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REMOVING HYDROGEN SULFIDE BY HOT POTASSIUM
CARBONATE ABSORPTIONY

by

J. H. Field,¥/ G. E. Johnson,¥ H. E. Benson,?/ and J. S. Tosh/

INTRODUCTION AND SUMMARY

Results of studies by the Federal Bureau of Mines on a pilot-plant scale
for removing hydrogen sulfide and carbonyl sulfide from gas mixtures by the
hot carbonate system are given in this publication.

Gases containing up to 10 pct. hydrogen sulfide and 48 grains carbonyl
sulfide per 100 cu.ft. were treated. In most tests carbon dioxide also was
present and was removed simultaneously with the sulfur compounds. Because
the rate of absorption of hydrogen sulfide is much more rapid than that of
carbon dioxide over a wide temperature range, selective removal of hydrogen
sulfide occurred in the bottom section of the absorber near the point of gas
entry. Hydrogen sulfide was removed to pipeline specifications with carbonate
solutions by using split-stream flows in the absorber and regenerator.

Synthesis gas and hydrogen, produced by the partial oxidation or reform-
ing of coal or other fuels with steam, usually require purification to remove
carbon dioxide and sulfur compounds. Hydrogen sulfide and quantities of
organic sulfur compounds are formed when the fuel contains sulfur.

In the synthesis of hydrocarbons by the Fischer-Tropsch reaction, costs
of gas purification are high because of the amount of carbon dioxide that must
be removed and the extremely low allowable concentration of sulfur in the gas
(less than 0.1 grain per 100 cu.ft.). Consequently, the Coal-to-0il Branch
of the Bureau of Mines at Bruceton, Pa., in its studies on synthesis and
related steps, developed an efficient process for purifying synthesis gas at
elevated pressure with a hot solution of potassium carbonate.3/ Results of
pilet-plant tests dealing principally with removing carbon dioxide have been

1/ Work on manuscript completed May 1960.

2/ Chief, Gas Synthesis Section, Bureau of Mines, Pittsburgh, Pa.

3/ Chemical engineer, Bureau of Mines, Pittsburgh, Pa.

4/ Former Chief, Gas Synthesis Section, Bureau of Mines, Pittsburgh, Pa.;
now with Peoples Natural Gas Co., Pittsburgh.

5/ Benson, H. E., and Field, J. H., Method of Separating CO, and H,S From

Gas Mixtures. U.S. Patent 2,886,405, May 12, 1959.




published,é_z/ and several commercial plants have been constructed for puri-
fying natural gas, ammonia synthesis gas, and hydrogen by using the hot
carbonate process.8 9 10 11 12/

0.2 I T T T I Additional information
j x~ regarding pilot-plant stud-
3 //////x ies is given in this paper

for tests with feed gases
containing hydrogen sulfide, ’
both with and without carbon
dioxide, and for a few tests
where carbonyl sulfide was .
added to the feed gas.
Data is presented on the
effect of temperature omn
the rates of absorption of
hydrogen sulfide, carbon
dioxide, and carbonyl sulfide
in a solution of potassium
carbonate, equilibrium pres-
sures of hydrogen sulfide
over the hot solution, gas
solubilities, and corrosion.
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RATE CONSTANT, K, Ib. mols./ hr. sq. ft. atm.

RATES OF ABSORPTION

A series of batch tests
was made to determine the
effect of temperature on the

.00I | 4 | rates of absorption of hydro-
0 20 40 60 80 100 120 gen sulfide, carbon dioxide,
TEMPERATURE, °C. and carbonyl sulfide in a
FIGURE 1. - Relative Rates of Absorption in 40-Percent Solution of potassium car-
K2C03 Solution. bonate. A gage glass fitted
with a stirrer was placed in

6/ Benson, H. E., Field, J. H., and Jimeson, R. M., CO, Absorption Employing
Hot Carbonate Solutions: Chem. Eng. Prog., vol. 50, July 1954,
PP. 356-364.
7/ Benson, H. E., Field, J. H., and Haynes, W. P., Improved Process for €Oy
Absorption Uses Hot Carbonate Solutions: Chem. Eng. Prog., vol. 52,
No, 10, Oct. 1956, pp. 433-438. '
8/ Graff, R. A., Investigate the Hot Potassium Carbonate Process for Acid
Gas Removal: Petrol. Eng., vol. 30, No. 5, May 1958, pp. C24-(C26.

9/ Buck, B, O., and Leitch, A. R, S., Try Gas Treating With Hot Carbonate:

Petrol. Ref., vol. 37, No. 11, Nov. 1958, pp. 241-246,

10/ Eickmeyer, A.G. Acid Gas Removal by the Hot Carbonate Method: 0il Gas
Jour., vol. 56, No, 38, Sept., 22, 1958, pp. 106-111.

11/ Crow, J. H., and Dungan, J. R., Hot Potash Process Purifies Gas at Lone
Star's Fashing Plant: O0il Gas Jour., vol. 56, No. 47, Nov. 24,
1958, pp. 97-99.

12/ Zapffe, F., Three Ways to Purify Gas: O0il Gas Jour., vol. 56, No. -6,

Sept. 8, 1958, pp. 100-103.




5 T I %/ an oil bath that was thermostatically

X controlled to within * 0.5° C, This
was used for the determinations. A
fixed amount of a 40-pct. solution of
potassium carbonate was charged to the
gage glass, brought to desired tempera-
ture, and then evacuated to remove air
from the system. The test gas was
added rapidly above the liquid until
30 p.s.i.g. was reached. The stirrer
then was started, and pressure readings
were taken at timed intervals to measure
the rate of pressure decline, Empirical-
rate constants K (1b. moles/sq.ft.-hr.
atm.) were determined from the time-
pressure plots. The internal cross-
sectional area of the gage was used as
the interfacial area between the solu-
tion and gas. Figure 1 indicates that
the rate of absorption increased as
temperature increased. The variation
of log K with temperature was linear
for the three gases, but the effect of
temperature on the carbon dioxide-=-
and especially on the carbonyl sulfide--
was more pronounced than on the hydrogen
sulfide. Hydrogen sulfide was absorbed
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$ at a much higher rate than the other
004 - E L i i ., gases; the rate at 30° C. was 30 times
H,S CONTENT, std. c.f / gal. that of carbon dioxide; at 110° C. it

was about 13 times greater. Carbonyl
FIGURE 2. - Equilibrium Pressures of H9S sulfide is not absorbed as such but is
Over Solutions of 30-Percent converted by hydrolysis according to
Equivalent K9CO3. the equation

cos + H,0 —» CO

2 2 + st,

and this reaction is accelerated sharply by higher temperatures. Consequently,
the disappearance of carbonyl sulfide was negligible at 30° C., but at 110° C.
its rate of absorption exceeded that of carbon dioxide.

EQUILIBRIUM DATA

The equilibrium pressure of hydrogen sulfide over a solution of potassium
carbonate depends upon the following:

1. HyS content of the solution.

2. Conversion of the solution to bicarbonate and bisulfide.



3. Temperature.

4. Concentration of the solution.

A limited study was made of the

effect of these factors on the equili-
10 I I T brium pressure of hydrogen sulfide in
the system composed of K,CO3-KHCO3-
KHS-H;5-C09-Hy0. Typical data showing
the effect of the aforementioned factors
are given in figures 2 to 7. A steam-
jacketed, rocking autoclave was charged ‘
with the dry potassium salts (carbonate
and/or bicarbonate) and was evacuated.
The desired quantities of water and
hydrogen sulfide then were added, and
the autoclave was rocked while being
heated to the desired temperature and
attaining equilibrium. Gas samples at
equilibrium pressures were collected in
evacuated containers, and the sample
pressure kept below 20 mm. Hg to prevent
condensation of water vapor. Concentra-
tions of hydrogen sulfide to 0.5 pct.
were analyzed by the methylene-blue
method;13/ those above 0.5 pct., and all
concentrations of carbon dioxide and
water vapor, were analyzed by a mass
spectrometer.
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Figure 2 shows the pressures of
| | [ | hydrogen sulfide over a 30-percent
t 2 3 4 equivalent solution of potassium carbon-
H,S CONTENT, std. c.f. /gal. ate at various hydrogen sulfide contents
L and temperatures of 70°, 90°, 110°, and
FIGURE 3. - Equilibrium Pressures of CO7  130° ¢. (The “equivalent concentration™
Over Solutions of 30-Percent 4f 5 golution is the concentration that
Equchan2C03. would exist if all potassium salts in
the solution were present as carbonate.
Thus, a 30-pct. equivalent solution is always a solution that would contain
30 g. of potassium carbonate and 70 g. of water if all the bicarbonate in the
system were converted to carbonate. A 30-pct. potassium carbonate solution
completely converted to bicarbonate contains no KyC05, 39.7 percent KHCO5 and
60.3 percent HZO’) In this group of tests only potassium carbonate was placed
in the autoclave., The hydrogen sulfide concentration in the solution ranged
from 0.6 to about 4.5 cu.ft./gal.lﬁ/ This is enough to convert from 7 to 54
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13/ Sands, A, E., Grafius, M. A., Wainwright, H., W., and Wilson, M. W., The
Determination of Low Concentrations of Hydrogen Sulfide in Gas by the
Methylene Blue Method: Bur. of Mines Rept. of Investigations 4547,
1949, 19 pp.

14/ All gas volumes in this paper refer to dry gas at 0° C. and 760 mm. Hg.




pct. of the original potassium carbonate. A gallon of 30-pct. solution is
completely converted by 8.35 cubic feet of hydrogen sulfide.

Although no carbon dioxide was charged into the autoclave in these tests,
considerable carbon dioxide was present at equilibrium as gas above the liquid,
as shown in figure 3. This carbon dioxide came from decomposition of part of
the potassium bicarbonate formed by the reaction of hydrogen sulfide with
potassium carbonate according to the equation

‘ © ! I I T x Total equilibrium pressures of hydrogen
sulfide and carbon dioxide over the
solutions are shown in figure 4 for the
same tests shown in figures 2 and 3.
For solutions containing at least 1
standard cubic foot per gallon at 130°
4 €., the partial pressure of carbon
dioxide exceeded that of hydrogen sul-
fide; at 110° C. they were approximately
— equal, and at the lower temperatures the
i partial pressure of hydrogen sulfide was

(!
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greater.

In continuous purification, some

- loss of carbon dioxide from the solution
occurs during regeneration, and a corre-
sponding amount of carbonate is depleted,
forming potassium bisulfide. Potassium
bisulfide is not readily regenerable in
the absence of bicarbonate;ié/ thus
carbonate solutions are probably not
suitable for removing hydrogen sulfide
from gases free of carbon dioxide. As
long as enough carbon dioxide is scrubbed
from the impure gas to replace that lost
4 in the regeneration, carbonate can be
used effectively for hydrogen sulfide
removal,

TOTAL ACID GAS PRESSURE, p.s.i.
T
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HaS CONTENT, std. c.f./ gal. In figure 5 the equilibrium pres-

sures of carbon dioxide are compared

FIGURE 4. - Equilibrium Pressures of Acid with those of hydrogen sulfide above
GGS(H25+C02)OverSduHons 30-percent potassium carbonate solutions

of 30-Percent Equivalent at 110° C. containing each gas alome.

K7C03.

In all cases between 70° and 130°
C., for a given amount of acid gas in solution, the equilibrium pressure of

15/ Rosenstein, L., The Recovery of Hydrogen Sulfide From Petroleum Refinery
Gases: Petrol.,, vol. 29, No. 24, 1933, pp. 4-6.




carbon dioxide is greater
than that of hydrogen sul-
fide. To illustrate: The
equilibrium pressure of car-
bon dioxide is 0.85 p.s.i.
above the solution contain-
ing 2 cu.ft. carbon dioxide
per gallon and no hydrogen
sulfide, while the equilib- '
rium pressure of hydrogen
sulfide is 0.25 p.s.i. for
the solution containing 2 .
cu.ft, hydrogen sulfide per
gallon and no conversion due
to carbon dioxide, The dif-
ference increases as tempera-
ture increases, since the
carbon dioxide equilibrium
pressure rises more rapidly
with temperature than does
that of hydrogen sulfide.

As shown previously, there

is a partial pressure of
carbon dioxide as well as
hydrogen sulfide above the
solutions converted only by
hydrogen sulfide.
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Figure 6 shows the
004 { | | | | effect of converting the
’ o 3 4 5 carbonate solution on the
H,S OR CO, CONTENT, std. c.f. / gal. equilibrium pressure of
hydrogen sulfide. A 40-
FIGURE 5. - Equilibrium Partial Pressures of CO9 and H9S pct. equivalent solution of
Over Solutions of 30-Percent EquivalentK9CO3 Potassium carbonate contain-
at 110°C. ing 0.15 cu.ft. of hydrogen
sulfide per gallon (100
grains per gallon) was used
in these tests. Conversion of the solution was varied by adjusting the quan-
tities of bicarbonate and carbonate charged to the autoclave. At this rela-
tively low concentration of hydrogen sulfide, the logarithm of the equilibrium
pressure of hydrogen sulfide increased linearly with conversion at the three
temperature levels used.

(@]
[o)]

Figure 7 shows variation of equilibrium pressure with solution concentra-
tion for one-third converted solutions containing 0.15 cu,ft. hydrogen sulfide
per gallon. Concentrations of 20, 30, and 40 pct. were used at temperatures
of 70° to 150° C. The increase in equilibrium pressure between 20- and 30-
pct. concentrations was less than between 30 and 40 pct. The difference in
equilibrium pressures was greater at higher temperatures.



20 I I [ SOLUBILITY OF GASES
IN HOT CARBONATE SOLUTION

10— 3 Solubilities of hydrogen, carbon
B B monoxide, and methane were determined at
- - 100° C. in a 35-pct. solution of potas-
5 — sium carbonate, two-thirds converted to

bicarbonate. This is a typical conver-
sion for spent solution leaving the
bottom of the absorber in contact with
- the feed gas.

HpS PRESSURE, mm. Hg

The gas being tested was fed into
the autoclave to the desired pressure.
This pressure was maintained at constant
temperature for several hours while the
6 L I l autoclave was rocking. Hot solution was

o 20 40 50 80 throttled into an insulated receiver and
PERCENT OF KCO3 CONVERTED the released gases were measured and
TO KHCO5 AND KHS )
collected for analysis.

FIGURE 6. - Variation of H7S Equilibrium Par-
tial Pressure With Conversion. Results of these tests are plotted
(40-Percent Equivalent K5CO in figure 8, in which the volume‘of gas

. . .2 released per volume of hot soclution is
Solution Containing 0.15 Cubic .

Feet HoS Per Gallon) shown as a function of gas pressure.

2 : Solubilities of the gases are quite low;
hydrogen is the most soluble and carbon monoxide is the least soluble. At gas
pressures of 250 p.s.i., about 0.1 volume of hydrogen is dissolved per volume
of solution, 0,07 volume of methane, and 0.05 volume of carbon monoxide.
Calculated values of solubilities of the same gases in water at 100° C, are
shown for comparison.lﬁ/ Methane and carbon monoxide are about one-fifth as
soluble in the 35-percent carbonate solution as in water; hydrogen is about
one-third as soluble as in water.
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CORROSION

Solutions of potassium carbonate at boiling conditions are slightly
corrosive to carbon steel; however, addition of carbon dioxide makes the
solution extremely corrosive (0.3 in. per year) unless an inhibitor is used.
Hydrogen sulfide inhibits corrosion, even in the presence of carbon dioxide.
The corrosion rate diminished to about 0.008 to 0.0l in. per year at hydrogen
sulfide/carbon dioxide ratios of 1:10 to 1:100, Corrosion rates were deter-
mined by bubbling the mixtures of gases through boiling 40-pct. potassium
carbonate solutions that contained test coupons of carbon steel. Figure 9
and table 1 indicate the results,

16/ National Research Council International Critical Tables: McGraw-Hill
Book Co. (New York and London) vol. 3, 1928, pp. 255-260.




TABLE 1, - Rate of corrosion of carbon steel in
boiling 40-percent K,CO5 solution

Gas composition
Carbon dioxide, Hydrogen sulfide, Corrosion rate,
percent percent inch/year

100 0 0.3 ,
99.7 0.3 .012
99.0 1.0 .011
97.0 3.0 .008 ,
90.0 10.0 .008
0 100.,0 0

|
35 Even a small quantity

of hydrogen sulfide
(HZS/COZ ratio of 1/332)
reduced the attack appre-
ciably. With hydrogen sul~
fide alone, there was no
corrosion. Carbon steel
coupons exposed to gases
containing hydrogen sulfide
developed a dark blue sur~
face that remained after
cleaning with steel wool,
It is probable that a thin
coating of iron sulfide was
formed that retarded the
attack.

30—
Equivalent concentration

A-40%
0- 30%
O- 20%

N
&)

H2S PRESSURE, mm. Hg
N
O

Corrosion rates have
been further reduced in
laboratory tests in the
presence of 99.7 pct. carbon
dioxide-0,3 pct. hydrogen
sulfide mixture by adding
? ’ 100 to 200 parts per million
60 80 100 120 140 6o of film-forming fatty amines.

TEMPERATURE, °C.

FIGURE 7. - Equilibrium Pressures of H7S QOver Solutions of
K9CO3 (One-Third Converted—0.15 Cubic Feet Equipment
HoS Per Gallon).

PILOT-PLANT OPERATION

Figure 10 is a schematic
diagram of the pilot plant. The valve and piping arrangement permitted the use
of either single-stage, single-stage-split, or two-stage-split stream operation.
The absorber was constructed from 6-in.-diameter, schedule-80 pipe, and the
regenerator from 8-in., schedule-40 pipe. An additional, smaller regenerator,
consisting of a 10-foot packed section of 6-in. pipe, was used to regenerate



o8 T [ [ the split stream in two-
stage operation. Towers,
piping, and the reboiler
were carbon steel. The
solution pumps, letdown
valve, regenerator-condenser
:fﬁﬂgé"’"“er tubes, and some parts of the
' instruments were type-304
H2 stainless steel.

co | — The absorber contained
two sections of packing: The
lower section was packed to
a height of 24 ft., 8 in.,
with 1/2-in. porcelain
Raschig rings; the upper sec-
tion originally was packed
— to a height of 3 ft., 10 in.,
with 1/4-in. porcelain
Raschig rings. Beginning
—j with experiment 133, research-
~-He ers increased the length of
the top section of packing
to 10 ft. to give a closer
approach to equilibrium. The
split stream entered above
: | the top section of packing;
0 00 200 300 400 500 oo the main stream (total

GAS PRESSURE, ps.i stream in single-stream

flow) entered above the
FIGURE 8. - Solubility of CHy, CO and Hy in Water and  lower section of packing.

35-Percent K2CO3 Solution at 100° C.

Solubility in 35°%,
K2C03 (2/3converted)
10G® C.

-
——

-
——

VOLUME OF GAS ABSORBED, (0°C,,760mm. Hg) / VOLUME OF LIQUID (100°C.).

The main regenerator
contained 25 ft. of 1/2-in. Raschig rings. When two-stage operation was used,
the total stream was withdrawn from the main regenerator and divided into two
parts; the split stream was pumped to the small regenerator for further steam

. stripping; the main stream was pumped to the absorber entering above the lower
section of packing. Acid gas liberated in the split stream was fed to the
boiling solution in the main regenerator.

Feed gas was chiefly a mixture of nitrogen and carbon dioxide with small
quantities of hydrogen and carbon monoxide--obtained by burning natural gas
with air. The concentration of oxygen was kept low (0.02 pct. or less by
mass spectrometric analysis) by limiting the air for combustion. The concen-
tration of carbon dioxide in the gas feed to the pilot plant was varied as
desired between zero and about 20 pct. by removing or adding carbon dioxide.
Hydrogen sulfide was added from supply cylinders; concentrations of hydrogen
sulfide were varied from less than 0.1 to 5.0 pct. with no carbon dioxide
present, and from less than 0.1 to 12.0 pct. in tests with carbon dioxide in
the gas. Carbonyl sulfide also was fed into the gas stream from supply
cylinders.




10

04 T

CORROSION RATE, inches/year
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FIGURE 9. - Effect of Acid Gas Composition on Corrosion of Mild Steel
in Boiling 40-Percent K9CO3 Solution.

PILOT-PLANT RESULTS

Typical Data With Various Feed Gases

About 100 tests with gases containing hydrogen sulfide were made in the
pilot plant. Table 2 shows typical data with varicus types of flow and dif-
ferent percentages of hydrogen sulfide and carbon dioxide in the feed gas.
The absorption pressure was 300 p.s.i.g., and the regeneration pressure
slightly above atmospheric in all tests. No attempt was made to remove the
hydrogen sulfide selectively. The degree of carbon dioxide removal was
chosen, and the accompanying removal of hydrogen sulfide was determined.
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TABLE 2. - Typical pilot-plant data

Solution
Feed-gas Scrubbed-gas Solution flow, temperature,
consumption, consumption, gal./hr. ° C.
percent percent Gasflow, Main Split | Main Split
Run |Type of flow| CO, H,S €O, H,8 ft.3/hr.l/ | stream | stream |stream | stream
114A | Split stream|ll.4 0.574 0.6 0.019 1217 25 11 114 94
1154 |....do......J11.5 3/2.46 .6 .111 1262 34 17 114 35
124A | 2-stage.....|11.5 0 4 - 1219 33 9 111 92
K 1264 |....do......|11.35 .51 .3 .002 1214 33 9 109 91
127¢C vseedoeii...j10.7 .955 .2 .013 1176 33 9 108 92
1314 |Single stream|{10.9 1.035 5.2 .145 1204 42 None 108
’ 1318 ceeedo...... 11,0 .93 1.9 .091 1210 42 None 110
131C esesdoiieali11.0 .88 .8 .035 1185 42 None 109
1 1328 ceeedosia... 11,0 .189 1.9 .020 1174 42 None 110
133A-1} 2-stage.....|11.8 5.0 .12 .025 541 36 12 100 92
136A |....do......|11.9 10.0 .07 .056 583 40.5 12 102 74
154A | ....do.e.e..| O 5.28 - .3 1023 17 8 103 30
150A |....do......| 5.1 0 .32 - 1961 27.5 13.5 109 90
129A |Split stream| 2,0 .974 .5 077 1219 13 5 109 87
1564 |....do...... .9 .96 .06 .09 2020 18 9 107 92
1574 |{....do...... .88 495 .15 .059 2000 26 13 111 91
Regeneration Fraction conversion
Solution |[Carrying [efficiency, of solution,
concentration,capacity, fr.3 acid Lean Percent
percent ft.3/gal. |gas/pound Regular High removal
Run Type of flow K,C04 COp | HpS steam Rich regeneration jregeneration| COp H,S
114A |Split stream 33 3.6510.195 5.7 - 0.33 - 94.7 96.6
1154 |....do...... 34 2.6 .5865 6.8 0.69 .39 - 9.6 95.5
124A |[2-stage..... 37 3.1 - 5.5 .48 .29 0.20 96.4 -
1264 {....do...... 38 3.2 .152 5.7 .55 .38 .21 97.4 99.7
127C ceeedOciians 35 2.9 .26 5.9 - - - 98.3 98.8
131A |Single stream 35 1.8 .26 6.2 - - - 57.6 87.7
1318 cesedoLiian. 35 2.7 .24 6.1 - - - 84.0 91.1
131C veeedo.aa.. 35 2.9 24 4,7 - - - 93.7 96.4
' 1328 vesedo.ae. 35 2.6 .05 6.0 - - - 84.4 90.6
133A-1} 2~stage..... 22 1.3 .56 6.1 .71 - .22 39.2 99.5
. . 1364 |....do..usss 20 1.3 |1.15 5.0 .89 - .22 99.6 99.86
1544 |....do...... 32 - 2.1 5.1 - - - - 94.3
1504 j....do...... 35 2.3 | - 2.8 49 .33 .22 9% .6 -
129A |Split stream 38 1.1 .6 2.8 49 43 - 76.9 92.2
156A ceesdoaia.e. 34 7 .65 2.65 - - - 93.8 90.7
1574 {....do...... 35 371 .22 1.4 - - - 82.6 88.3

1/ Measured at 0° C., 760 mm. Hg, dry gas.
2/ COS removed from 43 to 9 gr./100 £t.3
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FIGURE 10. - Schematic Diagram of Pilot Plant for Hot Carbonate Scrubbing.

Degree of Removal of Carbon Dioxide and Hydrogen Sulfide

Several tests used feed gases containing about 0.5 and 1.0 pct, hydrogen
sulfide and 1 to 20 pct. carbon dioxide to determine the variation of hydrogen
sulfide removal with carbon dioxide removal. These concentrations of hydrogen
sulfide and carbon dioxide cover the range obtained in synthesis gas produced
by gasifying coal. Solution-carrying capacities and regeneration efficiencies
were about the same as one might expect if the total acid gas were carbon
dioxide.

Figures 11 and 12 illustrate variation of residual hydrogen sulfide with
residual carbon dioxide in the purified gas for different concentrations of
carbon dioxide in the feed gas. Hydrogen sulfide concentrations in the feed
gas were 280 to 380 grains per 100 cu. ft. (approximately 0.5 pct. average) .
in the tests plotted in figure 11, and 550 to 700 grains (approx. 1l pct.
average) in the tests plotted in figure 12. Figure 13 shows a more general-
ized relationship between the removal of hydrogen sulfide and that of carbon
dioxide over a wide range of feed gas concentrations. The hydrogen sulfide
concentration in the feed gases varied from 0.2 to 5.0 pct. in the tests shown
in figure 13. Both single- and split-stream flows are represented, the split-
stream flow for obtaining lower residual concentrations of carbon dioxide and
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200 20

hydrogen sulfide. Gas and
liquid flows and tempera-
0.9% COp feed tures favorable to carbon
5% GO, feed dioxide removal were chosen,
2% GO feed and no attempt was made to
operate at conditions for
selective removal of hydro-
gen sulfide.

At each concentration
of carbon dioxide in the
feed gas, the residual con-
centration of hydrogen sul-
fide decreased proportion-
ally to the residual
concentration of carbon
dioxide. Also, for a given
concentration of carbon
dioxide in the purified gas,
the residual concentration
of hydrogen sulfide de-
creased as concentration of
carbon dioxide in the feed
gas increased. The more

i thorough regeneration of the
° (m;GmmEmﬂmwNiEmTGm,mmm? ) lean solution required for
increased removal of carbon
FIGURE 11. - Relation of st and COZ in Exit Gas. HZS dioxide resulted in decreased
Concentration of Feed Gas = 280 to 380 equilibrium pressure of
Grains Per 100 Cubic Feet (0.5-Percent hydrogen sulfide above the
Average). solution, thereby removing
more hydrogen sulfide,
Doubling the concentration of hydrogen sulfide in the feed resulted in an
approximate twofold to threefold increase in the residual concentration of
hydrogen sulfide for the same carbon dioxide concentrations.

Ho8 CONCENTRATION IN EXIT GAS, grains /100 cu.ft.
N\
H,S CONCENTRATION IN EXIT GAS, grains /100 cu.ft.

|
H

Concentration of Hydrogen Sulfide and
Carbon Dioxide Along the Absorber

Concentrations of carbon dioxide and hydrogen sulfide were measured along
the absorber to observe the relative rates of removal of the two gases in test
171B-r. These results are plotted in figure 14. The feed gas contained 11.3
pct. carbon dioxide and 0.49 pct. hydrogen sulfide, and the outlet gas con-
tained 0.13 and 0.002 pct. of these components, respectively. Split-stream
flow with two-stage regeneration was used with a solution of 35-pct. concen-
tration. The fraction conversion to bicarbonate of the cooled split stream
entering at the top of the column was about 0.20; that of the main stream
entering at the 25-ft. level was 0.36. Concentrations of hydrogen sulfide in
the split and main streams were about 0.20 and 0.26 cu. ft. per gallon.




14

280 I T As shown in figure 14,

the absorption of hydrogen
sulfide was rapid. Concen-
tration declined from the
initial value of 0.49 to
| 0.049 pct, by the time the
gas reached the first sam-
— pling point at the 5-ft.
level, Between the same
O - 11% CO, feed | points, the concentration
2:?3%%::3 of carbon dioxide was low-
- R | ered from 11.3 to 5.7 pct. !
About 53 pct. of the carbon
i dioxide and slightly more
rd — than 90 pct. of the hydrogen
pd sulfide had been removed.
- - This indicates that a high
_ Osia degree of selectivity can be
e | achieved with a short time
of contact.

240

200

@
o

i,

Hy,S CONCENTRATION IN EXIT GAS, grains/i00 cu. ft.
>
o

] At the next sampling
level, 15 ft. from the bot-
4 tom in this test, the hydro-
| gen sulfide was 0.014 pct.,
3 i ﬁ s and its concentration there-
CO, CONCENTRATION IN EXIT GAS, percent after remained essentially
constant in the main stream

FIGURE 12. - Relation of H9$ and CO in Exit Gas. Hop$ Section of the absorber (to
Concentration of Feed Gas =550 to 700 the 25-ft. level). No meas-

) . urement of carbon dioxide
grmns ?er]OO Cubic Feet (0.94-Percent was made at the 15-ft. level,
verage).

but at the top of the main
section it was 0.95 pct.
The cooled and more highly regenerated split stream finally reduced the con-
centration of hydrogen sulfide to 0.002 pct., and that of the carbon dioxide
to 0.13 pct. in the top 10-ft. section of packing.

a0

Figure 15 depicts a profile of the concentration of hydrogen sulfide in
the absorber for test 172, in which the feed gas contained about 5 pct. hydro-
gen sulfide and was free of carbon dioxide. A solution of 35-pct. concentra~ '
tion was used, and the solution-carrying capacity was 2.7 cu.ft./gal. The
high rate of absorption of hydrogen sulfide. is shown by the removal of 95 pct.
in the bottom 5 ft. of packing; concentration dropped from 4.99 to 0.26 pct.
in this section. Equilibrium between the gas and liquid is indicated because
the concentration of hydrogen sulfide was not lowered further until the 25-
ft. level at the top of the main section. Here the composition and tempera-
ture of the carbonate solution were altered by the addition of the split
stream cooled to 50° C.
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COq: HpS ratio in feed gas
X- 2l Table 3 shows results
o- 1! of tests made with gases con-
a-221 .
0-40°1 taining carbonyl sulfide,

1 hydrogen sulfide, and carbon
dioxide. Split-stream flow
with two-stage regeneration
was employed in all tests
except 113B, for which a
single stream was used.
Carbonyl sulfide is hydro-
lyzed by hot carbonate solu-
tion, and in several tests
complete removal was accom-
plished. Some unreacted
carbonyl sulfide was found
in the purified gases when
feed gases contained about
4 40 grains of carbonyl sul-
fide per 100 cu.ft. This
_OO,OI L IIH‘ ! Ll l[ltl ! Lo IIHIO was especially characteris-

00, REMAINING, percent tic of test 115A, in which
the feed gas contained a
FIGURE 13. - Relation of H3S and CO9 in Exit Gas. relatively high concentra-
tion of hydrogen sulfide.
Results of the bench-scale
tests given earlier indicate
that a high absorption temperature favors the removal of carbonyl sulfide.

! T T T T T TTTTT T T T 17T Removal of Carbonyl Sulfide

T TTTTT

l

Illllll
I NN

]
|

HZS REMAINING, percent

0

12
( I I I 06
10 — 5
® - 002 E
§ 8 — 4 g
5 a
. . a oF
-6 1
g 33
© 4
’ = -
-, 4 — 20
S o
IS) Main-stream Split-stream T
2 : entry entry— — |
0.i3 CO,
l ; . : Ol ] ‘ 0.002H,5 o
0 ) 10 15 20 25 30 35

ABSORBER PACKING HEIGHT (ft.), BOTTOM OF PACKING =0
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TABLE 3., - Tests with carbonyl sulfide

Liquid
Liquid rates, |temperature, Feed gas Scrubbed gas
gal./hr. ° C. cos, cos,
Main |Split | Main 1Split | Rate, | COp, | HpS, |gr./100[ €Oy, | Hys, |gr./100
Run stream|stream|stream|stream |ft.3/hr.|percent|percent ft.3 |percent percent ft.3
126B 33 9 110 90 1192 10.9 | 0.533 23.0 0.40 | 0.004 0
126C 33 9 109 20 1200 10.9 .578 37.5 .34 . 004 4.4
1278 33 9 108 89 1191 11.2 1.057 13.3 .36 .01 0
127¢C 33 9 108 92 1176 10.7 .955 47.8 .23 .013 1.5
128A 33 9 110 70 1198 10.8 . 944 44,1 .31 .013 .7
1138t/ | 36 - | 109 - 1211 10.9 | .425 | 30 2.2 025 | 0
115A 34 17 114 95 1231 11.5 | 2.46 43 .61 111 9
H2S content of
Regeneration liquid after Solution
efficiency, |Carrying Fraction conversion of solution | regeneration, | strength,
ft.3 capacity, Lean gr. HpS/gal. percent
acid gas/ ft.3 acid Regular High Main | Split |equivalent
Run 1b. steam gas/gal. Rich [regeneration |regeneration | stream | stream K2C03
126B 5.46 3.17 - 0.38 0.20 - - -
126C 5.42 3.22 - .37 .13 171 94 37.0
1278 5.93 3.42 0.84 - - 283 147 32.0
127C 5.47 3.18 - - - 301 102 -
128A 5.64 3.27 .80 - - 333 167 32.5
113B 6.11 3.13 .85 .40 - 100 - 32.4
115A 6.8 3.2 .691 .39 - - - 33.4

1/ Single stream; all other rums two-stage regeneration

of split stream.
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Selective oxr Final Hy&rogen Sulfide Removal

To attain greater hydrogen sulfide removal, experimenters made a few
tests with the split stream or with the entire stream at temperatures lower
than ordinarily used in hot carbonate operations. Bench-scale tests on rela-
tive absorption rates showed that hydrogen sulfide was removed considerably
faster than carbon dioxide. The rapid removal of hydrogen sulfide was con-
firmed in the pilot plant by the measurements of hydrogen sulfide concentra-
tions along the absorber.

Table 4 contains data on the effect of lower solution temperature on
the removal of hydrogen sulfide. Tests 133A-1 and 133A-2 used a feed gas
containing about 11.5 pct. carbon dioxide and 5 pct. hydrogen sulfide. The
gas and liquid rates were the same, but the split stream temperature was 92°
C. in 133A-1, and 72° C. in 133A-2. The final concentration of hydrogen sul-
fide was 16.6 grains in 133A-1 and only 6.6 grains in 133A-2 with the cooler
split stream.

In tests 158A and 162B the advantage of using a relatively cold stream
of potassium carbonate for final removal of hydrogen sulfide is illustrated.

v The feed gas contained 0.3 to 0.5 pct. carbon dioxide and 0.11 to 0.15 pct.
hydrogen sulfide. This concentration of hydrogen sulfide is higher than
would be expected from an earlier hot carbonate purification at the usual
temperatures but was used for ease of preparation and analysis. Two-stage
regeneration was used in test 158A, with the main stream entering the absorber
at 108° C. and the smaller stream at 90° C. The purified gas contained 46
grains of hydrogen sulfide per 100 cubic feet (0.069 percent) and 0.03 percent
carbon dioxide. A single stream in 162B at a temperature of 42° C. gave a
purified gas containing 0.3 grain hydrogen sulfide per 100 cu.ft., and 0.07
pct. carbon dioxide.
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An added margin to insure low concentration of hydrogen sulfide is the
use of a few trays in the top section of the final absorber, to which the
makeup solution (either KOH or KyCO3) is added. Losses of solution from
leakage through pump packing or any other cause could be replaced in this
manner, This was demonstrated in bench-scale equipment, in which a bleed
stream of purified gas from the hot carbonate absorber was bubbled through
a 1/2-in. level of 25-pct. potassium carbonate solution (135 cc. of solution)
at 300 p.s.i.g. pressure and room temperature to determine the removal of
hydrogen sulfide and carbon dioxide. Results were as follows:

Inlet gas Purified gas Removal

! Gas flow, €O, CO,, percent
cu.ft./hr. percent |gr.H;S/100 ft.3 |percent |gr.Hys/100 fr.3 [CO, [ H,yS

2.1.0iiesee. | 0.15-0,20 0.53 0.17 0.03 0 94

T I .10- .15 .53 .15 W24 0 53

Carbon dioxide did not react because the rate of reaction was too slow.
If potassium hydroxide were used instead of the carbonate, the concentrations
of both carbon dioxide and hydrogen sulfide would be lowered. However, the
potassium hydroxide would be converted rapidly to potassium carbonate by the
carbon dioxide, and the selectivity of the carbonate solution would be as
demonstrated earlier.

CONCLUSIONS

Hot carbonate purification will remove hydrogen sulfide from gas mixtures
of low or high concentration of this component. The presence of some carbon
dioxide in the feed gas 1s necessary for regeneration of the solution. Carbon
dioxide aids in decomposing the bisulfide and retards formation of potassium
sulfide,

Carbonyl sulfide is hydrolyzed by the hot carbonate solution, and a high
degree of removal of this component results. The rate of removing hydrogen
sulfide and carbon dioxide is accelerated by increased temperature of the
carbonate solution. The rate of absorption of hydrogen sulfide is about 30
times faster than that of carbon dioxide at room temperature, and about 13
times faster at 110° C. Selective removal of hydrogen sulfide is favored
by short contact time.

- Regeneration of the fouled solution containing hydrogen sulfide and
carbon dioxide proceeds readily. Although the steam consumption for regener-
ating solutions containing hydrogen sulfide was not thoroughly investigated,
the data indicate that no more (probably less) steam is required than for
regenerating the same amount of carbon dioxide between the same limits of
conversion. Where almost complete removal of hydrogen sulfide is required,
the bulk of the hydrogen sulfide is removed at elevated temperature, and

the final amount is removed at lower temperature with a small quantity of
highly regenerated solution, possibly followed by make-up solution.

Because the solubility of synthesis gas and methane in hot carbonate
solution is very low, there would be little loss of these components during
purification.
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