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Vapor Pressures of Several Commercially Used Alkanolamines
Katarina Klepééovéf Patrick J. G. Huttenhuis,*" Peter W. J. Derks," and Geert F. Versteeg*’*

"Procede Gas Treating B.V., P.O. Box 328, 7500 AH, Enschede, The Netherlands
*Department of Chemical Engineering, University of Groningen, P.O. Box 72, 9700 AB, Groningen, The Netherlands

ABSTRACT: For the design of acid gas treating processes, vapor—liquid equilibrium (VLE) data must be available of the solvents
to be applied. In this study the vapor pressures of seven frequently industrially used alkanolamines (diethanolamine, N-
methylethanolamine, N,N-dimethylethanolamine, N,N-diethylethanolamine, diisopropanol-amine, 2-(2-aminoethoxy)ethanol,
2-amino-2-methyl-1-propanol) were measured in an ebulliometer. The VLE experiments were carried out at presssures between
(1and 400) kPa and at a maximum temperature of 453 K. The experimental data can be used to improve the thermodynamic models
in gas treating processes and to determine the amine losses in the absorber and desorber.

Bl INTRODUCTION

Aqueous solutions of alkanolamines are commonly used in the
industry to remove acidic gases, primarily CO, and/or H,S, from
industrial gas streams, like natural gas and flue gas. Accurate
experimental vapor—liquid equilibrium (VLE) data are impor-
tant parameters for the development of these gas treating pro-
cesses. These experimental VLE data are required to regress the
thermodynamic models used in process simulators for gas
treating processes. In open literature, vapor pressure data of
several commonly used alkanolamines are limited or even not
available at all. In this paper, new vapor pressure data as
determined in an ebulliometer are presented and compared with
literature data, if possible.

B EXPERIMENTAL SECTION

Materials. All chemicals used in this work were provided by
Sigma Aldrich and Acros Organics and used without further
purification. Detailed information on these chemicals can be
found in Table 1.

Experimental Apparatus. The vapor pressure measure-
ments were carried out in a modified Swietoslawski ebulli-
ometer, which is described in detail by Rogalski and Mala-
nowski." In this work, an all-glass Fischer-Labodest apparatus
was used and this setup can at present be used between
pressures from (1 to 400) kPa and a maximum temperature
0f 453 K. The operation procedure is based on the principle of
the “circulation method”. A schematic diagram of the appara-
tus is presented in Figure 1.

During a typical experiment, about 75 mL of solvent was
initially placed gravimetrically in the ebulliometer. The pressure
controller was set to the required value, and the liquid was heated
by the submerged electrical heater (1) and partially evaporated.
VLE is established inside the separation chamber (4). The
equilibrium vapor is condensed and completely mixed with the
liquid phase by flow turbulence (8 —9). Both the circulated liquid
and the condensed vapor are routed back to the heater to
complete the normal circulation. Samples could be taken from
both the liquid (7) as the condensed vapor phase (6). However,
these sampling points were not used in this work, because only

v ACS Publications ©2011 American chemical Society

pure components were tested. The pressure of the system was
adjusted accurately with a combination of a vacuum pump and
nitrogen supply. The temperature during the VLE experiments
was detected with a precision of 0.1 K. The precision of the mea-
surement of vapor pressure is estimated to be 0.5 % for the low
pressure data (1 < P < 50 kPa) and 0.2 % for the high pressure
data (50 < P < 400 kPa).

B RESULTS

Validation Experiments. To test and validate the experimen-
tal setup, several validation experiments have been carried out
with pure water and pure MEA. For these two components
sufficient data is available in open literature for data comparison.
The vapor pressure of water is studied very extensively, and
scatter in the water vapor pressure is very limited. Accurate data
for the water vapor pressure can be found at the National
Institute of Standards and Technology (NIST) Web site.” In
Table 2 the vapor pressure of water at different temperatures as
determined in this work is compared with data from literature.>

Results from numerous studies of the vapor pressure of pure
MEA have been reported in the open literature. Different exper-
imental methods have been used to obtain the MEA vapor
pressure for a wide range of conditions. Therefore, the alkano-
lamine MEA was chosen for an additional validation of the appa-
ratus used in this study. In Table 3, the vapor pressure data of
MEA as determined in this study are presented, and in Figure 2 a
comparison with literature data is shown.

From Table 2 (water) and Figure 2 (MEA), it can be con-
cluded that the VLE data determined during the above-described
validation experiments are excellent in line with VLE data reported
in open literature within the complete operating range of the
VLE apparatus.
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Table 1. Details about the Chemicals Used in This Work

name

water

2-aminoethanol
diethanolamine
N-methylethanolamine
N,N-dimethylethanolamine
N,N-diethylethanolamine
diisopropanolamine
2-(2-aminoethoxy)ethanol
2-amino-2-methyl-1-propanol

MEA
DEA
MMEA
DMMEA
DEMEA
DIPA
DGA
AMP

CAS No. vendor purity
7732-18-5 Acros Organics HPLC grade
141-43-5 Sigma-Aldrich >99.5 %
111-42-2 Acros Organics 99 %
109-83-1 Sigma-Aldrich 98+ %
108-01-0 Sigma-Aldrich 99.5 %
100-37-8 Acros Organics 99 %
110-97-4 Acros Organics 99 %
929-06-6 Acros Organics 98 %
124-68-5 Acros Organics 99 %

Table 3. Vapor Pressure P of MEA as a Function of

Temperature T

Figure 1. Schematic diagram of the Fischer Labodest apparatus (1,
immersion heater; 2, mixing chamber; 3, lengthened contact path; 4,
separation chamber; S, magnetic sample valves; 6, condensed vapor
sample takeoff; 7, liquid sample takeoff; 8, 9, circulation streams; 10,
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sampling port).

Table 2. Vapor Pressure of Water (This Work and

Literaturez)

water this work literature
P/kPa T/K T/K
119 322.6 3224
30.9 343.0 3429
69.9 362.9 363.0

100.0 372.4 372.8

150.0 383.9 384.5

270.2 402.3 403.1

400.3 415.8 416.8

Figure 2. Experimental data of the vapor pressure P of MEA as function
of temperature T: @, this work; [J, Matthews et al. ;> A, McDonald etal ;*
0, Nath and Bender;® X, Tochigi et al®

B EXPERIMENTAL RESULTS

In this section the new results of the (alkanolamine) vapor
pressure experiments are presented and compared with available
literature data. These vapor pressure data have been correlated
with an Antoine correlation. The Antoine parameters for each
alkanolamine are presented at the end of this section. AP
represents the absolute error between the measured experimen-
tal value and the Antoine correlation.

Diethanolamine (DEA). In Table 4, the measured VLE data of
DEA are presented, and in Figure 3, a comparison with literature data
is presented. The available VLE data of pure DEA in open literature
show some scatter between the different authors. From Figure 3 it can
be concluded that the new data are in line with other literature sources

2243 dx.doi.org/10.1021/je101259r |J. Chem. Eng. Data 2011, 56, 2242-2248



Journal of Chemical & Engineering Data

Table 4. Vapor Pressure of DEA 1000
T/K Pp/kPa AP?/kPa
4275 144 0.00 /J“
433.0 1.94 0.05 100 1
4414 2.94 0.14 s ,/e-/@/,
4474 3.94 0.26 s g
452.4 494 0.36 /
“AP = Pey, — Py 101
10

323 343 363 383 403 423 443
TIK

Figure 4. Vapor pressure P of MMEA as function of temperature T: @,
this work; X, Noll et al,;'® ¢, Steele et al;'' —, Antoine correlation.

P/ kPa

Table 6. Vapor Pressure of DMMEA

T/K P.,/kPa AP?/kPa
X
N 309.5 1.44 —0.07
1 320.8 2.94 0.08
113
330.4 4.94 0.21
TIK
338.5 7.44 0.36
Figure 3. Vapor pressure P of DEA as function of temperature T: @, this 344.7 9.94 0.49
work; X, Danov et al;” [, Horstmann et al;® A, Abedinzadegan Abdi 360.9 19.9 0.90
and Meisen;” —, Antoine correlation. 3712 29.9 123
Tabl ¢ 385.3 499 1.53
able S. Vapor Pressure of MMEA 3976 75.0 148
T/K Pyp/kPa AP*/kPa 406.8 100.0 1.09
413.1 120.0 0.35
341.8 1.94 —0.17
420.9 150.0 —0.71
347.9 2.94 0.00
431.6 200.0 —341
357.5 4.94 0.07
440.4 250.1 —6.67
365.7 7.44 0.12
447.8 300.2 —10.45
3716 9.94 027 “AP—p. —p
387.4 19.9 0.53 = Fex cale
397.3 29.9 0.72
404.8 39.9 0.81
411.0 49.9 0.68 1000

4227 75.0 0.14

4314 100.0 —0.71 ///
100

437.3 120.0 —1.90

4425 140.0 —342 /

444.8 150.0 —4.06

449.1 170.0 —5.48
4511 180.0 —6.44 /
aAP:Pexp_Pcalc' 1

P/kPa
3

at the measured temperature range. Only the VLE data presented by 0.1

Danov et al.” are not in line with the other literature data and the new A o :73 o ooam A aw

VLE data. These experimental data have not been used for the

determination of the constants of the Antoine correlation. Figure S. Vapor pressure P of DMMEA as function of temperature T: @,
N-Methylethanolamine (MMEA). Two different literature this work; O, Kapteina et al.'* A, Touhara et al;'* —, Antoine correlation.

sources were found for MMEA, and the newly measured vapor

pressure data as presented in Table 5 are good in line with VLE N,N-Dimethylethanolamine (DMMEA). Vapor pressure data

data obtained from literature (refer to Figure 4). for DMMEA were limited in literature. Only two sources

2244 dx.doi.org/10.1021/je101259r |J. Chem. Eng. Data 2011, 56, 2242-2248
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Table 7. Vapor Pressure of DEMEA

T/K Pp/kPa AP?/kPa
333.2 1.94 —0.11
340.7 2.94 —0.08
351.0 4.94 —0.03
359.8 7.44 0.03
366.5 9.94 0.07
383.9 19.9 0.29
395.1 29.9 0.46
410.5 499 0.82
423.9 75.0 1.16
434.0 100.0 1.34
440.9 120.0 127
443.9 130.0 129
449.5 150.0 1.25

“AP =Pexp - Pcalc*
1000
100
[
&
o
10
1 . N " N " N
323 343 363 383 403 423 443
T/K

Figure 6. Vapor pressure P of DEMEA as function of temperature T: @,
this work; O, Steele et al;'* —, Antoine correlation.
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Table 8. Vapor Pressure of DIPA

Figure 7. Vapor pressure P of DIPA as function of temperature T: @, this
work; A, CRC Handbook of Chemistry and Physics;21 —, Antoine correlation.

(Kapteina et al.'* and Touhara et al."*) were found, and both
groups of authors measured the DMMEA vapor pressure only at
low temperature up to 316 K. In this work new vapor pressure
data were determined up to a temperature of 448 K as shown
in Table 6. The new obtained data showed a good agreement

T/K Pp/kPa AP?/kPa
409.6 1.44 0.02
415.0 1.94 0.01
419.4 244 —0.01
423.0 2.94 —0.01
426.3 3.44 —0.03
429.0 3.94 0.00
431.7 4.44 —0.05
433.8 4.94 —0.01
436.1 544 —0.05
441.6 6.94 —0.02
443.3 7.44 —0.04
444.7 7.94 0.01
446.3 8.44 —0.03
447.5 8.94 0.0
448.9 9.44 0.01
450.1 9.94 0.08
451.3 10.4 0.10
4514 104 0.03
452.7 10.9 0.02

“AP = Py, — Peye
Table 9. Vapor Pressure of DGA

T/K P,,,/kPa AP?/kPa
391.5 1.94 —0.07
399.4 2.94 —0.06
405.3 3.94 —0.02
410.1 4.94 —0.01
419.2 7.44 0.05
426.0 9.94 0.11
436.2 14.9 0.23
443.9 19.9 0.34
450.1 24.9 0.48

“AP =Py — P
100
T °
J»/.e/
-
o
//
1 . .
373 393 413 433 453 473

TIK

Figure 8. Vapor pressure P of DGA as function of temperature T: @,
this work; O, Steele et al;'> —, Antoine correlation.
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with the available low pressure data from literature (refer to
Figure S).

N,N-Diethylethanolamine (DEMEA). For DEMEA only
one literature source was available within the range (1 to
400) kPa (Steele et al.'*). New vapor pressure data were
obtained as shown in Table 7, and these data showed an
excellent agreement with Steele et al.'* over the entire range
(Figure 6).

Table 10. Vapor Pressure of AMP

T/K P, /kPa AP*/kPa
347.5 1.94 —0.16
354.3 2.94 —0.14
363.6 4.94 —0.11
371.4 7.44 —0.02
3772 9.94 0.08
392.3 19.9 0.57
402.1 29.9 091
409.5 39.9 1.14
415.6 49.9 1.22
423.0 65.0 1.19
429.2 80.0 1.05
436.2 100.0 —0.04
442.1 120.0 —0.79
447.3 140.0 —2.20
452.0 160.0 —4.23
“AP = Py, — P
1000
.
100 + -
g
o
10
1
343 363 383 403 423 443

T/IK

Figure 9. Vapor pressure P of AMP as function of temperature T: @,
this work; O, Pappa et al. ;16 A, Barreau et al;'” x, Belabbaci et al;'® —,
Antoine correlation.

Diisopropanolamine (DIPA). No vapor pressure data for
DIPA were reported in open literature, so the new obtained
data as presented in Table 8 and Figure 7 could not be compared
with other VLE data.

2-(2-Aminoethoxy)ethanol (DGA). Steele et al.'® deter-
mined the vapor pressure of DGA between (390 and 516) K.
The new obtained vapor pressure data for DGA are presented in
Table 9 and compared with Steele et al." in Figure 8. The new
data are in line with the data of Steele."®

2-Amino-2-methyl-1-propanol (AMP). The vapor pressure
of AMP was determined between (347 and 452) K, and the

25
20 | A

15 | o o &

oo © Doag

5 L & < .gémmt_‘

* A X-Eti:,)e.-

5 | _'*ﬂﬁttm
15t §©@@8

100 (pexp -Pealc)Pexp
o
SO

-25 : : - - :
3000 3500 4000 450.0 5000 5500

TIK

Figure 10. Deviation between calculated and experimental vapor
pressure of DEA. @, this work; X, McDonald et al;” O, Horstmann
etal;® A, Abedinzadegan Abdi and Meisen;’ O, Noll et al;;'° -, Daubert
et al.'® —, Antoine correlation.

25
20 |
15 |
10y

Y
foFN ]

5t %333

100 (pap 'pcall:)’patp

2500 3000 3500 400.0 450.0
TIK

Figure 11. Deviation between calculated and experimental vapor
pressure of MMEA. @, this work; x, Noll et al;'% A, Touhara et al;;*®
0, Steele et al.;'* —, Antoine correlation.

Table 11. Antoine Constants for the Amines Used in This Study

amine A B ©
DEA 18.27 —6440.9 —67.84
MMEA 17.17 —4778.2 —S51.00
DMMEA 15.62 —3900.7 —53.06
DEMEA 14.54 —3573.4 —74.72
DIPA 11.18 —2009.3 —224.15
DGA 14.96 —3929.1 —115.94
AMP 16.37 —4220.7 —77.46

range [K] refs no. of data points
323—541 this work, 8, 9, 10, 4, 19 66
255—461 this work, 10, 11, 12, 13 93
278—448 this work, 12, 13 47
278—476 this work, 14, 12 67
410—453 this work 19
391—-719 this work, 15, 20 38
293—452 this work, 16, 17, 18 53

2246 dx.doi.org/10.1021/je101259r |J. Chem. Eng. Data 2011, 56, 2242-2248
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Figure 12. Deviation between calculated and experimental vapor
pressure of DMMEA. @, this work; A, Touhara et al;"® 0, Kapteina
et al;'* —, Antoine correlation.
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Figure 13. Deviation between calculated and experimental vapor
pressure of DEMEA. @, this work; A, Kapteina et al;'? O, Steele
et al;'* —, Antoine correlation.
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Figure 14. Deviation between calculated and experimental vapor
pressure of DIPA. @, this work; O, CRC Handbook of Chemistry and
Physics;21 —, Antoine correlation.

results of these experiments are presented in Table 10. These
results were in good agreement with vapor pressure data reported
. . . 16 17
in open literature (see Figure 9: Pappa et al.; ° Barreau et al;
Belabbaci et al.'®).

[eieed H A

AAB

100 (pexp -Pcalc)Pexp
o
.f
P>
[
i

25 L L L L
380.0 4800 580.0 680.0 7800

TIK

Figure 1S. Deviation between calculated and experimental vapor
pressure of DGA. @, this work; O, Steele et al; 'S A, Von Niedernhausern
et al.;20 —, Antoine correlation.

25
20 ¢
15
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100 (pexp -Pealc)Pexp
o
X

95 . . .
2900 3400 390.0 4400

TIK

Figure 16. Deviation between calculated and experimental vapor
pressure of AMP. @, this work; ¢, Pappa et al;'® A, Barreau et al;'”
X, Belabbaci et al,;"® —, Antoine correlation.

Antoine Correlations. The vapor pressure data presented in
this paper (new and existing) have been correlated with the
following Antoine correlation:

where

e A, B, and C are component specific constants;

e T is the temperature in K;

e P is the vapor pressure in kPa.

Nonlinear least-squares method is used to determine the
several parameters of the Antoine correlation. In Table 11 the
component specific Antoine constants, applicable temperature
range, used references for parameter fitting, and number of used
experimental data points are presented for each alkanolamine. In
Figures 10 to 16 the relative errors of experimental values are given.

B CONCLUSION

In this work accurate vapor pressure (VLE) data of seven
commercial used alkanolamines have been determined in an
ebulliometer. The experiments have been carried out between vapor
pressures of (1 and 400) kPa and a maximum temperature of 453 K.
The setup and procedure were validated by determining the vapor
pressure of water and MEA and compare these vapor pressure data

2247 dx.doi.org/10.1021/je101259r |J. Chem. Eng. Data 2011, 56, 2242-2248
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with widely available literature data. For all seven alkanolamines
Antoine correlations were derived from the new and existing vapor
pressure data. The newly obtained data can be used to improve the
quality of thermodynamic models used in process simulators.
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