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cieta Generale per Plndustria Mineraria e Chimica, a
corporation of Italy

Application January 19, 1956, Serial No. 560,263
Ciaims priority, application Italy January 28, 1955
4 Claims. (CL 48-—212)

The present invention relates to the production of
synthesis gas (carbon monoxide and hydrogen) by means
of partial combustion of vaporizable petroleum fractions.

In U. S. patent application Serial No. 536,510, filed
September 26, 1955, of which this application is a ‘con-
tinuation-in-part, a process and devices are disclosed
whereby it is possible to produce synthesis gas in the
absence of a catalyst by a partial combustion of gaseous
aliphatic hydrocarbons without dilution with an inert gas
or steam. One particilar advantage of this process is the
avoidance of gas black formation.

For this purpose, the gaseous hydrocarbon is efficiently
premixed with oxygen outside of and prior to introduc-

tion into a reaction chamber. This premixing is accom-

‘plished by impacting streams of the respective gases upon
each other in such manner that the opposed &ffective
components of the kinetic energies of the fwo gases are
made practically equal -to each other and are held within
definite limits. An apparatus for carrying out this process
‘is ‘characterized by the absence of any catalyst within the
burner, by a premixer adapted for a rapid and uniform
mixing of the two gases and by a water-cooled outflow
tube. According to said application, the :process requires
a temperature of less than 1000° C.

I have now discovered that the process and devices
disclosed in the aforementioned application can be used
in connection with ‘vaporized mixtures of higher hydro-
carbons, such as liquid petroleum fractions, or hydro-
carbon mixtures obtained upon partial heat-volatilization
of crude oil. Aside from the advantages gained that are
similar to those attained when employing the process and
starting materials of the aforenamed application, the use
of mixtures of higher hydrocarbons tends to greatly re-
duce the production costs.

It is, therefore, the object of the present invention to
improve upon the process ‘of making synthesis gas by
(a) eliminating the use of catalysts and furnishing a

‘method that (b) demands substantially little reactor

space, (c) requires unexpectedly low reaction tempera-
tures, (d) does not require the addition of any inert gas
or steam, (e) substantially avoids the formation of gas
black, and (f) uses vaporized liquid hydrocarbon mix-
tures as starting materials. :
" The process is best carried out by means of one of the
devices set forth and claimed in the aforementioned ap-
plication, the description and drawing of which are in-
cluded in this disclosure. Accordingly, in the drawings—

Fig. 1 is a schematic sectional view of a burner (outlet
tube),

Figs. 2 and 2’ are ‘cross-sectional views on the lines
A—A and B—B, respectively, in Fig. 1,

Fig. 3 is a schematic sectional view of one embodi-
ment of a premixer of the present invention,

Fig. 4 is a cross-sectional view on the line C—C in

"Fig. 3,

Fig. 5 is a schematic sectional view of another embodi-
ment of a premixer of the present invention, and
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2
. Fig. 6 is a eross-sectional view on the line D=<D in
Fig. 5. .
As in the prior disclosure, the herein-claimed process
requires a thorough premixing of the starting material,

-consisting in the instant case of a vaporized mixture of

liquid hydrocarbons and an oxygen pertion sufficient to
support the desired partial ¢combustion. The deviees, of
said prior disclosure have been found to be entirely suit-
able for this purpose as the dimensional and thermal
requirements are the same. This premixing is attained
by means of the impact of the respective gas streams
upon ‘each other. For this purpose, the effective com-
ponents of the kinetic éneérgies of the two gases, vaporized
material and oxygen, or, ‘expressed differently, the
aliquots -of the kinetic energies of the gas flow rates re-
lating to the opposite direction components of the veloci-
ties of the two reacting gases, are made equal and, pref-
erably, of a value -equivalent to 100-200 kgm./Nm.3 in
case of methane (Nm.3 representing one cubic meter of
gas at 20° C. and 1 atm. pressure, and kgm. meaning

‘kilogram meter). Corresponding values for the respec-

tive hydrocarbon mixtures disclosed herein are established

by means of the formula

Energy=mass v.2/2

The two reacting gases are preifiixed and introduced )
into the oven or reactor by means of one .or several
burners, each consisting of 2 -miXer and an ouflet tube.
According to this invention, the necessary intimate mix-
ing is- predicated upon ‘the force ‘of ijmpact and ‘the re-
spective directions of the two gas streams, which must be

fsuch as to insure a high 1ével of that component of the
velocity which is essential for the itapact ‘and the mutual

penetration of the two gas stréams.” Moreover, two ex-
tremely thin streams muist be prodiiced in order to attain
a microscopically uniférm composition of the mixed gas
stream entering into the burner. )
Where, according to this invention, volatilized petro-
leum fractions are tised as starting materials, small

‘Aamounts of gas black of the order of 1-2 g./Nm.3 can
‘be fotind in the converted.gas. However, the amount of
‘gas black is too small to influence to any extent the

thermal and weight balances, and can be readily elimi-
nated by filtration. Moreover, the formation of gas
black can ‘be entifely avoided by increasirig the ratio

‘between oxygen and volatilized hydrocarbons, provided a

somewhat lower vield in H,-<CO"is found to be accept-

‘able. This slight increase in the ratio should ot ‘80
50 .

beyond an oxygen:hydrocarbon molar ratio- of ‘between
0.5 to 0.8, which is generally applicable for the process.

Referring now in detail to the drawings, the mixers
illustrated in Figs. 3 and 5 are meant to be applied to
the burner or ocutflow tube of Fig. 1. This burner con-
sists substantially' of the outfiow tube 1 itself, applied
by means of ‘a flange 2 to the corresponding flange 2’

.or 2”7 of the premixer shown in Fig. 3 or Fig. 5, réspec-

tively, from which the hydrocarbon-oxygen mixture en-
ters in the direction of the arrow. Near the front sec-
tion to which the premixer is fastened, tube 1 is provided
‘with a branch pipe 3 having a safety outlet 4. By means

‘of a pattition 5, the front section of the tube is subdi-

vided into several longitudinal . outflow chambers, as
shown, for example, in cross-section in Fig. 2. The rear
section of tube 1 is subdivided in a similar manner by
means of a partition 6. However, as indicated in Fig. 2,
the walls of this partition are offset, at 45° for example,
with respect to the walls of partition 5. Moreover, tube
1 is cooled by means of a double-wall water jacket 7,

“having an inlet 8 and an outlet 9 for the cooling water,
‘whereby the walls of the jacket are arranged so as to

cause the cooling water to circulate in both directions
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along the interior wall 10 of the jacket and at both sides
thereof.

Fig. 3 shows a mixer into which reaction gases enter
through two flared ports 11 and 12, respectively. By
means of connecting elbow pieces 13 and 14, these ports
are joined with tubes 15 and 16 which are in axial align-
ment and are held at their free extremities by a mixing
chamber, the latter comprising a cylindrical section pro-
vided with sleeves 17 and an annular hollow member 18
and containing an axially displaceable double-coned ob-
turator or proportioning valve 19, preferably made of
stainless steel. As shown, this valve is controlled by a
spindle 20, which is provided with a thumbscrew 200
having a scale for varying the size of the inlet openings
for oxygen and the hydrocarbon and for indicating the
ratio between these openings. Spindle 28 is screw-thread-
edly mounted for rotation in studs 130 and 140 fixed upon
elements 13 and 14 respectively. An indicator sleeve 141
is carried in flange member 142, which is fixed upon
stud 149. By means of this valve, the velocity, stream
size and impact angle of the two gas streams are readily
controlled. Thus the effective components of the kinetic
energy of the gas streams as specified above, can be easily
regulated. The double-cone 19 deviates or deflects the
two gas jets of oxygen and hydrocarbon, coming from
the two oppositely aligned ducts 11, 13, 15 and 12, 14,
16, respectively, into the single peripheral annular recess
18. From the latter the mixed gases pass through con-
duit 21 into the ocutflow tube 1 of the burner illustrated
in Fig. 1. The shape of doubled-coned member 19
makes the gas streams meet with velocities having sub-
stantial and oppositely directed axial components. In
this way, the desired mixing is achieved.

Another embodiment of the premixer is shown in Figs.
5 and 6. This mixer comprises an inlet tube 22 for the
gas to be burned. Fitted into this tube is a helical core
23, preferably of stainless steel, to impart to the incom-
ing gas stream a helicoidal rotation with a substantially
high velocity on the tangential plane. Attached to tube
22 is an extension 24 of relatively heavy material pro-
vided with a pattern of borings spaced radially about
longitudinally along the circumference of the extension.
As shown, these borings are drilled at oblique angles
through the wall of this extension. Oxygen, entering
through lateral tube 26 and the jacket 27, is blown
through these borings so that the tangential components
of the velocities of the two gases are directed oppositely
to each other whereby the oppositely rotatory flow of
the two gases is gradually damped. Obviocusly, this type
of mixer also permits a simple control of the velocity,
stream size and impact angle of the two gases; these are
the factors previcusly mentioned as essential according to
this invention. From the premixer, the gases enter the
outflow tube 1 (Fig. 1) substantially without any turbu-
lence, which is important in order to produce a regu-
lar and undisturbed flame at the end of the outflow tube
and to avoid back-firing.

In addition thereto, an evaporator is required for heat-
ing the petroleum fraction or the crude oil to a given dis-
tilling temperature in order to obtain the desired frac-
tion in volatilized form. Heat, liberated in the conver-
sion, can be employed for this purpose.

Starting materials that are useful according to this
invention are particularly the petrolenm fractions that
distill practically completely without decomposition and
formation of free carbon. In other words, petroleum
fractions having a final distillation point not higher than
about 320° C. Equally useful are other fractions, such
as crude oil, that, although they distill completely at
higher temperatures, upon heating to 300-350° C. vola-
tilize while leaving a fluid residue rather than a heavy
or even solid deposit comprising free carbon. This fluid
residue consiitutes a fuel oil which can be utilized for
other purpcses, such as heating.

The following petroleum fractions can be used:

4
1. Gasoline e oo Density 0.677, final
dist. point 122° C.
2. Naphtha_ e Density 0.771, final
_ dist. point 215° C.
O 3, KeroSene - mm o m e e emmmemaems Density 0.80, final
dist. point 320° C.
Example
" When using kerosene (as in 3, above) having the fol-
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iowing characteristics:

Composition:
Carbonl e e 84%
Hydrogen oo e 16%

Gross heat valie - oo e 11,200 Cal.

and mixing it with air enriched with oxygen at the ratio:

Air-0.55 Nm3./kg. of kerosene, flow rate 110 Nm.3/hour

0., pure-0.71 Nm.3/kg. of kerosene, flow rate 142Nm.3/
hour

0,, total-0.82 Nm.3/kg. of kerosene, flow rate 164 Nm.3/
hour

Flow rate of volatilized kerosene ——————~~ 200 kg./hour
Temperature:

At burner inlet e 320° C.

At burner outlet _ e 950° C.

a converted gas is obtained having the following charac-
teristics:
Percent by volume

Hy oo 46.7
CO e 413
Pore S 0.5
P 11.4
e A 0.1

Total volume of converted gas—3.75 Nm.3/kg. of kero-
sene, 750 Nm.3/hour

Volume of Hy--CO per 3.25 Nm.3/kg. of kerosene—
650 Nm.3/hour

The propeller-type mixer-burner (Figs. 1 and 6), used in

connection with the foregoing examples, has the follow-
ing construction and operation characteristics:

Volume of mixing chamber e 1600 cc.
Axial velocity of the mixture ——————c-n 35 m./sec.
Specific kinetic energy of volatilized kero-
SENME e e e 200 kilogram
meters/kg.
Specific kinetic energy of oxidized air-_.- 200 kilogram
meters/kg.

Corresponding tangential velocities—

Kerosene 63 Nm.?/sec.

Oxygen 48 Nm.3/sec.
Corresponding actual velocities—

Kerosene (at 320° C; 1.1 atm.) 124 m./sec.

Oxygen (at 70° C.; 1.1 atm.) ceeeee 56.5 m./scc.

Impact angles of the two gas streams on the horizontal
plane tangent—

With propeller o meemmomm s o s mm o 31°
With radial Dlane - oo cmmem e 73°

I claim: )
1. The process of producing synthesis gas (CO and Hp)
by a partial combustion in the absence of any catalyst and

. steam, of a hydrocarbon fraction that volatilizes without

decomposition and formation of free carbon upon heating
to a temperature up to 300-350° C.. said process coni-
prising volatilizing said hydrocarbon fraction, intimately
mixing the velatilized hydrocarbon fraction with a gas
taken from the group consisting of oxygen and air en-
riched with oxygen immediately prior to introduction into
4 reaction chamber by actuating said volatilized hydro-
carbon fraction into a helical rotation, gradually cancel-
ling the rotation moticn by the impact of a plurality of
peripherally arranged jets of gas taken from the group
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consisting of oxygen and air enriched with oxygen acting
oppositely to the direction of rotation of said volatilized
hydrocarbon fraction, the oxygen-containing jets and the
stream of hydrocarbon impinging upon each other at
kinetic energies whose respective opposite directional com-
ponents are substantially equal, and immediately there-
after introducing the linearly moving premixed gases into
the reaction chamber and maintaining a reaction temper-
ature not exceeding 1000° C.

2. The process of producing synthesis gas containing
CO and H, by a partial combustion, in the absence of any
catalyst and steam, of a normally liquid hydrocarbon frac-
tion that volatilizes without decomposition and formation
of free carbon upen heating to a temperature up to 300~
350° C., said process comprising volatilizing said hydro-
carbon fraction, intimately pre-mixing the volatilized hy-
drocarbon fraction with oxygen immediately prior to in-
troduction into the burner of a reaction chamber by im-
pinging upon each other streams of oxygen and of the
volatilized hydrocarbon fraction at an oxygen: hydrocar-
bon molar ratio of between 0.5 to 0.8 and at kinetic ener-
gies whose respective opposite effective directional com-
ponents are substantially equal and equivalent to 100-200
kgm./Nm.3 of gas, based on methane, each of the streams
of oxygen and hydrocarbon being individually deflected
and spread into a thinned, diverging, conical stream, and
the said diverging conical streams being symmetrically and
coaxially impinged upon each other to obtain said intimate
pre-mixing, introducing the linearly moving so pre-mixed
gases into the burner and maintaining a reaction tempera-
ture not exceeding 1000° C. in the reaction zone.

3. The process of producing synthesis gas comprising
CO and H; by a partial combustion, in the absence of any
catalyst and.steam, of a normally liquid hydrocarbon frac-
tion that volatilizes without decomposition and formation
of free carbon upen heating to a temperature up to 300-
350° C., said process comprising volatilizing said hydro-
carbon fraction, intimately mixing the volatilized hydro-
carbon fraction with 4 gas taken from the group consist-
ing of oxygen and air enriched with oxygen prior to intro-
duction into a reaction zone by impinging upon each other
streams of oxygen and of the volatilized hydrocarbon
fraction at kinetic energies whose respective opposite effec-
tive directional components are substantially equal, said
reaction zone comprising a burner zone which provides
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free space into which the reaction mixture flows with sub-
stantially no turbulence, the reacting mixture being con-
strained against lateral motion in the reaction zone, intro-
ducing the linearly moving premixed gases into the re-
action zone and maintaining a temperature not exceeding
1000° C, .

4. The process of producing synthesis gas containing
CO and Hj by a partial combustion in the absence of any
catalyst and steam, of a hydrocarbon fraction that vola-
tilizes without decomposition and formation of free car-
bon upon heating to a temperature up to 300-350° C.,
taken from the group consisting of gasoline, naphtha, and
kerosene, said process comprising volatilizing said hydro-
carbon fraction, intimately mixing the volatilized hydro-
carbon fraction with a gas taken from the group consist-
ing of oxygen and air eariched with oxygen immediately
prior to introduction into a reaction chamber by actuating
said volatilized hydrocarbon fraction into a helical rota-
tion, gradually cancelling the rotation motion by the im-
pact of a plurality of peripherally arranged jets of gas
taken from the group consisting of oxygen and air en-
riched with oxygen acting oppositely to the direction of ro-
tation of said volatilized hydrocarbon fraction, the oxygen
containing jets and the stream of hydrocarbon impinging
upon each other at kinetic energies whose respective oppo-
site directional components are substantially equal, and
immediately thereafter introducing the linearly moving
premixed gases into the reaction chamber and maintaining
a reaction temperature not exceeding 1000° C.
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