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The preaent invention relates to a brocess for
the production of synthesi? gas with simultaneous generation
of energy.

It 1s known practice to burn hydrocarbon, breferably
methane, in a gas engine with oxygen in guantities not
gufficient for the complete oxidation of the hydroearbon,

In this process a valuable synthesic gas, conglating
prédominantly of aydrogen and carbon monoxide, 1s obtained
with simultaneous generation of BREPEY .

In the practice of this process the aim i3 to
oﬁerate with the smallesgt poasib}e quantities of oxygen
in crder te avoid complete combustion of major portiona of
the hydrocarbon and to obtain the largest posalble quantities
of the valuable syntnesxg &as. It is poasible in the
practice to attain a mixture ratio of for example 1 part
by volume of methane to 0.%8 to 0.70.parts by volume of
oXygen. Below this quantity of cXygen there is formation
of soot, and an even and reliable functioning of the engine
ie not longer possible,

Even a2t & ratio of methane to oXygen of 1 : 0,76
it i difficult to make the engine run evenly, TIn fact, irf
low ignition pressures tocur, the reaction of the ga8 mixture
will no longer be complets, moot formws, and the energy
generated 1g considerably reduced.

It has now been found that these difficulties can
be overcome if care ig taken that the maximunp indicated
lgnition pressure attains or exceeds 35 kg/sqem at each
piston gtroke. At such an ignition pregsure no goot is formed
in the gas mixture and the engine fum tions rerfectly, This

observation ig surprising. In fact, if enough oxygen is used
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in the mixture with the hydrocarbon for the latter to burn
completely, the ignition pressure iz of no great importance

in the operation of the engine. There is no danger in

operating at ignition pressures of for example 20 kg/sgam.

When operating with a deficilency of oxygen, however, it has

been found that an dmgine functions irregularly at this

|
%
ﬂ

ignition pressure.

SER )

To attaln the required ignition pressure, various

measures familiar to the expert can be taken. A primer

P

10 must be used which has a high ignition energy and does not
5 f&il. A high ignition pressure can be achieved algo by
correct adjustment of the pre-ignition conditions which may
be such that knocking in the enging ig just avoided, Alao

there may be used a ratio of compression such that engine

g

knocking is no more than avoided.
I% has further been found that the functionlng of a
gas engine with a gas mixture containing 1.52 atom of

oxygen per atom of carbon, and at indicated ignition

ST R 5

pragsureg of 35 kg/hqcm or more, can be much improved if

20 the ignition temperature in tne enginé cylinder ig adjusted

(o R

to at least 17° bvefore the upper Ilimlt of ignition failure.

X Tt

For a gas miXture containing 1.468 atom of oxygen per atom

of carbon a pre-ignition temperature of 22° to 30° hag

RN
PR

proved the most favorable,.
This obaervation, too, is sauwrpriaing, 1In fact,

when it 1s attempted to operage a gag engine with a mixture

St e i TR T N

of gaseoug hydrocarbon and oxygen in such quantity as is
1
% gufficient for the complete combustion of the nydrocarbon

at a pre-ignition temperature of only 150, it will be found

30 - that the resulting ignition pressures are go high that the
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safety ol operation ia jeopardized, Moreover, englne
knocking will then occur. The more surprising was 1t that
the game wmeasure led to full success when working with a

deficiency of oxygen.

It may be advantageous in the preoceas to mix the
gagay to be reacted Iintimately outside the engine and to
supply them to the englne through an intermediaté tank,

Alvo there nay be added to the gaq_@ixture, if

desired, inert gases such as nitrogen and/or guses partigipating’

o T L e R P P

3 10 in the reaction, such a8 carbon dioxlde or water. vapor.
% Bxample ‘
E A crude mathane, containing 97% nethane, 1%
? hydrogen, and 2% nitrogen, is partially burned in a gas
% enginé with oxygen containing 98% oxygen and 2% nitrogen,
% for the purpege of producing a gsynthesis gaa with simulfaneous
‘% generation of power. The volumetric ratic of oxygen (100%)
g to methane (100%) i3 0.70. 1If the compression ratlo is
7%‘ adjusted to 1:7.55 and the pre-ignition temperature to 19°
% before the upper dead point or limit of ignition failure
20 .the indicated ignition preysure is 28~33 kg/agem. The
synthegia gas produced ﬁnder.these cénditions dontaing 3-<4%

of unburned methane and 1-1.5% unreacted oxygen, The machine
rung irregularly, occasionally idle strokes ocaur, ﬁnd thy
recorded indicator diagrams show that in many cases the
ignition of the gas mixture occcurs too late and that evidently
there is a secondary combustion after the openiné of the
outlet valve. If the compression ratle is increasad to

1:8.8 and the pre-ignition temperature iz left at 19° berfore
the upper daqd voint, indicated ignition preasurs of 37-41

a0 kg/sgemr will be obtained. The machine runs perfectly evenly,
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and accordingly the indicator diagrams are regular, the
synthesis gas containg 1.5=-1.8% of unreacted methane and
0.4-Q.6% unreacted oxygen. If under the same conditions

the pre-ignition temperature ig adjusted tc 13° before the

upper dead point, the indicated presaurss are 34-37 kg/sqcm the ..

machine runs irregularly with occaslonal idle strokes, and

in the synthesis gas more residual methane and more unreacted

OXygen appegr.
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The embodiments of the invention in which an
exclusive property or privilege 1s claimed are defined
as follows:

1. In a process for the production of carbon

monoxide and hydrogen containing synthesis gas in a

cyclically operating irternal combustion engine by the
combustion of a gas mixture containing a hydrocarbon fuel
and an amount of oxygen insufficient for the complete
combustion of the hydrocarbon, the steps which comprise
intimately mixing the components of said gas mixture out-
aide of the engine to provide an intimately mixed gas

mixture in which the ratio of hydrocarbon and oxygen is

such to provide at least 1 atom of carboen in the hydro-

carbon for every l1.52 atoms of oxygen, supplying said

TN T R T T e T AT

intimately mixed gas mixture to the engine through an
intermediate storage tank, and providing ignition pressures
in said internal combustion engine which are at least

35 kg/em?.

2. The process of claim 1 in addition adjusting

e e S et b

the spark advance of the engine to at least 17° ahead

of upper dead center.

A A e

3. The process of claim 1 in which said hydrocarbon

is methane.

T TS

4. The process of claim 1 in which said gas mixture

is prepared outside of the engine by intimate mixture of

AR

the components and said intimately mixed gas mixture is
supplied to the engine through an intermedate storage tank.
5. The process of claim 1 in which said gas mixture

additionally contains an inert gas.
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6. The process of claim 1 in which said gas
mixture additionally contains carbon dioxide.

7. The process of claim 1 in which said gas
mixture additionally contains steam.

g. In a proéess for the producticn of carbon
monoxide and hydrogen containing synthesis gas in a
eyclically operating internal combustion engine by the
combustion of a gas mixture containing a hydrocarbon fuel
and an amount of oxygen insufficient for the complete
combustion of the hydroecarbon, the steps which comprise
intimately mixing the compcnents of said gas mixture
outside of the engine to provide an intimately mixed gas
mixture in which the ratio of hydrocarbon and oxygen is
such to provide at least 1 atom of carbon in the hydrocarbon
for every i.h8 atoms of oxygen, supplying said intimately
mixed gas mixture to the engine through an intermediate
storage tank, providing ignition pressures in said internal
combustion engine which are at least 35 kg/cm2 and adjusting
the spark advance of the engine to 22 to 30° ahead of

upper dead center.



