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EpuW#wkm rolubllltkr of carbon dioxide In aqueous 
mbrturm of monoothadamlno (MEA) wlth 
N+nothyMkthaolamine (MDEA) have been studied 
oxporlnnntaHy at 40, 60, 80, and 100 O C  and at partial 
prouuros of carbon dioxMe between 1.0 and 2000 kPa. 
Tho systoms soloctod for study are 6 wt % MEA + 24 wt 
% MDEA and 18 wt % MEA + 12 wl % MDEA aqueous 
solutknr. Tho oquiiibrlum solublllties of carbon dioxide in 
a q m  solutknr are reported as functions of the partial 
p" of carbon dioxlde for tomperatures of 40-100 
O C .  Tho d.ndtk of tho MENMDEA aqueous solutions at 
a- prossure were ako measured at 
tunpwaturos ranging from 30 to 80 "C. The systems 
soloctod for d.nrlty moauuemonts are pur. MEA, pure 
MDEA, 30 wt % MEA, 24 wt % MEA + 6 wt % MDEA, 
18 wt % MEA 4- 12 wt % MDEA, 12 wl % MEA + 18 wt 
% MDEA, 6 wl % MEA + 24 wl % MDEA, and 30 wt % 
MDEA aQuwu8 solutions. 

Introductlon 

Alkanolamine aqueous solutions are frequently used for the 
remove1 of add gases, such as CO, and H2S, from gas streams 
in the natural gas and synthetic ammonia industrles and petro- 
leum chemical plants. Industrially important alkanoiamine 
aqueous soiutlons are monoethanolamine (MEA), diethanoi- 
amine (DEA), dl-2-propanoiamlne (DIPA), and N-methyldi- 
ethanolamine (MDEA). Aqueous MEA solutions have been 
widely used due to their high reactivity, low solvent cost, ease 
of reclamation, and low absorption of hydrocarbons (7) .  For 
a gas stream that contains both CO, and H,S, the aqueous 
MDEA solution is found to be an appropriate solution for the 
selectbe removal of H,S from the gas stream. Advantages of 
the use of MDEA solutions include their high loading capacity 
(about 1.0 mol of CO,/moi of amine) and low heat of reaction 
with the add gases (2). However, the low reaction rate of CO, 
with tertiary amlnes limits the use of MDEA solutions (3). 

Recently the use of blended amines, a solution of two or 
more amlnes In varying compositions, brings about a consid- 
erabk improvement in absorptbn and a great savings in energy 
requkements (4). The use of blended amines intends to com- 
bine the absorption characteristics of the constituent amines: 
advantages of the use of the individual amine, such as the 
higher loading capacity and the faster reaction rate, are ex- 
pected to contribute to the resulting solution. Blends of primary 
and tertiary amines, mixtures of MEA and MDEA, have been 
sugg8sted to be used for CO, removal (4). Knowledge of the 
equilibrium solubility of acid gases such as CO, and H,S In 
akanolamlne aqueous solutions is essential in the design of the 
gas absorption units for removing these acid gases from gas 
streams. The solubilities of CO, In 2.0 kmol/m3 MEA + 2.0 
kmol/m3 MDEA aqueous solutlons were reported at 40 and 80 
"C for partial pressures of CO, below 315 kPa (5). For partial 
pressures of COP up to 2000 kPa and at 40-100 OC, the soi- 
ubilities of CO, in 30 wt % MDEA, 12 wt % MEA + 18 wt % 
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MDEA, 24 wt % MEA + 6 wt % MDEA, and 30 wt % MEA 
aqueous sokrtkns have been reported In our previous work (6). 
I t  is the purpose of this research to study experimentally the 
solubilities of COP In 6 wt % MEA + 24 wt % MDEA and 18 
wt % MEA + 12 wt % EAaqueuussokrtionsat 40,60,80, 
and 100 OC and at partial pressures of COP ranging from 1.0 
to 2000 kPa. Also, at atmospheric pressure and at tempera- 
tures of 30-80 OC, the densities of the MEAIMDEA aqueous 
soknions are also meawed on the basis of the ASTM standard 
test method. The systems selected for denslty measurements 
are pure MEA, pure MDEA, 30 wt % MEA, 24 wt % MEA + 
6 wt % MDEA, 18 wt % MEA + 12 wt % MDEA, 12 wt % 
MEA + 18 wt % MEA, 6 wt % MEA + 24 wt % MDEA, and 
30 wt % MDEA aqueous solutions. 

Experimental Section 

7. s o l l k r # L y y ~ .  Inordert~makeCO~sokrbIilty 
measurements over the MEAIMDEA aqueous solutions for 
partial pressures of CO, ranging from 1 to 2000 kPa, two va- 
por-liquid equilibrium apparatus have been set up and tested 
in this study. For partial pressures of CO, above 200 kPa, the 
equilibrium solubility of CO, was measured in a stirred 0 . 5 1  
ZlpperClave batch equilibrium cell. A 1.0-L stainless steel va- 
por-recirculation equilibrium cell was used to measure the 
equilibrium solubility of CO, In aqueous amine solutions for 
partial pressures of CO, below 200 kPa. In the regkm of low 
partial pressures of CO,, nitrogen was introduced and mixed 
with COP, and the partial pressure of CO, was determined by 
gas chromatography. The solubility (loading capacity) of CO, 
in amhe sokrtkns was determined by usingthetltratk~ method. 
The materials, vapor-liquid equiHbrlum apparatus, and methods 
of analysis are essentially the same as those used in our pre- 
vious work on the solubility of COP in MEAIMDEA aqueous 
solutions (6). 

2. Dmdly h l " m t .  The densities of MEA/MDEA 
aqueous solutions were measured by using a 25-mL Qaylus- 
sac pycnometer. The procedure used to determine the density 
of the solution Is based on the ASTM D 3505 standard test 
method (7). The temperature of the thermostat is controlled 
by a TU-16A immersion circulator, made by Techne Inc. to 
wlthin fO.01 OC of the desked temperature. The density of the 
sdutkn is calculated by the observed welght of the sample and 
that of the degassed pure water (7). The densities of the pure 
water are adopted from the values reported in the chemlcei 
Engine" Mndbook (8). The density measurements were 
made over the temperature range of 30-80 OC. 

Results and Dkcurrlon 

The sampling, analytical procedures, and vapor-liquid equi- 
librium apparatus in this work have been tested by obtaining 
CO, solubility data in a 15.3 wt % MEA aqueous solution, the 
system at which CO, solubility data had previously been re- 
ported (9- 7 7). CO, solubility data obtained in this work are 
found to be in good agreement with the soiuMllty data previously 
published (6). The CO, solubility data obtained at 40, 60, 80, 
and 100 "C are presented in Tables I and I1  for 6 wt % MEA 
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Table I. Partial Pressure P o t  COz in 6 wt % MEA + 24 wt 
% MDEA Aqueous Solution for Loading of COz, a (mol of 
COz/total mol of amine) 

t / " C  PlkPa a t/OC PlkPa a 

40 1.12 
3.59 
12.56 
22.86 
53.61 
108.1 
174.8 
442.0 
828.0 
1235.0 
1579.0 
2000.0 

60 2.05 
5.70 
10.01 
22.16 
45.40 
101.6 
167.6 
450.0 
822.0 
1222.0 
1608.0 
2029.0 

0.300 
0.381 
0.490 
0.583 
0.675 
0.761 
0.809 
0.878 
0.916 
0.978 
0.989 
1.015 
0.282 
0.335 
0.372 
0.437 
0.533 
0.613 
0.692 
0.768 
0.876 
0.903 
0.925 
0.945 

80 1.46 
6.07 
17.17 
26.83 
35.55 
82.75 
128.2 
397.0 
797.0 
1225.0 
1611.0 
2080.0 

100 2.88 
5.73 
10.30 
28.45 
41.40 
86.28 
134.8 
1168.0 
1540.0 
1905.0 

0.195 
0.254 
0.314 
0.359 
0.375 
0.439 
0.488 
0.598 
0.701 
0.757 
0.778 
0.816 
0.185 
0.210 
0.236 
0.282 
0.320 
0.363 
0.416 
0.634 
0.646 
0.664 

Table 11. Partial Pressure P of C02 in 18 wt % MEA + 12 
wt % MDEA Aqueous Solution for Loading of COz, a (mol 
of COJtotal mol of amine) 

t f°C PfkPa a t f0C  PfkPa a 

40 2.04 
6.60 
13.91 
24.05 
46.22 
81.33 
144.0 
435.0 
835.0 
1242.0 
1594.0 
1973.0 

60 1.68 
5.35 
15.56 
26.68 
44.99 
91.16 
145.4 
423.0 
823.0 
1237.0 
1588.0 
1933.0 

0.415 
0.480 
0.517 
0.548 
0.582 
0.611 
0.650 
0.732 
0.762 
0.820 
0.851 
0.881 
0.331 
0.409 
0.460 
0.481 
0.517 
0.559 
0.574 
0.654 
0.717 
0.759 
0.771 
0.793 

80 1.73 
4.17 
11.25 
24.98 
34.35 
76.41 
117.3 
398.0 
791.0 
1205.0 
1557.0 
1950.0 

100 1.37 
2.22 
3.72 
9.57 
17.83 
33.49 
67.62 
83.80 
480.0 
756.0 
1177.0 
1501.0 
1901.0 

0.232 
0.296 
0.363 
0.417 
0.440 
0.470 
0.504 
0.554 
0.605 
0.650 
0.667 
0.713 
0.167 
0.188 
0.235 
0.264 
0.311 
0.360 
0.407 
0.415 
0.470 
0.525 
0.549 
0.580 
0.612 

+ 24 wt % MDEA and 18 wt % MEA + 12 wt % MDEA, 
respectively. Plots of partlei pressures of CO, as a functlon of 
the CO, SOkrbDty are shown gaphicaiy in F i~ues  1 and 2. As 
shown in Figures 1 and 2, the CO, loading capacities in aika- 
nolamine aqueous solutions vary systematically with the partlal 
pressures of COP. Also, the higher the temperature of the 
system b, the bwer the C02 solubility observed. To investigate 
the effect of amine concentrations on CO, solubility, plots of 
sokrbllty data in four W M D E A  aqueous sokrtkns as functions 
of partial pressures of CO, at 60 and 80 OC are shown in Figwe 
3 and 4. The solubilities of COP in 30 wt % MEA and in 30 
wt % M E A  were adopted from our previous results (6).  As 
can be seen in Figure 3, COP solubilities vary systematically 
from 30 wt % MDEA, to 18 wt % MEA + 12 wt % MEA,  to 
6 wt % MEA + 24 wt % MDEA, to 30 wt % MEA, and all four 
solubility curves cross each other at a point where the COP 

0 0  0 2  0 4  0 6  0 8  1 0  1 2  

a , mol of C02/(mol  of amine)  

Flgvr 1. PaWalpressuePof COPln6wt % MA+ 24wt % MDEA 
aqueous solutbn at various temperatures for various badlngs a (tnd 
of C02/total mol of amine). 

0 0  0 2  0 4  0 6  08 1 0  1 2  

cx , mol of co,/(mol of amine)  

Figure 2. Partial pressure P of COP In 18 wt % MEA + 12 wt % 
M E A  aqueous solutbn at various temperatures for various loadings 
CY (mol of CO,/total mol of amine). 

partial pressure is about 45 kPa. In  Figure 4, CO, solubility 
curves also cross each other. 

The densities of the MEAIMDEA aqueous solutions at t em 
peratures 30-80 OC are reported in Table 111. I n  Flgure 5, 
the plots of density versus the temperature for amine solutions 
are shown. For comparison the densities of the pure water, 
adopted directly from the values reported in the Chemical En- 
gineers' Handbook (8),  are also shown in Figure 5. As shown 
in Figwe 5, the densHes of the aqueous amine sdutions change 
systematically from the 30 wt % MEA to the 30 wt % MDEA 
aqueous solutions. 

Con c l url o n 

The equilibrium solubilities of CO, in 6 wt % MEA + 24 wt 
% MDEA and 18 wt % MEA + 12 wt % MDEA aqueous 
solutkns have been reported at temperatms of 40,60,80, and 
100 O C  and for partial pressures of CO, ranging from 1.0 to 
2000 kPa. The denstties of the MEAIMDEA aqueous solutions 
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