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Densities of Aqueous Blended Amines

Chih-Hao Hsu and Meng-Hui Li*

Department of Chemical Engineering, Chung Yuan Christian University, Chung Li, Taiwan 32023, R.O.C.

The densities of aqueous mixtures of diethanolamine (DEA) + N-methyldiethanolamine (MDEA) + water,
DEA + 2-amino-2-methyl-1-propanol (AMP) + water, and monoethanolamine (MEA) + 2-piperidineethanol
(2-PE) + water were measured from 30 °C to 80 °C. A Redlich—Kister equation of the excess volume
was applied to represent the density. Based on the available density data for five ternary systems: MEA
+ MDEA + H;0, MEA + AMP + H,0, DEA + MDEA + H,0, DEA + AMP + H,0, and MEA + 2-PE +
H,O, a generalized set of binary parameters were determined. The density calculations show quite
satisfactory results. The overall average absolute percent deviation is about 0.04% for a total of 686

data points.

Introduction

Solutions of alkanolamines are an industrially important
class of compounds used in the natural gas and synthetic
ammonia industries and petroleum chemical plants for the
removal of CO; and H,S from gas streams. A wide variety
of alkanolamines such as monoethanolamine (MEA), di-
ethanolamine (DEA), di-2-propanolamine (DIPA), and N-
methyldiethanolamine (MDEA) have been used industri-
ally for a number of years (Kohl and Riesenfeld, 1985). For
CO, removal from gases by absorption in aqueous amine
solutions and amine-promoted hot potassium carbonate,
sterically hindered amines have been shown to have
absorption capacity, absorption rate, selectivity, and deg-
radation resistance advantages over conventional amines
(Sartori and Savage, 1983; Say et al., 1984; Tontiwach-
wuthikul et al., 1991). 2-Amino-2-methyl-I-propanol (AMP)
and 2-piperidineethanol (2-PE) are two of the sterically
hindered amines.

Recently, the use of blended amines has been shown to
produce absorbents with excellent absorption characteris-
tics as well as superior stripping qualities (Chakravarty
et al., 1985). The physical properties of aqueous solutions
such as density are necessary for the design of acid gas
treatment equipment. The density data of some aqueous
solutions of blended amines have been studied in the
literature: MEA/MDEA (Li and Shen, 1992; Li and Lie,
1994; Hagewiesche et al., 1995); MEA/AMP (Li and Lie,
1994); DEA/MDEA (Rinker et al., 1994; Teng et al., 1994).
The density of DEA + AMP + H,0 and MEA + 2-PE +
H,O systems has not yet appeared in the literature. The
objective of this work was to measure the density of ternary
solutions of DEA + MDEA + H,0, DEA + AMP+ H,0,
and MEA + 2-PE + H,0. Furthermore, a Redlich—Kister
equation of the excess volume was to be applied to
represent the measured density. Based on the available
density data for five ternary systems, MEA + MDEA +
H,O, MEA + AMP + H,0, DEA + MDEA + H,0, DEA +
AMP + H,0, and MEA + 2-PE + H,0, a generalized set of
parameters will be determined.

Experimental Section

Alkanolamine aqueous solutions were prepared from
distilled water. The distilled water was degassed by
boiling. All alkanolamines are Riedel-de Haédn reagent
grade with the following purities: MEA, 99%; DEA, 99%;
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Table 1. Comparison of the Densities of Aqueous DEA
Solutions Measured in This Study with Literature
Values

plg-cm=3
20 mass % DEA 30 mass % DEA

Rinker et al. this Rinker et al. this
t/°C (1994) study (1994) study
40 1.0142 1.0149 1.0272 1.0264
60 1.0052 1.0051 1.0170 1.0172
80 0.9931 0.9931 1.0037 1.0046

0.032 0.062

a AAD %.

MDEA, 98.5%; AMP, 98%; 2-PE, 98%. The densities of
solutions were measured by using a 25-mL Gay-Lussac
pycnometer. The measurements were performed in a
constant-temperature water bath, in which the tempera-
ture could be held constant to +0.05 °C. The experimental
errors were estimated to be equal to +0.05% on the basis
of comparisons with literature data.

Results and Discussion

For the density measurement, we have obtained data for
the systems for which density data had been reported in
the literature. Densities of 20 mass % DEA and 30 mass
% DEA aqueous solutions have been reported by Rinker
et al. (1994). The results of density measurements for
temperatures ranging from 40 °C to 60 °C are presented
in Table 1. The average absolute percentage deviations of
the density measurements are 0.03% and 0.06% for 20
mass % DEA and 30 mass % DEA aqueous solutions,
respectively. The density data obtained in this study are
in good agreement with the data of Rinker et al. (1994).

The densities of three blended amine aqueous solutions,
DEA + MDEA + H,0, DEA + AMP + H,0, and MEA +
2-PE + H,0, for temperatures ranging from 30 °C to 80
°C were measured and are presented in Tables 2—4. The
concentrations were selected as a total of 20 and 30 mass
% alkanolamine aqueous solutions. The densities of 10
mass % MEA + 10 mass % MDEA and 10 mass % MEA +
10 mass % AMP aqueous solutions are also reported in
Tables 2 and 3.

To correlate the density of liquid mixtures, a Redlich—
Kister-type equation for the excess molar volume is applied.
For a binary system, the Redlich—Kister equation (Praus-
nitz et al., 1986) has the expression

© 1997 American Chemical Society
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Table 2. Densities (g-cm~2) of DEA + MDEA + H,O

mass % DEA/mass % MDEA

MEA/MDEA
t°C 30/0 2416 18/12 12/18 6124 20/0 15/5 10/10 5/15 10/10
30 1.0306 1.0282 1.0265 1.0254 1.0240 1.0186 1.0172 1.0159 1.0143 1.0082
40 1.0264 1.0242 1.0222 1.0206 1.0188 1.0149 1.0132 1.0117 1.0101 1.0034
50 1.0225 1.0200 1.0175 1.0153 1.0132 1.0093 1.0087 1.0069 1.0055 0.9990
60 1.0172 1.0143 1.0120 1.0095 1.0071 1.0051 1.0031 1.0015 0.9997 0.9935
70 1.0112 1.0082 1.0060 1.0036 1.0012 0.9991 0.9975 0.9955 0.9935 0.9875
80 1.0046 1.0014 0.9991 0.9970 0.9948 0.9931 0.9910 0.9890 0.9872 0.9808
Table 3. Densities (g:cm~3) of DEA + AMP + H;0 Table 5. Density of Six Pure Fluids Used in This Study
MEA/ no. of
mass % DEA/mass % AMP AMP system t/°C data points refa AAD %P
t°C 24/6 18/12 12/18 624 15/5 10/10 6&/15 10/10 o 57895004 s ) 505
30 1.0227 1.0157 1.0086 1.0007 1.0120 1.0066 1.0003 0.9984 30-200 18 ?) 0.028
40 1.0192 1.0113 1.0045 0.9960 1.0085 1.0021 0.9956 0.9952 15-60 10 ?) 0.035
50 1.0138 1.0057 0.9982 0.9898 1.0032 0.9972 0.9904 0.9900 22.89—80.04 5 ) 0.060
60 1.0081 0.9996 0.9919 0.9825 0.9981 0.9914 0.9849 0.9844 MEA 20.3-87.5 5 @) 0.039
70 1.0024 0.9941 0.9853 0.9762 0.9925 0.9855 0.9787 0.9780 30-80 8 ) 0.028
80 0.9946 0.9867 0.9783 0.9692 0.9860 0.9794 0.9725 0.9712 21.95-158.15 8 ) 0.048
DEA 19.7-88.2 5 @ 0.027
Table 4. Densities (g-cm~3) of MEA + 2-PE + H,0 24.05—159.75 8 (5) 0.036
S oy MDEA  15-35 5 3) 0.092
mass % MEA/mass % 2-PE 19.7-88.2 5 Ry 0.037
t/°C  24/6 18/12 12/18 6/24 15/5 10/10 5/15 30—80 8 (6) 0.039
30 1.0088 1.0087 1.0076 1.0065 1.0036 1.0037 1.0033 23.15-197.75 8 (5) 0.055
40 1.0036 1.0026 1.0017 1.0001 0.9990 0.9992 0.9983 AMP 31.9-90.7 6 (4) 0.035
50 0.9980 0.9969 0.9952 0.9937 0.9943 0.9936 0.9927 30-80 6 ©) 0.031
60 0.9923 0.9906 0.9888 0.9873 0.9887 0.9879 0.9867 2-PE 30.6—-84.2 5 ®) 0.012
70 0.9855 0.9839 0.9822 0.9807 0.9829 0.9820 0.9801 overall 115 0.038
80 0.9794 0.9769 0.9746 0.9739 0.9767 0.9752 0.9732 _
a (1) Kell, 1975. (2) Perry and Chilton, 1984. (3) Al-Ghawas et
n al., 1989. (4) Xu et al., 1991. (5) Diguillo et al., 1992. (6) Li and
szlcms-mOIA = XX, Ai(Xl _ Xz)i (1) Shen, 1992. (7) Wang et al., 1992. (8) Xu et al., 1992. (9) Li and

where A; are pair parameters and are assumed to be
temperature-dependent:

A, = a + b(T/K) + c(T/K)? 2)

The excess volume of liquid mixtures for a ternary
system is assumed to be

VE= V%z + VlEa + V2E3 ©))

The excess volume of the liquid mixtures can be calcu-
lated by the measured density of the fluids

VE=V, = Y xVp (4)

where V, is the molar volume of the liquid mixture and V¢
is the molar volume of pure fluids at the temperature of
the system. The molar volumes of the liqud mixtures are

calculated by
_2M, )

Pm

m

where M; is the molar mass of pure component i and pp, is
the measured liquid density.

In eq 1, A; is the pair-interaction parameter; a general-
ized set of parameters can be, in principle, developed on
the basis of the available density data in the literature. In
this study we intend to develop a generalized set of
parameters for the density calculation of blended amine
aqueous solutions. The ternary systems selected for den-
sity calculation are MEA + MDEA + H,0, MEA + AMP +
H,0, DEA + MDEA + H,0, DEA + AMP + H,0, and MEA
+ 2-PE + H,0. The density data utilized in this study are
from the following systems: pure fluids, water and alkanol-

Lie, 1994.  Calculated from eq 6.

Table 6. Parameters of the Density Equation for Pure
Fluids®

pure fluid a; a; as
H,0 0.863 559 1.21494 x 1073 —2.57080 x 1076
MEA 1.190 93 —4.29990 x 104 —5.66040 x 1077
DEA 1.207 15 —1.51200 x 104  —7.66530 x 1077
MDEA 1.228 64 —5.44540 x 104 —3.35930 x 1077
AMP 1.156 32 —6.76170 x 1074 —2.67580 x 1077
2-PE 1.128 30 —1.7650 x 1074 —8.9842 x 1077

a Parameters of eq 6.

amines; binary systems, single-amine aqueous solutions;
ternary mixtures, ternary aqueous solutions of blended
amines.

The density data of the pure fluids applied are presented
in Table 5. The temperature covers a wide range from 15
°C up to 200 °C. The densities of pure fluids are required
to calculate the excess volume, as in eq 4, which is assumed
to be the following expression:

plg-em™2 = a, + a,(T/K) + a,(T/K)? (6)

where a; are parameters. The determined parameters are
presented in Table 6. The average absolute percentage
deviation (AAD%) is about 0.038% for 115 data points. The
AAD% of density calculations for different investigators are
also presented in Table 5. The results of density calcula-
tions of pure fluids are also shown in Figure 1. The
agreement of density measurements among different in-
vestigators is quite good. Among six pure fluids, DEA has
the highest density value and AMP has the lowest value
of density. The densities of H,O and MEA cross each other
near 70 °C. At 50 °C, the densities of the pure fluids have
the order DEA > MDEA > MEA > H,0 > 2-PE > AMP.

The density data of five single-amine aqueous solutions,
MEA + H,0, DEA + H,0, MDEA + H,0, AMP + H,0,



504 Journal of Chemical and Engineering Data, Vol. 42, No. 3, 1997

1.16
(O Al-Ghawas et al., 1989
[7] Diguillo et al., 1992

A Kell, 1975

¢ Li and Shen, 1992

<7 Liand Lie, 1994

@ Perry and Chilton, 1984
W Wangetal,, 1992

A Xuetal, 1991

& Xuetal, 1992

1.05 |

-3

-Cm

o /g

094 |-

0.83 | 1 1 ]
0 50 100 150 200 250

t/°C
Figure 1. Density of the pure fluids: (points) experimental data;
(solid lines) values calculated using eq 6.

Table 7. Density of Binary Alkanolamine Aqueous
Solutions

conc, no. of AAD
system t/°C mass % data points refa %P

MEA + H,O  30-80 30 8 (4) 0.040
30-80 20 6 (6) 0.073

DEA + H,0 20—-100 10 5 (5) 0.029
20—100 20 5 (5) 0.086

20—-100 30 5 (5) 0.070

30—80 20 6 (8) 0.033

30—80 30 6 (8) 0.050

MDEA + H,O 15-60 10 10 (1) o.070
15—-60 20 8 (1) 0.073

15-60 30 8 (1) 0.064

15-50 40 7 (1) 0.058

15-60 50 10 (1) 0.064

30—-80 30 8 (4) 0.013

30—80 20 6 (6) 0.015

60—100 10 3 (5) 0.050

60—100 20 3 (5) 0.094

60—100 30 3 (5) 0.099

60—100 40 3 (5) 0.023

60—100 50 3 (5) 0.104

29.85-49.85 30 3 (7) 0.068

29.85-49.85 40 3 (7) 0.087

AMP + H,O  20.3-88.7 9.05 7 (2) o0.116
20.0—88.7 27.33 7 (2) 0.051

20.3—88.7 50.94 7 (2) 0.097

20.0—-90.7 73.62 7 (2) 0.042

20.0—90.7 88.32 7 (2) 0.035

30—80 20 6 (6) 0.048

30—80 30 6 (6) 0.084

2-PE + H,O  25-83.5 10 5 (3) 0.063
25—-83.5 30 5 (3) 0.168

25—83.5 45 5 (3) o0.018

25-83.5 60 5 (3) 0.044

25-83.5 75 5 (3) 0.022

overall 259 0.053

a3 (1) Al-Ghawas et al., 1989. (2) Xu et al., 1991. (3) Xu et al.,
1992. (4) Li and Shen, 1992. (5) Rinker et al., 1994. (6) Li and
Lie, 1994. (7) Hagewiesche et al., 1995. (8) This study. P Calcu-
lated from eq 1.

and 2-PE + H,0, are listed in Table 7. The temperature
ranges from 20 °C to 100 °C, and the concentration ranges
from 9 to 88 mass % amine. The binary parameters, A; in
eq 1, for five pairs, MEA—H,0, DEA—H,0, MDEA—H,0,
AMP—H,0, and 2-PE—H,0, are determined from the
density data of the single-amine aqueous solutions, and the

Table 8. Density of Blended Amine Aqueous Solutions

conc, no. of

massl % + data AAD

system t°C mass2 % points refa %P
MEA + MDEA + 30-80 6+ 24 8 (1) 0.012
H,O 30—-80 12 +18 8 (1) 0.034
30—80 18 +12 8 (1) 0.023
30—-80 24+6 8 (1) 0.011
30—-80 5+ 15 6 (2) 0.067
30—-80 15+5 6 (2) 0.049
30—80 10 + 10 6 (6) 0.060
29.85—-49.85 1.5+ 285 3 (5 0.046
29.85—-49.85 3.0 +27.0 3 (5 0.068
29.85-49.85 4.5+ 255 3 (5) 0.077
29.85—-49.85 2.0 +38.0 3 (5 0.015
29.85—-49.85 4.0 +36.0 3 (5 0.004
29.85—-49.85 6.0 +34.0 3 (5 0.057
MEA + AMP + 30—80 6+ 24 6 (2) 0.011
H,O 30—-80 12 +18 6 (2) 0.029
30—-80 18 +12 6 (2) 0.034
30—80 24+ 6 6 (2) 0.013
30—80 5+ 15 6 (2) 0.088
30—-80 10+ 10 6 (6) 0.055
30—-80 15+5 6 (2) 0.083
DEA + MDEA + 25-80 1.94 + 30.24 7 (4) 0.011
H,O 25—-80 1.13 + 29.68 7 (4 0.015
25—-80 2.48 + 27.76 7 (4) 0.016
25-80 3.47 +26.71 7 (4 0.014
25—80 4.48 + 25.50 7 (4) 0.010
25—-80 5.64 + 24.44 7 (4 0.013
25—-80 7.64 + 22.86 7 (4) 0.008
25—-80 1.04 + 24.00 7 (4) 0.029
20—-100 2.11 + 47.89 5 (3) 0.047
20—-100 9.04 + 40.96 5 (3) 0.025
20—100 15.314+-34.69 5 (3) 0.020
20—-100 18.52+31.48 5 (3) 0.030
30—-80 5+ 15 6 (6) 0.031
30—-80 10+ 10 6 (6) 0.022
30—80 15+5 6 (6) 0.022
30—80 6+ 24 6 (6) 0.020
30—-80 12 +18 6 (6) 0.006
30—80 18 + 12 6 (6) 0.030
30—80 24+6 6 (6) 0.040
DEA + AMP + 30—-80 5+ 15 6 (6) 0.038
H,O 30—-80 10+ 10 6 (6) 0.019
30—-80 15+5 6 (6) 0.026
30—-80 6+ 24 6 (6) 0.034
30—-80 12 +18 6 (6) 0.027
30—80 18 +12 6 (6) 0.024
30—-80 24+6 6 (6) 0.042
MEA + 2-PE + 30—-80 5+ 15 6 (6) 0.100
H,O 30—-80 10+ 10 6 (6) 0.025
30—80 15+5 6 (6) 0.052
30—-80 6+ 24 6 (6) 0.026
30—-80 12 +18 6 (6) 0.054
30—80 18 +12 6 (6) 0.014
30—-80 24+6 6 (6) 0.019
overall 312 0.031

a (1) Li and Shen, 1992. (2) Li and Lie, 1994. (3) Rinker et al.,
1994. (4) Tengetal., 1994. (5) Hagewiesche et al., 1995. (6) This
study. P Calculated from eq 3.

values are listed in Table 9. The AAD % for the density
calculation for each investigator are also presented in Table
7. For a total of 253 data points, the overall AAD % for
the density calculations of binary systems is about 0.053%.
Except for the systems of 50 mass % MDEA + H,0 (AAD
% = 0.104%), 9.05 mass % AMP + H,0 (AAD % = 0.116%),
and 30 mass % 2-PE + H,O (AAD % = 0.168%), all the
density calculations are below 0.1% which is a quite
satisfactory result. From the results of the density calcula-
tions in Table 7, it has been shown that the density of
single-amine aqueous solutions can be well-represented by
the Redlich—Kister equation of the excess volume, i.e., eq
1. The results of density calculations for DEA + H0,
MDEA + H,0, and AMP + H,0 are also shown graphically
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Table 9. Binary Parameters of the Redlich—Kister Equation of the Excess Volume

binary pairs
param MEA + H»0 DEA + H,0 MDEA + H»0 AMP + H,0 2-PE + H20
Ao a —5.92024 x 1072 —3.31562 x 10 —2.88774 x 10 —6.51042 —6.04991
b —1.77290 x 104 8.11654 x 1072 6.95810 x 102 5.02584 x 1073 5.69162 x 103
c —1.10780 x 10°© 6.15156 x 1076 —5.03040 x 1077 1.08578 x 1076 —2.0967 x 1076
Aq a 2.17490 —3.52516 x 10 —2.06623 x 10 5.55560 1.2181 x 10
b 1.10385 x 10—° 9.75694 x 1072 6.36707 x 1072 —1.1325 x 1072 —3.11374 x 1072
binary pairs
MEA + MDEA MEA + AMP DEA + MDEA DEA + AMP MEA + 2—PE
Ao a —2.42756 x 10 5.53222 —1.24706 x 10 1.75649 x 103 —1.0461 x 103
b 1.89797 x 1071 1.62914 x 101 1.00561 x 1071 —1.06202 x 10 6.16956
c —2.8825 x 1074 —6.4438 x 1074 —1.62790 x 104 1.59224 x 1072 —8.40241 x 1073
A a 0 0 0 0 0
b —1.05682 9.86571 x 1071 9.6347 x 1072 —1.28358 —6.67145
c 4.28233 x 1073 —2.39399 x 103 1.02886 x 1075 4.86136 x 1073 8.06681 x 1073
Az a 0 0 0 0 0
b —1.49472 x 10 —2.70341 x 10 —7.53195 x 1073 —6.44203 x 10 1.11186 x 102
c 1.52253 x 1072 5.68765 x 1072 —3.651 x 1073 2.35996 x 101 2.93065 x 101
1.05 1.07
DEA+HL,0 MDEA+H0
[ Rinker et al., 1994 (3 Al-Ghawas et al., 1989
X A this study I [ Rinker etal., 1994
- ¢ A Hagewiesche et al., 1995
@ LiandLie, 1994
W this study
1.02 (- 1.03 |
[ E I E
Q Q
80 8
Q. Q.
099 ™~ 099 ~ 50 mass%
40 mass%
"1 30 mass%
L L 120 mass%
x| 10 mass%
0.96 | 1 1 095 1 | ]
o] 30 60 90 120 0 30 60 90 120

t/C
Figure 2. Density of diethanolamine aqueous solutions: (points)
experimental data; (solid lines) values calculated using eq 1.

in Figures 2—4. As shown in Figure 2, the density
calculations for 10 to 30 mass % DEA aqueous solutions
are quite satisfactory. For the MDEA + H,O system,
except for the data of 50 mass % MDEA (Rinker et al.,
1994), all the density calculations are quite satisfactory.
At the same temperature, the density of MDEA + H,0
increases with increases in the mass % of MDEA. The
density data of AMP + H,O cover a wide concentration
range, i.e., from 9.05 to 88.32 mass % AMP. The density
calculations for the AMP + H,O are quite good, as shown
in Figure 4. The density of AMP + H,0O decreases as the
AMP mass % increases.

The density data of the ternary aqueous solutions of
blended amines considered in this study are for MEA +
MDEA + H,0, MEA + AMP + H,0, DEA + MDEA + H,0,
DEA + AMP + H;0, and MEA + 2-PE + H;0O. The pair-
interaction parameters for MEA—MDEA, MEA—AMP,
DEA—MDEA, DEA—AMP, and MEA—2-PE are determined
from these ternary systems and are presented in Table 9.
In Table 9, the AAD % of density calculations for each
ternary system are also presented. Except for the system
5 mass % MEA + 15 mass % 2-PE + H,0 (AAD % = 0.1%),
the density calculations for all the ternary systems are less
than 0.1%. The overall AAD % is about 0.031% for a total
of 312 data points. In Figure 5, the results of density

t/'C
Figure 3. Density of N-methyldiethanolamine aqueous solutions

for concentrations up to 50 mass % MDEA: (points) experimental
data; (solid lines) values calculated using eq 1.

1.06

AMP+HO

mass% AMP

) 905 Xuetal, 1991
} | 27.33 Xuetal, 1991
/2 50.94 Xuetal, 1991
O 76.62 Xuetal, 1991
V 8832 Xuetal, 1991
@® 20 LiandLie, 1994
W 30 LiandLie, 1994

1.00

/g-cm

)

&

0 25 50 75 100
t/C
Figure 4. Density of 2-amino-2-methyl-1-propanol aqueous solu-

tions for various concentrations: (points) experimental data; (solid
lines) values calculated using eq 1.

calculations for MEA + MDEA + H,O is shown for six
concentrations (a total of 30 mass %) obtained from two
data sources (Li and Shen, 1992; Hagewiesche et al., 1995).
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1.06
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Figure 5. Density of monoethanolamine + N-methyldiethanol-
amine aqueous solutions for seven concentrations: (points) ex-
perimental data; (solid lines) values calculated using eq 3.
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Figure 6. Density of diethanolamine + N-methyldiethanolamine
aqueous solutions for eight concentrations: (points) experimental
data; (solid lines) calculated values using eq 3.

As shown in Figure 5, the density calculations using the
Redlich—Kister equation for the ternary system MEA +
MDEA + H,0 are quite satisfactory. The results of density
calculations for six DEA + MDEA + H,0 systems are
shown in Figure 6. The DEA + MDEA + H,0 systems
cover a wide concentration range, the total amine concen-
tration varies from 30 to 50 mass %. As shown in Figure
6, the density calculations are quite satisfactory. Figure
7 shows the density calculations for DEA + AMP + H,0O
for temperature 25 to 80 °C. The AAD % for the density
calculations for DEA + AMP + H,0 is 0.03% for 42 data
points. From the results presented in Table 8, it can be
said that the density of ternary aqueous solutions of
blended amine tested in this stydy can be well-correlated
by the Redlich—Kister equation. A summary of the results
of density calculations for pure fluids, single-amine aqueous
solutions, and ternary aqueous solutions of blended amines
are presented in Table 10. The overall AAD % for 686 data

1.05
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mass% DEA/mass% AMP
6/24 this study
] 12718 this study
/A 18/12 this study
& 246 this study
® 5/15 this study
]

A
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Figure 7. Density of diethanolamine + 2-amino-2-methyl-1-
propanol agqueous solutions for various concentrations: (points)
experimental data; (solid lines) calculated values using eq 3.

Table 10. Summary of the Results of Density
Calculations for Aqueous Alkanolamine Solutions Using
the Redlich—Kister Equation

system no. of data points AAD %
H,0 38 0.034
MEA 21 0.038
DEA 13 0.033
MDEA 26 0.054
AMP 12 0.033
2-PE 5 0.012
MEA + H,0 14 0.054
DEA + H;O 27 0.042
MDEA + H,0 78 0.059
AMP + H,0 a7 0.068
2-PE + H.0O 25 0.063
MEA + MDEA + H,0 68 0.037
MEA + AMP + H,0 42 0.045
DEA + MDEA + H,O 118 0.021
DEA + AMP + H,O 42 0.030
MEA + 2-PE + H,0O 42 0.041
overall 686 0.041

points is 0.041%, which is satisfactory for the design
calculations.

Conclusion

The densities of aqueous mixtures of diethanolamine +
N-methyldiethanolamine + water, DEA + 2-amino-2-
methyl-1-propanol + water, and monoethanolamine +
2-piperidineethanol + water were measured from 30 °C to
80 °C. A Redlich—Kister equation of the excess volume
was applied to represent the available density data of five
aqueous solutions of blended alkanolamines, MEA +
MDEA + H;0, MEA + AMP + H,0, MEA + 2-PE + H,0,
DEA + MDEA + H;0, and DEA + AMP + H,O. Based on
the available density data in the literature, a generalized
set of parameters in the Redlich—Kister density equation
was determined. The overall AAD % for the density
calculations is 0.041% for 686 density data points including
pure fluids, single-amine aqueous solutions, and ternary
aqueous solutions of blended amines. The results are
satisfactory. The present correlation can be used for
density calculations of blended amine aqueous solutions
for industrial design calculations.
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