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{54) Production of Liquld
Hydrocarbons from Coal

{67) Liquid fuels including motor fuels,
are produced by hydrogenating coal,
subjecting the ash and gil-containing
residue to carbonisation at 300—
700°¢ gasifying tha carbonisation

resldue under pressure with oxygen
and carbon dioxide and/or steamn, and
working up the resulting gas mixture
into hydrogen which is recycied to the
hydrogenation step and a synthesis
gas containing hydrogsen and carbon
maonoxide from which liquid fuels are
produced by the Fischer-Tropsch
process.
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SPECIFICATION
Praduction of Fuels

65

This invention refates to a proceas for
producing liguid fugls, including motor fuels, from
coal by hydrogenating soal under elevated
pressure and recovering relatively low-boiling
hydrocarbon mixtures from the high-bolling
hydrogenaticn reslduss.

In view of the expected shortage of petrolsum
wiich, hitherto, has been the main basis for the
production of liquid fuals, including motor fusls,
increased efforts are now being made to use coal
Insteed of petroleum as the starting miaterial for
the production of fusls. For example, it s known
that coal suspended in a heavy oil can be
hydrogenated by the Bergius process in which
hydrogen is addsd onto the coal under high
pressure to form liquid hydrocarbon mixtures.
Another known process is based on the reaction
of the synthesis gas containing carban monoxide
and hydrogen, obtained by gasifying coal, by the
Fischer-Tropsch process. In addition to
hydrocarbon mixtures, relativaly large quantities
of oxygen-containing compounds are glso
generally formed in this known process. On
account of the present market situation, neither of
these twa known processes represents a viable
praposition. Accordingly, efforts are being made
to find ways of improving the ecenomy of the
ptocess. Thus, the hydrogenation of coal may be
combined with the Fischar-Tropsch synthesis. In
this process, coal is reacted with hydrogen under
elavated pressure. After the oil fractions have '
been removed as far as possible, e.g. by vacuum
distillation, the oil-containing hydrogenation
residues are subjected to gasification with partial
oxidation to form a gas which is worked up parily
into hydrogen for the hydrogenation step and
partly into the synthesis gas required for the
Fischer-Tropsch synthesis. Although the economy 105
of praducing fuels, including motor fuels, from
coal can be increased by the proposed process,
sonsldarable technical problams arise which
agaln reduce the value of the process. These
problems lie, in particular, in the working up of
the coa! hydrogenation residues by distillation and
in the converslon of the distillation rasidue into
the required gases.

Woe have now found that thesa difficuities can
he avoided and the econemy of the process
increased evan further by carrying out the process
for prodlucing liquid fuels, including motor fuels,
from ceat by hydrogenating coal under elevated
pressura, working up the hydrogenation residue
with Inclusion of a gasification step carried outin
the presence of oxygen to form hydrogen and a
synthesis gas containing hydrogen and parbon
monoxide and producing hydrocarbon mixtures
and oxygen-containing compounds from the
synthesis gas by the Fischer-Tropsch process in
such a way that the ash- and oil-contalning
hydrogenation residue left after the removal of
gaseous and liquid hydrocarbons is subjected to
low-temparature carbenisation at a temperature
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of fram 300°C to 700°C, the low-temperature
carbonisation residus acoumulating is gasified
under elevated pressure In the presence of oxygen
and steam and/or carbon dinxide as gasifying
agants, the gas mixtura thus obtained is worked
up partly into hydrogen and partly into a synthesls
gas containing hydrogan and carbon monoxids,
the hydrogen thus obtained is used for the
hydrogenation step and the synthesis gas for the
Fischer-Tropsch process and the gaseous and
liquid hydrocarbons accumulating in the process
steps are worked up in known manner into fuals,
including meotor fuals.

Both hrown coal and mineral coal may be used
as starting materials in the process.
Hydrogenation is carried out in knawn manner
under elevated pressure, for axarmple under a
pressura of from 200 to 1000 bars, and at
alevated temperature, preferably at a temperature
of from 300°C to 600°C and advantageously in
tha presence of a catalyst, for example iron oxide.
Aftar suitable preparation by drying and grinding,
the coal-containing starting material is preferably
suspended in a heavy oil abtained during the
hydrogenation step and is intreduced in this form
into the hydrogenation reactors. The ash- and ell-
containing hydrogenation residue largely freed
from tiguid hydrocarbons is subjected to low-
temperature carkonisation to obtain the highest
possible quantity of oil fractions from the
hydrogenation residua. For example, short-tima
low-temperature carbonisation with a clrcuiating
heat carrier, which rmay optionally be under
elevated pressure, is particularly sultabie for this
purpose. If dasired, coal may be additionally
introdused into the low-temperaturs
carhonisation process. The low-temperature
carbonisation residue is gasiflad at 7609C to
1400°C in the presence of oxygen and steam
and/or carbon dioxide as gasifying agents using,
for example, conventional pressura gasification
processss with partial oxidation at the starting
material. Depending on the required ratio of
hydrogen to synthesis gas, the gas mixture
obtained in the gasification unit is worked up in
known manner, for example by the converston,
e.g. on an iron oxide catalyst, of carbon maonoxide
with steam to form hydrogen and carbon dioxide,
for example at 400°C to 500°C, and
corresponding gas washes, The hydrogen thus
obtalned is used for hydrogenating the coal. After
cotresponding adjustment of the ratio of carbon
menoxide to hydrogen, hydrocarbons and oxygen-
containing compounds are synthesised in known
manner from the synthesis gas by the Fischer-
Tropsch process. Liquid hydracarbon mixtures
boiling in the same temperature range as petrol
and middle olis are predominantly obtained. In
this way., it Is possible to increase tha yield of
requirad products in relation 1o the known
process and to Tmprova BConomy.

It is, of course, possible to obtain further
quantities of hydrogen or synthesis gas from coal
by standard gasification and gas treatment. In this
case, too, the process s carrlad out in the
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presence of oxygen, i.e. with partial oxidation of
the coal to generata heat reguired for gesification.
The cosel may optionally be gasiflad together with
the coke fromi the low-temperaturs carbonisetion
unit. The coal to be gasified may even be initially
subjected to low-temperature carbonisation in
krown manner at a temperature of from 300°C to
700°C and the low temperature carhonisation
residue obtained subjected to gasification. it can
be advantageous to introduce the high-beiling
low-temperature tar fractions into the '
hydrogenation step.

Working up of the gassous and liquid products
obtained, from methans to the heavy oil or tar,
into the required products may be carried out by
standard fechniques of the typs availabls in the
refining sector,

Ona possibility of ca rrymg uut the process
according to the invention is illustrated by way of
exampie in the accompanying drewing where
sacondary installations-have not been included in
the interest of simplicity.

In the hvdrogenation unit |, brown cozl is
hydrogenated at 2 termperature of about 450°C
and a pressure of 350 bars, After separation of
the gaseous and liquid hydrocarbons formed, the
ash- and oil-containing residue left is delivered
together with coal to a low-temperature
carbonisation unit Il in which further gaseous and
liquid hydrocarbons accumulate. Tha [ow-
temperature carbonisation residue enters the
gasification unit Il in which it Is gasified at
1300°C to 1400°C in the presence of oxygen
and steam as gasifying agents. In the gas
treatment unit [V, tha gas mixture is worked up in
known manner with inclusion of gas washes and,
whare necessary, a catalytic conversion of carbon
mpnoxide with steam to form hydrogen end
carbon dioxide, partly intoc hydrogen and pertly
into a gas mixtura consisting mainly of carbon
monoxide and hydrogen. The carbon dioxide
accumulating is removed from the process. The
hydrogen enters the hydrogenation unit |, The gas
mixture of carbon monoxide and hydrogen is
introduced into the Fischer-Tropsch synthesis unit
V in which hydrocarbens and oxygen-containing
compounds are obtained in known manner, Coal
is additionally introduced into the low-
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* tempetature carbonsation unit H. The high-boiling

tar obtained in the low-tempsarature carbonsation
urit ! is introduced into the hydrogenation unit k.

Clalms

1. A procass for tha production of a liquid fuel
which comprises hydrogenating coal undar an
elevated pressure whereby gaseous and liguid
hydrocarbons are removad, subjecting the
remaining ash and oil-conteining hydrogenation
residue to carbonisation at a temperature of from
300°C to 700°C, yasifying the resulting
carbonisation residue under an clevated pressure
in the presence of oxygen and steam and/or
carbon dioxide as gasilying agenis, working up
the gas mixture thus obtaired parly into
hydrogen and partly Into a synthesls gas
containing hydrogen and carbon monoxide,
recycling the hydrogen thus obtalned for use in
the hydrogenation step, subjecting the synthesis
gas obtained in the Fischer-Tropsch process and,
recovering a hydrocarbon mixture from the
synthesis gas and working up the gaseous and
tiquid hydrocarbons accumulating into fuels.

2. A process as claimed in Claim %, wherein the
tar obtained as carbonisation residue in the
carbonisation step is used either completely orin
part for the high-pressure hydrogenation step.

3. A process as claimed in Claint 1 or 2,
whaerein the hydrogenation residue is subjected to
the carbonisation reaction tegether with coal.

4. A process as claimed in any of Claims 1 10 3,
wherein hydrogenation is carried out under a
pressure of from 200 to 1000 bars.

B. A process as claimed in any of Claims 1 to 4,
whetein hydrogenation is carried out in the
presence of iron oxide catalyst,

8, A process as claimed in any of Claims 1 to b,
wherein hydrogenation 1s carried aut at &
temperature of 300°C to 600°C,

7. A process as clalmed in any of Claims 1 to 6,
whersin gasification is carried out at a
termnperature of 750°C to 1400°C.

8. A process for the production of liquid fuel
substantizlly as herein described with reference to
the accompanying flow sheet.

9. A liquid fuel obtained by a process as
claimed in any of Claims 1 to 8.
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