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This invention relates to a process for the pro-
duction of high-boiling hydrocarbon compounds,
more particularly for the production of lubricat-
ing oils, and includes correlated improvements

5 and discoveries whereby the operation of such
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process is enhanced.

It is an object of the invention to provide a
process whereby lubricating oils may be pro-
duced from materials of little value, and hence
to provide a process of economical import.

Another object of the invention is to provide
a process for the production of lubricating oils
of high quality and with the attending formation
of only a small amount of other and lighter
hydrocarbon madterial.

A further object of the inventlon is to provide

a process in accordance with which various resid-
ua arising in the oil industry are thermally de-
composed with the production of lubricating oil.

Furthermore, the invention is capable of ready
commercial application and may well be adapted
to operation in g continuous manner.

Other objects of the invention will in part be
obvious and will in part appear hereinafter.

The invention accordingly comprises the sev-
eral steps and the relation and order of oneormore
of such steps with respect to each of the others
thereof, which will be exemplified in the process
hereinafter disclosed, and the scope of the appli-
cation of which will be indicated in the claims.

For a fuller understanding of the nature ahd

objects of the invention reference should be had

to the following detailed description taken in.
connection with the accompanying drawing, in
which the figure shows diagrammatically an ar-
rangement in accordance with which the inven-
tion may be practiced. - '

It is well known that heretofore hydrocarbon
material has been thermally decomposed for the
purpose of obtaining light products, as gasoline
and kerosene. In the operation of these proc-
esses, pressures above atmospheric and high tem-
peratures are employed.

In the practice of the process according to this
invention, the hydrocarbon material is thermally
decomposed by subjecting to a high temperature
and at a reduced pressure.
terials which may be utilized are those which con-
tain substantially no material volatile at a tem-
perature lower than 680 degrees F. at atmospheric
pressure. The high temperature and reduced
pressure are maintained upon the body of hydro-
carbon material until the thermal decomposition
is completed. The products arising within the
thermal decomposition zone are removed immedi-
ately therefrom in order to prevent secondary re-
actions with a tendency to break down the com-

pounds of high boiling point which are desired.

in accordance with the invention for incorpora-
tion in lubricating oil, and cooled below the tem-

The hydrocarbon ma- -

1929, Serial Neo. 333,418
(CL 196—77)

perature of thermal decomposition. That which
remains may be run from the operation while in
a molten condition or the operation may he car-
ried to an extent where a coke is formed.

The hydrocarbon materials which may be used
for charging are various fopped residua, resulting
from commercial distillation operations upon pe-
troleum, of which mention may be made of residua
from cracking operations, from vacuum distilla-
tions, from the distillation of shale oil, from oil
shale and na.turally occurring residua, as the
asphalts.

These residues, or starting hydrocarbon mate-
rials, with the probable exception of the residua
from vacuum distillations, may contain com-
pounds which are volatile and will distill at the

high temperature and reduced pressure employed -

in this process. However, they yield very little,
if any, distillate when heated to 680 degrees F. at
atmospheric pressure, and are satisfactory start-
ing materials . for the thermal  decomposition
which results in the obtainment of lubricating
oils.

The temperature whlch may be advantageously
used is at least as high as 700 degrees F., and

the pressure is maintained between 700 mm1. and

1 mm. of mercury. Particularly advantageous re-
sults are obtained when operating at pressures
below 300 mm. absolute, and more specifically
at a pressure of about 30 mm. absolute.

In the carrying out of the process, it may be
operated, for example, as a batch process. When
it is so operated, the hydrocarbon material which
may be a naphthenic basereducedcrude,ischarged
into a suitable still and thermally. decomposed by
heating to a high temperature, as above 700 de-
grees F. The material which distills over, while
bringing the hydrocarbon material up to the
thermal decomposition temperature, is collected
separately. 'The material is then held at the high
temperature and under the reduced pressure for
the period of thermal decomposition, with im-

- mediate removal of the volatile products from the

thermal decomposition zone and cooling thereof
to a lower temperature. The period during which
the temperature and- pressure conditions are
maintained may be determined either from the
standpoint of the yield desired, or until any prod-
uct ceases to be formed under those conditions.
The whole system—stlll condenser ‘ete.~—are held
under the reduced pressure conditions, and when
the operation is completed the residue is re-
moved, either in a molten condition or as coke.

Anarrangement of apparatus in which the proc-
.ess may be practiced is shown in the figure and
consists of a still 1 having rising therefrom col-
umn 7, both the column and the still being pro-
vided with temperature indicators 18, which may
be thermocouples (pyods), with the leads going
to nulhvoltmeters 20. Passing from the bottom
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of the still is a pipe 2, which leads through a
heating coil 21.to a pump 3, by means of which
the material undergoing treatment may be caused
to circulate and return to the still through a pipe
5 as indicated by arrows marked A. The pipe
2 is also connected with a pipe 4, which may be
utilized for removing the contents of the still in
a molten or fluid condition through a pump 22
to a tank 23. Near the upper portion of the still
there is positioned a screen 6 to break up foam
and prevent its passage to the column. To in-
crease the contact between the rising vapors and
the descending liquid in the column, for the pur-
pose of scrubbing out entrained heavy material,
there is placed therein a packing 8, giving large
surface, such as a ring packing. From the col-
umn the vapors pass through a condenser 8,
which may be either air or water cooled; thence
into a first receiver 10, and thence through a
pump 11 into a second or storage receiver 13 as
indicated by arrows marked L. Between the two
receivers is & valve 19 (which designation is also
used with respect to other valves placed about
the system) in order that the collected material
in the second receiver may be drawn off without
disturbing the conditions of vacuum under which
the system is operating. The receiver 10 is pro-
vided with a valved outlet 12, which connects with
& vacuum pump 16 having connected therebe-
tween a pressure gauge 14 and a vacuum regula-
tor 15. The feed may be from a reservoir 24 by
gravity through a pipe 25 to pipe 2 as indicated
by the arrow marked R. The construction of
the system throughout is to be with full considera-
tion of the pressure and temperature conditions
attending the operation.

As illustrative examples of a manner in which
the invention may be carried into practice, the
following are given:

Example I

796 parts of a Kansas naphthenic base reduced
crude obtained by previously topping by flash
at 680 degrees F. with steam in vacuum were

‘placed in a still, and the temperature raised to

about 700 degrees F. as rapidly as practicable.
The log of this run is as follows:

1,990,664

After treatment, the product had a viscosity of
442 seconds Universal Saybolt at 100 degrees F.
or a viscosity of a superheavy motor oifl. The
specific gravity at 60 degrees F. was 0.9113.

Example 1T

775 parts of a coastal reduced crude were
charged into a still and the temperature gradu-
ally raised to a point above 700 degrees F. and
under a reduced pressure of 235 mm. mercury

absolute. The log of this run is as follows:
Absolute
. Still temp. | Barometer | Vacuum
Time p. m. °F. mm. Hg | mm. Hg ms%r;
703 737 502 235
750 737 491 | oo
750 737 504 233
755 737 3 & 21 S ——
741 737 504 233
750 737 500 237

As a result of subjecting this reduced crude to
a temperature of 750 degrees F. and under a re-
duced pressure of 235 mm. mercury absolute,
there was obtained 442 parts of a crude lubri-
cating oil distillate. This represents about 5T%
of the original charge. There was no distillate
obtained during the period of raising the tem-
perature to 700 degrees F. The charging ma-
terial accordingly yielded a product only by ther-
mal decomposition. 'The viscosity of the product
prior to treatment was 92 seconds Universal Say-
bolt at 100 degrees F.

Example 111

614 parts of a California naphthenic base re-
duced crude obtained by topping under vacuum
at a high temperature, but below cracking tem-
perature and with steam were charged into a
still. The log of this run is as follows:

Stilltem- | g Absolute
arometer | Vacuum

Time p. m. pega%um mm. Hg | mm. Hg 1pn1mum.Hr§
605 741 731 10
750 741 731 10
752 741 731 10
755 741 731 10
750 741 . 731 10
753 741 731 10
746 741 731 10
750 741 731 10

The first drop was obtained at a temperature
of 695 degrees F. and up to the time that the
temperature became constant at 750 degrees F.,
19 parts or 2.4% of the charge had distilled over,
this being due to increase in temperature rather
than to thermal decomposition. During the time
that the temperature and pressure remained
practically constant, namely, at 750 degrees F.
and 10 mm. mercury absolute, there was ob-
tained 223 parts of a crude lubricating oil prod-
uct, representing about 28% of the charge. The
crude lubricating oil which was the product of
thermal decomposition at constant temperature
and pressure had a viscosity of 271 seconds Uni-
versal Saybolt at 100 degrees F. It had good
color, contained substantially no wax and was

-treated with sulphuric acid in the usual way,

: Absolute
Time 8till Barometer | Vacuum

° pressure

a.m. F. mm. Hg mm. Hg mm, Hg
H 774 740 700 40
: 774 740 701 39
: T4 740 701 39
11:50. 774 740 701 39
12:58p.m...-. 775 740 696 44

As a result of the thermal decomposition at a
practically constant temperature of 774 degrees
F. and a practically constant pressure of about
39 mm. mercury absolute, there was obtained
298 parts of a crude lubricating ofl distillate
which represents about 47% of the charging
stock. The crude lubricating oil was heavy and
of good color. The viscosity was 1222 seconds
Universal Saybolt at 100 degrees F. and 75 sec-
onds Universal Saybolt at 210 degrees F. The
crude stock was treated with sulphuric acid in
the usual way and there was obtained a lubri-
cating oil having good color, no odor and a vis-
cosity of about 105 seconds Universal Saybolt at
210 degrees F. The specific gravity at 60 de-
grees F. was 0.9343. This oil therefore was an
extra heavy lubricating oil.

As hereinbefore mentioned, one way in which
the process may be carried out is in accordance
with a batch method. However, the process is
not so limited inasmuch as it may also be carried
out as a continuous process. When operating in
a continuous manner the residuum or reduced
crude is heated in a system of tubes to the tem-
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perature of thermal decomposition.. The re-

- siduum so heated may then pass into an evacu-

ated chamber in which it is allowed to remain
for g suitable length of time to accomplish the
separation of heavy volatile products of decom-
position from the undecomposed material. The
material which is undecomposed may be recircu-
Iated through the heating tubes at the same tem-
perature as that used for the heating of the
original stock. Further, a small amount of the
undecomposed material may be taken from the
evacuated chamber as a process residue, and a
small amount of fresh charging stock may be
admitted to the recirculating stream before this

stream enters the heating coils and after 1t leaves

the evacuated chamber.

The process further may be practiced in the
manner above described for continuous opera-
tion, with the exception that there is no recir-
culation of undecomposed material. In accord-
ance with this mode of procedure, the original
stock is continuously fed to the heating coils and

the undecomposed material is continuously re-

moved from the évacuated chamber., *

Furthermore, the process may be practiced in
accordance with either of the two above contin-
uous methods with an additional processing which
consists in charging the residue from the con-
tinuous process into an auxiliary coking still. In
this still the residue is thermally decomposed
under the tempsrature and pressure conditions
hereinbefore outlined and the processing is con-
tinued until the residue is a coke.

In this process for the production of lubricat-
ing oils by thermal decomposition of residuums
under practically constant conditions  of high
temperature and reduced pressure, the products
rising from the thermal decomposition are rap-
idly removed from the zone of thermal decom-
position and cooled below such temperature.
The removal of the products may be aided
through the use of steam or inert gases, whereby
heavier products may be removed from the zone
of decomposition without an increase in temper-
ature.

Furthermore, with the charging stock there
may be admixed various alkaline agents such as
lime, caustic soda and caustic potash. These
materials being introduced into the still along

with the charging stock, subject the stock and

the resulting products to a chemical treatment
which facilitates the subsequent treatment of
the distillate obtained.

In accordance with -our process, there have
been obtained yields of from 30% to 60% of un-
treated lubricating oil stocks. Economic value
of the process has already been alluded to, inas-
much as the raw material used, for example,
topped residues from atmospheric petroleum dis-
tillations and also from vacuum distillations and
the residues from commercial -cracking processes
is practically of no value. It is sometimes sold
as a heavy fuel oil and is sometimes burnt under
the stills in the plant and in general may be
considered a waste product. 'The residues used
do not yield any material amount of a distillate
when heated at 680 degrees F'. and at atmospheric
pressure. When these.residues are heated un-
der vacuum at 680 degrees F., they will yield a

- distillate, but there will remain a material vary-

ing between 10% and 50% which cannot be dis-

tilled under the highest vacuum at a temperature

of 680 degrees F. It is such a residue which is
contemplated as the charging stock for this proc-
ess, and accordingly the process makes possible a

substantial yield of lubricating stock by thermal
decomposition from materials which, by methods
heretofore used, would not yield any lubnca.tmg
stock.

Certain heavy hydrocarbons have heretofore
been broken down into lighter weight hydrocar-
bons by using great pressures and high tem-
peratures. It has not been considered possible
to do this without high pressures and those hy-

drocarbons which did not break down under high.

pressures have been in many instances thrown
away. The present invention permits the break-
ing down of heavy hydrocarbons under reduced,
i. e, sub-atmospheric pressures, including cer-
tain hydrocarbons which may not be broken

3
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15

down by the old high-pressure methods. 'The

term “heavy hydrocarbon” used in this specifi-
cation and in the claims refers to those which are
susceptible to the low-pressure method and in-
cludes:

I. Reduced or topped crude 011 (fuel oil) which
may have as constituents wax dxstﬂlate, cylinder
stocks and tar;

II. Any residues that may  arise in regular
processing operations .and” which are heavier
than those mentioned in I; ‘

IH. Cracked fuel oils or residues; and

"IV. Natural tars or asphalts which are mined
or residues prepared from these.

Since certain changes may be made in carrying

out the above process without departing from
the scope of the invention, it is intended that all
matter contained in-the above description shall
be interpreted as illustrative and not in a limiting
sense. :

It is also to be understood that the following
claims are intended to cover all of the- generic
and specific features of the invention herein de-
scribed, and all statements of the scope of the in-
vention which as a matter of language might be
said to fall therebetween.

Having described our invention, Wha.t we claim
as new and desire to secure by Letters Patent, is:

1. A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material at a high tempera-~
ture and under pressure less than atmospheric,

~and maintaining such temperature and pressure

during a period of thermal decomposition.

2. A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material at a high tempera-
ture and at a pressure less than 600 mm. absolute,

and maintaining such temperature and pressure
" during a period of thermal decomposition.

3. A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material at a high tempera-
ture and a pressure of about 30 mm. absolute.

4, A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material at a temperature
above 700 degrees F'. and under pressure less than
atmospheric, and maintaining such temperature
and pressure during a period-of thermal decomi-
position.

5. A process for the productlon of Jubricating
oils, which comprises thermally decomposing &
heavy hydrccarbon material at a temperature
above 700 degrees F. and at a pressure less than
600 mm. absolute, and maintaining such temper-
ature and pressure during a period of thermal
decomposition.

6. A process for the production of lubricating
oils, which comprises thermally decomposing &
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heavy hydrocarbon material at a high tempera-
ture and under pressure less than atmospheric,
and maintaining such temperature and pressure
during a period of thermal decomposition, and
rapidly removing and cooling volatile decompo-
sition products below the temperature of decom-
position.

7. A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material at a high tempera-
ture and under pressure less than atmospheric,
and maintaining such temperature and pressure
during a period of thermal decomposition, circu-
lating the hydrocarbon material through the
thermal decomposition zone, and rapidly remov-
ing and cooling volatile decomposition products
below the temperature of thermal decomposition.

8. A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material at a temperature
above 700 degrees F. and under pressure less than
atmospheric, and maintaining such temperature
and pressure during a period of thermal decompo-
sition, circulating the hydrocarbon maferial
through the thermal decomposition zone, and
rapidly removing and cooling volatile decomposi~
tion products below the temperature of thermal
decomposition.

9. A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material at a temperature
above 700 degrees F. and at a pressure less than
600 mmn1. absolute, maintaining such temperature
and pressure during a period of thermal decom-
position, circulating the hydrocarbon material
through the thermal decomposition zone, and
rapidly removing and cooling volatile decomposi-
tion products below the temperature of thermal
decomposition,

10. A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material, substantially non-
volatile at 680 degrees F. and atmospheric pres-
sure at a temperature above 700 degrees F. and
under pressure less than atmospheric, and main-
taining such temperature and pressure during
the period of thermal decomposition.

11. A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material, substantially non-
volatile at 680 degrees F. and atmospheric pres-
sure at a temperature above 700 degrees F., and
at a pressure less than 600 mm. absolute, and
maintaining such temperature and pressure dur-
ing the period of thermal decomposition.

12. A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material, substantiallly non-
volatile at 680 degrees F. and atmospheric pres-

sure in the presence of an alkali, at a témperature -

above 700 degrees P. and under reduced pressure
less than atmospheric, and maintaining such
temperature and pressure during the period of
thermal decomposition.

13. A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material, substantially non-
volatile at 680 degrees F. and atmospheric pres-
sure, in the presence of an alkali, at a tempera-
ture above 700 degrees F. and at a pressure less

1,960,664

than 600 mm. absolute, and maintaining such
temperature and pressure during the period of
thermal decomposition.

14. A process for the production of lubricating
oils, which comprises thermally decomposing a
heavy hydrocarbon material, substantially non-
volatile at 680 degrees F and atmospheric pres-
sure at a temperature above 700 degrees F, and
at a pressure less than 600 mm. absolute, main-
taining such temperature and pressure during the
period of thermal decomposition, -and rapidly
removing and cooling the volatile decomposition
products below the temperature of thermal de-
composition.

15. A process for thermally decomposing heavy,
liquid hydrocarbon mgterial, which comprises
heating such material at a high temperature
under pressure less than atmospheric for the pe-
riod of thermal decomposition while rapidly re-
moving the arising vapors.

16. A process for thermally decomposing heavy,
liquid hydrocarbon material, which comprises
heating such material at a high temperature above
700 degrees F. and at a pressure less than 600 mm.
absolute for the period of thermal decomposition,
and rapidly removing the arising vapors.

17. A process for thermally decomposing liquid
hydrocarbon material, which comprises heating a
heavy hydrocarbon material which is substan-
tially non-volatile at 680 degrees F. and atmos-
pheric pressure to a temperature above 700 de-
grees F. and at a pressure less than 600 mm.
absolute for the period of thermal decomposition,
and rapidly removing the arising vapors.

18. A process for the production of lubricating
oils, which comprises subjecting heavy hydro-
carbons to a temperature and a sub-atmospheric
pressure at which they are substantially non-
volatile, but at which they can be thermally de-
composed, for a period of time sufficient to cause
thermal decomposition thereof and rapidly re-
moving the decomposition products.

19. A process for the production of lubricating
oils, which comprises subjecting to a temperature
greater than 700° F'., and a pressure of less than
300 mm. absolute, a charge of material contain-
ing heavy hydrocarbons which are non-volatile
under the conditions employed, for a period of
time sufficient to cause thermal decomposition of
said heavy hydrocarbons.

20. A process for the production eof lubricat-
ing oils, which comprises subjecting a heavy
hydrocarbon material which is substantially non-
volatile at temperatures in the neighborhood of
680° F'. and at atmospheric pressure, to a tempera-
ture greater than approximately 700° F., and to a
pressure less than approximately 600 mm. abso-
Iute for a period sufficient to cause thermal de-
composition, and rapidly removing the decom-
position products.

21. A process for the production of lubricating
oils, which comprises subjecting a heavy hydro-
carbon material, which is substantiallly non-
volatile at 680° F. and at atmospheric pressure,
to a temperature above 700° F. and to a pressure
less than 12 mm. absolute for a period of time
sufficient to thermally decompose the material.

WILBUR L. NELSON.
GEORGE H. FANCHER.
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