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, Oneof the most important and widely agi-L 
tated ' blems in the industrial world has 
for a ong-time been how to produce o'ood 
gasoline or other valuable liquid- fuels rom 
solid fuel including coal-in all its varieties 
and wood, and products of distillation, or 
mineral oils, especially heavy oils. . 
One attempt at the solution of this problem 

has been by liquefaction of coals by means of 
hydrogen or by destructive hydrogenation of 
tars or oils under high pressure at high tem 

rature, but this has not reached application 
1nd'ustria‘lly because of an unsatisfactory 
speed and rate of the conversion. 
By the process herein described we claim 

to have successfully solved this problem for 
the ?rst time and to be able to produce good 
pure liquid fuels, including also benzines 
from solid fuels and to convert also tars ob 
tained from solid fuels and also heavy min 
eral oils or residues into more valuable liquid 
products, including benzines, by \a process 

' economical immaterial, time, labor and wear 

25 
of apparatus. _ v 

In arrivin at the herein described process 
we have ma e several discoveries or inven-‘ 
tions.- ~ . 

We will now set forth a general ex lana 
tion'of our process followed by speci c ex 
amples thereof with .the understanding that 
the appended claims are intended to cover the 
features of the invention expressed therein 
severally and collectively. _ - 
We conceived the idea of applying a cata 

lyst to said solid fuel or other materials, in 
connection with said hydrogenizing high 
ressure and high temperature process, but 
ound that an improvement of the process 
could not be obtained at all or at least not 
in a continued operation. J.’ - 

Thereafter we discovered) that the cause of 
this drawback was the sulfur present in the 
treated material, and by experimenting dis 
covered certain catalysts which would work 
satisfactorily under the existing conditions 

' notwithstanding the resence of the sulfur. or 
sulfur compounds. uph catalysts prove val 
uable not only under high ressure but even 
under ordinary pressure, t ough high pres 
sure is more suitable, and most advanta 

ously the hydrogenizing gas is employed in I 
t e form of a stream. 
Thereupon we found that the apparatus 

were attacked too rapidly for industrial suc 
cess due to several in?uences, chie? to the 
presence of sulfur mostly found in t e start 
ing materials, and that many troubles in the 
operation and also other drawbacks were 
hereby caused, and we discovered that under 
the conditions existing in the process of h - 
drogenizing,_whether with an addition of t e 
aforementioned or, other catalysts or in the 
absence of catalysts an apparatus composed 
of or lined with aluminium would behave ex 
cellently.) Even with materials rich in sul 
fur, for example Mexican Panuco oil, alumin 
mm or its alloys are not attacked by the com 
tact with hot, gaseous, liquid or solid mate 
rial, and when using them as a lining they 
may be used until near their meltin point. 
Also chromium and alloys therewitii 
resistant to the attack in the course of the 
operation in so far as these metals or their 
alloys‘ are impermeable to as and do not 
contain free injurious iron. specially chro 
mium itself and alloys containing more than 
10 per cent of chromium and not more than 
0.2 per cent, preferably less than 0.1 er cent 
of carbon, are very‘suitable. At t e same 
time a content of nickel amounting to 40 
per cent or more makes a very useful material 
which is not attacked even if in use for a very 
lon time. ', ‘ I 

e further discovered that the process ac 
cording to the present invention 18 in many 
cases, and in particular when convertin solid 
fuels or heavy oils or residues, great y im 
proved by carrying out the process in two 
parts or stages. In the?rst stage the'coal, 
tars‘ or heavy petroleum products are convert 
ed into liquids poor in fractions of low boiling 
point by liquefaction or destructive hydrogen 
ation with or without catalysts, while in the 
second stage the products of‘ sta e one are 
transféirmed into hydrocarbons of ow boilin 
point, by destructive hydrogenation, but pre - 
erably with the aid of catalysts. Increased 
pressure, is preferably employed in one or 
oth stages. Insofaras catalytic masses are 

added in both stages, they may be of the same 
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kind. or different in quantity, concentration, 
or kind. The two sta es can be e?ected in 
two se arate or adjoining reaction vessels or r 
in di erent parts of ' a single vessel con 
structed in a suitable manner. Even more 
than two stages may be employed succes 
sively in certain cases. 
‘The catalysts most suitable to be added for 

effecting the said conversion must be of a na 
ture substantially immune to sulfur poison 
ing in this process and can be of varied char 
acter. As examples we quote compounds of 
nitrogen, or combined sulfur, partlcularly 
sul?ds of heavy metals, also molybdenum, 
tungsten, chromium and uranium which are 
here referred to as metals of the sixth group 
.of the periodic system or compounds 0 sue 
metals. Other catal sts immune from sulfur 
poisoning may also e used or more than one 
such ‘catalyst at the same time or successive 

- ly, or mixtures of such catalysts with other’ 
bodies. Other com ounds acting in a differ 
ent way, for examp e, as splittin agents, and 
inert solid bodies may also be ad ed. ‘ 
As examples of compounds of nitrogen to 

be added to the materials which are to be 
brought into reaction, we mention ammonia, 
or ammonium sul?d, or nitrides, for example 
silicon or titanium nitrides which are com 
parativel stable to water. Several com 
pounds 0 nitrogen of different character, for 
exam le solid and gaseous compounds as 
nitri es and ammonia may be used at the 

, same time. Instead of nitrogen compounds, 
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free nitrogen may be added to the hydrogen 
gas in the presence or with an addition of 
catalysts capable of synthesizing ammonia, 
but ammonia or other compounds of nitrogen 
may also be added simultaneously. 
‘When employing combined sulfur, it may 

be added in different forms, for example of 
sul?des, single or mixed, also in mixture with 
metals, such as silver, molybdenum, tungsten 
or cobalt or oxids, such' as those of mag 
nesium, calcium,‘ zinc, aluminium titanium, 
zirconium, cerium, thorium, vanadium, chro 
mium, molybdenum, tungsten, uranium, 
manganese or cobalt or hydroxids such as, 
those of calcium, aluminium, thorium, chro 
mium, manganese or cobalt or carbonates 
such as those of lithium, beryllium, mag 
nesium, calcium, zinc, manganese or cobalt 
and the like, especially in mixture with 
catalysts promoting hydrogenation. Sul?ds 
of heavy metals, particularly those of the iron 
group, whether alone or in mixtures, are of 
special e?iciencya Sulfur may also be intro 
duced in other forms, for example by adding 
sul?tes or sulfates, or adding free sulfur to 
metal oxids such as those of zinc, vanadium, 
molybdenum, tungsten, uranium, manganese 
or cobalt and the like and thereby generating 
a catalyst containing combined sulfur. Also 
by treating iron with sulfuretted hydrogen 

at an elevated temperature, a‘ catalyst of last‘ 
in e?iciency can be produced.‘ - 

hen using metals of the sixth group of. 
the eriodic system or compounds thereof as 
cata ysts, the latter may comprise, for ex 
am le, molybdenum or other related metal 
as ree metals or compounds, such as Sul?ds, 
"or molybdic acid, or ammonium inolgbdate, 
and these substances ma be emplo e either 
alone or in mixture wit other bo ies which 
may possess hydrogenating properties, or not. 
For example, cobalt or iron, or compounds 
thereof, or alumina, zinc oxid, magnesia, or 
calcium carbonate may be cited as additions 
to the said catalyst immune to sulfur poison 
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ing. The said catalysts may be employed on ~ 
su ports such as lumps'of clay. 

' e cite as further exaunples of catalysts 
immune to sulfur poisoning adapted to be 
used in this process, compounds of silver, cop 

--pe'r, cadmium, lead, bismuth and tin, lithium 
oxid or carbonate, magnesite, boric acid. 
alumina, rare earths, dit?cultly reducible 
oxids of the metals of the fourth group, oxids ‘ 
or carbonates of zinzc, manganese and vana 
dium, di?icultly reducible oxids of other 
metals, and combinations of two or more of- ‘ 
the above mentioned metals, as such, or in the 
form of their, compounds, for example, a 
mixture of copper and zinc or a mixture of 
silver and chromium or a mixture of com 
pounds of said metals with or without addi 
tional catalytic elements, especiall iron or 
other metals of the iron group. (i7 
catalysts suitable to give rise to methanol 
from hydro en and an oxid of carbon can 
be employed, and is is preferable in such 
cases to employ mixtures of hydrogen and 
an oxid of carbon or to use steam. 
The said catalysts may-be added in any 

suitable manner. They may be added to the 
solid or liquid material, or in the, case of 
liquids they ma be placed into the reaction 
vessel and the liquids brought into contact 
with them in a vaporized or otherwise ?nely 
divided state. Other bodies, for example, 
lumps of brick, quartz, asbestos, coke, active 
carbon, silica gel, metals, especially heavy 
metals, or metal oxids, or carbides, or mix 
tures of such bodies, may also be present 
in the reaction chamber. The said bodies 
have the effect of'avoiding the formation of 
carbon deposits and of facilitating the dis 
tribution of the hydrogenating gas. ~ 
As regards the materials to be treated, the 
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invention can be applied to any sort of solid ~ 
fuels, for example, hard or soft coal, brown 
coal, lignite, peat, wood, or similar materials, 
mineral oils, shale oils, or other solid or 
liquidbitumina, also distillation or extrac 
tion products‘ of all of them, such as tars 
obtained from them, whether by ordinary de 
structive distillation or by low temperature 
carbonization, or brown coal bitumen, or tars 
~or oils obtained by pressure hydrogenation 

128 

130 



35 

. 40 

v 

50 

1,890,484 

of solid or liquid fuels, or components or 
conversion products of all above mentioned. 
materials, such ‘as cracked products, cou 
marone or any other resins or residues ofv 
their distillation pitch, asphaltum and so 
on, or mixtures of several such products with 
each other, also of solids with the above 
named liquids or of one or more of such 
products with other suitable organic liquids. 

Especiall when employing coal. or li uid 
fuels, an a dition of ligmte or peat is o ten 
of advantage, often increasing the hydrogen 
izing action, avoiding several drawbacks and 
in the case of solid substances rendering 
their introduction easier. All the said ma 
terials may housed in ‘the presence of sub 
stantial amounts of water and, if desired, 
water ma be added as such. .Sometimes the 
process 0 h drogenation is hereby furthered. 
For examp e lignite producer tar contain 
ing from 40 to 50 per cent of water may be 
used to advantage directlfy. 
The preferred form 0 carrying out the 

process is generally a continuous operation 
with a stream'of the gases and with an ex 
cess thereof over the required quantity and 
preferably while maintaining the desired 
pressure by adding fresh gas and passing the 
gas either by circulation through one or 
more reaction vessels or through a succes~ 
sion of several reaction vessels. The ma 
terial to be converted is vsupplied at the 
proper place and the products are separated 
from the reaction gases by cooling. 
The gases serving for the reaction may 

consist of hydrogen alone or of mixtures 
containing hydrogen, for example a mixture 
of hydrogen with nitrogen, or water gas, or 
hydrogen mixed with carbon dioxid hydro 
gen sulphide, water vapor or met ane or 
other hydrocarbons. Or the hydrogen may 
be generated in the reaction chamber by the 
interaction of water and carbon monoxid, 
and the like. When employing nitrogen, 
compounds as catalysts, and carbon monoxid 
and water, the gas must be employed in a 
stream. , 

The hydrogen, gases required for the de 
structive hydrogenation can be obtained in 
anysuitable manner; among other methods 
the following may be mentioned. 
Gaseous or vaporized hydrocarbons, 

whether alone or mixed with each other or 
other gases are decom osed at a high tem 

' perature with a suitab y restricted quantity 
of oxygen or a gas rich in oxygen so as to 
combine substantially only the carbon con 
tents with oxygen producing carbon mon 
oxid and setting free the hydrogen. Water 
vapor orcarbon dioxid. or both may be added 
to the oxygen and catalysts may be employed 
in ‘order to facilitate the partial combustion, 
for example nickel coated magnesia or other 
solid bodies, or fused iron or iron alloys. The 
carbon monoxid may thereupon, when found, 

7.3 
desirable, be catalytically brought into reac 
tion with steam 1n‘ order to produce more 
hydrogen. As in the process of liquefaction I 
or destructive hydrogenation of coal and 
‘other materials, methane‘ and other simple 
hydrocarbons are produced, the gases ‘ob 
tained in the reaction or the hydrocarbons 
isolated therefrom may serve for the said de 
compositon, preferabl after the more valu 
able higher gaseous ydrocarbons, for ex 
ample ethane or propane, have been removed 
by means of cooling or_ suitable absorbents 
and recovered for other uses. The decom 
position with oxygen may also be effected 
at an elevated pressure with special advan 
tage when making use of the gases resultin 
from the hydrogenation process, in whic 
case the decomposition may be effected at a 
pressure identical with or’ lower‘ than that 
prevailing in the hydrogenation in order to 
.save compression energy. . 

The process is best carried out under ele 
vated or even strongly elevated pressure and 
most suitably with a stream of the gas passed 
through or over the material to be treated 
or carrying it along through the reaction 
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vessel by which method the production ob , 
tained by the process is very large. 
Depending on ‘the condition of working, 

for example temperature and pressure em 
ployed or duration of the treatment, the 
products are poor or rich in products of low 
boiling point. Generally the temperature 
ranges between 300 and 700 degrees centi 
grade, and when working under pressure, 
it should amount tov 20, 50 or more atmos 
pheres. ‘ ‘ 
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‘Compounds obtained by the aforedescribed ’ 
hydrogenation treatment of solid fuels, tars, 
mineral oils and other materials referred to, 
which compounds may be comprised by the 
term destructively hydrogenized fuels are 
generally very low in sulfur or even‘ com 
pletely free therefrom and are excellently 
suitable for use as fuel for internalcombus 
tion engines. These destructively hydrogen 
ized fuels, whether obtained as aforede 
scribed or otherwise, may be mixed with one 
or more other liquid fuels, for example, ben 
zi-nes or gasoline obtained by the cracking 
process, benzol or low alcohols of the ali 
phatic series and possess the remarkable 
property of being miscible with the latter, 
particularly with methanol, to a large de 
gree. Such mixtures are also useful as fuels 
for internal combustion engines. A mix 
ture composed of 60 per cent, by weight, of 
a hydrocarbon obtained from lignite, 30 per 
cent of gasoline and 10 per cent of methanol 
maybe cited as an exam le. The destruc 
tively hydrogenized fuels, however pro 

105 

110 

125 

duced, are also valuable as solvents for va- ‘ 
rious purposes ‘for which they may be used 
either alone or in conjunction, with other 
bodies. Theyexcel by being miscible with no 
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many bodies. ,With many such bodies nat 
ural benzines would mix only to an unsatis 
factory or very restricted degree. For ex 
ample, methanol or aqueous alcohol can be 
mixed to a lar e extent‘or even in any pro: 
.portion with t e synthetic benzines. They 
are also excellent solvents for many purposes. 
In the accompanying drawings, an appa 

ratus for carrying out the one stage process 
and an apparatus for carrying out the two 
stage process, both being continuous, are 11 

' lustrated diagrammatically, partly in ver 
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tical section. Our in?zntion is not limited 
to the apparatus illustrated therein, however, 
but may e varied at will in accordance with 
the conditions of working. 

Referring to the drawin s in Fig. 1 in 
detail, reference numeral 1 indicates a feed 
line from any convenient source of liquid 
raw material. The line. 1 discharges to a 
grinding mechanism 2 ?tted with a hopper 
3 through which solid materials may be ad 
mitted. If desired, the grinding mechanism 
can be by-passed by line 1a when no solid 
materials are used. The suspension of solid 
material in liquid or the liquid alone may 
be then forced by pump 5 througha line 
4: to a heat exchanger 6 and thence by line 
7 into a reaction chamber 8. The reaction 
chamber is constructed in any preferred man 
ner and should be adapted to withstand high 
pressures, for example; above 20-100 or even_ 
as high as 800 ‘atmospheres, as well as the 
corrosive effects of the reactants. The ves 
sel is preferably protected from loss of heat 
by a suitable insulating cover 9 and-may be 
heated by electric coils 10 which are arranged 
within the drum. The contents of the drum 
are preferably kept in a state of agitation 
by means of a stirring mechanism 11 and, 
if desired, suitable catalytic materials 11’ as 
indicated above may be attached to the stir 
ring mechanism so that the catalyst is brought 
into intimate contact with the contents of 
the vessel. 
Hydrogen under high pressure is forced 

through a line 12, heat exchanger 13 and then 
by line 14 into the base of the reactor 8 into 
which it is preferably discharged through a - 
spray pipe 15. A liquid level may be main 
tained in the drum, for example at the point 
16a and gas and vaporous products may be 
continuouslyv withdrawn by vapor line 16 
which is in communication with exchanger 
13 and a cooling coil or condenser 17 . The 
condensate and'gas‘is discharged into'a sepai 
ration drum 18 from which the distillate is 
removed byline 19 to storage, not shown. 
The gas may be taken off by a pipe 20 to a 
purifying system indicated at 21, and which 
maycomprise a scrubbing system preferably 

_ carried out at high pressure using, for ex 

65 

ample, soda to remove hydrogen sul?de and 
oil to remove hydrocarbon constituents from 
the gas. Puri?ed gas is then recompressed 

1,890,484 

by a booster pump 22 and is forced again 
into the hydrogen feed line 12. Fresh hy 
drogen ma be introduced by line 23. If 
‘desired, oi ma be continuously removed 
from the drum , y a line 24 which commu 
nicates with heat exchanger 6 and which is 
withdrawn to storage, not shown, by a suit 
ableline 25. - . 

Referring now to the drawings in Fig. 2 
a suitable system is shown. for converting 
solid materials into light liquid oils by two 

4 steps. ' Where possible, the same numeral has 
been used in Fig. 2 as has already been in 
dicated in Fig. 1. Hydrocarbon oil is with 
drawn from any suitable storage, not shown, 
by a line 1 and may be forced through a 
rinding mechanism 2 which is ?tted with 

t e hopper 3‘for the introduction of solid 
material, such as coal, lignite or the like. 
The pump 5 forces this mixture through line 
4 into the ?rst oven indicated by the numeral 
8a. This oven may be constructed in the 
same manner as the oven 8 shown in Fig. 1 
and similar parts are designated by the same 
numerals. A heavy lique?ed material is 
withdrawn from the base of the oven 8a and 
may be continuously discharged into the sec 
ond oven indicated by 8b. ' This oven may be 
packed with a suitable solid catalytic ma 
terial indicated at 11' and with the excep 
tion that no stirring mechanism is used (it 
may be constructed similarly to oven 8a. ‘ 
Hydrogen is forced under high pressure 

from the line 12, as before, through a heat 
exchanger 13 and by line 14 and branches 
14a and 14b into oven 8a and 8?) respectively. 
Vaporous products and gas are removed from 
both ovens by vapor line 16a and 16?; re 
spectively which may discharge through a 
single exchanger 13 to condenser 17. The 
light oils are separated from the gases in the 
separator 18 from which the ‘oil is removed 
by 19 and the gases may 'be'removed, puri?ed 
and' recompressed as indicated in Fig. 1. 
Heavy oil may be continuously withdrawn 
from the oven 8?) and a part or the whole 
thereof may be continuously discharged 
through a line 24a, cooler 26 and conducted 
by line 25 to any suitable storage. If desired, 
a part of this oil may be re-circulated to line 
1 or to line 4 by means of recirculation line 
24b, pump 27 and either of the two lines 28 
or 29, as is desired. - 
In the operation of this system solid car 

bonaceous material containing ash may be 
continuously fed to the ?rst oven and asu?i 
cient quantity of the oil containing inor 
ganic material may be led from the system 
by the lines 24a and 25 so as to prevent accu 
mulation within the system. Fresh hydro 
carbon oil may be continuously fed in suffi 
cient quantity to carry in the solid material 
or if desired,'a part of the oil withdrawn 
from the second oven, either containing ash 
or from which the ash has been removed by : 4 
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?ltration, settling centrifugal means or the 
like may be recirculated for the purpose of 

_ bringing in the fresh solid material. a ‘ 
In the following examples the_ time of re 

action varies considerably, as might be sup 
posed, depending on the nature of the raw. 
material, the activity of the catalyst, tem 

' rature, pressure and the like. In practice 
it is desirable to make a few preliminary 
runs in order to determine the time required 
for the best yields under a given set of con 

4 Generally speaking, with . batch 
operations the total time may be from two 
to ten hours or more, depending on the yield 
desired, while with continuous operations the 
time is usually shorter. When continually 
feeding liquid or di?icultly vaporizable oils, 
the rate of ?ow may be in the neighborhood 
of .3 to .8 volumes of oil per hour per volume _ 
of reaction space. Vaporous materials may 
be treated at higher temperatures and the 
feed rate may consequently be one or even 
one and one-half volumes per hour per vol 
ume of reaction space. The volume of hy 
drogen may likewise vary considerably and 
should always, of course, be in excess of that 
actually required for the conversion; for ex— 
ample, the rate of ?ow of hydrogen may be 
in excess of about 600 litres per kilogram 
of carbonaceous material. 
The following examples will serve to fur 

ther explain how our invention is carried 
out in practice, but we do not restrict‘ our 
invention to these examples. 

Example 1 

.Brown coal dried in the air is introduced 
in a continuous manner into a vessel capable 
of withstanding high pressure and heated to 
about 500 degrees centi grade and exposed 
therein to the action of a stream of hydrogen 
in excess of the required amount and brought 
under a pressure of 100 atmospheres, after, 

. van addition has been made to thegas oil per 
cent by volume, of ammonia. The products 
of the reaction are carried away with the gas 
current and condense by. cooling after leav 
ing the furnace, whereby a thin oil with but 
little phenolic bodies is obtained. In the end 
80 per cent or more of the carbonaceous mat 
ter contained in the brown coal is lique?ed 
and at the same time 10 per cent of gaseous 
hydrocarbons are formed. 
The conditions of working may be varied’ 

to a large extent; the pressure may be lower 
or higher. In addition to ammonia other 
catalysts, or solid bodies may be employed, 
for example, iron, cobalt, or the like, or por-. 
ous lumps of clay, adding them to the coal 

' or arranging them separately. The brown 

'-'- scribe 

coal may be mixed with a liquid, for example, 
with part of the product obtained as de 

E'mantple 2 
A vessel suitable to ‘withstand high pres; 

sure is supplied with‘pieces of pressed alu 
minium hy roxid and heated to a out 500 de 70 
grees centigrade and a gas mixture composed 
of. 79 per cent, by volume, of hydrogen, 20 
per cent of nitrogen and 1 per cent of am~ 
monia, charged with the vapors of dehydrat 
ed brown coal producer tar at a low partial 
pressure is led through under a pressure of- - 
200 atmospheres. On cooling the gases leave 
ing the vessel, ‘a product containing thin' 
liquid hydrocarbons is obtained, which is 
practically free from oxygenated and unsat- ‘ 
urated compounds. The residual gas mix 
ture may be returned to the. reaction vessel 
after replacing the consumed hydrogen and 
removing gaseous hydrocarbons which ‘are 
formed to a small extent. 1 
When employing titanium nitrid instead 

of ammonia and aluminium hydroxid, and 
the above gas mixture or hydrogen alone, . 
‘under similar condltlons, a. product contain 
ing about 70 per cent its weight of gasoline 
boiling up to 200 degrees centigrade is ob 
tained. . ' ' 

Mixtures of coals and tars or of coal or tar 
with products of the hydro enation of such 
materials or with other suitable liquid di 
luents may also be employed. 

Ewample 8 
Raw cresylic acid obtained from coal tar 

is passed with a current of hydrogen .under 
a pressure of 150 atmospheres and at a tem 
perature of from 380 degrees to 400 degrees 
centigrade over a catalyst obtained by press 
ing precipitated cobalt sul?d into lumps. The 
reaction sets in vigorously after a short while 
and proceeds at a constant velocitg. In the - < 

on product obtained by cooling, the p ols'are 
largely reduced to hydrocarbons. 

Similarly, when treating coal tar or brown 
coal tar or raw distillates thereof, phenolic 
bodies contained therein are reduced to h 
drocarbons to a satisfactory degree notwitli 
standing the presence of ‘hydrocarbons and 
impurit‘es such as sulfur compounds,‘pyri 
dine and the like; unsaturated compounds 
are converted into saturated ones, mobile val 
uable oils being thus formed in a continuous 
operation without formation of asphaltum 
or coke. _ 

- In the above example, cobalt sul?d ma be 
replaced by a mixture of the‘sul?ds of co alt 
and nickel, or of cobalt and man anese, or of 
cobalt and iron, or by zinc sul? or alumin 
ium sul?d, or other catalysts containing com 
bined sulfur. ‘ i - ' 

Example 4 
Brown coal is intimately mixed with -1 per 

‘cent its weight of m'olybdic acid and intro 
duced into a vessel capable of withstanding 
high pressure, in which it is treated at about 
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500 degrees centigrade and under a ressure 
of 150 atmospheres with a steam 0 hydro 
gen. ’ The coal is soon and easily completely 
transformed into valuable thin hydrocarbons. 

‘Example 5 
Brown coal tar obtained in a gas producer 

fed with brown coal, is vaporized at a tem 
perature of 500 degrees centigradeuand under 
a pressure of about 150 atmospheres, in a cur 
rent of hydrogem'and the mixture is contin 
uously passed over a contact mass consisting 
of a mixture of molybdic acid with an addi 
tion of 20 per cent its weight of aluminium 
hydroxide. .The gas is pumped round in a 
circular way while maintaining the pressure 
by an addition of fresh hydrogen, and sepa 
rating, the material by cooling. There is 
formed a mobile and nearly colorless product 
free from phenols, without any'formation of 
coke, asphalt or other residue. From thirty 
to ?fty per cent of the product distil up to 
150 degrees centigrade, and the fractions up 
to- 300 degrees centigrade are colorless and 
fully saturated. At 350 degrees centigrade 
only a small residue is left having a Vaseline 
like nature. The raw product can be used 
as a motor fuel or for manufacturing lubri 
eating. oils. An addition of say 1 per cent of 
ammonia to the hydrogen is also useful. ' 
A mixture consisting of 75 per cent, by 

volume, of hydrogen and 25 per cent of nitro 
gen may also be used, preferably at a pres 
sure of '200 atmospheres. 
Molybdic acid alone or molybdenum sul 

?d or other masses containing molybdenum 
may also be employed. also coal tar, and com 
ponents such as raw cresylic acid. 

Eieample 6 
Raw cresylic acid obtained from coal tar 

is passed along with a current of hydrogen 
over tungstic acid under a pressure‘of 50 at 
mospheres and at a temperature of about 500 

- degrees to 550 degrees centigrade whereby it 
is rapidly» and completely converted into 
hydrocarbons. - 

Example 7 
Petroleum residues when treated as de 

scribed in the foregoing example yield in a 
continuous manner and without any forma 
tion of coke or asphaltum, at between 450 de 
grees and 500 degrees centigrade, a product 
containing from 50 to 80 per cent of benzene 
boiling up to 150 degrees. ' ' 

Example 8 
Brown coal tar obtained in a gas producer 

is continually passed, along with a mixture of 
3 parts of hydrogen with 1 part (by volume) 
of nitrogen at about 500 degrees centigrade 
and under 200 atmospheres over a catalyst 
consisting of chromium hydroxid. The tar 
is hereby converted into a mobile oil, prac~ 
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tically free from phenol and of a saturated 
nature and containing about 50 per cent of 
benzine (boiling up to 150 degrees centii 
grade) . The fractions of higher boiling point 
are free from asphaltum and can be converted 
into benzine by a repeated treatment. 

Ewample .9 
Lignite, whether alone or mixed‘with min 

eral or tar oil, is continuousl fed into a high 
pressure reaction vessel in w ich it is exposed 
to the action of a current of hydrogen in ex 
cess of the consumed quantity under a pres 
sure of 200 atmospheres and at a temperature 
of about 480 degrees, while the solid or pasted 
material is slowly moved forward through 
the reaction vessel. The hot gas current con 
taining the products formed by the interac 
tion with hydrogen is assed into a second re 
action vessel also capa le of withstanding the 
pressure, which latter is maintained and 
which vessel is supplied with precipitated 
calcium carbonate in lumps and heated to 
from 500 degrees to 550 vde rees centigrade 
whereupon the gases are coo ed after having 
transferred heat to the gas entering the ?rst 
vessel; a mobile oil collects in the cool receiver 
containing about 50 per cent, of benzine of 
low boiling point. The gas is freed from 
gaseous hydrocarbons which are present in a‘ 
small amount and is then passed with an addi- . 
tion of fresh hydrogen to make up for the 
consumed amount thereof, by means of a cir 
culating pump, successively through the ?rst 
and second vessel and the cooler. and so forth. 
'The solid residue, chie?y ashes, left by the 
treatment of the brown'coal is suitably with 
drawn between the ?rst and second vessel. By 
this treatment 70 or more per cent of the car 
bon contents of the lignite is easily and quick 
ly converted in a continuous manner into val 
uable hydrocarbons. . 
A catalyst of the character described above 

may also be employed in the ?rst stage, and 
in the second stage the calcium carbonate may 
be replaced by other such catalysts and those 
of a more precious character are preferably 
employed in the second stage where there are 
no ashes or other solid residues. 

Example 10 
Dark colored residues of an American rock 

oil which at ordinary temperature are nearly 
solid and have a strongly unsaturated char 
acter are incorporated with an excess of a 
gas mixture composed of three parts, by 
volume, of hydrogen and 1 part of nitrogen 
and continuously passed under a pressure of 
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200 atmospheres and a temperature of from ' 
450 degrees to 500 ‘degrees Centigrade over 
a catalyst prepared from an intimate mixture 
of 70 parts, by weight. of ammonium molyb 
date and 30 parts of aluminium hydroxid. 
A nearly colorless, mobile and saturated 
product is obtained besides a little methane,_ 
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consisting of 90 per centi‘of colorless petrol 
boiling u to 150 degrees and 10 er cent of 
a thin‘, ye owish product of a hig er boiling 
point. - a‘ . 

E'wample 11 
Jura shale oil of ‘0.950 sp. '. containing 

4 per cent of sulfur which on dlstilllng yields 

per cent of a pitch-like residue over 350 de 
grees centigrade is treated as described in 
the foregoing example. The product. is a 
mobile yellowish oil of 0.810 sp. gr. contain 
ing 80 per cent of saturated petrol boiling 
up to 150 degrees and leavin at 200 degrees 
centigrade a liquid only s "ghtly colored - 

- Example 12 

Mexican asphaltum is dissolved in its own 
weight of cyclohexa'ne and treated in the 
aforedescribed manner. The cyclohexane is 
recovered unaltered, while ‘the asphaltum 
which before the treatment contained ,4, per 
cent compounds boiling up to '250 degrees 
centi rade,25 per cent more boiling up to 
350 egrees centigrade and 70 per cent of a 
hard pitch residue is converted into a mobile 
oil, free from oxygen compounds and chie?y 
consistin of petrol hydrocarbons besides a 
very sma lvaseline-like residue. 
'Rock oils of any origin may be treated as 

residue. 

described in the above examples and thereby 
' converted into ‘re?ned products of much more 
valuable properties. 

Ea'ample 13 
Dark-colored residues of an American rock 

oil which at ordinary temperature are nearly ‘ 
solid and have a strongly unsaturated char 
acter, are incorporated with an excess of a 
gas mixture composed of 3 parts, by volume, 
of hydrogen and 1 part of nitrogen, with or 
without an addition of free ammonia, and 
passed in a continuous manner over an acti 
vated iron catalyst as suggested for the syn~ 
thesis of ammonia, at a'pressure of 200 atmos~ 

' pheres and a temperature of from 450 degrees 
'1 to 500 degrees centigrade. The‘ product 
which is formed besides a little methane is a 
slightly yellowish liquid of 0.800 or less sp. 
gr. which on distillation yields about 50 per 
cent of gasoline boiling up to 150 degrees 
centigrade of saturated character, up to 250 
degrees centigi'ade additional 28 per cent dis— 
tillage and leaves at 325 degrees centigrade 
'about- 5 per cent of a thick or Vaseline like 
only slightly colored residue. 

With's'ilicon or titanium nitrid instead of 
activated iron, and the‘ above gas mixture or 
pure hydrogen ._a similar ‘result is obtained. 

' . Example 14 

Dark-colored residues of an American rock 
‘oil which at ordinary temperature are nearly 
solid and have a strongly unsaturated char 

7 

acter,-are incorporated with hydrogen and. 
passed continuously under a pressure of 200 
atmospheres and at from 450, degrees to 500 
degrees Centigrade over a catalyst pre ared 
by forming precipitated cobalt sul? . A 
light-colored, thin liquid is produced besides 
a little methane which on distillation yields 

additional 35 per cent up to 350 degrees 
centigrade all of a saturated character. The 
small residues are thick or Vaseline-like and 
free of pitch, Y 

7 Example 15 

Steamer fuel oil, produced from American 
oil, is passed‘ in a continuous manner, to 
gether with a'mixture of hydrogen and nitro 
gen, at about 500v degrees centigrade and 
under a pressure of 200 atmospheres over a 
catalyst prepared by ‘impregnating porous 
material'with lead nitrate.‘ The gas is circu 
lated while .maintaining the pressure and 
making up for the consumed hydrogen ‘by 
fresh'gas. A light-colored product of 0.85 
sp. gr. is produced, the lower fractions of 
which,'may directly'serve as a fuel for in 
ternal combust'on engines, while the higher 
fractions are‘ a high-grade starting m'a'erial 
for preparing lubricating oil.~ 

Instead of lead nitrate, 'stannous chlorid, 
silver nitrate, cupric liydroxid and others, 
whether single or mixed with each other or 
with compounds oi iron, cobalt and others, 
may also be used, and other materials such 
as tars, coal, etc. may be treated in a similar 
way. _ r , ‘ 

Example 16 

Cresylic acid obtained from coal tar is con- ‘, 
tinuously passed along with a mixture of hy- ' 
drogen and nitrogen at about 450 degrees 
centi grade and under a pressure of about 150 
.atmospheres over a catalyst containing the 
oxids of silver and titanium. The phenolic 
bodies are hereby completely reduced to hy 
drocarbons. Catalysts comprising lithium 
carbonate, ,magnesite, manganese oxid, silver 
borate, or copper and cerium oxid, or silver 
and cobalt oxid can be used similarly. ' 

Example 1?’ 

Brown coal producer tar is cont'nuously‘ 
' passed together with a current of hydrogen,‘ 
under a pressure of 800 atmospheres and at ' 
a temperature of about 500 degrees centi 
grade over a catalyst consisting of porous 
material coated with vanadic acid. The 
product obtained consists of up to 50 per cent 
of gasoline. ' ' 

A catalyst containing thoria or a mixture 

6 per cent petrol up to 150 degrees and 21 dper cent, of a fractlon up to 150 degrees 
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of compounds of uranium and z'nc or of 
copper and zinc or of silver ‘and tungsten or 
of silver and silicon 'or others with or with-v 
out a carrier may also be ‘used. 130 
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Example 18 ’ 

Two ‘parts of liguite producer tar agre 
mixed with 1, part (by weight) of raw hgnite 
or peat and continuously forced 111120 a high 
‘pressure vessel and treated therein with hy 
drogen under a pressure of 200 atmospheres 
and at about 450 degrees centigrade or higher, 
but not exceeding 600 degrees. centigrade 
while providing for an intimate contact of 
gas and material by employing a rapid cur 
rent of gas, stirring or the like. The- gas 
mixture leaving the vessel is- cooled by ex 
change of heat with the freshly entering 
gases. A thin hydrocarbon product with 

‘ about 25 per cent of a gasoline fraction is ob 
tained, the high boiling fractions of which 
may be subjected to a repeated treatment or 
utilized in any other manner, for example 
for the production of lubricating oils or sol 
vents or washing means or impregnating oils 
or insulating oils.‘ The hydrogen is pumped 
around while the residue containing ashes 
and mostly a little carbon is slowly dischargedv 
as a paste. The gas current may be so rapid 
that the gases of the reaction carry enough 
of the products to be subjected to a second 
or even third or more treatments ‘in subse 
quent vessels. If in the second vessel a 
catalyst containing molybdenum is employed, 
over which the reaction gases pass at about 
500 degrees centigrade, a product with 50 
per cent of a petrol fraction is readily ob 
tained with a complete reduction of phenolic 
bodies and an extensive removal of sulfur. 
An addition may be made to the starting 

material of roasted pyrites orother contact 
bodies. - 

_ Example 19 

Vaporized brown coal tar is incorporated 
with a gas mixture composed of 10 per cent, 
by volume, of carbon monoxid and'90 per 
cent of hydrogen and brought under a pres 
sure‘ of 200..atmospheres, and the mixture is 
passed at about 450 degrees centigrade over 
a catalyst suitable for the synthesis of meth 
anol prepared from 9 parts of zinc oxid and 
1 part of chromic acid. On cooling, 2. prod 
uct is condensed which contains some methan 
ol and oxygen compounds of a higher order, 
about 30 per cent of benzine and products of 
a higher boiling point which may serve for a 
‘conversion into lubricating oils or for a re 
peated treatment as aforementioned. The 
mixture of hydrogen and carbon monoxid is 
circulated while replacing the consumed 
gases. I 

In all of the above examples the hot parts 
of the apparatus may be lined or coated with 
aluminium or aluminium alloys or chromium 

. or made or coated with an alloy of 60 per cent 

65 

of nickel, 27.7 percent of iron, 12 per cent of 
chromium and 0.3 per cent of carbon; or an 
alloy composed of 58 per cent of nickel, 25 
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‘percent of iron, 17 per cent of chromium and 
0.03 per cent of carbon; or an alloy composed ' 
of 96 per cent of iron, 1.75 per cent of nickel, 
1.5 per cent of chrominum, 0.1 per cent of 
carbon and'also of 0.25 per cent'of silicon, 

,027 per cent of manganese, besides small 
quantities of copper, sulfur and phosphorus. 
Our invention is not con?ned to the above 

examples; the conditions may be widely va 
ried in various directions. For example-the 
pressures and temperatures may be higher or 
lower than stated above. ‘ 
In the appended claims, the expression 

70 

“distillation and extraction products there- i 
of” is intended to relate only to normally 
solid and liquid. distillation and extraction 
products and is not to be construed to include 
normally gaseous products of the distillation 
of solid and liquid fuels. 
Likewise when the expression “containing 

a metal of the sixth group” is used it is in 
tended to mean such metals in the free and in 
the combined state. 
Also when the expression “added catalyst” 

is used in said claims it is not necessarily in 
tended to mean that a catalyst is introduced 
into the reaction chamber with each charge 
of carbonaceous material but is merely in 
tended to indicate that the reaction is carried 
out in the presence of an effective quantity of 
a catalytic, material which is not naturally 
contained in the carbonaceous material'under, 
going treatment or is contained in said car-" 
bonaceous material in ine?'ective quantities. 
What we claim is :-- . 
1. The process of destructively hydrogen 

izing carbonaceous substances, such as solid 
“ and liquid fuels. distillation and extraction 
products thereof, into valuable liquids which 
comprises treating them with added hydro 
gen in the presence of an added catalyst im~ 
mune to sulfur poisoning, and heat at a 
temperature su?icient to promote the conver 
sion and at a pressure of at least 20 atmos 
pheres. ’ - 

2. The process of destructively hydrogen 
izing carbonaceous substances, such as solid 
and liquid fuels. distillation and extraction 
products thereof. into valuable liquids which 
comprises treating them ‘with added hydro 
gen in the presence of an added solid catalyst 
immune to sulfur poisoning, and‘heat at a 
temperature su?icient to promote the conver 
sion, and at a pressure of at least 20 atmos 
pheres, the conditions of working, such as 
temperature. pressure, and the e?iciency of 
the catalyst being so adapted to each other, 

. as to give rise to the formation of substantial 
vamounts of low boiling hydrocarbons of a 
‘benzine character. 

3. The process of destructively hydrogen 
izing carbonaceous substances, such as solid 
and liquid fuels. distillation and extraction 
products thereof, into valuable liquids which 
comprises treating them with a stream of by 
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drogen in the presence of an added catalyst 
immune to sulfur poisoning and heat at a 
temperature su?icientto promote the conver 
sion and at a pressure of at least 20 atmos 
pheres. ' 

4. The process of converting carbonaceous 
substances, such as solid and liquid fuels, 

7 distillation and extraction products thereof, 
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into valuable liquids by destructive hydro 
genation which comprises treating them with 
hydrogen and a catalyst containinv molyb 
denum at a temperature upwards of 350° C. 

5. The process of destructively hydrogen-l 
izing carbonaceous substances, such as solid 
and liquid fuels, distillation and extraction 
productsthereof, into valuable liquids which 
comprises treating them with added hydro 
gen, and a catalyst containing a metal of the’ 
sixth group of the periodic system, and heat 
at a temperature sufficient to promote the con 
version and elevated pressure of at least 20 
atmospheres. 

6. The process of destructively hydrogen 
izing carbonaceous substances, such as solid' 
and liquid fuels, distillation and extraction 
products thereof, into valuable liquids which 
comprises treating them with hydrogen and a 
catalyst containin 
a temperature 'sugcient to promote the con 
version at a pressure of at least 20 atmos 
pheres. ' 

_ 7 .. The process of converting carbonaceous 
substances, such as solid and liquid fuels, dis 
tillation and extraction products thereof, into 
valuable li uids which com rises treating 
them with ydrogen under increased pres 
sure of the order of 200 to 800 atmospheres 
at temperatures of the order of 400 to 550°‘ C. 
while con?ned in a vessel of adequate 
‘strength the surfaces of which exposed to the 
reacting materials have a degree of resistance 
to attack by hydrogen and sulphur, under the 
conditions of temperature and pressure given 
and in the presence of the reaction products, 
not substantially less than that of an alloy of 
iron containing 10 percent of chromium and 
.2 percent of carbon. 

8. A process for converting carbonaceous 
substances such as solid and liquid fuels, dis 
tillation and extraction products thereof, into 7 
valuable liquids by destructive hydrogena 
tion in a reaction vessel the inner surface of 
which comprises chromium at a pressure of 
at least 20 atmospheres. , 

9. A process for converting carbonaceous 
substances such as solid and liquid fuels, dis 
tillation and extraction products thereof, into 
valuable liquids by destructive hydrogena 
tion in a reaction vessel the inner surface of 
.which is made of an alloy of chromium at a 
pressure of at least 20-atmospheres. 

10. A process for converting carbonaceous 
substances such as solid and liquid fuels, dis 
tillation and extraction products thereof, into 
valuable liquids by destructive hydrogena 

v molybdenum and heat at. 

'9 
tion in a reaction vessel the inner surface of. a ' 
which is made of an alloy containing at least 
10 per cent of chromium at a pressure of at 

. least 20 atmospheres. 
11. The process for converting carbona 

ceous substances, such as solid and liquid 
fuels, distillation and extraction products 
thereof, into valuable liquids by destructive 
hydrogenation in a reaction vessel, the inner 
surface of which is made of an alloy of iron 
contaming at least 10 percent of chromium 
and not more than .3 percent of carbon. 

{'12. The process of converting carbona 
ceous substances, such as solid and liquid 
fuels, distillation and extraction products 
thereof, into valuableliquids which com 
prises employing hydrogen and an oxid of, 
carbon and an added catalyst capable of com 
bining hydrogen and the oxid of carbon to 
methanol and heat at a temperature su?i 
clent to promote the, conversion and at an 
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elevated pressure of at least twenty atmos— - 
'pheres. ' 

13. The process of destructively hydro 
genizing carbonaceous substances, such as 
solid and liquid fuels, distillation and ex 
traction products thereof, into valuable 
liquids which comprises treating them with 
hydrogen and a catalyst immume to sulfur 
poisoning, in the presence of a substantial‘ 
amount of water, and heat at a temperature 
sufficiently high for the conversion and at a 
pressure of at least 20 atmospheres. 

14. The process of converting carbonaceous 
. substances, such as solid and liquid fuels, dis 
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tillation and extraction products thereof, into ' 
valuable liquids, which comprises treating 
them with added hydrogen in the presence of 
an added solid catalyst immune to sulphur 
poisoning, and. heat at a temperature of be 
tween. about 300° and 700° C. and at a pres 
sure of at least 20 atmospheres. 

15. The process of converting carbonaceous 
substances, such as solid and liquid fuels, dis 
tillation and extraction products thereof, into 
valuable liquids, which comprises treating 
them with added hydrogen in‘ the presence of 
an added catalyst immune to sulphur poison 
ing, and heat at a temperature of between 
about 300° and 700° C. and at a pressure of 
at least 20 atmospheres, the conditions of 
working, such as temperature, pressure and 
et?ciency of the catalyst, being so adapted to 
each other as to give rise to the formation of 
substantial amounts of low boiling hydrocar 
bone of a gasoline character. 

16. The process of converting carbonaceous 
substances, such as solid andliquid fuels, dis 
tillation and extraction products thereof into 
valuable liquids, which comprises treating 
them with added hydrogen and an added cat 
alyst immune to sulphur poisoning, and heat 
at a temperature of between about 300° and 
7 00° C. and at an elevated pressure of at least 
100 atmospheres. . 
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17. The process of converting carbonaceous 
substances, such as solid and liquid fuels, dis’ 
tillation and extraction products thereof into 
valuable liquids, which comprises treating 
them with a stream of hydrogen and an added 
catalyst immune to sul hur poisoning, and 

.heat at a temperature 0 between about 300° 

10 

15 

and 700° C. and at an elevated pressure of 
at least 20 atmospheres. 

18. The process of converting carbonaceous 
substances, such as solid and liquid fuels, dis 
tillation and extraction products thereof, into 
valuable liquids, which comprises treating 
them with added hydrogen and a catalyst 
comprising a metal of the sixth group of the 
periodic s stem and heat at a temperature of 

I between a out 300° and 7 00° C. and at a pres 
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sure of at least 20 atmospheres. 
19. The process of converting carbonaceous 

substances, such as solid and liquid fuels, dis 
tillation and extraction products thereof, into 
valuable liquids, which comprises treating 
them with a stream of hydrogen and a cata 
lyst containing a metal of the sixth group of 
the periodic system and heat at a temperature 
of between about 300° and 700° C. and at an 
elevated pressure upwards of 100 atmos; 
pheres. 

20. The process of converting carbonaceous ' 
substances, such as solid and liquid fuels, dis 
tillation and extraction products thereof, into 
valuable liquids, which comprises treating 
them with hydrogen and a catalyst contain 

' ' ing molybdenum, and heat at a temperature 
35 

40 

of between about 300° and 700° C. and at a 
pressure of at least 20 atmospheres. 

21. The process of converting carbonaceous 
substances, such as solid and liquid fuels, dis 
tillation andextraction products thereof, into 
valuable liquids, which comprises treating 

‘ them with hydrogen and a catalyst contain 
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ing molybdenum, and heat at a temperature 
of between about 300° and 700° C. and at a 
pressure of more‘ than 50 atmospheres. 

22. The process of converting carbonaceous 
substances, such as solid and liquid fuels, dis 
tillation and extraction products thereof, into 

them with hydrogen in a stream, and a cata 
lyst containing molybdenum, and heat at a 
temperature of between about 300° and 700° 
C. and at an elevated pressure upwards of 100 

. atmospheres. 
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23. The process of converting carbonaceous 
substances, such as solid and liquid fuels, dis 
tillation and extraction products thereof, into 
valuable liquids, which comprises treating 
them with hydrogen and more than one cata 
lyst immune to sul hur poisoning, and heat 
at a temperature 0 
_7 00° C. and at a pressure of at least 20 atmos 
pheres. ~. - v _ 

24. The process of converting carbona 
ceous substances, such as solid and liquid 
fuels, distillation and extraction products‘ 

between about 300° and " 
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thereof, into valuable liquids, which coni 
prises treating them with hydrogen and a cat 
alyst immune to sulphur poisoning, in the 
presence of a substantial amount of water, 
and heat at a temperature of between about 
300° and 700° C. and at a pressure of at least 
50 atmospheres. I 

25. The process of roducing liquids from 
solid fuel materials w ich comprises destruc 
tively hydrogenating the initial material in 
the presence of an added catalyst immune to 
sulphur poisoning at a pressure of at least 
20 atmospheres and at a temperature of be 
tween about 300° and 700° C. _ 

26. The process of producing liquid hydro 
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carbons from coaly material which comprises ‘ ‘ 
destructively hydrogenating the initial ma 
terial in the presence of an added catalyst im 
mune to sulphur poisoning at a pressure of 
at least 20 atmospheres and at a temperature 
of between about 300°‘ and 7 00° C. 

27. The process of producing liquid hydro 
carbons from lignite which comprises de 
structively hydrogenating the initial mate 
rial in the presence'of an added catalyst im 
mune to sulphur poisoning at a pressure of ‘ 
at least 20 atmospheres and at a temperature . 
of between about 300° and 700°C. 

28. The process ‘of converting. carbona 
ceous substances, such as solid and liquid 
fuels, distillation and extraction products 
thereof, into valuable liquids, which com 
prises treating them with hydrogen and a cat 
alyst containing a metal of the sixth group 
of the periodic system, and heat ‘at a tcmper-~ 
ature of between about 300° and 700° C. and 
at an elevated pressure of at least 50 atmos 
pheres. ._ , 

29. The process of converting carbona 
ceous substances, such as solid and liquid 
fuels, distillation and extraction products 
thereof, into valuable liquids, which com 
prises treating them with a continuous stream 
of hydrogen and a substantial amount of wa 
ter and heat at a temperature of between 
about 300° and 700° C.’ and at a pressure of 
at least 50 atmospheres in the presence of a 

valuable liquids, which comprises treating icatalyst immune to Poisoningby Sulphur 
30. The process of converting carbona 

ceous substances, such as solid and ‘liquid ' 
fuels, distillation and extraction products 
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11s, 
thereof into valuable liquid products, which - 
comprises treating a mixture of a solid fuel 
of a more recent geological age than coal with 
another carbonaceous material by destructive 
hydrogenation in the presence of a catalyst 
immune to sulphur poisoning under a pres 
sure of at least 20 atmospheres and at a tem 
perature between about 300° and 7 00° C. 

31. The process of destructively hydrogen 
izing carbonaceous substances, such as'solid 
and liquid fuels, distillation and extraction 
products thereof into valuable liquids, which 
comprises ?rst treating them with hydrogen 
at a pressure of at least 20 atmospheres and 
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with heat at a temperature su?icient to 'pro 
mote the conversion until roducts poor in 
fractions of low boiling point are obtained, 
and then_ in a further stage converting the 
heavier fractions of such products alone. into 
products rich in fractions of low boiling 
point by a further treatment with hydrogen 
at a pressure of at least 20 atmospheres and 
heat at a temperature su?icient to promote 
the conversion, in the presence of an added 
catalyst immuneto sulphur poisoning. v 

32. The process of destructively hydrogen 
izing carbonaceous substances, such as solid 
and liquid fuels, distillation and extraction 
products thereof into valuable liquids, WhlCh 
comprises ?rst treating them with a current 
of hydrogen at a pressure of at least 50 at 
mospheresand with heat at a temperature 
su?icient to promote the conversion until 
products poor in fractions of low boilmg 
point are obtained,’ and then in a further 
stage converting the heavier fractions of such 
products alone into products rich in frac¢ 
tions of low boiling point by a further treat 
ment with hydrogen at a pressure of at'least 
50 atmospheres and heat at a temperature 
su?icient to promote the conversion in the 
presence of an added catalyst immune to sul- _ 
phur poisoning. 

33. The process of converting carbona 
ceous substances, such. as solid and liquid 
fuels, distillation and extraction products 
thereof into valuable liquids, which com 
rises ?rst treating them with a current of 

liydrogen at a pressure of at least 50 atmos 
pheres and with heat at a temperature of 
between about 300° and 700° C. until tar 
like products poor in fractions of low boil 
ing point are obtained, and then in a further 
stage converting the tar-like products alone 
into products rich in fractions of low boiling 
point by a further treatment with hydrogen 
at a pressure of at least 50 atmospheres and 
heat at a temperature of between about 300° 
and 700° C. and in the presence of a catalyst. 

‘ 34. The process of destructively hydrogen 
izing carbonaceous substance, such as solid 
and liquid fuels, distillation and extraction 

‘ products thereof, into valuable liquids which 
50 
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comprises treating them with hydrogen in 
the presence of an added solid catalyst im 
mune to sulphur poisoning, at a temperature 
su?iciently high for the conversion and at a 
pressure of at least 20 atmospheres for a pe 
riod such that, under the conditions as above 
given, the product is substantially free from 
asphalt. , v 

35. The process of destructively hydrogen 
izing. carbonaceous substances such as, solid 
and liquid fuels,‘ distillation and extraction 
products thereof, containing asphaltic hydro 
carbons, into valuable liquids, which com~ 
prises treating them with. hydrogen in the 

' presence of an added solid catalyst immune 
Q} to sulphur poisoning, at a temperature suf 

?ciently' high for the conversion and at ‘a 
pressure u wards of I00 atmospheres for a 
period suc 
above given, the product is substantially free 
from asphalt. ' - 

36. The‘ process of converting carbonace 
ous substances such as solid and liquid fuels, 
distillation and extraction products thereof, 
into valuable liquids which comprises con 
tinuously feeding said substances with hydro 

. gen into a reaction space containing a solid 

that, under the conditions as ' 
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catalyst immune to, sulphur poisoning and _ 
held at a temperature of between about 300 
and 7 00° C. while maintaining a pressure of 
at least, 20 atmospheres in said space and 
continuously removin resultin products. 

37. The process 0 destructively hydro 
genizing carbonaceous substances such- as 

so 

solid and liquid fuels, distillation and ex- ' 
traction products thereof, into valuable liq 
uids which comprises treating them with a 
stream of hydrogen in the presence of an add 
ed solid catalyst immune to sulphur poison 
ing, and heat at ‘a temperature su?iciently 
high for the conversion and at apressure 
of at least 20 atmospheres and carrying'off 
resulting products in the stream of hydrogen. 

85 

38. The process of converting carbona- I 
ceous substances such as solid and liquid‘ 
fuels, distillation and ‘extraction products 
thereof, into . valuable liquids which com 
prises treating them with a stream of hydro-_ 
gen in the presence of an added solid catalyst 

95 

immune to sulphur poisoning, and heat at a ' 
temperature of between about 300° and 700° 
C. and at a pressure of at least 20 atmo heme 
and carrying off resulting roducts 1n the 
vapor state in the stream 0 h drogen. 

39.‘ The process of destructively hydro 
genizing carbonaceous substances such as 
solid and liquid fuels, distillation and ex: 
traction products thereof, into valuable liq» 
uids which comprises treating them with a 
stream of hydrogen in the presence of an 
added solid catalyst immune to sulphur poi~ 
soning, and heat at a temperature sufficiently 
high for the conversion and at a pressure of 
at least 20 atmospheres, carrying off result 
ing products in the vapor state in the stream 
of hydrogen and cooling the mixed vapors 
whereby the lique?able portions of the said 
products are substantially completely re 
moved from the hydrogen. 
40..The process of destructively hydro 

genizing carbonaceous substances, such as 
solid and li uid fuels, distillation and ex 
traction pro ucts thereof, into valuable liq 
uids which comprises treating them with a 
stream of hydrogen in' the presence of an 
added ~solid catalyst immune to sulphur 
tploisoning, and ‘heat at a temperature suf 
ciently high for the conversion and- at a 

pressure of at least about 200 atmospheres, 
carrying off the resulting products in the 
vapor state in the stream of hydrogen, cool-t 
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in the mixed vapors, whereby normally liq 
ui products are separated, removing gaseous 
hydrocarbons from the stream of hydrogen 
and returning the hydrogen to the reaction 

' 5 zone. ' 
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41. The process of destructively hydro 
genizing carbonaceous substances, such as 
solid and liquid fuels, distillation and ex 
traction products thereof, into valuable liq 
uids which comprises continuously feedmg 
the said substances with hydrogen into are 
action space containing a solid catalyst 1m 
mune to sulphur poisonin and held at a 
temperature su?iciently big for the conver 
sion while maintaining a pressure of at. least 
20 atmospheres in said space, the conditions 
'as above given being ad]usted to permit of 
continuously removing resulting products 
substantially free from asphalt. ' 

42. The process of converting carbonaceous 
substancessuch as solid and liquid fuels, dis 
tillation and extraction products thereof, con 
taining as haltic hydrocarbons, into valu 
‘able liqui s which comprises continuously 
feeding the said substances with hydrogen 
into a reaction space containing a solid cata— 
lyst immune to‘ sulphur poisoning and held at 
a temperature of between about 300° and 700° 
C. while maintaining a pressure of at least 
200 atmospheres in said space, the conditions 
as above given being ad]usted to permit of 
continuously removing resulting, products 
substantially free from asphaltic hydrocar 
bons. . 

43. The process'of destructively hydrogen 
izing carbonaceous substances, such as solid 
and liquid fuels, distillation and extraction 
products thereof, into valuable liquids WhlCh 
comprises treating them with a stream of hy 
drogen in the presence of an added solid cata-_ 
lyst immune to sulphur poisoning, and heat 
at a temperature su?iciently high for the 
conversion and at a pressure of at least 20 at 
mospheres and carrying off resulting prod 
ucts substantially free from asphalt inthe 
stream of hydrogen. 

44. The process of converting carbonaceous 
substances, such as solid and liquid fuels, dis 
tillation and extraction products thereof, in 
to valuable liquids which comprises.treat 
111g them with a stream of hydrogen in the 
presence of an added solid catalyst immune 
to sulphur poisoning, and heat at a tempera 

'- ture of between about 300° and 700° C. and 

".66 

at a pressure of at least 20 atmospheres, the 
condrtions as above given being adjusted to 
permit of continuous withdrawal of reaction 
products substantially free from asphalt, 
withdrawing such products admixed with 
the hydrogen stream, separating the reaction 
‘product from the hydrogen and returning 
the hydrogen to the reaction zone. 

45. ‘The process of converting carbonaceous 
substances, such as solidand liquid fuels, .dis 
tillation and extraction products thereof, into 
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valuable liquids which comprises treating 
them with added hydrogen and a catalyst - 
comprising a compound of a metal of the 
sixth group of the periodic system and heat 
at a temperature between about 300° and 700° 
C. and at a pressure of at least 20 atmos 
pheres. . ' 

46. The process of converting carbonace 
ous substances, such as solid and liquid fuels, 
distillation and extraction products thereof, 
into valuable liquids which comprises con 
tinuously feeding said substances with hy 
drogen into a reaction space ‘containing a 
compound of a metal of the sixth group of 
the periodic system and held ‘at a tempera 
ture between about 300°‘ and, 700° C. while 
maintaining a pressure of at least 50 atmos 
pheres in said space and continuously re 
moving products of the reaction. 

47. The process of converting carbonaceous 
substances, such as solid and liquid fuels, 

' distillation and extraction products thereof, 
into valuable liquids which comprises treat 

' ing them with added hydrogen and a cata 
lyst comprising an oxide of a metal of the 
sixth group of the periodic system and heat 
at a temperature between about 300° and 
‘700° C. and at a pressure of at least- 20 at 
mospheres. 

48. The process of converting carbonaceous 
substances, such as solid and liquid fucels. 
distillation and extraction products thereof, 
into valuable liquids which comprises con 
tinuously feeding said substances with ‘hydro 
gen into a reaction space containing an oxide 
of a metal of the sixth group of the eriodic 
system and held at a temperature etween 
about 300° and 7 00° C. while maintaining a 
pressure of at least 50 atmospheres in said 
space and continuously removing products 
of the reaction. 

49. The process of converting carbonace 
ous substances, such as solid and liquid fuels, 
distillation and extraction products thereof, 
into valuable liquids which comprises treat 
ing them with added hydrogen and a' cata 
lyst comprising a compound _of molybdenum 
and heat at a temperature between about 300° 
and 700° C. and at a pressure of at least 20 
atmospheres. , 

50. The process of converting carbonace 
ous substances, such as solid and liquid fuels, 
distillation and extraction products thereof, 
into valuable liquids which comprises con 
tinuously feeding said substances with hy 
drogen into a reaction space containing a 
compoundof molybdenumand held at a tem 
perature between about 300° and 700° C. 
while maintaining a pressure of at least 50 
‘atmospheres in said space and continuously 
removing products of the reaction. 

51. The process of converting carbonace 
ous substances, such'as solid and liquid fuels, 
distillation and extraction products thereof, 
into valuable liquids which comprises treat 
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ing them with added hydrogen and a cata 
lyst comprising molybdenum oxide and heat 
at a temperature between about 300° and 7 00° 
C. and at a pressure of at least 20 atmos 
pheres. 

52. The process of converting carbonace 
ous substances, such as solid and liquid fuels, 
distillation and extraction products thereof, 
into valuable liquids which comprises con 
tinuously feeding said substances with hy 
drogen into a reaction space containing mo 
lybdenum oxide and held at a temperature 
between about 300° and 700° C. while main 
taining a pressure of at least 50 atmospheres 
in said space and continuously removing 
products of the reaction. 

53. The process of converting carbonace 
ous substances, such as solid and liquid fuels, 
distillation and extraction products thereof, 
into valuable liquids which comprises treat 
ing them with added hydrogen and a cata 
lyst comprising a compound of chromium 
and heat at a temperature between about 
300° and 700° C. and at a pressure of at least 
20 atmospheres. I v 

54. The process of converting carbonace 
ous substances, such as solid and liquid fuels, 
distillation and extraction products thereof, 
into valuable'liquids which comprises con-, 
tinuously feeding said substances with hy 
drogen into a reaction space containing a 
compound of chromium and held ‘at a tem 
perature between about 300° and 700° C. 
while maintaining a pressure of at least 50' 
atmospheres in said space and continuously 
removing products of the reaction. ' 

55. The process of converting carbonace 
ous substances, such as solid and liquid fuels, 
distillation and extraction products thereof, 
into valuable liquids which comprises treat-" 
ing them with added hydrogen and a catalyst’ 
comprlsmg chromium oxide and heatlat a 
temperature between about 300° and 700° C. 
and a pressure of at least 20 atmospheres. 

56. The process of converting carbonaceous 
spbstances, such as solid and liquid fuels. dis-_. 
tillation and extraction products thereof, into 
valuable liquids which comprises continu» 
gusly feeding said substances with hydrogen. 
into a reaction space containing chromium 
oxide and held at a temperature between 
about 300° and 700° C. while maintaining a 
pressure of at least 50 atmospheres in said 
space and continuously removing products of 
the reaction. _ v 

57. The process of converting carbona 
ceous substances, such as solid and liquid 
fuels, distillation and extraction products 

. thereof, into valuable liquids-which comprises 
treating them withadded hydrogen and up. 
catalyst comprising a compound of tungsten 
and heat at a temperature between about 300° ‘ 
and 700° C. and at a pressure of at least 20 
atmospheres. . ‘ 

58. The process of converting carbona 
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ceous substances, such as solid and liquid 
fuels, distillation and extraction products 
thereof, into valuable liquids which comprises 
continuously feeding said substances, with 
hydrogen into a reaction space containing a 
compound of tungsten and held at a temper 
ature between about 300° and 700° C. while 
maintaining a pressure of at least 50 atmos- 
pheres in said space and continuously remov 
lng products of the reaction. , -, 
' 59. The process of converting carbona 
ceous substances, such as solid ‘and liquid 
fuels, distillation and extraction products 
thereof, intovaluable liquids which comprises 
treating them with added hydrogen and a. 
catalyst comprising tungsten oxide and heat 
at a temperature between about 300° and 700° 
C.‘ and at a pressure of at least 20 atmos 
pheres. r 

60. The process of converting carbona 
ceous substances, such as solid and liquid 
fuels, distillation and extraction products 
thereof, into valuable liquids which com 
prisescontinuously feeding said substances 
with hydrogen into a reaction space contain 
ing tungsten oxide and held at a temperature 
between about 300° and 700° C. while main 
taining a pressure of at least 50 atmospheres, 
in said space and continuously removing 
products of the reaction. 
In testimony whereof we 

our hands. 
have hereunto ‘set 

CARL KRAUCH. 
MATH‘IAS PIER. 
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