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My invention relates to the removal of sulfur from
geses. It hag particular reference to the purification of gas
mixtures containing CO and H by the removal of ths sulfur com-
bined with organic radiocals which are admixed to these gages,
and 1t 1 an object of my 1nvanfion to provide means, whereby
this purification 1g rendered easier ang more effective than
similar purification processes hitherto in use.

A8 1s well known to those skilled in the art, the
removal of all the sulfur, including that combined with or gan-
1o radicals, from gas mixtures containing 00 and H has hither-
to been effeoted either by ocatalytical deocomposition of the
organic sulfur dompounds at a temperature above normal followed
by extraction of the hydrogen sulfide formed by thils decomposit~
ion, or by direotly combining these compounds with gas purifioc-
atlion masses capable of absorbing sulfur at a temperature above
normal.

Either way of operating the purifioation involvesa
drawbacks of its own. While 1t is true that the ocatalytic puri-
fioation ia a continuous operation not requiring the addition
of chemiocals other than thoge designed to extraet the hydrogen
sulfide, it 1s impossible to thus effect in a single operation
the complete removal of the sulfur including the last traces
and to obtain gases of a purity such as ig reguired for in-
stance for the catalytic hydrogenation of oarbon monoxide. On
the other hand the direot extraoction of the gsulfur by chemical
combination at an elevated temperature, while allowing the re-

moval of gll the sulfur excopting only insignificant traces,
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requires a oorregponding consumption of purification chemloals
for oaoh gram of sulfur extracted and in sddition the necessity
of regenerating these chenmicals.

Aocording to the present invention I effect the
purification of gas pmixtures containing €O and H in two stages,
in the first of which the bulk of the organic sulfur compounds
is decompoged in a manner well known per s by catalytic react-
ion at an elevated temperature. T thereafter prefer extracting
the hydrogen sulfide formed in the reaction and then fix oom-
pletely the whole of the remaining sulfur at an elevated tem-
perature by means of chemicals whioh abporb sulfur.

T thus suocceed in radically removing the sulfur from
gas mixtures oontalning CO end H without thelr compoaition
suffering any other change. By thus combining the two greatly
differing modes of purification I further obtain a purificat-
ion process which offers quite a number of advantages as oom-
pared with each of these processes.

The catalytic purification which foyms the first
gtage of my process ls no more required to remove the last
traces of sulfur and I am therefore enabled to operate in this

atage athigh gase ‘veloocitles, so that the main quantity of the

- pulfur oan be extracted quickly. Furthermore I need not fear

that under the influence of a catalytic actionm of the walls
of the apparatus, such as the heat exchanger, orgenic sulfur

ocompounds might be regenerated from €0 and Hy8 when the gases

leaving the apparatus cool down, and I am therefore at liver-

ty to transfer to the entering gas end to thus recover without
any drawback the palpable heat of the gas treated in the first
stage. ' ,
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Furthermore, since 1t 1ls not necessary that the de-
composition ba carried out in a quantlitative mammer, the gas
may still oarry along a small percentage of hydrogen sulfide.
It is therefore posgible to insert the catalytic decomposition
in the normal process of removal of the hydrogen sulflide at a
point where the mein proportion of hydrogen sulfide has already
been extracted. Therefore & separate extraction of hydrogen
sulfide cannot only be diapenéed with at the end of the cata~
lytic purification stage, but I also recover, during the normal
purification process by chemioal combination with iron oxide
or the like, that part of the sulfur which was orlginally pre-
pent in the gas mixture in combinatlon with organioc radiocals.

As regards the seoond stage of the process, the com-
bined proocess acoording to thils invention also offers a number
of advantages. Since, if the first sgtage is operated in a
correct mamner, 90# or more of the sulfur may be removed, the
consumption of chemical purificatlion mass in the seocond stage
will pe low. Apart therefrom I have found that this mass is
now enabled Yo' retain the last traces' of sulfur 'in a far more
perfect manner than 1f the firset stage of the process were
opitted. I have for instance found that when using purification
masses éonsiating-of a mixture of an iron oxide and an alkali

.carbonate, the efficliency of the mass up to the point where
_the first traces of sulfur appsar in the gas escaping from the
masg 19 the greater the lower the initial concentration of

the gas.

Thus the technical effeot obtalned by the combination
of the two astages 1s far superior to a purely additive effect
of the two lpndividusl stages.
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Instead of oarrying the second stage through with &
mixture of iron oxide and alkali oarbonate I may algo pass the
gas first in contaot wilth an slkall carbonate in order to de-—
compope the organle sglfur compounds, which may still be pre-—
gent, whereuﬁon the hydrogen sulfide formed in the reaotion
ig fixed by passing it in contact with iron oxide or the like.

There sre & number of gas mixtures including for in-
stance coke oven gas, whioh it is impossible to completely free
from sulfur by one or the other of the two operations separate-
ly, this being due to the special neture of t® compounds oon-
tained therein. The catalytic purifioation 1lg hindered partly
by the presence of heavy nydrooarbons. On the other hand the
chemioal pﬁrification at a high tempersture, for instance by
neans of a mixture of chemicals such as mentloned above, can
bs ocarried through only at so low a temperature that some part-
ioularly‘resistive sulfur compounds, such as for instance thio-
phen, will not be decomposed.

Acoording to, the present proceas it is possible to
quantitatiVely free from sulfur also gases of the kind here
mentioned, including coke oven gas, by operating the firast

tage at 50 high a temperature that the more resistive sulfur
‘cqmpounds are converted into other organic or inorganic com-
pounds whioch can subsequently be extracted in one of the two
prdoésses of sulfur fixation.

_ Tn order %0 extract the sulfur in the second stage

any well known purification masses, including for Instance fine -
ly divided metals, may be used, but I have found it particular-
1y advantageous to operate this stage with purification masses

which ere capeble of binding and removing all the sulfur at

-5 -



PR
P L n
W an St LY

A

comparatlvely low temperatures. I have found that masses oon-
taining, besides an iron oxide, also & comparatively large per-
centege of an alkali carbonate allow extracting also the last
traces of sulfur at temperatures ranging between 150 and 30000-
On the other hand the oatalytioc decomposition in the Pirst
stage always requiresd operation at a temperature above 30000-

I am thus also enabled to heat up the gasee sbout to
enter the second stage with the aild of the hot gases resulting
in the flrst stage, and I am therefore in a pogltion to keep
the heat losses, at least in the first stage, low by heat ex—
change betwesn the entering and the eacaping gases of reaction.
As pointed out in the foregoing, this is possidle without any
dipadvantage owing to the purification in two stages.

' If the procesg ig opérated in combination with a sub-
sequent catalytic hydrogenation of the carbon monoxide I can
also utilize in the second stage spent hydrogenation catalysts
for binding and retailning the last traces of sulfur, since
here it is only a question of small guantities.

It"is algo possible to first pass the gas in the
seoond stage in contact with a special purifiocation mase, oon-
sisting for ingtance of an iron oxide and godm, at a raised
temperature and to extract the last traces of sulfur with the
aid of spent hydrogenatioﬁ catalysts, it belng even posaible
to carry this operation through in the hydrogenation apparatus
proper. Such a utilization of the hydrogenation catalysts is
possible for instance without any disadvantage if theyare sub-
séquently regonerated by dlissolving them in nitric acid and re-—
precipitating them, the sulfur being recovered as sulfate in

the resgeneration liguor.
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Alternatively it is also possible to employ ohemlcal
purification massea, after they have taken up a sufficient per-
centage of sulfur, as decomposition catalysts 21 higher tem-
perature. |

I may therefore proceed with partiocular adventage in
guch manner that & body of purifiocatlon masse is first used for
extracting the last traces of the pulfur still remaining in the
gas mixture, whereupon the same bvody of purification mass is
ingerted in the corresponding phase of the first stage of the
process to be there gaturated with sulfur, the temperature be-
ing at first held substantially congtant for instance at 300%,
whereupon the same hody serves as decomposition catalyst at a
-temperature which is preferably raised for instance to 400%.
Tt could not be forepeen that the same mass would be ocapable
of suoh double use. |

In practising my invention I may for instance prooeed
as followa:

Bxemple 1: Crude watergas 1g first freed from all but the
lagt traoéé”ofjhydrdgén sulfide by passing it in' contact with
about two thirde of the guantity of an 1ron oxide required for
the complete extraction of all the hydrogen pulfide. The partly
purified gas is now heated up in a heat exchanger by means of

‘the heat emitted by'watergaa lsaving the catalytic purification

apparaiua andlia thereafter heated to 400°C in a separate heater,
whereupon it is treated with a dpoomposition catalyst which may
oonpist for instance of sulfurlsed iron turnings or gteel wool
_or of & mixture of one part by weight cobalt sulfide and two
parts molybdenum oxlde, or of nickel metal precipitated on a

ceramic carrier. The gas thereafter flows through the heat ex-—
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changer end is cooled to room temperature in a oooler, where-
upon it is passed in contaot with the remaining third of the
dry purifiocation mass for the removal of the hydrogen sulfide.
The gas is now heated up to 250%g by the heat of the waste gases
from the gas heater and is passed at this temperature across
a gramlated purification mass being & mixture of two parte
of a mass containing iron oxide {Inx mass) and one part soda.
The watergas thus treated, while being otherwise wnchanged,
does not ocontain any traces of sulfur which might be ascertain-—
ed by the usnal analytical means.

Example 2: A mixture of egqual parts watergas and
coke oven gas 1s passed first through moist suspended ironm
oxlde, thereafter through a heat exchanger, through a heatsr,
at 450°0 through a decomposition catalyst consisting of a spent
mixture of Iux mass and gsoda which hag absorbed sulfur, again
through the heat eichanger, through a cooler, through another
body of Lux mass for the removal of hydrogen sulfide, through a
gas heater supplied wilth the waste gases from the first heater,
thereafter &t 230°C through snother body of Iux msss and soda
and finally through a spent hydrogenation catalyst in order to
be fresd from the .5 grams residmal sulfur contained 4in 100
cublometres of the gas.

This treatment leads to & complete desulfuration of -

' the gas. It requires only minimum gquentities of fresh chemical

purification mass and of heating ges, and the bulk of the sul-
fur bound t0 organic radiocals is deposited in the dry purific-
ation mass in utilisable form. Obviously this mode of proceed-

ing i1s pertioularly advantageousg.
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Yarious changes may be made in the detalls digolosed
in the foregoing specification without departing from the in-

vention or sacrifiecing the advantages thereof.
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l. The muliistage process of removing sulfur in
organic combinatlon from a gas nixture containing CO and H
whiloh oomprises decomposing, in the first stage of the process,
part of the organiec sulfur compounds at a temperature above
normal by catalytio aotion, and passing, in the second stage,
the partly desulfurized gas mixture at a tempersture above
normal in contaot with a substance capable of binding the re-
sldual sulfur bylohamioal reaotion.

2. The multistage procese of removing sulfur in or-
ganio ocombination from & gas mixture oontaining €0 and H whioh
comprises decomposing, in the firgt stage of the prooess, part
of the organic sulfur compounda at a temperatur& above normal
by catalytic action, removing the hydrogen sulfide formed in
 th1s atege and passing, in the second stage, the pertly de-
splfurikad gae mixtﬁ:e at a temperature above normal in con-
taot with é substanbe oapable of binding the residmual sulfur
by chemical reaction. ‘ |

3. The multistage process .of removing sulfur in
erganic combination from a gas mixture ocontaining €O and B
'ﬁhiqh oompriseézdeqombosing, in the first stage of the procsss,
_part of the orgénic sulfur compounds at a temperature above
._ﬁormalvby catalytle action, and passing, in the second stage,
'i'tha partly desulfurized gag mixiure at a temperature above

‘normal in contact with an iron oxide.
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4. The multistage proosess of removing sulfur In
organio oombination from & gas mixture containing CO snd H
which comprises decomposing, in the first atage of the process,
part of the crganic sulfur compounds at a temperature above
normal by catelytio action, and passing, in the second stage,
the partly desulfurized gas mixture at a temperature above
normal in contact with a mixture of an iron oxide and an alkalil
carbonate.
5. The multistage process of removing sulfur in
orgenic combinaticn from a gas mixture containing CO0 and B
which oomprises decomposing, in the first atage of the procese,
part of the oxrganio gulfur compounds at & temperature above
normal by catelytlo action, and passing, in the seoond stage,
the partly desulfurized gas mixture at a temparature gbove
normal in contact with an alkali oarbonata and thereafter with
an iron oxilde.
6. The multistage process of removing sulfur in
organic cbmbination from a gaé nixture cohtaining €O and H
.whiqh comp;%seg_déppggosing, in the first stage of the process,
par% of the oréanio sulfur ocompounds Qt a temperﬁturé above
normal by oatalytio action, and pasaing, in the second stage,
the partly desulfurized gas mixture at a temperature above
normal in contact with a spent hydrogenatlon catalyste.
? Tha multistage process of removing sulfur in
organlo oombination from a gas mpixture containing co and H
which conprises decomposing, in the first stage of the process,
part of the organio sulfur compounds at & temperature above

normal by catalytio action, and pagsing, in the second stage,

the partly desulfurized gas mixture at a temperature above
normal in contact with a mixture of an iron oxide and sn alkall
sarbonate and ‘thereafter with a spent hydrogenation catalyst.

- 1l -



bR

PaTalali ik
‘:).ﬁ;..‘ju‘_:‘u)

8. The multistage process of removing sulfur in
organlo combination from a gas mixture containing €O and H
which comprisges decomposing, in the first stage of the process,
part of the organic sulfur compounds at a temperature above
normal by catalytic action, and passing, in the second stage,
the partly desulfurized gas mixture at a temperature above
normal in contsot with a substance capable of binding the re-
sidual sulfur by chemical reaction, a3 catalyst being employed
in the first stage a substance, which has alredady served in
the seoond stage to bind sulfur by chemilocal reaotion.

Oberhausen, Germany, October 21, 1855.
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