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ABSTRACT OF THE DISCLOSURE

COS is passed through an electrical discharge gap to de-
compose into CO and S.

This invention relates to removing COS from gases.

Carbonyl sulfide is a by-product of petroleum refineries
and many chemical processes including reduction proc-
esses involving CO; and metal snlfides. It is also present
in coke oven-, coal-, carburetted water- and producer~
gas, as well as in cracked or reformed petroleum gas. Fur-
ther, it is a by-product in iron- and steel-making processes.

Due to its low boiling point, it is a difficult compound
to separate out by fractionation. Furthermore, it is rela-
tively stable toward acidic reagents and is only slowly
affected by strongly alkaline agents.

Heretofore it has ben removed from SOj-containing
gas in the presence of a catalyst at about 400° C. It has
also been thermally decomposed to CO, S, CO; and CS,.
Still further it has ben removed from hydrocarbon fluids
by the use of a molecular sieve which desorbed the gas
upon heating. The disadvantages of these thermal meth-
ods are that temperatures above 400° C. are usuvally re-
quired to obtain elemental sulfur and that some sulfur is
lost as gaseous CS,.

We have now developed a process for the decomposi-
tion of COS to CO and CS at room temperature and nor-
mal atmospheric pressures by use of an electrical dis-
charge. No other sulfur-containing compound such as
CS, is obtained.

It is therefore an object of the present invention to de-
compose gaseous COS into carbon monoxide and sulfur.

Another object is to decompose COS without producing
other sulfur compounds such as CS,.

A further object is to decompose COS at room tem-
perature and at atmospheric pressures.

Other objects and advantages will be obvious from the
following more detailed description of the invention taken
in conjunction with the drawing in which the figure shows
an exemplary apparatus for carrying out the invention.

In the practice of the present invention the COS con-
taining gas is passed through a narrow gap between two
electrodes which produce at least one kilovolt voltage
drop per millimeter of gap-width, preferably at least 3
kv./mm. In addition, the electrodes preferably are main-
tained out of contact with the gas (e.g., 2 glass membrane
disposed between gas and electrode) so as to eliminate
possible side reactions at the electrode.

Room temperature (about 20-25° C.) in the reactor is
suitable. Although lower or higher temperatures can be
employed, higher temperature (about 90° C.-150° C.)
markedly reduces COS decomposition. As to pressure, re-
duced operating pressures (e.g. 217 to 396 torr) achieve
a higher conversion rate of the COS, although as much
as half of the COS can be converted at atmospheric pres-
sure.

Since the presence of other compounds such as COy
and SO, do not adversely affect the present invention, the
process is especially effective in combination with a proc-
ess for CO- or natural gas-reduction of SO,-containing
waste gas which produces S, COS, etc. Exemplary reduc-
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tion processes are disclosed in U.S. Pats. Nos. 3,199,955
and 3,615,219,

Although water vapor does not prevent COS decom-
position, it substantially reduces efficiency. Accordingly,
it is desirable to remove moisture prior to decomposition
by electrical discharge.

An exemplary apparatus for carryving out the invention
is shown in the figure. Reference numeral 1 designates an
inlet conduit for the COS containing gas. The gas passes
between parallel plates of glass 2 or other insulating
plates. On the outer surface of the upper portion of each
glass plate is disposed aluminum foil 3 or silver paint.

Secondary leads 4 and 5 from high voltage transformer
6 are attached to the foils 3.

‘When product gas has reached the area designated as
numeral 7 between parallel plates 2, the COS has been
substantially converted to CO and S. Accordingly, the
lower section of plates 2 may be surrounded by intermit-
tent heater 8 to melt the sulfur whereby molten sulfur
passes out the bottom of the plates to suitable collection.

Product gas which is now substantially free COS leaves
the unit through conduit 9, and may be collected or fur-
ther treated to remove constituents such as CO. If the CO
is present in high concentrations, the product gas can be
used directly as a reducer gas.

In the following examples, operating variables of the
process of the present invention are examined.

EXAMPLE 1

Carbonyl sulfide mixed with nitrogen or helium was
passed through a typical laboratory ozonizer. The gas was
exposed to a discharge in a 1-mm. annular region formed
by two concentric glass tubes. The reactor discharge vol-
ume was 23.9 cc. and the electrode area was 228 cm.2.
Electrical power was supplied to the reactor with a 17-
kilovolt Jefferson transformer at 120 v. AC. The gases
were analyzed by means of a gas chromatograph. The
percent conversion (x) of SCO was determined as a func-
tion of the incoming gas flow in the range of 411 to 1941
cc./min. The residence time of the gas was calculated as
the ratio of the reactor volume to the volumetric gas flow
rate. The reaction yield per minute (R) was calculated as
the product of the COS mass flow in milligrams times
its fractional conversion. The results obtained are shown
in Table 1.

It is apparent from the first four rows of these data that
the yield per unit volume does not change appreciably with
gas residence time in the range of 0.012 to 0.058 minutes
or gas flow of 411 to 1941 cc./min.

The effect of electrode area or reactor volume is shown
in the second four rows of data in Table 1. It is evident
from the last column that the yield per cc. of reactor
volume increases with reactor size. Therefore, a large
reactor would appear to be more efficient than a smaller
one.

EXAMPLE 2

The effect of COS concentration on the reaction rate
was investigated as different commercial processes con-
tain different concentration levels of COS. Helium was
used as a diluent. In this test the reactor volume was 23.9
ml., the electrode gap was 1 mm., the electrode area 172
cm.2, the applied voltage 17 kv. The results obtained are
shown in Table 2.

It is evident from the first and last column of Table 2
that the COS decomposition yield increases with the
amount of COS in the inlet gas at levels below 8.5 percent
but a saturation value is obtained above this concentra-
tion. Most commercial processes generate much smaller
amount of COS than the saturation value.
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EXAMPLE 3

The effect of total pressure on the COS conversion was
also investigated. The energy attained by an electron in a
discharge reactor is dependent on the mean free path or
gas pressure. Higher electron velocities are obtained at
low pressures and are more effective in decomposing COS.
Experimental results in Table 3 show that 88 percent of
the COS was decomposed at 217 torr (0.286 atmospheres)
while at atmospheric pressures, only about half of the
SCO was converted.

EXAMPLE 4

The electrode gap was increased while holding the
electrode height constant at 36.5 cm. This increased the
reactor volume and decreased the linear gas velocity. It is
evident from Table 4 that the reaction yield per unit
volume appears to increase as the electrode gap becomes
larger.

4

What is claimed is:

1. A process for decomposing COS comprising passing
COS-containing gas through an ozonizer type electrical
discharge gap across which there is a voltage drop of at

5 Jleast one kv./mm. of gap width so as to decompose said
COS into CO and S, and removing COS-depleted gas from
said zone,

2. The process of claim 1 wherein said gaseous COS is

10 5ut of direct contact with the electrodes which generate
said electrical discharge.

3. The process of claim 1 wherein said COS-containing
gas is produced by catalytically reducing a sulfur dioxide-

16 containing waste gas with carbonaceous reductants.

TABLE L—EFFECT OF FLOW RATE AND REACTOR VOLUME ON COS DECOMPOSITION IN A SILENT
LECTRICAL DISCHARGE

R, mg.
Electrode Reactor Residence COS analysis, percent Conver- cos8 Yield per
ares volume ime, sionz, Tremoved unit volume
Flow rate, ml./min. cm.? (v.), ml. min.)102 Inlet Exhaust Removed percent per min. (R/v.)
228 23.9 5.8 3.52 2.20 1.32 . 315 14.5 0.61
228 23.9 3.5 3.55 2.72 0.83 23.4 15.0 .63
228 23.9 1.7 3.45 3.05 .40 il.6 14.9 .62
228 23.9 1.2 3.61 3.32 .28 8.0 15.1 .63
57 6.0 0.9 3.35 3.28 .09 2.7 1.6 .27
115 12.0 1.8 3.35 3.15 .20 6.0 3.6 .30
172 17.9 2.6 3.45 2.97 .48 13.9 8.8 .49
228 23.9 3.5 3.43 2.76 .87 19.5 12.2 .51

TABLE 2—EFFECT OF COS INLET CONCENTRATION ON
COS DECOMPOSITION IN AN ELECTRICAL DISCHARGE

R, mg.
C OS analysis, percent Fractional Total Cco8
conversion, flow, removed
Inlet Exhaust Removed z cc./min, per min,
0.11 0.02 0.15 805 0.2
R . .56 301 4.0
2.1 8 .28 342 7.
5.6 1.3 19 350 12.1
7.2 1.3 15 360 12.5
8.5 1.3 13 360 12.5
9.3 1.3 .12 360 12.5

4. The process of claim 1 wherein said voltage drop is
40 at least 3 kv./mm.
§. The process of claim 2 wherein said COS-containing
gas is produced by catalytically reducing a sulfur dioxide-
containing waste gas with carbonaceous reductants.

i 45 6. The process of claim 2 wherein said voltage drop is

at least 3 kv./mm.

TABLE 3—EFFECT OF TOTAL PRESSURE ON THE COS DECOMPOSITICN

Cos8 Millimoles

COS analysis, percent conver- of CO8

Absolute pressure, sion, Flow, decomposed
torr Inlet Exhaust Removed percent cc./min. per minute
0.75 0.09 0. 66 88 420 0.12

1.11 .29 .82 74 420 .15

1.89 .97 .92 49 420 17

2.75 1.69 1.08 38 420 .20

1.83 0.91 0.92 50 420 17

. 00 1.20 .80 40 435 .16

3.44 2. 1.44 42 435 .28

2.99 1.47 1.52 51 420 .28

TABLE 4.~EFFECT OF ELECTRODE GAP OR LINEAR GAS VELOCITY ON COS DECOMPOSITION

Cross- R, mg. R/v.

sectional COS analyses, percent co8 CoO removed

Volume Flow (f), area (A), J/A, conversion, removed per min.,

Gap, cm. (v.), cc. ce./min. c¢m.? cm./min. Inlet Exhaust Removed percent  per min. per cc.
28 313 0.79 300 2. 62 2.33 0.29 12.4 2.4 0. 088

28 313 .79 3968 2.62 2.32 .30 12.9 2.5 . 089

505 1.50 337 58 2.07 .51 19.8 6.9 .125

55 5 1. 50 333 2.62 2.09 .51 19.5 6.8 .124

90 530 2.47 215 2.60 1.06 1,54 §9.0 21.8 . . 243

81 237 2. 47 06.1 2.63 0.51 2.12 80.0 13.5 . 167
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7. The process of claim 5 wherein said voltage drop is
at least 3 kv./mm,
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