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9 Claims. (Cl. 196-24) 
This invention relates to the purification of conditions of the process to attain the above re 

crude petroleum hydrocarbon oils, and has for its sult. The gases issuing from the reaction cham 
object to produce refined hydrocarbon oils, in ber may, for instance, be analyzed to determine 
particular refined motor fuels, burning oils, lu- the content of hydrogen sulphide therein. If the 

5 bricating oils and the like. process is being effected in a continuous man- 60 
The crude light, middle or heavy mineral oils, ner, it will be necessary to increase the duration 

such as crude benzine, crude illuminating oil, of the treatment when an analysis shows a de 
crude gas oil and the like when obtained by dis- crease in content of the hydrogen Sulphide and 
tillation, cracking or destructive hydrogenation water in said gases. The increase in the dura 

10 without catalysts, preferably under pressure, ac- tion of the treatment may be effected by passing 65 
cording to the nature and origin of the initial the starting material more slowly through the 
materials, contain more or less Sulfur, in par- reaction, vessel so that it remains in contact with 
ticular in the form of organic compounds, and the catalyst for a longer period of time. 
other constituents which are disadvantageous The starting material is also analyzed to de 

15 and especially so when the said materials are to termine its content of sulphur and oxygen where- 0 
be employed as motor fuels or burning oils. The by the degree of desulphurization can easily be 
known refining methods by use of chemicals, determined from said gas analysis. Whether any 
such as acids and alkalies: lead to considerable substantial decomposition of the starting mate 
waste. Refining by means of adsorption agents, rial takes place can be determined by an exam 

20 such as fuller's earth and the like has also been ination of the boiling point curve of the products is 
attempted, but the results as a rule are unsat- issuing from the process or by ascertaining the 
isfactory. molecular weight of these products. 
We have now found that motor fuels and burn- Applicants of course realize that persons skilled 

ing oils practically free from sulfur and directly in this particular art will be in a position to 
25 suitable for use may be obtained from crude pe- devise other suitable methods for controlling the 80 

troleum hydrocarbon oils by which are meant reaction conditions. They do not, therefore, 
for the purposes of the present invention nat- propose to be limited to the method discussed 
ural or synthetic crude mineral oils or, frac- just above. 
tions thereof, such as crude benzine, crude pe- The process may be carried out at tempera 

30 troleum, gas oil and the like, by subjecting these tures of about 300° C. or more, but preferably 85 
in the form of vapor or in the liquid phase to- not above 420° C. Pressures of 20 atmospheres 
gether with hydrogen or gases containing or sup- or more are usually employed, but it is also pos 
plying the same, and at temperatures above 300 sible to use higher pressures, for example 100, 200 
C. and under a pressure of at least 10 atmos- atmospheres or more. By carrying out the proc 
pheres, to the action of catalysts which are im- ess under these conditions besides the unsaturat- 90 
mune against poisoning by Sulfur, and in such ed compounds present, the sulfur compounds 
a manner and also for Such a period of time that which are also present, as a rule, react with hy 
no appreciable formation of low-boiling and gas- drogen with the formation of hydrogen sulfid. 
eous hydrocarbons occurs. The temperature and As catalysts immune to Sulfur poisoning parr 

40 pressure employed depend on the particular ma- ticularly suitable for the purposes of the present 95 
terials to be treated or on the Sulfur content of invention may be mentioned catalysts compris 
the same as well as on the kind of catalyst em- ing compounds containing sulfur in combina 
ployed and on the duration of the treatment. As tion, for example metallic sulfids, in particular 
a rule the tendency to the formation of gaseous the heavy metal sulfids and more especially those 

45 hydrocarbons and such of low boiling point will of the iron group, either alone or as mixtures loo 
increase with the duration of the treatment. with one another or with other materials of a 
The duration of the treatment then must be so catalytic or of inert nature. The sulfur may also 
correlated with the temperature and pressure be introduced into the catalyst by the addition 
that substantially no decomposition of the start- of sulfur to metals or oxids. A very suitable cata 

50 ing material to lower boiling hydrocarbons takes lyst may be obtained by treating iron with hydro- 10 
place. So that the end product has Substantially gen, sulfid at an elevated temperature. Particu 
the same boiling point and viscosity range as the larly suitable catalysts of this class are for ex 
starting material. ample cobalt sulfid, iron sulfid, zinc sulfid, nickel 
It will be a relatively simple matter for a per- sulfid, manganese sulfid and the like or mixtures 

5 son skilled in this art to properly coordinate the thereof, for example, mixtures of cobalt sulfid lilo 

3. 5 
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With nickel sulfid or of cobalt suld with man 
ganese sulfid, or of cobalt sulfid mixed with iron 
sulfid, or with zinc sulfid or with aluminium 
sulfid, with or without an addition of inert Sub 
stances. Catalysts consisting of or containing 
metals of the sixth group of the periodic system, 
Such as, molybdenun, chromium, uranium or 
tungsten or the compounds thereof or mixtures 
of those substances are also particularly Suitable. 
As examples of this type of catalyst may be men 
tioned molybdic acid or ammonium molybdate, 
molybdic nitrid, molybdenum phosphate, tung 
sten sulfid, tungstic acid, tungstic nitrid, tung 
stic selenid, chromium hydroxid, chromium acid 
and uranium oxide, furthermore, mixtures con 
taining molecular proportions of molybdic acidi 
with magnesia, or with aluminium hydroxid, or 
mixtures of tungstic acid with zinc oxid or of 
Vanadium oxid With magnesia furnish good re 
Sults. Excellent catalysts are likewise molybdic 
acid with about 10 per cent of chromium oxid 
Or of Vanadium Oxid, molybdic acid with about 10 
per cent of uranium oxid or of thorium oxid or of 
manganous OXid, furthermore, tungstic acid con 
talining about 10 per cent Of chromium OXid or of 
a mixture of uranium oxid, cobalt and a small 
amount of chromium oxid. Millixtures of chro 
mium or tungsten with other hydrogenating 
catalysts such as With cobalt, nickel or iron which 
are not themselves immune to Sulphur poisoning 
may also be employed. Activation of the cata 
lysts or the addition of Substances increasing 
their mechanical strength may also be of ad 
vantage. CarrierS Such as lumps of aluminium 
silicate may also be employed with advantage. 
As further catalysts may be mentioned oxidic 
Catalysts containing Oxides which are difficult to 
reduce, such as, zinc oxid, chromium oxid or 
manganese oxid or Vanadium oxid or mixtures 
of these. These said oxidic catalysts may be en 
ployed in conjunction. With other Substances Such 
as lumps of fire-clay, quartz, asbestos, pumice, 
coke, active charcoal, metals, in particular heavy 
metals, OXids, Sulfids, carbids and the like and 
mixtures thereof with the said substances. Fur 
ther may be mentioned catalysts containing 
vanadium oxid or thorium oxid or cobalt oxid 
Or a mixture of compounds of uranium and zinc 
or of . Silver and tungsten. As further suitable 
catalysts may be mentioned catalysts contain 
ing. active charcoal or active silica, or halogens. 
The duration of treatment ranges about be 

tween 10 and 100 seconds with reference to each 
particle of initial material to be treated. The 
said duration is dependent on the temperature 
and pressure and the nature of the catalyst, 
further also somewhat on the dimensions and 
the form of the reaction vessels. 

Besides benzines and middle oils obtained by 
distillation or slow combustion, other initial ma 
terials may be employed, in particular liquid 
products of the nature of benzines or illuminat 
ing oils obtained by destructive hydrogenation, 
preferably under pressure, and without the emi 
ployment of catalysts, or by cracking. 

. The benzines and oils obtained in accordance 
with the present invention are practically free 
from sulfur and other Substances which produce 
resinous deposits or unpleasant odors when 
burning, and can advantageously be employed for 
operating motors as well as for burning oils. 
The process is particularly suitable for re 

fining crude lubricating oils and for the produc 
tion of oils for Diesel engines. This is more 
particularly the case, since according to the proc 

932,186 
ess of the present invention, destructive hydro 
genation of fractions coming into question for 
use as oils for Diesel engines takes place whilst 
decomposition to hydrocarbons of low boiling 
point range is substantially avoided. The proc 
ess may, for example, be carried out in such a 
manner that fuels having a boiling point range 
rendering them suitable for employment as oils 
for Diesel engines which burn slowly in the en 
gine are treated in the presence of catalysts 
having a hydrogenating action. A suitable in 
itial material for the production of Diesel oils 
may for example be obtained by dividing oils. 
obtained by the destructive hydrogenaton of coal 
into constituents, which are rich in hydrogen 
and such which are poor in hydrogen, for ex 
ample with the aid of sulfur dioxid and the like 

3. 

and then treating the constituents poor in hydro-e 
gen according to the process of the present in 
vention. Thus a valuable oil for Diesel engines 
may be obtained, for example from coal tar. 
An apparatus suitable for carrying out the 

process according to the present invention is il 
lustrated diagrammatically in elevation and part 
ly in section in the accompanying drawing, 
though it should be understood that the inven 
tion is not limited to refining carried out in the 
specific form of apparatus illustrated. 
A mixture of crude benzine and hydrogen is 

introduced into the plant at 15 and is Com 
pressed to the necessary pressure by means of 
the compressor 17. Preferably the pressure 
should be about 40 atmospheres. The mixture 
then passes at 7 into the heat regenerator 3 and 
is passed around the pipes 5 in the manner in 
dicated by the dotted line 8. The mixture thus 
preheated is then passed by Way Of the pipe 9 
to the heating coil 13 in which it attains the tem 
perature requisite for the reaction, for example 
a temperature of about 350° C. Then the mix 
ture is passed at 10 into the high pressure re 
action vessel 1 provided with the lining 12 of 
highly alloyed chromium steel. The Said re 
action vessel is filled with a catalyst, immune from 
poisoning by sulphur, as for example a catalyst 
prepared from molybdic acid and magnesium OX 
ide. The rate of flow is adjusted so that sub 
stantially no decomposition of benzine takes 
place, for example the rate of flow may be ad 
justed at 0.5 liter of vaporized benzine per hOur 
per liter of reaction space. The refined mixture 
passes off from the reaction vessel by way of the 
pipe 2 into the heat regenerator 3. The prod 
ucts are passed through the header 4 into the 
tubes 5 and thence into the header 6. There 
upon they are passed through the condense 
18 and the pressure release valve 19 into the 
stripping vessel. 20. The liquid products are 
drawn of through the valve 21 into the collect 
ing vessel 22. The gases are passed off from the 
said stripping vessel to the pipe 28 and hydrogen 
Sulphide and other impurities are removed there 
from in the purification plant 23. They are then 
either recycled by way of valves 24 and 27 to the 
branch point 16, or drawn off at 25 through 
WalVe 26. 
The following examples will further illustrate 

how the invention may be carried into practi 
cal effect but the invention is not restricted to 
these examples. 

Eacample 1 

Crude benzine, obtained by destructive hydro 
genation of brown coal without the employment 
of catalysts having an iodine value of 106 and 
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1,932,186 
a sulfur content of about 1 per cent, which be 
comes black after standing in light for One or 
two days, and which can only be rendered fit for 
use as a motor fuel by means of a Wasteful re 
fining process, is passed at 200 atmospheres pres 
sure and at a temperature of 375° C. over a cata 
lyst consisting of molybdenum trioxid and Zinc 
oxid which have been treated with magnesia. 
The treatment is carried out for about 50 Seconds. 
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The product has an agreeable benzine-like odor 
and is stable to light. The iodine value has de 
creased to 15 and the sulfur content amounts 
to less than 0.1 per cent. The formation of waste 
ful gas is not appreciable. 
The molybdenum in the catalyst may be re 

placed by tungsten, and a catalyst containing 
molybdenum and chromium or compounds of 
the same, or cobalt compounds may also be 
advantageously employed. 

Eacample 2 

Benzine obtained by destructive hydrogenation 
of Panuco crude oil without the employment of 
catalysts, which contains 0.5 to 1 per cent of 
Sulfur and has an iodine value of 80 to 100, is 
passed for a period of about 100 seconds in a 
stream of hydrogen at 400° C. and at a pressure 
of 50 atmospheres over a catalyst consisting of 
a mixture of molybdic acid and molybdenum 
Sulfid. 
The benzine obtained has an iodine value of 

20 to 25 and a sulfur content of 0.07 per cent. 
A catalyst obtained by treating molybdenum 

Oxid with hydrogen sulfid at elevated tempera 
tures and containing about 25 per cent of sulfur 
may be employed. 

Eacample 3 

A dark colored, unrefined benzine, obtained by 
destructive hydrogenation of brown coal tar with 
Out the employment of catalysts, with an iodine 

45 

50 

55 

value of 108 and a sulfur content of 0.75 per cent 
is passed at 400° C. and under a pressure of 200 
atmospheres With hydrogen over a catalyst con 
taining molybdenum and zinc. The time of 
treatment is about 30 seconds. A colorless ben 
zine with an iodine value of 17 and a sulfur con 
tent of 0.006 per cent is obtained. 

In a similar manner, middle oil obtained by 
destructive hydrogenation of brown coal without 
the employment of catalysts, having an iodine 
value of 100, and a sulfur content of about 1 
per cent yields a colorless product containing 
about 0.04 per cent of sulfur, and suitable for 
the preparation of illuminating oil. 
the catalyst described cobalt oxid or cobalt sul 

' fid may be employed. 
60 
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Eacample 4 

Benzine, obtained by distillation from Panuco 
crude oil, with an iodine value of 22.9 and a sul 
fur content of 0.6 per cent is passed together with 
hydrogen at 400° C. and under 150 atmospheres 
pressure, over a catalyst consisting of molybdic 
acid and zinc oxid. The operation is carried out 
for about 75 seconds. A colorless, agreeably Smell 
ing benzine, stable to light and containing 0.02 
per cent of sulfur is obtained. The iodine value 
is 14.4. A sulfid catalyst may be employed in 
stead of the oxid catalyst. 
The benzine obtained from Panuco Crude oil 

may be replaced by middle oil obtained by dis 
tillation from Panuco Crude oil, and under sim 
ilar conditions the Sulfur content is reduced from 

??? 

Instead of 

3 
1.5 per cent to 0.05 per cent. Practically no 
formation of benzine occurs. 

Eacample 5 
An unrefined American cracked benzine With 

an iodine value of 120 is passed for about 20 
Seconds at 420 C. and at 200 atmospheres pres 
Sure over a catalyst consisting of molybdenum 
trioxid. The product is colorless and stable to 
light Without further refining. The iodine value 
is 2.5. 
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Eacample 6 
A highly unsaturated benzine, obtained from 

American Shale oil, containing about 2 per cent 
of Sulfur, is passed for about 30 seconds in a 
stream of hydrogen and at 400° C. and at 200 
atmospheres pressure over a tungsten trioxid 
catalyst. An almost colorless product which is 
stable to light and has an iodine value of 25 and 
a Sulfur content of 0.03 per cent, is obtained, which 
may be employed as a motor fuel. 

In a similar manner benzines and the like ob 
tained from Esthonian shale may be refined. 

Eacample 7 
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Crude lubricating oil obtained by distillation of 
brown-coal tar is passed together with hydrogen 
at 380° C. and at 200 atmospheres over a catalyst 
consisting of molybdic acid and molybdenum 05 
sulfid. The duration of treatment is about one 
minute. A good yield of a resin-free lubricating 
oil, with no appreciable formation of low-boiling 
hydrocarbons, is obtained, which may be advan 
tageously employed as an engine oil. 10 
The refining of the said crude lubricating oil 

can only be carried out with considerable waste 
by the known methods. 

Eacampile 8 
ii.5 

A crude lubricating oil obtained from brown 
coal low-temperature carbonization tar by frac 
tional distillation and which according to the 
ordinary method of working could only be refined 
with great difficulty and with considerable losses, 120 
is passed together with hydrogen in the liquid 
phase at about 400° C. and under a pressure of 
200 atmospheres at such a rate over a catalyst 
Which has been obtained from zinc oxid, magnesia, 
and molybdic acid, that no decomposition to 125 
products of lower boiling point takes place. In 
this manner mainly a lubricating oil having a 
character of a middle engine oil with an acid 
number of 1.3 is obtained which is directly suit 
able for use without any substantial further re-130 finery. A catalyst produced from zinc oxid and 
chronic acid may also be employed in place of 
the catalyst mentioned. 

Eacample 9 135 
A fragtion of an American crude oil boiling 

above 325 C. is passed in a current of hydrogen 
and in the liquid phase at 420° C. and under a 
pressure of 200 atmospheres in the liquid phase 
Over a rigidly arranged catalyst, which has been 
obtained from molybdic acid, manganous oxid 
and chromic acid at such a rate that the product 
obtained contains practically no benzine. The 
Said product consists to the extent of more than 
50 per cent of constituents rich in hydrogen boil 
ing between 200 and 325° C. and having a specific 
Weight 0.835 to 0.840 and is particularly suitable 
for employment as a fuel for Diesel engines. 
The fuels So obtained are characterized by lack 

of knocking, and by their anti-knocking action 150 



when mixed with other fuels which have a tead 
ency to knock. 
What We claim is:- 
1. A process for refining a crude petroleum dis 

5 tillate containing sulphur such as a gasoline, 
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kerosene or a lubricating oil which comprises 
subjecting said crude distillate to the action of a 
gas containing hydrogen at a temperature between 
300 and 420° C. and a pressure of at least 10 
atmospheres in the presence of a catalyst immune 
to sulphur poisoning selected from the class con 
sisting of metallic sulphides, difficultly reducible 
metal oxides and metals from group 6 of the 
periodic system for only such a period of time 
hat no substantial decomposition of hydrocarbons 
of said crude distillate into hydrocarbons of lower 
boiling point ensues to thereby remove the Sul 
phur as hydrogen sulphide and produce as end 
products refined hydrocarbons of substantially 
the same boiling point and viscosity range as the 
starting material. 

2. A process for the production of refined hy 
drocarbon oils suitable for direct use as notor 
fuels from crude gasoline containing sulphur 
which comprises subjecting said gasoline to the 
action of a gas containing hydrogen at a ten 
perature between 300 and 420° C. and a pres 
sure of at least 10 atmospheres in the presence 
of a catalyst immune to sulphur poisoning Se 
lected from the class consisting of metallic Sul 
phides, difficultly reducible metal oxides and 
metals from group 6 of the periodic System for 
only such a period of time that no substantial 
decomposition of the hydrocarbons of Said gaSo 
line, into hydrocarbons of lower boiling point 
ensues to thereby remove the Sulphur as hydrogen 
sulphide and produce as end products refined 
hydrocarbons of substantially the same boiling 
point and viscosity range as the starting material. 

3. A process for refining a crude petroleum 
distillate containing sulphur such as a gasoline, 
kerosene or a lubricating oil which comprises 
subjecting said crude distillate to the action of a 
gas containing hydrogen at a temperature be 
tween 300 and 420 C. and a pressure of at least 
10 atmospheres in the presence of a catalyst im 
mune to Sulphur poisoning and comprising an 
element selected from the 6th group of the pe 
riodic system for only such a period of time that 
no substantial decomposition hydrocarbons of 
said crude distillate into hydrocarbons of lower 
boiling point ensues to thereby remove the sulphur 
as hydrogen sulphide and produce as end products 
refined hydrocarbons of Subs' antially the same 
boiling point and viscosity range as the starting 
material. 
4. A process for refining a crude petroleum 

distillate containing sulphur such as a gasoline, 
kerosene or a lubricating oil which comprises sub 
jecting said crude distillate to the action of a 
gas con aining hydrogen at a temperature be 
tween 300 and 420° C. and a pressure of at least 
0 atmospheres in the presence of a catalyst im 
mune to Sulphur poisoning and containing molyb 
denum for Only such a period of time that no 
substantial decomposition of hydrocarbons of said 

crude distiliate into hydrocarbons of lower boil 
ing point ensues to thereby remove the Sulphur 
as hydrogen sulphide and produce as end prod 
ucts refined hydrocarbons of substantially the 
same boiling point and viscosity range as the 
starting material. 

5. A process as defined in claim i wherein the 
catalyst comprises a metal from group 6 and a . 
difficultly reducible metal oxide. 

6. A process for refining crude benzines Con 
taining sulphur obtained by the destructive hy 
drogenation of crude mineral oils without the use 
of catalysts, which comprises subjecting said 
crude benzines to the action of a gas containing 
hydrogen at a pressure of about 50 atmospheres 
and a temperature about 400° C. in the presence 
of a catalyst immune to sulphur poisoning and 
comprising a mixture of molybdic acid and 
molybdenum sulphide for only such a period of 
time that no substantial decomposition of said 
benzines into lower boiling hydrocarbons ensues 
to thereby remove the sulphur as hydrogen Sul 
phide and produce as end products refined ben 
zines of substantially the same boiling point and 
viscosity range as the starting material. 

7. An improved process for producing higher 
grade lubricating oils in relatively large yields 
from lower grade petroleum, comprising Sub 
jecting the lower grade oil to the action of hy 
drogen in the presence of catalysts immune to 
sulphur poisoning at a temperature lying within 
the range of temperatures usually employed in 
liquid phase cracking and at a pressure in excess 
of 10 atmospheres, and limiting the duration of 
operation so that an improved lubricating oil is 
obtained of Substantially the Same Wiscosity range 
and boiling point as the starting material. 

8. A process for producing refined lubricating 
oil from crude petroleum oil fractions containing 
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sulphur impurities, comprising subjecting the 5 
crude oil to the action of hydrogen in the presence 
of a compound of a metal in the sixh group at a 
temperature between the proximate limits 300 and 
420° C. and at a pressure in excess of 10 atmos 
pheres for so long a time that an improved oil 
is obtained of substantially the same boiling point 
and Wiscosity range as the starting material. 

9. A process for refining a crude petroleum 
distillate containing Sulphur, such as a gasoline, 
a kerosene or a lubricating oil which comprises 
subjecting said distillate to the action of a gas 
containing hydrogen in the presence of catalysts 
immune to Sulphur poisoning at a temperature 
lying within the range of temperatures usually 
employed in liquid phase cracking and at a pres 
sure in excess of 10 atmospheres for only such a 
period of time that no substantial decomposition 
of the hydrocarbons of said crude distillate into 
hydrocarbons of lower boiling point ensues to 
thereby remove the sulphur as hydrogen sulphide 
and produce as end products refined hydrocarbons 
of substantially the same boiling point and 
viscosity range as the starting material. 

MATHIAS PIER. 
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