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The present invention relates to improvements 
in carrying out catalytic reactions, in particular 
the destructive hydrogenation of distable 
carbonaceous materias. 

) It has already been proposed in our Patent No, 
2,039,259 dated April 28, 1936 to carry out cata 
lytic reactions with combustible carbonaceous 
materials, in particular destructive hydrogena 

O tions, in the presence of catalysts which have been 
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prepared by decomposition of sulpho salts of 
... heavy metals at an elevated temperature. 
We have now found that it is advantageous to 

employ metal sulphides which have been obtained 
by a conversion of thio salts with compounds of 
metals different from those coataining as metal 
lic constituents only alkali metals and alkaline 
earth metals, in particular with heavy metal 
compounds, while dispersed in an inefit ordinarily 
liquid medium, for example in aqueous solution 
or suspension or in the presence of organic 
solvents. By the term "inert" as applied in defin 
ing the liquid medium, it is understood that the 
liquid medium does not enter into any reaction 
with the compound or the salt dispersed in it 
other than possibly to effect the dissociation of 
any such compound or salt that does dissolve in 
it. However, it is to be understood that while the 
liquid medium in some specific cases may cause 
dissociation or ionization, it is not necessary in 
all cases that dissociation or ionization . occur 
in order for the reactions embraced in this in 
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vention to properly take place. The said com 
pounds, of course, may contain an alkali metal or 
alkaline earth metal, as for example alums or 

5 sodium zinc sulphate though heavy metal com 
pounds containing no alkali metals or alkaline 
earth metals are preferable. The term thio salts 
is employed herein to mean the salts of oxygen 
acids of metallic elements the oxygen of which has been replaced by sulphur. . . 
As thio salts are preferably employed those 

containing ammonium or alkalimetals or alkaline 
earth metals as cation. Of particular advantage 
are the thio salts containing ammonium as cation. 
The thio salts are obtained in known manner, 

as for example by leading hydrogen sulphide into 
aqueous Solutions of Salts capable of forming in 
said solutions or suspensions thio salts or by 
adding suitable sulphides to salts forming thio 
salts therewith. It is advantageous to employ 
the thio salts of copper, tin, vanadium, antimony, 
arsenic, molybdenum, tungsten, chromium, rheni 
um or germanium. These are brought together 
with other compounds of metals, in particular 
Compounds of heavy metals of the 1st to the 8th 
groups of the periodic system, more especially the 

. Oxides, hydroxides or salts of these metals, as 
for example the halides, sulphates, nitrates, 
oxides, hydroxides, carbonates of copper, silver, 

60 zinc, manganese, aluminium, titanium, tin, lead, 

(C. 196-53) 
vanadium, chromium, molybdenum, tungsten, 
uranium, magnesium, iron, nickel and cobalt, 
which may be employed in the dispersed state, for 
example in the form of their aqueous solutions or 
suspensions or dissolved or suspended in organic 
solvents. The metal compounds preferably con 
tain a metal different from those contained in 
the thio salt employed. It is of special advantage 
to carry out the said conversion in the presence 
of organic solvents, such as acid amides, for 
example formamide, acid chlorides, for example 
acetyl chloride, amino acids, keto acids, esters, 
nitriles, amines, aldehydes, alcohols, ketones and 
nitro compounds. It is preferable to provide for 
the exclusion of water when employing the said 
solvents. * 

For the preparation of the catalysts, for ex 
ample, the thiosalts and also the metal com 
pounds are wholly or partly dissolved at ordinary 
or elevated temperature in one or two of the 
said solvents. Both solutions or suspensions are 
then brought together at ordinary or elevated 
temperature and at atmospheric or increased 
pressure, if desired while stirring and/or leading 
in a volatile compound of bivalent Sulphur, espe 
cially hydrogen sulphide or carbon disulphide. A 
sulphide is thus precipitated which contains two 
or more metals. 
gether two solutions of which one contains dise 

For example by bringing to 

solved ammonium thiotungstate in cyclohexyl 
amine and the other dissolved cobalt chloride in 
acetone, a sulphide is precipitated consisting of 
cobalt tungsten sulphide. If by the action of 
hydrogen sulphide or carbon disulphide the metal 
compound is converted into the corresponding Sul 
phide in such a manner that no conversion with 
the thio compound would take place, hydrogen 
sulphide or carbon disulphide are not employed. 
Solutions or suspensions of the reactants may also 
be combined in which more than one metal con 
pound and/or thio salt are wholly or partly dis 
solved or suspended. 
The sulphides formed may be dried and after 

treated with gases such as hydrogen, volatile Sul 
phur compounds or the like, at elevated tempera 
ture and at atmospheric or increased pressure, 
for example in the manner described in Our be 
forementioned Patent No. 2,039,259. 
The precipitation of the sulphide may also 

be carried out in the presence of a carrier, as for 
example active carbon, active silica, active alu 
mina, bentonite, Florida, earth, bauxite, pümice, 
magnesite, magnesia and chromium oxide. The 
sulphides may also be applied to the carriers after 
precipitation. The catalysts may also be en 
ployed in admixture with other catalytic Sub 
stances, as for example difficulty reducible metal 
oxides, such as zinc oxide, titanium oxide Or 
alumina. 
The said catalysts are very suitable for the 
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2 2,159,511 
production of valuable hydrocarbons by the re 
fining, aromatizing or splitting destructive hy 
drogenation of carbonaceous raw materials, such 
as coals, tars, mineral oils and their distillation 

5 and conversion products which as is known is 
effected at temperatures between 300° and 700 
C., preferably between 380° and 550° C. and pref 
erably at superatmospheric pressures above 20 
atmospheres. The catalysts may be rigidly ar 

10 ranged within the reaction chamber or added to 
the initial materials to be treated in a finely 
divided state and preferably in Small amounts. 
The catalysts are also suitable for the cracking 
of liquid carbonaceous materials or for the de 

15 hydrogenation of hydrocarbons or their deriva 
tiyes. 
Other catalytic reactions, such as the purifl- . 

cation of gases, the preparation of methanol or 
hydrocarbons from carbon monoxide and hydro 

20 gen, the preparation of hydrogen sulphide from 
its elements, the preparation of hydrogen or of 
polymerization products from the waste gases 
from destructive hydrogenations or from crack- . 
ing gases, and like reactions, may also be carried 

25 out with the aid of the said catalysts. 
Our invention is further illustrated by the ac 

companying drawings and examples but our in 
vention is not to be considered as restricted 
thereto. In the drawings: 

30 Fig. 1 is a diagrammatic illustration of a suit 
able apparatus for preparing our. catalyst; and 

Fig. 2 is a diagrammatic illustration of a suit 
able apparatus for carrying out our process of 
destructive hydrogenation. 

85 ?????ple 1 
A freshly prepared Solution of 0.5 molecular 

proportion of titanium tetrachloride in benzine 
may be prepared as indicated in Figure 1 by add 

40 ing the titanium tetrachloride and the benzine 
to a vessel O provided with a suitable stirrer f. 
This, solution is then gradually added to a solu 
tion of 1 molecular proportion of ammonium thio . 
tungstate in cyclohexylamine. This latter may 
be obtained by supplying ammonium, thio tung 
state and cyclohexylamine to a vessel 2 equipped 
with stirrers f3. The solutions from the vessels 
0 and f2 are passed through lines 5 and 6. 

controlled by valves T and 8 respectively to a 
vesself equipped with a stirrer 2D and provided 
with a cooling jacket 2 through which cooling 
water may be circulated. The brown precipi 

50 

tate thus formed is filtered off by a suction filter - 
25 and is freed from adherent solvent by extrac-. 
tion with organic solvents of low boiling point, 
such for example as acetone or alcohol, which 
may be supplied from a tank 2 to a sprinkler 
27 which is adapted to feed the solvent to the 
Suction filter. After this treatment, the precipi 
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30 and to an oven 3, having a mechanical feed 
2 therein. Hydrogen and hydrogen sulphide 

are supplied to this oven at a temperature òf 
from 300° C. to 400° C. The conveyor means 
molds the grey-black mass thus obtained or the 
mass may be molded by pressure in an hydraulic 
press or in a tablet-making machine. 
This mass constitutes. the catalyst which is 

placed in a tube 40, as shown in Figure 2, which 
70 is heated at about 410° C. in a current of hydro 

gen under a pressure of 200 atmospheres. The 
vapors of the gas oil (boiling between 200 C. 
and 350° C.) obtained by cracking from German 
crude oil are fed from a tank if and a pump. 42 

tate is passed through a steam drying chamber 

by a compressor. 44 and is fed by a pump 45 to 
the heat exchanger 4 where it is mixed with the 
gas oil vapors. From the heat exchanger the 
gas oil vapors. and hydrogen are passed to the 
preheater or furnace 45 by which they are raised 5 
to the temperature of 410 C. above mentioned 
and are passed through the catalyst in the tube 
40. The treated vapors are withdrawn through 
a line 47, passed through the heat exchanger 
43, then through a cooler 48 and separator 49 to lo 
separate the benzine which may be removed by 
a line 50, the vapors being returned by a line 
51 to the pump 45. The product thus obtained 
may consist of 70% of benzine which may be 
directly employed as motor fuel without further 15 
refining and of 30% of illuminating oil. 

Eacample 2 
An aqueous solution of 1 molecular proportion 

of cobalt chloride is united with a 5. per cent 20 
aqueous solution of 1 molecular proportion of 
ammonium thiotungstate which has been freshly 
prepared in the cold state. The precipitated 
black compound is filtered off by suction, washed 
with water, dried in an atmosphere of nitrogen 25 
and then aftertreated at from 350 to 360° C. in 
a current of dry hydrogen. . 
The catalyst, moulded by means of a press, is 

rigidly arranged in a high-pressure chamber, 
and a middle oil, prepared by the destructive 30 
hydrogenation of mid-German brown coal, is led 
thereover in the form of vapor together with 
hydrogen under a pressure of 250 atmospheres 
at 430' C. A product is obtained which consists 
to the extent of 60 per cent of benzine free from 35 
phenol. The remaining 40 per cent is led again 
Over the catalyst together with fresh middle oil 
and thus converted into benzine. 

Eacample 3 40 
To a cold aqueous Solution of one molecular 

proportion of ammonium thiomolybdate is added 
a solution of two thirds of molecular proportions 
of ferrous sulphate. The iron-molybdenum sul 
phide thereby precipitated is dried while exclud- 45 
ing air, treated with hydrogen at 300 C., pressed 
to pills and then rigidly arranged in a high pres 
sure vessel. If the vapors of the middle oil frac 
tion boiling between 200 and 375° C. of a min 
eral oil are passed together with hydrogen at 50 
a temperature of 415 C. and under a pressure 
of 200 atmospheres over the thus prepared cata 
lyst a productis obtained of which 60 per cent 
consists of valuable benzine and of which the 55 
remainder represents an excellent illuminating 
oil. 

Eacample 4 - 

An alcoholic solution of anhydrous nickel 
chloride is added to a freshly prepared solution 60 
of ammonium thio vanadate in cyclohexylamine. 
The resulting precipitate is freed from cyclo 
hexylamine and ammonium chloride formed by 
the conversion by extraction with alcohol and 85 
then dried while excluding air. The dried sub-. 
stance is subjected to an aftertreatment at 300° 
C. with hydrogen containing 25 per cent of hy 
drogen sulphide and is thereupon pressed to 
pieces and rigidly arranged in a high pressure 70 
vessel. If the vapors of the benzine obtained 
by cracking a mineral oil rich in sulphur are 
passed together with hydrogen at 370° C. and 
under a pressure of 180 atmospheres over the . 

7s to a heat exchanger 43. Hydrogen is compressed thus prepared catalyst a product is obtained 76 
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which is free from gum forming substances and 
which contains only 0.005 per cent of sulphur. 
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Campe 5 
An alcoholic suspension of freshly prepared 

annonium thio stannate is stirred for about 8 
hours together with an alcoholic solution of an 
hydrous iron chloride present in the same molecul 
lar proportion as the ammonium thostannate. 
The resulting iron-tin sulphide is added in an 
amount of 0.1 per cent to a finely ground Grer 
man gas flame coal which has been made up into 
a paste with a heavy oil from the destructive 
hydrogenation of the same coal; thereupon the 
paste is heated in a coil together with hydrogen 
and under a pressure of 300 atmospheres to a 
temperature of 460 C. and subsequently passed 
through a high pressure reaction vessel which is 
maintained at the same temperature. In this 
manner 96 per cent of the copal are converted 
mainly into liquid products. 
What We claim is: 
1. The process which comprises treating com 

bustible carbonaceous materials heavier than , 
gasoline under conditions to effect destructive 
hydrogenation at a temperature between 300° C. 
and 700 C., under superatmospheric pressure and 
in the presence of a metal sulphide catalyst 
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which has been prepared by dispersing a thio 
salt in an inert ordinarily liquid medium, said 
thio salt being of the form of a salt of an oxygen 
acid of a metallic element the oxygen of which 
has been replaced by sulphur, dispersing in an 
inert ordinarily liquid medium such a compound 
of a heavy metal as is capable of entering into 
reaction with said thio salt with the formation 
of a metal sulphide, and combining the dispersion 
of the said thio salt with the dispersion of said 
metal compound so that reaction therebetween 
takes place. 

2. The process which comprises treating con 
bustible carbonaceous materials heavier than 
gasoline under conditions to effect destructive hy 
drogenation, at a temperature between 300° C. 
and 700° C., under superatmospheric pressure 
and in the presence of a metal sulphide catalyst 
which has been prepared by dispersing a thio Salt 
containing ammonium as cation in an inert Or 
dinarily liquid medium, said thio salt being of the 
form of a salt of an oxygen acid of a metallic ele 
ment the -oxygen of which has been replaced by 
sulphur, dispersing in an inert ordinarily liquid 
medium such a compound of a heavy metal sub 
stantially free from alkali metals and alkaline 
earth metals as is capable of entering into re 
action with said thio salt with the formation of a 
metal sulphide, and combining the dispersion of 
the said thio salt with the dispersion of said metai 
compound so that reaction therebetween takes 
place. w 

3. The process which comprises treating com 
bustible carbonaceous materials heavier than 
gasoline under conditions to effect destructive 
hydrogenation, at a temperature between 300° C. 
and 700° C., under superatmospheric pressure and 
in the presence of a metal sulphide catalyst which 
has been prepared by dispersing a thio salt con 
taining ammonium as cation in water, said thio 
salt being of the form of a salt of an oxygen acid 
of a metallic element the oxygen of which has 
been replaced by sulphur, dispersing in water 
Such a compound of a heavy metal as is capable 
of entering into reaction, with said thio salt with 
the formation of a metal sulphide, and combining 
the dispersion of the said thio salt with the dis 

3 
persion of said metal compound so that reaction 
therebetween takes place, 

4. The process which comprises treating COm 
bustible carbonaceous materials heavier than 
gasoline under conditions to effect destructive hy 
drogenation, at a temperature between 300 C. 
and 700° C., under superatmospheric pressure 
and in the presence of a metal sulphide catalyst 
which has been prepared by dispersing a thio 
salt containing ammonium as cation in an or 
ganic solvent, said thio salt being of the form of 
a salt of an oxygen acid of a metallic element the 
oxygen of which has been replaced by Sulphur, 
dispersing in an organic solvent Such a compound 
of a heavy metal as is capable of entering into 
reaction with said thio Salt with the formation 
of a metal sulphide, and combining the dispersion 
of the said thio salt with the dispersion of said 
metal compound, so that reaction therebetween 
takes place. 

5. The process which comprises treating com 
bustible carbonaceous materials heavier than 
gasoline under conditions to effect destructive hy 
drogenation and in the presence of a metal sul 
phide catalyst which has been prepared by dis 
persing a thio salt in an inert Ordinarily liquid 
medium, said thio salt being of the form of a 
salt of an oxygen acid of a metallic element the 
oxygen of which has been replaced by sulphur, 
dispersing in an inert ordinarily liquid medium 
such a compound of a metal different from those 
containing as metallic constituents. Only alkali 
metals and alkali earth metals as is capable of 
entering into reaction with said thio salt with 
the formation of a metal Sulphide, and combining 
the dispersion of the said thio Salt with the dis 
persion of said metal compound so that reaction 
therebetween takes place. 

6. The process which comprises treating com 
bustible carbonaceous materials heavier than 
gasoline under conditions to effect destructive hy 
drogenation and in the presence of a metal sul 
phide catalyst which has been prepared by dis 
persing a thio salt containing ammonium as ca 
tion in water, said thio Salt being of the form 
of a salt of an oxygen acid of a metallic element 
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the oxygen of which has been replaced by sul-, 
phur, dispersing in water such a compound of a 
heavy metal substantially free from alkali metals 
and alkaline earth metals as is capable of enter 
ing into reaction with said thio Salt with the for 
mation of a metal sulphide, and combining the 
dispersion of the said thio salt with the dispersion 
of said metal compound so that reaction therebe 
tween takes place. 

7. The process which comprises treating com 
bustible carbonaceous materials heavier than 
gasoline under conditions to effect destructive hy 
drogenation and in the presence of a metal sul 
phide catalyst which has been prepared by dis 
persing a thio salt containing ammonium as 
cation in an organic solvent, said thio Salt being 
of the form of a salt of an oxygen acid of a me 
tallic element the oxygen of which has been re 
placed by sulphur, dispersing in an Organic Sol 
vent such a compound of a heavy metal Substan 
tially free from alkali metals and alkaline earth 
metals as is capable of entering into reaction with 
said thio salt with the formation of a netal Sull 
phide, and combining the dispersion of the said 
thio salt with the dispersion of said metal com 
pound so that reaction therebetween takes place. 
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