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[57] ABSTRACT

In a process of producing a synthesis gas which has a
low inert gas content and is intended for the synthesis of
alcohols, particularly of methanol, and ‘of hydrocar-
bons, and which is produced from coal or heavy hydro-
carbons, by a gasification under pressure with oxygen
and steam, whereafter the raw gas is cooled, the impuri-
ties are removed by a scrubbing with methanol, and the
methanol is removed by means of molecular sieves from
the cold pure gas. The pure gas is then cooled. further
and partly liquefied, the remaining gas is further cooled
by a pressure relief and methane is distilled from the
liquid part with simultaneous recovery of the synthesis
gas, which consists of hydrogen and carbon monoxide
and has a low methane content. All or part of the meth-
ane is compressed and is subsequently reacted with
steam and oxygen to produce carbon monoxide and
hydrogen. The produced gas is admixed to the synthesis
gas or to the partly purified raw gas.

1 Claim, 1 Drawing Figure
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PROCESS OF PRODUCING A SYNTHESIS GAS
WHICH HAS A LOW INERT GAS CONTENT

BACKGROUND OF THE INVENTION

1. Field of Invention

THhis invention relates to a process of producing a
synthesis gas which has a low inert gas content and is
intended for the synthesis of alcohols, particularly of
methanol, and of hydrocarbons, and which is produced
from coal or heavy hydrocarbons by a gasification
under pressure with oxygen and steam followed by a
cooling of the raw gas, removal of the impurities, and
separation and cracking of methane with oxygen and
steam:

2. Discussion of Prior Art

It'is known to gasify coal with oxygen and steam
under pressure and at elevated temperatures. In such
processes-the raw gas, which consists substantially of
Hj, CO, CO; and CHa, is cooled and is scrubbed with
methanol. in order to remove impurities, particularly
sulfur "compounds, such as H3S and COS, and .CO,.
Because the capacity of the methanol to absorb the
impurities strongly increases as the temperature is low-
ered, the scrubbing with methanol is effected at very
low temperatures. The resulting pure gas can be treated,
e.g., by the Fischer-Tropsch synthesis, to produce hy-
drocarbons, alcohols and motor fuels. The sulfur com-
pounds which are recovered by the regeneration of the
methanol ‘can be reacted to produce elementary sulfur,
e.g., by the Claus process (Linde, Berichte aus Technik
und Wissenschaft, 45 (1979), pages 9 to 17). Alterna-
tively, the scrubbing with methanol may be combined
with a scrubbing with liquid N3 to remove CO, CHg4and
Ar and to produce ammonia (Linde I, Berichte zur
Technik und Wissenschaft, 45 (1979), pages 3 to 8).

A disadvantage of those known processes resides in
that methane constitutes an inert gas, which affects the
synthesis. For instance, a higher pressure is required for
the reaction of the reactants because the methane acts as
a diluent. This reduces the efficiency of the synthesis.
On the other hand, residual gases containing methane
and the unreacted constituents of the synthesis gases
become available at a high rate. For these reasons it is
necessary for an improvement of the efficiency of the
synthesis, e.g., in the process described in Linde, Be-
richte-aus Technik und Wissenschaft, 45 (1979), pages 9
et seq., to treat said residual gas in an expensive process
for a recovery of residual synthesis gas.

It is'an object of the invention to avoid these disad-
vantages and to provide a pure gas which contains Hj
and CO and has a very low inert gas content and can be
used-for a synthesis of alcohols, particularly of metha-
nol, and of hydrocarbons. It is an object of the invention
to provide a simple and economical process for produc-
tion-of such a pure gas.

SUMMARY OF INVENTION

This object is accomplished according to the inven-
tion in that the raw gas is cooled to about 20° to 50° C.,
the impurities are removed by a multistage scrubbing
with methanol at temperatures below —25° C., metha-
nol -is removed from the cold pure gas by molecular
sieves, the cold gas is liquified in part, the remaining gas
is pressure-relieved to effect a further cooling, the meth-
ane is removed from the liquid part by distillation with
simultaneous recovery of the synthesis gas, which con-
sists of hydrogen and carbon monoxide and has a very
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low methane content, ‘and the synthesis gas-and: the
methane are heated-with heat extracted from.the pure
gas and the raw gas.

It is suitable to compress all or part of thé methane
and then to react the methane with steam and oxygen to
form- carbon monoxide and hydrogen.- The gas pro-
duced may be admixed to the synthesis gas or to the raw
gas which has been partially purified by the scrubbing
with methanol.

The advantages afforded by the invention reside par-
ticularly in that a simple and economical process is
provided for the production of a gas which contains Hj
and CO and can be used for the synthesis of alcohols,
particularly methanol, and of hydrocarbons. The syn-
thesis gas is of very high purity and is free of CO5and
CHjy and contains virtually no other inert constituents.

Owing to the higher purity of the synthesis gas, the
yields of the syntheses can be improved, the inert con-
tents can be reduced and the residual gas can be pro-
cessed in-a much simpler manner. For instance, the
quantity of residual gas amounting to, e.g., about 50%
by volume can be reduced to about 10% by volume by
the novel process. The residual gas can be processed at
ambient temperature, e.g., it can be scrubbed with oil,
so that there is. no need for circulating refrigerating
systems which require large energy for the separation,
of inert constituents and the synthesis gas at low tem-
peratures.

Parts of the process are known. For instance, the
gasification of granular coal in a fixed bed under a pres-
sure of 5 to 150 bars has been described in Ullmanns
Enzyklopddie der technischen Chemie, 4th edition
(1977), volume 14, pages 383 to 386. Details of that
known gasifying process. can -also be taken from U.S.
Pat. No. 3,540,867 and U.S. Pat. No-3,854,895. The
known Rectisol process can be used to scrub the gas
with metanol at low temperatures in the range of —20°
to —80° C. The cracking of methane with oxygen and
steam, with or without a nickel catalyst, is also known
in the -art (German No. 21 41 875 and corresponding
U.S. Pat. No: 3,963,642).

BRIEF DESCRIPTION OF DRAWING

Preferred further features of the process will be ‘ex-
plained with reference to the drawing.

DESCRIPTION OF SPECIFIC EMBODIMENT

Granular coal is supplied in duct 1 to a reactor 4 and
is gasified therein in a fixed bed under super-atmos-
pheric pressure. The oxygen required for the gasifica-
tion is supplied through duct 2 and steam is supplied
through duct 3. Ash is withdrawn from the reactor 4
through duct 5. The raw gas produced by thé gasifica-
tion is cooled in several stages:. That cooling-is only
diagrammatically indicated in the drawing."A conden-
sate becomes available in the indirect cooler. 6 and is
withdrawn in conduit 7. Another indirect cooling -is
effected in the heat exchanger 10, which is fed via line
8 which is also connected to a condensate:drain 13:
Cooled gas with a pressure of 10-100 bar produced by
the gasification of coal flows in duct 16 through a heat
exchanger 17 and is cooled therein to a temperature in
the range of 20° to 50° C.

In the absorber 18 the gas is treated with liquid meth-
anol from conduit 18a to remove HzS and some ‘CO»
from the gas, from which the remaining CO> is subse-
quently removed in the absorber 19. In both absorbers
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the gas flows upwardly in a countercurrent to the meth-
anol and in direct contact therewith. The gas cleaning
absorber 19 in line 20 has a temperature in the range of
—30° to —80° C. and a pressure of 10 to 100 bar.

The gas flows through duct 20 to a molecular sieve
plant 21, in which entrained methanol is separated. In
plant 21 commercially available alumino-silicate molec-
ular sieve materials with pore sizes of 4-5 Angstrom
may be used. The gas subsequently enters the heat ex-
changer 22, where the constituents of the gas begin to
liquefy. Gas and liquid with temperatures of —150° to
—195° C. flow through conduit 22a to the separator 23,
in which liquid is separated from the gas. The separated
liquid is fed through conduit 23z to the separating col-
umn 25. The gas is conducted through the heat ex-
changer 22 in duct 24a and is subsequently cooled by a
pressure relief in a turbine 24. The gas in line 24q has a
pressure of 20 to 50 bar and the gas leaving turbine 24 in
line 28 has a pressure of 5 to 15 bar. The very cold gas
in line 28, consisting of the pure synthesis gas compo-
nents CO and Hpy; is conducted under the residual pres-
sure through the heat exchangers 22 and 17 and is
heated therein.

Separation in column 25 is effected by normal distilla-
tion at a pressure in the range of 1 to 10 bar and temper-
atures in the upper part of —160 to —195 and bottom
temperatures of —120° to —170° C. Liquid methane is
drained in conduit 27 from the separating column 25
and is evaporated in the heat exchanger 22 and heated
further in the heat exchanger 17. The overhead product
resulting from the distillation in column 25 consists of
pure synthesis gas (CO+ H3) and is withdrawn through
duct 26 and heated in heat exchangers 22 and 17. The
compressor 29 withdraws the synthesis gas together
with the synthesis gas flowing in duct 28 and delivers
the synthesis gases to duct 30 for further use.

The methane flowing in duct 27 is delivered by the
compressor 31 to a partial oxidation reactor 36, which is
supplied with preheated oxygen through duct 32 and
with steam through duct 33. The product gas formed in
reactor 36 consists mainly of carbon monoxide and
hydrogen and is cooled in the waste heat boiler 37.
Condensate is removed in the separator 38. This is suc-
ceeded by a scrubber 39, in which a major part of the
CO; is removed in known manner.

A product gas becomes available in duct 40 at a rate
which is lower than the rate of the synthesis gas con-
ducted in duct 30. For this reason the cracked gas can
be directly admixed to the synthesis gas flowing in the
duct 30 unless a high purity is required. Otherwise it is
recommendable to feed the gas from duct 40 to the
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absorber 19, in which COj; is removed by a treatment .-

with methanol at low temperatures.

EXAMPLE

Granular coal having particle sizes in the range of 3
to 50 mm is fed at a rate of 378 metric tons per hour
through duct 1 to the pressure gasification reactor 4.
The reactor 4 is supplied with gasifying agents consist-
ing of 139,000 m3(S.t.p.) oxygen per hour, conducted in
duct 2, and of steam, which is conducted in duct 3 at the
rate required for the gasification. The resulting coal gas
is withdrawn through duct 8 at a temperature of about
145° C., a pressure of 35 bar and a rate of 845,000 m3
(S.t.p.) of dry gas per hour and is composed of

COg: 25.6% by volume

CO and Hz: 63.5% by volume

CHa: 10.3% by volume
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N2: 0.6% by volume.

When the coal gas has been cooled further, it is supplied
through duct 16 to the scrubbing process, in which H3S
(in the absorber 18) and CO; (in the absorber:19) are
removed from the gas by scrubbing with methanol at
temperatures of —30* to —50° C. according to the
Rectisol process.

The purified gas which is free of H3S and CO; is
withdrawn through line 20 at a rate of 630,000 m3
(S.t.p.) per hour and is composed (calculated without
methanol) of

CO and Hj: 85.3% by volume

CHz4: 13.9% by volume

N3z: 0.8% by volume.

Entrained methanol is removed in the molecular sieve
plant 21. The gas then flows through the heat exchanger
22 of the methanol-separating stage (units 23, 24 and
25). Three gas streams are formed in the methanol-
separating stage: Pressureless synthesis gas containing
H; and CO is withdrawn through duct 26 at a rate of
about 10,000 m3 (S.t.p.) per hour. Pressurized synthesis
gas which contains H, and CO is withdrawn: through
duct 28 at a rate of 517,700 m3 (S.t.p.) per hour. Both gas
streams contain no impurities.

The methane gas fraction is withdrawn at a rate of
100,900 m3 (S.t.p.) per hour through duct 27 and is
composed of:

CHgy: 86.2% by volume

CO: 8.8% by volume

N2: 5.0% by volume
and is delivered to the methanol cracker 36.

The methane cracker 36 is supplied through duct
with gasifying agents consisting of 69,040 m3 (S.t.p.)
oxygen per hour, which is delivered through duct 32,
and the required steam, which is delivered through duct
33.

A gas stream at a rate of 252,400 m?3 (S.t.p.) per hour
is withdrawn from the methane cracker 36 and is com-
posed, on a dry basis, of

CO and Hj: 94.8% by volume

CO3: 3.1% by volume

CHy4: 0.1% by volume

N3: 2.1% by volume
That gas stream may be supplied to the absorber-19 for
a removal of CO; or may be admixed to the finished
synthesis gas. In either case it is not necessary to remove
COz in the scrubber 39.

Finished synthesis gas is withdrawn through duct 30
and consists of a least 97% by volume CO'and H;
whereas the contents of each of the gases COj, N2 and
CHa is not in excess of 1% by volume.

We claim:

1. A process for producing synthesis gas having a low
inert gas content and useful in the synthesis of alcohols,
especially methanol and the synthesis of hydrocarbons
which comprises:

(A) gasifying coal or a heavy hydrocarbon under

pressure with a gasifying agent to obtain a raw gas;

(B) cooling the resultant raw. gas to a temperature of

about 20° to 50° C. in first indirect heat exchange;
(C) removing H;3S and CO; from the so-cooled raw
gas by scrubbing the same with methanotl at a tem-
perature below —25° C. in a multistage scrubbing
process to obtain a cold gas mixture containing
CO, Hj; and methane;

(D) removing methanol from said cold gas mixture by
passing said mixture through a molecular sieve
containing bed;
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(E) cooling the gas mixture from said molecular sieve

containing bed in a second indirect heat exchange
toatemperature in the range of —150° to —195° C.
and liquifying a portion thereof, separating the
liquified portion containing methane and with- §
drawing a first partial stream of synthesis gas com-
posed of CO and Hj, pressure relieving -said first
partial stream to effect a further cooling thereof;

(F) feeding said liquified portion to a distillation zone

having temperatures in the upper portion of — 160° 10
t0.—195° C. and temperatures in the bottom por-
tion of —120° to —170° C.; said distillation zone
being maintained at a pressure of 1 to 10 bar, with-
drawing as an overhead product from said distilla-
tion zone a second partial stream of synthesis gas ‘15
composed mainly of CO and H; with a low meth-
ane content, withdrawing a liquid methane-rich
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fraction from the bottom portion of said distillation
zone; o
(G) in said second and afterwards in said first indirect
heat exchange heating said pressure religved first
partial stream of synthesis gas and -said- second
partial stream of synthesis gas and said liquid.me-
thane-rich fraction and vaporizing said fraction;
(H) compressing said vaporized methane-rich frac-
tion and reacting the same with steam and oxygen
to produce a product rich in carbon monoxide and
hydrogen, said product gas containing CQ»; and
(I) combining at least a portion of said product gas
(i) either with said first partial stream of synthesis
gas;
(i) or with said raw gas from said first indirect heat

exchange.
L T



