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PROCESS FOR THE CONVERSION OF HEAVY
HYDROCARBON OILS INTQ LOWER BONL-
ING POINT HYDROCARBON PRODUCTS

Ernest A. Gcon, New York, N, ¥, )
Application December 27, 1933, Serial No. 764,174
9 Claims. (CL 196--83)

The object of the present Invention is to pro-
vide an efficient and economical process and ap-

paratus for the production of low boiling point -

hydrocarbon products from heavy petroleum
olls and allied hydrocarbons such as liquefied
coal or asphalt, shale, etc. . _

A further object of my -invention is to pro-

vide a novel process and apparatus for the con- -

tinuous treatment of. recycling of heavy hydro-
carbons under substantially similar conditions
as those of the first cycle or run.

A characteristic of the process is the initial
subjection of the charging stock to heat above
the beiling point temperature of the least vol-
atlle constituent of the charging stock and prefer-

_ ably below its critical cracking point and pref-

erably in the presence of a hydrogenating
medium such as superheated steam, hydrogen
or hydrogenous gas, and under pressure, 50 as
to charige the physical character of the heavy
charging stock to a vapor-phase and then ‘sub-
Jecting the said hydrocarbon material, in the
presence of superheated steam, to rapid crack-

ing treatment by the subjection thereof to high- .

er heat, for example, from 1000 to 1500° F. and

for a period of time sufficient for sudden break-

Ing down of the high boiling point hydrocar-

".bons, ‘then subjecting the hydrocarbons imme-
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diately upon reaching or passing their crack-.

ing temperature to sudden expansion and to re-
duced heat, from 900 to 1100° F. and pref-
erably in the presence of catalytic material and
maintaining this condition for a time sufficient
to secure a desired hydrogenation and catalytic
cracking reaction. o

The vapors are then passed to a mixer tank
where they are preferably admixed with super-
heated steam and subjected to the action of &
desulfurizing agent, then are passed to an ex--

pansion tank ﬁwhere the light vapors are sep-
arated from the heavy residue and sulfur.emul-
sion and are fractionated. The condensed steam
refined gas oil and other condensates being
drawn off from the bottom of the bubble tower
and continuously sent back into the heatin

zone for similar processing as described. -

The invention will be desc¢ribed with reference
to the accompanying drawings, in which—

Pig. 1 is a schematic view in elevation of an
apparatus adapted for carrying the process into
effect. : :

Fig. 2 is an -enlarged schematic elevation
showing & modified form of kiln and coil place-
ment.. : ; ’
In the drawings, I have shown at | a kiln

- constructed of ususl heat insulation materinl

which is divided by wall 2 into two sections A,
B. ' The charging stock is passéd by pump 3 to
en Intermediate refiux and charge exchange
chamber & where it absorbs heat and is then 5
led to the primary preheater coil § within sec~
tion B of the kiln. :

In this specification, suitable dimensions are
given. for an apparatus of 1,000 barrels daily
capacity, and the primary preheater “cofl” may 10
comprise connected tubes having an aggregate
length of about 600 feet and of 31 inch in-
ternal diametér.

Within section A of the kiln is the primary
heating “element, as, for example, a burner 6, 156
and it is intended that coil 5 receive heat be-
low the critical cracking point temperature of
the charging stock, yet above ‘its boiling point,
such temperature varying with the character of

the charging stock being treated and the charg- g¢ o

ing stock having a general range of 300 to-700°
F. under pressure from 60 to 600 pounds per

- square inch, and generally substantially .bélow

100 pounds per squere inch. The heat, pres-
sure, and time of treatment in the traverse of 25 -
the charging stock through the primary pre-
heater cofl, is sufficient lo place the charging
stock jn condition for instant action by addi-
tional heat.treatment, it, for the most part, com~

-prising thoroughly mixed vapors, representing 30

the various fractions, and entrained unvaporized
particles. ‘The charging stock in its said con-
ditlon is discharged from the primary prehester. -
coll § into a_discharge pipe 1 leading to the
primary radiant coil or cracking coil 8. How- 3_5
ever, immediately prior to or after its discharge

- Into primary cracking coil 8, the charging stock

in vapor phase is subjected to a blast of steam
superbeated to a point preferably at least equal- £0
to the temperature of the hydrocarbons, the mix-
ture of superheated steam and hydrocarbon va-
por and any entrained liquid being admitted to
the lowermost of the tubes comprising the pri-
mary cracking cofl 8. - 48
~ The primary cracking “coil” 8 may comprise -
interconnected tubes having an aggregate length-
of about 300 feet with an internal diameter of
3% inches. : )

The temperature within section A of the kin gq
is above the critical cracking temperature of the
hydrocarbon vapors within the primary cracking
coil 8 and therefore the temperature may be
from 1400 to 2000° ¥., normally 1600 to 1700° F,
under the heretofore stated pressure range which 55
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generally may be 100 to 300 pounds per square
inch.

Some of the tubes of coil 8, preferably two at
the top or discharge end thereof are preferably

‘of catalytic material, and/or tubes which con-

tain catalytic material. I prefer that the said
two tubes be constructed of palladium-molybde-
num-chromium-nickel alloy or other recognized
catalytic alloy to accelerate cracking.

The cracking coil 8 is so proportioned and heat-
ed that the hydrocarbons are rapidly broken
down or cracked in the presence of superheated
steam, which is partly decomposed under the in-
fluence of the cracking reactions, causing what
appears to be carbon oxidation reactions from the
liberated oxygen and carkon released during the
cracking and absorption of some hydrogen by
the hydrocarbons in their re-formations. The
catalytic tubes accelerate the cracking reactions
and, in effect, the cracking reactions need not be
completed at the time the vapors are discharged
from the primary cracking ceil 8,

The cracked hydrocarbons are passed from pri-
mary cracking coil 8 to a primary hydrogenation
reaction coil 8 which may comprise connected
tubes having an aggregate length of 600 feet with
an internal diameter of 5% inches, and located at
the upper part of kiln connection section B.

When an apparatus such as iliustrated in the
drawings is employed, it will be desirable to shield

. the uppermost-tubes of the convection sections,
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as by superposed tubes communicating with and
forming a part of the primary and/or secondary
coils, which will be understood by those skilled in
the art.

It is desired that the primary hydrogenation
reaction coil be subjected to a temperature from
900 to.1200° F., normally 1050° F., and that the
tubes, at the discharge end of the coil, as, for ex-
ample, the four tubes shown in the drawings, be
constructed of catalytic material such as chro-
mium-nickel-iron, or contain & recognized hy-
drogenation catalytic material. Thus, in the pri-

mary hydrogensation reaction coll, the hydrocar--

bons, in the presence of catalytic material and
under reduced pressure and temperature, are per-
mitted to complete their reactions and reforma-
tions sufficiently to secure desired hydrogenation
and catalytic reactions.

The hydrocarbons are discharged from the pri-
mary reaction coil through pipe {0 to a mixing
tank {1 which may be 10 to 30 feet in length and
10 to 20 inches diameter. Within the mixing
tank may be disposed s suitable. desulfurizing
catalyzer indicated at 12, and steam may be led
to the mixing tank through pipe 13. The mixing
tank discharges into separator tank i4. In the

- mixing and expansion tanks further desulfurizing

60
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reactions may be effected in the presence of sult-
able desulfurizing chemical materials such as al-
coholic solution of lead, acetate or sodium plumb-
ite, or the catalyzer may be of tungsten-molyb-
denum-iron. ‘The function of the mixing and sep-
arator tanks is to remove the sulfur, incidental-
ly further final reactions of the hydrocarbons, and
to separate the heavy residues, the lighter vapors
being led through pipe {4z to a fractionating col-
umn such as bubble tower 15, the sulfur emul-
sions and heavy residues passing through pipe 16z
to sludge tank {6 and the condensed synthetic

~ crude oz, gas oil passing through pipe 17 for fur-

%

ther treatment as hereinafter explained.
Tc aid the separation of the light vapors and
facilitate clear-cut fractionation, fresh oil may be

sprayed into the upper part of the expansion tank
by passing the same through pipe 3z,

The gasoline and lighter fractions are led from .
the bubble tower through pipe 18 to condenser 3
and the condensate with any entrained gas is led 5
to separator tank 208 from which the gas may be

. discharged through pipe 2( to a suitable gas-

holder, or, directly to a gas conversion coil within

_the kiln, as later to be explained. The gasoline

may be led off from separator tank 20 by means 10
of pipe 22. Water may be drained from separa-
tor tank 20 by means of pipe 23 for re-use in the
system, if desired. The steam refining conden-
sate of the bubble tower may be lec. through pipe

24 to a hot supply tank 25 for recycling, tank 25 15
discharging into pipe 26 communicating with
pump 27 which forces oil through pipe 28 leading

to secondary preheater 29 within the kiln section

B. i

Means may be employed for revaporizing with~ 20
in the bubble tower.so as to act primarily upon
the heaviest condensates therein. For this pur-
pose, I have shown a steam inlet pipe 28z for su-
perheated steam which will be discharged up-
wardly near the base of the bubble tower, and 25
the steam may be superheated to a point where
it will serve to bring or reform some of the said
condensates up to the gasoline point. If desired,
all or part of the steam refined condensates may
be discharged from the base of the bubble tower 30
through pipe 30 leading to pump 3{ which will
pass condensates to a fuel oil container. A con-
denser 32 may be interposed between the confain-
er and the pump, if desired. Part of the con-
densate led from the hot supply tank may pass 38
to a pump 21z which will discharge upwardly
through pipe 33 into the intermediate reflux and
charge exchanger 4, and thence through pipe 34
back into the bubble tower where it will be sub-
jected to the action of the steam. All or part of 40
the steam refined condensates at the base of the
bubble tower may be by-passed from pipe 30 by
pipe 36 to the pipe line 28 leading to the sec-
ondary preheater coil 29.

The secondary preheater coll may receive a 45
charge from the following sources; (@) from the
hot supply tank; (b) from the heavy condensates
from the base of the bubble tower; (¢) fresh oil
from any desired source. The secondary pre-
heater coil thus is primarily intended for recy- 50
cling condensates remaining from the first cycle
above described. The secondary preheater coil
discharges into a secondary radiant coil or sec-
ondary cracking coil 38 within section A of the
kiln. The secondary preheater coil may consist of 55
connected tubes aggregating 600 feet with an in-
ternal diameter of 3% inches, and the cracking
coil 36 may comprise connected tubes aggregat-
ing 300 feet with an internal diameter of 3%
inches. 80

From the secondary cracking coil 36 the hydro-
carbons are passed to the secondary hydrogena-
tion reaction coil 37 in Section B which may com-
prise connected tubes aggregating 600 feet and of
51 inches internsal diameter, the uppermost tubes 65
of which are formed of catalytic material, being
similar to tubes 9 in construction, or contain
catalytic material. The action of the secondary
hydrogenation reaction coil is the same as that
heretofore described with regard to the primary 70
hydrogenation reaction coil. The secondary hy-
drogenation reaction coil discharges through pipe
38 into the mixing tank and thus meets therein
the vapors from the primary hydrogenation re-
action coil 9. 75
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The steam employed in the process may ba
superheated by a cofl of sultable length and in-
ternal diameter within kiln | and indicated at
39. Adjacent the steam heated coll is g metal

alloy gas-conversion coil 40 of sufficient length to-
insure fixing of the gas as it passes through the

coll and is discharged through pipe 81 to & suit-
able gas holder (not shown). :

To avold carbonization of the preheater cofls,
steam may be led from pipe 41 o & branch pipe
§iz communiceting with the pipe 28 near that

- end thereof discharging into the secondary pre-
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heater coll, the steam also passing through g
branch pipe 41zz communicating with the charg-
ing stock supply pipe 3z leading to the primary
preheater coil 8. The steam appesrs to form @
thin film of black iron oxide on the walls of the
tubes preventing the deposit of carbon.

In the prdcess, the cherging stock prior to its-

passage into the primary cracking coil § has been
brought to a temperature approzimating, while
generally yet below, eracking temperature, and

‘the cracking is iimmediately instituted within the

primeary cracking coil and proceeds to the point
where the action of catalytic material may be had
with greatest efficiency, the vapors being im-
medizately discharged into & hydrogenation re-
actlon coil where they are expanded and some-
what reduced in temperature and caused to fol-
low-a lengthy path with unchanged conditions as
to heat until the polnt is reached where the hy-
drogenatiocn and cracking reactions are substan-
tially compieted and desuifurization end separa-
tion may properly take vlace, the heavier con-
densales being carried back imto separate pre-
heating, cracking and reaction coils in the same

-heating zones as the initlal and primary corre-

sponding elements. If desired, a proportion of
fresh oll may be carried with the heavy con-
densates into the recycling elements, as, for ex-
smple, by a controlled branch pipe 32z leading
from charging stock pipe 3z to secondary charg-
ing pipe 29.

The increase of low boiling point motor fuel in
this process in contrast with previously employed
cracking methods does not affect the required
end point of the fuel, and the finished product
requires no further treatment. The high anti-
knock characteristic of the motor fuel is the re-
sult of the hydrogenation and eatalytic resctions
of the process itself, and the value of tne product
for blending is similar to benzol.

The condensed steam refined heavier fractions
condensed during the first run of the process is
fuel oil of Diesel oll type which has distinctive
characteristics of its own. It is not heavy and

‘sticky, is of low viscosity, has more B. t. u. value

per gallon, above 10 Baumié, and can be used di-
rectly as a fuel without further treatment and
can, of course,-be altered to suit a specification
required by a user of a particular grade. - ,

. Petroleum oills when subjected to high tem-

" perature with absence of substantial pressure,

follow the gas laws and the amount of cracking

depends upon the time the oil is subjected to-

heat. The yield of gasoline and gas depends on

- the time the ofl is subjected to the cracking tem-

.. perature and to the pressure appied.

70

7%

In my
process, the elements time, heat and pressure are
regulated and-controlled as to avoid over-reac-
tions and these:elements may be varied inde-
pendently one 'from the other to produce--the

-greatest percentage of the desired products. Hy-

drogen or hydrogen-containing gases may be in-

3

Jected into the preheater or crecking coils, or
efther, if desired. : ' .

To preduce fuel ofl, a portion or all of the
steam refined hydrocarbon oil is drawn off at
the bottom of the fractionating tower and its B
gravity controlled by means of superheated steam
and oil reflux led into the tower.

In Fig. 2 of the drawings, I have shown & modi-
fication of the apparatus in that the primary
preheater and reaction colls are in & zone sep-
arate from the zone in which the secondary
preheater and reaction coils are located. How-
ever, the operation and effect of the arrange-
ment is the same as that shown in the preced-
Ing figure and hence the same numerals are em- 15
ployed to designate the elements shown in Fig.

2. In Flg. 2, the kiln is constructed with primary
and secondary heating zones C, Cz, which are
separated by a wall 2z, the primary preheater
and reaction coils belng located, respectively in 20
sald zones C, Cz. Outdraft may be provided at
or toward the base of each zone, as indicated by
the dotted lnes a, Figs. 1 and 2. :

_ Should, after a long period of {ime, the cata-
Iytic tubes of the coil of elther section become 25
inactlve or of reduced inactivity, heat may be
discontinued in the corresponding zone and the
flow through the coils of the zone likewise dis-
continued, for reactivaion or replacement of
sald catalytic tubes or other changes within the 30
zone, while the operations within the second
zone msay continue unaffected. - Also, should it be
desired to employ zone Cx for the primary pur-
pose of producing fixed gas, the heat therein may

be increased to the desired point without afect- 35
ing the thermal condition of zone C. A further
advantage Is that the thermal effects of the two
zones may be varied as desired in the action upon
the hydrocarbon material for specifically desired
effects. " Also, by controlling valves V and Vz 40
located, for exemple, one in the primary discharge
Mpe and the second in the secondary discharge

. lne, the pressures within the tubes of the pri-
‘mary and secondary elements may be varied to

correspondingly vary the treatment of the hy-
drocerbons passed through said tubes.

An additional and important advantage of the
structure shown in Fig. 2, is that it enables the
operation of my process as adapted for the pro-
duction of saturated and unsaturated hydrocar-
bons of low bolling point from a given charging
stock or different charging stocks suitable, as to
thelr cracked products, for blending.

It is mow recognized that pressure largely con-
trols the. production of saturated hydrocarbon
cracked products, as shown by the fact that un-
der low or moderaie pressure, as in vapor-
phase cracking, the relative proportion of un-
saturates, as compared with high pressure crack-
ing operation, is substantially increased., It is go
generally desirable to blend a saturdted motor
fuel product with s motor fuel of high unsat-
urated content in order to secure an. snti-knock™

45

60

-characteristic by the blend, and for other rea-

sons recognized in the art. Thus, by running a 85
charging stock through the coils of the heating
chambers C, Cx of Fig. 2, or through the two inde-
pendent series of coils of chambers A and B of
Fig. 1, under substantially different conditions
of pressure, the product from one coil series may g
be Iargely saturated by heat reactions under the .
Influence of high pressure, whilst the cracked
vapors from the second coil series will be of high
unsaturated characteristic. Inasmuch as the

 blending - is effected under ideal conditions, 75
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through the mixing of the vapors and the con-
densation of the mixed vapors into a stable blend
not only may the desired blend be obtained most
economically, but efficiency and stability of the
biend will be obtained.

Features of my process and apparatus, com-
pared with standard cracking methods are as
follows:

(a) Hydrogenation and catalytic cracking
without formation of carbon.

(b) High yleld of gasoline 70 to 85% of (70-30)
octane number.

(¢) Large copeacity and yield in proportion to
size and cost of the unit.

(d) Createst absorption of heat with less con-
sumption of fuel in proportion to capacity end
yield.

(e) Less cost of maintenance, labor and pro-
wuction.

(/) Plexibility to control the percentage of a

ziven product such as gaseline, fuel ofl or fixed
ﬂ‘umlnatimg oil gas.
m}tlmugh in the descﬂpticn Qf my process and
woperatus, I stated that thie vapors of the hydro-
zengtion aﬂ.l catalytic cracking colls of the two
sections discherge simulteneously and are mixed
the "'1:1 Pv container, if desired, I can use &

Tate I z for each section of coils.

It isto be 1*1&@?’51300& that the apparatus shown
in the drawings is schematic and may be substan-
tially modifed without deviating from the scope
of my invention,

’;’he gas couvemion coil, disposed in the upper-

uec'i;mn Cz in Fig. 2, may be used
lementary steam superheater when the
umu is *1 :' ily opersted fof the production of
motor fuel

15 is to he understood that the tubes may be
disposed horizontsily, vertically or spirally, and
that their size as well as the tanis, ete., will de-
pend on the capsecity of the unit,

Tw:w' ng described my invenfion, what I claim

& desire to secure by Lefters Patent, is as
fCHOWSi——- '

1. In the conversion of high boiling peint hy-
drocarbons into lower bolling point products
which comprises pessing & stresm of high boil-
ing peint hydrocarbons substentially in the vapor
phase and under superatmospheric pressure
through a primsry conversion coll in less than
thirty seconds, repidly heating the vepors to
above thelr critical vapor phase cracking temi-
persgiure by hest conduction through the coil to
the vapors and by injection of steam superheat-

Gy o
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§34
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5 ed to above the temperature of the vapors at the

point of injection of the steam, expanding the
stream of vapors from the nprimary coil info a
lower pressure zone in which heaf is conducted
tc the vapors but in ‘less degree then in the
primary coil, so as to maintain & temperature of
between 200 and 1200° F., and malntalning the
vapors-in the lower pressure zone for & period of
time longer than they were mainsained in the
nrimeary conversion zone,

2. In the conversion of hesvy hydrocarbon. oils
containing suifur compounds into refined valu-
able hydrocarbom products, & dual iwo-stage
treatment which comprises subjecting the initial
material to vaporization, subjecting the substan-
tially vaporized maeaterial under pressure to
vapor-phase substantial conversion, subjecting
the products of conversion to successive desul-
furizing and fractionation to obtein a purified
condensate recycle stock comprising the heavier
fractions resulting from said treatment, then

2,052,148

separately subjecting sald recycle stock in the
presence of steam to vapor phase conversion, and
to common desulfurizing and fractionation with
the vapors of the initial two-stage treatment.

3. In the conversion of high boiling point hy-
drocarbons into lower boiling products, a dual
two-stage conversion process which comprises
subjecting & charging stock of the high boiling
point hydrocarbons substantially in the vapor
phase to a rapid vapor phase cracking treatment
under superatmospheric pressure within - the
range of 100 to 600 pounds per square inch in
the presence of superheajed hydrogenous gas,
passing the vepors from the vapor phase crack-

10

ing ¢reatment through a hydrogenating zone 15

maintained under low pressure and with heat
inpus of less smount than in the preceding treat-
ment but with longer reaction itlme, subjecting
the products of the hydrogenaticn to fractiona~
tion, then subjecting & refluz condensate to the
same steps of cracking and hydrogensation in a
sepavate stream &nd separately controlled, and
subjecting the vapor products of this latfer
treatment to common fractionation with the
products of the hydrogenation 6f the initial ma~
terial to produce & valuable blended anti-det-
onating motor fuel.

4, A process in accordance with claim 1, in
which the cracked charging stock vapor mixture
within the lower pressure zone is subjected under
expansion and reduced applied heat to the action
of a metal catalysi of the hydrogenstion type,
and the reflux condeasate is mixed with the
charging stock, and subjecting the mizture to va-
porization and two-stage cracking and hydm-
genation reactions as described.

5. A process in accordance with cleim 1, in
which hydrogen is pessed into the primery con-
version coil simultaneously with the steam.

6. In the conversion of heavy hydrocarbon oils
containing sulfur compounds into refined vaiu-
aple hydrocarbon products, & dual two-stage and
cracked vapor blending process which comprises

20

25

[}
<

40

the subjection of a plurality of streams of liquid.

oil charging stocks separately to a progressive
heat action in separate heating coils to raise the
temperature of the stock to zbove the boiling
point of the least volatile constituent and prefer-
ably below its cracking tempersaiure and thereby
effecting substantial vaporization thereof, sub-
jecting the plurality of streams of substantially
vapor phase charging stock separaiely, each to &
primary stage of rapid cracking action and under
superstmospheric pressure, malntaining the
vapor in said condition for a short period of time,
the pressure of one stream heing varied substan-
tially from the pressure at which the other stream
is subjected, and within the range of 100 to 60C
pounds per square inch, the primary stage of
rapid cracking action being effected by the si-
multaneous absorption of heat applied externally
to the colls and by the injection into the cil vapor

.of steam superheated to a temperature substan-

tially above the temperature of the oil vapor at
the point of injection, passing the plurality of
streams of oll-steam cracked mixture, each inte
its respective hydrogenation reaction zone under

55

153

reduced pressure and heat, the temperature being

from 900 to 1260° ¥\, and the period of time that
the substantially cracked mixture is subjected to
the reduced heat snd pressure within the hy-
drogenation reaction zones being greater than
that of within the primary stages of rapid crack-

70

ing and less than one minute, and blending the
75

products of such treatments.
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7. & process in accordance with claim 6, in -

which the highly saturated and highly unsatu-

‘rated cracked oil vapors leaving the lower pres-

sure zone are blended under expansion, and dur-
ing the blending process are subjected to the ac-
tion of a desulfurizing agent selected from mate-
rials such as alcoholic solution of lead acetate and
sodium plumbite, allowing the vapors to separate
from any residue and entrained liquid, subjecting
the vapors to fractionation, and during fraction-
ation allowing the heavier hydrocarbon vapors to
separate from the lighter vapors and condense,
mixing said purified heavier condensate with the
oil charging stock subjected in the cracking ac-
tion to the lesser pressure and subjecting the mix-
ture to vaporization and two-stages of cracking
ahd hydrogenation and blending as described.

8. A process in accordance with claim 3, in

5

which the time and pressure of cracking and hy-

drogenation reactions to which one of the plu-
rality of streams of oil charging stock is sub-
jected is greater than the time and pressure of
cracking and hydrogenation reactions at which
the other stream is subjected to secure highly
saturated cracked oil vapors and highly unsatu-
rated cracked oil vapors that by blending and
fractionating will resuit in the production of a
stable, homogeneous gnd highly anti-knock con-

‘densate of motor fuel type.

9. A process in accordance with claim 1, in
which the oil-steam mixture within the lower
pressure zone is subjected under expansion and

reduced applied heat to the action of 2 metal 15

catalyst of the hydrogenation type.
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