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The present invention relates to the de-
structive hydrogenation of carbonaceous
materials; i. e. the production -of valuable
liquid or other hydrocarbons or derivatives
thereof by treating carbonaceous materials,
such as solid and liquid fuels, distillation
or extraction products thereof and the like,
with gases containing or giving rise to hy-
drogen at elevated temperatures and pref-
erably under pressure with or without the
aid of catalysts. - :

We have found that the said process can
be carried out with special advantage with
such gases as are obtained by decomposing
gases or vapors containing gaseous hydro-
carbons at temperatures above 900° C. by
interaction with such quantities of sub-
stantially pure carbon dioxide that the hy-
drocarbons are converted mainly into car-
bon monoxide and hydrogen. All or part
may be sub-

decomposed catalytically into car-
bon dioxide and hydrogen by means of
water vapor. . . '

The decomposition of the -hydrocarbons
is advantageously carried out in the pres-
ence of catalysts which may be solid as,
for example, magnesia with nickel precip-
itated thereon, or iron alloys or liquid,
such as molten iron or alloys thereof.

Preferably the gas mixture rich in hydro-
carbons resulting from the destructive hy-
drogenation of carbonaceous materials is
employed as the initial gas for the decompo-
sition described above. It may be desirable
valuable compounds, for ex-
ample the higher hydrocarbons such as
ethane, propane and the like, from the gas-
es, if contained in them, }l))rior to their de-
‘composition, for instance, by cooling to low
by means of porous ad-
sorbents, and to'utilize the said ‘compounds
for example for chemical purposes, for in--
stance to chlorinate them or to oxidize them
to formaldehyde and the like or to con-
vert them at elevated temperatures into

sequently

~ olefines, from which other valuable com-

50

pounds can be manufactured. - :
Water vapor may be added to the carbon

.

dioxide. If considerable quantities of water

“alytically active.
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vapor are added, conversion of the carbon
monoxide formed by the interaction of car-
bon dioxide and hydrocarbons, into carbon
dioxide takes place simultaneously to such
an extent that a subsequent decomposition

‘thereof may sometimes be dispensed with.

The mixture of gases containing hydro-
carbons and carbon dioxide is heated to at
least 900° C. but preferably to 1100° C. or
even higher temperatures. When adding
air to the said mixture, part of the heat
needed is produced by the partial combus-
tion of the hydrocarbons, or other combus-
tible gases contained in the mixture. The
decomposition is very advantageously ef-
fected in a shaft furnace of high thermal
capacity, lined with refractory materials
and filled with refractory masses, the said
furnace being heated up by the combustion
of any combustible gas with oxygen or air.
The. heating gas may also be replaced by
vaporized oil or pulverized coal. The re-
fractory material employed may also be cat-
The shaft furnace may
also ‘be filled with coke instead of with re-
fractory material, and operated as a pro-
ducer. = In this case, the gases containing
hydrocarbons to be decomposed are: intro-

duced with carbon dioxide and, if required,

with steam or other gases, in the cold blow-
ing stage. The gases of the heating blast

stage may be utilized in other ways, for

example, for the production of nitrogen for
the synthetic manufacture of ammonia.
The requisite carbon dioxide is preferably
separated from industrial waste gases.
The invention will be further illustrated
with reference to the accompanying draw-

ing showing in a diagrammatic fashion a

plant which is particularly suitable for ef-
fecting the preparation of hydrogen. from
the waste gases issuing from the destructive
hydrogenation of carbonaceous materials
and containing substantial parts of gaseous

- hydrocarbons.

Referring to this drawing in detail hydro--
carbon gas issuing from a destructive hydro-
genation plant (not shown) is supplied by
way of pipe 1, valve 2 and pipe 8 into the
vessel 4 heated to a temperature of about
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1100° C. and filled with a suitable r%ff@toiy.

material. At the same time carbon, dioxide
Is introduced into this vessel by way of valve
5 and pipe 6. The hydrocarbon gas may
also be mixed with the carbon’ dioxide be-
fore entering into the vessel 4. In this case
valve 2 is shut off and the hydrocarbon gas
passes through valve 7 and;intermingles

with the carbon dioxide in pipe 6. In vessel

4 the carbon dioxide reacts with the hydro-
carbons ‘with the formation of carbon mon-
oxide and hydrogen. The gases then leave
vessel 4 at 8 and are cooled in cooler 9 to
a lower temperature, whereupon they enter
-vessel 10. where they are exposed to the ac-
tion of steam introduced at 11.: By this
action the carbon monoxide formed in’ ves.
sel 4 is converted into carbon dioxide with

the simultaneous formation of hydrogen
from steam. The gases leaving the vessel

10 at 13 are passed through the condenser
12 in which the main part of the superfluous

steam is condensed. The condensed .water

is collected in separator 14 and may be with-
drawn at 15. The uncondensed ‘gases are

then passed through a vessel 16 in which

the carbon dioxide contdined in'said gasés

may be removed therefrom by washing un-

der pressure with a suitable solvent. The
gas freed from carbon dioxidé may be
passed back to the hydrogenating plant by

way of pipe 17.
..’ghe folf:)ewing example will further illus-
trate how the said invention may be carried

88 into practical effect but the invention is not
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limited thereto.
Exomple

A gas containing 30 to 40 per cent of
-methane and obtained in the destructive hy-
drogenation of coals, tars, or mineral otls
at an elevated tem};l)erature and under pres-
sure, is mixed with an amount of substan-
tially pure carbon dioxide corresponding
to the methane content, so that a gas mix-
ture having, for example, the composition
CO, 23.6 per cent, H, 52 per cent, CH,
22.5 per cent, N, 1.3 per cent and CO 0.6 per
cent is formed. This gas is passed at a tem-
perature of about 1100° centigrade through
a shaft furnace lined with refractory ma-
terial and filled with refractory masses on
which metals with catalytic properties, such
as nickel, have been deposited’ if desired.

The furnace is heated up, for example,
by burning a gas obtained-in the aforesaid

- destructive hydrogenation and having the

following approximate composition :—C
10 per cent, l\ﬁ 6 per cent, CO, 0.8 per cent,
the remainder being hydrogen. A portion
of the gas mixture which is to be converted,
and has the compositon specified above, may
also be employed as the heating agent. *
On passing the aforesaid initial gas mix-
ture over the highly heated refractory ma-

- obtained .in' the said

1,019,857

terial, a gas ‘mixture containing CO 31.4
per cent, H, 66.2 per cent, CO, 1.1 per cent

and N, 1.3 per cent is obtained.. By treat-
ment with steam at about 500° centigrade
and under any ‘convenient pressure, the car-

bon monoxide can be completely converted
into carbon. dioxide and hydrogen in a sec-
ond stage, the carbon: dioxide being washed
out under pressure before the gases are used.
What we claim is: S

- 1. In the destructive hydrogenation of ¢ar-

- bonaceous substances such as solid - and

liquid fuel, distillation"and extraction prod-
ucts thereof, into valuable liquid and other
hydrocarbons “and derivatives thereof ' by
treatment with a gas containing hydrogen,
the step which comprises subjecting ‘waste

- gas issuing from the said hydrogenation and

‘containing gaseous hydrocarbons to decom~
position E interaction with a gas essenti-
ally containing carbon dioxide in such an
amount that fi .rbc

converted mainly. irito hydrogen and carbon
monoxide by reaction with said carbon diox-
ideat a temperature above 900° C. and. using

the gas thus obtained in the said hydrogena-’

tion. :

2. In the destructive hydrogenation of car-
bonaceous substances such as  solid and
liquid fuel, distillation and extraction prod-
ucts thereof, into valuable liquid and other
hydrocarbons and derivatives thereof by
treatment with a gas containing hydrogen,

“the step which comprises subjecting waste

gas issuing from the said hydrogenation

- and containing gaseous hydrocarbong to de-

composition by interaction with a gas essen-

tially containing carbon dioxide in such an
amount that the gaseous hydrocarbons are

converted mainly into hydrogen and carbon
monoxide. by reaction with' said carbon di-

‘oxide at a temperature above 900° C., con-
verting the ‘carbon monoxide formied by .

means of steam ‘into carbon dioxide and
hydrogen, removing the carbon. dioxide and

e gaseous hydrocarbons are
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using the gas thus obtained in the - gaid

hydrogenation. : -
3. In the destructive hydrogenation of

carbonaceous substances such as solid and

liquid fuel, distillation and extraction prod-
ucts thereof, into valuable liquid and other
hydrocarbons ‘and , derivatives thereof by
treatment with a gas containing hydrogen

‘the step which comprisés subjecting waste

.gas issuing from the said hydrogenation and
containing’ gaseous hydrocarbons to decom-
position by interaction at a temperature
above 900° C. with such a uantity of a gas
consisting essentially. of carbon dioxide as to
convert the hydrocarbons mainly into 'hy-
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drogen and carbon monoxide, converting the -

carbon monoxide formed by means of steam

'~ into carbon dioxide and hydrogen, removing.

the carbon dioxide and using the.gas thus

hydrogenation.
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4. In the destructive hydrogenation of
carbonaceous substances such as solid and
liquid fuel, distillotion and extraction prod-
ucts thereof, into valuable liquid and other
hydrocarbons and derivatives thereof by
treatment with a gas containing hydrogen,
the step which comprises passing waste gas
issuing from the said hydrogenation and
containing gaseous hydrocarbons with a gas
essentially containing carbon dioxide in such
an amount that the gaseous hydrocarbons
are converted mainly into hydrogen and car-
bon monoxide by reaction with said carbon
dioxide over refractory masses heated to
above 900° C., converting the carbon mon-
oxide formed by means of steam into carbon
dioxide and hydrogen, removing the carbon
dioxide and using the gas thus obtained in
the said hydrogenation.

5. In the destructive hydrogenation of
carbonaceous substances such as solid and
liquid fuel, distillation and extraction prod-
ucts thereof, into valuable liquid and other
hydrocarbons and derivatives thereof by

5 treatment with a gas containing hydrogen,

the step which comprises passing waste gas
issuing from the said hydrogenation and
containing gaseous hydrocarbons with a gas
essentially containing carbon dioxide in such
an amount that the gaseous hydrocarbons
are converted mainly into hydrogen and car-
bon monoxide by reaction with said carbon
dioxide over refractory masses heated to
above 900° C. and carrying nickel, convert-
ing .the carbon monoxide formed by means
of steam into carbon dioxide and hydrogen,
removing the carbon dioxide and using the
gas thus obtained in the said hydrogenation,

6. In the destructive hydrogenation of
carbonaceous substances such as solid and

&6

3

liquid fuel, distillation and extraction prod-
ucts thereof, into valuable liquid and other
hydrocarbons and derivatives thereof by
treatment with a gas containing hydrogen,
the step which comprises passing waste gas
issuing from the said hydrogenation and
containing gaseous hydrocarbons with a gas
essentially containing carbon dioxide in such
an amount that the gaseous hydrocarbons
are converted mainly into hydrogen and car-
bon monoxide by reaction with said carbon
dioxide over coke heated to 1100° C., con-
verting the carbon monoxide formed by

means of steam into carbon dioxide and hy-

drogen, removing the carbon dioxide and

using the gas thus obtained in the said hy--

drogenation.

7. In the destructive hydrogenation of
carbonaceous substances such as solid and
liquid fuel, distillation and extraction prod-
ucts thereof, into valuable liquid and other
hydrocarbons and derivatives thereof by
treatment with a gas containing hydrogen,
the step which comprises subjecting waste
gas issuing from the said hydrogenation and
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containing gaseous hydrocarbons to decom- .

position by interaction with a gas essentially
containing carbon dioxide in such an amount
that the gaseous hydrocarbons are converted

mainly into hydrogen and carbon monoxide .

by reaction with said carbon dioxide at a
temperature above 900° C., steam being add-
ed with said gas to convert the carbon mon-
oxide formed into carbon dioxide and hy-
drogen, removing the carbon dioxide and
using the gas thus obtained in the said
hydrogenation.

MATHIAS PIER.
KARL WINKLER.
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