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ABSTRACT OF THE DiSCLQ?lURE 

In order to eliminate the deposit of hard materials, 
such as coke, during the fractionation of products derived 
from the steam-cracking of hydrocarbons to produce ole‘ 
?ns, there is provided a process wherein a mixture of 
steam with a hydrocarbon feedstock of the naphtha to gas 
oil range inclusive is heated up to about 500—1200° C., the 
resulting gaseous cracked product is admixed successively 
with a ?rst relatively cool stream of recycled liquid hydro 

' carbons and a second relatively cool stream of recycled 
hydrocarbons so as to subject the cracked product to a 
?rst decrease of temperature down to about 195-230° C. 
and condense a part thereof, the resulting liquid fraction 
is separated from the gaseous, uncondensed fraction in a 
?rst fractionation zone, a portion of the said liquid frac 
tion, after passage through a ?rst indirect heat exchange 
zone to lower its temperature, is used as first recycled 
liquid hydrocarbon stream, the gaseous fraction with 
drawn from the ?rst fractionation zone is admixed with 
a third, relatively cool stream of recycled liquid hydro 
carbon, in order to further lower the temperature of this 
gaseous fraction down to about 140—190° C. and con 
dense another portion thereof, the resulting gaseous frac— 
tion is separated from the resulting liquid fraction in a 
second fractionation zone, a portion of the latter liquid 
fraction after passage through a second indirect heat 
exchange zone to lower its temperature, is used as the 
second and third recycled hydrocarbon streams, and the 
gaseous fraction of the second fractionation zone is with 
drawn, said fraction containing the desired ole?ns. 

The steam-cracking processes are broadly used for con 
verting hydrocarbon feedstocks to lighter products. In 
these processes, the feedstock is contacted with steam at 
a temperature between 500 and 1200° C., preferably 750 
to 900° C. 
The feedstock may be a pure or substantially pure com 

pound, for example ethane, or a hydrocarbon cut, for ex 
ample a naphtha, a gas oil, or a mixture thereof. 

Various products may be obtained therefrom according 
to the type of the raw material and the severity of the 
treatment for example ole?ns such as ethylene, light gases, 
gasolines, fuels or heavier products. 
The out?ow from the cracking zone may be subjected 

to a quick chilling elfected by various means, for example 
by admixing the e?luent with a cool liquid or by indirect 
thermal exchange. However at this stage, the cracked 
material is maintained in the gaseous state in order to 
avoid the formation of coke deposits. 
The cool effluent is usually subjected to a fractionation 

step in a separation column: gaseous products are re 
moved at the top thereof. By cooling, 3 phases may ap 
pear: a gaseous phase containing the desired products, for 
example ethylene, an aqueous phase and an intermediary 
hydrocarbon phase, for example of the gasoline type. A 
portion of the hydrocarbon phase is usually re?uxed to the 
separation column. From the base of this column there 
are collected condensed heavy products, usually contain‘ 
ing mono- and poly~cyclic aromatic compounds. Under 
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the usual distillation conditions, these heavy products have 
a boiling point of approximately 200° C. 

Deposits of hard materials, such as coke, may be 
formed at the bottom of this ?rst separation column, 
which results in the plugging of the pipes, the stopping of 
the operation of the column and consequently that of the 
cracking furnace, 
A main object of this invention is to avoid these 

inconveniences. 
In conventional steam-cracking processes, particularly 

those applied to naphtha a portion of the heavy products 
from the bottom of the column is usually recycled, this 
portion being cooled down and thereafter admixed with 
the gaseous out?ow from the cooling zone, and the result 
ing mixture is conveyed to the separation column. These 
heavy products withdrawn in the liquid state from the 
bottom of the column are at a relatively low temperature, 
for example about 140 to 180° C. 
The cooling of the recycled portion of these heavy prod 

ucts usually permits to obtain steam at a relatively low 
pressure by indirect heat exchange, this steam being 
hardly usable in the process. 
When the cracking process is applied to a material such 

as gas oil which is heavier than naphtha additional physi 
cal and chemical conditions are to be observed which 
change the operating conditions. 
The dilution rate, i.e. ‘the ratio of steam to feedstock at 

the inlet of the cracking furnace, must be higher in order 
to obtain the same yield of ole?ns.. This rate may be, for 
example, 0.5/1 by weight for a naphtha and from 1/1 to 
2/1 for a light or heavy gas-oil, these ?gures being not 
limitative. 

The temperature of the gaseous out?ow from the cool 
ing zone must be higher: 500 to 700° C. for a gas oil in 
stead of 300 to 500° C. for a naphtha in order to avoid 
coke deposits at the beginning of the condensation stage. 
The further cooling necessary to obtain the inlet tem 

perature of the primary separation column is thus greater. 
It is thus more important to recover thermal energy at a 
satisfactory level in that case than in the case of the crack 
ing of lighter materials. 
Another object of this invention is to improve the recov 

ery of thermal energy. 
It is clear that the above inconveniences, particularly 

the formation of coke deposits in the column and the 
pipes, are maintained and very often enhanced. 

Still another object of this invention is to crack heavy 
feedstocks while avoiding the above inconveniences. 
According to this invention, the condensation of the 

heavy materials of the cooled cracking effluent is carried 
out in at least two separate zones having different aver 
age temperatures. 
Thus this invention relates to a process for producing 

ole?ns, wherein a mixture of steam with a hydrocarbon 
feedstock is heated up to a high temperature, the resulting 
gaseous cracked product is admixed successively with a 
?rst relatively cool stream of recycled liquid hydrocarbons 
and a second relatively cool stream of recycled liquid 
hydrocarbons so as to subject the temperature of the 
cracked product to a ?rst decrease and condense a part 
thereof, the resulting liquid fraction is separated from the 
gaseous, uncondensed fraction in a ?rst fractionation zone, 
a portion of the said liquid fraction, after passage through 
a ?rst indirect heat exchange zone to lower its tempera 
ture, is used as ?rst recycled liquid hydrocarbon stream, 
the gaseous fraction withdrawn from the ?rst fractionation 
zone is admixed with a third, relatively cool stream of 
recycled liquid hydrocarbon, in order to further lower the 
temperature of this gaseous fraction and condense another 
portion thereof, the resulting gaseous fraction is separated 
from the resulting liquid fraction in a second fractionation 
zone, a portion of the latter liquid fraction, after passage 
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through a second indirect heat exchange zone to lower its 
temperature, is used as the second and third recycled 
hydrocarbon streams, and the gaseous fraction of the sec 
ond fractionation zone is withdrawn, said fraction con 
taining the desired ole?ns, 
The accompanying drawings illustrate this invention: 
FIG. 1 is ‘given for comparison purposes only and il 

lustrates a conventional cracking unit. 
FIG. 2 is an example of a unit operated according to 

the process of this invention, said process being well-1 
adapted for cracking heavy feedstocks. 
A mixture of feedstock (for example naphtha or gas 

oil) introduced through line 1 and steam introduced 
through line 2 is passed through a cracking furnace 3 
of the thermal or catalytic type. The ratio of water to 
hydrocarbons of the feedstock is higher than 0.5 by weight 
and usually between 0.65 and 10. The temperature is 
generally between 750 and 900° C. and the pressure 
between 1 and 5 kg./cm.2. The out?ow from the crack 
ing furnace may be conveyed through line 4 to the cooling 
zone 5. The latter may consist of an indirect heat ex 
change device cooled by water, so as to produce steam. 
However the cooling zone 5 may be omitted and the 
cooling may be achieved by direct contact with the 
hydrocarbons of line 19. 
The gaseous products, at a temperature of, for example, 

300 to 500° C. (case of naphtha) or 500 to 900° C. (case 
of gas oil) are admixed with the hydrocarbons recycled 
through line 19. The resulting mixture, at a temperature 
of about 140 to 190° C., is introduced through line 6 
in the separation column 7. From the top thereof there 
is recovered gases through line 8, the latter being cooled 
in 9 and conveyed through line 10 to the separating vessel 
11 in which two liquid phases may be separated: the 
aqueous phase is withdrawn through line 12 and an inter 
mediary hydrocarbon phase is partly recycled to the col 
umn 7 as re?ux, through line 13, and partly withdrawn 
through line 14. The uncondensed gases evolve from the 
separating vessel 11 through line 15. The partial condensa~ 
tion of the gaseous out?ow 8 may be achieved in several 
different manners. 
From the bottom of the column there is recovered 

through line "16 heavy liquid products a part of which 
is withdrawn through line 17 and the other part recycled 
to the separation column through lines 18, 19 and 6 after 
cooling in the heat exchanger 20. 

According to the temperature of the heavy products of 
lines 16 and 18, the exchanger 20 will be able or not to 
produce steam under a pressure useful on the industrial 
scale. Practically, these products are at a temperature of 
about 140 to 190° C. in line 16 and 100 to 150° C. in 
line 19. 

It is thus clear that the condensation of the heavy 
products of the out?ow from the cooling zone (line 6) 
is achieved only at the inlet of the separation column 7. 
The same devices as those shown in FIG. 1 may be 

found in FIG. 2, i.e. the furnace, the cooling zone, the 
separation zone and others. All these devices are refer 
enced by the same numerals as in FIG. 1. The outlet 
temperature of the heat exchanger 5, the inlet tempera 
ture of column 7 and the temperatures of lines 16, 17, 
18 and 19 are those given hereabove. The temperature 
of pipe 26 is also about-100 to 150° C. 
An additional device 21 is provided in the embodiment 

of FIG. 2, in order to condense and further partially 
separate heavy products at a temperature of about 195 to 
230° C. The latter are withdrawn in part through line 22 
at the said temperature, while another part of this liquid 
out?ow is admixed with the gaseous out?ow from the cool 
ing zone after passage through line 23, the heat exchanger 
24 and line 25. The outlet temperature of the 
heat exchanger 24 is about 165 to 200° C. In pipe 25, the 
temperature is about 150 to 190° C. In line 6, the tem 
perature is about 195 to 230° C. 
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The out?ow from the cooling zone, admixed with the 

recycled ?ows of lines 19, 25 and 26 and which has not 
been condensed in 21, is still conveyed to the separation 
column 7. 

This results in the two-step condensation of the heavy 
products, the ?rst one in device 21, the second one in 
column '7. 
As pointed out before, a unit such as shown in FIG. 2 

is adapted for cracking heavy feedstocks of the light or 
heavy gas oil type, i.e. feedstocks normally boiling over 
1000 C. with a 10% distillation point over 200° C. and 
a ?nal point over 250° C. It has also been pointed out 
that, in such a case, the out?ow from the cooling zone 
(i.e. the gaseous product issued from device 5) is usually 
at a high temperature, for example about 500 to 900° C., 
preferably 550 to 650° C. 

After the cooling of this e?iuent by admixture with 
the products recycled through lines 25 and 26, there is 
condensed in 21 a part of the heavy products. The latter 
are discharged from 21 through line 22 at a relatively high 
temperature, for example about 195 to 230° C. A portion 
is recycled through line 23 and the heat exchanger 24. 
Since the heavy products obtained at this stage (line 22) 
are at a high temperature, there is obtained, in exchanger 
24, steam at a moderate pressure (about 10 kg./crn.2). 

This vapor is valuable since it may be used directly for 
cracking the feedstock. 

Lighter feedstocks such as naphthas may be also sub 
jected to the treatment of this invention. 
From the separation column, there is recovered, at the 

top, gases which may be partly condensed, and, at the 
bottom, the other heavy products which are discharged 
from the column through line 16. The liquid ?owing in 
line 16 is at a relatively low temperature. A part of the 
heat contained therein may be recovered by means of 
the exchanger 20; but it is not possible at this stage to 
obtain steam under relatively high pressure. This is not 
an inconvenience since the latter has already been pro 
duced in the exchanger 24. 

In a conventional unit such as that shown in FIG. 1, 
used for treating a heavy feedstock, it is not possible 
either to produce steam under high pressure in the ex 
changer 20 for the above stated reasons. 

In addition to the recovery of heat at a high level of 
energy, this invention offers other advantages. It has been 
shown that the out?ow from the cracking zone contains 
solid particles such as coke which, in conventional proc 
esses, are deposited on the lower plates of column 7. 

In the process of this invention, these solid particles are 
more selectively deposited in device 21. This is not in 
convenient since this condensation device 21 has usually 
no plate (this is commonly a ?ask) so that it can be 
easily cleaned up. It is also possible to make use of sev 
eral devices such as 21 in parallel so that the operation 
of one or more thereof is stopped for cleaning while at 
least one other is on run without requiring the stopping 
of the operation of the separation column 7. 

However, if solid deposits are formed in column 7, 
these deposits will be much smaller than in the case where 
is omitted appartus 21 (condensation zone for the heavy 
products). 

It must be pointed out that the temperatures given here 
before are illustrative and by no way limitative. Since 
the steam-cracking may be carried out within a broad 
temperature range even for a feedstock of a given type, 
it is obvious that the temperatures at the different steps 
are partly dependent on this cracking temperature. 

Other embodiments of the process may be contemplated 
without departing from the scope of this invention. For 
example, the distillation column may be operated with a 
water re?ux at its upper part. 
On line 6, separate connection points of lines 26 and 25 

for the recycled liquids may be provided for, instead of 
the common one of FIG. 2. 
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The liquids recycled through lines 26 and 23 do not have 

exactly the same use. 
It can be said, for sake of brevity, that the heavy liquid 

from the separating vessel 21 runs in a circle through line 
22, line 23, the cooling vessel 24, lines 25 and 6 and the 
device 21 ‘while remaining in the liquid state. It with 
draws from the chilled out?ow a large amount of heat at 
a high level, the latter being recovered in the exchanger 
24. Simultaneously it contributes to condense in 21 a part 
of the cooled heavy products. 
The recycling of the heavy liquid of line 26 also con 

tributes to cool down the gaseous out?ow from the cool 
ing zone. It also vaporizes at least in part, which increases 
the dew point of the mixture introduced in device 21, 
thus the temperature of the liquid of line 22 and also the 
amount of heat at a high temperature which is available 
in the exchanger 24. 

These two recyclings are necessary for obtaining all of 
the advantages of this invention, i.e. particularly in the 
case of heavy feedstocks: the recovery of heat at a high 
temperature level and the reduction and sometimes the 
stoppage of the formation of deposits in the separation 
column. 
By way of illustration, not of limitation, the ratio of the 

liquid feed rates through lines 23 and 26 is preferably 
from 10/1 to 30/1 respectively, although ratios from 2/1 
to 50/1 are convenient. 

These ratios by weight are advantageously selected be 
tween 5/1 and 30/1 (pipes 23 and 4), between 0.2 and 2 
(pipes 26 and 4) and between 0.1 and 2 (pipes 19 and 4). 
The ratio by weight of the heavy products condensed in 

the two zones, i.e. in apparatuses 21 and 7, may be se 
lected, for example, between 0.5 and 2 and preferably at 
about 1. 
By way of non - limitative example, there has been 

treated a gas oil having a speci?c gravity of 0.882, dis 
tilling between 166 and 435° C. with a 10% distillation 
point of 240° C., using the scheme of FIG. 2. The ratio 
by weight of water to hydrocarbons was 1.1, the tempera 
ture 855° C. and the outlet pressure 2.2 kg./cm.2. The 
product withdrawn from exchanger 5 was at a tempera 
ture of about 650° C. The average temperature of column 
21 was 215° C., that of column 7 was 186° C. Steam at 
180° C. was produced in unit 24 and at 150° C. in unit 
20. 
The yield of ethylene was 21% by weight (without re 

cycling at the furnace inlet). 
The ratio of the feed rates in pipes 23 and 26 was 20. 
As a rule, from 10 to 60% of the cracking hydrocarbon 

out?ow is condensed in 21 and from 20 to 60% in 7, the 
uncondensed hydrocarbon gases amounting to 5 to 60% of 
this out?ow, these values being by weight. 
What we claim is: 
1. A process for producing ole?ns, wherein a mixture 

of steam with a hydrocarbon feedstock of the naphtha to 
gas oil range inclusive is heated up to about 5500-12000 C‘., 
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the resulting gaseous cracked product is admixed suc 
cessively with a ?rst relatively cool stream of recycled 
liquid hydrocarbons and a second relatively cool stream 
of recycled hydrocarbons so as to subject the cracked 
product to a ?rst decrease of temperature down to about 
195-230“ C. and condense a part thereof, the resulting 
liquid fraction is separated from the gaseous, uncondensed 
fraction in a ?rst fractionation zone, a portion of the said 
liquid fraction, after passage through a ?rst indirect heat 
exchange zone to lower its temperature, is used as ?rst 
recycled liquid hydrocarbon stream, the gaseous fraction 
withdrawn from the ?rst fractionation zone is admixed 
with a third, relatively cool stream of recycled liquid hy 
drocarbon, in order to further lower the temperature of 
thsi gaseous fraction down to about 140—190° C. and con 
dense another portion thereof, the resulting gaseous frac 
tion is separated from the resulting liquid fraction in a 
second fractionation zone, a portion of the latter liquid 
fraction after passage through a second indirect heat ex 
change zone to lower its temperature, is used as the second 
and third recycled hydrocarbon streams, and the gaseous 
fraction of the second fractionation zone is withdrawn, 
said fraction containing the desired ole?ns. 

2. A process according to claim 1, wherein the ratio of 
the feed rate of the ?rst recycled liquid stream to the feed 
rate of the second recycled liquid stream is 10:1 to 30:1 
respectively, and the ratio of the feed rate of the ?rst re 
cycled liquid stream to the feed rate of the third recycled 
liquid stream is 10:1 to 50:1 respectively. 

3. A process according to claim 1, wherein the ratio by 
weight of water to hydrocarbons is between 0.5 and 10 
and the cracking temperature between 750 and 900° C. 

4. A process according to claim 1, wherein the ratio by 
weight of the heavy products condensed in the ?rst and 
the second fractionation zones is between 0.5 and 2. 

5. A process according to claim 1, wherein the ratio by 
weight of the respective feed rat-es with respect to the 
cracking outlet stream is between 5/1 and 30/1 for the 
?rst recycled stream and between 02/1 and 0.2/1 for the 
second recycled stream and between 0.1/1 and 2 for the 
third recycled stream. 

6. A process according to claim 1, wherein the pressure 
is between 1 and 5 atmospheres, and said mixture is heated 
up to 750-900° C. 
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