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Densities, Viscosities, Surface Tensions, and Speeds of Sound of Aqueous
Solutions of Piperidine + Pyrrolidine + Water

Diego Ganez-Daz, JoseM. Navaza,* and Begdma Sanjurjo

Department of Chemical Engineering, ETSE, University of Santiago de Compostela, Santiago de Compostela, Spain

In the present paper, density, viscosity, speeds of sound, and surface tension have been determined for piperidine
+ pyrrolidine + water ternary aqueous solutions at?0 The experimental results have been correlated with a
Redlich—Kister type equation.

Table 1. Densityp, Viscosity 5, and Surface Tensione of Pure
Piperidine and Pyrrolidine

Introduction

Mixtures of amines with water have been used in processes

. ; . /g-cm3 at ImPas at /mN-m~* at
related to Eatural gt;as, 3mmgn|2 synthe5|s,fetc.,hto r.emlove atqd ptg:cgg)og 7{22("’;?5 Utm: Zg]oca
gases such as carbon dioxide by means of a chemical reaction————
between acid gases and the amihéfifferent amines have piperidine 09;386%36?61 i:ggg@ §§j§§
been used commonly to remove selectively acid gases present 0.862
in the m|xt_ures, that is, mon_oethalamln_e (MEAymethyldi- pyrrolidine 0.85987 0.8207 29.75
ethanolamine (MDEA), or triethanolamine (TEARNd other 0.8586¢ 0.799 29.6%
amines have been studied in laboratories to analyze the 0.864
properties for their use in this process. 0.856'

The use of aqueous ,amme sqlutlons as z_in absorbentinvolves . Present papeP. CRC Handbook of Chemistry and Physicg Chemical
knowledge of the physicochemical properties of these systems,properties Handbook Physical, ThermodynamicyiEmmental, Transport,
thatis, gas-liquid diffusivity,* because they are used to calculate Safety and Health Related Properties for Organic and Inorganic Chemi-
essential parameters when absorption processes are analyze@a/s* "ZHandbOOK of Tables for Organic Compounds Identificafibn

. . . e
Several studigshave been aimed at analyzing the effect of ~JasPet
physicochemical properties upon processes such as carbon
dioxide absorption in aqueous amine solutions Table 2. Density, Viscosity, Speed of Sound, and Surface Tension of

. . ., Binary Mixtures of Piperidine (1) + Pyrrolidine (2)
Different new amines have been employed to remove acid

. . . —3 g1 m-1
gases, and aqueous solutions of pyrrolidine have also been_ ™ plg-cm n/mPas wm-s o/mN-m
employed as liquid absorbent to remove carbon diokielated 1.0000 0.85987 0.8207 1389.4 30.27
to the amines used in the present paper, Minevich and Marcus 0.8273 0.86160 0.9124 13315 30.42
have studied the volumetric properties of aqueous pyrrolidine 0.7053 0.80189 0.9752 1390.8 3047

i prop q py 0.6423 0.86219 1.0381 1390.1 30.51
solutions at (25 and 50)C. Teite'baum et al. have made 0.4960 0.86279 1.2010 1388.2 30.56
studies on the watett piperidine system, determining the 0.2304 0.86340 1.3642 1386.3 30.61
density, viscosity, surface tension, and refractive index of this  0-1043 0.86361 1.4573 1385.4 30.36

0.0000 0.86381 1.5506 1384.4 30.11

binary mixture at (0, 25, 50, and 7%¢. Several physicochem-
ical properties corresponding to aqueous binary mixtures of these
amines have been determined by our research feam. 5000 vibration tube densimeter and sound analyzer, respectively,
with a precision oft 10-6 g-cm~2 for density andt 0.1 ms™!

Experimental Section for speed of sound. The apparatus allows the temperature to be
Materials. Pyrrolidine (CAS Registry No. 123-75-1) and yaried in th_e range used in the present study. The uncertainty
piperidine (CAS Registry No. 110-89-4) were supplied by Fluka in the density measurement wass-10-°> g-cmi~3, whereas that
and Riedel-de Hae respectively, with purities of 99 % and for speed of sound was 0.6 ms™. )
> 99.5 %. Double-distilled water was used to prepare the _ 1he kinematic viscosity was determined from the efflux
mixtures of water and amine. All of the mixtures were prepared time of the liquid meniscus through a capillary supplied by
by mass using an analytical balance (Kern 770) with a precision Schott [cap no. Oc, (0.46 0.01) mm of internal diameter,
of + 104 g. The uncertainty of the sample preparation in mole K = 0.003201 mr#s~?] with an uncertainty of+ 5-107
fraction was+ 4-1074. mn¥-s* using eq 1
Methods.Densityp and speed of soundof the pure liquids v =K-(t - 6) o)
and their mixtures were measured with an Anton Paar DSA
wheret is the efflux time,K is the characteristic constant of

* Corresponding author. E-mail: egnavaza@usc.es. Address: Departmenty, illarv vi imeter i rrection val rr
of Chemical Engineering, ETSE, University of Santiago de Compostela, the capillary viscosimeter, ardiis a correction value to correct

Ria Lope Ganez de Marzoa s/n, E-15706 Santiago de Compostela, Galicia, the final effects. The glass capillary was connected to a Schott-
Spain. Gerde AVS 350 viscometer unit. An electronic stopwatch with
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Figure 1. Influence of mixture composition on density for pyrrolidine (t)piperidine (2)+ water (3) system.

0.00

Figure 2. Influence of mixture composition on kinematic viscosity for pyrrolidine {1 piperidine (2)+ water (3) system.

an accuracy oft 0.01 s was used for measuring efflux times. The surface tension was measured by using &s&ig-11

The capillary viscometer was immersed in a liquid bath, which tensiometer and the Wilhelmy plate method. The plate employed

can control the temperature within0.1°C. Each measurement  was a commercial platinum plate supplied by &su The

was repeated at least five times. The absolute viscesitias platinum plate was cleaned and flame-dried before each

obtained from the product of kinematic viscosityand the  measurement. The surface tension of pure water was determined

corresponding density of the mixture, in terms of eq 2 for  t confirm the method. The uncertainty of the measurement was

each temperature and mixture composition. + 3-102 mN-m~L In general, each surface tension value

reported was an average of 10 measurements. The samples were

n=pv (2) thermostated in a closed vessel with stirring, before surface
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Figure 3. Influence of mixture composition on speed of sound for pyrrolidine+1)iperidine (2)+ water (3) system.

tension measurements. Surface tension measurements werknes of constant values. These behaviors are in agreement with

carried out at 2@t 0.1 °C. the aqueous binary systems previously studied in relation with
the effect of composition upon kinematic viscosity and speed
Results and Discussion of sound®4

The values of excess molar volumes and changes in the
physicochemical propertiesAl) were calculated using the
equations

Table 1 shows a comparison between experimental values
of different physicochemical properties determined in the present
work for pure amines and corresponding bibliographic ones and
indicates the validity of experimental methods employed in the
present study. 3

The values reported in the present paper for all physicochem- VE=S %Mot —p 7 3)
ical properties (density, viscosity, speed of sound, and surface =
tension) at different amine mole fractions are listed in Table 2 3
for the piperidinet pyrrolidine system. This binary system has AY=Y—- S %Y, (4)
not been studied previously, but the values of different physi- :
cochemical properties of aqueous solutions of both amines have
been published previously. The experimental values of density,
kinematic viscosity, speed of sound, and surface tension for thewhere x;, Mi, pi, andY; are the molar fractions, molecular

ternary system (piperiding pyrrolidine+ water) are given in ~ Weights, densities, and physicochemical properties of pure
Table 3. components, respectively.

Figure 1 shows the experimental results by growing values The deviation values were correlated as a function of
of density isolines obtained in the present work. The behavior cCOmposition using the RedliefKister equation for ternary
observed for this physical property shows a continuous increaseSystems (eq 5)
in the value of density when the water content in the ternary
system increases. The same behavior was found when surface _
tgnsion experimental data were analyzed. For surface tension a Yi2a= AViz T AV AYzs 007 A+ Bx + C'X2)5
large decrease was observed at low amine concentration such ®)

as the behavior obtained for aqueous solutions of both ) o ) ) _
aminest3 whereAYi,zis the deviation consideres, is the mole fraction

of component, andAY;j is the value of the RedlichKister

In relation with the other two physicochemical properties . )
determined and analyzed in the present work (kinematic polynomial _for th? same property fitted to the data for the
viscosity and speed of sound), the behaviors observed were quité:orreslpsondmg binary system determined by equation
different from the previous ones described for density and (eq 6):
surface tension. For kinematic viscosity (Figure 2) and speed
of sound (Figure 3) a maximum was obtained in a binary 4
mixture and more specifically in the pyrroliding water AY:xl)(zquxz(j‘l)’2 (6)
mixture. The ternary graphs show this behavior by means of =
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Ternary Mixtures of Piperidine (1) + Pyrrolidine (2) + Water (3)

Table 4. Coefficients of the Redlich-Kister Type Equation and
Root-Mean-Square Deviationsd

X1 X2 plgrcm=3  p/mPas  um-st  o/mN-m?t A B C 0
0.9497  0.0302 0.86176 0.8513 1392.7 30.38 VE/cm3-mol~1 35.1 —54.5 -39.8 0.24
0.9004  0.0597 0.86301 0.8961 1395.0 30.28 An/mPas -8.1 17.9 —-61.1 0.44
0.8522  0.0886 0.86431 0.9346 1397.5 30.50 Ao/mN-m~1 -90.5 1275 116.6 3.3
0.8129  0.0886 0.86726 1.0042 1403.9 30.81 AKg109Pat —1949 —229.8 3638 28.6
0.7972  0.1448 0.86455 0.9533 1397.7 30.49
0.7587 0.1447 0.86796 1.0352 1404.9 30.77
0.6324 0.2757 0.86792 1.0876 1403.6 30.84 Lit t Cited
0.6627 0.1444 087574 13718 14221 31.36 lterature i€
0.5175  0.3947 0.86832 1.1543 1402.9 30.98 (1) Fathi, J.; Baheri, H. R. Amine Plant Simulation by Mass Transfer
0.5411 0.2752 0.87658 1.4565 1422.3 31.37 e Y
0.5671 0.1442 0.88396 1.6649 1442.7 31.62 and Kinetic ApproachChem. Eng. Technol995 18, 397—-402.
0.4125  0.5035 0.86727 1.3070 1400.3 30.23 (2) Xu, S.; Wang, Y.-W.; Otto, F. D.; Mather, A. E. Kinetics of the
0.4305 0.3941 0.87509 1.4964 1418.2 31.02 Reaction of Carbon Dioxide with 2-Amino-2-methyl-1-propanol
0.4502 0.2747 0.88427 1.8461 1441.0 31.58 Solutions.Chem. Eng. Scil996 51, 841—-850.
0.4718 0.1440 0.89436 2.1855 1468.2 32.09 (3) Rangwala, H. A.; Moarrell, B. R.; Mather, A. E.; Otto, F. D. Absorption
0.3163 0.6032 0.86769 1.4031 1399.6 30.50 of Carbon Dioxide into Aqueous Tertiary Amine/MEA Solutio@an.
0.3295 0.5027 0.87567 1.6248 1417.5 30.85 J. Chem. Eng1992 70, 482-490.
0.3439  0.3935 0.88443 2.2299 1438.7 31.17 . . o
03596 0.2743 0.89446 2.6888 1464.9 32.10 (4) Camacho, F.; Smhez, S.; Pacheco, R. Absorption of Carbon Dioxide
03768 0.1437 0.90621 28889 1497.0 3275 at High Partial Pressures in 1-Amino-2-propanol Aqueous Solution.
0.2278  0.6949 0.86820 1.5400 1398.9 30.55 Considerations of Thermal Effecttd. Eng. Chem. Red.997, 36,
02369 06023 087612  1.8144  1416.2 30.89 4358-4364.
0.2468  0.5020 0.88502 2.4935 1437.3 31.58 (5) Bonenfant, D.; Mimeault, M.; Hausler, R. Determination of the
0.2575  0.3929 0.89501 2.7324 1462.6 32.06 Structural Features of Distinct Amines Important for the Absorption
0.2692 0.2738 0.90650 3.4339 1492.9 33.39 of CO; and Regeneration in Aqueous Solutibmd. Eng. Chem. Res
0.2821 0.1435 0.91944 3.8814 1527.9 34.29 2003 42, 3179-3184.
0.1460 0.7797 0.86852 1.6330 1397.6 30.21 (6) Minevich, A.; Marcus, Y. Densities and Excess and Partial Molar
0.1516  0.6940  0.87645  1.9755 14145 30.74 Volumes of Aqueous Pyrrolidine at 25 and 3@ and Agueous
0.1577  0.6015  0.88508 2.6439 1434.4 30.94 Morpholine at 25 and 60C. J. Chem. Eng. Dat2003 48, 208
0.1643 0.5012 0.89511 3.1985 1459.1 31.86 210.
81%‘21 82322 88283% ig%é E%Z ggsi (7) Teitel'baum, B. Y.; Trifonov, N. A.; Khachatur'yan, V. R. Physico-
0.1877 0.1432 0.93476 52004 1560 4 34.42 (l:gi;mgil 5A(;13a_lyésolis3 of the System WatdPiperidine.Zh. Fiz. Khim.
0.0703 0.8581 0.86923 1.9815 1396.9 30.27 o '
0.0729 0.7786 0.87686 2.2197 1412.7 30.65 (8) Alvarez, E.; Gmez-Daz, D.; La Rubia, D.; Navaza, J. M. Densities
0.0757 0.6930 0.88601 2.8850 1433.1 30.84 and Viscosities of Aqueous Solutions of Pyrrolidine and Piperidine
0.0787 0.6006 0.89514 3.6350 1455.8 31.96 from (20 to 50)°C. J. Chem. Eng. Dat2005 50, 1829-1832.
0.0820  0.5005  0.90682  4.9897 14832 32.57 (9) Lide, D. R.CRC Handbook of Chemistry and Physics: a Ready-
0.0856  0.3917  0.91149 5.6461 1513.9 33.39 Reference Book of Chemical and Physical D&&RC Press: Boca
0.0895 0.2730 0.93470 6.1538 1549.6 34.07 Raton, FL, 2002.
88?12; 83;‘33 8322%3 igéég gggi ggg; (10) Yaws, C. LChemical Properties Handbook Physicghermodynamic
0.0281 0'9433 0.86682 1.8103 1390'9 30'55 Environmental Transport Safety and Health Related Properties for
00757 01154 095813 5 2652 1599 7 35.77 Organic and Inorganic Chemical®cGraw-Hill: London, U.K., 1999.
0.0573  0.0874 0.96865 4.5682 1614.6 36.44 (11) Rappoport, ZHandbook of Tables for Organic Compounds Identifica-
0.0385  0.0588 0.98195 3.4382 1623.9 37.60 tion; The Chemical Rubber: Boca Raton, FL, 1967.
0.0195  0.0297 0.99071 2.3183 1616.7 39.79

The calculated parameters corresponding to fit composition/
properties values to the Redlielister equation are listed in

Table 4. Also, the root-mean-square deviatiory (vere
calculated by means of eq 7.

o=

ndata

1/2
Z(Zexptl - Z(:alcd)2

()

(12) Jasper, J. J. Surface Tension of Pure Liquid CompouhdBhys.
Chem. Ref. Datd972 1, 841-1009.

(13) Gomez-Diaz, D.; Navaza, J. M. Surface Behaviour of Agueous
Solutions of Pyrrolidine and Piperidind. Chem. Eng. Dat@2004
49, 1406-1409.
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