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This invention particularly refers to an im-
proved process for the selective conversion of
relatively low boiling and high boiling hydrocar-
bon oils under independently controlled conver-
sion conditions of cracking temperature and su-
peratmospheric pressure, reduction of the residual
liquid conversion products of the process to coke
in a relatively high pressure zone of the system,
and continued conversion of the vaporous prod-
ucts from the coking operation in a high pressure
reaction chambher together with other highly
heated products of the process.

In one embodiment, the invention comprises
separating intermediate liquid conversion prod-
ucts of the process (reflux condensate formed by
fractionation of the vaporous conversion prod-
ucts) into selected relatively low boiling and high
boiling fractions, subjecting the high boiling frac-
tions, either alone or together with hydrocarbon
oil charging stock of a similar nature, to conver-
sion conditions of cracking temperature and
superatmospheric pressure in a heating coil, in-
troducing the resulting heated products into an
enlarged reaction chamber maintained at a sub-
stantial superatmospheric pressure wherein va-
porous and residual liguid conversion products
separate, withdrawing vaporous products from
the reaction chamber, subjecting the same to
fractionation for the formation of said refiux con-
densate, subjecting fractionated vapors of the
desired end boiling point to condensation, re-
covering the resulting distillate, separately re-
moving residual liquid conversion preducts from
the reaction chamber, heating the same, either
alone or together with hydrocarbon oil charging
stock of high boiling characteristics, to a high
conversion temperature under non-coking con-
ditions in a separate heating coil, introducing the
heated products into a coking chamber, prefer-
ably maintained at a slightly higher superatmos-
pheric pressure than that employed in the reac-
tion chamber, wherein their non-vaporous com-
ponents are reduced to coke, supplying vaporous
products from the coking chamber to further
conversion in the reaction chamber, subjecting
said selected low boiling fractions of the inter-
mediate liguid conversion products (reflux con-
densate), either alone or together with hydro-
carbon oil charging stock for the process of a
similar nature, to independently controlled con-
version conditions of cracking temperature and
superatmospheric pressure in another separate
heating coil, and introducing the heated products
therefrom into either the reaction chamber or
the coking chamber or, in part, to both.

As an alternative to the method of operation
above outlined which, however, is not to be con-
sidered equivalent, the high boiling fractions of
the intermediate liquid conversion products (re-
flux condensate), either alone or together with

(CI. 196—48)

hydrocarbon oil charging stock of a similar
nature may, instead of being subjected to conver-
sion in a heating coil, be supplied directly to the
reaction chamber, in which case all or at least a
substantial portion of the highly heated products
from the relatively light oil heating coil of the
system are also introduced directly into the reac-
tion chamber to commingle with and effect con-
version therein of said relatively high boiling
oils. .

The process offers a wide degree of flexibility
with respect to the type of charging stock em-
ployed since it may, depending upon its char-
acteristics, be subjected to conversion together
with either the relatively low boiling or the rela-
tively high boiling intermediate liquid conver-
sion products or the residual liquid conversion
products withdrawn from the reaction chamber
or it may be separated, together with the inter-
mediate liquid conversion products, into selected
relatively low boiling and high boiling fractions
which are separately subjected to conversion.
On the other hand, two or more charging stocks
of different characteristics may be employed,
when desired, each being subjected to conversion
in that stage of the system employing the most
suitable conditions.

The features and advantages of the invention
will be more apparent with reference to the ac-
companying diagrammatic drawing and the fol-
lowing description thereof. The drawing illus-
trates one specific form of apparatus embodying
the features of the invention and permitting the
alternative methods of operation above outlined.

Referring to the drawing, charging stock for
the process, which may comprise any desired type
of hydrocarbon oil, is supplied through line | and
valve 2 to pump 3 by means of which it may be
directed, all or in part, through line 4 and valve
5 into fractionator 6 wherein it commingles with
the vaporous conversion products undergoing frac-
tionation in this zone and is subjected therewith
to fractionation. In this manner the charging
stock may be separated, together with reflux con-
densate formed in the fractionator, into selected
relatively low boiling and high boiling fractions
which are subjected to separate conversion within
the system, as will be later described. This
method of operation is particularly desirable in
case the charging stock comprises an oil of rela~
tively wide boiling range but it may be employed,
when desired, whenever the charging stock does
not contain an appreciable quantity of undesir-
able low boiling fractions which will commingle
with and contaminate the overhead vaporous
product from the fractionator if supplied to this
zone and when it does not contain an appreciable
quantity of undesirable high boiling fractions
which, if supplied to the fractionator, will con-
taminate the reflux condensate.
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‘When the charging stock is an oil of relatively
low boiling characteristics comprising, for ex-
ample, such materials as straight-run gasoline or

other motor fuel or motor fuel fractions of infe-
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rior quality, kerosene, kerosene distillate, pressure
distillate bottoms, light gas oil and the like it is

preferably directed from pump 3 through line i5, -

valve 16 and line 1T to conversion in heating coil
18 together with the selected relatively low boil-
ing fractions of the intermediate liquid conver-

sion products of the process, which are supplied

to heating coil 18 in the manner fo be later
described. - o )

When the charging stock is an oil of excep-
tionally high boiling characteristics such as heavy
crude petroleum, fuel oil, heavy topped crude or
other oil of a heavy residual nature it is prefer-
ably diverted from line 15 through line T and
valve 8 to conversion in heating coil 10 together
with the residual liquid conversion products sup-
plied to this zone from the reaction chamber, as
will be later more fully described.

When the charging stock is an oil of inter-
mediate boiling range characteristics such as, for
example, gas oil, relatively light fuel oil or topped
crude or the like it is preferably diverted from
line 15 through line 22 and valve 23 into line 24
to commingle therein with the relatively high
boiling fractions of the intermediate liquid con-
version products of the process and be subjected

therewith to conversion within the system, as
will be later more fully described.

The relatively low boiling oils supplied to heat-
ing coil {8 are subjected in this zone to the de-
sired relatively high conversion temperature,
preferably at a substantial superatmospheric
pressure, by means of heat supplied from a fur-
nace 19 of suitable form and the heated prod-
ucts are discharged from the heating coil through
line 20 wherefrom they may be directed, all or
in part, through valve 21 in this line into coking
chamber 14 or, all or in part, through Iline 36 and
valve 37 into reaction chamber 35. When sup-
plied, all or in part, to coking chamber 14, the
highly heated products from heating coil 18
commingle in this zone with the nonvaporous
conversion products undergoing coking therein
and serve to assist their reduction to coke. When
supplied, all or in part, to reaction chamber 35
the highly heated products from heating coil 8
commingle in this zone with the vaporous prod-

ucts from coking chamber 14, supplied thereto.

as will be later more fully described, and with
the other oils supplied to this zone, as will be
later more fully described, serving to supply heat
to and assist conversion of the commingled ma-
terials in the reaction chamber, o
Reaction chamber 35 is preferably maintained
at a substantial superatmospheric pressure and,
although not indicated in the drawing, this zone
is preferably insulated in order to conserve heat
so that the oils supplied to this zone, and more
particularly their vaporous components, are sub-
jected to appreciable continued - conversion
therein. In the particular case here illustrated,
vaporous and residual liquid conversion products
are separated in the lower portion of chamber 35
and separately withdrawn therefrom, the latter
being directed through line 38 and valve 39 to

bump 40 by means of which they are supplied

through line 41, valve 42 and line T to conversion
in heating coil 10, while the vaporous conversion
products are directed from a somewhat higher
point in the lower portion of the chamber
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through line 43 and valve 44 to fractionation In
fractionator 6.

The heavy residual oils supplied to heating coil
{0 are preferably heated to a high conversion
temperature in this zone, by means of heat sup-
plied from a suitable furnace {{, without allow-

ing the oil to remain within the heating coil for

a sufficient length of time to permit any sub-
stantial formation and deposition of coke in this
zone--and in the communicating lines. The
heated products are discharged from heating coil
I8 through line {2 and valve [3 into coking
chamber (4 wherein their non-vaporous com-
ponents are reduced to substantially dry coke.
The coke produced in chamber {4 is allowed
to accumulate within this zone until the chamber
is substantially filled or until its operation is

-completed for any other reason following which

the coke may be removed in any well known man-
ner (not shown) and the chamber prepared for
further operation. When desired, a plurality of
coking chambers may be employed, although only
one is illustrated in the drawing, in which case
the chambers preferably are alternately oper-
ated, cleaned and prepared for further operation
in order that the coking stage, in common with
the rest of the system, may be operated continu-
ously. Chamber:-{4 is provided with a suitable
drain-line 38, controlled by valve 3{, and this line
may also serve, when desired, as a means of
introducing steam, water or other suitable cool~
ing material into the chamber after its operation
is completed and after it has been isolated from
the rest of the system in order to hasten cooling
and facilitate cleaning of the chamber. Cham-
ber 14 is preferably operated at a slightly higher
superatmospheric pressure than that employed
in reaction chamber 35 by means of which the
vaporous  products withdrawn from the upper

portion of the coking chamber may be directed .
through line 32 and valve 33 into reaction cham-

ber 35 without the aid of a pump or compressor,
although it is entirely within the scope of the
invention, when desired, to operate chamber -i4
at any desired pressure down to substantially
atmospheric. and to employ. a pump or com-
piessor (not shown) in line 32.

The vaporous products from the coking cham-
ber supplied to reaction chamber 35, as described,
commingle in this zone with the other oils sup-
plied thereto and are subjected therewith to con-
tinuved conversion in the reaction chamber. This
method of operation also serves as a means of
separating from the vaporous products of the
coking operation any entrained heavy liquid
particles, such as tars and pitch-like material or
other undesirable heavy components of a high
coke-forming nature, which commingle in cham-
ber 85 with the residual liguid conversion prod-
ucts and are supplied therewith to further treat-
ment, in the manner previously described, in heat-
ing coil 19. . ’

The vaporous conversion products supplied, as
described, to fractionator 6 are subjected to frac-
tionation in this zone, either slone or together

with any charging stock supplied thereto, as

previously described, for the formation of reflux
condensate comprising the components of the
vaporous conversion products or the vaporous
conversion products and commingled charging
stock boiling above the range of the desired final
light distillate product of the process.
Fractionated vapors of the desired end boiling
point- are withdrawn from the upper portion of

the fractionator together, with uncondensable gas
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produced by the operation, and directed through
line 45 and valve 48 to condensation and cooling
in condenser 47. - The resulting distillate and un-
condensed gases pass through line 48 and valve
49 to collection and separation in receiver 50.
The gas may be released from the receiver
through line 51 and valve 52. Distillate may be
withdrawn from receiver 508 through line 53 and
valve 54 to storage or to any desired further treat-
ment. When desired, regulated quantities of the
distillate collected in receiver 56 may be recircu-
lated, by well known means (not shown) to the
upper portion of fractionator 6 to serve as a re-
fluxing and cooling medium in this zone for as-
sisting fractionation of the vapors and to main-
tain the desired vapor cutlet temperature there-~
from.,

The reflux condensate formed in fractionator
§ is separated by fractional distillation in this
zone into selected relatively low boiling and high
boiling fractions. The selected low boiling frac-
tions are withdrawn, either alone or together
with any corresponding charging stock or frac-
tion thereof supplied to the fractionator, from
one or g plurality of suitable intermediate points
in this zone, provision heing made, in the case
here illustrated, for removing the relatively low
boiling ¢il from the fractionator through line 62
by means of which it is directed through valve
83 to pump 64 and supplied therefrom through
line 65, valve 66 and line 17 to conversion, in the
manner previously described, in heating coil 18.

The relatively high boiling fractions of the re-
flux condensate are withdrawn from the lower
portion of the fractionator, either alone or to-
gether with any high boiling charging stock or
high boiling components thereof supplied to this
zone, and directed through line 5% and valve 58
to pump 57 by means of which this relatively
high boiling oil is fed through line 24 and valve
B8 and may be directed through valve 59 in this
line to conversion in heating coil 25 or may be
diverted therefrom through line 68 and valve
84 into line 27 to be directed therefrom into re-
action chamber 35 and subjected to conversion
therein.

The oils supplied to heating coil 25 are sub-
jected therein to the desired conversion tem-
perature, preferably at a substantial super-
atmospheric pressure, by means of heat supplied
from a furnace 26 of suitable form and the heat-
ed products are discharged through line 27 and
valve 28 into reaction chamber 38, preferably
being directed against the inner surface of the
walls of this zone by means of a suitable spreader
flange or spray arrangement such as indicated
at 28, whereby the heavy liquid components of
the heated oils contact the walls of the chamber
and pass rapidly downward thereover to its low-
er portion while the vaporous components com-
mingle with the other heated products supplied
to this zone and are subjected therewith to ap-
preciable continued conversion in the reaction
chamber.

The preferred range of operating conditions
which may be employed to accomplish the de-
sired results in an apparatus such as illustrated
and above described inay be approximately as
follows: The heating coil to which the relatively
high boiling refiux condensate is supplied, when
such a zone is utilized, may employ an outlet
conversion temperature ranging, for example,
from 825 to 950° F., preferably with a superat-
mospheric pressure at this point in the system
of from 100 to 500 pounds, or thereabouts, per

3

square inch. The reaction chamber is preferably
maintained at a substantial superatmospheric
pressure of the order of 100 to 500 pounds, or
thereabouts, per square inch, and a slightly
higher pressure than that employed in the reac-
tion chamber is preferred in the coking zone.
The pressures employed in the fractionating,
condensing and collecting portions of the system
may be substantially the same or lower than the
pressure employed in the reaction chamber. The
heating coil to which the low hoiling fractions
of the reflux condensate are supplied preferably
employs an outlet conversion temperature of
from 900 to 1050° F. and a superatmospheric
pressure substantially the same or higher than
that employed. in the reaction chamber is pre-
ferred at the outlet from this coil ranging, for
example, from 200 to 800 pounds, or more, per
square inch. The temperature employed at the
cutlet from the heating coil to which the heavy
residual liguid from the reaction chamber is sup-
plied may range, for example, from 800 to 1050°
F., the preferred range being from 900 to 1000°
F. The pressure employed at this point in the
system preferably is substantially the same or
somewhat higher than that employed in the
coking zone.

As a specific example of the operation of the
process as it may be accomplished in an appa-
ratus such as illustrated and above described:
The charging stock is an Fast Texas crude oil of
about 39° A. P. I. gravity containing approxi-
mately 329% of straight-run gasoline boiling up to
400° P, The charging stock is supplied to the
fractionator of the system from which materials
having an end-boiling point of approximately
385° F. are recovered as the overhead motor fuel
product while the higher boiling fractions of the
commingled charging stock and vaporous con-
version products are separated into materials boil-
ing above and below approximately 550° F. The
high boiling fractions of the charging stock and
reflux condensate are subjected in a heating coil
to an outlet conversion temperature of approxi-
mately 925° F. at a superatmospheric pressure of
about 200 pounds per square inch. Substantially
the same pressure is employed in the reaction
chamber to which these heated products are sup-
plied. The low: boiling fractions of the com-
mingled charging stock and reflux condensate are
subjected in a separate heating coil to an outlet
conversion temperature of approximately 950° F.
at a superatmospheric pressure of approximate-
ly 400 pounds per square inch, approximately
20% by volume of the heated products being in-
troduced. into the coking chamber and the re-
mainder supplied to the reaction chamber. Re-
sidual liquid from the reaction chamber is quick-
ly heated in another separate heating coil to an
outlet conversion temperature of approximately
950° P, and the resulting heated products are
introduced into alternately operated coking
chambers maintained at a superatmospheric
pressure of approximately 210 pounds per square
inch. Vaporous products from the coking zone
are introduced into the reaction chamber. 'This
operation will produce, per barrel of charging
stock, approximately 70% of good anti-knock
motor fuel (including the straight-run gasoline
recovered from the charging stock) and approxi-
mately 55 pounds of low volatile coke of uniform
quality and good structural strength, the re-
mainder being chargeable, principally, to uncon-
densable gas.

I claim as my invention:
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1.:In a process for the conversion of hydro-
carbon oils, wherein an oil of relatively high boil~
ing characteristics is subjected to conversion con-
ditions of cracking temperature and superatmos-
pheric pressure in & heating coll, the heated
products introduced into an enlarged reaction
chamber, alse maintained at a substantial super-
atmospheric pressure and at cracking tempera-
ture, whereinn vaporous and residual liquid con-
version products separate, the vapors subjected to
fractionation for the formation of reflux con-
densate which is separated into selected rela-
tively low boiling and high boiling fractions, the
latter returned to said heating coil for further
cracking, fractionated vapors of the desired end
boiling point subjected to condensation and the
resulting distillate recovered, the improvement
which comprises separately removing residual
liquid conversion -products from the reaction
chamber, heating the same to a high conversion
temperature under non-coking conditions in a
separate heating oil, introducing the resulting
heated products info an enlarged coking cham-
ber wherein their non-vaporous components are
reduced to coke, withdrawing vaporous products
from the ccking chamber and supplying the same
for further cracking to the reaction chamber, sub-
jecting said selected low boiling fractions ¢f the
reflux condensate to independently controlled
conversion conditions of cracking temperature
and superatmospheric pressure in another sepa-
rate heating coil, and introducing regulated quan-

tities of the resulting heated products into the

reaction chamber.

‘2. In a process for the conversion of hydro-
carbon oils wherein an oil of relatively low boil-
ing characteristics is subjected to conversion con-
ditions of cracking temperature and superatmos-
pheric pressure in a heating coil, the resulting
heated products introduced, at least in part, into
a reaction chamber also maintained at substan-
tial superatmospheric pressure and at cracking
temperature, wherein vaporous and residual liquid
conversion products are separated, the vapors
withdrawn from the reaction chamber and sub-
jected to fractionation for the formation of re-
flux condensate which is separated into selected
relatively low boiling and high beiling fractions,
said relatively low boiling fractions of the reflux
condensate returned to the heating coil for fur-
ther cracking, fractionated vapors of the desired
end boiling point subjected to condensation and
the resulting distillate recovered, the improve-
ment which comprises separately removing resid-
ual liquid conversion. products from the reaction
chamber, subjecting the same to a high con-
version temperature under non-coking conditions
in a separate heating coil, introducing the result~
ing heated products inio an enlarged coking
chamber wherein their non-vaporous components
are reduced to coke, withdrawing vaporous prod-
ucts from the coking chamber and introducing the
same into the reaction chamber wherein they
are subjected to continued cracking, subjecting
said high boiling fractions of the refiux con-
densate to independently  controlled conversion
conditions of cracking temperaiure and super-
atmospheric pressure iz another separate heat-
ing coil, and introducing the resulting heated
products into the reaction chamber. )

3. A hydrocarbon oil conversion process which

2,125,535

comprises fractionating cracked vapors to- form
relatively heavy and light reflux condensates,
passing resultant lighter reflux condensate
through a heating coil and heating the same
therein to cracking temperature under pressure,
discharging at least a portion of the heated
products from said coil into a reaction zone main-
tained under cracking conditions of temperature
and pressure, subjecting heavier reflux conden-
sate formed by said fractionation to independ-
ently controlled cracking conditions of temper-
ature and pressurs in a second heating coil and
introducing it to the reaction zone and subject-
ing the same to conversion therein, heating liquid

conversion products from the reaction zone to I

coking temperature and distilling the same to
coke in a coking zone, introducing vapors evolved
in the ccking zone into the reaction zone and sub-
jecting the same to conversion therein, remov-
ing vaporous conversion products from the reac-
tion zone and supplying the same to the frac-
tionating step as said cracked vapors, and finally
condensing the fractionated vapors.

4. A hydrocarbon oil conversion process which
comprises fractionating cracked vapors to form
relatively heavy and light reflux condensates,
heating such heavy and light refiux condensates
to cracking temperature under pressure in sepa-
rate heating coils, the lighter reflux condensate
being heated to higher temperature than the
heavier reflux condensate, discharging the heated
heavier reflux condensate into a reaction zone
maintained under cracking conditions of tem-
perature and pressure, heating liquid conversion
products from the reaction zone to coking tem-
perature and distilling the same to coke in a cok-
ing zone, introducing at least a portion of the
heated lighter reflux condensate into the coking
zone to assist the coking of said liquid products
therein, discharging ancther portion of the heat-
ed lighter reflux condensate into the reaction
zone, introducing vapors evolved in the cocking
zone into the reaction zone and subjecting the
same to conversion therein, removing vaporous
conversion products from the reaction zone and
supplying the same to the fractionating step as
said cracked vapors, and finally condensing the
fractionated vapors.

5. A hydrocarbon oil conversicn process which
comprises fractionating cracked vapors to form

relatively heavy and light- reflux condensates,

heating such heavy and light reflux condensates
to cracking temperature under pressure in seps-
rate heating coils, the lighter refilux condensate
being heated to higher temperature than the
heavier reflux condensate, discharging the heated
heavier reflux condensate into. a reaction zone
maintained under cracking conditions of tem-~
perature and pressure, heating liquid conversion
products from the reaction zone to coking tem-
perature and distilling the same to coke in a cok-
ing zone, introducing at least a porticn of the
heated lighter reflux condensate and vapors
evolved in the coking zone into the reaction zone
and subjecting the last-named vapors.to conver-
sion therein, removing vaporous conversion prod-
ucts from the reaction zone and supplying the
same to the fractionating step as said cracked
vapors, and finally condensing the fractionated
vapors. .
CHARLES H. ANGELL.
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