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[57] ABSTRACT 
An integrated delayed coker and thermal cracker re 
finery process is provided using a single fractionator 
for both delayed coking and thermal cracking of a re 
sidual hydrocarbon feedstock whereby the thermal ef 
ficiency and process control of the simple integrated 
process are signi?cantly improved over a comparable 
process producing needle or delayed coke. 

2 Claims, 1 Drawing Figure 
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INTEGRATED DELAYED COKING AND THERMAL 
CRACKING REFINERY PROCESS 

RELATED APPLICATIONS 

This application is a continuation-in-part of co 
pending application Ser. No. 150,1 16, now abandoned. 

FIELD OF THE INVENTION 

This invention relates to a re?nery process for coking 
and thermally cracking a residual hydrocarbon feed 
stock and more particularly to a process for delayed 
coking and thermally cracking a hydrocarbon feed 
stock wherein a single fractionator is used for both cok 
ing and thermal cracking. 

DESCRIPTION OF THE PRIOR ART 

In a delayed or needle coking process, a petroleum 
fraction is heated under pressure to a temperature at 
which it will thermally decompose. The fraction is nor 
mally a residual oil or a mixture of residual oil with 
other fractions which are fed into a coke drum under 
pressure suf?cient to prevent at least the heavier frac 
tions of the oil from vaporizing until they have partially 
decomposed. This thermal decomposition produces a 
very heavy tar or pitch which undergoes additional de 
composition depositing a mass of porous needle coke 
in the drum with the pitch. 

In the typical delayed coking process, residual oil is 
heated by exchanging heat with liquid products from 
the process and is fed into a fractionating tower 
wherein light end products are distilled from the resid~ 
ual oil. The oil is then pumped from the base of the 
fractionating tower through a tube furnace under pres 
sure where it is heated to the required temperature and 
discharged into the bottom of the coke drum where the 
pressure is reduced slightly. The ?rst stages of thermal 
decomposition reduce this residual oil to volatile prod 
ucts and a very heavy tar or pitch which further decom 
poses to yield solid needle coke particles. The vapors 
formed during the decomposition produce pores and 
channels in the coke and pitch mass through which the 
incoming residual oil from the furnace must pass. The 
incoming oil and decomposition vapors serve to agitate 
and maintain the coke mass and residual oil mixture at 
relatively uniform temperature. This decomposition 
process is continued until the coke drum is ?lled with 
a mass of needle coke with a small amount of pitch. 
The vapors formed leave the top of the coke drum and 
are returned to the fractionating tower where they are 
fractionated into the desired petroleum cuts. After the 
coke drum is ?lled with a mixture of coke particles and 
some tar, the pressure is removed from the drum, resid 
ual vapors are removed, and the coke is removed from 
the drum by hydraulic or mechanical means. This green 
delayed petroleum coke has particular crystalline and 
chemical properties which make it especially suitable 
for making carbon electrodes, but the green coke must 
be calcined or carbonized by further treatment to pro 
duce a ?nished calcined coke product. 
When a coker and thermal cracker are designed to 

produce petroleum coke, they are normally designed as 
two separate units. Although these units may operate 
simultaneously and with interconnected streams, they 
are completely independent and can be located either 
adjacent or in remote locations from each other. Typi 
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cally, these units are operated primarily from storage ‘ 
facilities to insure a steady supply and quality of raw 

2 
material for each unit. This separate operation has 
been considered essential for uniform operation and 
control although cooling and heating facilities, as well 
as storage facilities, are required. 

In addition to the coking drums, a delayed coking 
unit required a separate fractionator and tube heater 
independent from the tube heater and fractionating 
unit of the thermal cracking unit, as well as a condenser 
and compressor for overhead products. Each of these 
fractionating units requires auxiliary and appurtenant 
equipment such as pumps, surge drums, heaters, cool 
ers, temperature controllers, level controllers, ?ow 
controllers, and flow lines. The operation of even one 
of these independent units is extremely difficult since 
many interconnected variables are involved. In addi 
tion, the capital investment, maintenance cost, and 
manpower requirements for the independent units are 
high but have been considered essential for adequate 
control of the product quality, the process variables, 
and the raw material feedstock for each unit. 

SUMMARY OF THE INVENTION 

It has now been discovered that a high quality prod 
uct can be produced from a delayed coking unit and 
from a thermal cracking unit which have been inte 
grated to utilize a single fractionator thereby practi 
cally reducing the equipment required in half. The 
product quality and process variable control is surpris 
ingly easier than with the independent coking and ther 
mal cracking units. In addition, intermediate storage 
can be eliminated along with heating and cooling steps. 
The coking unit can be either for producing a single 
grade, as shown in the drawing, or for producing both 
premium and regular grade cokes using dual sets of 
coking drums (which are not shown). ‘ 
An integrated re?nery process for delayed coking 

and thermal cracking hydrocarbons is provided by this 
invention wherein a single fractionator is utilized to 
serve both the delayed coking and the thermal cracking 
operations. The single fractionator receives the hydro 
carbon residuum feedstock, fractionates it into various 
components which are charged separately to a thermal 
cracking tube heater and back into the single fraction 
ator and through a coker tube still into the coking 
drums. This fractionator receives the products from 
both the thermal cracker tube furnace and the coking 
operation and fractionates both streams simultaneously 
for optimum yield and quality control of the desired 
products. 
This invention provides an integrated delayed coker 

and thermal cracker re?nery process utilizing a single 
fractionator and at least one set of delayed coking 
drums which process comprises (a) charging a liquid 
hydrocarbon residuum feedstock or a residuum feed 
stock mixed with another hydrocarbon fraction to a 
single fractionator, (b) fractionating said feedstock to 
obtain a liquid coker feedstock and a thermal cracker 
feedstock, (c) withdrawing said liquid coker feedstock 
from the bottom of said single fractionator and charg 
ing said coker feedstock to a coker heater, (d) passing 
said feedstock from the coker heater to a coke drum 
where either regular or premium needle coke forms 
and is deposited within said drum, (e) withdrawing the 
overhead product from said coke drum and returning 
said overhead product to said single fractionator, (f) 
withdrawing said thermal cracker feedstock of Step (b) 
from an intermediate portion of said single fractionator 
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and charging said feedstock to a thermal cracking 
heater where 'said feedstock is thermally cracked, (g) 
returning the cracked product from the thermal 
cracker heater to said single fractionator, (h) with 
drawing the desired hydrocarbon products from said 
single fractionator,‘ and (i) recovering needle coke 
from said coke drum. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE shows a re?nery process ?ow scheme 
utilizing a single fractionator for dual functions with a 
delayed coking unit and a thermal cracking tube 
heater. 

In the FIGURE, a single fractionator l is shown hav 
ing input and output distribution lines for charging and 
removing various hydrocarbon products to and from 
the fractionator. Hydrocarbon feedstock is charged to 
a lower portion of said fractionator l, and the feed 
stock is fractionated into various hydrocarbon cuts ac 
cording to gravity and boiling point. Coker feedstock 
is withdrawn from the bottom portion of said fraction 
ator 1 by a coker heater charge pump 15 and charged 
to a coker tube heater 3 where the feedstock is heated 
under pressure to the desired temperature. The coker 
feedstock is heated as it passes through the coker 
heater 3 and discharged into one of several delayed 
coking drums, either coke drum 5 or coke drum 7, 
where the hydrocarbon feedstock decomposes leaving 
a mass of needle coke suspended in thermal tar or 
pitch. After suf?cient coke is deposited in one coke 
drum, the ?ow of the coker heater feedstock is 
switched to another coke drum and the coke in the ?rst 
coke drum is removed. Overhead products from the 
coke drum 5 or coke drum 7 pass to said single frac 
tionator l at an intermediate point on said fractionator. 
Thermal cracker feedstock is withdrawn from said sin 
gle fractionator 1 at an intermediate point about mid 
way of said single fractionator and said thermal cracker 
feedstock passes through a thermal cracker heater 
charge pump 17 to a thermal cracker tube furnace 
heater 9 where it is cracked and returned to said single 
fractionator l at a point in the lower portion of said sin 
gle fractionator. Overhead hydrocarbon products from 
said single fractionator 1 pass through a condenser 
drum 13,. A portion of said overhead products is liqui 
?ed and returned to said single fractionator as liquid 
product which is pumped from drum 13 to an upper 
portion of said single fractionator 1 by a naphtha pump 
21 to serve as re?ux for said single fractionator. An 
other portion of said overhead products are withdrawn 
from said drum 13 and are compressed by a gas com 
pressor 11 to the necessary pressure and sent to a gas 
recovery unit (not shown). An inner re?ux pump 19 
provides additional re?ux for said single fractionator 1. 
Many different types of hydrocarbon feedstocks are 

suitable for this integrated process, but a preferred 
feedstock is a residuum hydrocarbon or a mixture of 
residuum hydrocarbon and up to about 30 percent by 
weight of another hydrocarbon fraction. A typical hy 
drocarbon feedstock for this unit is an atmospheric or 
vacuum reduced virgin residuum crude. A suitable 
feedstock passing from the single fractionator to the 
coker heater is a mixture of virgin residuum and ther 
mal tar. Hydrocarbon fractions such as gas oil or naph 
tha can be mixed with residuum or tar components for 
coker feedstock. A typical feedstock passing from the 
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fractionator to the thermal cracking heater is a heavy 
gas oil. 7 

When a coker and thermal cracker are designed to 
produce petroleum coke, they are conventionally de 
signed as separate or independent units which may be 
adjacent or remotely located from each other. By com 
bining the functions of two fractionators into a single 
fractionator serving a delayed coking operation and a 
thermal cracking operation, the units are integrated 
into one process which has surprising advantages and 
eliminates dif?culties caused by features which were 
considered essential to previous coking and thermal 
cracking units. The integrated process results in sur 
prisingly good control over the process variables for 
both delayed coking and thermal cracking operations, 
although almost half of the auxiliary equipment, 
namely a fractionator and associated pumps, controls, 
piping, and other equipment, have been eliminated. 
The integrated process also results in lower capital in 
vestment costs, as well as less manpower requirements 
to operate the unit. The integrated process of this in 
vention permits optimization of yield as well as product 
quality for each hydrocarbon product, although the 
quantity and quality of the hydrocarbon feedstock to 
the integrated unit may vary with time. By combining 
the feedstock to each of the coking and thermal crack 
ing units with various other hydrocarbon fractions, the 
quality of each unit may be maintained essentially con 
stant, although the quality of either unit fed by the 
same hydrocarbon feedstock alone would ?uctuate er 
ratically. produce 
The flow diagram shows a simpli?ed ?ow diagram for 

a preferred integrated delayed coking and thermal 
cracking operation of this invention. In the drawing, 
the thermal cracker is a single, heavy duty tube coil 
cracker producing a distillate hydrocarbon sidestream 

I product to the single fractionator which is also used in 
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combination with the delayed coking operation. If dis 
tillate is not a desired product, a light oil tube coil can 
be added to crack the distillate into the desired lighter 
fractions or the distillate can be recirculated through 
the thermal cracker to obtain the desired product dis 
tribution. The main advantages of the integrated single 
fractionator delayed coking thermal cracking unit are 
(a) substantial savings in capital investment, (b) re 
duced operating manpower requirements, (0) reduced 
maintenance, ((1) simpli?ed operation, piping, and unit 
control, and (e) optimization of quantity and quality of 
the desired products using a ?uctuating hydrocarbon 
feedstock. With operating conditions and feedstock 
which produce a large portion of gas, there will be an 
increased cost in compressing this gas for other uses 
such as processing by gas recovery units. The thermal 
cracker furnace charge temperature will be slightly 
lower than in a separate thermal cracking unit due to 
lower fractionator pressure normally used with the 
coker cracker integrated unit. The operation and con 
trol of the single fractionator integrated unit is greatly 
simpli?ed both by elimination of unnecessary equip 
ment as compared to the separate independent unit de 
sign and by the offsetting effect of interrelated func 
tions. By combining the coking operation and the ther 
mal cracking operation, many of the variables which 
must be precisely controlled in the independent or sep 
arate coking and cracking units are controlled inter~ 
nally by the various functions themselves. Therefore, 
there is much less chance of operator error or unit mal 
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function with this integrated unit. The start-up of the 
integrated unit is also greatly simpli?ed over the inde 
pendent unit design. 
Having thus described the invention by providing 

speci?c embodiments thereof, it is understood that no 
undue limitations or restrictions are to be drawn by rea 
son thereof and that many modi?cations and variations 
are within the scope of the invention, as will be recog 
nized by those skilled in the art in view of this disclo 
sure. 

We claim: 
1. An integrated re?nery process including a delayed 

coking operation and a thermal cracking operation in 
which said delayed coking operation and said thermal 
cracking operation utilize a single fractionator, said 
process comprising: 

a. charging a liquid hydrocarbon feedstock to a frac 
tionator; 

b. withdrawing coker feedstock from the lower por 
tion of said fractionator and charging said coker 
feedstock to a coker furnace heater; . 

c. passing said coker feedstock from the coker fur 
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6 
nace heater to a delayed coking drum; 

(1. withdrawing overhead product from said delayed 
coking drum and returning said overhead product 
to said fractionator; 

e. withdrawing thermal cracker feedstock from an 
intermediate portion of said fractionator and 
charging saidthermal cracker feedstock to a ther 
mal cracking furnace; 

f. thermally cracking said thermal cracker feedstock 
in said thermal cracking furnace and returning the 
cracked material to said fractionator; 

g. operating said fractionator receiving said liquid hy 
drocarbon feedstock, said overhead product from 
the delayed coking drum and said cracked material 
to produce coker feedstock and thermal cracker 
feedstock; and 

h. recovering delayed coke from said delayed coking 
drum. ' 

2. The process of claim 1 wherein the feedstock 
charged to said fractionator is an atmospheric or vac 
uum virgin residuum. 

* * * * * 


