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Introduction 

Conversion processes used to change the size and/or structure of hydrocarbon molecules 

include: 

• Decomposition (dividing) by hydro-, thermal and catalytic cracking, coking and visbreaking 

• Unification (combining) through alkylation and polymerization 

• Alteration (rearranging) with isomerization and catalytic reforming 

• Treatment. 

 

Conversion is simply the process of changing on kind of hydrocarbon into another. Of the, the 

desired product is gasoline.  Cracking is the process of taking heavier, less valuable fractions 

of crude and converting them into lighter products.  Cracking uses heat and pressure to break 

heavier elements into lighter ones.  Alkylation is another common process, which is basically 

the opposite of cracking.  In alkylation, small gaseous by-products are combined to form larger 

hydrocarbons.   
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Overview of Thermal cracking 

 

Thermal cracking is the first commercial conversion process developed in the early 1900s 

principally to produce more motor gasoline from crude oils and produce high-octane gasoline 

for aircraft use, initiating an attempt to change the composition of crude oil in petroleum 

refinery. The purpose of thermal cracking is to make light middle distillates from heavier ends 

by pyrolysis, or thermolysis. With the advent of catalytic cracking in the 1930s and 1940s and 

its capability to produce higher yields of gasoline with higher octane number, thermal cracking 

of gas oils has ceased to be an important process for gasoline production in modern refineries. 

In countries where the principal petroleum fuel with a high demand is diesel fuel, thermal 

cracking is still important in fuel refineries. A principal application of thermal cracking of 

distillate fractions in current refineries is limited to naphtha cracking for the purpose of 

producing ethylene (C2H4) for the petrochemical industry. However, thermal cracking of 

residual fractions, particularly VDR, is still practiced in association with visbreaking and 

coking processes in the refineries. 
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Chemistry of Thermal Cracking 

Thermal cracking produces shorter straight chain alkanes from longer straight chains found in 

gas oils or other crude oil fractions. Free radicals (reactive species with unpaired electrons, but 

no electronic charge) are the active species that govern thermal cracking reactions. Because of 

the free radical chemistry, thermal cracking of gas oil would produce gasoline with relatively 

low octane numbers, as will be discussed later in this section. 

Figure 1.1 lists the three steps of free radical chain reactions as initiation, propagation, and 

termination. In the figure, R-H represents a paraffin chain which can be expanded such as (H3-

(CH2)n – H) where n represents the number of carbon atoms in the alkane. In other words, R 

represents a radical with an unpaired electron that becomes an alkane (R-H) when combined 

with a hydrogen atom. A Hydrogen atom with one proton and one electron is the simplest 

radical. 

The free radical chain reaction starts with breaking the weakest C-C bond in the reactant alkane 

(R-H) to form two free radicals R1 and R2, each with one unpaired electron resulting from the 

homolysis of the C-C bond (initiation). Once formed by the initiation step, each free radical 

can go through two different propagation reactions: 

1. Hydrogen abstraction 

2. Beta (β) scission 

 

 

Figure 1.1a. Free radical chain reactions. 
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In a hydrogen abstraction reaction, for example, the radical R1 removes (abstracts) a hydrogen 

atom from an alkane (R-H) to produce a shorter chain alkane product (R1-H) and a new radical 

R (hydrogen abstraction), thus propagating the free radical chain. Alternatively, the radical 

R1, (or R2) can go through a β scission reaction to produce an olefin (ethylene) as a product, 

and a radical R to propagate the chain. The β scission refers to the breaking of covalent bond 

in the β position relative to the position of the unpaired electron as shown below:  

 

 

                                                                 Figure 1.1b. The β scission 

Note that the initiation step produces two free radicals, the propagation step produces a reaction 

product and one radical to continue the chain. The last step in the chain reaction, the termination 

step, removes two radicals to produce one or two stable compounds depending on the 

termination reaction, as seen in Figure 1.1. The principal end result of the free radical chain 

reactions in thermal cracking is to produce from long chain alkanes shorter-chain alkanes, light 

olefins, and some aromatic compounds. One important feature of free radical reactions is that 

isomerization reactions, e.g., shifting of the unpaired electron site from an edge atom of a 

molecule to the interior atoms (as shown in Figure 1.1), are not favored reactions. In other 

words, isomerization reactions take place at a slower rate than other propagation reactions, e.g., 

β scission reaction. The critical importance of this observation is that the thermal cracking 

reactions produce shorter straight-chain alkanes and olefins without any significant formation 

of branched-chain (or iso-alkanes). This is the reason why catalytic cracking processes have 

virtually replaced thermal cracking processes to produce high octane number gasoline, as will 

be discussed in the next section on catalytic cracking. 
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Thermal Reactivity Considerations in Processing 

Management of thermal reactivity is important in thermal cracking processes for optimum 

conversion of the feeds with a wide boiling range. Figure 1.2 shows an example of a thermal 

cracking process to convert a heavy gas oil fraction primarily to light gas oil (LGO). Typically, 

lighter products (gasoline and gas) and the heavier product (fuel oil) are considered by-products 

in this process. A heavy gas oil feedstock with a wide boiling range is fed to a fractionator to 

separate the feed into a light oil and a heavy oil fraction depending on the desired cut points. 

Light oil (which would have a relatively low thermal reactivity) is heated in a separate furnace 

to higher temperatures so that the cracking takes place in a vapor phase. Heavy oil fraction 

(with a high thermal reactivity) is heated to a lower temperature for cracking in the liquid phase. 

The heated feed streams are combined in a soak drum to provide sufficient time for the 

completion of the cracking reactions. After the soaker, the products are sent to a flash separator 

to separate the heavy end as a side product (fuel oil) and the lighter products are sent to the 

fractionator for separation into LGO, gasoline and the gaseous products. Separating the feed 

into two fractions will avoid heating the reactive longer alkane chains to high temperatures to 

keep coke formation and gas production under control to maximize the LGO yield. In naphtha 

cracking for ethylene production, all reactions are carried out in vapor phase at low pressures 

to promote β scission reactions for high ethylene yields. Coking of reactor tubes creates a major 

maintenance problem in naphtha cracking for ethylene production. 

 

     

                                   Figure 1.2. Thermal cracking process configuration. 
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Visbreaking 

Visbreaking is a mild thermal cracking process applied to reduce the viscosity of VDR to 

produce fuel oil and some light products to increase the distillate yield in a refinery. Depending 

on the feedstock properties and thermal severity in the reactor, the process will typically 

achieve 10–25% of conversion of the heavy ends to gas, gasoline, and distillates while 

producing fuel oil with the desired specifications. Carbon rejection in small quantities on the 

reactor surfaces during thermal cracking helps reduce the viscosity of the fuel oil product 

(Figure 1.3). The process decreases the demand for a cutter stock used as diluent (e.g., 

kerosene) that might otherwise be used to reduce the viscosity of the heavy ends to meet the 

fuel oil specifications. Adding a diluent may still be needed depending on the sulfur content of 

the product and the fuel oil specifications. Although the principal objective of visbreaking is to 

reduce viscosity, some refineries may use this mild cracking process to convert fuel oil into 

lighter distillates. 

 

Figure 1.3. Overall chemistry of visbreaking – breaking up long chains of hydrocarbons. 

As in all chemical reactions, conversion in visbreaking depends primarily on temperature and 

time. As a measure of “thermal severity” under reactions conditions, one can use a thermal 

severity index (TSI) as a function of temperature and time that is shown in Figure 1.4. The 

exponential dependence of TSI on temperature relates to the general exponential term that 

constitutes the chemical reaction rate constants. The chemical conversion in visbreaking 

reactions can be expressed as the reduction in concentration (cA) of long-chain alkane (or high-

molecular weight compounds) in the feedstocks. One can see from Figure 1.4 that the 

conversion in the visbreaking reaction can be expressed by the integral in Figure 1.4, assuming 

an apparent first-order kinetics for the reaction. It can also be seen, in Figure 1.4, that the 

conversion that can be related to the extent of visbreaking depends on (kt); and the TSI to 

establish the interchangeability of T and t for a given conversion relates to (e (-E/RT)t), where 
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Ea is the apparent activation energy of the reaction, R is the universal gas constant, T is the 

temperature, and t is time. In using the TSI for comparing thermal severity of different T and t 

combinations as major operating variables of visbreaking, care should be taken to use the right 

units for R and T. As a general convention, an apparent activation of energy of 50 kcal/mol is 

assumed for thermal cracking reactions involving the homolysis of C-C bonds to produce free 

radicals. 

Higher visbreaking severity would produce a higher reduction in viscosity. Thermal severity is 

limited by the reactivity of the feedstock and the storage stability of the residual fuel in 

accordance with the desired conversion level and desired reduction in viscosity. Asphaltene 

content and concarbon of the feedstocks are important factors to consider when selecting an 

appropriate thermal severity for the process to prevent excessive coking in the visbreaking 

reactor. 

 

Figure 1.4. A definition of thermal severity index as a function of temperature (T) and time (t) in 

a visbreaker. 
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Visbreaking Processes 

There are two types of visbreaking processes: coil or soaker visbreaking. Figure 1.5a shows a 

schematic diagram of the coil visbreaking process. For visbreaking, the feedstock is introduced 

into the coil heated in the furnace where the thermal cracking reactions take place. At the 

furnace outlet, the reaction products are immediately quenched using a portion of the gas oil 

product from the fractionator to stop the thermal cracking reactions. The quenched products 

are sent to the fractionator for separation into gas, gasoline, light gas oil, and visbroken residue 

streams. A steam stripper can be used with the fractionator for better separation of the 

visbreaking products. In the soaker visbreaking process, a soak drum is placed after the furnace, 

Figure 1.5b. Most of the thermal cracking reactions in this case take place in the soaker drum. 

Depending on the process objectives and feedstock characteristics, reaction temperatures range 

from 450°C to 485°C and pressures range from 3 to 10 bar. Higher temperatures and lower 

residence times are used in the coil visbreaking process. 

 

Figure 1.5a. Coil Visbreaking Process 
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Figure 1.5b. Soaker Visbreaking Processes 

Residence times can vary from 1 min (associated with high temperatures in coil visbreaking) 

to 10 min (for lower temperatures used in soaker visbreaking). 

Similar to deasphalting and distillation, the environmental impact of visbreaking is associated 

with burning fuel in the furnace to provide energy for thermal cracking, and, to a lesser extent, 

burning off the coke deposited in the coil or soaker drum leading to emissions of CO2, oxides 

of nitrogen (NOx), and oxides of sulfur (SOx) in the flue gases. 
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Catalytic Conversion  

Catalytic cracking Process   
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Overview of Catalytic cracking Process 

 

Catalytic conversion processes became important in petroleum refining after the Second World 

War. Catalytic cracking has been developed to produce high yields of gasoline with high octane 

# from high-boiling stocks using catalysts. As different from thermal cracking, catalytic 

cracking 

• Uses a catalyst; 

• Takes place at lower temperature and lower pressure; 

• Is more selective and flexible. 

One particular catalytic cracking process, Fluid Catalytic Cracking (FCC), has captured 

universal acceptance in the refining industry because of its feed flexibility, ability to modify 

product yields through minor changes in the process operating conditions. FCC is used to 

produce high-octane gasoline mainly from straight-run atmospheric gas oil and light vacuum 

gas oil (LVGO) [1]. This process involves breaking up long chains of n-alkanes into shorter 

chains of branched alkanes (isoalkanes), cycloalkanes (naphthenes), and aromatics by using 

acidic catalysts. In addition to high-octane gasoline, catalytic cracking produces LPG, cycle 

oils, and olefin-rich light hydrocarbons (C3, C4). The olefins are used as petrochemical 

feedstocks, or as reactants in alkylation and polymerization reactions, to produce higher 

molecular weight branched alkanes and olefins to contribute to the high-octane gasoline pool. 

Hydrocracking processes have been introduced for upgrading heavier crude oil fractions such 

as heavy vacuum gas oil (HVGO) and vacuum distillation residue VDR. The heaviest fractions 

of crude oil, HVGO and VDR, may not be easily processed by FCC because of potential 

problems with excessive coking on the catalysts. For upgrading these high-boiling and 

aromatic-rich feedstocks, hydrogen is introduced in the hydrocracking process, along with bi-

functional catalysts systems, to keep coking under control while upgrading the heavy fractions 

to light and middle distillates. 
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Chemistry of Catalytic Cracking 

As opposed to thermal cracking governed by free radicals, catalytic cracking proceeds through 

the formation of ionic species on catalyst surfaces, and produces shorter, but branched-chain 

(not straight-chain) alkanes by cracking the long straight-chain alkanes. The formation of 

branched-chain alkanes, or iso-alkanes, leads to the production of gasoline with high octane 

numbers. This is the fundamental reason why catalytic cracking has replaced thermal cracking 

as the central process in a refinery geared to maximize gasoline production. A high-octane 

number of gasolines is needed for current spark-ignition engines to run at high compression 

ratios without knocking. High compression ratios in spark-ignition engines translate to high 

power and high efficiency. 

Figure 2.1 introduces the two types of ionic species, carbocations, that are active in catalytic 

cracking reactions as carbenium, and carbonium ions, using the IUPAC terminology. 

Carbocations are the positively charged ions made from hydrocarbons. Figure 2.1 shows that 

removing a hydride ion (H-, a hydrogen atom with an additional electron) from an alkane (e.g., 

methane) produces carbenium ions (path 1a). Also, adding a proton (H+, a hydrogen atom 

without the electron) to an olefin (e.g., ethylene) can produce carbenium ions. 
 

 

Figure 2.1. Definition and formation of carbocations from hydrocarbons. 

 

Analogous to the terminology used for free radicals, C+H3 is called methyl carbenium ion, and 

C2
+H5 is called an ethyl carbenium ion. Carbonium ions are produced by adding a proton to an 

alkane, say methane, as shown in Figure 2.1. The resulting ion C+H5 is called methanium. Note 

that there is some confusion in the literature about naming the carbocations. Carbenium ions 

used to be called carbonium ions. 
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Bronsted and Lewis Acid Sites 

Carbocations are formed from hydrocarbons on two different acid sites: Bronsted acid sites and 

Lewis acid sites. You should remember that Bronsted acid sites donate protons, while Lewis 

acid sites accept electrons to form carbocations from hydrocarbons. Figure 2.2 illustrates how 

an olefin (e.g., ethylene, C=C) produces an ethyl carbenium ion (C+
2H5) by reacting with a 

proton donated from Bronsted acid site. Alternatively, also seen in Figure 2.2, a Lewis acid site 

accepts an electron (or a hydride ion, H-) from an alkane (e.g., ethane, C-C) to produce the same 

ethyl carbenium ion (C+
2H5). These two reactions that take place on the acid sites of catalysts, 

along with the formation of carbonium ions by protonation of hydrocarbons on Bronsted sites, 

function as the initiation steps in the ionic chain reactions that lead to the products obtained 

from catalytic cracking 

 

. 

 

Figure 2.2. Formation of carbocations on different acid sites of catalysts.  
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Distribution of Products 

Figure 2.3 compares the distribution of products from thermal cracking (free radical chain 

reactions) and catalytic cracking (ionic chain reactions). Short chain paraffins constitute the 

principal products in both cases with one important difference – an abundance of iso-alkanes 

(branched-chain alkanes) in catalytic cracking products. One can also note in Figure 2.3 that 

catalytic cracking products contain higher concentration of aromatic compounds. High octane 

number of gasolines produced by catalytic cracking can be attributed to high concentrations of 

i-alkanes and relatively more abundant aromatics present in the crackate (catalytic cracking 

product). Having no olefins larger than butylene (C4) from catalytic cracking processes, also 

distinguishes catalytic cracking products from thermal cracking products obtained from gas oil. 

 

 

Figure 2.3. Differences in distribution of hydrocarbons obtained from thermal and catalytic 

cracking reactions. 

 

 

 

 



Conversion process Page 22 
 

Comparison of Products by Type of Hydrocarbon 

Table 2.1 compares the products of thermal cracking and catalytic cracking of different type of 

hydrocarbons. Notably, high yields of C1 and C2 gaseous products (methane, ethane and 

ethylene) from thermal cracking are contrasted with high yields of C3- C6, with small quantities 

of methane and essentially no olefins heavier than butylene, from catalytic cracking. 

Significant for the octane number of the gasoline fraction from the catalytic cracking of 

aliphatic hydrocarbons are the abundance of i-alkanes and significant concentration of aromatic 

compounds (BTX) that increase the octane number. 

 

 
Table 2.1. Thermal cracking and catalytic cracking reactions of hydrocarbons.  

As the slow isomerization of free radicals (moving the unpaired electron from an edge atom to 

the interior atoms) results in the production of shorter straight-chain alkanes and straight-chain 

olefins in thermal cracking, thus leading to low octane numbers of the gasoline product. In 

contrast to free radicals, the isomerization of carbocations is very fast because of the 

thermodynamic driving force, shown in Table 2.2. One can see in Table 2.2 that the 

isomerization of a primary propyl carbenium ion to a secondary propyl carbenium ion releases 

(19.1- 1.5) = 17.6 kcal/mol. This is a very large thermodynamic driving force for the 

isomerization of primary ion to a secondary ion, and further to a tertiary ion with even a larger 

driving force. Isomerization of the secondary propyl ion to the tertiary propyl ion, releases 1.5 

kcal/mol of energy. It is, therefore, clear that the initiation and propagation of carbocations in 

catalytic cracking chain reactions on the catalyst surfaces will be dominated by the formation 

of secondary and tertiary carbocations. The reactions of these carbocations lead to the 

formation of branched-chain alkanes and olefins with high octane numbers. 
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Table 2.2. Differences in enthalpy of formation (ΔHf) of carbenium ions with respect to a 

baseline ΔHf for the tertiary propyl carbenium ion. 

Another important feature of carbocation formation is the differences in the enthalpy of 

formation which favours the formation of carbocations > C3 versus C1 and C2 ions (Table 2.3), 

because C1 and C2 ions are primary ions. This explains the low yields of C1 and C2 species 

obtained from catalytic cracking. 

 

 

Table 2.3. Enthalpy of formation of primary and secondary carbenium ions.  
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Ionic Chain Reactions 

Figure 2.4 illustrates the ionic chain reactions that govern catalytic cracking of hydrocarbons. 

The initiation step includes the formation of a carbonium ion by proton donation from a 

Bronsted acid site and/or the formation of a carbenium ion through hydride ion abstraction by 

a Lewis acid site. In a propagation step, the carbonium ion goes through cracking to produce 

an alkane product and a carbenium ion, while the carbenium ion produced on the Lewis acid 

site goes through a β-scission to produce an olefin product and another carbenium ion. In 

additional propagation reactions, carbenium ions (secondary, or tertiary) react with alkanes to 

produce i-alkane products and other carbenium ions, which can go through isomerization 

reactions generating more stable ions. Finally, in termination steps, carbenium ions donate a 

proton to restore a Bronsted acid site and produce an olefin as final product, or they abstract a 

hydride ion to restore a Lewis acid site producing an i-alkane product, and the ionic chain 

reaction continues. Other reactions during catalytic cracking include dehydrocyclization and 

dehydrogenation reactions to produce aromatic compounds. One should note that thermal 

cracking reactions also take place during catalytic cracking because of the sufficiently high 

temperatures used in the process. Some claim that initial thermal cracking of alkanes to produce 

olefins should also be considered as an initiation step in ionic chain reactions [2]. 

 

Figure 2.4. Carbocationic chain reactions in catalytic cracking. 
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Catalytic Cracking Processes 

Increasing demand for gasoline, along with the need to produce high-octane gasoline for 

increasingly more powerful spark ignition engines, led to the development and maturation of 

catalytic cracking processes just before and during World War II. Following the development 

of a fixed-bed (Houdry process, 1936) and a moving-bed (Thermafor Catalytic Cracking, 1941) 

catalytic cracking process, fluid-bed catalytic cracking (FCC, 1942) became the most widely 

used process worldwide because of the improved thermal efficiency of the process and the high 

product selectivity achieved, particularly after the introduction of crystalline zeolites as 

catalysts in the 1960s. 

Table below shows a timeline for the development of the catalytic cracking processes. The 

evolution of catalytic cracking processes is an exemplary showcase in chemical engineering 

for discussing the advancement of reactor configuration, driven by energy conservation and 

process kinetics. The evolution of these processes is discussed in the following subsections. 
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Houdry Catalytic Cracking 

The first catalytic cracking process was developed as a batch process (McAfee, 1915) shortly 

after the development of a thermal cracking process. The process used Lewis acid catalysts 

(e.g., AlCl3) for cracking. These catalysts were expensive and corrosive. In addition to these 

impediments, use of a batch reactor in the McAfee process did not allow large-scale 

commercialization of this process. The first full-scale commercial process, the Houdry 

Catalytic Cracking, used much less expensive catalysts, such as clays, and natural alumina and 

silica particles. Figure 2.2 shows the configuration of the Houdry Catalytic Cracking process. 

For cracking, gas oil feed was heated to 800°F and fed to a fixed-bed reactor packed with the 

catalyst particles. Cracking products are sent to a fractionator to be separated into gas, gasoline, 

light cycle oil (LCO) and heavy cycle oil (HCO) products. 

 

 

Figure 2.5. Houdry catalytic cracking process configuration. 
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Thermafor Catalytic Cracking (TCC) 

Thermafor (also referred to as “thermofor” in some sources) Cracking Process was introduced 

for better integration of thermochemistry (endothermic cracking and exothermic catalyst 

regeneration) by introducing a moving-bed configuration, rather than a fixed-bed, as shown in 

Figure 2.3. Catalysts used in this process were synthetic alumina/silica beads that have more 

homogeneous and consistent properties (e.g., activity) than the natural minerals. Catalysts 

particles and the feed are introduced from the top of the reactor and the catalyst particles move 

downward with gravity as the cracking reactions take place on the catalyst surfaces. Steam is 

injected from the bottom of the reactor to carry the cracking products to the fractionator for 

recovery. As the particles move down the reactor, they are deactivated by coke build-up on 

active sites. The deactivated catalysts removed from the bottom of the reactor are sent to a 

regenerator unit where the coke on catalysts surfaces are burned off and the heated catalysts 

particles are recycled to the top of the reactors by bucket elevators. Hot catalyst particles 

provide most of the heat necessary for the cracking reactions in the reactor. Although the 

thermal efficiency of TCC is higher than that of the Houdry process, there was still a significant 

amount of heat loss during transport of heated catalyst particles by bucket elevators. 

 

Figure 2.6. Process configuration for Thermafor Catalytic Cracking (TCC) process. 
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Fluid Catalytic Cracking (FCC) 

Fluid Catalytic Process, also introduced in 1942, offered an excellent integration of the 

cracking reactor and the catalyst regenerator that provides the highest thermal efficiency, as 

shown in Figure 2.7. In FCC, a fluidized-bed (or fluid-bed) of catalyst particles is brought into 

contact with the gas oil feed along with injected steam at the entrance (called the riser) of the 

reactor. The hot catalyst particles coming from the regenerator unit evaporate the feed gas oil 

upon contact in the riser, and the cracking starts as the gas oil vapors and the catalyst particles 

move upward in the reactor. The temperature of the catalyst particles drops as the evaporation 

of gas oil and endothermic cracking reactions proceed during the upward movement. Cracking 

reactions also deposit a significant amount of coke on the catalysts, leading to the deactivation 

of the catalyst. After removing the adsorbed hydrocarbons by steam stripping, the coked 

catalyst is sent to the regeneration unit to burn off the coke with air. Heat released from burning 

the coke deposit increases the temperature of the catalyst particles that are returned to the riser 

to complete the cycle. Burning off the rejected carbon (coke) in the regenerator provides the 

energy necessary for cracking without much loss, thus increasing the thermal efficiency of the 

process. The cracking products are sent to the fractionator for recovery after they are separated 

from the catalyst particles in the upper section of the reactor. 

In the reactor, the cracking reactions initiate on the active sites of the catalysts with the 

formation of carbocations and the subsequent ionic chain reactions produce branched alkanes 

and aromatic compounds to constitute the crackate (cracked gasoline with high octane number), 

light olefins, cycle oils, and slurry oil that are sent to the fractionator. A carbon-rich byproduct 

of catalytic cracking, termed “coke,” deposits on catalyst surfaces and blocks the active sites. 

FCC is considered a carbon rejection process because the coke deposited on the catalyst surface 

and eventually burned off for heat is rich in carbon and thus enables the production of large 

quantities of a light distillate (crackate) in the process without the addition of hydrogen. 

Two different configurations of the commercial FCC processes exist depending on the 

positions of the reactor and the regenerator: they can be side by side or stacked, where the 

reactor is mounted on top of the regenerator. Major licensor companies that offer FCC 

processes with different configurations include Kellogg Brown & Root, CB&I Lummus, 

ExxonMobil Research and Engineering, Shell Global Solutions International, Stone & Webster 

Engineering Corporation, Institute Francais du Petrole (IFP), and UOP. Figure 2.7 shows 

examples of Exxon and UOP designs. The UOP design of high-efficiency two-stage 

regenerator units offer advantages of uniform coke burn, higher conversion of CO to CO2 and 

lower NOx emissions among others. Another modification to FCC plants could be the 

installation of a catalyst cooler, which may provide better control of the catalyst/oil ratio; the 

ability to optimize the FCC operating conditions, increase conversions, and process heavier 

residual feedstocks; and better catalyst activity and catalyst maintenance. 

In the link below (external link), the animation of an explosion in an FCC unit in 2015 (7:12 

minute long) provides a good review of the FCC process, and points out the potential hazards 

of working with hydrocarbons exposed to high temperatures in refinery units: 

  



Conversion process Page 29 
 

 

Figure 2.7. Process configuration for Fluid Catalytic Cracking (FCC) process. 
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Figure 2.8. Different configurations of the FCC Units 
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Catalytic Conversion 

Catalytic Reforming  
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Overview of Catalytic Reforming 

 

Among the catalytic conversion processes developed just before and during the Second World 

War are included, in addition to catalytic cracking, polymerization processes that were 

introduced in the mid- to late 1930s, and alkylation and isomerization processes that were 

developed in the early 1940s. The principal impetus for developing these processes was to meet 

the demand for high-octane-number gasoline required by the high compression gasoline 

engines, including those used in the aircraft. Catalytic reforming and catalytic isomerization 

were developed in the 1950s to increase the high-octane-number gasoline yields from 

refineries. These processes are still important in current refineries that are directed to maximize 

gasoline yield from the crude oil feedstock. By-products from some of these processes, such 

as LPG and hydrogen, have gained significance because of the increasing demand in modern 

refineries for LPG recently used as automobile fuel and for hydrogen to supply the increasing 

demand for hydrotreating and hydrocracking processes. 
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Chemistry of Catalytic Reforming 

The general categories of the desired reactions in catalytic reforming are identified in Figure 

3.1, along with the catalysts used in the process. Considering that the main purpose of the 

process is to increase the octane number of heavy naphtha, conversion of naphthenes to 

aromatics and isomerization of n-paraffins to i-paraffins are the most important reactions of 

interest. Under the right reaction conditions, aromatics in the feed, or those produced by 

dehydrogenation naphthenes should remain unchanged. The reforming reactions produce large 

quantities of hydrogen, and one should remember that the dehydrogenation catalysts used in 

reforming can also catalyze hydrogenation and hydrocracking of aromatics during catalytic 

reforming. It is, therefore, important to keep these side reactions to a minimum by controlling 

the reactor conditions such as temperature and hydrogen pressure, as discussed in more detail 

later in this section. The catalysts used in reforming contains platinum (Pt), palladium (Pd), or, 

in some processes, bimetallic formulations of Pt with Iridium or Rhenium supported on 

alumina (Al2O3). 

Figure 3.1 shows the ranges of composition for feedstock heavy naphtha and the reformate 

product (high-octane gasoline). Comparing the compositions of the feedstock and the product, 

one can see that the largest change in feedstock composition is a substantial increase in the 

aromatics content of the feedstock, with attendant decreases in naphthene and paraffin contents 

to constitute the product. 

 

 

                   Figure 3.1. Catalytic reforming reactions and catalysts. 
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Figure 3.2. Examples for composition of catalytic reforming feedstock and products 

 

Figure 3.2 also defines some specific terms for catalytic reforming related to the feedstock 

composition (lean, or rich naphtha), or to the extent of n-paraffin conversion in the process 

(low-, or high-severity). One could conclude from these terms that reforming of heavy naphtha 

that contains higher n-paraffin content requires more severe conditions in the reactor. 
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Catalytic Reforming Processes 

Even in the presence of hydrogen during reforming reactions, catalysts are deactivated by coke 

deposition. Commercial catalytic cracking processes are classified based on how catalysts are 

regenerated, as shown in Figure 3.3, as semi-regenerative, cyclic, and continuous reforming 

processes. The first commercial catalytic reforming process was introduced by UOP in 1949 

as the Platforming process that used three fixed-bed reactors. Figure 8.8 shows a process with 

two reactors. The reactors operate in series with furnaces placed before each reactor to heat the 

feedstock and the reactor effluents to 500–530°C before entering each reactor because the 

predominant reforming reactions are highly endothermic. These units, called “semi -

regenerative catalytic reformers,” need to be shut down once every 6–24 months for the in-situ 

regeneration of catalysts that are deactivated by coke deposition. Later designs included an 

extra reactor (a swing reactor) to enable isolation of one reactor at a time to undergo catalyst 

regeneration, whereas the other three reactors are running (Cyclic). This configuration enables 

longer on-stream times (up to 5 years) before scheduled shutdowns for catalyst regeneration, 

but it has not become popular. 

 

 

                                          Figure 3.3. Catalytic reforming processes. 
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Alkylation 

The alkylation process combines light iso-paraffins, most commonly isobutane, with C3–

C4 olefins, to produce a mixture of higher molecular weight iso-paraffins (i.e., alkylate) as a 

high-octane number blending component for the gasoline pool. Iso-butane and C3–C4 olefins 

are produced as by-products from FCC and other catalytic and thermal conversion processes 

in a refinery. The alkylation process was developed in the 1930s and 1940s to initially produce 

high-octane aviation gasoline, but later it became important for producing motor gasoline 

because the spark ignition engines have become more powerful with higher compression ratios 

that require fuel with higher octane numbers. With the recent restrictions on benzene and the 

total aromatic hydrocarbon contents of gasoline by environmental regulations, alkylation has 

gained favor as an octane number booster over catalytic reforming. Alkylate does not contain 

any olefinic or aromatic hydrocarbons. 

. 

Alkylation reactions are catalyzed by strong acids (i.e., sulfuric acid [H2SO4] and hydrofluoric 

acid [HF]) to take place more selectively at low temperatures of 70°F for H2SO4 and 100°F for 

HF. By careful selection of the operating conditions, a high proportion of products can fall in 

the gasoline boiling range with motor octane numbers (MONs) of 88–94 and RONs of 94–99 

[15]. Early commercial units used H2SO4, but more recently, HF alkylation has been used more 

commonly in petroleum refineries. HF can be more easily regenerated than H2SO4 in the 

alkylation process, and HF alkylation is less sensitive to temperature fluctuations than 

H2SO4 alkylation [3]. In both processes, the volume of acid used is approximately equal to the 

volume of liquid hydrocarbon feed. Important operating variables include acid strength, 

reaction temperature, iso-butane/olefin ratio, and olefin space velocity. The reactions are run 

at sufficiently high pressures to keep the hydrocarbons and the acid in the liquid phase. Good 

mixing of acid with hydrocarbons is essential for high conversions. 

 

Some examples of desired alkylation reactions (combination of iso-paraffins with olefins) are 

given in Figure 3.4 These occur through ionic chain reactions initiated by donation of a proton 

from the acid catalyst to an olefin to produce a carbocation that reacts with iso-butane to form 

a tert-butyl cation. Subsequent propagation reactions involve the reactions of a tert-butyl cation 

with olefins to form larger iso-paraffin cations that lead to final products through reactions with 

iso-butane to form a new tert-butyl cation to sustain the chain reaction. The alkylation reaction 

is highly exothermic; therefore, cooling the reactor contents during alkylation is important.  
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Figure 3.4. Principal alkylation reactions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Conversion process Page 38 
 

Polymerization 

The polymerization process combines propenes and butenes to produce higher olefins with 

high-octane numbers (97 RON and 83 MON) for the gasoline pool. The polymerization process 

was used extensively in the 1930s and 1940s, but it was replaced to a large extent by the 

alkylation process after World War II. It has gained favor after phasing out the addition of 

tetraethyl lead (TEL) to gasoline, and the demand for unleaded gasoline has increased. Typical 

polymerization reactions are shown in Figure 3.5. 

The most commonly licensed polymerization process is the UOP polymerization process, 

which uses phosphoric acid as catalyst. IFP licenses a Dimersol® process that produces dimers 

from propene or butene using a homogeneous aluminum alkyl catalyst. 

 

Figure 3.5. Typical polymerization reactions . 
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Conclusion 

Thus, we conclude the seminar report on the “Conversion Process in Petroleum Industries”.  

Conversion in simple word means, the separation processes which are based on differences in 

physical properties of the components of crude oil.  

All petroleum refineries throughout the world employ at least crude oil distillation units to 

separate naturally occurring fractions for further use, but those which employ distillation alone 

are limited in their yield of valuable transportation fuels. By adding more complex conversion 

processes that chemically change the molecular structure of naturally occurring components of 

crude oil, it is possible to increase the yield of valuable hydrocarbon compounds. 

The above seminar report includes different conversion process which include  

1. Thermal Conversion. 

2. Catalytic Cracking Process. 

3. Catalytic Reforming. 
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