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My invention rela.tes to the treatment of rion-
asphaltic pyrobituminous materials including for
instance pit coal, brown coal, wood, peat and

other solid carbonaceous materials for the pro-

duction of solid, soluble and fusible bituminous

hydrocarbons. It relates more particularly to

means for carrying this process through in a

manner whereby valuable products are obta.ined

with a particularly high yield.

10 Bituminous coal has been converted into liquid
hydrocarbons by treating the coal at an elevated
temperature with hydrogen in great excess to the
calculated quantity and under elevated pressure.

" -In this process the recovery of liquid hydrocar-

15 bons capable of being distilled is aimed at, and

the maximum yield is obtainable only if the coal

and the molecular fragments, respectively, which
may have been formed in the process, are alto-

. gether saturated with hydrogen. Even if treating

coal and operating in the presence of highly active

catalysts, this process will lead to a yield substan-

tially not exceeding 90%.

T have now found that valuable products, suit-
able for many purposes, can be obtained at a high
yield, if the solid carbonaceous materjals are
acted upon at a pressure above normal, for in-
stance at 100, but preferably at 250 to 450 and
more atmospheres, and at comparatively low
‘temperatures, ranging between 350 and 450° C
in the presence of distributing agents of an aro-
matic or naphthenic character, which can be dis-
tilled, with a quantity of hydrogen, which is not
sufficient to completely saturate the carbonace-
 ous materials and to convert them into normally
liquid products. The high yield obtainable ac-
cording to this new process leads to an almost
complete conversion of the carbonaceous material
_into valuable products,-which ‘are solid at room
temperature, are fusible and are soluble in a
great number of solvents.

The products obta,inable in this manner are
particularly valuable and can be used with great
advantage for a great many purposes, since they
are extremely labile and readily reactive and
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45 fleation the products obtained by the incomplete
saturation with hydrogen wiil .be termed “pri-
mary products”. I have found that these prod-
ucts dissolve only in aromatic and in naphthenic
hydrocarbons, while paraffinic and most of the
olefinic hydrocarbons act towards precipitating
them. -

" Obviously, in the processes hitherto suggested,
progressive hydrogenation of the carbonaceous
substances with hydrogen in excess of the calcu-
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have a low lgnition temperature. In this speci-

(CL 196—53)

lated quantities leads to a progressive splitting of
fractions of the primary product and to their -
conversion into :parafiinic -and olefinic hydro-
carbons. .In proportion as the percentage of
paraflinic substances increases, the primary prod- g
uct dissolved in the reaction mixture is bound to
be precipitated and to be ultimately rendered in--
soluble by polymerization. Therefore, since under -
. these conditions of incomplete conversion the
reaction product is treated at normal tempera- 10
ture for the separation of the insoluble parts from
the soluble matter, the precipitation of the pri-
mary product will cause the precipitated con-
stituents to remain in the ashes. ‘The admixing,
-to the carbon, of middle or heavy oils to form a 18
paste must also lead to a precipitation of the
primary products, since most of these oils also
belong to the paraffini¢ or olefinic kind. There-
-fore present-day hydrogenation -processes are
governed by the rule that the higher the per- 20
centage of hydrogen going into reaction, the ‘
higher the yield of hydrogenation products, while
the presence of insufficient quantities of hydrogen
leads to an unsatisfactory yield.
In contradistinction thereto the increased ‘yield o5
- obtainable according to the present invention is
based on the conception that the coal or other
. non-asphaltic pyrobituminous material is con-
verted into a paste by admixing with it solvents
which contain no material percentages of paraf- 30
finic or olefinic hydrocarbons and that the start-
ing material thus prepared is acted upon with
less than the equivalent quantity of hydrogen. )
The process according to this invention there-
fore consists in treating coal or other non-as- 35
phaltic pyrobituminous material in the presence
of solvents of an aromatic and/or naphthenic
character with hydrogen under a pressure above
normal and at a temperature approaching or
slightly exceeding 400° C., the reaction.being in- 40
terrupted before substantial quantities of paraf-
finic and/or olefinic hydrocarbons have formed.
"In view of the further treatment of the prod-
ucts to be obtained I prefer using solvents ca-
pable of being distilled, the boiling point of which .45
lies below the temperature of reaction or may be
lowered correspondingly by distillation at reduced
pressure, in order not to be compelled to expose -
the reaction product, during such further treat- _
ment, to a temperature above the:reaction tem- 5o
perature. I'may also use solvents, such as for
. instance tetra-hydronaphthalene, which are par-
ticularly capable of taking up and giving off
hydrogen.
I may also carry out the present process in 55
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may for instance comsist of finely ground coal
reduced to a paste by adding about 70-80% hy

weight of & middie tar oil fraction, Is forced, by

pumping, together with 2-56% by weight hydro-
gen, calculated for carbon, through two or three
autoclaves connected in series and provided with
stirring mechanism, the reaction mixture being
preferably prebeated to about £10° ¢, From the
last autoclave of the series the mixture is with-
drawn with the aid of a pressure reduction device
and is discharged into the filters. Since at the

beginning the consumption of hydrogen is very .

great, the partial hydrogen pressure in the sec-
ond autcclave will drop considerably and in the
last autoclave has dropped so far that the ab-
sorption of hydrogen ceases slmost completely,
whereby the formation of parafiinic hydrocarbons
is prevented automatically from taking place. In
the residual matter remaining on the filters, after
washing and freeing it from solvents, not more
than about 1-5% of the pure coal (carbon) in the
starting material is enclosed, the residual mat-
ter mainly consisting of ashes, _ .

I may alsc connect the autoclaves in such e

manner that the mixture of coal and solvent is -

forced in from one, the preheated hydrogen from

. the other end. The reaction mixzture is with-

&0

drawn from the last autoclave before any sub-

stantial quantities of parafinic and olefinic hy- -

drocarbons have been formed. .
According to the nature of the coal to be
treated and to the percentage of hydrogen
brought to reaction, the temperature of reaction
will as a rule be within the range of about 386
tc 425° C. In the individual reaction vessels dif-
ferent temperatures may be maintained. As a
rule the reaction comes {0 an end within 60 to 86
minutes and by adding catalysts the reaction

- pericd may be reduced te 40 to 80 minutes, By

using temperatures above those indicated above
the period of reaction mey be still further short-
ened. Any known hydrogenstion catalyst may
be added with advantage, and T prefer sdmixing

. such catalyst with the coal during the grinding.

In carrying out my invention
stance proceed as follows: -~ -

Ezample 1.—Conversion of mineral coal

I may for in-

- The mineral coal, after being ground and dried

at a high temperature o free it altogether from
moisture, is mizxed with & minerai coal distillate
boiling within the range of 259 to 320° C. to form
& paste which is treated with hydrogen at 410° C,

.under & pressure of 250 atmospheres above.-nor-

mal. The reaction mixture ig withdrawn from

_ the autoclaves in proportion as 4% hydrogen is

consumed. The highly viscoug reaction mixture
is first filtered, preferably under pressure and at
a temperature of about 150 to $00° C.  The filter
cake is once more reduced to @ paste by admix-

- ing some solvent and is once more fltered. The

70.
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temperature in the'filier may be raised beyond
that prevalling during the firat filtration step.
The solvent which stil' adheres to the solids is

evaporated with the aid of hot gas and recovered -

by condensation, but may also be recovered by

dry distillation. ¥rom the fiitered solution the.

solvenf, is removed by distillation and returned
for further use. No losses of solvent will thus

oceur, but if some solvent should be lest, such

loss will be compensated for by the formation of
minute quantities of hydrocarbons. boiling sub-
stantially within the same imits of temperature,

A bituminous mineral ‘coal from the Ruhr-

\ . 8167880 . {
such a manner that the reaétion mixture, which -

District with 6.5% ashes and 359 volatile ton

“stituents, when treated according to this process,

yielded the following products, calculated on pure
coal: : "
' ~ Percent by weight

Filteréd ceal bitumen solidifying at .about -
85° ¢ . . : . 89.5
Gas mixture consisting -of “carbon dioxide,
methane and higher hydrocarbons.._____ 4.3
Water. s 2.9
Losses. 0.8

In the filtered residual ash is still found 2.5%
by weight of unconverted coal substance, so that
\the total yield amounts t0.97.5%. In the filtered
coal bitumen, which may be styled the primary
product, there is still found 0.10% ashes. :

Ezample 2—~Brown coal
Brown coal or lignite, after having been care-

fully dried and finely ground, is reduced to & |

paste by mixing it in the proportion of 10:7.5 with
& mineral coal tar fraction boiling within the
range of 18¢ to 300° C., which can always be re-

used, and Is treated at 400° C. and under a pres- |
sure of 250 atmospheres above normal with hy--°

drogen, until about 3.5% by weight hydrogen has
been consumed. Calculated on 100 parts coal

there were thus obtained:

' . . ‘ Parts

Coal bitumen; free from ashes and solidi-
fying at about 30° ¢ ; 814

Water . 7.2

Gaseous products, mainly COa and some
methane 8.7

1.8 parts of the pure coal in the starting material
were still present in the filtered residual matter,
not having been converted, so that the total yield

obtained with this brown coal amounted to 98.2%.

The coal bitumen separated from the ashes by

rry
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fiitration still contained 0.12% ash constituents. -

Instead of mineral coal tar fractions I may use
as solvents also benzene derivatives and tar frac-

‘tions, bolling within similar ranges of tempera-
ture, produced by the distillation of brown coal
-and containing phenols. In such a case I pre-

fer preceeding

In such a manner as to prevent

. hydrogenation of the phenols present, for in-

stance by dispensing with the use of catalysts or
operating in the absence of such catalysts which
might induce hydrogenation' of the: phenols,
Thus for instance no catalysts containing tung-

sten or molybdenum should be used in combing.- »

tion with substances heving an alkaline reaction,

. When using solvents containing phenols.

Similarly as mineral and brown cosal ‘also peat,
wood and similar non-asphaltic pyrobit
materials ean be converted into the primary
product with s substantially equal yield. In con-
tradistinction to the known process of coal ex-
traction also suchk kinds of coal may success-
fully be treated according to this invention
which are poorer in bitumen or which contain s

-low percentage of volatile substances. :

The new process alse allows adjusting within
wide limits the liquefaction and solidification
points of the primary product by regulating
(varying) the percentage of hydrogen present
in the reaction vessel and partly also by varying
the temperature. When operating in the pres-
ence of s higher percentage ‘of hydrogen .and at

_& higher temperature, primary products melting

nous’

'

at lower temperatures are obtained; in contra- -

distinction thereto the presence of a lower per-

N
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centage of hydrogen or operation at a lower
.temperature results in the formation of primary
products melting at higher temperature. It is
also possible to obtain a fair yield of primary

5 products with the percentage of hydrogen re-
duced to 1% and less, and in this case the quan-

- tity of solvent is preferably raised. The primary
products obtained in such a case melt at a higher

. temperature. -For instance, when combining only
10 0.8% hydrogen with the carbon and operating
with a proportion of 120 parts by weight solvent
tc 100 parts coal, even when starting from brown

coal up to 92% of the primary product can be,

cbtained at 385° C., however, the solidification
15 point of the primary brown coal product thus
obtained will be close to 100° C.

I can also produce products solidifying at any
temperature between 150° and 20° C. and even
below this temperature. In all these cases the

g0 proportion of coal converted remains approxi-
mately constant, but if primary products melt-
ing at lower temperature are produced, the yield
will drop gradually, since an increased formation
of gas and water will take place. Under equal
28 conditions of operation brown coal always yields
a product of lower melting point than mineral
coal, and I am thus enabled to greatly vary the
character of the primary product to be obtained
by starting from a mixture of brown cogl and
30 mineral coal.

In the operation of the process according to
this invention it may prove advantageous to
subject the coal to a special preliminary treat-
ment, for instance by heating it to a higher

35 temperature. When operating according to the
new process, gases are formed by decomposition,
which-tend to reduce the partial pressure of the
hydrogen. By drying the raw material at a
higher-temperature I am enabled to remove part

40 of these gases of decomposition before starting
the operation. I may for instance heat the coal

for a short period of time to 400° C. A brown

coal having undergone such treatment wiil yield
during the hydrogenation reaction only about

45 half the amount of water and carbon dloxide as
a coal not so pretreated.

I may also influence the properties of the
primary bitumen by subjecting the coal to be
hydrogenated to a chlorination treatment,

50 whereby the combination with hydrogen is fa-
vorably influenced, the primary oil produced from
chlorinated coal also showing different melting
points.

I can greatly reduce the reaction periocd by

55 operating in the presence of catalysts. I may
use any of the well known hydrogenation
catalysts and I prefer adding them to the
coal during the grinding. I have found that
the process can be carried through with particu-

60 lar advantage in the presence of catalysts which
do not mix with the reaction mixture, but are
fixedly arranged in the reaction vessel. I may
use: for instance metal alloys in the form of
bands or ribbons which are arranged within the

65 reaction vessel in such manner as to allow the
solid and liquid reacting substances to pass
through freely. I have found an alloy prepared
from 15 parts by weight tin, 10 parts iron, 5 parts
nickel and 2 parts molybdenum to be suitable. I

70 may replace these metal ribbons for instance by
pulverulent contact agents formed into a paste
by--the addition of water and depositéd in the
meshes of fine-meshed wire-¢loth or on other
supports. or carriers such as corrugated ribbons

75 or the like, A mixture of 75 parts by weight

.powdered ferric oxide, 25 parts stannic hydrox-

ide, - 10- parts. chromium or aluminium fluoride
and 5 parts zinc chloride formed into s thick
paste by the admixture of water or a dilute trag-
acanth solution has been found suitable. The
carriers, such as wire netting, filled or coated
with the contact mass are wound up, while the
mass is still moist, and are then dried and, if
necessary converted into the catalytically active
state, by reduction. In this manner mixed con-
tacts are formed which are fixed in place and

which allow the reacting substances to pass

freely through the reaction vessel. _

In the drawing affixed to this specification and
forming part thereof, apparatus adapted for use
in practising my invention are shown diagram-
matically by way of example. ’

In the drawing

Fig. 1 is a flow sheet illustrating the process
when carried through in one reaction vessel;

Fig. 2 is a flow sheet illustrating the process
when carried through with the aid of two auto-
claves.
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Fig. 3 is a cross sectional view of the autoclave

32 of Fig. 2. .

.Referring to the drawing and first to Fig. 1,
i is & mixing vessel into which solvent and solid
material are introduced through pipes 2 and 3,

25

fitted with valves 4 and 5, respectively. The -

mixture is drawn off through the valve 6 and is
heated in the coil T; with the aid of the pump 8

30

the mixture is conveyed through the pipe 9 and .

forced into the pressure vessel 10, into which hy-
drogen is also forced through the pipe 12 with
the aid of the pump {i. Bands or ribbons I3 of

a catalytically active metal alloy are arranged

in the pressure vessel in such manner as not to
prevent the mixture from passing through the
valve 14 and the pipe {5, through which the con-
verted mass is conveyed by means of the pump
{6 to the filtering device 1T in which filtration
can be carried through at an elevated tempera-
ture. 18 is the filter on which the filter cake 19
collects, whereas the filtrate 20 is delivered
through the valve 21 and piping 22.

In Fig. 2, 23 is the mixing vessel for the solvent
and the solid material which are introduced by
the pipes 24 and 25 fitted with valves 26 and 21,
respectively. The mixture is drawn off through
valve 28 and heated in the coil 29. With the aid
of the pump 30 the mixture is conveyed through
the pipe 31 into the first autoclave 32, into which
hydrogen is forced through the pipe 34 by means
of the pump 33. The partly converted mass is
drawn off from the autoclave 32 through the
valve 35 and conveyed by means of the pump
36 through pipe 37 into the autoclave 38, from
which the converted mass is drawn off through
the valve 39 and led with the aid of pump 408
through pipe 41 into the filtering device 42, in
which filtration can be carried through at an
elevated temperature. 43 is the filter on which
the filter. cake 44 collects, while the filirate 45
is delivered through valve 46 and pipe 41. Mixing
and/or stirring devices 48, 49 and 50 are driven

by means of the shaft il and the motor 52. In

the autoclaves 32 and 38 corrugated ribbons 53
are arranged consisting of fine-meshed wire cloth
filled or coated with a suitable contact mass.
The shape of these catalysts, which are fixed in
position, provides a large contact surface with-
out preventing the material from passing through
the vessels.

Owing to the far reaching possibilities of ad-
justment and variation of the process steps and

35
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of the character and composition of the reactants,
the primary product has been found to be suitable
for a great number of different uses.

The product, free from ashes, rhay be used as
starting material for further hydrogenation,
whereby the advantage is obtained. that the
auxiliary substances, such as catalysts or metals,
serving to react with the water for the generation
of atomic hydrogen, can always be regenerated
for further use at low costs. The primary prod-
uct is soluble in most of the aromatic and naph-
thenlc hydrocarbons, in hydrocarbons poor in hy-
drogen and in mixtures such as are obtained for

‘Instance when refining oils with liquid sulphur
, dioxide. They are thus distinguished from the

products of the coal extraction process hitherto
suggested, which dissolve only in a comparatively
small number of solvents. Consequently the pri-
mary product of the present process can be used
as starting material for the production of black-
ing (black lacquer) and as black printing ink. It
may further be used in the manufacture of roof-

. Ing paper and as an impregnation material.
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It is particularly useful for road construction,
and it is possible to directly produce such road
construction materials from coal and to adapt
them to the requirements of the road covering,
which may arise in each individual case. In
such a case the removal of the ashes by filtration
may mostly be dispensed with. .

As compared with the coal, the primary product

contains a higher precentage of hydrogen and-

also in this point distinguishes favorably from the
broduct resulting in the coal extraction process
hitherto suggested. Its ignition and flash points
are very favorable ones, and the primary product
may therefore be used with great advantage as
fuel in internal combustion engines. Into such
engines it may be introduced either in the form
of a powder or in molten or dissolved state. I
have found that contrary to all expectations,
although the percentage of hydrogen in the pri-
mary products is considerably lower than in gas
oil, these products are readily ignitible and their
combustion in Diesel engines will proceed sub-
stantially like that of gas oil. Since the primary
products are solid substahces at ordinary tem-
perature, they are preferably introduced into ex-
isting Diesel engines in molten or dissolved state.
In order to reduce the disadvantages resulting
from high viscosity and in order to save solvent,

I prefer preheating them, for instance by the

heat of the exhaust gases.

In utilizing the primary products obtained ac-
cording to the present invention as fuel in in-
ternal combustion engines I have for instance
obtained the following results:

A primary bitumen produced from brown coal
and containing 7.8% hydrogen and melting at
about 70° C. was dissolved in a tar oil fraction in
the proportion of 2:1. This solution was in-
Jected at a temperature of about 60° C. into a
three-cylinder Diesel engine of 30 H. P. provided
with an entering chamber and running with 600
revolutions per minute. This engine operated
faultlessly under all loads and in hot condition
it could be started without using any light oil.
‘When the tar oil constituent was raised to 50%,
the engine ran under % load without any misfire,
Only when operating under no load misfire oc-
curred, which may be attributed to the consider-
able retardation of the ignition caused by the
tar oil. With tar oil alone the engine ran fault-
lessly only under full load. No disturbing deposi-
tions or residues from the combustion could be

2,167,250

ascertalned. Contrary to all expectations it was
found that from a primary product which can be
produced from coal at low costs and which ac-
cording to all conceptions hitherto prevailing
was believed to be unsuitable for use in the Diesel 5
engine in view of its physical and chemical prop-.
erties, a fuel for Diesel engines can be produced
which, when admixed with less suitable Diesel,
fuels including tar oil, will greatly improve thém.

In further experiments I have tried to produce 10

8 solvent free, as far as possible, from tar oil, and
I have for instance succeeded in obtaining an
advantageous solvent by the distillation of pri-
mary bitumen. When subjected to distillation,

primary products produced from brown coal yield 15

up to 60% by weight of a suitable solvent. By
sparingly hydrogenating primary bitumen one
can for Instance produce from 100 kes. primary
bitumen up to 90% of a suitable solvent which is

better adapted for use in the Diesel engine than 20

for instance tar oil. No gas oil and no liquid fuel
rich in paraffine should be used as solvents for
the primary bitumen. Solvents containing a
considerable percentage of aromatic or naph-

thenic hydrocarbons are best suited for this pur- 25

bose. Suitable solvents can also be obtained for
Instance by diluting tar oil with gas oil. One
may also increase the percentage of hydrogen in
tar oil’by hydrogenation, and the ‘product result-

ing from such treatment will form a superior 30

solvent for primary bitumen. After the addition
of 3-5% hydrogen tar oil has lost all such prop-
erties which render its use in Diesel engines ob-
jectionable. Brown coal tar and tar obtained in

the distillation of mineral coal can be used as 35

such, but they also may be improved and diluted
by hydrogenation. The possibilities recited above
of using solvents are not exhaustive, and the sol-
vents applicable in each individual case will have

to be chosen and produced according to the raw 40

materials available,

The primary product. may also be used as fuel
for furnaces, since it melts readily and can be
supplied to oil burners like a liquid.

 These ranges of application of the primary 45

pbroduct can still be amplified, since the costs of
production of the primary product are compara-
tively low, this being due, apart from the ease of
reaction, to the high yield of primary products.

Processes have become known, whereby coal is 50

converted into liquid or soluble organic com-
pounds by treating the coal at a pressure above
normal and in the presence of heavy petrol or
the like with hydrogen. This mode of Proceed-

ing does not lead to products of the kind here 55

claimed, since these products are not soluble in
paraffinic hydrocarbons such as petrol.

It has further been suggested, when hydro-
genating coal under pressure, to add high boiling

fractions of petroleum or tar as distributing 60

agents, the hydrogen being, however, present in
excess of the calculated quantity. Obviously a
process of this kind does not lead to products of
the kind here claimed.

Various changes may be made in the details dis- 65

closed -in the foregoing specification without de-
parting from the invention or sacrificing the
advantages thereof. i

I claim: : .

. 1. The process of producing normally solid ex- 70
tracts from solid carbonaceous fuel material
which comprises admixing said fuel material with
a solvent for the bituminous material to be pro-
duced in the process, which solvent is one belong-

ing to one of the aromatic and naphthenic series, 756
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" causing reaction fo-take place af a temperature

is stable under the conditions of the subsequent
treatment with hydrogen and is substantially free
from parafiinic and olefinic hydrocarbons, sub-
jecting the admixed fuel material and solvent in
an extraction vessel under high superatmospheric

_pressure of at least 100 atmospheres to a tem-

perature ranging from about 350 to about 450° C.
while in the presence of added hydrogen-con-
taining gases, and limiting the volume of hydro-
gen-containing gases consumed during extraction
to an amount which will not produce substantial

. hydrogenation and liquefaction of the normally

solid extracts.

2. The process of treating non-asphaltic pyro- -

bituminous materials for the production of solid,
soluble and fusible bituminous hydrocarbons
which comprises forming & paste by mixing one
part by weight of the comminuted starting mate-
rial and at least about 0.7 part of a solvent for
the bituminous material to be produced in the

‘process, which solvent is one belonging to one of

the aromatic and naphthenic series, is stable un-
der the conditions of the subsequent treatment
with hydrogen®and is substantially free from
parafiinic and olefinic hydrocarbons, forcing such

_paste and hydrogen into the reaction zone and

causing reaction to take place at a temperature
ranging between 350 and 450° C. under a high
superatmospheric pressure of at least 100 atmos-
pheres, the quantity of hydrogen introduced and

made to react being less than that required to .

produce, by complete saturation of the starting
material, a substantial amount of normally liquid
products, which might exert a precipitating action
on the soluble and fusible bituminous hydrocar-
bons resulting in the process.

3. The process of treating non-asphaltic pyro-
bituminous materials for the production of solid,
soluble and fusible bituminous hydrocarbons
which comprises forming a paste by mixing one
part by weight of the comminuted starting ma-

terial and at least about 0.7 part of a solvent for.

the bituminous material to be produced in the
process, which solvent is one belonging to one of
the aromatic and naphthenic series, is'stable un-
der the conditions of the subsequent treatment
with hydrogen and is substantially free.from
parafiinic and olefinic hydrocarbons, forcing such
paste and hydrogen into the reaction zone and

ranging between 350 and 450° C. under a pressure
of 250 to 450 atmospheres, the quantity of hy-
drogen introduced and made to react being less
than. that required to produce, by complete satu-
ration of the starting material, a substantial
amount of normally liquid products, which might
exert a precipitating action on the soluble and
fusible bituminous hydrocarbons resulting in the
process. L ’

. 4. The process of treating non-asphaltic pyro-
bituminous materials for the production of solid,
soluble and fusible bituminous —hydrocarbons
which comprises forming a paste by mixing one
part by weight of the comminuted starting ma-
terial, with at least about.0.7 part of a solvent
for the bituminous material to be produced in the
process, which solvent is stable under the condi-
tions of the subsequent treatment with hydro-
gen and is one belonging to one of the aromatic
and naphthenic series, forcing such paste and
hydrogen, the latter in a quantity less than that
required to produce under the conditions of the

reaction a substantial amount of a saturated hy-

drogenation product which might exert a pre-
cipitating actipn on the soluble and fustble bi-
tuminous hydrocarbons resulting in the process,
into the first of a plurality of autoclaves con-
nected in series causing reaction to take place
between the starting material and the hydrogen
at a temperature within the range of 350 and
450° C. and under a pressure ranging between 350

_and 450 atmospheres, withdrawing the product

of reaction from the last autoclave and separating

" the liquid from the solid matter.

5,-The process of producing normally solid ex-
tracts from solid carbonaceous fuel material,
which comprises admixing said fuel material with
a solvent comprising tetrahydronaphthalene, sub-

jecting the admixed fuel material and solvent

in an extraction vessel under high superatmos-
pheric pressure, to a temperature of the order of
400% C., while in the presence of added hydrogen-
containing gases, and limiting the volume of hy-
drogen-containing gases consumed during ex-
traction to an amount which will not produce sub-
stantial hydrogenation and liquefaction of the
normally solid extracts. :
THEODOR WILHELM PFIRRMANN.
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