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The present invention relates in general to a process 
for the production of valuable gases containing carbon 
monoxide and hydrogen, which are suitable in particular 
for the synthesis of hydrocarbons, and to an apparatus for 
carrying out this process. In particular the invention 
relates to the production of such gases by the gasi?cation 
of liquid fuels in suspension with oxygen. 

Liquid fuels in the sense of the invention are hydro 
carbon oils, tars of the most widely different kind and 
origin, distillation residues from mineral oil distillation 
and from the synthesis of hydrocarbon oils, as well as 
fuels which are solid at normal temperatures but which 
upon heating become liquid, such as, for example, asphalt 
or even solid para?ins or the like. 
The term “oxygen” used hereinafter is to be under 

stood as including both pure oxygen as well as air of in 
creased oxygen content. 
The gasi?cation of liquid fuels with the employment 

of oxygen in order to produce for example water gas is 
well known in itself. A known process consists in in 
jecting the liquid fuel together with oxygen into a reaction 
chamber maintained at elevated temperature. The 
oxygen then reacts with the fuel in an exothermic re 
action, forming mainly carbon monoxide and hydrogen. 
With this process the mixture of the liquid fuel and oxygen 
takes place before the entry into the reaction chamber or 
at the moment of entry into the reaction chamber. 

It has already been proposed to inject a liquid fuel, 
if required, together with a ?nely divided solid fuel, into 
a reaction chamber at high temperature, and to direct, 
from a direction displaced through 180°, a stream of 
oxygen against the stream of liquid and solid fuel, where 
by at the moment and in the region of the mingling of 
the two streams a gasi?cation of the fuel takes place. 

These processes have not however led to the desired 
result. The disadvantage of the ?rst named process 
consists in that a mixture of oxygen and liquid fuel al 
ready existing in the delivery pipes to the injection noz 
zles has an extraordinarily great tendency to ignite there, 
on account of the heat radiation from the hot reaction 
chamber, so that the exothermic reaction between fuel 
and oxygen proceeds in the pipes. Theoretically there 
exists the possibility of more or less substantially sup 
pressing the straying of the exothermic reaction into 
the pipes by considerably increasing the speeds of flow 
within the pipes. This last feature is however, attended 
with the new disadvantage that the mixture of fuel and 
oxygen then ?ows into the reaction chamber with too 
great a speed and then too long reaction paths are re 
quired in order to permit the complete reaction of the 
fuel. 
The second named known process has the disadvantage 

that a su?iciently homogeneous suspension of the liquid 
fuel in oxygen cannot‘ be achieved, so that the gasi?cation 
of the fuel does not take place with the desired e?iciency. 
The invention proceeds upon the basis of carrying 

out the gasi?cation of liquid fuels so that on the one 
hand striking back of the exothermic reaction into the 
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supply pipes for the liquid fuel is obviated and on the 
other hand, a su?iciently homogeneous mixture of fuel 
and oxygen is produced, which can be converted with the 
optimum degree of gasi?cation into the desired gases. 
The invention consists essentially in that the liquid 

fuel is introduced into the reaction chamber separately 
from the oxygen in the form of a layer of small thick 
ness (liquid ?lm) and that simultaneously there is di 
rected against both surfaces of this liquid ?lm a stream 
of oxygen of such thickness and at such an angle, in front 
of but spaced from the injection nozzle, that a homo 
geneous mixture of ?nely divided liquid droplets and 
oxygen is formed, which readily reacts with an exothermic 
reaction. 
The liquid ?lm which forms upon leaving the injection 

nozzles is broken up in a very short time by the stream 
of oxygen meeting it at both sides, whilst on account of 
the whirling effect resulting from the two streams of 
oxygen encountering each other a highly homogeneous 
suspension of the liquid fuel in the oxygen is formed, and 
this immediately ignites and forms the desired gases, on 
account of the heat radiation from the hot reaction walls. 
The thickness of the liquid ?lm depends on the fuel 

to be gasi?ed. It can be taken as a rule that the liquid 
?lm must be the thinner the less reactive is the liquid 
fuel to be gasi?ed. It has been shown that a liquid ?lm 
with a layer thickness of 1 mm. and preferably 0.5 mm. 
is sut?ciently thin to be broken up in the shortest pos 
sible time by the two streams of oxygen and to be con— 
verted into an homogeneous suspension with the oxygen. 

Tests have shown that the breaking up of the liquid 
?lm is particularly effective if the streams of oxygen are 
directed against the liquid ?lm in such a way that their 
point of intersection lies substantially within the ?lm. 

The fact that in accordance with the invention the point 
of intersection between the streams of oxygen and the 
liquid ?lm lies at a certain distance from the outlet open 
ing of the nozzles, ensures that the exothermic reaction 
only continues in the direction of movement of the liquid 
?lm but not in a direction towards the outlet openings. 
A preferred embodiment of the process according to 

the invention consists in injecting the liquid ?lm in the 
form of a substantially closed cylinder surface into the 
reaction chamber and allowing the stream of oxygen to 
impinge on the inner and outer surface of this cylinder. 

According to a further characteristic of the invention 
steam is injected into the space between the zone of the 
exothermic reaction and the hot reaction chamber walls. 
The purpose of this steam is ?rstly to protect the reaction 
chamber walls from a too strong irradiation by the heat 
developing in the exothermic zone and on the other hand 
to complete, by the reaction with the hot steam, the gasi? 
cation of non-reacted fuel. 
The liquid fuel as Well as the oxygen are preferably 

introduced in a preheated condition into the reaction 
chamber. Preheating of the fuel to about 150° has been 
shown to be particularly favourable for the formation of 
a liquid ?lm with the desired layer thickness. 

in order to facilitate the formation of a liquid ?lm 
in the form of a substantially closed cylinder surface the 
annular nozzle provided for the introduction of the liq 
uid fuel is arranged so that the fuel is divided into a 
series of separate jets in such a way that the jets after 
leaving the nozzle carry out a helical movement on a 
cylinder surface. 

In the drawing there is illustrated a part of an appa 
ratus for carrying out the process according to the in 
vention, in which 

The ?gure is a vertical longitudinal section through 
the apparatus for injecting the reaction media into the 
reaction chamber. 
The reaction chamber of which only the injection side 
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s illustrated in the ?gure, consists of refractory ma 
erial 1 and has at its end an injection head 2. This in 
jection head consists primarily of a central annular nozzle 
3 from which the liquid ?lm delivered at 4 enters the 
reaction chamber in the form of a thin-walled cylin 
drical surface. The free cross section of the opening 
of this annular inlet nozzle which has practically the 
form of a narrow slit is subdivided by inserts which are 
so arranged that the liquid fuel is divided up into sep 
arate jets ?owing between the inserts and each of which 
carries out a helical movement on the cylinder surface. 
The helical movement of the individual fuel jets has the 
effect that the fuel after issuing from the annular slit is 
not distributed immediately in all directions but retains 
substantially the shape of a cylinder advancing generally 
in the main axis of the gasi?cation chamber. 

Arranged concentrically to the annular nozzle for the 
liquid fuel there are two similar annular nozzles 6 and 
7 for the introduction of the oxygen. The supply of the 
oxygen to these two nozzles is effected at S for the noz~ 
zle 6 and at 9 for the nozzle 7. The directions of dis 
charge of the oxygen nozzles do not lie as with the fuel 
nozzle parallel to the main axis of the reaction chamber 
but lie at a certain angle to this axis. in the present 
case the directions of the oxygen jets issuing from the 
nozzles 6 and 7 are so selected that the two jets inter~ 
sect substantially at the cylinder surface. Through the 
kinetic energy of the oxygen jets which are injected un 
der a certain pressure, the liquid ?lm is broken up into 
very ?ne droplets which form with the oxygen an homo~ 
gcneous suspension which after its ignition by means 
of heat radiation from the reaction chamber walls is im 
mediately converted into a gas mixture consisting sub 
stantially of carbon monoxide and hydrogen. 
The interval between the point of intersection of t e 

oxygen with the fuel and the outlet opening for the fuel 
likewise depends inter alia on the reactivity of the fuel. 
The more reactive the fuel is the further will the point 
of intersection be removed from the fuel jet. It has been 
shown that a spacing of the point of intersection of not 
less than 3 mm. is sufficient in order effectively to sup 
press striking back of the exothermic reaction into the 
fuel pipe. 
At a greater inteival from the fuel and oxygen jets 

there is ?nally provided a similarly concentric annular 
nozzle It) through which the steam can be injected at a 
certain angle into the reaction chamber. The delivery 
of the steam takes place at 11. 

In order to protect the whole burner head, which is 
preferably made completely of metal, from an unde~ 
sirable heating by radiation from the reaction chamber, 
a circulatory water cooling is provided. The cooling 
water supplied at 12 and taken away at 13 and which 
preferably has a temperature of about l20 to 150° serves 
for cooling the part of the vasi?cation head lying remote 
from the central axis of the gasi?cation head. The cool 
ing water supplied at 14 and taken away at 15 serves 
for cooling the outer oxygen nozzles and the cooling 
water supplied at 16 and taken away at 17 for cooling 
the inner oxygen nozzle. The fuel nozzle itself is not 
directly cooled. 
As explained above the gasi?cation head according 

to the invention is made completely of metal and pref 
erably of stainless steel. The intensive cooling between 
the three above described circulations of cooling medium 
ensures that even the surfaces of the gasi?cation head 
directed towards the reaction chamber do not attain an 
undesirably high temperature. The supply pipes for the 
reaction media to the reaction chamber consist essen 
tially of the intermediate spaces between pipes arranged 
concentrically one within another, their spacing from each 
other being maintained by distance pieces 17 whilst the 
distance pieces are provided in such numbers that on 
the one hand they effect the accurate centering of the 
interengaged pipes and on the other hand do not sub 
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4 
stantially limit the free cross section for the streams of 
the reaction media. 

With the above described arrangement a liquid fuel 
of the bunker-C-oil type was gasi?ed with 92% oxygen. 
The fuel as well as the oxygen was preheated to a tem 
perature of 150°. The temperature of the injected steam 
amounted to about 120°. With a degree of carbon gasi 
?cation of above 88% there was given a useful gas which 
consisted of 52.6% of carbon monoxide and 42.5% of 
hydrogen. The carbon dioxide fraction in the useful 
gas amounted to only 3.7%. 

I claim: 
1. A process for the gasi?cation of a liquid carbo~ 

naceous fuel which comprises injecting an annular stream 
of said fuel into a gasi?cation chamber maintained at 
at least the ignition temperature of said fuel, injecting 
concurrently with and surrounding said annular stream 
of fuel and directed thereat an annular stream of a free 
oxygen-containing gas and injecting concurrently within 
said annular stream of fuel and directed thereat an an— 
nular stream of a free oxygen-containing gas, said free 
oxygen~containing gas being supplied in amounts insu?i 
cient to react completely with said fuel thereby subject 
ing part of said fuel to combustion and gasifying sub— 
stantially the balance of the unreacted fuel. 

2. The process of claim 1 in which the fuel is pre 
heated to about 150° C. 

3. The process of claim 1 in which the free-oxygen 
containing gas is selected from the group consisting of 
oxygen and oxygen-enriched air. 

4. The process of claim 3 in which the free-oxygen 
containing gas is oxygen. 

5. The process of claim 3 in which the free-oxygen 
containing gas is oxygen-enriched air. 

6. The process of claim 1 in which the unreacted fuel 
is contacted with an endothermic gasifying agent. 

7. The process of claim 6 in which the endothermic 
gasifying agent is steam. 

8. A process for the gasi?cation of a liquid carbona 
ceous fuel which comprises injecting an annular stream 
of said fuel into a gasi?cation chamber to follow a helical 
path thereinto, said chamber being maintained at at least 
the ignition temperature of said fuel, injecting concur 
rently with and surrounding said annular stream of fuel 
and directed thereat an annular stream of a free oxygen 
containing gas and injecting concurrently within said 
annular stream of fuel and directed there-at an annular 
stream of a free oxygen-containing gas, said free oxygen 
containing gas being supplied in amounts insufficient to 
react completely with said fuel, thereby subjecting part 
of said fuel to combustion and gasifying substantially 
the balance of the unreacted fuel. 

9. A process for the gasi?cation of a carbonaceous 
fuel which is liquid at a temperature of about 150° C., 
which comprises injecting said fuel in the liquid state as 
an annular stream into a gasi?cation chamber main 
tained at at least the ignition temperature of said fuel, 
injecting concurrently with and surrounding said annular 
stream of fuel and directed thereat an annular stream of 
a free oxygen-containing gas and injecting concurrently 
within said annular stream of fuel and directed thereat 
an annular stream of a free oxygen-containing gas, said 
free oxygen-containing gas being supplied in amounts 
insu?icient to react completely with said fuel, thereby 
subjecting part of said fuel to combustion and gasifying 
substantially the balance of the unrcacted fuel. 

10. The process of claim 9 in which the combustion 
products and the ungasi?ed fuel are contacted with 
steam. 
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