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5 Claims.

This invention relates to improvements in the
manufacture of motor fuel gasoline of high anti-
knock value from higher boiling petroleum. oils.
The invention comprises a two-stage cracking
operation, the second of which is divided, high
boiling oil being subjected to moderate cracking
in the first stage, the products of this stage being
separated into vapor and liquid fractions under
pressure and the separated vapor and liquid frac-
tions being separately subjected to severe crack-
ing in the second stage.

According to the present invention, a stream
of high boiling petroleum oil, gas oil for ex-
ample, is heated to a moderate cracking tem-

5 perature, not exceeding about 900° F. for ex-

ample, under a - substantial superatmospheric
pressure, upwards of 200 Ibs. per square inch for
example, the hot oil products of this heating op-
eration being separated, under maintained pres-
sure, into a vapor stream and a liquid stream,
the separated vapor stream and liguid stream
are separately heated, under maintained pres-
sure, to-high cracking temperatures, upwards
of 900° T, for example, the pressures on the hot
oil products of these heating operations are re-
duced and they are simultaneously cooled to tem-
peratures at which substantial cracking ceases,
the expanded and cooled products are separated
into tar fractions and vapor fractions and the
gasoline fractions are recovered, by appropriate
fractionating operations for example, from these
vapor fractions.

In the second stage of the combined operation,
the vapor stream is with advantage heated to a
higher cracking temperature than the liquid
stream, each stream however being heated to a
high cracking temperature. That component of
the vapor fraction produced by the heating of
the liquid stream in the second stage higher
boiling than the recovered gasoline fraction may
be supplied, in whole or in part and alone or in
admixture with stock to be cracked from an
extraneols source, to the heating operation com-
prising the first stage of the combined operation.
That component of the vapor fraction produced
by the heating of the vapor stream in the second
stage higher boiling than the recovered gasoline
fraction may, with advantage, be utilized as a
cooling medium by direct introduction into the
expanded products discharged from either or both
of the heating operations comprising the second
stage of the combined operation. The separation
of the hot oil products from the first stage into
the vapor stream and liguid stream supplied to
the second stage is, with advantage, controlled

(C1. 196—49)

by the direct introduction, into the hot oil prod-
ucts discharged from the first stage and during
or prior to separation, of a cooling medium.
Gasoline fractions to be re-cracked, for improve-
ment of their anti-knock value, may, with ad- 5
vantage, be so utilized as a cooling medium. in
this separation, such gasoline fractions being
vaporized therein to form a part of the vapor
stream subjected to severe cracking in the second
stage of the combined operation. Gasoline frac- 10
tions recovered from the vapor fraction produced
by the heating in the second stage of the liguid
stream may be so supplied to this separation.

The invention will be further described in con-
nection with the accompanying drawing which 18
illustrates, diagrammatically and conventionally,
in elevation and partly in section with parts
broken away, one form of apparatus appropriate
for practice of the invention.

The illustrated apparatus comprises heating 20
furnaces |, 2 and 3, a pressure separator 4,
separating towers 5 and 6, fractionating towers
7 and 8, condensers 9 and 18 and receivers 11 and
{2. The separating towers § and 8, and the
pressure separator 4, are provided with tar legs 25
to facilitate the maintenance within these re-
ceptacles of that minimum volume of separated
liquid necessary to maintain liquid discharge
through connections 13, 14 and {5, respectively.
Fractionating towers T and 8 are provided with 30
refiux condensers 16 and 17. The operation of
these fractionating towers, to separate as over-
head products gasoline fractions of desired boil-
ing range, is controlled either by the circulation
of a cooling medium through these reflux con- 35
densers or by the direct introduction of a re-
fluxing medium, part of the condensed overhead
product for example, or by both of these means
jointly. A part of the condensed overhead prod-
uct separated in either or both of receivers 1 40
and 12 may be so introduced into either or both
of the fractionating towers T and 8 through con-
nections 18 and 19, or corresponding fractions
supplied through either or both of connections
20 and 2! may be so introduced into either or 45
both of the fractionating towers 7 and 8 through
connections 18 and 19. Coolers 22 and 23 are
provided for cooling any part of the higher boil-
ing fractions separated in towers 1T and 8 dis-
charged through connections 24 and 25. 50

In carrying out the invention in the apparatus
illustrated, for example: High boiling petroleum
oil, gas oil supplied from an extraneous source
through connection 26 or condensate separated in
fractionating tower 8 or a mixture of the two for p5
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example, is forced through the heating coil 27
arranged in the heating furnace | by means of
pump 28 and is heated, in the heating coil 27, to
a temperature, for example of 820°-890° F., un-
der a superatmospheric pressure sufficient to
maintain discharge of the hot oil products of this
heating operation into the pressure separator 4
while the latter is maintained under a pressure,
for example, of 600-700 Ibs. per square inch. A
cooling medium is introduced through either or
both of connections 29 and 38 at a rate sufficient
to maintain a temperature in the lower part of
the pressure separator 4 approximating, for ex-
ample, 750°-800° F, For maximum accuracy of
separation, it is usually advantageous to introduce
a sufficient part of this cooling medium through
connection 230 to maintain some refluxing within
the pressure separator 4 and to introduce the
balance through connection 29. The vapor frac-
tion separated in the pressure separator 4 is
forced, by meats of the pressure maintained in
the pressure separator 4, through the heating
coil 3 arranged in the heating furnace 2 and is
heated therein to a temperature, for example, of
950°-1050°- F', under a pressure, for example, of
200-400 Ibs. per square inch as discharged from
this heating coil. A liquid level is maintained in
the lower part of the pressure separator 4, advan-
tageously within the tar leg 32, to maintain liguid
discharge through connection {5 by appropriate
regulation of valve 33. The liquid fraction sepa-
rated in the pressure separator 4 and discharged
through connection 15 is forced, by means of the
bressure maintained in the pressure separator 4,
through the heating coil 34 arranged in the heat-
ing furnace 3 and is heated therein to a tempera-
ture for example of 920°-980° F. under g pressure
for example of 200~400 Ibs. per square inch as
discharged therefrom. The pressure on the hot
oil product discharged from the heating coil 31
is controlled and reduced by means of valve 35
and that on the hot oil products discharged from
the heating coil 34 is controlled and reduced by
means of valve 36. The expanded hot oil prod-
ucts from the heating coils 31 and 34 are dis-
charged, respectively, into the separating towers
5 and 6 in which they are separated into tar frac-
tions and vapor fractions, the tar fractions being
discharged through connections 13 and {4 and the
vapor fractions being discharged through connec-
tions 37 and 38. The expanded hot oil products
discharged into the separating towers 5 and 6 are
cooled therein, in connection with separation into
vapor fractions and liguid fractions, by the in-
troduction of a cooling medium, into tower 5
through either or both of connections 39 and 48
and into tower 6 through either or both of con-
nections 41 and 42, to maintain temperatures ap-
proximating, for example, 650°-775° F. in the
lower parts of these separating towers. The frac-
tionating towers 7 and 8 are controlled to sepa-
rate, as overhead products, gasoline fractions
condensed in the condensers § and 10 and col-
lected in the receivers 1 and 2. These gasoline
fractions are discharged through connections 43
and 44 and uncondensed vapors and gases are dis-
charged through connections 45 and 46. After
passing through the cooler 22, part of the higher
boiling condensate separated in the fractionating
tower 7 is introduced into the separating tower 5
by means of pump 41, and another part of this
condensate may be introduced into the separating
tower 6, through connections 48 and 49, by means
of pump 50, the balance being either, in whole or
in part, discharged through connection 51, or in-
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troduced into the pressure separator 4 through
connections 48 and 52 by means of pump 53. The
higher boiling condensate separated in the frac-
tionating tower 8 may be either, in whole or in
part, supplied to the heating coil 27 by means of
pump 28 or, in whole or in part, after passing
through the cooler 23, discharged through con-
nection 54.. After passing through the cooler 23
part of the higher boiling condensate separated
in the fractionating tower 8 may be introduced
into the separating tower 6§ by means of pump 5§85,
Part of this higher boiling condensate may also
be introduced into the pressure separator 4,
through connection 56 by means of pump 57.
Other stocks may also be introduced into the sep-
arating tower §, through connection 58 by means
of pump 59. Reduced crudes or similar stocks
ineluding residual components, for example, may
be so supplied to the operation, that part of such
stock appropriate to be supplied to the heating
coil 27 being vaporized in the tower 6 to be con-
densed in the tower 8 and thus supplied to Lhe
heating coil 27 by means of bump 28. 'The higher
boiling condensate separated in the fractionating
tower 8 is, with advantage, used as a cooling me-
dium in both pressure separator 4 and separating
tower 6. Gasoline fractions to be recracked, to
improve their anti-knock value, are with advan-
tage used as a cooling medium in the pressure
separator 4. They may constitute the only cool-
ing medium used in the pressure separator or they
may be used in conjunction with other cooling
media therein, For example, part of the gasoline
fraction separated in the receiver (2 may be in-
troduced into the pressure separator 4, through
connections 60 and 61 by means of pump 62, Sim-
ilarly, a gasoline fraction from an extraneous
source to be recracked may be introduced into
the pressure separator 4, through connections 63
and 61, by means of pump 62.

In the apparatus illustrated, the first stage of
the combined operation is carried out in the heat-
ing coil 27 and the divided second stage is car-
ried out in the heating coils 31 and 34. The use
of a pressure separator intermediate the two
stages of the combined operation has several ad-
vantages, it makes possible effective separation
of the fractions appropriate to be supplied to the
second stage at temperatures high enough to
avoid excessive heat loss. In operations in which
8 gasoline fraction to be recracked is introduced
into the pressure separator as a cooling medium,
the heat loss involved may be recovered substan-
tially completely in the vaporization and super-
heating of such gasoline fractions. It also elim-
inates any need for pbumps or compressors to
force the separated vapor and liquid streams
through the second stage.

I claim:

1. In the manufacture of motor fuel gasoline,
the improvement which comprises heating a
stream of higher boiling petroleum oil to a mod-
erate cracking temperatiure under a substantial
superatmospheric pressure and subjecting said
higher boiling oil to said moderate cracking tem-
perature for a period of time sufficient to effect
moderate cracking of said higher boiling oil, sep~
arating the composite hot oil broducts of this
heating operation into a vapor stream and a
liquid stream and separately heating each of said
separated streams to high cracking temperatures
under maintained superatmospheric pressure, re-
ducing the pressure on the composite hot oil
products of each of these heating operations and
simultaneously cooling thHem to temperatures at
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which substantial cracking ceases, separating the
expanded and cooled products into tar fractions
and vapor fractions and recovering gasoline frac-
tions from these vapor fractions.

9. In the manufacture of motor fuel gasoline,
the improvement which comprises heating a
stream of higher boiling petroleum oil to a mod-
erate cracking temperature under a substantial
superatmospheric pressure and subjecting said
higher boiling oil to said moderate cracking tem-
perature for a period of time sufficient to effect
moderate cracking of said higher boiling oil, sep-
arating the composite hot oil products of this
heating operation into a vapor stream and a
liquid stream and separately heating each of said
separated streams to high cracking temperatures,
the vapor stream to a higher cracking tempera-
ture than the liquid stream, under maintained
superatmospheric pressure, reducing the pressure
on the composite hot oil products of each of these
heating operations and simuitaneously cooling
them to temperatures at which substantial crack-
ing ceases, separating the expanded and cooled
products into tar fractions and vapor fractions
and recovering gasoline fractions from these va-
por fractions.

3. Tn the manufacture of motor fuel gasoline,
the improvement which comprises - heating a
stream of higher boiling petroleum oil to a mod-
erate cracking temperature under a substantial
superatmospheric pressure and subjecting said
higher boiling oil to said moderate cracking tem-
perature for a period of time sufficient to effect
moderate cracking of said higher boiling oil, sep-
arating the composite hot oil products of this
heating - operation into a vapor stream and a
liguid stream and separately heating each of
said separated streams to high cracking temper-
atures under maintained superatmospheric pres-
sure, reducing the pressure on the composite hot
oil products of each of these heating operations
and simultaneously cooling them, by direct heat
exchange with a distillate fraction higher boiling
than gasoline separated from the hereinafter
mentioned vapor fraction produced by the heat-
ing of the vapor stream, to temperatures at which
substantial cracking ceases, separating the ex-
panded and cooled products into tar fractions

3

and vapor fractions and recovering gasoline frac-
tions from these vapor fractions.

4. In the manufacture of motor fuel gasoline,
the improvement which comprises heating a
stream of higher boiling petroleum oil to a mod-
erate cracking temperature under a substantial
superatmospheric pressure and subjecting said
higher boiling oil to said moderate cracking tem-
perature for a period of time sufficient to effect
moderate cracking of said higher boiling oil, in-
troducing a gasoline fraction into the hot oil
products of this heating operation and separat-
ing the composite mixture into a vapor stream.
and a liquid stream and separately heating each
of said separated streams to high cracking tem-
peratures under maintained superatmospheric
pressure, reducing the pressure on the composite
hot oil products of each of these heating opera-
tions and simultaneously cooling them to tem-

peratures at which substantial cracking ceases, 9

separating the expanded and cooled products into
tar fractions and vapor fractions and recovering
gasoline fractions from these vapor fractions.

5. In the manufacture of motor fuel gasoline,
the improvement ~which comprises heating a
stream of higher boiling petroleum oil to a mod-
erate cracking temperature under a substantial
superatmospheric pressure and subjecting said
higher boiling oil to said moderate cracking tem-
perature for a period of time sufficient to effect
moderate cracking of said higher boiling oil, in-
troducing a gasoline fraction recovered from the
hereinafter mentioned vapor fraction produced
by the heating of the liquid stream into the hot
oil products of the first mentioned heating opera-
tion and separating the composite mixture into
a vapor stream and a liquid stream and separate-
1y heating each of said separated streams to high
cracking temperatures under maintained super-
atmospheric pressure, reducing the pressure on
the composite hot oil products of each of these
heating operations and simultaneously cooling
them to temperatures at which substantial crack-
ing ceases, separating the expanded and cooled
products into tar fractions and vapor fractions
and recovering gasoline fractions from these va-
por fractions.
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