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In the present paper, density and speed of sound of binary systems formed by ethanol and two ldmines (
methyldiethanolamine and triethanolamine) at several temperatures (15, 20, 25, 30, 35,°@)dhd0e been
determined. The study of these mixtures has covered its complete composition range. Experimental values of
these physical properties have been employed to calculate the isentropic compressibility value.

Introduction of & 1076 g-cm™3 in relation to density and- 0.01 ms™? for
the speed of sound. The uncertainty in the density and speed of
sound measurements was3-10-° g-cm=3 and=+ 0.08 ms™1,
respectively.

The adiabatic compressibilitys, was calculated from the
gpeed of sound and density values using the Laplace equation

1
(um-s™")*(plkg-m ")

Physical properties of pure amines and their mixtures with
water are needed by different chemical engineering operations
for the design of processes. The most important use of this kind
of compound is for removal of sour gases from natural gas and
petroleum streams. Other uses of these compounds are a
surfactants, additives in detergents, and agriculture products.

Alcohol solutions of triethanolamine (TEA) am¢timethyldi-
ethanolamine (MDEA) have been used recently as absorbent ) ) )
phases to remove carbon dioxide from gas streahieaction ~ Whereuiis the speed of sound apds the density of the solution.
between carbon dioxide and TEA has been established with a
fast pseudo-first-order reaction. On the other hand, most
researchers agree that MDEA does not react with carbon dioxide The values determined in the present paper for physical
in nonaqueous solvents in the absence of water, and they statestudies at different amine concentrations and temperatures in
that the amount of carbon dioxide absorbed in a mixture of the range between (15 and 4@ are listed in Tables 1 and 3
MDEA + ethanol was nearly the same as the amount which for the ethanot- N-methyldiethanolamine system and in Tables
can be physically dissolved in the solutibn. 2 and 4 for the ethanet triethanolamine system. A comparison

The present work includes the measurement of density andbetween the present work and bibliographic data of pure
speed of sound of MDEA (and TEA} ethanol mixtures to components at 25C has been carried out to confirm purity of
obtain experimental data of these physical properties that couldliquid components and procedures for physical properties
be useful in absorption/desorption studies to find an explanation determinations. Bibliographic density/speed of sound data for

kdPa = (1)

Results and Discussion

for the mass transfer process and-gliguid kinetics. ethanol, TEA, and MDEA are 0.7852%143% 1.1215/—, and
1.0369/1568.37 respectively. There was good agreement
Experimental Section between the experimental values (see Tables 1 to 4) and the

corresponding ones cited in the literature. Speed of sound values
for pure TEA are not supplied in the literature.

The experimental density value for the two systems that have
een studied indicates that an increase in temperature produces
a continuous decreasing value of this property in a linear trend.
With regard to the effect caused by a mixture composition, the
- a . . presence of amines in the ethanol solutions produces an increase
a pre0|§|on of£ 1.0 9 The maximum uncertainty of the  \yhen amine concentration increases in the mixture. The behavior
sample’s preparation in mole fraction was0.002. observed in the present paper is very common and similar to

“Methods.The density of pure components and a mixture of yegyits obtained by other authors for water/amine sysfeims.
different solutes was measured with an Anton Paar DSA 5000 thig figure, a comparison between experimental data obtained
vibrating tube densimeter and sound analyzer, with an accuracyin the present work and the density determined in previous

, , o studieg for the same system at AL has been plotted, and
:Sgrre§ngnd;ng. authors. Email: eqnaval@usc.es; mdrubia@ujaen.es. go0d agreement in this comparison has been observed.
¥ Un:ﬁ,ﬁ:& gf Sle?,%ago de Compostela. In relation to speed of sound values, a similar trend has been
8 University of Jae. observed in comparison with the previously described influence

Materials. N-Methyldiethanolamine (CAS Registry No. 105-
59-9) and triethanolamine (CAS Registry No. 102-71-6) were
supplied by Fluka and Sigma-Aldrich, respectively, with a purity b
of > 98 %. Ethanol has been supplied by Panreadecriaa (CAS
No. 64-17-5) with a purity o> 99 %. All the mixtures were
prepared by mass using an analytical balance (Kern 770) with
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Table 1. Density,p, for MDEA (1) + Ethanol (2) from t = 15°C to Table 4. Speed of Soundy, for TEA (1) + Ethanol (2) from t = 15
40°C °Cto40°C
pl(g-cm~3) u/(m-s™h)
X1 t°C=15 t/°C=20 t/°C=25 t/°C=30 t/°C=35 t/°C=40 x1 t°C=15 t/°C=20 t/°C=25 t/°C=30 t/°C=35 t/°C=40

0.0000 0.79360 0.78935 0.78506 0.78076 0.77600 0.77203 0.0000 1179.0 1162.0 11449 1128.0 1111.1  1094.3
0.0049 0.79734 0.79308 0.78879 0.78448 0.77920 0.77541 0.0075 1185.2 1168.3 11514  1134.6 11179 1101.2
0.0253 0.81093 0.80670 0.80207 0.79745 0.79251 0.78832 0.0184 11934 11769 11604 11439 11274 11111
0.0524 0.82623 0.82203 0.81731 0.81297 0.80785 0.80395 0.0304 1202.1 11859 1170.0 1153.8 1137.7 1121.6
0.1020 0.85532 0.85046 0.84579 0.84106 0.83599 0.83161 0.0622 12255 1210.0 1194.4 11789 1163.4  1148.0
0.1629 0.88386 0.87900 0.87436 0.86983 0.86464 0.86034 0.1385 1277.0 1262.7 1248.6 12345 12204 1206.4
0.2474 0.91648 0.91175 0.90718 0.90240 0.89720 0.89265 0.2275 1333.2 1320.0 1307.1 12943 12815 1268.8
0.3713 0.95215 0.94750 0.94270 0.93824 0.93317 0.92865 0.3350 1397.0 13850 1373.1 13614 13499 1338.4
0.4806 0.97720 0.97310 0.96828 0.96357 0.95875 0.95400 0.4675 1453.1 14425 1431.6 1420.9 1410.5 1400.1
0.5506 0.99110 0.98670 0.98208 0.97752 0.97275 0.96798 0.6413 1528.0 1516.6 1505.9 1496.0 1486.6  1477.3
0.7035 1.01370 1.00924 1.00504 1.00062 0.99608 0.99160 0.7790 1558.4  1546.8 1536.4 1526.6 1517.4  1508.5
0.7916 1.02410 1.01988 1.01530 1.01124 1.00679 1.00249 0.8537 1597.9  1585.3 1574.3 1564.5 1555.6  1547.0
0.8688 1.03269 1.02840 1.02420 1.01964 1.01581 1.01197 0.9328 1617.3 1604.6  1593.8 1584.2 15754  1567.1
0.9415 1.03868 1.03496 1.03119 1.02742 1.02363 1.01982 1.0000 1640.5 16256 16145 16045 15955  1586.0
1.0000 1.04432 1.04060 1.03683 1.03306 1.02926 1.02545
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Table 2. Density,p, for TEA (1) + Ethanol (2) from t = 15°C to 40
°C

—

LS

pl(g-em™) -1
x1  °C=15 t°C=20 t°C=25 t/°C=30 t°C=35 t°C=40

0.0000 0.79360 0.78935 0.78506 0.78076 0.77600 0.77203
0.0075 0.79961 0.79543 0.79134 0.78678 0.78253 0.77851
0.0184 0.80853 0.80451 0.80035 0.79627 0.79161 0.78772
0.0304 0.81800 0.81373 0.80959 0.80550 0.80105 0.79732 PR
0.0622 0.84061 0.83637 0.83235 0.82841 0.82411 0.82047 i Ap

0.1385 0.88941 0.88558 0.88174 0.87788 0.87356 0.86989 A‘ A

0.2275 0.93537 0.93177 0.92814 0.92444 0.92024 0.91668 B3 r oA

0.3350 0.97949 0.97606 0.97267 0.96917 0.96520 0.96176 #A 4 0.8
0.4675 1.02175 1.01853 1.01552 1.01227 1.00869 1.00544 .

0.6413 1.06429 1.06137 1.05861 1.05567 1.05255 1.04955 0 02 04 06 08 1
0.7790 1.09159 1.08873 1.08614 1.08338 1.08043 1.07753 : ’ ’ ’

0.8537 1.10443 1.10167 1.09923 1.09633 1.09346 1.09066 X,

0.9328 1.11676 1.11401 1.11163 1.10888 1.10609 1.10323
1.0000 1.12619 1.12342 1.12099 1.11821 1.11538 1.11257

VE/cm®mol’
p/g-cm’®

Figure 1. Excess molar volume¥E, for MDEA (1) + ethanol (2) systems
(O, 20°C; O, 40°C) and the TEA (1)}t ethanol (2) systenr@®, 20°C; W,

Table 3. Speed of Soundy, for MDEA (1) -+ Ethanol (2) from t = 40 °C) and densitiesp, for the MDEA (1) + ethanol (2) system at 4TC:
15°C to 40 °C A, present work:a, Henni et aP
u/(mes™) 0

X1 t°C=15 t/°C=20 t/°C=25 t/°C=30 t/°C=35 t/°C=40

0.0000 1179.0 1162.0 11449 1128.0 1111.1  1094.3
0.0049 1183.1 1166.0 1149.2 11323 11148 1098.8
0.0253 1201.7 11849 1168.0 1151.2 11345 1117.9
0.0524 12225 12059 1189.3 11727 11563 1139.8 -100
0.1034 1260.9 12445 12281 12118 11956 11795
0.1629 1301.0 1286.0 1272.9 1257.3 12415 12258
0.2474 1353.0 1338.0 13250 1310.0 1293.0 1278.0
0.3713 14150 1399.7 1384.6 1369.4 13541  1339.0
0.4806 1460.0 14440 1429.2 14140 1398.8 1383.7 200
0.5530 1486.0 1470.0 1457.0 1439.0 1423.8 1408.7
0.7035 1536.0 1520.0 1500.0 1484.3 1468.9 1453.6
0.7916 1557.0 1542.0 1522.0 1505.6 1490.3 1475.1
0.8688 1573.2 1557.7 1538.0 1520.8 1506.2  1491.5
0.9415 1588.4 1572.9 1553.0 15350 15204  1506.1
1.0000 1598.8 1583.1 1564.0 1546.0 1531.0 1516.0 -300 —_

Ak, 10"%Pa

of mixture composition upon density value for the same systems.
A continuous increment in this physical property is observed X
when the mixture composition increases in amine. Also, positive Figure 2. Isentropic compressibility deviationaxs, for the MDEA (1)+
deviations were observed in the case of density and speed ofethanol (2) systemd, 20 °C; O, 40 °C) and the TEA (1)} ethanol (2)
sound values. system @, 20 °C; W, 40 °C).

Excess volumes have been calculated using the expression . ) .
shown in eq 2 p andpj are the mixture density and the pure compound density,

respectively.

Deviations from the isentropic compressibility coefficient

2
_ -1 -1
VE= S xMi(p = p ) ) have been calculated using eq 3.

wherex is the molar fractionM is the molecular weight; and AY =Y, — (XY + X)) (3
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An example of the calculated values corresponding to excess (5) Gamez, A. C.; Solimo, H. N. Density, Viscosity, Excess Molar

; ; Volume, Viscosity Deviation, and their Correlations for Formamide
volumes for the experimental systems analyzed in the present + Three Alkan-1-0ls Binary Systemd, Chem. Eng. Dat@002 47,

work is shown in Figure 1. These data show, for both systems, 796-800.
negative deviations, similar to that previously observed for (6) Resa, J. M.; Goritez, C.; Goenaga, J. M. Density, Refractive Index,
different amine systeriand also for the MDEA+ ethanol Speed of Sound at 298 15 k. and Vapaiquid Equilibria at 101.3
. ofT9 a Tor oinary IXtures O ethano -ivletnyl-1-putanol an
system studied by other authors at4D°> o Ethanol+ 2-Methyl-1-butanolJ. Chem. Eng. Dat2005 50, 1570~
Also, calculated deviations for isentropic compressibility 1575.

values show negative values for all mixtures and temperatures. (7) Hawrylak, B.; Burke, S. E.; Palepu, R. Partial Molar and Excess

Similar deviations have been obtained for both systems, and \E/?Agmz r,ﬁﬂgsﬁiﬁb&};‘}e?g“giﬁfﬂb@ﬁ‘g@%&?‘;‘;‘réﬁgﬂﬁgfs of
when the temperature increases, the deviation also increases (segg) samanta, A.; Bandyopadhyay, S. S. Density and Viscosity of Aqueous

Figure 2). Solutions of Piperazine and (2-Amino-2-methyl-1-propasoPip-
erazine) from 298 to 333 KI. Chem. Eng. Dat2006 51, 467—470.
; ; 9) Henni, A.; Maham, Y.; Tontiwachwuthikul, P.; Chakma, A.; Mather,
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