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Solubility of Methane in Methyldiethanolamine

Fang-Yuan Jou and Alan E. Mather*

Department of Chemical and Materials Engineering, University of Alberta, Edmonton, Alberta T6G 2G6, Canada

The solubility of methane in methyldiethanolamine has been measured at temperatures in the range (298 to 403)
K at pressures up to 20.3 MPa. Henry’s constants have been obtained from the results.

Introduction

Methyldiethanolamine (MDEA) is widely used for the
removal of the acid gases,;& and CQ, from gas streams. It
is normally employed as an aqueous solution of 3 to 5indl
The solubility of methanenia 3 motL ~! solution was measured
earlier! To model the solubility in agueous solutions, a
knowledge of the solubility in the pure alkanolamine is needed.
For this reason the present work was done.
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Experimental Section

The apparatus and experimental technique that were used are 510}
similar to those described by Jou et?alhe equilibrium cell
was mounted in an air bath. The temperature of the contents of ) ) ) )
the cell was measured by a calibrated ir@monstantan ther- 0 5 10 15 20
mocouple, and the pressure in the cell was measured by digital (P-p,)MPa
Heise gauges (0 to 10, 0 to 35) MPa. The uncertainty in the
pressures was 0.1 % of full scale by comparison with a dead-

weight gauge. The experimental uncertainty in the temperaturé e residual methane left in the sample at atmospheric pressure
was = 0.1 K by comparison with a platinum resistance py iniection of an aliquot into a gas chromatograph. At low
thermometer. The methane was UHP grade (99.99 %) and wasressyres a 2L sample of liquid was taken from the liquid
obtained from Praxair. The methyldiethanolamine (MDEA, CAS ' sample outlet and injected directly into the gas chromatograph.

Registry No. 105-59-9) was obtained from Aldrich and had @ te yncertainty in the liquid-phase analyses is estimated to be
purity of 99.3 %. Before the start of the experiments, the MDEA | 3 o4

was distilled under vacuum to remove water and amine

impurities. The final sample had a mass fraction purity of 99.8 Results and Discussion
%, the balance being water. Prior to the introduction of the
fluids, the cell was evacuated. About 120%af MDEA was
drawn into the cell. The methane was added to the cell by the
cylinder pressure or by means of a spindle press. The circulation
pump was started and the vapor bubbled through the solvent
for at leas 4 h toensure that equilibrium was reached. At high
pressures, a sample of the liquid phase, (2 to 20) g depending C S
on the solubility, was withdrawn from the cell into a 50 €m In( ?z/Xz) =InHo. + v (P—Py)
sample bomb that had previously been evacuated and weighed. 2 RT
The bomb contained a magnetic stirring bar to help in degassing .

the sample. The sample bomb was reweighed to determine theHere f2 is the fugacity of methane; is the mole fraction
mass of the sample and then attached to a vacuum rack. Thenethane in the liquid phask; is the Henry’s constant,;” is
rack consisted of 6.35 mm o.d. stainless steel tubing connectecthe partial molar volume of methane at infinite dilutid,is

to a calibrated Digigauge (range O to 1.0 MPa) and a 58 cm the total pressureP,® is the vapor pressure of the solvent
buret. The rack was evacuated, and the gas was allowed to(MDEA), Ris the gas constant, anidis the absolute temper-
evolve from the sample bomb into the buret, which was ature. The fugacity of the methane was calculated by the Peng
maintained at the local atmospheric pressure and room temperRobinsort equation of state. The vapor pressure of MDEA was
ature. The moles collected were calculated from PheV—T taken from DIPPR,and the maximum value was 1.75 kPa at

data, assuming ideal gas behavior. A correction was made for403.15 K. A typical plot is shown in Figure 1. The data are
well-represented by a straight line, and the intercept on the

*To whom correspondence should be addressed. E-mail alan.mather@Ordinate is InHzz. The slopes of the plots were all similar, and
ualberta.ca. the value ofp,® is 25.2+ 2.5 cn® mol~1. However, as Gibbs

Figure 1. Krichevsky—Kasarnovsky plot for 343.15 K.

The solubility of methane in methyldiethanolamine was
measured at the temperatures of (298.15, 313.15, 343.15, 373.15,
and 403.15) K at pressures up to 20.3 MPa. The experimental
data are presented in Table 1. The experimental data were
modeled by the KrichevskyKasarnovsky equation:
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Table 1. Solubility of Methane (2) in Methyldiethanolamine (1)

T=298.15K T=2313.15K T=2343.15K T=373.15K T=403.15K
P/MPa X2*10° P/MPa X2+10° P/MPa %2°10° P/MPa Xo+ 10° P/MPa X2+ 10°
20.30 74.35 19.46 7477 19.04 79.71 18.60 83.77 17.65 85.92
16.06 65.28 16.00 67.54 13.82 63.09 14.93 71.81 14.29 73.85
12.00 54.26 11.72 54.74 9.44 46.73 10.49 53.51 10.25 54.16

7.19 36.40 7.08 35.59 6.75 34.90 7.40 39.68 6.35 35.28
5.25 27.85 5.10 27.64 5.39 27.98 4.39 24.56 4.71 27.71
3.26 18.69 3.50 19.99 3.41 19.01 2.64 15.35 2.78 16.62
1.72 10.39 1.574 9.210 1.61 9.197 0.940 5.497 0.534 8.275
0.631 3.879 0.484 2.997 0.800 4.716 0.770 4.623 0.190 1.379
0.175 1.089 0.126 0.7678 0.246 1.448 0.230 1.356

0.118 0.7348 0.100 0.588 0.147 0.8719

aBy gas chromatography.

10000 MDEA and water,H; is the Henry’s constant of methane in
MDEA, Hyszis the Henry’s constant of methane in waterjs

/—0\0 the mole fraction of MDEA in the mixed solveng is the mole

D/'D/_D\D\D fraction of water in the mixed solvent, ands is a parameter
related to the deviation of the two solvents from an ideal

mixture. Values ofa,z are presented in Table 2. They are

1000 positive, which indicates that the solute-free mixture exhibits

©
o
g positive deviations from Raoult’s law. However, Xu et%alivho
measured the boiling points of MDE#A water mixtures, found
that the data were in good agreement with Raoult’s law. The
_ reason for this discrepancy probably lies in the simple relation
—* - - - for the excess Gibbs energy used in the derivation of eq 2.
100 | Mixtures of MDEA and water contain both polar and hydrogen-
. . . . . . bonded molecules, and the excess Gibbs energy for this mixture
280 300 320 340 360 380 400 420 is unlikely to follow a one-parameter Margules equation.
TIK . )
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whereHzn, is the Henry’s constant of methane in a mixture of JE060118G



