( 19). The Muhlbauer and Monaghan data show higher hydro-
gen sulfide and carbon dioxide partial pressures, especially at
low acid gas concentrations. Other mixed acid gas—amine
system data are available, but, again, direct comparisons
cannot be made because of differing amine concentrations
and temperatures.

Conclusions

The data obtained in this study extend the range of defini-
tion of H,S and CO, solubility in MEA and DEA solutions. The
data are accurate and in good agreement with data from
other sources.

Literature Cited

(1) Atadan, E. M., PhD dissertation, University of Tennessee, Knoxville,
Tenn., 1954.

(2) Atwood, K., Arnold, M. R., Kindrick, R. C., Ind. Eng. Chem., 49, 1439
(1957).

(3) Bocard, J. P., C & | Girdier, Inc., Louisville, Ky., private communication,
October 1970.

(4) Bottoms, R. R., AGA Proc., Tech. Sec., 1071 (1931).

(5) Claytor, Jr., E. E., Jones, J. H., Oil Gas J., 81 (21), 82 (1963).

(6) ‘‘Gas Conditioning Fact Book'’, Dow Chemical Co., 1962,

(7) Jones, J. H., Froning, H. R., Claytor, Jr., E. E., J. Chem. Eng. Data, 4 (1),
85 (1959).

(8) Kolthoff, I. M., Furman, N. H., “‘Potentiometric Titrations”’, pp 179-81,
Wiley, New York, N.Y., 1926.

(9) Kolthoff, I. M., Sandell, E. B., ‘‘Textbook of Quantitative Inorganic Analy-
sis”’, 3rd ed., pp 590-604, Macmillan, New York, N.Y., 1952.

(10) Lee, J. I., Otto, F. D., Mather, A. E., Can. Gas J., 34-39 (May-June
1972).

(11) Lee, J. |5 Otto, F. D., Mather, A. E., preprint of the University of Alberta,
Dept. of Chem. Eng., Edmonton, Alta., Canada, November 1973.

(12) Lee, J. I, Otto, F. D., Mather, A. E., J. Chem. Eng. Data, 18 (1), 71
(1973).

(13) Lee, J. |., Otto, F. D., Mather, A. E., ibid., 17 (4), 465 (1972).

(14) Lee, J. I, Ofto, F. D., Mather, A. E., ibid., 18 (4), 420 (1873).

(15) Leibush, A. G., Shneerson, A. L., J. Appl. Chem. (USSR), 23, 149
(1950), Engl. transi.

(16) Lyndkovskaya, M. A,, Leibush, A. G., ibid., 22, 558 (1948), Engl. transl.

(17) Mason, J. E.,, Dodge, B. F., Trans. Am. Inst. Chem. Eng., 32, 27-48
(1936).

(18) Moote, T. P., Amoco Production Co., Research Dept., unpublished work,
1969.

(19) Muhlbauer, H. G., Monaghan, P. R., Oil Gas J., 139-45 (April 27, 1957).

(20) Murzin, V. I, Leites, I. L., Zh. Fiz. Khim., 45 (10), 2642 (1971).

(21) Murzin, V. |, Leites, I. L., Tyurina, L. S., Perstina, Z. I., publications of
GIAP, issue 10, Moscow, USSR, 1971.

(22) Pearce, R. L., Dow Chemical Co., Midliand, Mich., private communica-
tion, October 1969.

(23) Redlich, O., Kwong, J.N.S., Chem. Rev., 44, 233 (1949).

(24) Reed, R. M., U.S. Patent 2,399,142 (19486).

(25) Reed, R. M., Wood, W. R., Trans. Am. Inst. Chem. Eng., 37, 363-84
(1941).

(26) Riegger, E., Tarter, H. V., Lingafelter, E. C., J. Am. Chem. Soc., 686,
2024 (1944).

(27) Sands, A. E., Grafius, M. A., Wainwright, H. W., Wilson, M. W., U.S. Bur.
Mines, Rep. Invest., 4547, September 1949.

(28) Scoft, W., ‘‘Standard Methods of Chemical Analysis’, 5th ed., pp 235-
37, Van Nostrand, New York, N.Y., 1939.

(29) Willard, H. H., Fenwick, F., J. Am. Chem. Soc., 45, 645 (1923).

Received for review September 12, 1974. Accepted August 28, 1975.

Hydrocarbon Gas Solubility in Sweetening Solutions: Methane and
Ethane in Aqueous Monoethanolamine and Diethanolamine

J. David Lawson' and A. W. Garst

Amoco Production Co., Research Center, P.O. Box 591, Tulsa, Okla. 74102

The solubility of methane and ethane In monoethanolamine
and diethanolamine solutions is measured. The
experimental procedures used to collect the data are
presented along with selected data and graphs showing
effects of temperature, amine concentration, and acid gas
content. The solublilities of these hydrocarbons in the amine
solutions are about the same as their solubility in an equal
weight or volume of water. However, the type and
concentration of amine, temperature, and presence of
hydrogen sulfide and carbon dioxide affect the methane and
ethane solubility.

Aqueous solutions of monoethanolamine (MEA) or dietha-
nolamine (DEA) are used as absorbants in natural gas sweet-
ening systems to selectively remove hydrogen sulfide and
carbon dioxide from the plant feed gas. In the process some
hydrocarbon gas also is absorbed in the amine solution.
Knowledge of the amounts of hydrocarbon gas in the amine
stream is necessary for design of the sweetening system and
associated Claus sulfur recovery unit.

Previous work. Published data on hydrocarbon solubility in
amine solutions are limited to two curves plotted in Kohl and

! Present address, Amoco Production Co., Security Life Building, Denver,
Colo. 80202. To whom correspondence shouid be addressed.
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Riesenfeld (5) for methane solubility at 80° and 160°F in 25.3
wt % MEA having 0.47 mole of acid gas per mole MEA. The
data of this study are in general agreement with the Kohl
data.

Published data for hydrocarbon gas solubility in water are
more plentiful. These data are given in Culberson and McKet-
ta (2), Davis and McKetta (3), and Kobayashi and Katz (4). A
review and presentation of these data are given in the API
Technical Data Book (7). Solubilities for hydrocarbon mixtures
are given in a publication by Amirijafari and Campbell ( 7).

Experimental

Amine solutions were prepared from distilled water and
commercial grade MEA and DEA. Both amines checked bet-
ter than 99% pure by acid titration. Hydrocarbon gases used
were 99 mol % minimum. The gas compositions were
checked by mass spectrometer analyses.

The equilibrium cell used for the gas solubility determina-
tions is described in a previous publication by Lawson and
Garst (6). The cell was evacuated, and 500-600 g of solution
was drawn into the cell. The cell was pressured with hydro-
carbon gas and rocked at test temperature for at least 16 hr,

Liquid-phase samples were taken in a 10-ml sample con-
tainer and weighed. Sample container tare weight established
the weight of liquid sample. The volume of gas dissolved was
measured volumetrically by water displacement from a sec-



Table |. Solubility of Methane in MEA and DEA
Solutions

Liquid-phase
Vapor-phase concn of
Amine solution partial methane,
. press of Ib-mol;
Wt % Amine methane, methane/10°%
amine type psi Ib soln
100°F
5 DEA 512 3.48
963 6.46
25 DEA 510 3.20
968 6.00
40 DEA 526 3.24
933 5.52
15 MEA 954 6.55
40 MEA 500 3.48
954 6.26
150°F
5 DEA 516 2.77
978 5.20
25 DEA 511 2.89
982 5.40
40 DEA 518 3.06
937 5.38
15 MEA 498 3.07
993 5.80
40 MEA 500 3.33
954 6.20
200°F
25 DEA 516 2.58
920 5.02
40 DEA 530 3.04
963 5.74
40 MEA 490 9.16
974 16.60
250°F
25 DEA 501 2.97
920 5.82
40 DEA 498 3.56
908 6.30
40 MEA 508 4.19
950 7.85

ond sample container. Acid gases were scrubbed from the
evolving gas with caustic solution placed in the second sam-
ple container. The inherent limitations imposed by equipment
and sampling procedures probably introduced error in equilib-
rium pressure observations of 2-3%, which is the magnitude
of cell pressure drops observed during sampling.

Results and Discussion

Tables | and Il list selected solubility data for methane and
ethane in different concentrations of MEA and DEA solutions.
The solubilities are reported as moles of hydrocarbon per unit
weight of amine solution rather than the more usual units of
mole fraction. Using the chosen units allows for a more direct
comparison to data for hydrocarbon solubility in water. Also,
since amine solution weights, rather than volumes, were
measured, presenting the data on the basis of unit weight of
amine solution does not require measuring or estimating solu-
tion densities.

Figure 1 shows the comparison of methane solubility in dif-
ferent amine solutions and water at 150°F. Figure 2 shows
the solubilities for ethane at 150°F. The hydrocarbons are
more soluble in MEA solutions than in equal weights of corre-
sponding DEA solutions. In general, methane and ethane solu-
bility increases with increasing amine concentration. How-
ever, the opposite trend of methane solubility decreasing with
increasing amine concentration is shown by the data at
100°F. Methane is somewhat less soluble in dilute solutions
of MEA and DEA and somewhat more soluble in concentrated
solutions of MEA and DEA than equal weights of water. Eth-

Tabie 11, Solubility of Ethane in MEA and DEA Solutions

Liquid-phase
Vapor-phase concn of
Amine solution partial ethane,
press of Ib-mol;
Wt % Amine ethane, ethane/10°
amine type psi Ib of soin
100°F
5 DEA 501 2.65
957 3.94
25 DEA 480 3.83
868 5.02
15 MEA 491 3.90
868 5.04
150°F
5 DEA 501 2.65
957 3.94
25 DEA 498 3.14
972 4.78
15 MEA 501 3.11
955 4.98
40 MEA 503 4.25
932 6.38
-
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Figure 1. Methane solubility in MEA and DEA solutions at 150“F
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Elooo 7 7 7
< /

E ////

. 7

(=)

5 vy
g A

2 AV

§' 400 /7%/

;5:_ ///r ‘

i ///

= ¥ /e

= Z '

S l |
= 1 2 3 4 5 6 7

LIQUID PHASE CONCENTRATION OF ETHANE IN
LB MOLES PER 100,000 LBS SOLUTION

Figure 2. Ethane solubility in MEA and DEA solutions at 150°F
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Figure 3. Effect of temperature on methane solubility in 25 wt %
DEA from 100° to 250°F
@ 100°F, A 150°F, @ 200°F, O 250°F

Table I}, Solubility of Methane in 25 Wt %
DEA Containing H,S or CO,

Liquid-phase concentration

Vapor-
phase Lb-mol
partial of
press of methane/
Temp, methane, w 10%1ib
°F psi H,S Cco, of soin
100 973 0.20 R, 5.37
862 1.10 B 4,52
150 456 0.19 - 2.01
495 0.25 . 2.30
951 0.20 . 4.36
790 0.94 . 7.15
100 500 R 0.27 2.74
956 . 0.27 4.90
150 489 c 0.25 2.34
970 - 0.25 4.10

ane exhibits increasing solubility in more concentrated amine
to a greater extent than does methane.

Figure 3 shows that methane solubility exhibits a minimum
with temperature between 100-200°F in 25 wt % DEA solu-
tions just as it does with water.

Table Il gives the solubility of methane in 25 wt % DEA
containing hydrogen sulfide or carbon dioxide. The hydrocar-
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bon solubility data obtained with solutions containing hydrogen
sulfide and carbon dioxide are not as accurate as the other
measurements, and quantitative explanations of the effects
of the acid gases are difficult to make with these data. How-
ever, the presence of about 0.25 mole of hydrogen sulfide or
carbon dioxide per mole of amine in the solution lowered the
methane solubility 10-20% from the acid gas-free solubility.
It would be expected that increasing acid gas content would
decrease hydrocarbon solubility but not necessarily in direct
proportion to acid gas concentration.

Additional data were collected using mixtures of methane
and ethane. The presence of ethane had little effect on meth-
ane solubility in the MEA or DEA solutions used in this study.
The total solubility of a gas containing 50 vol % methane and
50 vol % ethane was somewhat greater than if the gas were
all methane, but not as much as calculations from individual
methane and ethane system data would indicate, assuming
no interaction between the two hydrocarbon species. Also,
the data indicate that ethane solubility is 10-15% less in the
presence of methane, which is consistent with the above ob-
servation of total solubility.

The interaction effect of increasing solubilities of methane
and ethane in amine solutions is not nearly as large as that
for mixtures of methane and ethane in water reported by Am-
irijafari. In water a 50-50% mixture of methane and ethane
has twice the solubility at 160°F that would be predicted by
data from separate sysiems assuming no interaction. The in-
creased mixture solubility would then be expected to occur to
a greater extent as amine solution strength is lowered. How-
ever, data on 5 wt % DEA did not show a marked increase in
total hydrocarbon solubility with methane-ethane mixtures, in-
dicating that the mixture behavior will not be exhibited by
amine solutions used in gas sweetening units.

Conclusions

Data were obtained on methane and ethane solubility in
MEA and DEA sweetening solutions. The hydrocarbon gas
solubility in the amine solutions is about the same as it is for
water. The presence of H,S or CO; lowers methane solubility
in the sweetening solutions.
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