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The present invention relates to the art
of producing valuable products from carbo-
naceous materials, particularly coal, and
comprises more specifically an’ improved
process for producing valuable products by
ar. improved hydrogenation process. The
invention will be fully understood from the
following description and the drawing.

The drawing is a semi-diagrammatic view
in sectional elevation of an apparatus suit-
able for carrying out the improved process.

Referring to the drawing, reference nu--

meral 1 denotes a mill of any preferred form
adapted to reduce coal or other similar car-
bonaceous material to a finely divided state
and to incorporate the ground coal into a
fluid suspension in oil which is introduced by
line 2. e fluid mass is forced by pump 3

90'to 200 atmospheres or higher when at an

elevated temperature of 800 to 950° F., in
‘the presence of free hydrogen. . The cham-
“ber or drum may be heated in any preferred -
manner, such as by means of electric heaters’
6 or otherwise, and the contents is kept in
continual agitation by means of & stirring.
§ Ce et e T “and foreed by pump 30 through a mixer or
‘extractor 31 together with a suitable solvent

mechanism 7.

A gas rich in free hydrogen 1sforced mto '-
the drum by pipe 8, and vapor and gas es-_.
cape through a vapor line 9 to a partial con-

denser preferdbly in the form of a rectifica-

tion tower 10, with cooling coil 11 at the top,:

heating coil 12 at the base and bell-cap plate
18, or their equivalent, therebetween. Vapor

and gas are conducted to final condenser 14
and condensate is separated. from gas by
means of a separator drum 15. The distillate-
is withdrawn to storage: (not.shown) by line

16 and gas is removed by line 17 to a purifier

system or . equivalent means-for -dissolving

the major quantity of hydrocarbon constitu-:
ents and hydrogen sulfid from the gas. -Puri-:
fied gas is recompressed by booster 19.and a
part is returned by line 20 to drum 5-after
preheating in.coil 1} and-an exchanger 21-

or otherwise. Fresh hydrogen is added by
line 2. © . - - .. ..

Condeénsate from condenser tower 10 is
cooled in cooler 23 and discharged into-an
accumulator 24 or withdrawn by line 24a to'
storage (not shown). The accumulator may
be held under pressure below drum 5 and lib- 45
erated gas is conducted by line 25 to purifier
18, above 'described. - - ‘

While the present process is preferably.

-operated on ashless or deashed coal or other
-carbonaceous. material, such materials are gg

not required, and if a material containing
mineral matter is used, it is preferred to
withdraw a stream of oil from drum 5 by

line 26 to eliminate non-carbonaceous im-

purities. The withdrawn oil is cooled in ex- 45
changers 27 and 21 and gas released from a
separation drum 28. Mineral matter is then

.separated from the oil preferably in a con-
through line 4 into a hydrogenation chamber -
5, which is adapted to withstand pressures of

tinuous or semi-continuous manner by a ro- -
tary filter 29 or equivalent centrifugal or set- yg
tling means. The separated oil may be re-
turned by line 29ato drum 5 and may be used

" to carry in fresh carbonaceous matter, if de-
~sired, but it is preferred to send a part of
‘the oil to accumulator drum 24 by line 205 v
“for further treatment, as will be disclosed.

~Qil. 38 ~withdrawn from accumulator 24 .

introduced by means of pump 32 and capable 80

.of dissolving oxygen-containing impurities,
- particularly phenolic bodies from the oil in -

addition to nitrogenous impurities and other
impurities of an asphaltic character. The
extractor may be-of any suitable design, 88

- making use :of ‘the counter-current princi- -

- ple; if desired. - Solvent and purified oil are
.separated -in drum 33 -and the former is re- .
turned for-recirculation by line 34 or dis-
-cﬁrded or may be tte_ated(for tl;:a red;very of 98
I : g SEEERL . the-extract in apparatus’' (not shown). '
18, which' may " comprise an oil-scrubbing- _Purified oil is Eonducted to a still or other
.suitable apparatus for removing the traces

of the solvent. If the solvent used is rela-

: v.tiv'elg low boiling, a still 35 is preferred, and 98
“if ot .

_otherwise, then apparatus will be adapted
to effect’ the. separation by means of some

" other property of the specific solvent, as will
‘be understood. Traces of the low boiling -
_solvent are removed by line 36 and sepa- 100
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rately collected while the oil is forced by
pump 37 through a heating coil 38 and into
a second hydrogenation drum 39 which may
be similar in-design.to drum-§. . Oil may be
withdrawn’ from tHe drum ‘and circulated
through coil 38 by line 40 and gas rich in
hydrogen is forced into the drum by line 41
which receives its supply from the compres-
sor 19. A part of the hydrogen may be add-
ed tocoil 38.by lined2.. ... ... .
Any preferréd method for Técovery of the

hydrogenated oil may be used and in the
drawing, vapor and gas are taken from the

drum by vapor pipe 43 to partial condenser
44 and-final ¢ondenser 45.  The condensate
from- ¢ondernser 44 isicooled in'cooler 46 and
discharged irito a:separator drum 47 from
whichthé distillate is taken to'storage (not
shown): by:line 48.  Light condensate from
condenser-45:1salso-discharged into a separa-
tor 49 from which the oil is taken to separate
storage by: line. 50:and gas from both- drums
47 and'49-is conducted by pipe 51 to the puri-

-~ fler 18" for recirculation. 'If desired, the
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method of recovery of the oil, shown in Ser.
No. 379,914 filed July 22, 1929 by P. L.

Young, may: be used. -

In the operation of the present process,
coal -or other solid carbonaceous material is
subjected to the action of hydrogen at a pres-
sure in :considerable excess of atmospheric,
preferably :from .20 to 200 atmospheres or
higher, and at. a temperature from about
600° F. to about 850° F.in a primary hydro-
genation zone. ‘TUnden the influence of such
conditions, : the solid:material is liquefied.
Light oil boiling-below about 400°-F. is pro-

~duced -but preferably in ‘relatively small

uantities. Middle o1l,;-in the form of dis-
tillate,is also produced together with heavy
liquid'materia{) from which ash is separated,
if ash be present in the original solid. The
heavy oil may be recirculated to the primary

‘. hydrogenation or-liquefaction zone but it is
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preferred to. pass this: oil,- either ‘admixed
with the middle oil or alone, to an extrac-
tion stage in which oxygen-containing im-
purities, such . as,. for. example, phenolic

" bodies, are removed. Nitrogenous material

and asphaltic products may also be extracted.
The solvents preferred are low boiling mate-
rials immiscible with the oil, such as aqueous

solutions, caustic’ soda, carbonate or other

alkalis, or aleohols such-as ‘methyl and ethyl
or liquid sulfur dioxide, but other solvents
such as glycerine or glycol, preferably with

‘water, or inorganic or organic acids such as

acetic acid or esters, may be used. Solvents
may. be used successively, if desired, to re-
move the several impurities above indicated
and these extracts may be recovered from the
solvents in any. appropriate manner, such as

acidification. of the ‘s'_ilk'ali or-distillation of

the solvent.
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It is generally advisable to remove traces
of the solvents remaining in the oil before
the secondary hydrogenation step. This lat-
ter step may be carried out in a variety of
different ways, either with or without cata-
lytic materials, but their use is of great ad-
vantage and they may be suspended in the
drum in finely divided form or packed in
lump form in the drum. The preferred cata-
lysts are metallic oxides and their mixtures,
such . as chromium dnd molybdenum oxide
and oxide of other polyvalent metals. Tem-
perature is general:y from 700° F. to 950° F.
and pressure, as before, in considerable ex-
cess of atmospheric, preferably from 20 to
200 atmospheres or higher. There is some
light oil formation but this is generally and
preferably under 15% or 20% or even 5%
or 10% of the oil fed when it is desired
to make high-grade lubricating oils.
remaining oil is converted, with a small loss
in the form of gas, to oil suitable for lubri-
cating purposes and is in every respect equal
or superior to the best grades of petroleum
lubricants when reduced to the proper vis-
cosity and flash. It should be noted that op-
erating the secondary hydrogenation process
at'a relatively higher temperature results in
a copious production of low boiling oils which
are suitable for motor fuels.
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This invention is not to be limited by any -

theory of the mechanism of the process nor

by any illustration of the manner in which
it is preferably operated but only by the
following claims in which it is desired to
claim all novelty inherent in the invention.
- We claim:

1. Animproved process for obtaining valu-
able products from solid carbonaceous mate-
rials, comprising liquefying such solid ma-
terial under the influence of hydrogen at s
pressure in considerable excess of atmos-
pheric pressure and at an elevated tempera-
ture, contacting a part of the liquefied prod-
uct with a solvent capable of removing a sub-
stantial portion of the oxygen-containing im-
purities, subsequently subjecting the puri-
fied oily product to hydrogenation treatment
and recovering a fraction suitable for lubri-
cating purposes therc from.

2. An improved process for producing val-
uable heavy oil from coal, comprising sub-
jecting finely divided coal to treatment with
a gas rich in free hydrogen under pressure
in considerable excess of atmospheric pres-
sure at an elevated temperature, withdrawing
a heavy cily material, removing inorganic
material therefrom, washing the oil with a
substantially immiscible solvent capable of re-
moving oxygen-containing impurities there-
from, subjecting the oil substantially free of
oxygén-containing impurities to a second
treatment with a gas rich in free hydrogen
at pressure in considerable excess of atmos-

‘Pheric and at an elevated temperature and
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recovering an oil suitable for lubricating
purposes therefrom. '

3. Process according to claim 2 in which
the first hydrogenation treatment is in the

s absence of a catalyst and the second hydro-
‘genation treatment is in the presence of a
suitable catalyst.

4. Process according to claim 2 in which
pressure during the hydrogenation steps is

1o 1n excess of about 20 atmospheres, tempera-
ture in the first of such steps is from about
600 to 850° F. and temperature in the sec-
ond of such steps is from about 700° F. to
about 950° F,

15 5. Process according to claim 2 in which
traces of the solvent are removed from the
oil prior to the second hydrogenation step.

6. An improved process for obtaining in-
creased yields of valuable lubricants from

29 coal and other solid carbonaceous materials, .
comprising the steps of liquefying the solid
material by the action of hydrogen at a pres-
sure above about 20 atmospheres and at a
temperature between about 600 and 850° F,

25 interadjusted with pressure whereby phenolic
bodies are unreduced, removing such phenolic
impurities from the liquefied product and
subjecting the purified oil to a second stage
of hydrogenation whereby the oil is further

v refined for lubricating purposes.

: 7. Process according to claim 6 in which
the first hydrogenation step is carried out
without the aid of catalysts and the second
hydrogenation step is accomplished under

5 the influence of a suitable catalyst immune

to sulfur poisoning.

8. Process according to claim 6 in which

a pressure of about 200 atmospheres is em-

ployed in the liquefaction stage and tempera-

ture is adjusted to a point where liquefaction
is rapid, but below the phenol reducing tem-

- perature,
ROBERT T. HASLAM.
PHILIP L. YOUNG.
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