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PRODUCTION OF SULFUR-FREE HYDROGEN

AND CARBON DIOXIDE
&eter L. Paujl, Weston, Conn., assigrer to Texaco Devel-
opment Corporation, New York, N.Y., a corperation of
© Delaware
o Filed Jane 19, 1959, Ser. No. 821,536
1 Claim. (Cl. 23—212)

This invention relates to a method for the production
Zof hydrogen and carbon dioxide. More particularly, it
—Js directed to a method of treating a gas comprising car-
- bon monoxide and carbonyl sulfide to produce hydrogen
—and carbon dioxide by the water gas shift reaction.

. In accordance with the process of this invention gases

Tcontaining carbon monoxide and carbonyl sulfide are
contacted with a catalyst comprising molybdenum suifide
at temperatures effective to convert carponyl sulfide to
hydrogen sulfide. After separation of hydrogen suifide,
the treated gases are contacted with a water gas shift
catalyst under water gas shift conditions forming a prod-
uct.gas stream. comprising hydrogen.
. Hydrogen is advantageously produced by the partial
oxidation of carbonaceous fuels forming carbon monoxide
and hydrogen followed by water gas shift of the carbon
monoxide to produce additional quantities of hydrogen.
Hydrogen sulfide and organic sulfur appear in the partial
oxidation products when low priced fuels containing sul-
fur, for example, residual fuel oils and coal, are used.
The organic sulfur in the partial oxidation products con-
sists essentially of carbomyl sulfide. The presence of
carbonyl sulfide in the partial oxidation products is un-
desirable since it adversely affects the activity of conven-
tional water gas shift catalyst, for example, iron oxide
catalysts, and appears in the water gas shift conversion
products when conventional catalysts are employed.
After shifting, the gases are contacted with a selective
solvent for the removal of carbon diozide and hydrogen
sulfide to produce commercially pure hydrogen. Car-
bonyl sulfide reacts with monoethanolamine resulting in
high solvent losses so that when carbonyl sulfide is present
in the shifted gas, other solvents which are more expen-
sive to use, for example diethanolamine, must be em-
ployed. The sulfur in the form of hydrogen sulfide which
appears in the carbon dioxide separated from the water
gas shift conversion products renders this carbon dioxide
stream unsuitable for use in the manufacture of other
products, for example, urea without expensive further
processing.

In accordance with the process of this invention the
partial oxidation products containing carbonyl sulfide
are contacted with a catalyst comprising molybdenum
sulfide under conditions effective to convert carbonyl
sulfide to hydrogen sulfide. The hydrogen sulfide is less
objectionable in that it is less harmful to shift conver-
sion catalysts and may be removed by absorption in mono-
ethanolamine without excessive solvent losses. The
molybdenum sulfide exhibits activity in catalyzing the
water gas shift reaction so that a portion of the carbon

‘monoxide is reacted with water vapor forming some

carbon dioxide and hydrogen. After removal of carbon
dioxide and hydrogen sulfide, the treated gas is subjected
to contact with a shift conversion catalyst to effect con-
version of substantially all of the carbon monoxide to
carbon dioxide with formation of additional hydrogen.
The carbon dioxide is separated from the products of
this water gas shift conversion step to produce a carbon
dioxide stream of low sulfur content which may be utilized
with little additional treatment in the manufacture of
‘urea.

In the partial oxidation of sulfur containing carbona-
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ceous fuels, for example, coal, petroleum oils or sour
natural gas, the fuel is reacted with an oxygen contain-
ing gas in a closed compact reaction zone at an autogenous
temperature within the range of about 1800 to 3500° F.
Reaction temperatures are preferably maintained within
the range of about 2200 to 2800° F. The reaction zone
is maintained at a pressure above about 100 pounds per
square inch gauge and may be as high as about 600 pounds
per square inch gauge. Steam may be introduced into
the reaction zome to assist in the dispersion of the fuel
into the reactor, to assist to contrel of the reaction tem-
perature, and as a reactant effective to increase the rela-
tive amount of hydrogen produced. Precheating the re-
actants is generally desirable. The reaction zone is free
from packing and catalyst and has nearly minimum in-
ternal surface. The product consists essentially of carbon
monoxide and hydrogen and contains relatively small
amounts of water vapor, carbon dioxide, entrained car-
bonaceous solid, and sulfur in the form of hydrogen sulfide
and carbonyl sulfide. Depending upon the character of
the sulfur containing carbonaceous fuel employed, the
relative amount of steam employed, the ratio of oxygen
to fuel, and other operating conditions, the composition
of the product gas may fall within the following ranges
on a dry, mol percent basis:

HYArogen oo oo 25 to 62
Carbon monoxide oo 35 to 53
Carbon dioxide we— oo 3 to 20
Hydrogen sulfide oo 0.5 t0 2.0
Carbonyl sulfide - .025 to 0.3

Water vapor appears as a reaction product and as un-
converted water when steam is introduced with the feed
and may vary within the range of about 4 to 20 mol per-
cent. When the product gas is scrubbed with water, it
becomes saturated at the scrubbing temperature.

The amount of uncombined oxygen supplied to the
reaction zone is limited so that near maximum yields of
carbon monoxide and hydrogen are obtained. Air,
oxygen enriched air or substantially pure oxygen may be
employed in the partial oxidation process. Oxygen of
high purity is readily obtained by the rectification of air.
Commercial oxygen plants, capable of delivering large
amounts of high purity oxygen, typically produce oxygen
streams containing in excess of 95 mol percent of oxygen,
and oxygen of this purity is generally preferred.

Product gases issuing from the gas generation step

contain a large amount of sensible heat. This heat may

be employed to convert water to steam. Steam may be
generated in admixture with the product gases by introduc-
ing water directly into the effluent gases from the genera-
tor. Where steam admixed with the synthesis gas stream
is not desired, heat may be recovered from the gas gen-
erator effluent by passing the gases through heat exchang-
ers or waste heat boilers. Steam, for process or power
use is advantageously produced in such waste heat boilers.
Process streams, for example, fuel to the gas generation

step, may be heated by indirect heat exchange with the
partial oxidation products. The entrained carbonaceous

solid is effectively removed from the product gases by
contacting the gases with water in gas-liquid contact
apparatus, for example, spray towers, bubble towers, baffle

‘towers or packed towers.

The partial oxidation products, freed of carbonaceous
solids, are comtacted with a catalyst comprising molyb-
denum sulfide at a temperature within the range of about
400 to 850° F. preferably within the range of about 700
to 800° F. It is generally desirable to effect this treating
step at substantially the pressure of the gas generation
and scrubbing steps. In the molybdenum sulfide treating
step, about 70 to 92 percent of the carbony! sulfide is
hydrogenated to form hydrogen sulfide. Additionally the
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molybdenum sulfide, acting as a water gas shift conver-
sion catalyst, effects conversion of about 30 to 70 percent
of the carbon monoxide to carbon dioxide with the forma-
tion of hydrogen. Effluent from the molybdenum sul-
fide treating step is contacted with a selective solvent, for
example monoecthanolamine, effecting removal of sub-
stantially all of the carbon dioxide and hydrogen sulfide
and the remaining carbonyl sulfide producing a desul-
furized gas comiprising predominantly hydrogen with about
10 to. 35 percent carbon monoxide. Although the re-
maining small amount of carbonyl sulfide may react with
the monoethanolamine, the solvent loss is negligible and
is commercially acceptable.

The desulfurized gas is admixed with steam at a rate
of about three to six mols of steam per mol of carbon
monoxide. The combined stream is contacted with a
shift conversion catalyst, preferably an iron oxide catalyst,
at a temperature within the range of 600 to 1000° F.
effecting conversion of $0 to 99 percent of the carbon
monoxide to carbon dioxide with the production of hy-
drogen. The water gas shifl effluent is cooled and scrub-
bed with a selective solvent to produce a hydrogen stream
comprising about 96 percent hydrogen and a carbon di-
oxide stream comprising 99 percent carben dioxide. The
hydrogen stream is useful in the synthesis of ammonia
and the carbon dicxide stream may be reacted with am-
monia for the production of urea. For ammonia syn-
thesis feed, the hydrogen may be contacted with liquid
nitrogen to reduce the impurities to a few parts per million
and additional nitrogen added to adjust the ratio of hy-
drogen to nitrogen to three to one.

An advantage of the process of this invention is that
sulfur coniaining fuels are employed in the manufacture
of hydrogen by partial oxidation and water gas shift con-
version without the appearance of sulfur compounds in
the product hydrogen, and additionally, a carbon dioxide
stream is produced which is substantially free of sulfur
compounds.

Another advantage of the process of this invention is
that gaseous mixtures of hydrogen and carbon monoxide
which contain carbonyl sulfide may be treated for con-
version of the carbonyl sulfide to hydrogen sulfide and a
portion of the carbon monoxide is concomitantly reacted
by the water gas shift conversion reaction. .

The accompanying drawing diagrammatically illustrates
one form of the process of this invention. Although
the drawing illustrates one arrangement of apparatus in
which the process of this invention may be practiced, it
is not intended to limit the invention to the particular
apparatus or materials described.

A sulfur containing carbonaceous fuel dispersed in
steam in line 1 is introduced into gas generator 11. Oxy-
gen in line 2 is introduced into gas generator 11 with
the fuel and steam and reacts therewith to produce gase-
ous products comprising hydrogen, carbon monoxide, car-
bonyl sulfide and hydrogen sulfide. The gaseous prod-
ucts are discharged through line 13 to water scrubber 14.
In water scrubber 14, the gassous preducts are contacted
in countercurrent flow with water effecting cooling of
the hot gaseous products, separation of entrained carbo-
naceous sclids and saturation of the gases with water
vapor. Water is introduced into the water scrubber
through line 15 and water and separated solids are dis-
charged through line 16 for disposal.

Gases saturated with water are discharged from scrub-
ber 14 through line 28 and passed to heating coil 21,
In heating coil 21, the gases are preheated to a tempera-
ture of about 650° F. The preheated gases are discharged
through line 22 to organic sulfur converter 23. Organic
sulfur converter 23 is a reactor filled with a fizxed bed of
molybdenum sulfide catalyst 24. In organic sulfur con-
verter 23, substantially all of the carbonyl sulfide is con-
verted to hydrogen sulfide. Gases from converter 23
are discharged through Iine 25 to solvent scrubber 26.
Solvent scrubber 26 comprises a conventicnal gas-liquid
scrubbing tower. Monoethanolamine solvent is intro-
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duced through line 27 and passes downward through
scrubber 2§ effecting absorption of hydrogen sulfide, car-
bon dioxide and any remaining unconverted carbonyl sul-
fide. Rich solvent containing absorbed gases is with-
drawn from tower 24 through line 28 and discharged
to solvent reactivator 29. Absorbed gases are stripped
from the monoethanclamine in reactivater 29 and are
discharged through gas line 38. Reactivated monoctha-
nolammine is withdrawn from the bottom of reactivator
29 through line 27.

Scrubbed gas substantially free of sulfur compounds
and comprising predominantly hydrogen and carbon mon-
oxide is discharged from scrubber 26 through line 35.
Steam in line 36 is admixed with the gas in line 35 to
provide a mol ratio of about 3 to 6 mols of steam per mol
of carbon monoxide and the mixture is passed through
line 37 to heater 38. The steam-gas mixture is heated
in preheater 38 to a temperature of about 600° F. and
discharged through line 39 to water gas shift converter 49.
Water gas shift converter 40 comprises a reacicr contain-
ing a fixed bed of iron oxide water gas shift conversion
catalyst 45. In water gas shift converter 48, substantially
all of the carbon monoxide is converted to carbon dioxide
with the formation of hydrogen by the water gas shift
conversion reaction. Gases comprising carbon dioxide
and hydrogen are discharged through line 46 to solvent
scrubber 47 wherein they are contacted in countercurrent
flow with monoethanolamine solvent introduced through
line 48. Monoethanolamine solvent and absorbed car-
bon dioxide are withdrawn through line 49 and discharged
to solvent reactivator 50. In solvent reactivator 58, the

'monoethanclamine is stripped to separate a carbon dioxide

stream comprising 99 percent carbon dioxide which is
discharged through line 51 and reactivated monoethanol-
amine solvent which is withdrawn through line 48.

Hydrogen of 95 percent or higher purity is discharged
from solvent scrubber 47 through line 535 to ammonia
synthesis facility §6. Nitrogen in line 57 is passed to
ammonia synthesis facility 56 where it is reacted with the
hydrogen to produce ammonia which is discharged through
line §3. Carbon dioxide in line $1 and ammonia in line
60 are passed to urea synthesis facility 61 where they
are reacted to produce urea. Product area is discharged
through line 62.

Example

Bituminous coal is reacted with oxygen for the produc-
tion of carbon monoxide and hydrogen. The bituminous
coal has the following composition in weight percent (dry
basis) :

SUlfUr e e 2.59
NItTOZEN e oo e e 1.50
CarbOn o e e 77.29
Hydrogen e S 4.93
Oxygen o et e e e 5.38
Ash . 831

The above bituminous coal at a rate of 8,111 pounds
per hour is suspended in 7,812 pounds per hour of steam
and reacted with 89,617 standard cubic feet per hour of
oxygen of 95 mol percent purity. Product gas, at a rate
of 304,750 standard cubic feet per hour (dry basis), has
the following mol percent analysis: )

Carbon monoxide we e 45.3
Hydrogen — o e 36.7
Carbon dioxide o _______ o __ 14.7
Methane w e e 0.4
NIUrogen — o e 0.9
Monatomic gases (mainly argon) ————— oo —_ 1.2
Hydrogen sulfide — oo 0.7
Carbonyl sulfide e 0.1

The foregoing gas is scrubbed with water, is heated to
a temperature of 600° F. and contacted with a molyb-
denum sulfide catalyst at a pressure of 400 pounds per
square inch gauge and at a volumetric hourly space ve-
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Qlocity of 1200. Effluent gas from the molybdenum sul-
Ofde reaction zome has the following composition (mol
_percent, dry basis):

Dcarbon monoXide e mmm e 23.0
YATOZEN w oo emememm e mm i m 46.4
8§arbon dioXide e 27.8
EtHANE e 0.3
‘ENitrogen _ - S 0.8
OMonatomic gases (mainly argon) ——-—-—-e--—--- 1.0
+=Hydrogen. sulfide —o—wmmmmommm e mmm e 0.7
0.0

ECar‘oonyI sulfide

The foregoing gas is scrubbed with monoethanclamine
%eﬁectimg separation of the carbon dicxide, hydrogen sul-
fide and carbonyl sulfide producing a gas comprising
259,556 standard cubic feet per hour having the follow-
~ing composition (mol percent, dry basis):

OCarbon MONCXide - o oo mm e 31.9
= HyArOZEN e e mmmmmmmm e 64.4
ECarbon dioXide omeomom e 0.8
MEthane oo e 0.5
NHIOZEN oo e e m e m e 1.0
Monatomic gases (mainly argon) ———--—cemaeeex 1.4
Hydrogen sulfide —mmeomeom oo 0.0
Carbonyl sulfide - oo 0.0

Steam at a rate of 15,700 pounds per hour is admixed
with the scrubbed gas, heated to a temperature of 725°
F. and contacted with an iron oxide water gas shift con-
version catalyst at a space velocity of 1,000. The shift
gas is scrubbed with monoethanolamine solvent produc-
ing 258,367 standard cubic feet per hour of 96.4 percent
hydrogen and 83,013 standard cubic feet per hour of 99
percent carbon dioxide.

The hydrogen produced is further purified by scrub-
bing with liquid nitrogen to remove substantially all of
the remaining impurities. This purified hydrogen may
then be reacted with 83,021 standard cubic feet per hour
of nitrogen to produce 7,452 pounds per hour of am-
monia. The 83,013 standard cubic feet per hour of car-
bon dioxide may be reacted with the 7,452 pounds per
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hour of ammonia to produce 13,137 pounds per hour of
urea.

Obviously many modifications and variations of the
invention as hereinbefore set forth may be made without
departing from the spirit and scope thereof and only such
imitations should be imposed as are indicated in the
appended claim.

I claim:

A process for the production of hydrogen substantially
free from carbon oxides and sulfur compounds and for
the simultaneous production of carbon dioxide substan-
tially free from sulfur compounds from a sulfur-contain-
ing carbonaceous fuel wherein said carbonaceous fuel is
reacted with oxygen effecting partial oxidation to gaseous

“products comprising carbon monoxide, hydrogen and

carbonyl sulfide which comprises contacting said gaseous
products of partial oxidation and steam with a molyb-
denum sulfide catalyst at a temperature within the range
of about 400 to 830° F. effecting conversion of carbonyl
sulfide to hydrogen sulfide and effecting conversion of a
portion of said carbon monoxide to carbon dioxide with
the formation of hydrogen, separating hydrogen sulfide,
unconverted carbonyl sulfide and carbon dioxide from
the molybdenum sulfide catalyst treated gases forming a
low sulfur gas comprising hydrogen and carbon mon-
oxide, contacting said low sulfur gas and steam with a
water gas shift conversion catalyst at a temperature with-
in the range of about 600 to 1000° F., and separating
carbon dioxide from the water gas shift conversion prod-
ucts thereby producing a product gas stream comprising
hydrogen and a separate product gas stream comprising
carbon dioxide substantially free from sulfur compounds.
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