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This invention relates to the manufacture of
low molecular weight olefins and aromatics from
petroleum, and more particularly, pertains to the
production of normally gaseous olefins such as
ethylene and normally liquid aromatics such as
benzene, toluene, and xylenes.

The fundamental principles applied by petro-
leum refiners in producing gasoline and related
products from hydrocarbon oils by pyrolysis at
elevated temperatures have been known for a
long time. It is also well known that most proc-
esses which have previously ‘been proposed -for
making olefins and aromatics by oil cracking,

convert relatively small proportions of the oil’
to olefins or aromatics and yield the latter in a

very impure state. It is well known that the
effectiveness of many of these processes is based
on cracking conditions which are so severe that
sustained continuous operation is impossible be-
cause of failure of materials of construction or
due to blocking of vital equipment parts. with
carbon. This invention constitutes an improve-
ment over existing methods.

One object of this invent;ion is to provide an
effective method for obtaining high yields ‘of
olefins, especially. ethylene and/or propylene.
Another object is the simultaneous conversion

of an appreciable portion of a hydrocarbon oil

to aromatic compounds and especially to benzene,
toluene, and xylenes. A further object is the
production of these  aromatic compounds in a
relatively pure state and in relatively high yields,
from which undesirable contaminants can be
readily removed. A still further object is the
achievement of the above ends under such con-
ditions that continuous operation is possible for
long periods of time. Other objects will appear
hereinafter.

This invention relates particularly to processes
in which a hydrocarbon is cracked at high tem-
perature in the vapor phase. In such processes
the conversion products are usually separated
into gas, light distillate, recycle, and refractory
fuel oil fractions. The above mentioned objects
are accomplished by the following invention
which comprises recovering Cs or mixtures of Cs
with Cs: and/or higher molecular weight hydro-
carbons from the reaction products and espe-
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preferred arrangements of apparatus for carry-
ing out the invention are illustrated diagram-
matically. PFigure 1 is a flow sheet in diagram-
matical form of a process and apparatus illus-.
trating one embodiment of the invention. Fig-
ure 2 is a flow sheet in diagrammatical form of
the preferred process and apparatus illustrative
of the invention. It is to be understood that
details of this equipment. which are familiar to
those versed in the art have been omitted for
the sake of clarity, that modifications in con-
structional details and in the arrangement of

" parts may be made without departing from the
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spirit of the invention, and that said invention
is not limited to such factors except as may be
required by the claims.

Referring more particularly to the drawing
designated as Figure No. 1, raw material, which
may for example be gas oil or other petroleum
oil, is delivered from a suitable storage through
line { to pump (A by means of which it is trans-
ferred via pipe line 2 to work tank 8. The fresh,
raw material is mixed in work tank 3 with other
oil fractions which will be subsequently described.
The mixture leaves tank 3 through line 4 and
is delivered by pump § through line 6 to preheat-
ing coil 1. This and other coils are suitably
arranged in banks in a furnace setting. The
preheating bank is preferably heated by the waste
gases discharged from a combustion chamber of

* the furnace in order that the gases vented to
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the stack will be at a minimum temperature.
The charging stock is forced serially through the
tubes of preheating bank 7 in order that the oil
may be heated to a vaporizing temperature of

- approximately 325° to 385° C.. Ordinarily, little
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thermal decomposition of the oil takes place in
preheating coil 1. _

The material discharged from preheating bank
T passes by way of pipe line 8 to an evaporator 9
wherein the high boiling constituents, which have
remained in a liquid state at the preheater exit
temperature, are dropped to the base of the
evaporator and withdrawn through outlet 9A and
passed, first through cooler 18, and then by means
of pipe line Il to suitable storage tanks. The

" lighter oils .which are in a vaporized state in

cially from the gas fraction, and returning the -

Cs alone, or mixed with C: and/or higher con-
stituents, usually up to Ci,-to the oil cracking
zone with fresh oil and/or recycle stock.

The invention will be more thoroughly under- .

stood by reference to the following specification
and to the accompanying drawings in which the
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evaporator 9, pass overhead from the latter
through outlet line 12 and are introduced into
drying bank 13, which is situated in an inter-
mediate temperature zone in the furnace setting,
and, like preheating coil 1, is largely heated by *
waste products. of combustion, :

The ofl passes serially through the tubes which
comprise the drying bank and its temperature




is raised to sbout 460° to 490° C. The tempers-

ture-time relationship in this bank is so adjusted _

that extensive cracking does not{ occur. Owing
to inefiicient separation of mist and vapor in the
evaporator and to condensation in transfer line
12, a small amount of lquid oil is sometimes
charged to the drying coils. This liquid, however,
is effectively evaporated in the drying bank,
which discharges a substantially dry vapor.

After being thoroughly dried in coil 13, the hot
vapors are introduced into a bank of cracking or
conversion tubes I8, These tubes are arranged
serially in the radiant section of the furnace set-
ting, preferably around the sides and top wall of
the main combustion chamber. It is desirable
to raise the temperature of the vapors leaving the
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drying zone as rapidly as possible to the active -

conversion temperature, i. e, at least 850° C. and
preferably about 690° to about 710° C. The va-
pors -are maintained at this high temperature
level in the latter portion or soaking section of
bank 4. It will of course be realized that at
this high reaction temperature, precautions must
be taken to avoid the deposition of carbon in the
reaction tubes and to prevent injuries to them.
These dificulties are avoided by careful location
of the tubes with respect to the furnace setting
and burner flames and by maintaining high ve-
locities of ofl vapor through the tubes in order
that the heat applied to them may be promptly
- absorbed and carried away.

The hot reaction products, which have been
held at a substantially constant temperature in
the soaking section of 14, are discharged through
pipe 18 into arrester 16. The arrester is simply
a chamber into which a cold, relatively volatile
hydrocarbon fraction is introduced through a
suitable spray nozzle. The hot reaction products
and the cold spray are intimately mixed; the lat-
ter is largely evaporated, and the temperature of
the reaction products is dropped almost instan-
taneously from about 700° to about 250° C. This
quenching procedure terminates the cracking re-
action abruptly. The mixture of quenched re-
action products and vaporized quenching me-
dium leaves the arrester by means of line {7 and
passes to the base of flash tower (8. The func-
tion of this tower, which may be of any well
known design suitable for distillation of hydro-
‘carbon products, is to separate the high boiling
constituents formed during the cracking reac-
tion, from unconverted charge and lower boiling
materials. The heavy oils and tarry materials,
which may find use as fuel oils, are discharged
from the base of the tower 18 through outlet 19
and cooler 208 and are finally sent to storage ves-
sels through pipe line 21. The vapors which sep-
arate from the hot liquid at the base of tower 18
are scrubbed in the upper portion of the tower
by descending, relatively volatile oil which has
been introduced into the top of the column as
reflux through line 28. The terminal tempera-
ture conditions of tower 18 are adjusted by vary-
ing the rates of quench liquid to arrester 18 and
of reflux to the tower so that the vapors emerg-
ing from the top of the column to line 22 are free
from heavy, tarry constituents and that the fuel
oil fraction discharged at the base is substantial-
ly free from volatile constituents which might
have further value as cracking stock.

The vapors issuing from the top of tower 18
pass by means of line 22 to the base of tower 23.
Its purpose is to separate unconverted raw ma-
terial or constituents in essentially the same boil-
ing range from lower boiling liquids and fixed
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gas. The gas and vapors pass up through and
are scrubbed by the liquid on the trays of the
fractionating tower. A light distillate having an-
end point of perhaps 150° to 200° C. is pumped
into the top of tower 23 through line 38 to serve
as reflux. Sufficient reflux is added in this man-
ner so that the vapors, if cooled to condense con-
stituents boiling in the gasoline range, give a con-
densate which has an end point of about 190° C.
The higher boiling materials descend to the base
of the fractionating tower where they are dis-
charged by means of outlet line 24 through cooler
28. A portion of the cooled bottoms from the
fractionating tower 23 passes to pump 28 through
line 27 and is introduced by way of line 29 into
the top of tower (8 to serve as reflux there. The
remainder returns by means of lines 286 and 2
to work tank 3 where it is mixed with fresh
charge and the steps outlined above repeated to
effect further cracking.

The effluent vapors leave tower 23 through out-
let 38, pass into condenser 31, and are there
cooled to about 30° C. The pressure at this point
is about 10 Ibs. per sq. in. gauge. Under these
conditions an appreciable amount of liquid is
formed in the condenser and passes together with
uncondensed vapors to a gas-liquid separator 33
by means of line 32, Light distillate is with-
drawn from the base of this separator through
outlet 34. A portion is delivered through line 3%
to pump 38 which forces the material through
line 37 and thence through lines 37A and 38 to

 furnish quenching medium and reflux to the ar-

restor (8§ and fractionating tower 23, respective-
ly. The light distillate made above that used for
the purposes just mentioned is withdrawn from
t'.t‘le system to suitable storage tanks through line

As much as 60% of the vaporized raw material
may be converted to gas. Much of this gas is

~ withdrawn from the top of separator 33 through
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line 39 as a complex mixture containing hydro-
gen, methane, ethylene, ethane, propylene, pro-~
pane, butylene, butane, and higher boiling con-
stituents,

The complex gas mixture is processed in recov-
ery plant 40 to separate the high boiling hydro-
carbons from lighter constituents. The equip-
ment for achieving this separation is not indi-
cated diagrammatically since it is not a part of
this invention. It may be mentioned, however,
that the higher boiling materials can be separated
from the complex gas mixture by a series of steps
involving compression, liquefaction, and rectifi-
cation procedures or by compression, absorption,
and rectification operations. The higher boiling
constituents of the gas, which may consist of Cs
and higher hydrocarbons, are returned from re-
covery plant 40 to work tank 3 via lines 41 and 2.
This recovered light distillate is here mixed with
fresh charging stock and recycle stock and the
mixture subjected to the cracking procedure out-
lined above.

It has been found that 18 to 20% of the va-
porized fresh charge can be converted to ethylene
by following the steps indicated ahove. At the
same time, high yields of propylene and of ethane
and Cs hydrocarbons can also be obtained from

.the complex gas mixture sent to the gas recovery

plant. Concurrently, high yields of light distillate
containing principally benzene, toluene, and
xylenes may be achieved. It has been found that
there is a marked increase in yields of normally
gaseous products comprising hydrogen to Cs hy-

drocarbons, inclusive, and especially of the more
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valuable constituents, ethylene and/or propylene,
when constituents of higher molecular weight are
separated from the gas fraction and recycled to
the oil cracking zone, the cracked products be-
ing combined with the cracked products from the
oil cracking zone. It has been observed that this
method of operating not only increases the yields
of benzene, toluene, and xylene but also greatly
increases their concentration in the light dis-
tillate fraction. It is, for example, possible to
produce a light distillate by these means in which
the benzene, toluene, and xylenes aggregate in
excess of 80%.

Is has also been found that this invention can
be advantageously applied to a multistage oil and
gas cracking process for manufacturing low mo-
Jecular weight olefins and aromatics. A better
understanding of this application of the inven-
tion may be obtained by reference to the drawing
designated as Figure No. 2 in which a preferred
arrangement of equipment is jllustrated diagram-
matically. Raw material, which again, for ex-
ample, may be “gas oil” is subjected to the treat-
ment previously described in detail with refer-
ence to Figure No. 1. A complex gas mixture
containing hydrogen, methane, ethylene, ethane,
propylene, propane, butylene, and higher hoiling
hydrocarbons is withdrawn from the top of sep-
arator 133 through line 139 and passed to recovery
plant 140. Here the mixture is separated by lique-
faction means into the following fractions: (1)
hydrogen and methane, (2) ethylene, (3) a mix-
ture of ethane, C3 and Cs hydrocarbons, and (4)
higher boiling hydrocarbons. The hydrogen and
methane fraction, which may serve as fuel, is dis-
charged from the recovery plant through line (42.
Ethylene is released via line 143 to suitable stor-
age or directly to processes in which it may be
used as a raw material.

The fraciion comprising ethane and Cs and Cs
hydrocarbons is delivered to pump (44, by means
of which it is forced through pipe line 148 and
thence into preheating coil 146. This and other
gas treating coils are arranged in a furnace set-
ting designed for high temperature service and
the preheating coil is preferably situated so that
it is heated largely by waste combustion gases.
Such portion of the charge as may be in a liquid
state under inlet temperature and pressure condi-
tions is completely vaporized as it passes through
the tubes of preheating bank 146 in which a final
temperature of 650° to 700° C. is attained. The
hot gases are then introduced into a bank of
cracking or conversion coils 141 and are held at
760° to 790° C. in the latter portion of these
coils which are preferably situated in a. radiant
section of the furnace setting. The time-tem-
perature relationship in this coil is so regulated
that about 50% of the incoming ethane, Ci, and
C: hydrocarbons are converted to other com-
pounds, for example, hydrogen, methane, ethyl-
ene, and hydrocarbons in the motor spirit boiling
range. The 509 conversion mentioned above re-
fers to the average of ethane, C3, and Cs con-
versions and not to a 50% conversion of each
constituent. High vapor velocities are employed
in the conversion tubes to prevent excessive tube
wall temperatures and to minimize carbon depo-
sition.

The hot reaction products are discharged from
conversicn zone (471 through line (48 into arrester
185. Arrvesters 189 and 116 are similar in design.
The products of gas cracking are reduced in-
stantly from reaction temperature to about 120°
C. by quenching with a volatile fraction which

10

15

20

25

30

35

40

43

50

60

75

O€dICii Koom

3

is withdrawn from line (37, through line 156 to
the arrester spray nozzle. The mixture of
quenched reaction products and largely vaporized
quenching stock leaves arrester {49 by means of
exit line 51, and joins a similar mixture dis-
charged from oil cracking arrester (16. The
combined, quenched products from oil and gas
cracking pass to the base of flash tower (18 via
line 1§7. From this point on the equipment for
processing the reaction products is common to
both cracking stages and with the exception of
recovery plant (40, functions in the manner pre-
viously described for the case in which oil only
is cracked.

The constituents comprising the higher boiling
hydrocarbon fraction which is separated in re-
covery plant 140 are now obtained from the gas

- fractions produced by oil and gas cracking op-

erations. This higher boiling mixture is dis-
charged from recovery plant {40 through line
{41 to line 102 in which it is returned to work
tank 3. It is then mixed and recycled to the
oil cracking zone with recycle stock and fresh
feed, -

As in the case in which oil only is cracked, it
has been found that there is a marked increase
in yields of gaseous products from hydrogen to
C: hydrocarbons, inclusive, and of benzene, tolu-
ene, and xylenes when Cs and higher molecular
welght constituents are separated from gas pro- .
duced by combined oil and gas cracking and re-
cycled to the oil cracking zone. It has also been
found that this procedure greatly increases the
concentrations of benzene, toluene, and xylenes
in the aromatic fraction.

Example

A hydrocarbon distillate with characteristics
similar to those of the petroleum fraction known
to refiners as “gas oil” was usgd as a cracking
stock. This raw material was mixed in a work
tank with partially cracked or recycle fractions
in the ratio of 52.7 parts by weight of fresh charge
to 47.3 parts of recycle stocks. The manner in
which these recycle fractions were obtained will
be described in detail later.

The above mixture was pumped at the rate of
355 1bs. per hour through a bank of preheating
or vaporizing tubes arranged in series. These
tubes were so mounted in a furnace setting as to
be heated largely by waste gases passing from
the main combustion chamber of the furnace to
its stack. The oil mixture was heated to 345° to
350° C. in the preheating section and was dis-
charged at this temperature into the lower part of
an evaporator. This was a vertically mounted
steel vessel with a segment above the oil inlet
filled with packing rings. Eighty-two Ibs. per
hour of steam were also admitted to the evapora-
tor. The high boiling eonstituents of the hot oil
mixture dropped to the base of the evaporator
and were withdrawn and cooled at the rate of 33
Ibs. per hour. Since the constituents of the recy-
cle stock were relatively low boiling, the evapo-
rator bottoms were mostly uncracked high boil-
ing ends from the fresh charge. The vaporized
oil and steam passed overhead through the bed
of packing, left the evaporator at 280° C., and
then passed serially through the tubes of a dry-
ing coil in which the {emperature of the vapors
was raised to 470° C. After leaving the drying
coil, the vapors were transmitted to a bank of
cracking or conversion tubes which were ar-
ranged in series around the top wall of the main
combustion chamber. The temperafure of the
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vapors was raised rapidly to 700° C. in the crack-
ing zone and was maintained at substantially
this temperature in a final or soaking bank which
was also situated in the radiant section of the
furnace. ~

The hot reaction products from the soaking
zone were discharged to an arrester chamber and
there intimately mixed with a cold spray of about
550 1bs. per hour of a light, distilled, hydrocar-
bon fraction. This procedure gave a temperature
of about 270° C. at the arrester exit from which
the mixture of quenched reaction products and
vaporized quenching stock passed to the base of
a fractionating tower. The quenched products
from g second or gas cracking furnace, to be de-
seribed later, were also received by the same
tower. The heavy, tarry products of oil and of

gas cracking accumulated at the bottom of the -

tower, and 44.9 lbs. per hour, suitable for fuel
oil, were withdrawn and cooled. The lower boil-
ing materials, including gas, steam, constituents
in the gasoline boiling range, and unconverted
charging stock were taken off overhead as vapor
and passed into the base of a second fraction-
ating column. Gas, light distillate, and steam
were taken off the top of the second tower while
higher boiling materials were discharged from its
base and cooled. Three hundred and twenty
pounds per hour of these cooled bottoms were
pumped into the top of the first fractionating
tower to serve as reflux there. The remainder
was mixed with incoming fresh feed oil and other
recycle stock and recharged to the preheating
zone of the oil cracking furnace. The overhead
vapor from the second fractionator was cooled
in a condenser and the resulting mixture of vapor
and condensate was discharged to a gas-liquid
separating chamber. The two towers and the
separator were operated at a pressure of 8 to 10
Ibs. per sq. in. gauge. Water, condensed from
steam admitted earlier in the process, was re-
leased from the base of the separator. Light
distillate was pumped from this separator to the
top of the second tower as reflux, as well as to
the arrester of the oil cracking unit described
above and also to that of a gas cracking unit to
be described below. The excess, or make of aro-
matle distillate, was removed from the separator
at the rate of 35.5 Ibs. per hour.

Gaseous products of oil and gas cracking,
amounting to 2,550 cu. ft./hr. (on water free
basis at 0° C. and 1 atm. pressure) were vented
from the top of the gas-liquid separator and
conveyed to a gas recovery plant. The crude
gas had approximately the following composi-
tion.

Mol per cent

Hy o ———— 99
CH: ______ -~ 224
CaHy - 219
CaHe e 9.6
[ o T -~ 194
Cs 5.5
Cs and higher. oo 113
100.0

The gas was separated In this plant into the
following fractions: (1) hydrogen and methane,
(2) ethylene, (3) a mixture of ethane, C3, and Cs
hydrocarbons, and (4) Cs and higher boiling hy-
drocarbons. Fraction 4, consisted chiefly of Cs,
Cs, and higher hydrocarbons but also contained
butylenes and butadiene. This fraction was sent
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ofl cracking operation and was continuously
mixed there with fresh feed oil and reeycle stock
from the base of the second fractionating tower.
The composite of the above three stocks made
up the charge to the oil cracking unit and was
processed in the manner previously outlined.
The unsaturated constituents of fraction 4 pro-
duced additional gas and liquid products and
also underwent polymerization to aromatics—-
when recycled through the oil cracking process.
The aromatic compounds in this recycle fraction,
however, were more reiractory than the olefinic
materials and passed through the cracking proc-
ess substantially unchanged, thus favoring the
production of a distillate predominantly aromatic
in character.

Fraction 3 above, contained most of the ethane
and Cs and Cs: hydrocarbons present in the raw
gas admitted to the gas recovery plant, as well
as small percentage of Cs hydrocarbons. This
fraction was vaporized and forced, together with
28 1bs. per bour of steam, into a bank of pre-
heating tubes in a separate gas cracking furnace.
The mixture of steam and hydrocarbon vapor
was heated to 700° C. in the preheating zone and
was then passed serially through the tubes of a
cracking or conversion coil in which the vapors
reached a temperature of 770° to 780° C. As
in the case of the oil cracking furnace, the pre-
heating coil was heated largely by convection and
the conversion coil chiefly by radiation. Approx-
imately 50% of the aggregate charge was con-
verted to products other than C:Hs, C3, and Cs
hydrocarbons in a single passage through the gas
cracking furnace. The temperature of the hot
cracked products was dropped almost instanta-
neously to 115° C. by quenching with cold qistil-
late pumped from the gas-liquid separator into
an arrester at the exit of the gas cracking coil.
The quenched products joined a similar mixture
from the oil cracking operation and both were
fractionated into gas, light aromatic distillate,
recycle stock, and refractory fuel oil in a com-
mon separation system.

It has been previously mentioned that the bot-
toms obtained from the evaporator used in the
oil cracking operation were substantially un-
vaporized fresh feed oil. The following yields
were obtained based on 100 parts by weight of

vaporized fresh feed: ]

Hao o 10.9

CHA e e 116.5

CaHd oo 1283

Aromatie distillate ... 23.0

Refractory fuel ol _________ 29.1
97.8

1 Prior to losses in gas recovery plant,

The aromatic distillate contained approxi-
mately 37% benzol, 26 % toluol, and 20% xylenes.

It should be understood that the successful ap-
plication of this invention is not limited to the
use of a single raw material. The use of gas oil
has been mentioned but other stocks such as
crude petroleum and topped or reduced crude
may also be employed. A “viscosity breaking”
operation may be used to advantage in conjunc-
tion with the oil cracking step if the raw material
has a high pour point and high viscosity.

Steam was used to adjust the contact time in
the cracking sections of the oil and gas furnaces
mentioned in the foregoing example. The proc-
ess, however, will function adequately without
steam and its use is optional.
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The invention pertains to improving the yleld
of olefins and aromatic hydrocarbons and is ap-
plicable to any cracking process where . these
products are obtained.  In the cracking of hydro-
carbons at temperatures in excess of 600° C.
olefins and aromatic hydrocarbons are produced
in substantial quantities, this invention is par-
ticularly applicable in such instances. The upper
temperature limit of the cracking reactions in
which olefins and aromatic hydrocarbons are pro-
duced depends upon the length of time the hy-
drocarbons to be cracked remain under the crack-

ing conditions. The shorter the time of cracking.

the higher the temperature that can be used thus
temperatures of about 900° C. have been used and
it is possible to use even higher temperatures
if the length of time of cracking is properly ad-
justed. In the tubular type cracking unit it is
preferable to operate the gas cracking step at
higher temperatures than the oil cracking step,
usually at least 50° C. higher. When the oil vapor
is cracked in -the tubular type units described
herein the cracking step may be carried out at
650° to 750° C., preferably at 690° to 710° C, and
the time-temperature relationship is so adjusted
that 40 to 60% of the total vaporized oil charge is
cracked in a single passage through the cracking
zone, It is also desirable to operate the gas
cracking step in such a way that a per pass con-
version of the same order of magnitude is
achieved. It is possible that the gas cracking
step could be_carried out at & temperature the
same as or lower than the oil cracking step pro-
vided that the length of time of cracking in the
gas cracking step is properly adjusted to produce
olefins and aromatic hydrocarbons.

It is desirable to maintain high vapor velocities
in the high femperature zones to avoid over-
heating of cracking tubes and deposition of coke.
It is also important from the standpoint of con-
tinuity of operation to effect an efficient separa-
tion between cracked tar and lower boiling ma-
terials. The necessity of avoiding carbonaceous
material in recycle stocks is familiar to those
versed in the cracking art.

The production of ethylene has been empha-

sized in the earlier description but other hydro-
carbons, such as the lower olefins, can also be
readily produced. For example, any part or all
of the propylene in the raw gas may be sepa-
rated in the gas recovery plant and withdrawn
from the process. In this case, C:Hs and Ci
hydrocarbons, and any Cs hydrocarbon not re-
moved serve as charging stock for the gas crack-
ing operation. The process is equally flexible as
regards the production of ethane or of C: hy-
drocarbons. The production of an aromatic dis-
tillate rich in benzene, toluene, and xylenes has
been particularly mentioned but higher aro-
matics, including naphthalene, may be obtained
by operating the fractionation equipment so that
distillate of a higher end point is produced.

It has been pointed ocut that yileds of aromatics
and of gaseous products of lower molecular
weight than C: hydrocarbons can be improved
by recracking Cs and higher hydrocarbons re-
covered from the raw gas produced by oil or oil
and gas cracking, It is also advantageous to

- include some Cs hydrocarbons in the recycle mix-
ture, especially if these are rich in butylenes and
butadiene. Another satisfactory method is as
follows: (1) the high boiling hydrocarbons are
recovered from the raw gas, such as obtained
from the gas and liquid separator 33 or 133, (2)
the Cs and higher constituents, which are pre-
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dominantly aromatic in character, are separated
and withdrawn from the process, and (3) the

"Cs or Cs and some Cs hydrocarbons which are

predominantly olefinic, are recycled for further
cracking 'and polymerization. An alternative
procedure is to recover the high molecular weight
constituents of the raw gas, such as obtained from
the gas and liquid separators 33 or 133, and sepa-
rate from this fraction and from light distillate
from the gas-liquid separator, a Cs and higher
fraction rich in aromatics and a lower boiling
fraction rich in olefins. The latter, which may
contain chiefly Cs or 'Cs and Cs hydrocarbons, is
recycled to the oil cracking operation. The for-
mer fraction is withdrawn and processed to re-
cover benzene, toluene, xylenes, etc. These modi-
fications in character and methods of obtaining
the light recycle fraction are equally applicable

. to single stage oil cracking or multiple. stage oil
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and gas cracking. —

The recracking of Cs or mixtures of Cs with Ca
and/or higher molecular weight hydrocarbons
recovered from products of cracking increases
the yields of gaseous olefins and of aromatics.

‘It also greatly increases the concentration .of

benzene, toluene, and xylenes in the crude aro-
matic product and produces this fraction in a
relatively pure state from which undesirable con-
taminants £an be easily removed by well known ™

‘methods. A véry important advantage of this

invention is that the above results are obtained
under such conditions that continuous operation
is possible for long periods of time. It has, for
example, been found extremely . difficult, when
the recycling feature outlined above is not em-
ployed, to obtain an aromatic fraction in equiva-
lent yields and quality without encountering one
or more of the following difficulties: (1) choking
of equipment with- coke, (2) overheating and
burning out of cracking tubes, (3) an excessive
production of hydrogen and methane at the ex-
pense of more valuable olefins, and (4) the pro-
duction of heavy tar which is unsuitable for fuel

-0il. This invention effects marked improvements

in yeilds and quality of valuable products and,
at the same time, avoids all of the above, well
known difficulties.

As many apparently widely different embodi-
ments of this invention may be made without
departing from the spirit and scope thereof, it is |
not intended to be limited except as indicated in
the appended claims,

We claim: o

1. In the process of cracking at temperatures
between 650° and 750° C. the vapors of hydro-
carbon oil boiling within the range of gas oil so
as to produce ethylene and aromatic hydrocar-
bons, the method of improving the yield of said
ethylene and aromatics which comprises adding

- to the hydrocarbons to be cracked g hydrocarbon

fraction comprising essentially
Cs, Cs, and Cr hydrocarbons.,

2. In the process of cracking the vapors of a
hydrocarbon oil boiling within the range of gas
oil so as to produce lower olefins and aromatic
hydrocarbons by passing hydrecarbon oil vapor
through a cracking zone at g temperature be-
tween 650° and 750° C., the method of improv-
ing the yield of said lower olefins and aromatics -
which comprises separating from the cracked
gaseous product a fraction consisting of a mjx-
ture of Cs, Cs, Cs, and Cv hydrocarbons, and re-
!:urning at least a portion of same to the oil crack-
ing zZone.

3. In the process of cracking at temperatures

a mixture of Cs,
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between 650° and 750° C. the vapors of hydro-
carbon oil boiling within the range of gas ofl so
.stoprodueeloweroleﬂmmduomaﬂchydro—
carbons, the method of improving the yleld of
said lower olefins and aromatics which com-
prises separating the desired lower olefins and
aromatics from the cracked gases and then sepa-
rating two hydrocarbon fractions, cne compris-
ing essentially a mixture of Cs, Cs, and C¢ hydro-
carbons, and the other comprising essentially a
mixture of Cs, Cs, Cs, and C1 hydrocarbons, crack-
ing at least a portion of the C; to C¢ fraction at
a temperature higher than the temperatue used

in the first cracking step and returning at least -

a portion of the Cs to Cr hydrocarbon fraction to
the first cracking step. Lo

4. A process for the production of ethylene
and aromatic hydrocarbons which comprises
cracking at s temperature between 650° and 750°
C. normally liquid hydrocarbons of petroleum oil
boﬂlnzw!thinthennzeotmoﬂsoutopro-
duce ethylene and aromatic hydrocarbons, crack-
ing in a separate step &t & higher temperature
ethane and Cs and C« hydrocarbons, separating
into separate fractions from the products of both
cracking steps & hydrocarbon fraction consist-
ing of a mixture of ethane and Cs and C: hydro-
carbons and another fraction consisting of a mix-
ture of Cs, Cs, Cs, and Cr hydrocarbons, returning
at least a portion of the first-mentioned fraction
to the last-mentioned higher temperature crack-

ing step and recycling at least & portion of the

10
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last-mentioned fraction by admixing same with
the fresh feed to the first-mentioned cnckln:

B. A-process for the production of ethylene
and aromsatic hydrocarbons which comprises re-
moving from a normally liquid hydrocarbon frac-
tion higher bofling tarry materials that may be
contained therein, cracking the hydrocarbon frac-
tion at temperatures between 650° and 750° C.
30 a8 to form ethylene and aromstic hydrocar-
bons, separating from the cracked products the
heavy ofls and tarry materials produced, then
separating the unconverted raw material and

- materials in approximately the same boiling

18

range, also separating a light aromatic distillate
fraction, and finally separsting the resulting
cracked gaseous products into the following frac-

tions—a fraction containing hydrogen and meth-

ane, a second fraction containing ethylene, a third

20 fraction containing the aromatic hydrocarbons, a

fourth fraction containing predominantly ethane
and Cs and C¢ hydrocarbons, and a fifth fraction
consisting of a mixture of Cs, Cs, Cs, and Cr7 ali-
phatic hydrocarbons; cracking at & higher tem-

25 perature the fourth fraction and recovering from

sald cracked fraction additional ethylene and
aromatic hydrocarbons, and returning to the first
cracking step the fifth fraction together with the
unconverted raw material and constituents in
approximately the same boiling range.

DALE F. BABCOCK.



