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The present invention relates to an improve-
ment in the art of converting heavy hydrocar-
bon oils into more useful products including
motor fuels. More particularly, the invention
relates to g novel combination of integrated
catalytic and non-catalytic hydrocarbon con-

carbon oil in g Practical manner,
Reduced crude petroleum and similar residual
oils from other Sources, e. g., oil shale; coal, lig~
nite, oilsang, represent a large part of the avail-
able hydrocarbon oil supply and much effort
has been given to improve the utilization of such
oils. Such oilg when brought to the proper vis-

In the other method the
oll is coked, i. e., thermally cracked to produce
gasoline angd gag oil and to leave a petroleum
coke. These methods, both of which are in
bresent use, produce low quality gas oil and gaso-
line which require extensive refining with high
losses. A better, although more costly, utiliza-

of one of the Presently used catalytic cracking

Processes, e. g., the Fluidized Catalytic Cracking
Process. humerous techniea] articles

to such oils,
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broduces a relatively clean charging stock and .
an asphaltic residue, The second method is to
vacuum flash the oil.  Thig method, also in cyr-
rent use, produces g relatively clean charging

stock and a heavy pitch which can be converted = |

into low grade fuel oil. The third method,
which, as far ag I am aware, is not used com-
mercially, is to subject the oil to a catalytic
decarbonization treatment, This method has
not been developed sufficiently, The fourth
method is to vaporize the oi] by contact with
a hot inert solid such as pebbles, sang, Pumice
or coke.  This method is being developed at
pPresent.

valuable by-products; these advantages may be
obtained without resort to the use of industrial
0xygen or hydrogen. ,

Broadly speaking, the Process of this invention
comprises an integration of “flashing,” “catalytic
cracking,” and an operation which is in itself a
composite of “contact flashing,” “hydrogenation”
and “decoking.” The feeds for these operations’
are in each case composites of the products of
each. More Specifically, the brocess of the inven-
tion eomprises the following steps:

1. Pumping the oj] to be converted to a preg-
sure of at least 300 p.s. i g.

2. Contacting saiq oil
2 hot mixture of gas

ture of unconverted and partially converteq lig-
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3 R
uid hydrocarbons containing suspended coke and
8 partially cooled vapor fraction. )

3. Releasing the pressure on sald liquid frac-
tion and fractionating the same at a pressure be-
low 100 p.s. 1. g.into a gasoline fraction, an inter-
mediate distillate fraction of unconverted and
partially converted oll, and a residue fraction of
unconverted and partially converted ofl contain-
ing the suspended coke.

4. Bubjecting said intermediate fraction to cat-
alytic cracking.

5. Practionating the product of said catalytic
cracking into a gasoline fraction, an intermediate
distillate fraction of unconverted and partially
. converted oil, and a residue fraction.

6. Commingling at least a part of the product
from sald catalytic cracking heavier than gaso-
line with the above said residue fraction of un-
converted and partially converted oil and ‘sus-
pended coke.

7. Pumping said 1ast-mentioned mixture to &
pressure of at least 300 p. s. 1. 8.

8. Heating said 1ast-mentioned mixture.

9. Compressing the gases from step 5.

10. Heating the gases from step 9.

11. Contacting said heated mixture from step
8 and said gas from step 10 with a fluidized mass
ofwkeatspreesureotatleastswp.s.i. g.
thereby to produce & hot vaporized product of
normal liquid hydrocarbon and gases con

coke, and to deposit coke in the fluid-
ived mass of coke. :

13. Withdrawing coke from the said fluidized
mass of coke. :

13. Contacting the total vaporous products of
step 11 including said suspended coke with the
fwdoﬁasspecmedlnstepz.

In a specific modification the coke withdrawn
in step 12 is calcined at & graphitizing tempera-
ture by partial combustion with air and the hot
combustion gases are indirectly heat exchanged
with the coke in step 11.

In another specific modification the coke with-
drawn in step 12 is combusted under pressure;
part of the hot combustion products is heat ex-
chmaedwiththehoteokeinstepllmdtbere—
mainder is utilized in & hot gas turbine.

Thoproeuswmbe!urtherducrlbedmdex-
plained with reference to the accompanying
drawings wherein a flow diagram of a typical op-
eration is illustrated. This flow diagram is
ghown in two parts which are given in Pigs. 1a
and Ib. Referring to the drawing Fig. Ia, the
for example, be flasher piteh,
enters via line {. A
small amount of coke or catalyst, to be later de-
to the feed from hopper
2. The feed is pumped to & pressure of at least
300 p. 8. i. £, e. §., 700 D. 8. i. g., by pump 3 and
is forced into the scrubbing tower 4. The pump-
ability of the feed may be insured by preheating
it or by adding a distiliate fraction (not shown).
In scrubber 4 the feed passes downward counter-
current to a vapor stream of gas and oil con-
taining suspended coke and in so doing it scrubs
out the suspended coke and a substantial part of
the less volatile constituents of the vapor stream
and becomes itself preheated. The vapors leav-
inzthescrubbervlannelarecooledlncoolerl
and passed to a separator 1 from which the un-
condensed gas is withdrawn overhead. This un-
condensed gas, after expanding somewhat, e. g.
to 300 p. 8. 1. g., is passed via line 8 to the absorber
3¢ (Fig. Ib). The liquid product from the scrub-
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to the fractionator §. The feed to frac-
tionator 9, it will be noted, consists of the origi-
nal feed plus gasoline, partially converted ofl,
heavy residual oil, and coke from & subsequent
operation to be described. This mixture is sepa-
rated in fractionator 9 into & gasoline plus gas
fraction which is withdrawn overhead and passed
to the absorber 38; also, a reflux condensate frac-
tlonwhlchiswithdmwnthrouzhddestﬂpw
10; also a residue fraction containing suspended
eokewhichuwithdrswnfromthebommmnno'
1{i. The reflux condensate fraction heavier than
gasoline -withdrawn through side stripper 10 is
an excellent feed stock for catalytic cracking and
is catalytically cracked in reactor 12. In the flow
{llustrated, the catalytic cracking feed ofl is in-
jected directly into the bottom of the catalytic
cracking reactor by a series of nozzles. While
this has distinct advantages over the conven-
tional method for introducing the {eed into the
catalytic cracking zone, it is to be understood
that the invention is not limited to this feature,
nor to the use of any type of catalytlc
cracking plant. The catalytic cracking operation
out with any one of the known

is passed

often advantageous in the
tion to include a small amount of iron oxide, e. 8.
0.5-1% in the catalyst.

In the system {llustrated, the spent cracking
catalyst from the reactor 12 is passed to an ele-
vutedhoppernvhnnculnsntreamotstrlp-
ping m.e.z.mmtoremovehuvydlﬂculw
volatilizable hydrocarbon materials, These
stripped products with the stripping gas pass via’
line 2§ to the fractionator 9. The heavy stripped
products are therefore combined with the bottom
product in line ti. The stripped catalyst passes.
to the regenerator 28 vis line 21, and afier re-
generation it is then returned to the

The vapors from the catalytic cracking reac-
tor pass via line 13 to a conventional fractionator
{4 (Fig. Ib) wherein separation is made between &

e plus gas fraction which is cooled and.
passed to a separator i§; also a gas oil fraction
which is withdrawn through the side stripper 1§;
also a residue fraction which is withdrawn from
the bottom. The gasoline fraction is passed via
Iine 11 to the absorber 38. The gas oil is prefer-’
ably combined with the residue fraction from,
fractionator 9, but some or all of it may be with-
drawn via line I8 if desired. The residus frac-
tion from fractionator 14 is preferably separated
in the conventional manner jnto & slurry oll con-
taining asmallamountotcstﬂystandscw
oil. Anydedredpmporﬂonorthisonmvb
combined with the residue fraction from frao- .
tiomwriormaybewlthdrawnvhnne 1

ber 4, as well as the condensate from separator 1, 75 or 2,
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The uncondensed gases from seperator I8 are
compressed to g pressure above 300p.s.i. g, e g.
700 p. s. i. g., and after bassing through g catch-
pot 21 they are preheated in furnace 22.

The residue fraction from- fractionator 8 con-
tains most of the original feed stock plus & con-
siderable amount of bartially converteq brod-
ucts and unconverted oi] from the other described
operations. It also contains suspendedq coke,
The coke is finely divided, e. g. bassing s 20 mesh
sieve. The amount of Suspended coke may vary
from a minimum of about 1 1b./bbl, up to the
maximum concentration affording g pumpable
Suspension. While concentrations near or at the
minimum may be used it is preferred to operate
- with concentrations toward the maximum end of
the applicable range. ' Thus, for €Xample, an
amount of coke in the order of 100 Ibs./bbl. is
recommended.

In preheater 22 the gases from the catalyst
cracking operation and the composite residual
material are preheated. The temperature of the
oil is raised to substantially the maximum tem-~
verature which can be employed with the particu-
lar oil in question without coking the preheater
tubes. This temperature is in the order of
850-950° . 'The maximum allowsble Preheat
temperature is increased by the presence of the
Suspended coke and may also be further inereased
by the presence of catalytic cracking gas intro-
duced via line 28. In general, however, it is pre-
ferred to preheat part of the catalytic cracking
gas separately to a higher temperature than the
oil. Thus, in the flow illustrated, part of the
compressed catalytic cracking gas is passed via
line 29 through Separate coils in the furnace,
The preheated mixture of coke, oil and gas under
bressure is then passed to vessel 30 which con-
tains a Auidized bed of coke particles. In vessel
30 a certain amount of the hydrogen from the
catalytic cracking gas is recombined with the oil,
The amount may be, for eéxample, in the order
of 100-200 cu. ft./bbl. This hydrogen uptake is

at the top via line 32 and
are passed into .the bottom of the scrubber 4 as

finely divided coke The amount of
coke recycled with this vapor may be controlled
by controlling the level of the fluidized bed in re-
actor 39. Thuys, as the level of the fluidized bed
is increased the carryover of coke is increased.
It is Necessary that the mass of fluidized coke in
reactor 30 be relatively large in order to prevent
agglomeration of the coke particles by the oil
i sufficient heat he
and gas to main-
free-flowing con-

supplied with the preheated feed
tain the fluidizeq coke in g dry,
lition,

The coke withdrawn from reactor 39 via line

H may be handled in one of several ways. One 78
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advantageous method is to bass the coke into g
lower vessel 33 wherein it is blown with air in-
troduced via line 34, The coke is maintained in

a graphitizing tempera-
ture in the order of 2500°F. A substantially pure, .
dry, graphitized coke suitable for use in the pro-
duction of electrodes may be broduced by this
method. The hot calcined coke is then passed
to a cooling chamber 358 and is finally withdrawn
via line 37.

In order to insure broper calcination of all of
the coke it is desirable to provide the calcination
vessel with one or more refractory grid plates
38; such plates, even if of quite open structure,
substantially decrease top-to-bottom mixing and
thereby insure g more uniform residence time in
the vessel,

This method of handling the coke is particu-
larly advantageous from two standpoints. In the
first place, g valuable i

heat exchanger 39, and then recycled back. to the
reactor via line 0. A part of the hot gases under
Dbressure may be passed via line 41 to act as a
i to effect the recycle of the coke,
The hot combustion gases from the calcination
vessel 33 are passed through the heat exchanger
to heat the recycled coke.

If it is not desired to produce graphitized coke
another advantageous variation is to operate the
the same pressure as
vessel 30. Part of the hot combustion gases can
be indirectly heat exchanged, as illustrated, and
the remaining hot gases can be utilized in g hot
gas turbine (not shown). In this case all of the
coke may bhe consumed. It will be seen that this
arrangement affords an exceptionally advan-
tageous application of the use of 3 hot gas turbine
with a solid fuel.

The process of the invention, it will be seen, is

a combination process in which catalytic cracking

DPlicity, a simple absorber 36 has been shown. The
absorber will normally be part of the catalytic
cracking plant. If the gases from the catalytic
cracking portion were bassed to the absorber in
the usual way, the capacity of the absorber would
not be sufficient

However, i
lustrated this additional absorber is dispensed
with by passing the catalytically cracked gases
directly to the breheater 22 without absorption
and passing the gases from the scrubber 4 to the
absorption system. This is possible in the case
illustrated because the high pressure in separator
21 serves to condense a substantia] part of the
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material which would normally be removed in the
absorption system.

The greatest problem overcome in the combinga-
tion process described is that of maintaining &
fluidized bed in the high pressure reactor 3.
Numerous attempts to operate such 8 fluidized
bed have failed due to the particles of coke ag-
glomerating into large masses. This dificulty is
overcome in the present method by maintaining
a large fluidized bed of coke so that the residence
time of the coke in the reactor is at least several
minutes. Other features of the described process
which cooperate in preventing dificulty due to
the agglomeration with coke particles are as fol-
lows:

1. Coke is cycled with. the feed oil through
the preheating coils. This allows a greater
amount of heat to be supplied with the oil with-
out coking the preheater tubes.

2. A portion of the catalytically cracked gas
may be preheated with the coil and coke in the
preheater tubes. This gas creates turbulence in
the tubes and increases the amount of heat
which may be supplied with the oil without cok-
ing the preheater tubes.

3. Part of the catalytically cracked gas may
be separately preheated to a higher tempera-
ture than the oil and coke mixture thereby fur-
ther increasing the amount of heat which may
be supplied to the reactor 30 with the feed
streams. This is possible since the heavier less
refractory hydrocarbons, such as butane and
pentane, are largely removed from the catalyt-
ically cracked gas through the substantial com-
pression and separation in vessel 2i.

4. Sensible heat in the combustion gases from
the calcination step may be used to supply ad-
ditional heat to the coke without changing the
pressure.

5. Such larger particles as may be produced
by agglomeration tend to collect at the bottom
of vessel 30 and are removed substantially as
soon as formed.

6. The preheated catalytically cracked gas is
introduced in part at a lower level in vessel t 1
than the mixture of oil and coke. Thus, in the
plant illustrated, the mixture of oil and coke
is to the reactor 30 via line 28, whereas
the catalytically cracked gas (or a part of it) is
introduced at lower points via lines 42 and 43.
This tends to hasten the vaporization of the
oil, to dry the coke particles beyond the point of
sticking, and to prevent sticking by conriderable
agitation.

I claim as my invention:

1. The process for the conversion of hydro-
carbon oils to lower boiling hydrocarbon oils
which comprises the steps of (1) pumping the
ofl to be converted to a pressure of at least 300
p.s. i g, (2 contacting sald oil under said pres-
sure with a hot mixture of normally gaseous and
normally liquid hydrocarbons and coke produced
as hereinafter specified thereby to obtain a par-
tially heated liquid fraction of & mixture of un-
converted and partially converted hydrocarbons
containing suspended coke and 2 partially
cooled vapor fraction, (3) releasing the pres-
gure on said liquid fraction and fractionating
the same al & pressure below 100 p. s. i. €. into &
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gasoline fraction, an intermediate distillate
fraction of unconverted and partially converted
oll and a residue fraction of unconverted and
partially converted oil containing the suspended
coke, (4) subjecting said intermediate fraction
to catalytic cracking, (5) separately fraction-
ating the product of said catalytic cracking into
a gaseous fraction, a gasoline fraction, an inter-
mediate distillate fraction of unconverted and
partially converted oil and a residue fraction,
(6) commingling at least a part of sald fraction
from the catalytic cracking heavier than gaso-
line with the above said residue fraction of un-
converted and partially converted oil and con-
taining suspended coke thereby to produce &
mixture of unconverted and partially converted
oil and suspended coke, (7) pumping said last-
mentioned mixture to a pressure of at least 300
p.s.1.g, (® heating said last-mentioned mixture,
(9) compressing said gaseous fraction from step 5
to at least 300 p. 8. 1. g, (10) heating said gaseous
fraction from step 9, (11) contacting said
heated mixture from step 8 and said gas of step
10 with a fluidized mass of coke at a pressure
of at least 300 p. 8. 1. &. thereby to produce & hot
vaporized product of normally liquid hydrocar-
bons and gases carrying suspended coke and to
deposit coke in the fluidized mass of coke, 12)
withdrawing coke from said fluidized mass of
coke, (13) contacting the total vaporous prod-
uct of step 11 including said suspended coke
with the feed oil as specified in step 2.

2. Process according to claim 1 in which the
coke withdrawn in step 12 is withdrawn to &
separate calcination zone operating at substan-
tially atmospheric presure in which the coke is
heated to a graphitizing temperature by partial
combustion with air, and the hot combustion
gases resulting therefrom are heat exchanged
with the coke in step 11.

3. Process according to claim 1 in which the
heating of the gaseous fraction in step 10 is
carried out in two portions, one portion being
commingled with the oil plus coke in step 8, and
the other portion being separately preheated to
2 higher temperature.

4. Process according to claim 1 in which the
catalytic cracking in step 4 is carried out with
a slliceous cracking catalyst containing between
05 and 1% of iron oxide (Fe203).

5. Process according to claim 1 in which the
coke is withdrawn in step 12 without substan-
tial reduction in pressure and the hot gases of
combustion are utilized in part to heat the coke
in step 11 and in part to produce energy.

GEORGE E. LIEDHOLM.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,222,682 Nash - cvcmoemmmenm Nov. 26, 1940
2,361,891 watson --ceo-—-e- Oct. 31, 1944
2,380,897 Murphree et al. - July 31, 1945
2,445,328 Keith coveemm=fvimem July 20, 1948
2,461,069 Marisic et al. - cmmme Feb. 8, 1949



