outlet Temperature for Different Feed 

Temperatures- Ethane Feed 
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Figure 15: Variation of Ethylene yield with Steam mass ratio- Ethane Feed 

 

 

Figure 16: Variation of Ethylene yield with Feed Pressure- Ethane Feed 
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5.2 Results for Propane Feedstock 
 

 

 

Figure 17: Variation of Ethylene yield with Outlet Temperature for Different Feed 

Temperatures- Propane Feed 
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Figure 18: Variation of Propylene yield with Outlet Temperature for Different Feed 

Temperatures- Propane Feed 

 

Figure 19: Variation of Ethylene + Propylene yield with Outlet Temperature for Different 

Feed Temperatures- Propane Feed 
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Figure 20: Variation of Olefin yield with Steam Mass Ratio- Propane Feed 

 

 

Figure 21: Variation of Olefin yield with Feed Pressure- Propane Feed 
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5.3 Results for Butane feed-stock 
 

 

 

 

Figure 22: Variation of Ethylene yield with Outlet temperature for different Feed 

temperatures- Butane Feed 
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Figure 23: Variation of Propylene yield with Outlet temperature for different Feed 

temperatures- Butane Feed 

 

 

Figure 24: Variation of Ethylene + Propylene yield with Outlet temperature for different 

Feed temperatures- Butane Feed 
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Figure 25: Variation of Olefin Yield with Steam mass ratio- Butane Feed 

 

 

Figure 26: Variation of Olefin yield with Feed Pressure- Butane Feed 
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5.4 Results for Naphtha Feed-stock 

 

 

 

 

Figure 27: Variation of Ethylene yield with outlet temperature for different feed 

temperatures- Naphtha Feed 
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Figure 28: Variation of Propylene yield with Outlet temperature for different feed 

temperatures- Naphtha Feed 

 

Figure 29: Variation of Ethylene + Propylene yield with Outlet temperature for different 

feed temperatures- Naphtha Feed 
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Figure 30: Variation of Olefin yield with steam mass ratio for Naphtha Feedstock 

 

 

Figure 31: Variation of Olefin yield with Feed pressure for Naphtha Feedstock 
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5.5 Results comparing Olefin yields at optimum conditions 

 

 

Figure 32: Variation of maximum ethylene yield with feedstock at optimum conditions 

 

 

Figure 33: Variation of maximum propylene yield with feedstock at optimum conditions 
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Figure 34: Variation of maximum ethylene + propylene yield with feedstock at optimum 

conditions 
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6.0 DISCUSSION 
 

The results from the Hysys simulation will be discussed in terms of the feed-stocks used. 

6.1 Ethane Feed 
 

Figure 14 shows that for a fixed feed temperature, as the outlet temperature is increased, the 

yield of ethylene also increases in an almost exponential manner. The yield seems to begin 

flattening out at an outlet temperature of about 900 
o
C. Additionally, as the feed temperature is 

increased, whilst the graphs follow the same basic shape, the ethylene yield increases 

substantially for a fixed lower outlet temperature. This is illustrated by the following table which 

shows the ethylene yield with increasing feed temperatures at a fixed outlet temperature of 800 

o
C (obtained from graph). 

 

Table 6: Effect of increasing feed temperature on Ethylene yield for a fixed outlet 

temperature of 800 
o
C 

Feed Temperature (
o
C) Ethylene yield 

625 0.23 

650 0.255 

675 0.285 

700 0.32 

725 0.36 

  

However, it can be seen that at higher outlet temperatures, this effect lessens as the graphs 

become closer and closer together and the lines converge at an outlet temperature of 925 
o
C 

representing an ethylene yield of about 65 %. From the detailed table (13) of results in the 

appendix section it is evident that for a feed temperature of 650 
o
C and an outlet of 925 

o
C the 
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maximum ethylene yield of 66% is obtained. Whilst all feed temperatures investigated produced 

almost this same maximum yield for the same outlet temperature of 925 
o
C, feed temperatures 

above 650 
o
C would require much more energy usage to preheat the feed. Futhermore, using the 

feed temperature as 625 
o
C would mean a larger duty on the reactor and as such, 650 

o
C seems 

like a reasonable compromise.  

 

Figure 15 shows the yield response of ethylene with increasing steam mass ratio follows a 

smooth but almost linear curve, increasing steadily as the steam ratio is increased. Whilst a 

maximum yield of 69.5 % is obtained for a ratio of 1, this is highly unrealistic in a practical, 

industrial case. Steam dilution is applied to reduce the effects of secondary cracking reactions 

and coke formation. Coking plays a role when the reaction temperature is above 900 K. Coke 

deposition on the inner tube wall limits the time on stream of the steam cracking furnace. Hence, 

a compromise must be made between obtaining higher yields and reducing coking effects. A 

steam dilution of 0.5 seems reasonable as it is an average value and a relatively high yield of 66 

% is still obtained. Furthermore, steam ratios of 0.5 are typical in industrial ethylene plants. 

 

The graph of ethylene yield versus feed pressure (figure 16) agrees with the trends found in 

literature that ethylene yields are favoured by lower pressures. A maximum yield of about 70% is 

realized for a feed pressure of 2 bars. However, considering a pressure drop of 1 bar for the 

reactor means an outlet pressure of 1 bar. These values are close to under-pressure which is 

considered unsuitable for ethylene crackers. Additionally, the assumed pressure of 1 bar is an 

average value and may vary depending on reactor configuration. As a result it may be safer to 

use a feed pressure of 3 bars since a relatively good yield of ethylene (66 %) is still achieved.  
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This result almost exactly agrees with the result reported by Goethem et. al who found the 

maximum achievable ethylene yield for ethane cracking to be 66.8 wt%, while typically 55 wt% 

is considered to be the maximum achievable in conventional cracking. This represents an ethane 

conversion of 74.7% and reactor residence time of 7.88 minutes. 

6.2 Propane feed 
 

For the propane feed, 3 scenarios were considered. The conditions which give the maximum 

ethylene yield, propylene yield and ethylene and propylene combined. Figure 17 follows the 

same trend of ethylene yield observed for the ethane feed giving a maximum ethylene yield of 

31.5%. However, this is less than half the yield obtained for an ethane feed.  

 

The propylene yield as shown in figure 18, follows an almost parabolic shape. The yield 

increases to a maximum between outlet temperatures of 725 
o
C to 825 

o
C, after which the yield 

decreases steadily reaching a minimum at an outlet temperature of 925 
o
C. Whilst the maximum 

yield is obtained for a feed temperature of 725 
o
C, it is evident that propylene yields are favoured 

by less severe cracking conditions in comparison to that of ethylene. Furthermore, the combined 

ethylene and propylene yield (figure 19) follows the same trend as that of propylene alone 

indicating that for a propane feed, propylene is the main product. 

 

The graph of olefin yield versus steam mass ratio for a propane feed (figure 20) shows that 

propylene yield increases with steam mass ratio whilst ethylene yield decreases. However, the 

effect on propylene yield is more sensitive such that the overall ethylene and propylene yield 

combined increases with steam mass ratio. Again, a value of 0.5 is a good compromise between 

the yields of the two components. Similarly, the graph of olefin yield versus feed pressure 
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follows the same trend as graph in terms of ethylene and propylene yields. However, the overall 

ethylene and propylene yield combined reaches a maximum at a feed pressure of 3 bars (figure 

21) after which the yield decreases.  

 

Table 7: Propane conversions for maximum olefin yields 

Olefin Product Maximum yield (%) Propane conversion (%) 

Ethylene 31.5 99.8 

Propylene 31.6 68.9 

Ethylene + Propylene 48.1 78.0 

 

The above table shows that the largest propane conversion of 99.8 % is obtained for the 

maximum ethylene yield case whilst the maximum propylene yield case gives the least 68.9 %. 

Since the propane conversion for the maximum ethylene + propylene incase is midway (78 %), it 

may offer a good compromise. The table below outlines which conditions give the best yields for 

the propane feed. 

 

Table 8: Conditions which give maximum olefin yields for a propane feed 

Temperature 

(*C) 

Duty 

(kW) 

Steam 

mass 

ratio 

Feed 

Pressure 

(bars) 

Maximum yield 

Feed Product Ethylene Propylene Ethylene + Propylene 

700 925 1909 0.5 3 0.315     

725 750 996.6 0.5 3   0.316   

725 775 1159 0.5 3 0.184 0.297 0.481 
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6.3 Butane Feedstock 
For a butane feed, the graph of ethylene yield for varying outlet temperatures (figure 22) follows 

a sigmoidal shape. The yield reaches a maximum at an outlet temperature of about 895 
o
C for all 

feed temperatures. The propylene yield, shown in figure 23, is comparable to that using the 

propane feed following a parabolic shape. Finally the overall ethylene and propylene yield 

combined shown in graph 24 reaches its highest for the feed temperature of 625 
o
C.  The graphs 

of steam mass ratio and feed pressure for the butane feed (figures 25 & 26) are almost the same 

for that of the propane feed except the lines have less steep gradients. 

Table 9: Butane conversions for maximum olefin yields 

Olefin Product Maximum yield (%) Butane conversion (%) 

Ethylene 42.00 99.99 

Propylene 22.90 78.93 

Ethylene + Propylene 52.40 91.14 

 

Again the above table shows that the maximum ethylene + propylene yield case offers a butane 

conversion midway between the conversions obtained for the other 2 cases. The maximum 

ethylene yield case gives a conversion of almost 100 %. The table below outlines which 

conditions give the best yields for the butane feed. 

Table 10: Conditions which give maximum olefin yields for a butane feed 

Temperature (
o
C) Duty 

(kW) 

Steam 

mass 

ratio 

Feed 

Pressure 

(bars) 

Maximum yield 

Feed Product Ethylene Propylene Ethylene + Propylene 

625 925 2134 0.5 3 0.42     

650 800 1296 0.5 3   0.229   

650 825 1521 0.5 3 0.324 0.2 0.524 
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6.4 Naphtha Feedstock 
 

Again for the naphtha feed, the graph of olefin yield for varying outlet temperatures (figure 27) 

follows generally follows those plotted for the propane and butane feeds with slight variations. 

However, the yields obtained are significantly lower than the other feed-stocks primarily because 

naphtha is a mixture of compounds rather than a pure feedstock as the others. However, the 

naphtha optimum condition records the lowest feed temperature (625 
o
C) of all the feedstock’s 

used.  

 

Figure 31, which shows the olefin yield response with feed pressure, indicates that yields in all 

three cases increase with decreasing pressure which is in accordance with theory. The graph of 

steam mass ratio however (figure 30), shows a somewhat skewed response with a general 

increase in yield with steam mass ratio. This can be attributed to errors in the simulation such as 

unsuitability of the naphtha reaction scheme used for the compositions specified. 

 

Table 11: Naphtha conversions for maximum olefin yields 

Olefin Product Maximum yield (%) Naphtha conversion (%) 

Ethylene 19.6 40.9 

Propylene 20.5 42.9 

Ethylene + Propylene 39.0 44.2 

 

The maximum conversion of naphtha as shown above is for the maximum ethylene + propylene 

case. This also represents the maximum yield of the three cases and hence the conditions for this 

case are the most optimum for naphtha cracking. 
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Table 12: Conditions which give maximum olefin yields for naphtha feed 

Temperature (
o
C) Duty 

(kW) 

Steam 

mass 

ratio 

Feed 

Pressure 

(bars) 

Maximum yield 

Feed Product Ethylene Propylene Ethylene + Propylene 

625 875 1609 0.5 3 0.196     

700 800 1040 0.5 3   0.205   

625 850 1494 0.5 3 0.196 0.194 0.390 

 

These results are comparable to those obtained by Gao et. al (2009) whose Hysys simulation 

ethylene and propylene yields were 25.31 % and 11.46 % respectively. 

6.5 Comparison of Feedstocks 
 

All the feed-stocks utilized in the olefins industry are obtained principally from petroleum or 

natural gas. Selecting a feed is solely an economic question and is mostly dependent on 

availability of the feed-stocks and any other considerations like market for the by-products 

generated, etc. The prices are however governed by market conditions and seasonal changes in 

demand. In case of an absence of market for by-products, ethane becomes the preferred choice. 

Conversely, if the market for C3 and allied by-products is good, propane or other feedstocks can 

be considered.  

 

From figures 32-34, it can be seen that it is best to use an ethane feed for maximum ethylene 

yield and a propane feed for maximum propylene yield. Whilst, the butane feed does produce 

reasonable amounts of each product, it may offer no advantage over the former 2 feedstocks 

since higher individual yields are obtained. However, if one wishes to maximize the ethylene and 

propylene yields together, a butane feed may be suitable.  
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It can be seen that when the only feedstock is ethane, the quantity of C3 and heavier by-products 

is too small to be recovered. As the concentration of heavier components increases, more C3 and 

heavier components become available. Hence, by adding significant amounts of propane in place 

of an ethane feedstock, the recovery of C3 becomes more economically feasible. This result 

strongly agrees with the results of experiments done by Goethem et al and others. Who identify 

ethane as the primary feedstock for maximum ethylene yield. In fact, many literatures isolate 

ethane as feedstock of choice and neglect others since ethylene is considered the most important 

olefin. 

 

Furthermore, it is impractical to feed heavier feedstocks such as naphtha or gas oils to a gas 

cracker that has been designed principally to handle lighter feedstocks such as ethane and/or 

propane. In order to handle heavier feedstocks, major modifications and/or additions to the 

cracking and cracked gas gooling sections of the plant will be required as well as the addition of 

much more capacity for handling C3 and heavier product. On the other hand, a naphtha cracker 

can handle the cracking of light feedstocks such as propane. 

 

From figure 39, it can be seen that all reactors follow a linear temperature profile. However, the 

reactor with the ethane feed has the steepest profile followed by that of the naphtha feed, butane 

and then the propane feed. The pressure profile (figure 40) is the same for each reactor- a straight 

line with a negative gradient decreasing constantly from 3 bars to 2 bars. Figure 41 shows the 

variation of duty along the reactor tube. In accordance with the temperature profiles, the ethane 

reactor uses the most energy whilst the propane uses the least. Hence ethane cracking can be 

considered the most severe form of cracking. 
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The residence times obtained for the ethane, propane, butane and naphtha crackers were obtained 

to be 7.88, 10.55, 11.78, 11.33 minutes respectively. These values are generally higher than 

typical residence times obtained in industry and can be attributed to simulation errors and 

shortfalls. 

6.6 Comparison of this research with that found in literature 
 

The trends and results obtained from this study generally follow that found in the literature. 

However, unlike the studies considered in the literature review, the results from this research are 

very versatile. Whilst the literature all identify the typical trends obtained in olefin yield when 

the influencing factors are changed, the in-depth investigation into each factor by this  study 

allowed the plot of multiple graphs which can used in a variety of ways.  

 

For example, say an engineer wished to determine what olefin yield he can obtain with a steam 

cracking process that is limited thermally or otherwise due to plant equipment and economic 

constraints. With the results of this research, he can deduce the yield at the particular inlet and 

outlet temperature. The same can be done for pressure and steam dilution ratios. Hence, the 

engineer can pre-determine if operating the cracker is worthwhile with the yields that would be 

obtained at the constraints indentified.  

 

None of the literature reviewed presented their results in such a manner and hence could be 

utilized for a practical scenario. Instead, they only identified the conditions necessary for 

optimum yields and did not consider case by case bases.  

 



Page | 60  
 

7.0 CONCLUSIONS 

 

The steam cracking practice seems to have reached a stage of maturity which makes it 

increasingly difficult to improve olefin yield. In this study, tubular reactors in the industrial 

thermal cracking furnace process were simulated. With the same furnace, the impact of process 

gas temperature, feed pressure and inlet steam to hydrocarbon ratio on the ethylene/propylene 

product yields were investigated through various cases.  

 

In general, it was found that the behaviour of the Hysys reactors is very similar to that of 

commercial furnaces although some yield differences were identified. The ethylene and 

propylene yields follow the trends found in the literature. However, the optimisations show there 

is still scope for improvements in ethane cracking. Based on the objectives, the following can be 

concluded: 

 

 The factors which most greatly influence olefin yields in steam cracking are temperature, 

pressure and steam to hydrocarbon mass ratio. 

 Yields typically increase with increasing temperature, increasing steam mass ratios and 

lower pressures. However it may vary depending on choice of feedstock and operating 

philosophy.  

 Optimal process gas temperature in steam cracking of the feeds used in this study lied 

within the range 625-925 
o
C, however feed temperatures above 725 

o
C were found to be 

uneconomical. 



Page | 61  
 

 Steam mass ratios of 0.5 and feed pressures of 3 bars (assuming 1 bar pressure drop in 

reactor) were found to be good compromises for achieving high olefin yields whilst 

reducing coking rates. 

 The maximum ethylene yield was 66 % obtained from an ethane feed. 

 The maximum propylene yield was 31.6 % obtained from a propane feed. 

 The maximum combined ethylene and propylene yield was 52.4 % (32.4% ethylene, 20% 

propylene) obtained from a butane feed. 

 Whilst naphtha cracking gives reasonable olefin yields (19.6% ethylene, 19.4% 

propylene), using pure, lighter hydrocarbons give greater yields and hence naphtha usage 

in industry can be attributed to economic factors. 

 Hysys models can serve as good and accurate bases for simulating steam crackers and 

observing basic trends but may be unsuitable for naphtha cracking simulations. 

 

The model developed has been proven successful to steam-crack low molecular weight 

hydrocarbons and to make comparative measurements of olefin production capacity based on 

different feed-stocks.  Hence, this work gives a method and a promising perspective to pursue 

new developments to drive the steam cracking process to its fundamental chemical optimum. 

This study will provide significant guidance to practising process engineers in the olefin 

industry. 
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7.1 Limitations of This Study 
 

 Whilst software simulations provide generally a good basis for more many studies, they 

sometimes neglect many factors and conditions that can affect the accuracy of results 

when compared to a practical case. 

 The use of a Hysys model limited the flexibility of the reactor configuration as only 

certain parameters such as length and diameter could be changed. However, other factors 

such as reactor shape/geometry and tube material may also have affected reactor yields. 

As a result, the effect of the reactor itself fell outside the scope of this study. 

 While considerations for pressure and reasonable steam ratio were considered in this 

study to accommodate for coking, no definite deduction could have been made on the 

coking rate for the reactors used. The study of coking in steam cracking reactors is itself 

an in depth investigation using complicated kinetic models which could not be facilitated 

by this work. 

 Theoretically based projects as this one is heavily dependent on the work of others. As 

such, errors may arise from utilizing work present in literature. For example, the reaction 

scheme used may be unsuitable for the feeds specified leading to inaccurate results. 
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7.2 Recommendations and Areas For Future Research 
 

 A more powerful modeling, simulation and optimisation tool such as gPROMS and 

Aspen Custom Modeler could be used to replace HYSYS since gPROMS and Aspen 

Custom Modeler have the ability to develop process models according to different 

scenarios. 

 Future studies can look at modeling the coking at the inner wall of the tube varying with 

time and take into account the impact on product yields with time to consider how coking 

affects the production time in a practical case. 

 A more detailed, in-depth study could include the use of heavier, unconventional 

feedstocks such as heavy naphtha and gas oils for better comparisons. 

 A laboratory reactor can built to evaluate whether the results of Hysys simulations 

closely agree with a practical case. Laboratory work expands the versatility of the 

research since parameters such as reactor geometry and material can be investigated. This 

information can also be used to compare with theoretical data. 

 Optimisation of a currently existing steam cracking plant process might prove to be more 

useful since this constrains many aspects of the project and makes it more case specific. 

 Future research can include a thorough economic analysis of the optimal configuration of 

a steam cracking plant to determine the expense at which high olefin yields can be 

obtained.  

 Whilst this research involved a model-based determination of the optimal reaction 

conditions and olefin yields, the next step must involve research into the equipment 

engineering aspects. For example, it is expected that in the future better heat resistant 

materials will become available which can be applied to the steam cracking process. 
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9.0 APPENDIX 
 

SUPPLEMENTAL TABLES AND GRAPHS 

9.1 Results for Ethane Feed 
 

Table 13: Temperature effects on ethylene yield for an ethane feed 

Temperature (
o
C) Ethylene mass flow in product (kg/h) Ethylene Yield 

Feed Product 

625 650 16.648 0.008 

625 675 29.081 0.015 

625 700 52.184 0.026 

625 725 94.208 0.047 

625 750 167.428 0.084 

625 775 286.146 0.143 

625 800 458.892 0.229 

625 825 676.026 0.338 

625 850 904.594 0.452 

625 875 1102.218 0.551 

625 900 1241.157 0.621 

625 925 1318.233 0.659 

        

650 675 41.750 0.021 

650 700 69.823 0.035 

650 725 118.798 0.059 

650 750 200.886 0.100 

650 775 328.971 0.164 

650 800 508.152 0.254 

650 825 724.592 0.362 

650 850 943.819 0.472 

650 875 1126.852 0.563 

650 900 1251.866 0.626 

650 925 1319.196 0.660 

        

675 700 97.836 0.049 

675 725 155.491 0.078 

675 750 247.627 0.124 

675 775 384.786 0.192 

675 800 567.884 0.284 
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675 825 779.273 0.390 

675 850 984.707 0.492 

675 875 1150.395 0.575 

675 900 1260.753 0.630 

675 925 1318.526 0.659 

        

700 725 210.213 0.105 

700 750 312.590 0.156 

700 775 456.661 0.228 

700 800 638.884 0.319 

700 825 839.131 0.420 

700 850 1025.778 0.513 

700 875 1171.788 0.586 

700 900 1267.330 0.634 

700 925 1315.963 0.658 

        

725 750 400.006 0.200 

725 775 545.774 0.273 

725 800 719.634 0.360 

725 825 901.415 0.451 

725 850 1064.674 0.532 

725 875 1189.780 0.595 

725 900 1271.110 0.636 

725 925 1311.180 0.656 

 

Table 14: Steam mass ratio effects on ethylene yield for an ethane feed 

Steam mass 

ratio 

Feed mass flow 

(kg/h) 

Ethylene mass flow in product 

(kg/h) 

Ethylene 

yield 

Ethane Steam 

0.10 2727.27 272.73 1678.36 0.615 

0.20 2500.00 500.00 1571.12 0.628 

0.30 2307.69 692.31 1476.90 0.640 

0.40 2142.86 857.14 1393.51 0.650 

0.50 2000.00 1000.00 1319.19 0.660 

0.60 1875.00 1125.00 1252.54 0.668 

0.70 1764.71 1235.29 1192.42 0.676 

0.80 1666.67 1333.33 1137.92 0.683 

0.90 1578.95 1421.05 1088.28 0.689 

1.00 1500.00 1500.00 1042.87 0.695 
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Table 15: Pressure effects on ethylene yield for an ethane feed 

Pressure (bars) Ethylene mass flow in product (kg/h) Ethylene Yield 

Feed Product  

5 4 1073.78 0.537 

4 3 1186.81 0.593 

3 2 1319.19 0.660 

2 1 1405.52 0.703 

 

 

 

 

Figure 35: Variation of Ethylene composition along reactor tube for Ethane Feed 
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9.2 Results for Propane Feed 
 

Table 16: Temperature effects on olefin yields for propane feed 

Temperature 

(
o
C) 

Mass flow of product 

(kg/h) 

Product Yield 

Feed Product mass E mass P Ethylene Propylene Ethylene + 

Propylene 

625 650 52.24 148.16 0.026 0.074 0.100 

625 675 71.52 206.13 0.036 0.103 0.139 

625 700 97.72 284.43 0.049 0.142 0.191 

625 725 132.37 381.97 0.066 0.191 0.257 

625 750 177.31 487.07 0.089 0.244 0.332 

625 775 235.00 571.75 0.117 0.286 0.403 

625 800 307.04 597.89 0.154 0.299 0.452 

625 825 390.23 540.11 0.195 0.270 0.465 

625 850 474.62 408.09 0.237 0.204 0.441 

625 875 547.82 247.47 0.274 0.124 0.398 

625 900 599.68 113.73 0.300 0.057 0.357 

625 925 623.36 36.43 0.312 0.018 0.330 

              

650 675 89.91 260.74 0.045 0.130 0.175 

650 700 118.21 342.94 0.059 0.171 0.231 

650 725 154.91 439.45 0.077 0.220 0.297 

650 750 201.93 534.75 0.101 0.267 0.368 

650 775 261.58 598.83 0.131 0.299 0.430 

650 800 334.45 597.38 0.167 0.299 0.466 

650 825 415.90 514.33 0.208 0.257 0.465 

650 850 495.69 368.84 0.248 0.184 0.432 

650 875 562.81 210.28 0.281 0.105 0.387 

650 900 608.38 89.30 0.304 0.045 0.349 

650 925 626.47 25.74 0.313 0.013 0.326 

              

675 700 144.10 414.17 0.072 0.207 0.279 

675 725 182.71 503.87 0.091 0.252 0.343 

675 750 231.62 581.50 0.116 0.291 0.407 

675 775 292.69 617.31 0.146 0.309 0.455 

675 800 365.18 583.92 0.183 0.292 0.475 

675 825 443.19 476.07 0.222 0.238 0.460 

675 850 516.99 321.51 0.258 0.161 0.419 



Page | 69  
 

675 875 577.24 170.57 0.289 0.085 0.374 

675 900 616.11 66.01 0.308 0.033 0.341 

675 925 628.57 16.84 0.314 0.008 0.323 

              

700 725 216.52 568.22 0.108 0.284 0.392 

700 750 266.93 618.57 0.133 0.309 0.443 

700 775 328.38 619.09 0.164 0.310 0.474 

700 800 398.67 552.02 0.199 0.276 0.475 

700 825 471.27 423.18 0.236 0.212 0.447 

700 850 537.82 266.67 0.269 0.133 0.402 

700 875 590.63 130.01 0.295 0.065 0.360 

700 900 622.52 45.07 0.311 0.023 0.334 

700 925 629.41 10.03 0.315 0.005 0.320 

              

725 750 308.08 632.64 0.154 0.316 0.470 

725 775 368.09 594.40 0.184 0.297 0.481 

725 800 433.76 496.83 0.217 0.248 0.465 

725 825 499.06 355.32 0.250 0.178 0.427 

725 850 557.49 206.62 0.279 0.103 0.382 

725 875 602.46 91.14 0.301 0.046 0.347 

725 900 627.20 27.72 0.314 0.014 0.327 

725 925 628.69 5.38 0.314 0.003 0.317 

 

Table 17: Steam mass ratio effects on olefin yields for propane feed 

Steam mass 

ratio 

Feed mass flow 

(kg/h) 

Product Mass flow 

(kg/h) 

Product Yield 

Propane Steam Ethylene Propylene Ethylene Propylene Ethylene + 

Propylene 

0.1 2727.27 272.73 549.49 698.17 0.201 0.256 0.457 

0.2 2500.00 500.00 490.90 672.52 0.196 0.269 0.465 

0.3 2307.69 692.31 442.56 646.03 0.192 0.280 0.472 

0.4 2142.86 857.14 402.19 619.78 0.188 0.289 0.477 

0.5 2000.00 1000.00 368.09 594.40 0.184 0.297 0.481 

0.6 1875.00 1125.00 339.00 570.18 0.181 0.304 0.485 

0.7 1764.71 1235.29 313.93 547.26 0.178 0.310 0.488 

0.8 1666.67 1333.33 292.15 525.69 0.175 0.315 0.491 

0.9 1578.95 1421.05 273.07 505.44 0.173 0.320 0.493 

1 1500.00 1500.00 256.24 486.46 0.171 0.324 0.495 
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Table 18: Pressure effects on olefin yields for propane feed 

Pressure (bars) Product mass flow (kg/h) Product Yield 

Feed Product Ethylene Propylene Ethylene Propylene Ethylene + Propylene 

5 4 465.42 339.25 0.233 0.170 0.402 

4 3 433.37 458.01 0.217 0.229 0.446 

3 2 368.09 594.40 0.184 0.297 0.481 

2 1 258.60 649.70 0.129 0.325 0.454 

 

 

 

 

Figure 36: Variation of olefin composition along reactor tube for propane feed 
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9.3 Results for Butane Feed 
 

Table 19: Temperature effects on olefin yields for butane feed 

Temperature (
o
C) Product mass flow 

(kg/h) 

Product yield 

Feed Product Ethylene Propylene Ethylene Propylene Ethylene + Propylene 

625 650 25.16 54.40 0.013 0.027 0.040 

625 675 44.02 87.18 0.022 0.044 0.066 

625 700 78.13 139.72 0.039 0.070 0.109 

625 725 136.32 217.14 0.068 0.109 0.177 

625 750 226.67 315.17 0.113 0.158 0.271 

625 775 349.79 409.34 0.175 0.205 0.380 

625 800 492.02 456.07 0.246 0.228 0.474 

625 825 626.85 419.39 0.313 0.210 0.523 

625 850 730.50 306.25 0.365 0.153 0.518 

625 875 797.65 170.20 0.399 0.085 0.484 

625 900 833.35 67.60 0.417 0.034 0.450 

625 925 839.42 17.02 0.420 0.009 0.428 

              

650 675 62.48 118.66 0.031 0.059 0.091 

650 700 102.34 177.43 0.051 0.089 0.140 

650 725 166.77 258.74 0.083 0.129 0.213 

650 750 262.00 353.92 0.131 0.177 0.308 

650 775 385.99 434.57 0.193 0.217 0.410 

650 800 523.07 458.70 0.262 0.229 0.491 

650 825 647.61 399.49 0.324 0.200 0.524 

650 850 740.48 275.25 0.370 0.138 0.508 

650 875 800.09 143.13 0.400 0.072 0.472 

650 900 830.79 52.21 0.415 0.026 0.441 

650 925 833.04 11.71 0.417 0.006 0.422 

              

675 700 139.32 229.08 0.070 0.115 0.184 

675 725 209.95 310.52 0.105 0.155 0.260 

675 750 308.56 396.09 0.154 0.198 0.352 

675 775 430.39 455.17 0.215 0.228 0.443 

675 800 558.54 451.01 0.279 0.226 0.505 

675 825 669.95 368.73 0.335 0.184 0.519 

675 850 751.08 237.52 0.376 0.119 0.494 

675 875 803.13 114.34 0.402 0.057 0.459 
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675 900 828.60 37.71 0.414 0.019 0.433 

675 925 826.85 7.45 0.413 0.004 0.417 

              

700 725 270.23 368.83 0.135 0.184 0.320 

700 750 369.05 434.79 0.185 0.217 0.402 

700 775 484.14 463.34 0.242 0.232 0.474 

700 800 598.79 426.96 0.299 0.213 0.513 

700 825 694.44 324.46 0.347 0.162 0.509 

700 850 763.46 193.35 0.382 0.097 0.478 

700 875 807.92 84.99 0.404 0.042 0.446 

700 900 827.79 24.85 0.414 0.012 0.426 

700 925 821.78 4.33 0.411 0.002 0.413 

              

725 750 444.55 456.85 0.222 0.228 0.451 

725 775 547.04 448.13 0.274 0.224 0.498 

725 800 643.69 380.52 0.322 0.190 0.512 

725 825 722.06 265.95 0.361 0.133 0.494 

725 850 779.24 144.80 0.390 0.072 0.462 

725 875 815.93 57.11 0.408 0.029 0.437 

725 900 829.65 14.47 0.415 0.007 0.422 

725 925 819.00 2.34 0.410 0.001 0.411 

 

Table 20: Steam mass ratio effects on olefin yields for butane feed 

Steam 

mass 

ratio 

Feed mass flow 

(kg/h) 

Product mass flow 

(kg/h) 

Product yield 

Butane Steam Ethylene Propylene Ethylene Propylene Ethylene + 

Propylene 

0.1 2727.27 272.73 905.83 467.59 0.332 0.171 0.504 

0.2 2500.00 500.00 824.53 451.05 0.330 0.180 0.510 

0.3 2307.69 692.31 756.09 433.66 0.328 0.188 0.516 

0.4 2142.86 857.14 697.79 416.32 0.326 0.194 0.520 

0.5 2000.00 1000.00 647.61 399.49 0.324 0.200 0.524 

0.6 1875.00 1125.00 604.01 383.42 0.322 0.204 0.527 

0.7 1764.71 1235.29 565.80 368.21 0.321 0.209 0.529 

0.8 1666.67 1333.33 532.05 353.90 0.319 0.212 0.532 

0.9 1578.95 1421.05 502.05 340.46 0.318 0.216 0.534 

1 1500.00 1500.00 475.20 327.86 0.317 0.219 0.535 
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Table 21: Pressure effects on olefin yields for butane feed 

Pressure (bars) Product mass flow (kg/h) Product yield 

Feed Product Ethylene Propylene Ethylene Propylene Ethylene + Propylene 

5 4 707.80 203.07 0.354 0.102 0.455 

4 3 690.66 288.58 0.345 0.144 0.490 

3 2 647.61 399.49 0.324 0.200 0.524 

2 1 534.18 480.58 0.267 0.240 0.507 

 

 

 

 

Figure 37: Variation of Olefin composition along reactor tube for Butane feed 
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9.4 Results for Naphtha Feed 

 

Table 22: Temperature effects on olefin yields for naphtha feed 

Temperature 

(*C) 

Mass flow of product 

(kg/h) 

Product Yield 

Feed Product mass E mass P Ethylene Propylene Ethylene + 

Propylene 

625 650 23.90 207.75 0.012 0.104 0.116 

625 675 36.51 204.98 0.018 0.102 0.121 

625 700 58.47 212.37 0.029 0.106 0.135 

625 725 94.83 237.29 0.047 0.119 0.166 

625 750 149.88 282.23 0.075 0.141 0.216 

625 775 222.24 338.43 0.111 0.169 0.280 

625 800 299.52 387.22 0.150 0.194 0.343 

625 825 360.89 407.88 0.180 0.204 0.384 

625 850 391.32 388.72 0.196 0.194 0.390 

625 875 392.79 332.45 0.196 0.166 0.363 

625 900 376.32 250.26 0.188 0.125 0.313 

625 925 350.13 157.40 0.175 0.079 0.254 

              

650 675 48.78 206.50 0.024 0.103 0.128 

650 700 74.18 222.02 0.037 0.111 0.148 

650 725 114.16 254.67 0.057 0.127 0.184 

650 750 171.67 303.45 0.086 0.152 0.238 

650 775 243.19 357.56 0.122 0.179 0.300 

650 800 314.79 398.77 0.157 0.199 0.357 

650 825 366.80 408.67 0.183 0.204 0.388 

650 850 388.17 379.25 0.194 0.190 0.384 

650 875 383.78 315.74 0.192 0.158 0.350 

650 900 364.22 229.91 0.182 0.115 0.297 

650 925 336.40 137.45 0.168 0.069 0.237 

              

675 700 97.60 241.10 0.049 0.121 0.169 

675 725 140.98 279.91 0.070 0.140 0.210 

675 750 199.58 329.22 0.100 0.165 0.264 

675 775 267.64 377.44 0.134 0.189 0.323 

675 800 330.46 407.53 0.165 0.204 0.369 

675 825 370.96 404.36 0.185 0.202 0.388 

675 850 382.69 363.99 0.191 0.182 0.373 
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675 875 372.67 293.60 0.186 0.147 0.333 

675 900 350.22 205.19 0.175 0.103 0.278 

675 925 320.98 114.82 0.160 0.057 0.218 

              

700 725 177.30 312.36 0.089 0.156 0.245 

700 750 234.22 357.20 0.117 0.179 0.296 

700 775 294.98 394.65 0.147 0.197 0.345 

700 800 345.42 409.75 0.173 0.205 0.378 

700 825 372.55 391.70 0.186 0.196 0.382 

700 850 374.61 340.45 0.187 0.170 0.358 

700 875 359.38 264.29 0.180 0.132 0.312 

700 900 334.27 175.08 0.167 0.088 0.255 

700 925 303.97 89.32 0.152 0.045 0.197 

              

725 750 274.37 381.63 0.137 0.191 0.328 

725 775 323.06 403.03 0.162 0.202 0.363 

725 800 357.79 400.00 0.179 0.200 0.379 

725 825 370.71 366.62 0.185 0.183 0.369 

725 850 363.74 305.83 0.182 0.153 0.335 

725 875 343.87 225.96 0.172 0.113 0.285 

725 900 316.41 138.76 0.158 0.069 0.228 

725 925 285.77 61.37 0.143 0.031 0.174 

 

Table 23: Steam mass ratio effects of olefin yields for Naphtha feed 

Steam 

mass 

ratio 

Feed mass flow 

(kg/h) 

Product Mass flow 

(kg/h) 

Product Yield 

Naphtha Steam Ethylene Propylene Ethylene Propylene Ethylene + 

Propylene 

0.1 2727.27 272.73 531.42 433.09 0.195 0.159 0.354 

0.2 2500.00 500.00 491.02 447.49 0.196 0.179 0.375 

0.3 2307.69 692.31 493.09 409.31 0.214 0.177 0.391 

0.4 2142.86 857.14 466.61 445.91 0.218 0.208 0.426 

0.5 2000.00 1000.00 391.32 388.72 0.196 0.194 0.390 

0.6 1875.00 1125.00 415.87 430.59 0.222 0.230 0.451 

0.7 1764.71 1235.29 388.41 405.34 0.220 0.230 0.450 

0.8 1666.67 1333.33 366.30 380.15 0.220 0.228 0.448 

0.9 1578.95 1421.05 355.07 337.74 0.225 0.214 0.439 

1 1500.00 1500.00 357.06 340.19 0.238 0.227 0.465 
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Table 24: Pressure effects of olefin yields for Naphtha Feedstock 

Pressure (bars) Product mass flow (kg/h) Product Yield 

Feed Product Ethylene Propylene Ethylene Propylene Ethylene + 

Propylene 

5 4 345.44 233.43 0.173 0.117 0.289 

4 3 413.31 332.97 0.207 0.166 0.373 

3 2 464.48 419.91 0.232 0.210 0.442 

2 1 461.44 456.27 0.231 0.228 0.459 

 

 

 

 

Figure 38: Variation of Olefin composition along reactor tube for Naphtha Feedstock 
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9.5 Additional Graphs 
 

 

Figure 39: Optimum temperature profile used for each reactor tube 

 

Figure 40: Variation of Pressure along reactor tube (same for each feedstock) 
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Figure 41: Variation of Duty along Reactor tube 
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9.6 Equations Used 
 

 

The following simple equations were used to obtain the relevant values for plotting of graphs and 

analyses: 
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