
1 
 

CONVERSION PROCESSES 

THERMAL PROCESSES 

Cracking was used commercially in the production of oils from coal and shales before the 

petroleum industry began, and the discovery that the heavier products could be decomposed 

to lighter oils was used to increase the production of kerosene and was called cracking 

distillation. The precise origins of cracking distillation are unknown. It is rumored that, in 1861, 

the attending stillman had to leave his charge for a longer time than he intended (the reason 

is not known) during which time the still overheated. When he returned he noticed that the 

distillate in the collector was much more volatile than anticipated at that particular stage of 

the distillation. Further investigation led to the development of cracking distillation (i.e., 

thermal degradation with the simultaneous production of distillate). Cracking distillation 

(thermal decomposition with simultaneous removal of distillate) was recognized as a means 

of producing the valuable lighter product (kerosene) from heavier non-volatile materials. In 

the early days of the process (1870–1900) the technique was very simple—a batch of crude 

oil was heated until most of the kerosene had been distilled from it and the overhead material 

had become dark in color. At this point, distillation was discontinued and the heavy oils were 

held in the hot zone, during which time some of the high-molecular-weight components were 

decomposed to produce lower-molecular-weight products. After a suitable time, distillation 

was continued to yield light oil (kerosene) instead of the heavy oil that would otherwise have 

been produced. The yields of kerosene products were usually markedly increased by means 

of cracking distillation, but the technique was not suitable for gasoline production. As the 

need for gasoline arose in 

the early 1900s, the necessity of prolonging the cracking process became apparent and a 

process known as pressure cracking evolved. Pressure cracking was a batch operation in 

which, as an example, gas oil (200 bbl) was heated to approximately 425°C (800°F) in stills 

that had been reinforced to operate at pressures as high as 95 psi. The gas oil was held under 

maximum pressure for 24 hours, while fires maintained the temperature. Distillation was then 

started and during the next 48 hours produces a lighter distillate (100 bbl) that contained the 

gasoline components. This distillate was treated with sulfuric acid to remove unstable gum-

forming components and then redistilled to produce a cracked gasoline (boiling range). 
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The large-scale production of cracked gasoline was first developed by Burton in 1912. The 

process employed batch distillation in horizontal shell stills and operated at approximately 

400°C (ca. 750°F) and 75–95 psi. It was the first successful method of converting heavier oils 

into gasoline. Nevertheless, heating a bulk volume of oil was soon considered cumbersome, 

and during the years 1914–1922, a number of successful continuous cracking processes were 

developed. By these processes, gas oil was continuously pumped through a unit that heated 

the gas oil to the required temperature, held it for a time under pressure, and then discharged 

the cracked material into distillation equipment where it was separated into gases, gasoline, 

gas oil, and tar. 

 

THERMAL CRACKING 

 

One of the earliest conversion processes used in the petroleum industry is the thermal 

decomposition of higher-boiling materials into lower-boiling products. This process is known 

as thermal cracking, and the exact origins of the process are unknown. The process was 

developed in the early 1900s to produce gasoline from the “unwanted” higher-boiling 

products of the distillation process. However, it was soon learned that the thermal cracking 

process also produced a wide slate of products varying from highly volatile gases to non 

volatile coke. The heavier oils produced by cracking are light and heavy gas oils as well as a 

residual oil that could also be used as heavy fuel oil. Gas oils from catalytic cracking were 

suitable for domestic and industrial fuel oils or as diesel fuels when blended with straight-run 

gas oils. The gas oils produced by cracking were also a further important source of gasoline. 

In a once-through cracking operation, all of the cracked material is separated into products 

and may be used as such. However, the gas oils produced by cracking (cracked gas oils) are 

more resistant to cracking (more refractory) than gas oils produced by distillation (straight-

run gas oils) but could still be cracked to produce more gasoline The majority of the thermal 

cracking processes use temperatures of 455°C–540°C (850°F–1005°F) and pressures of 100–

1000 psi; the Dubbs process may be taken as a typical application of an early thermal cracking 

operation. The feedstock (reduced crude) is preheated by direct exchange with the cracking 

products in the fractionating columns. Cracked gasoline and heating oil are removed from the 

upper section of the column. Light and heavy distillate fractions are removed from the lower 

section and are pumped to separate heaters. Higher temperatures are used to crack the more 
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refractory light distillate fraction. The streams from the heaters are combined and sent to a 

soaking chamber where additional time is provided to complete the cracking reactions. The 

cracked products are then separated in a low-pressure flash chamber where a heavy fuel oil 

is removed as bottoms. The remaining cracked products are sent to the fractionating columns. 

Mild cracking conditions, with a low conversion per cycle, favor a high yield of gasoline 

components, with low gas and coke production, but the gasoline quality is not high, whereas 

more severe conditions give increased gas and coke production and reduced gasoline yield 

(but of higher quality). With limited conversion per cycle, the heavier residues must be 

recycled, but these recycle oils become increasingly refractory upon repeated cracking, and if 

they are not required as a fuel oil stock they may be coked to increase gasoline yield or refined 

by means of a hydrogen process. The thermal cracking of higher-boiling petroleum fractions 

to produce gasoline is now virtually obsolete. 

 

VISBREAKING 

Visbreaking (viscosity breaking) is essentially a process of the post-1940 era and was initially 

introduced as a mild thermal cracking operation that could be used to reduce the viscosity of 

residua to allow the products to meet fuel oil specifications. Alternatively, the visbroken 

residua could be blended with lighter product oils to produce fuel oils of acceptable viscosity. 

By reducing the viscosity of the residuum, visbreaking reduces the amount of light heating oil 

that is required for blending to meet the fuel oil specifications. In addition to the major 

product, fuel oil, material in the gas oil and gasoline boiling range is produced. The gas oil may 

be used as additional feed for catalytic cracking units or as heating oil. In a typical visbreaking 

operation , a crude oil residuum is passed through a furnace where it is heated to a 

temperature of 480°C (895°F) under an outlet pressure of approximately 100 psi. The heating 

coils in the furnace are arranged to provide a soaking section of low heat 

density, where the charge remains until the visbreaking reactions are completed and the 

cracked products are then passed into a flash distillation chamber. The overhead material 

from this chamber is then fractionated to produce a low-quality gasoline as an overhead 

product and light gas oil as bottom. The liquid products from the flash chamber are cooled 

with a gas oil flux and then sent to a vacuum fractionator. This yields a heavy gas oil distillate 

and a residual tar of reduced viscosity. 

 



4 
 

 

 

Diagram of visco breaking process 

 

 

Delayed Coking 

 

Delayed coking is a semi continuous process in which the heated charge is transferred to large 

soaking (or coking) drums, which provide the long residence time needed to allow the 

cracking reactions to proceed to completion. The feed to these units is normally an 

atmospheric residuum, although cracked residua are also used. The feedstock is introduced 

into the product fractionator where it is heated and lighter fractions are removed as side 

streams. The fractionator bottoms, including a recycle stream of heavy product, are then 

heated in a furnace whose outlet temperature varies from 480°C to 515°C (895°F to 960°F). 

The heated feedstock enters one of a pair of coking drums where the cracking reactions 

continue. The cracked products leave as overheads, and coke deposits form on the inner 

surface of the drum. To give continuous operation, two drums are used; while one is on 

stream, the other is being cleaned. The temperature in the coke drum ranges from 415°C to 

450°C (780°F to 840°F) with pressures from 15 to 90 psi. Overhead products go to the 

fractionator, where naphtha and heating oil fractions are recovered. The non volatile material 

is combined with preheated fresh feed and returned to the reactor. The coke drum is usually 

on stream for approximately 24 hours before becoming filled with porous coke after which 
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the coke is removed hydraulically. Normally, 24 hours is required to complete the cleaning 

operation and to prepare the coke drum for subsequent use on stream. 

 

 

Diagram of delayed coking 

 

 

Fluid Coking 

Fluid coking is a continuous process that uses the fluidized-solid technique to convert 

atmospheric and vacuum residua to more valuable products. The residuum is coked by being 

sprayed into a fluidized bed of hot, fine coke particles, which permits the coking reactions to 

be conducted at higher temperatures and shorter contact times than can be employed in 

delayed coking. Moreover, these conditions result in decreased yields of coke; greater 

quantities of more valuable liquid product are recovered in the fluid coking process. Fluid 

coking uses two vessels, a reactor and a burner; coke particles are circulated between these 

to transfer heat (generated by burning a portion of the coke) to the reactor. The reactor holds 

a bed of fluidized coke particles, and steam is introduced at the bottom of the reactor to 

fluidize the bed. 

Comparison of Visbreaking with Delayed Coking and Fluid Coking 

Visbreaking 

Purpose: to reduce the viscosity of fuel oil to acceptable levels 

Conversion is not a prime purpose 

Mild (470°C–495°C; 880°F–920°F) heating at pressures of 50–200 psi 

Reactions quenched before going to completion 
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Low conversion (10%) to products boiling less than 220°C (430°F) 

Heated coil or drum (soaker) 

Delayed Coking 

Purpose: to produce maximum yields of distillate products 

Moderate (480°C–515°C; 900°F–960°F) heating at pressures of 90 psi 

Reactions allowed to proceed to completion 

Complete conversion of the feedstock 

Soak drums (845°F–900°F) used in pairs (one onstream and one offstream being decoked) 

Coked until drum solid 

Coke removed hydraulically from offstream drum 

Coke yield: 20%–40% by weight (dependent upon feedstock) 

Yield of distillate boiling below 220°C (430°F): ca. 30% (but feedstock dependent) 

Fluid Coking 

Purpose: to produce maximum yields of distillate products 

Severe (480°C–565°C; 900°F–1050°F) heating at pressures of 10 psi 

Reactions allowed to proceed to completion 

Complete conversion of the feedstock 

Oil contacts refractory coke 

Bed fluidized with steam; heat dissipated throughout the fluid bed 

Higher yields of light ends (<C5) than delayed coking 

Less coke makes than delayed coking (for one particular feedstock) 
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Diagram of  fluid coking 


