



Submit Search


Upload
Safeen Yaseen-Assignment-1 (TC Unit).pdf
•
0 likes•7 views
AI-enhanced description


Safeen Yaseen Ja'farFollow
Thermal cracking is a process that breaks down heavy hydrocarbon molecules into lighter products like gasoline. It involves heating residues from crude oil distillation under pressure without a catalyst. There are different types of thermal cracking processes, including visbreaking which mildly cracks residues into fuel oil, and coking which fully converts residues into lighter products and coke. Thermal cracking is an older process that produces more olefinic and aromatic products compared to catalytic cracking.Read less
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Abstract
During this report we will discuss about important unit which called as thermal cracking
unit. Thermal Cracking is one from different kinds of cracking processes. Thermal
cracking, also known as visbreaking, is an older process that capitalizes on heat and
pressure to break large hydrocarbon molecules into smaller, light molecules.
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1. Introduction
1.1. Introduction of Cracking Processes
We depend largely on crude, the gases associated with it and natural gas (mainly
methane) as the source of liquid fuels (petrol, diesel) and the feedstock for the chemical
industry. Oil, and the gases associated with it, consists of a mixture of hundreds of
different hydrocarbons, containing any number of carbon atoms from one to over a
hundred. Most of these are straight chain, saturated hydrocarbons which, except for
burning, have relatively little direct use in the chemical industry or as fuel for cars. Thus,
the various fractions obtained from the distillation of crude oil and the associated gases
have to be treated further in oil refineries to make them useful. The most valuable fractions
for the chemical industry, and for producing petrol, are liquefied petroleum gas (LPG),
naphtha, kerosine and gas oil. These are treated in several ways including cracking,
isomerization and reforming (Lichtarowicz, 2014).
Figure 1: View of the steam crackers at Ludwigshafen in Germany. The whole site is the
largest continuous chemical site in the world. The steam crackers alone occupy 64 000
m2
, which is about the size of 13 football fields. Naphtha is the feedstock and the main
products are ethene and propene, used to make polymers (Lichtarowicz, 2014).
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1.2. History of Cracking Processes
Vladimir Grigoryevich Shukhov (1853-1939), together with Sergei Gavrilov, were the
Russian physicists and engineers who in 1891 successfully developed a continuous
thermal cracking process in Tsarist Russia, after having worked in applied oil field
technologies (e.g., pipelining and boilers) for The Petroleum Production Company Nobel
Brothers Limited (Branobel) since 1878. The Shukhov Cracking Process was first
patented in Russia (no. 12926) on November 27, 1891. The base principle of the process
involves the thermal breaking of the heavier hydrocarbon chains under high pressure to
obtain lighter and shorter chain fractions. This was a major advancement in petroleum
refining technology. Since the beginning of modern refining in the 1860s, few major
advancements in traditional processes were made in more efficient refining of heavier
fractions of petroleum. However, the Shukhov process did not find immediate worldwide
adoption. The demand for a very light and flammable gasoline-like product was not
prevalent, and furthermore, the production on a commercial scale would have required
the construction of large, dangerous, and expensive thermal cracking facilities (ETHW.,
2021).
Figure 2: Views of the development of the Whiting refinery plant, Indiana, from 1909 to
1930 (ETHW., 2021).
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2. Literature Review
2.1. Cracking Process Purpose & Definition
Cracking is a technique used in oil refineries whereby large and complex hydrocarbon
molecules are broken down into smaller and lighter components that are more useful for
commercial or consumer use. Cracking is a critical stage in the process of refining crude
oil (Chen, J., 2022).
2.2. Importance of Cracking
The fractional distillation of petroleum only gives us 20 % gasoline. This is a very small
fraction of the total gasoline used by the world. The higher demand of the present
civilization can be carried out by cracking of higher alkanes.
These higher alkanes mostly consist of kerosene oil. In fact, approximately 50% of
gasoline is now prepared through this method (Abbas, A., 2021).
2.3 Examples of Cracking
In order to illustrate the process of cracking and pyrolysis, let us try to understand the
process by cracking methane.
Cracking of Methane
In this reaction carbon black, which is produced is used as a filler in the manufacture of
tires and hydrogen produced is sold in the other industries.
Cracking of Ethane
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2.4 Different Types of Cracking
Cracking is of three types.
1. Thermal cracking, 2. Catalytical cracking 3. Steam cracking.
2.4.1 Steam Cracking
Hydrocarbon steam cracking is one of the most important processes in the petrochemical
industry, as it is able to produce highly valuable olefins such as ethylene, propylene and
butadiene from lower value feedstocks, which usually have fossil fuel origin and range
from gaseous feedstocks like ethane and propane, to liquid, heavier feedstocks, such
as naphtha, gas oil and gas condensates. From the mentioned feedstocks, naphtha is the
most widely used, due to availability, low cost and potential for producing yields of olefins,
namely ethylene and propylene (LOUSDAD, S., 2020).
Figure 3: Steam Cracking Process
2.4.2 Catalytic Cracking
Fluid Catalytic Cracking is the conversion process used in a petroleum oil refinery to
convert the low-value heavier long-chain hydrocarbon refinery fractions such as heavy
vacuum gas oils into greater economic value lighter products, mainly gasoline, distillate,
and LPG. The rapid cracking reactions of the FCC unit depend upon the circulating or
fluidization of a powder zeolite catalyst with the liquid feed into a riser of the FCC reactor
for a few seconds (Hussain, N., 2021).
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2.5 Thermal Cracking Process
2.5.1 Thermal Cracking Process Overview
The Crude Oil, after being extracted, desalted and separated into valuable products via
the two separation processes, “Atmospheric Distillation” and “Vacuum Distillation”,
subsequent processes are used to alter the molecular structures of the fractions to create
more desirable products labeled in the name of “Conversion Processes”. One of the most
common conversion processes is cracking; it breaks or cracks heavier, higher-boiling
point petroleum fractions into more valuable products. The basic types of cracking:
Thermal cracking, catalytic cracking and hydrocracking (LOUSDAD, S., 2020).
Thermal cracking is the process in which heavy residue hydrocarbons are decomposed
into lower molecule higher value hydrocarbon products, under severe thermal conditions
in the absence of the catalyst. It is a very valuable process in upgrading the bottom of the
barrel and can provide excellent conversion of vacuum or atmospheric residues when
integrated with other refinery units. The thermal cracking process is relatively cheap as
compared to the catalytic cracking processes. Residuum hydrocracking is often
combined with a thermal cracker to upgrade the “bottom of the barrel” and provide high-
quality light and middle distillates. Thermal cracking of petroleum comes in the category
of carbon rejection for residue conversion. The feeds to thermal cracking are vacuum
residue, atmospheric residue, and other refinery residues (Hydrocracker, FCC residues)
while major thermal cracking products are LPG, gasoline & middle distillate. Further, high-
quality fuel oil and coke can also be produced from the residue feeds. But thermal
cracking products are highly olefinic, aromatic, and high sulphur content. They require
hydrotreatment to improve their properties for desired product specifications (Hussain,
N., 2021).
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2.5.2 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 4 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
(John, A., 2023).
Once formed by the initiation step, each free radical can go through two different
propagation reactions:
Figure 4: lists the three steps of free radical chain reactions.
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2.5.3 Types of Thermal Cracking Process:
Vis-breaking
Visbreaking (viscosity breaking) is a mild thermal cracking operation that is used to reduce
the viscosity of vacuum residue, other residues, or even asphalt to produce low-viscosity
fuel oil. Visbreaking reduces the required amount of blending light gas oil as a cutter stock
to meet the fuel oil specifications. In a typical visbreaking operation, a refinery residuum
is passed through a furnace where it is heated to a temperature of 460~490°C under an
outlet pressure of 90~100 psi or slightly above the atmosphere for a short time and quickly
quenched and flashed in a plated column. The visbreaking unit products including gases,
gasoline, gas oil, and low-viscosity fuel oil are separated in a distillation column. These
products are further processed in other downstream units or blended with other refinery
products. Gases and naphtha are stabilized in a stabilizer section, gas oil may be
hydrotreated and fuel oil is blended with other FO range products (Hussain, N., 2021).
Figure 5: Visbreaking Process Flow Diagram – PFD
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Coking Process
Coking unlike visbreaking involves the complete thermal conversion of the residue feed
into lighter products and coke. Coke is a heavily condensed hydrocarbon with more than
90% carbon. The feed is typically a residuum, and the products are gases, naphtha, fuel
oil, gas oil, and coke. The gas oil may be the major product of a coking operation that is a
primary feedstock for catalytic cracking units. The coke obtained is usually used as a fuel
but special uses, such as electrode manufacture, production of chemicals, and
metallurgical coke are also possible (Hussain, N., 2021).
Figure 6: Delayed Coking Flow Diagram
In delayed coking, the feedstock is first charged to a fractionator to separate lighter
hydrocarbons, and then combined with heavy recycle oil. The heavy feedstock is fed to
the coker furnace to be heated to high temperatures at low pressures to prevent
premature coking in the heater tubes, producing partial vaporization and mild cracking.
The liquid/vapor mixture is pumped from the heater to one or more coker drums where
the hot materials are held approximately 24 hours (delayed) at low pressures until it cracks
into lighter products (LOUSDAD, S., 2020).
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In the other hand, continuous coking, also called fluid coking is a moving-bed process for
which the operating temperature is higher than the temperatures used for the delayed
coking. In continuous coking, hot recycled coke particles are combined with liquid feed in
a radial reactor. Vapors are taken from the reactor, quenched to stop any further reaction,
and fractionated. The coke goes to a surge drum than to a classifier where the larger
particles are removed as product. The smaller coke particles are recycled to a preheater
where they are mixed with fresh feed. Fluid coking makes more fuel gas than delayed
coking (LOUSDAD, S., 2020).
Figure 7: Fluid or Continuous Coking Process Flow Diagram
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3. Conclusion
Thermal Cracking and other cracking process unit can be concluded as follow by know
some points as well as for summary:
✓ It can be carried out on all longer carbon chains.
✓ Has a very high yield of short chain alkenes (mainly ethene).
✓ Besides increasing the yield of fuel, cracking has actually additionally created huge
quantities of useful by-products, such as ethene, propene, butene, and also benzene.
✓ These are utilized for manufacturing medicines, plastics, detergents, synthetic fibers,
plant foods, weed killers, and essential chemicals like ethanol, phenol, and acetone.
✓ The problem with thermal cracking is that the conditions required to perform the
process are between 400-900 degrees Celsius temperature and 7000 kPa pressure,
means they are very difficult and expensive conditions to maintenance.
 


	14. 12 | P  a g e
4. References
1. Marek Lichtarowicz, 2014. Cracking and related refinery. [online]
Essentialchemicalindustry.org. Available at:
https://www.essentialchemicalindustry.org/processes/cracking-isomerisation-and-
reforming.html [Accessed 16 Feb. 2023].
2. ETHW., 2021. Thermal Cracking. [online] Available at:
https://ethw.org/Thermal_Cracking [Accessed 16 Feb. 2023].
3. Chen, J., 2022. Cracking. [online] Investopedia. Available at:
https://www.investopedia.com/terms/c/cracking.asp. [Accessed 16 Feb. 2023].
4. Abbas, A., 2021. Cracking Of Petroleum-Meaning And Types Of Cracking. [online]
themasterchemistry.com. Available at: https://themasterchemistry.com/cracking-of-
petroleum-and-types-of-cracking/ [Accessed 16 Feb. 2023].
5. John, A., 2023. Chemistry of Thermal Cracking | FSC 432: Petroleum Refining.
[online] Available at: https://www.e-education.psu.edu/fsc432/content/chemistry-
thermal-cracking-0. [Accessed 16 Feb. 2023].
6. LOUSDAD, S., 2020. What is Steam Cracking / Pyrolysis? [online] Available at:
https://www.arab-oil-naturalgas.com/what-is-steam-cracking-pyrolysis/. [Accessed 16
Feb. 2023].
7. Hussain, N., 2021. Fluid Catalytic Cracking Process in Oil Refinery The Petro
Solutions. [online] The Petro Solutions. Available at:
https://thepetrosolutions.com/fluid-catalytic-cracking-process-in-oil-refinery/
[Accessed 16 Feb. 2023].
 




Download Now

AboutSupportTermsPrivacyCopyrightCookie PreferencesDo not sell or share my personal informationEverand
EnglishCurrent LanguageEnglish
Español
Portugues
Français
Deutsche




© 2024 SlideShare from Scribd 





