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The present invention provides an improved
process for the topping and cracking of hydro-

carbon oils. More particularly it refers to the

selective conversion of relatively low-boiling and
high-boiling fractions of a charging oil of rela-
tively wide boiling range together with selected
intermediate conversion products of the DProcess
and, when desired, other charging oils of nar-
rower boiling range similar to the respective se-
lected fractions with which they are subjected to
conversion. -~ |

In one specific embodiment, the invention com-
prises subjecting hydrocarbon oil charging stock
of relatively wide boiling range to fractional dis-

tillation by means of heat recovered by indirect

heat exchange with hot vaporous conversion
oroducts of the process, condensing and collect-
ing any desired low-boiling fractions, such as
gasoline of good antiknock value, resulting from

said fractional distillation, subjecting selected in-

termediate fractions of the charging-stock, re-
covered by said fractional distillation, to conver-
sion conditions of elevated temperature and su-

communicating enlarged reaction chamber, with-
drawing both vaporous and liquid conversion

products in commingled state from the reaction

30

 and introducing the commingled materials into a
‘reduced pressure vaporizing chamber wherein

40

chamber and introducing the same into a sepa-
rate enlarged reaction chamber also maintained
at superatmospheric pressure wherein they com-
mingle and are subjected to further conversion

with other heated products supplied to this zone,

as will be later more fully described, commingling
selected high-boiling fractions of the charging
stock, recovered by said fractional distillation,
with the vaporous and liquid conversion products
withdrawn from said separate reaction chamber

further vaporization of the lquids is accom-
plished, removing residual liquid from said va-

~ porizing chamber, subjecting vaporous products

55

from the vaporizing chamber to fractionation,

whereby their insufficiently converted components
gre condensed as reflux condensate and separated

into selected relatively low-boiling and high-boil-
ing fractions, subjecting fractionated vapors of
desired end-boiling point to condensation, col-
lecting and separating the resulting distillate and

gas, returning said selected low-boiling fractions

of the reflux condensate to the first mentioned

heating coil for further conversion, subjecting

said high-boiling fractions of the reflux conden-
sate to independently controlled -gonversion con-

“ditions of elevated temperature and superatmos-

pheric pressure in a separate heating coll and in-
troducing the heated products therefrom into said
separate reaction chamber.
 As g modification of the specific embodiment
of the invention above described, the selected
high-boiling fractions of the charging stock may
be subjected to conversion together with the high-
boiling fraction of the reflux condensate in the
last mentioned heating coil. The various alter-
native provisions of the invention are, however,
not to be considered equivalent but may be chosen
to suit the particular oils undergoing treatment
and to obtain the desired results. |

It is also within the scope of the present in-
vention, when desired, to employ, in addition to
the hydrocarbon oil charging stock of relatively
wide boiling range which is subjected to frac-

‘tional distillation, one or more separate charg-

ing stocks of different characteristics. A sec-
ondary low-boiling hydrocarbon oil charging
stock may be supplied, for example, to the first
mentioned heating coil for conversion, together
with the selected intermediate fractions of the
charging stock and low-boiling fractions of the
reflux condensate. A secondary relatively high-
boiling hydrocarbon oil may be supplied, for ex-
ample, to the second mentioned heating coil for
conversion, together with the high-boiling frac-
tions of the reflux condensate or may, when de-
sired, be commingled with the vaporous and lig-
uid econversion products from sald separate reac-
tion chamber supplied to the vaporizing cham-
ber with which high-boiling fractions of the
primary (relatively wide boiling range) charging
stock are also commingled.

A more comprehensive understanding of the
present invention and its relatively broad scope
and applicability to various charging stocks may
be had from the following description of one pre-
ferred method of operation of the process of the
invention as it may be accomplished in an ap-
paratus such as illustrated in the accompanying
diagrammatic drawing. :

Hydrocarbon oil charging stock for the process,
comprising an oil of relatively wide boiling range,
such as, for example, crude petroleum, topped
crude, or the like, is supplied through line | and
valve 2 to pump 3 wherefrom it is fed through
line 4 and valve 5 into and through heai ex-
changer coil 6 located within fractionator 1
wherein it may be heated by indirect contact

and heat exchange with the vaporous conversion

products of the process undergoing fractionation
in this zone, the charging stock passing, in the

&
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~ case here illustrated, from coil 6 through line 8 55
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- Into and thrcjugh coil 9 Iocated-.—;within vaporizing
chamber (0 wherein additional heat is supplied
to the charging stock. from the vaporous con-

version products in this zone, the heated charging
stock passing .thence through line 11 into frac-
tional . distilling column i2 wherein it Is subjected
to fractional distillation and separated, In the
case here illustrated, into selected low~koiling, in-

- termediate and high-boiling fractions. It will

10

- 15

ke understood, that when desired, heating of the

charging stock for the purpose of effecting its
fractional distillation.. may be assisted in any

other well known manner, not illustrated, or,

when desired..other well known means of heat-

Ing may be utilized in conjunction with either.or
both of the specific means of heat exchange il-

- lustrated.
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_or kerosene distillate, light gas oil
may be withdrawn from one or a plurality of .
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. When the charging stock subjected to frac-
tional distillation in column {2 contains any ap-

breciable quantity of desirable low-boiling frac-
tions such as motor fuel or low-boiling motor fuel

fractions of good antiknock value they may be

removed as fractionated vapors from the upper
portion of column {2, together with any gas pro-
duced by the distilling operation, through line 3
and valve {4 to be subjected to condensation and
cooling in condenser i15. The resulting distillate
and gas passes through line {6 and valve 17 to

~collection and separation in receiver 18. TUncon- |
densable gas may be released from the receiver
~ through line {8 and valve 20. Distillate may be
removed from receiver 18§ through line 2{ and

valve 22 to storage or to any desired further treat-
ment. This product may, when desired, be com-
mingled with the motor fuel conversion prodicts

- of the process to form the final motor fuel prod-

uct. Also, when desired, a regulated portion of

the distillate collected in receiver 18 may be re-
circulated by well known. means, not illustrated,

to the upper portion of column 12 to serve as a

refluxing and cooling medium in this zone.

- Selected intermediate fractions of the charging

stock, including any motor fuel. components of

poor antiknock value as well as higher boiling

materials such as, for example, naphtha, kerosene,
and the like

Suitable intermediate points in column {2 and in

the case here illustrated are directed through line

23 and valve 24 to pump 23 by means of which
they are fed through line 26, valve 27 and line 28
to conversicn in heating coil 29. -
~When desired, a separate hydrocarbon oil
charging stock, preferably of relatively low-hoijl-
Ing characteristics, such as, for example, straight-

run gasoline or other motor fuel or motor fuel

fractions of poor antiknock value, naphtha, kero-.
- sene or kerosene distillate, pressure distillate,

pressure distillate bottoms, light gas oil or the

like may be supplied through line 30 and valve

31 to pump 32 by means of which it is fed through

line 33, valve 84 and line 28 to conversicn in
‘heating coil 29, together with the selected frac-.

tions of the primary charging stock from column
12 supplied to this zone, as previously described,

~ as well as selected intermediate conversion prod-

75

ucts of the process of relatively low-boiling char-

acteristics which are supplied to this zone, as will

be later more fully described. . |
Heating coil 28 is located within a furnace 25

of any suitable form by means of which the oil
passing through the heating coil is brought pref-.

erably to a relatively high conversion tempera~
ture at substantial superatmospheric pressure and

‘the heated products are discharged from heating

2,125,564

coil 29 through line 36 and valve 37 into reaction
chamber 38.. -

Chamber-38 is also preferably maintained-at a,
substantial
may be substantially-the same or somewhat lower

~than that employed at the outlet from heating

coil 29 and, although not indicated in the draw-

ing, this zone is preferably -insulated to prevent

the excessive loss of heat therefrom. by radia-
tion in order to accomplish continued conversion
of the heated products supplied to this zone and

particularly their vaporous components. In the
case here illustrated, both - vaporous and iHquid

conversion products are withdrawn from: the

lower portion of chamber 28 through line 392 and

are directed through valve. 49, in this line, into

from chamber 38 as well as continued conversion

of the other products supplied to this zone, as
‘Wil be later more fully described, may be accom-
‘blished in chamber 4f. Both vaporous and liquid
~conversion products are also withdrawn, in the
case here illustrated, in commingled state from-
‘the lower portion of chamber 41 through line 42

and valve 43 and are introduced into vaporizing
chamber 10. S |

Selected high-boiling fractions of the charging
stock comprising the bottoms resulting from said
fractional distillation in column 12 including the
fractions of the primary charging stock boiling
akove the range of the selected-fr_aﬂtions sSupplied
to heating coil 28, as previously described, may be

Super-atmospheric pressure which .

10

15

Treaction chamber 41 which; like reaction cham-
ber 38, is preferably insulated and coperated at a
- substantial superatmospheric pressure so that ad-
~ditional continued- conversion of the products

20

29
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withdrawn from the lower portion of column 12

through line 44 and valve 45 to pump 46 by means
of which they are fed through line 47 and valve
48 and, in the case here illustrated, are introduced

- into the lower portion of chamber &1 to commingle

therein with the stream of .vaporous and liquid

- conversion products withdrawn from this zone
usly described, to vaporiz-
Ing chamber 0. It is also Wwithin the scope of

and supplied, as previousl

the present invention, although not illustrated, to
Introduce all-or a regulated portion of the selected
high-boiling fractions of the charging stock from

- column 2 into the reaction chamber at any other

desired point or plurality of points in this zone,

depending upon the degree of conversion te which 5
1t is desired to subject said high-boiling frac-

tions of the charging stock. All or a regulated
portion of this material may alsc, when desired,
be introduced either into line 42 or directly into
chamber 10 at any desired point, although means
for accomplishing this are not shown in the

In another embodiment of the invention which

45
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may be employed, particularly in case the high- .

voiling fractions. of the primary charging stock

subjected to fractional distillation in column f 2
- are suitable for conversion in s heating coil with-

out the danger of excessive coke formation there-

60

in, said high-boiling fractions may be diverted

from line 471 through line 49 and valve 50 and

directed thmugh-_ line 51 to' conversion in heating

coil 2. ..

When desired, a secondary charging stock of
relatively  high-boiling characteristics may be
supplied through line 56 and valve 57 to rump 58
by means of which it is fed through line 59 gnd
may be directed, all or in part, through valve 60

‘and supplied either alone or together with the

high-boiling fractions of the primary charging

Stock from column 12 through line 47 into reac-

65

70
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tion chamber &1 or a regulated portion or all of
the high-boiling secondary charging stock, when

~ such is employed, may be directed from line 59

throuch line 6!, valve 62 and line &8l to con-
version in heating coil 52. It is also within the
scope of the invention to supply regulated
amounts of high-boiling secondary charging stock

~ to any desired point in reaction chambper 41 other

10
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20

29

than that illustrated in the drawing and/or to in-
troduce the same into line 42 or directly Into
vaporizing chamber {0 at any desired point,
although means for accomplishing this are not
illustrated. . o - | .
. Heating coil 52 is located within a furnace 53
of any suitable form and the oil supplied thereto
is brought to the desired conversion tempera-
ture preferably at a substantially superatmos-
pheric pressure following which it is discharged

through line 54 and valve 55 into reaction cham-

ber 41 to commingle therein and be subjected
to further conversion therein and be subjected
to further conversion with the heated products
from reaction chamber 38 supplied to chamber 4 {,
as previously described. -
Vaporizing chamber {8 is preferably operated at

a substantially reduced pressure relative to that

employed in reaction chamber 41 by means. of
which further vaporization of the liquld con-

- version products as well as any other liquids sup-

30
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" condensed in this zone as reflux condensate and
in the case here illustrated the reflux condensate
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plied to this zone, as previously described, is ac-
complished. Residual liquid  remaining un-
vaporized in chamber 10 may be withdrawn there-
from through line 63 and valve 64 to cooling and
storage or to any desired further treatment. The
vaporous products supplied to chamber 10, as
well as any vapors evolved and remaining un-
condensed in this zone, may be directed therefrom
through line 65 and valve 67 to fractionation in
fractionator 7. | |

The components of the vapors supplied to frac-
tignator T boiling above the range of the desired

final licht distillate product of the process are

is separated by fractional condensation in column

T into selected relatively low-boiling and high-

boiling fractions. | | -
The selected low-boiling fractions of the reflux

condensate which may comprise, for example,
such materials as high-boiling motor fuel frac- -

tions of poor antiknock value, pressure distillate

bottoms, light gas oil and the like may be with-

drawn from any suitable intermediate point or
plurality of points in fractionator T and in the

case here illustrated are directed irom frac- -
tionator T through line 68 to pump 10 by means
of which they are fed through line 11, valve T2

and line 28 to further conversion in heating coil 23.
The high-boiling fractions of the reflux con-

densate formed in fractionator 1T may be with-

drawn from the lower portion of this zone through
tine 73 and valve 14 to pump 75 by means of which
they are fed through line Bl and valve T6 to

further conversion in heating coil 52 either alone
. or together with high-boiling fractions of the

primary charging stock from column [2 and/or

secondary charging stock of relatively high-boil-

ing characteristics. o -
Fractionated vapors of the desired end-boiling

-point, preferably comprising materials within the

boiling range of motor fuel and of good antiknock
value are withdrawn, together with uncondens-

" able gas produced by the cracking operation from

the upper portion of fractionator T through line

77 and valve 18 and are subjected to condensa-

3

tion and cooling in condenser 19. The resulting
distillate and gas is directed through line 80 and
valve 81 to collection and separation in receiver
82  TUncondensable gas may be released from the
receiver through line 83 and valve 84. Distillate
may be removed from receiver 82 through line 85
and valve 86 to storage or to any desired further
treatment. When desired, a regulated portion

of the distillate collected in receiver 82 may be
recirculated by well known means, not shown in

the drawing, to the upper portion of fracfionator
1 to serve as o cooling and refluxing medium to

“assist fractionation of the vaporous products in

this zone. | | | -

In operating the process of the present inven-
tion the following conditions are illustrative of
those producing the best results. Fractional dis-
tiliation of the primary charging stock (charg-

ing stock of relatively wide boiling range) may

be accomplished by heating the same to a tem-

perature ranging, for example, from 450° to 7a0°
., and at any desired pressure from substan-

tially atmospheric to 200 pounds, or more, PerT
square inch. The first described heating coil to
which selected intermediate fractions of the pri-
mary charging stock, selected low-boiling ifrac-

tions of the reflux condensate and, when desired,

secondary charging stock of low-boiling charac-
teristics are supplied for conversion may utilize
an outlet temperature ranging, for example, from
900° to 1,050° P., preferably with a superatmos-
pheric pressure at this point in the system of
from 200 to 1,000 pounds, or thereabouts, per
sguare inch. The pressure employed 1in the first
reaction chamber succeeding the light oil heat-
ing coil may be substantially the same or some-
what lowér than that employed at the outlet
from said heating coil and may range, for exame-
ple, from 100 pounds per square inch up to sub-
stantially the same pressure as that employed
in the heating coil., Substantially the same or
somewhat lower pressure may also be employed
in the second reaction chamber to which prod-

ucts from the first reaction chamber and from

the heavy oil heating coil are supplied. "The
pressure in the second reaction chamber is, how-
ever, no greater than that employed in the heavy
oil heating coil which may, when desired, be ap-
preciably less than that employed in the first
reaction chamber.. The heavy oil heating coil to
which high-boiling fractions of the reflux con-
densate are supplied for conversion, either alone

or together with high-boiling fractions of the

primary charging stock and/or secondary charg-
ing stock of high-boiling characteristics, may uti-
lize an outlet conversion temperature ranging,
for example, from 800° to 950° F., preferably
with a superatmospheric pressure, measured at

the outlet from the heating coil, of from 100

to 500 pounds, or more, per square inch. The
vaporizing chamber is preferably operated at &
substantially reduced pressure relative to that
employed in the second reaction chamber and
may range, for example, from substantially at-

‘mospheric to 100 pounds, or thereabouts, per

square inch superatmospheric pressure. ‘The
fractionating, condensing and collecting portions
of the cracking system may employ pressures
substantially the same or somewhati lower than
that employed in the vaporizing chamber.
Following is an example of one specific meith-
od of operation of the process of the present
invention and the results obtainable thereirom.
The method of operation and results given, how-
ever, are not to be construed as a limifation
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‘upon. the invention inasmuch as they are given
only for the purpose of illustration. A charg-
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Ing stock of relatively wide boiling range com-
prising a California crude of about 27.5° A. P. L.

gravity is subjected to fractional distillation by

heating the same to a temperature of approxi-
mately 600° F. at substantially atmospheric
pressure, the heat required for such distillation

‘being recovered from within the cracking sys-

tem. About 18 percent of the charging stock,
comprising gasoline fractions boiling up to ap-
proximately 340° F. which are of Satisfactory
antiknock value, is recovered as the ‘overhead
distillate product from the distilling operation.
Intermediate -fractions of the charging: stock,

about 93 percent of which boil within the range
of 340° to 550° P, are subjected in the light oil
‘heating coil of the system to a conversion tem-
perature, measured at the outlet therefrom, of .

approximately 970° F., with a superatmospheric

pressure, at the outlet from the heating coil, of
approximately 560 pounds per square inch. Sub-

- stantially the same pressure is maintained in
- the first reaction chamber succeeding the light

25 . .
- reflux condensate produced within the system

20

36

oil heating coil. Low-boiling fractions of the
having a boiling range of substantiaily 390° to
940° T, are returned to the light oil heating
coil for further conversion, together with the

intermediate fractions of the charging stock.
- High-boiling fractions of the charging stock and
~high-boiling fractions of the refl

UxX condensate
are subjected in a separate heating coil to an
outlet conversion temperature of approximately

930° F. at a superatmospheric pressiire of ahout.

398 pounds per square inch and the heated

- products from this zone are introduced, together

- 40
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‘uct of the process.
~duce, in addition to the 18 percent, or there-
abouts, of the straight-run gasoline recovered

i

rst reaction cham-

with the products from the

ber, into a separate reaction chamber also main- |
tained at a superatmospheric pressure of about
- 390 pounds per square inch. Both vaporous and
liquid conversion products from the second re-
action chamber are introduced into a reduced

pressure vaporizing chamber maintained at a

superatmospheric pressure of about 50 pounds -

per square inch, from which residual liguid is
withdrawn, and the vaporous products are sub-
jected to fractionation for the formation of re-
flux condensate and the recovery of desirable

low-boiling fractions comprising the overhead |

vaporous products which are condensed to
torm the final light distillate conversion pred-
This operation will pro-

by the distilling operation, about 57 percent,

~based on the topped crude, of cracked motor fuel

having an antiknock value equivalent to an oc-
tane number of approximately 72 and about 30
pbercent of good quality residual liquid suitable

as fuel, the remainder being chargeable, princi-
- pally, to uncondensable gas and loss.

I claim as my invention:

1. In a process for the conversion of hydro-
‘carbon oils wherein relafively low-boiling and

relatively high-boiling oils are subjected to in-
dependently controlled conversion conditions of

“elevated temperature and superatmospheric pres-

Sure each in a separate heating coil and com-
municating reaction chamber, the improvement

‘Which comprises withdrawing both vaporous and

liquid conversion products from the reaction

-chamber succeeding the light oil heating coil and
bassing the same through the resction chamber _-
to which the heated products from the heavy oil

boiling and

- the process

-~ heating coil

0,125,564

heating coil are ‘directly supplied, withdrawing

liquid and vaporous conversion products from the

last mentioned reaction chamber, subjecting the

latter to further vaporization at substantially
reduced pressure, subjecting the vaporous prod-
ucts, including those evolved by said further va-

porization, to fractionation, whereby their in-

sufficiently converted components are condensed
as reflux condensate and separated into selected
relatively low-boiling and high-boiling fractions,

~ returning selected relatively low-boiling and
~high-boiling fractions of the reflux condensate,

respeciively, to the light oil and heavy oil heat-
ing coils for further conversion, subjecting frac-
tionated vapors-of the desired end-boiling point,
to condensation
broducts.

- 2. A process of the charactér deﬁned' in claim

and recovering the resulting

gRH |

10

1 wherein hydrocarbon oil charging stock for

the process of relatively low-boiling characteris-

tics is supplied to the light heating coil.

3. A process of the character defined in claim
-1 wherein hydrocarbon oil charging stock for

the process of relatively high-boiling character-

istics is supplied to the heavy oil heating coil.
4. A process of the character defined in claim

20

25

1. wherein hydrocarbon oil charging stock for

the process of relatively‘high-boiling character-
~ I1sties is supplied to the vaporizing chamber,

9. A process of the character defined in claim
1 wherein hydrocarbon oil charging stock for
the process of relatively high-boiling character-
1stics is supplied to the reaction chamber to
which the heated products from thhe heavy oil
heating coil are directly supplied. I |

6. A process of the character defined in claim
1 wherein selected fractions of relatively low-

boiling and ‘high-boiling characteristics are sep-
1 charging stock for
the process of relatively wide boiling range, said

arated from hydrocarbon oil

selected low-boiling fractions
the light oil heating coil and

being supplied to
sald selected high-

boiling fractions being supplied to the heavy oil

heating coil. | | | |

1. A process of the character defined in claim
1 wherein
high-~boiling characteristics are sep-.
arated from hydrocarbon oil charging stock for

- the process of relatively wide boiling range, said
selected low-boiling fractions oeing supplied to

the light oil heating coil and said selected high-
boiling fractions being supplied to the reaction

- chamber:.

30
30
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selected fractions of relatively low-
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8. A process of thelcharacter deﬁried in claim

1 wherein selected fractions of relatively low-

boiling and high-boiling characteristics are Sep-
arated from hydrocarbon oil charging stock for
of relatively wide boiling range, said
selected low-boiling fractions being supplied to
the light oil heating coil and said selected high-
boiling fractions being supplied to the vaporizing
chamber, o | -

9. In a process for the conversion of hydrocar-
bon oils wherein relatively low-boiling and rela.-
tively high-boiling oils are subjected to inde-
pendently controlled conversion conditions of ele-

- vated temperature and ‘superatmospheric pres-

SUure each in a separate heating coil and com-
municating reaction chamber, the improvement
which comprises withdrawing both vaporous and
liquid

chamber succeeding the light oil heating coil and
bassing the same through the reaction chamber
to which the heated products from the heavy oil

99
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conversion products from the reaction

are directly’ supplied, withdrawing 75
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liquid and vaporous conversion products as a
mixture from the last-mentioned reaction cham-
ber and separating said mixture into vapors and
residue in a reduced pressure vaporizing cham-
' ber, subjecting said vapors to fractionation
- whereby their insufficiently converted compo-
nents are condensed as reflux condensate and

separated into selected relatively low-boiling and

5

- high-boiling fractions, returning selected rela-

tively low-boiling and high-boiling fractions of
the reflux condensate, respectively, to the light
oil and heavy oil heating coils for further con-
version, subjecting fractionated vapors of the de-
sired end-boiling point to condensation and re-
covering the resulting products. |
JACOB BENJAMIN HEID.

L |
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