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(57) Abstract

Procedure for thermal cracking of hy-
drocarbons. In the procedure the hydrocar-
bons are heated to reaction temperature and
conducted into a reaction zone, where the
flow is upward from below. The reaction
zone (17) is formed of a pressure vessel (14)
of which the cross section increases in the
direction upward from below, whereby is
achieved a uniform retention time without
any perforated intermediate bottoms or
equivalent placed in the reaction vessel. The
walls of the reaction zone (17) subtend with
the central axis an angle (B) of which the
magnitude is between 2 and 15 degrees.
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Procedure for thermal cracking of hydrocarbon oils

The present invention concerns a procedure for thermal cracking of
hydrocarbon oils, in which procedure the hydrocarbons are heated to

reaction temperature and conducted into a reaction zome, where the

flow is upward from below.

In thermal cracking of hydrocarbon oils, heavy oil fractions are
cracked to lighter fractions, thereby increasing the yield of

the latter. In cracking, the feed oil is heated in the heating
tubes of the cracking furnace to cracking temperature. As a rule,
two alternative procedures are available. In one of them, cracking
takes place in the heating tubes of the cracking furnace and pértly
in the pipelines which lead to the process steps following after
the cracking. In this cracking procedure the delay times are not
exactly known, but they are relatively short, that is in the order
of one minute. The pressure varies greatly, going down from the
furnace entrance to the furnace exit. In the other cracking proce-
dure, the hydrocarbon feed is first heated in the cracking furnace
to a suitable reaction temperature, and the actual cracking reac-
tion takes place in a separate reaction zone, where the delay time
is considerably longer than in the preceding procedure, that is,
of the order of 10 to 30 minutes. No heat is introduced to the

reaction zone.

In the procedure last mentioned, the reaction zone as a rule con-
sists.of an upright, cylindrical pressure vessel, at one end of
which the oil feed heated in the cracking furnace is introduced,
at the other end being extracted a mixture of liquid and gas to

go to further refining steps, for instance to distilling. The flow
direction in the reaction zone has been either downward from above

or upward from below.

In thermal cracking of hydrocarbon oils, reactions of substantially

two kinds take place. One of them is the cracking reaction proper,
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the long~chain molecules being split into smaller molecules, caus-
ing reduction of viscosity. The other reaction type is called
polycondensation, whereby the molecules combine and produce pitch
and coke as hydrogen is set free. The last-mentioned reaction is an
undesired reaction because it results in greater quantities of as-
phaltenes. Since the condensing reactions grow to be significant at ’
higher temperatures, endeavours are made to use lower reaction

temperatures and correspondingly longer delay times.

The delay time is very important for thermal cracking. The cracking
has not time to take place if the delay time is too short. In a
case when the delay time is too long, the cracking products begin
to react and to form undesired reaction products. As a result, an
unstable product is formed which causes difficulties in the further
use of the fuel. The aim is therefore a cracking as uniform as
possible. If the flow in the pressure vessel serving as reaction

zone are non-uniform, the result will be varying delay times.

In the cracking reaction, light components are formed which evapo-

rate at the temperature and pressure in the reaction zone. There-

' fore, the demsity of the liquid/gas mixture decreases as the mix-

ture flows upward in the pressure vessel. Owing to the hydrostatic
pressure differential in the pressure vessel, the demsity of the
gas part also decreases as the mixture flows upward. The liquid
fractions formed in the cfacking reactor have lower density than
the feed, which also lowers the demsity of the liquid/gas mixture.
Therefore, the flow velocity is not constant in the usually em-
ployed cylindrical reactor with uniform thickness, but accelerates

as the mixture flows upward.

The thermal cracking procedure disclosed in U.S. Patent No.
4,247.387 has a cylindrical vertical pressure vessel serving as
reaction zonme, and in which a view to preventing refluxes
within the reactor have been disposed perforated intermediate
bottoms constituting a plurality of mixing sites in the reactor.
This aims towards achieving a delay time as uniform as possible

for the fraction fed into the zone. The use of intermediate plates
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has its drawbacks. Faulty operation of the reactor may cause the

whole reactor to be coked to occlusion. The intermediate bottoms

make the coke removal and reactor cleaning inconvenient and

expensive.

The obj

present

ect of the invention is to provide an improvement in

1y known procedures. The more detailed object of the in-

vention is to provide a procedure wherein it is possible to obtain

a uniform delay time without any perforated intermediate bottoms

or equivalent to be placed in the reaction vessel.

The obj

mainly

ects of the invention are achieved by a procedure which is

characterized in that the reaction zone is formed of a

pressure vessel of which the cross section area increases upward

from be

low.

The other characteristic features of the procedure are stated in

claims

2 to 8.

By using according to the invention in the reaction zome a Cross

section are increasing upward from below the generation of major

velocity gradients is prevented and a plug-type flow pattern is

promote

d, which is optimal in view of the result of cracking.

Although the density of the liquid/gas mixture flowing upward from

below d

shape o

ecreases during the reaction, the conical, upwardly expanding

f the reaction zome counteracts this, tending to slow down

the flow in the reaction zone.

The ang
central
liquid/
conditi
and 15

produce

le of the walls of the reaction zone with reference to the
axis is preferably dimensioned so that the velocity of the
gas mixture will be approximately constant under normal

ons. This is usually achieved when said angle is between 2
degrees. With angles larger than this, harmful refluxes are

d; similarly if the angle is less than 2 degrees, its

effect becomes insignificant.

Since a

t the entrance of the reaction zone velocity gradients of
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the flows are readily incurred, it is to advantage, according to
the invention, to make the entrance section of the reaction zome
conical as well. The cone angle is selected on the basis of the
flow velocity in the feed tube. The higher the velocity in the feed
tube, the smaller should the angle be chosen. In practice, the

appropriate angles vary between 2 and 30 degrees.

The exit from the reaction zone may be shaped to be conical. In
that case the angle is selected on the basis of the velocity
normally present in the exit tube. The higher the exit velocity,
the smaller should the angle be chosen. Angles appropriate in
practice vary in the range from 2 to 30 degrees. The exit section
may also be rounded to conform to an elliptic or spherical surface,
or it may be provided with flow guides or equivalent members to

prevent refluxes in this region.

It has been found in view of the cracking reaction that the
appropriate temperature is between 410 and 470 degrees and the
pressure between 2 and 20 bar. The ratio of the average diameter

and length of the reaction zone preferably ranges from 1:1 to 1:20.

The invention is described in detail with reference to an advan-
tageous embodiment of the invention presented in the figures of
the attached drawing, but to which the invention is not meant to

be exclusively confined.

Fig. 1 presents an advantageous embodiment of the procedure of the

invention, in the form of a schematical process diagram.
Fig. 2 shows on a larger scale the reaction vessel of Fig. 1.

In Fig. 1, the feed o0il is conducted by the pipe 11 into the
furnace 12, where its temperature is elevated to be between 410
and 470 degrees. From the furnace 12, the oil is conducted by the
pipe 13 to the reactor 14, where it flows upward from below and
exits from the top of the reactor through the pipe 15 to a

separate unit (not depicted), in which for instance gas, petrol,

g
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light and heavy oil may be separated. The average retention time in

the reaction zone is between 5 to 100 minutes.

Fig. 2 shows the reaction vessel 14 of Fig. 1, with the entrance
section 16, the actual reaction zonme 17 and the conical exit sec-
tion 18. In the respective parts the angle between the walls and
the central axes has been denoted with o B8 andyY . In the reaction
zone depicted in Fig. 2, the angle o is larger than the anglef .
It is fully possible that the angles @ and B are chosen equal,
whereby no separate entrance section 16 is noticeable. It is like-
wise possible, and even advisable, to round the transitions, if

any, between the cone angles so that no sharp angulations occur.
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Claims

"

1. A procedure for thermal cracking of hydrocarbons wherein the &
hydrocarbons are heated to reaction temperature and conducted

into a reaction zone, where the flow is upward from below,

characterized in that the reaction zone is formed of a pressure

vessel (14) of which the cross section area increases in the

direction upward from below.

2. Procedure according to claim 1, characterized in that the walls
of the reaction zone and the central axis include an angle (B) of

which the magnitude is 2 to 15 degrees.

3. Procedure according to claim 1 or 2, characterized in that the
velocity of propagation of the hydrocarbons in the reaction zone

(17) is maintained substantially uniform.

4, Procedure according to any one of the preceding claims,
characterized in that for entrance section (16) of the reaction

zone (17) is used a conical entrance section.

5. Procedure according to claim 4, characterized in that the angle
(o) between the wall of the entrance section (16) and the central

axis is 2 to 30 degrees.

6. Procedure according to any one of the preceding claims,
characterized in that in the reaction zone the temperature is
between 410 and 470 degrees, the pressure between 2 and 20 bar and

the average retention time between 5 and 100 minutes.

7. Procedure according to any one of the preceding claims,

Do

characterized in that for exit section (18) of the reaction zone
(17) is used a cone where the angle (Y) between the wall and the

central axis is 2 to 30 degrees.

8. Procedure according to any one of the preceding claims,

characterized in that for average ratio of the reaction zone's
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(17) diameter to its height is used a ratio between 1:1 and 1:20.
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