CIPO) - Patent - 919427 Page [ of'2

Bl ooy o Canada

- - Strategis Index: PN A N
strategis.gc.ca . . . : e Uil

Canadian Patents Database

(12 Patent: (11 CA 919427

1272002001 - 09:534:02

{54y PROCESS OF PREPARING SYNTHESIS GAS

154)
(72) (Country): CONSTANT P. M. SADEE (Not Available)
HENRICUS A. A. KOENDERS (Not Available)
(7% - (Country): STAMICARBON N.V.
- (Country):
(74)
(43) Jan. 23, 1973
(223
43y
(52 - 48/31
(51 - : AT N/A
No
[RI) : . None
N/A

Unknown

#%% Note: Data on abstracts and claims is shown in the official language in which it was submitted.

View or Download [niges :

Cover Page ITmage
Abstract lmage

Clamms Image

a0 YN

Disclosures lmage

®»

hitp:/fpatents | .1c.ge.ca/details?patent. number=919427& language=X 12/20/01



10

15

20

25

30

919427

2311

Thig invention relates to the combustion in & spark-
ignition internal-combustion of methane-containing gas mixtures
whereby motive power is obtained from the engine together with
synthesis gas as an exhaust product.

The concomitant production of motive power and
synthesls gas by such a method 1s well-known, and several
procedures have hitherto been described to provide optimum
power and gaseous product, The synthesis gas which is a nixture
of carbon monoxide and hydrogen is a valuable product and may
be used in chemical syntheses. A convenient source of methane-
containing gas is natural gas, which depending on the gas Pfield
from which it is derived may contain from 55 % to 99 % by volume
of methane, the rest being a mixture containing for example
other hydrocarbon gases, carbon dioxilde, sulphur-containing
gases and nitrogen.

7 An object of the present invention is to provide a
process of preparing synthesis gas by the lncomplete combustion
of methane in a combustion engine, with a high yield of hydrogen
and carbon menoxide and avoldance of the formation of scot.

Another object of the presént invention is to provide
such a process with the avoldance of an undue rate of pressure
increase and unduly high pressure during the combustion process,
both in starting up and in normal operation of the engine.

Another objeet of the invention is to provide a
process of preparing synthesis gas by incomplete combustion of
natural gas in a combustion engine without the necessity of
starfing the engine on oxygen-enriched air.

The diffioulties of operating internal-combustion
engines using such feed gas is described for instance in
"British Chemical Engilneering" 8, No. G, June 1963, pp. 392-396,

Dr. G.A. Karim, where the balance between the heat energy
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developed during combustion and the incomplete combustion
necessary to ensure the presence of CO and HE in the exhaust

is discuséed as a function of OQ/CH4 ratio of the input gases.
Furthermore with the socalled "dual-fuel" engines, it is stated
that the composition of the input needs at start-up should be
different from that introduced during the established operation
of the engine. For instance such an engine should be started on
diesel fuel, which is then gradually replaced by methane or a
methane-containing gas until the engine tends to stall, and
when this critical point is reached oxygen 1is admitted at a
gradually increasing rate to accelerate combustion untll the
regquired feed mixture 1s obtained. A similar procedure 1s used
in reverse for stopping the engine.

A simllar difficulty has been experienced using a
spark-ignition internal -combustion enging, as descrlbed for
example in Paper 42 of the Proceedings of the 6th World
Petroleum Congress, 1963, pp 429-437, namely "Product of
Synthesis Gas by an Internal-Combustion Engine" - T. Yamamoto
et al. To prevent flash-back at the start, the engine is started
with a mixture of natural gas and air, the alr gradually being
replaced by oxygen. Furthermore to prevent explosion in tThe
inducﬁion supply pibe, it is necessary to supply the natural
gas and oxygen secparately through different intake manifoldé.
This in turn results in a difficulty in obtaining adegquate
mixing of the gas components in the engine cylinders, which
limits the practical range of mixing ratios. Thus it has hitherto
been desirable to use slow-running engines of the order of 500
to 650 r.p.m. to ensure adequate mixing and also to ensure that
sufficient induction time is available to provide maximum power
cputput for any gilven composition of exhaust gases.

It has now been discovered that if the inlet gases

are in a specified range of proportions of methane, oxygen and

-3 -
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nitrogen, a spark-ignition engine may be operated on such a
mixture to produce optimum energy and synthesis gas as an
exhaust product, and furthermore may be run with inlet gases
of substantially constant composition from starting up of the
engine, Furthermore means are provided according to the
invention for ensuring that a gas mixture of constaht compo-
sition is 1ntroduced to the engine, In a further embodiment

of the invention, means are provided for inftroducing the
constituent gases as a preformed mlxture to the engine without
the danger of fires occcurring due te backfiring.

A parficular advantage of the gas composition of the
invention ,is that they do not have a tendency to form carbon-
aceous deposits in the engine, and furthermore do not have a
tendency to cause engine knocking, and also provide a mixture
which burns smoothly 1n a controlled manner.

The limits of proportions of the gases used according
to the inventien are based on a trilangular graphical represen-
tatlion of the volume percentage of methane, oxygen and nitrogen,
and are derived by considering Jjointly the triangular graphs
of Figures 1, 2 and 3 of the accompanying drawings.

During the investigation into the explosiveness of
mixtures of methane, oxygen and nlftrogen which ultimately
resulted in the present inventlion, a number of interesting
areas were determined which are typical of such a reaction.
These will be explalned with reference to the graphical trian-
gular diagram of Fig. 1.

Figure 1 1g a reprs<entation showing a) a detonation
area derived from experiments hereinafter describéd, b) an
explosion area larger than and including the whole of, the saild
detonation area, the criterlon being that the gases react to-
gether, ¢} a soot forming area,

The experiments on which Flgure 1 was constructed

-4 -
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comprise introducing the gaseous constituenfs in controlled
and speciflc proportions into a combustion bhomb, which are
then ignited therein with a spark generated by a spark plug.
The rate of increase of pressure was determined for each test.

If in a combustion bombk the reactlon
CH4 + 2 02 -4-002 + 2 HEO goes ﬁo completion, the theoreticsal
residual pressure after cooling would have to be 1/3 of the
initial pressure as otherwise the water resulting from the
reaction condenses. Since it is known that the conversion is
incomplete the actual residual pressure will be slightly higher.
In the areas alongside the stolchiometric ratioc of.CH4 to 2 02,
the residual pressure increases, since an excess amount of one
of the gases is present.

There is also an area of mixtures in which the residual
pressure 1s higher than the initial pressure. In this area
hydrogen: is formed 1nstead of water, according to the reaction
2 CH4 + O2 — 2 C0 + 4 He. Theoretlically, a doubling of the
residual pressure would have to ¢ccur for a stoichiometric
composition.

On either side of the stoichiometric line for the reac-
tion producing 002 + 2 HEO' there is a virtually triangular
explosion area of mixtures of CH4, N2 and 02. WithinAthis area,

some important partial areas can be distinguished, namely:

a) the area in which the maximum rate of pressure increasé¢ 1s

over 4000 bars/sec, termed the detonation area;

b) an area lying alongside :the stoichiometric line for the reac-
tion towards CO2 + 2 Heo and covering part of the detonation

area, 1in which H2 and CO are produced. The stoichiometric compo-
sition for this. reaction 1s cutside the explosion area, however,

so that the expected doubling of the pressure cannot occur; and

¢) a small area on the edge of the exploslon area, where the No

-5 -
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content is below 25 % and 1n which soot 1s formed in addition
to H, and Co.

PFigure 2 shows lines of equal hydrogen production for
various compositions in the sald combustion bomb, expressed as
a percéntage of theoretical hydrogen production according to
the eguation hereinbefore set forth.

Figure 3 shows lines of eqgual carbon monoxide preduc-
tion in the sald combustion bomb, expressed as a percentage pof
theoretical carbon monoxide production according te the equdtion
hereinvefore set forth.

It wlll be noted that in Flgures 2 and 3 the areas
corresponding to a minimum of 60 % efficleney of hydrogen
production and a minimum of 85 4 efficlency for thé CO preoduc-
tion, respectively are within the explosion (reac%ion) area of
Figure 1 but are outside the detonation and soot-forming areas.
In marked contrast to the teachings of the prior art, the
Flgures 2 and 3 show that the maximum yields of both products
do not lie on the CH4—02 line, but rather higher. Te cbtaln an
optimum yield, it is thus apparently preferable to have on the
order of about 14 % of N2 in the feed stream. However, this Né
content is not very eritical,since, as shown in Figures 2 and
%, the lines of constant HE and CO yield are both stretched and
ﬁoint towards the top of the triangle, the top representing
100 % nitrogen.

The results of the experiments were confirmed by
running an alr-cooled four-stroke one-cylinder spark-ignition
engine capable of 1.1 kW. when run on gasoline fuel,

The compositions according te the invention therefore
are repressnted by a common area for the sald minimum desired
H2 and 00 efficiencles, and is represented by the arsa PQXY in
Figure 1. Particularly preferred composlilons are those within

the area SRXY, which are predominantly areas of B0 % and 93 %
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4. and CO efficiency respcectively.

2
The invention therefore consists in a method of
obtalning an exhaust gas comprising carbon monoxide and hydrogen
by operating a spark~ignition interng-combustion engine using
a methane-containlng gas as an englne fuel, which method 1is
characterized in that the engine is run on a premixed gaseous
fuel of substanblally constant composltion and comprising methane,
oxygen and nitrogen, the proportions of the sald methane, oxygen

and nitrogen being within the ranges of an area in a triangular

plot limited by the following four values by volume,

CHy, 57.5 % 32 % 26 % 52 %
05 Yo.5 % 28 % FLI ] 48 %
N, 0 % 4o % 4o % 0 %

Preferred compositionsconsist of the following four

values by volume,

CH) 57.5 % 50 % ha % 52 %
0, 42.5 % 35 % 43 % 48 %
N o % 15 % 15 % 0 %

As stated for example in Arbeltsblatt Nr, 161 (July
1967), Zusammensetzung von Erdgasen verschiedener Vorkonmen, in the
German periodical Gas Wirme International, 16, 397 (1967),
natural zas from the Groningen field contalns Bl1.3 % methane,
14.4 % nitrogen and the balance other constituents.Compositions
according ¢o the invention obtained by mixing Groninger gas
with a) pure oxygen or b) commercial (90 %) oxygen of technical
grade, are shown by lines MN and ML respectively. Compositions
according to the invention thus obtainable are shown in area

ABCD in Figure 1, limited by the following percentage volumes:
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CH), 51 % 43,5 % 46.5 % 53 %
Oy %6 % 4y % 45,5 % 37.5 %
N, 1% % 12.5 % 8 % 9.5 %

Consequently, 1t 1s an important sdvantage of the
method according to the present invention that a crude, N.-
contalning natgral gas, for instance of the type found in
Groningen,and&wof technically pure oxygen can be used. In
addition, the mechanical energy preduced by the eﬁgine can be
used to raise the pressure of the resulting synthesis gas.

In a preferred method of operation of -a spari-
ignition engine according to the inventlonwitha gas of Substantlally
constant composition the gases may be mlxed outside the engine,
and the proportions of gas constituents in the mixture main-
tained at a constant vaiue by the use of one or more so-called
"epritical orifices™ in association with a pressure regulating
device installed between the critical orifice(s) and the engine,
and responsive to back pressures from the engine. 3uch orifices
havé the property of delivering a flow of gas at a sonic
veloelty providing the pressure ratio immediately after and
before the orifice is at a minimum eritical value. Such orifices
are described for example in Perry's Chemical Engineers Handbook
- McGraw-Hill Book Compahy - htn Edition 1963, pages 5-9/10.

Furthermore a flame extingulshing device may be
inserted between the said pressure regulator and the engine
whereby the possibility of fire occurring due to back-firing
is mivigated. Furthermore, using the gas compositions according
to the invention, the engine may be run at relatively high
speeds, preferably 2,000 r.p.m. or more using premixed gases,
without loss of efficiency. Such speeds are higher than has

hitherto been possible in such applications,

- 8 -



10

15

20

25

30

919427

An arrangement for delivering a gas of constant
composltion to a spark-ignitlion engine using critical orifices,
and ilncorporating a flame-extinguishing device according to the
invention 1is hereinafter described and 1llustrated in Figure 4
of the accompanying drawings; which 1s a schematlc representation
of‘the arrangement.

Two gas sources 1 and 2 are provided for supplying
nitrogen-~containing natural gas and technically pure oxygen
respectively, and an internal combustion engine > for effecting
the required oxidation. A mixing unit A and a safety unit B are
interposed successsively between the sald engine 3 and the said
gas sources 1 and 2.

Mixing unit A ensures a -constant supply of the two gaseous
Stﬁrting components under all condltions,and hence a cornstant
nixing ratio thereof. The mixing unit is sultably arranged as
follows: each of the gaslines 31 and 32, for conveying gas
derived from the sources 1 and 2 respectively, successslvely

and respectively incorporates a reducing valve, 41 and 42, a
needle valve, 51 and 52, the passage of gas through'which is
controlled by the pressure drop over a pressure-difference
detector, 61 and 62 arranged across a measuring flange of the
eritlical orifice type, 71 and 72. (The use of such critical
orifices 1In gas supply systems is known.} The pressure drop
over the critical orifice is greater than the so-called critical
pressure drop, so that the passage of gas through the critical
orlfice is proportional to the absolute pressure 1in front of the
flange. With a glven adjustment of the critical orifice, Ehe
amount allowed to pass therethrough remains constant.

Each of the two lines 31 and %2 also contains a
rotating fiow meter, 81 and 82 respectively. The two lines 31
and 32 from the methane and oxygen supply Join to form line 4

which is connected to a mixing chamber 5. The mixing chamber 5
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is filled with inert particulate matter, e.g. glass beads or
metal shavings, to effect intimate mixing of tne gases. The

free space in the mixing chamber 5 is comparatively small. The
amount of gas flowing through each of the lines 31 and 32 1s
adjusted upstream from each oritical orifice, so that, 1f the
témperature is kept constant, the amount of gas passing thrdéugh
the mixing system will be independent of the condltlons down-
stream from the critical orifice as long as the pressure drop
remalns above the critical value. Thus coﬁsidering mixine unit A,
a mixture of constant composltion can be obtalned which does not
change with changlng engine conditions such as bad, speed and
initial pressure, as long as the pressure drop over the critical
orifice does not fall below a predetermined value.

The safety unit B provides optimum salfety both for
mixing unit A and engine 3. It 1s impossible for the gases to
flow back to the sources 1 and 2 due to closure of valves 51 and
52 respectively. The safety unit comprlses an overpressure valve
7 and a back-pressure regulator 8 positioned successively in the
conduit 6 between the mixing chamber 5 and the engine 3. (A
sultable back—pfessure regulator having a fast response to
pressure changes is Model 10 BP made by Fairchild Hiller.) A
flame extinguisher 10, having valves 9 and 15 on elther side, 1is
arranged upstream from the engine 3. The term "flame extinguisher"
as used here denétes a device which, upon a sudden rise of the
temperature caused‘by a process, removes the neat so rapidly
that the phenomenon does not increase, but in fact decreases.

The flame extingulsher 10 is preferably filled wholly
or partly with glass beads or metel shavings, which immediately
extinguish any backfiring explosions. This filling material aiso
promotes the mixing of the gases. The free volume inside the
flame extinguisher is made relatively large, so that at the same

time this device serves as a buffer vessel for smoothing out

s



10

15

20

25

30

913427

pressure pulses.

In the line section between the slide valve 15 and the
flame extingulsher 10 there is a rupture plate 11 which 1s respon-
sive to an overpressure, The amount of this overpressure depends
on the chosen charglng pressufe of the engine 3.

The engine 3 1s coupled mechanically to a device for the
conslpton of anergy, e.z. an electrlelty generator and/or a compressor
(not shown). The drawing shows a hydraulic brake 12 used for
experimental purposes. In operation the torque of the hydraulic
brake is overcome by the engine, and measured by gauge 13, ﬁénce
the engine speed can be controlled and measured. The combustion
gases comprising hydrogen and carbon monoxide leaving the engine
are dischafged through an exhaust silencer 14 to be used else-
where as starting materials for further processes.

fis will be understood by one skilled in the art, any
desired number of gaseous compenents may be fed to ‘the mlxing
chamber through addiﬁional lines connected in the manner described.

To illustrate the abililty of spark-ignition engines to
run at hlgh speeds using gas composltions according to the inven-
tion, the following example is provided:

Natural methane.and pure oxygen of technical grade wure
mixed in a ratio of 55 to 45 % by volume, in a mixing unit hqrein—
before described and illustrated in Figure 4 of the acgompanying
drawing. As desscribed, means for preventing explosion of methane
and oxygen in the inlet line of the engine were prévided. The
mixture was induced into the cylinder of a 82-ml.one-cylinder
spark-ignition engine., The engine had been previously measured
and found to develop 1.1 kW when running at 1,000 to 3,600 r.p.m.
on a mixture of alr and gasoline. The air-cooled engine worked on
the four-stroke cycle and had a compression ratio of 7:1l.

The compression ratio, the induction pressure, the

pressure at wnien the resulting gas is delivered, the ignition

- 11 -
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timing and the moments of openlng and closing of the inlet and
outlet valves could be varied within limits.

The engine received a gas mixture of constant composi-
tion within the area defined by polnts ABCD of Figure 1, at a
charging pressure of 1.2 bars.

When the natural methane was used, the speed of the
engiﬁe was carefully controlled to malntain a minimum speed of
at least 2,000 r.p.m. In order to accomplish this the englne
shaft was coupled to a hydraulic brake, by meaﬁs of whileh both
the power output and the speed could be controlled and measured.
The engine was started up and continued torun smoothly,develbping
a mechanical output of 1.5 kW.

The composition of Ehe exhaust gas was constantly
measured and found to contain the following:

CO ::33.5 % by vol.
CO,¢ 3.%.% by vol.
Ny & 7.1 % by vol.
Hy : 53.2 % by vol.
CHy: 2.0 % by vol.
0, : 0.9.% by vol.
The gas compositlon thus produced is not substantlally

different From the gas composition obtained by the partial nbn-

catalytic oxidation of methane (i.e. not in a combustion engine).
It is to be noted that the CO2 content of the resulting combustion
products 1s considerably lower than that obtained in other methane
conversion processes. If 1t 1s desired finally to obtain hydrogen
as a final product, the process as described in this example may
be followed up by the usual steam conversieon of CO, according to
the reaction CO + HQO - H2 + 002, 50 that each CO meolecule
releases a further H2 molecule.

By the use of this high-speed, highly loaded engine,

about 100 mﬁ ¥.T.P. of synthesis gas per hour was produced per

- 12 -
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litre of cylinder volume, a figure which is 2C time . as high as

the production reached by the prici art process hereinbefore

described. The pressure of the synthesis gas produced was aboutb

1900 mm Hg, which was above atmospheric pressure.

Unline an engine consuming gasoline, no d&llution of the
lubricating oil in the crankcase of the engine was observed.
Reasons for thls were attributed to the partial oxidation of
natural gas under the conditions described,which résults in the
reactants in the.cyl;nder being of a purely gaseous nature only.

Further, slnce a CH4/02 mixing ratio 1s uséd at which
there is no soot formation, no fouling whatever of spark plugs
and valves was observed, and the iubricatling oll in the crankcase
remained ekceptionally clean.

According to the present invention, it is now possible
to adjust the volume ratlos of the gas components methane, OXygen
and nitrogen to be fed to the combustion engine in order that
optimum operating condltions are achieved, In this manner ﬁhe
following lmproved results are reallzed:

1) the partial oxidatlon of the methane can take place 1n an
area in which both violent ignitions and high ignition
pressure are avoided;

2) the highest possible H, and CO production efficiencies are
obtained;

%) soot formation is avoided; and

4) the engine can be started and operated normally on a zingle

gas mixture.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of obtaining a gas comprising carbon monoxide and hydrogen
by operating a spark-ignition internal combustion engine using a preformed
homogenecus mixture of impure oxygen, methane and nitrogen, which mixture has
a substantially constant composition, characterized in that the mixture having
a composition within area ABCD of Figure 1, wherein A, B, C and D having the

follewing values by volume:

Nz—% 02-% CH4—%
A 13 36 51
B 9.5 37.5 53
C 8 45.5 46.5
D 12.5 44 43.5

and that the engine has a speed of at least 2,000RREM.

2. A method of obtaining a gas comprising carbon monoxide and hydrogen
according to claim 1 wherein said gas mixture is used for starting said

engine,

14
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