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Density, Electrical Conductivity, Kinematic Viscosity, and Refractive Index of
Binary Mixtures Containing Poly(ethylene glycol) 4000, Lithium Sulfate, and
Water at Different Temperatures
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Kinematic viscosity, density, refractive index, and electrical conductivity of aqueous solutions of poly(ethylene

glycol) and of lithium sulfate were experimentally determined at (278.1, 298.1, 308.1, and 318.1) K. The density
and refractive index followed a linear behavior with temperature and solute concentration, but kinematic viscosity
and electrical conductivity followed a nonlinear relationship. Models were fitted to the data, which gave good

agreement with the experimental data.

Introduction Table 1. Kinematic Viscosity ¢) of an Aqueous Solution Containing
Lithium Sulfate (1) and PEG 4000 (2)

Aqueous two-phase systems (ATPSs) for the partitioning of

: . . . TIK -10°/m2-s71 -10f/m2-s71
biological macromolecules were first established by Albertsson s v TS e v 2TImTS
in the 1950<. ATPSs are formed by mixing two flexible chain ~ 278:15 00-1005 212312 00-1%5 5355535
polymers. in water or one polymgr and a %&h‘nosphaye, citrate, 0.15 334 0.20 1428
etc.). Of interest is the possibility of phase formation of poly- 0.20 4.80 0.30 36.29
(ethylene glycol) (PEG) and inorganic salts, as these systems 298.15 0.05 1.29 0.05 1.82
offer low operational cost, low toxicity, and low flammability. 0.10 1.42 0.10 2.90

. . Lo 0.15 1.90 0.20 7.77

~ The extraction using an ATPS can be performed in liguid 0.20 261 0.30 1713
liquid continuous contact or batch operation extraction equip- 308.15 0.05 0.98 0.05 1.46
ment#5 Knowledge of the physical properties of the mixture 0.10 1.19 0.10 2.41
and phases is very important for an adequate design of extractors 8-;8 ;-gg 8%2 12-‘3(;
for the processing of large volumes of mixtures which must be y y y y

; ) , i 318.15 0.05 0.80 0.05 1.20
effectively separated.®> Previous studies have reported physical 0.10 0.98 0.10 1.87
properties of agueous solutions containing PEG or organic 0.15 1.25 0.20 4.68
salts®~15 Modeling is a tool for computational use in the design 0.20 1.65 0.30 9.92

and control of extraction equipmeh:11.13.14

The objective of this work was to determine experimentally
the kinematic viscosity, density, refraction index, and electrical
conductivity of a binary solution containing watérPEG with PEG+ water 0.02  791.88  1689.53  98.63 6.34
an average molar mass of 4000pl~* (PEG 4000) and water LizSQu+water  0.06  361.55 770.98 15736 3.10
+ lithium sulfate. The data were fit to mathematical functions.

Table 2. Regression Parameters of Equation 1
system P P, P3 P4 AAD/%

using a pH meter (Gehaka, PG-100, Brazil). All the experiments
were accomplished in duplicate at temperatures of (278.1, 298.1,
308.1, and 318.1) K. Statistical analyses were made using the
Materials. Aqueous solutions of PEG (with an average molar SAS statistical packagé€.Polynomial regression was performed
mass of 4000 gnol~%, ISOFAR, Brazil) with concentrations  to adjust the models to the data, and the suitability of the fitted
of (0.05, 0.10, 0.20, and 0.30) mass fraction and agueousmodels was evaluated by the coefficient of determinatis, (
solutions of lithium sulfate (VETEC, Brazil) with concentrations the level of significance (p), and residual analysis.
of (0.05, 0.10, 0.15, and 0.20) mass fraction were prepared using Apparatus and Measuring ProceduredDensity () was
an analytical balance (Denver Instruments, model M-310, USA) determined by using a standard volumetric pycnometer of 10
with a given uncertainty of- 0.0001 g. The pH of the solutions  mL. Kinematic viscosity ¥) was determined using a calibrated
was adjusted to 7.0 with 0.1 miol' of NaOH (VETEC, Brazil) Ostwald viscometer (Cannon-Fenske, Germany) with a precision
of 0.01 %. The viscometer was filled with samples of 10 mL
; Cor('lesrl)ondin% auft\tlgr. Tel:+55-31-3899-1617. Faxi-55-31-3899-2208. and immersed in a thermostatic bath (Tecnal TE-184, Brazil)
-mail: iminim@utv.br. N . for temperature control with a given uncertainty £f0.1 K.
, Department of Food Technology, Federal University ofoéi. An ABE?E refractometer (Abbe g{efractometer, éermany) was

*Fluminense Federal University. ! ;
8 Chemistry Department, Federal University of, Wa. used for measurements of the refraction indew).( The
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Figure 1. Kinematic viscosity of aqueous solutions of lithium sulfate (1)

and PEG 4000 (2) as a function of mass fraction at different temperatures:

O, 278.15 K;O, 298.15 K;<, 308.15 K; A, 318.15 K;—, eq 1.

Table 3. Observed Values of Densityg) and Refraction Index (np)
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Figure 2. Density of aqueous solutions of lithium sulfate (1) and PEG
4000 (2) as a function of mass fraction at different temperatute278.15
K; O, 298.15 K; a, 308.15 K; 4, 318.15 K;—, eq 2.

Table 5. Observed Values of Electrical Conductivities of an
Aqueous Solution of Lithium Sulfate (1) and PEG 4000 (2)

of an Aqueous Solution of Lithium Sulfate (1) and PEG 4000 (2) TIK Wy xk/mScm! W2 klmSem*
.m-3 .m-3 278.15 0.05 13.630 0.05 0.052
K w_ pdkgm o1 W pakgm flo2 0.10 23.980 0.10 0.040
278.15 0.05 1041.75 1.3424 0.05 1007.38 1.3409 0.15 26.410 0.20 0.034
0.10 1088.68 1.3515 0.10 1016.33 1.3477 0.20 26.740 0.30 0.028
0.15 1129.34 1.3584 0.20 1033.72 1.3570 208.15 0.05 25.020 0.05 0.090
0.20 1168.04 1.3664 0.30 1052.28 1.3770 0.10 36.510 0.10 0.074
298.15 0.05 1041.52 1.3412 0.05 1006.89 1.3395 0.15 42.340 0.20 0.070
0.10 1083.21 1.3479 0.10 1014.66 1.3457 0.20 44.110 0.30 0.060
0.15 1122.28 1.3542 0.20 1038.20 1.3597 308.15 0.05 27.240 0.05 0.120
0.20 1160.38 1.3685 0.30 1052.72 1.3745 0.10 41.380 0.10 0.090
308.15 0.05 1035.89 1.3402 0.05 1003.77 1.3385 0.15 47.820 0.20 0.080
0.10 1081.07 1.3490 0.10 1010.97 1.3450 0.20 49.460 0.30 0.070
0.15 1123.41 1.3564 0.20 1028.61 1.3587 318.15 0.05 32.600 0.05 0.140
0.20 1138.95 1.3662 0.30 1044.23 1.3737 0.10 49.690 0.10 0.110
318.15 0.05 1032.56 1.3390 0.05 999.55 1.3365 0.15 57.770 0.20 0.100
0.10 1077.48 1.3475 0.10 1006.81 1.3432 0.20 61.340 0.30 0.090
0.15 1118.97 1.3550 0.20 1026.54 1.3572
020 115877  1.3655 0.30 1041.62 13710 Table 6. Regression Parameters of Equation 3
Table 4. Regression Parameters of Equation 2 systems AL Az A AADI%
Li, SOy + water 60.09 0.244 0.970 6.767
PEG+ H,0O plkg'm=3 1063.144 —0.225 176.135 0.365
i .m-3 —
I,;'é?;?: :;SZO ﬁékg m 10817?5?77 _8:(2)88085 79(3)'_‘;:133 8’_‘;?1’?, uncertainty ot 0.038 mScm™L. The equipment was calibrated
LSO, + H,0 np 1.352 —0.000068 0.169 0.096 with a KCI solution (0.01 mol~1), and the temperature was

controlled with a thermostatic bath (Tecnal TE 184, Brazil).

equipment was previously calibrated with distilled water, and
the temperature was controlled with a thermostatic bath (Thermo
Haake C10-B3, Germany), with a given uncertainty4o0.1 A series of experiments were designed to determine viscosity,
K. Electrical conductivity £) measurements were accomplished density, refractive index, and electrical conductivity of binary
in an Orion conductimeter (model 145, Germany), with an mixtures containing PEG 4000, lithium sulfate, and water at

Results and Discussion
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Figure 3. Refraction index of aqueous solutions of lithium sulfate (1) and v
PEG 4000 (2) as a function of mass fraction at different temperat®es:  Figure 4. Electrical conductivity of aqueous solutions of lithium sulfate
278.15 K;O, 298.15 K;<, 308.15 K; A, 318.15 K;—, eq 2. (1) and PEG 4000 (2) as a function of mass fraction at different

. temperaturesO, 278.15 K;O, 298.15 K;<, 308.15 K; A, 318.15 K;—,
different temperatures. The temperatures were (278.1, 298.1¢q 3,

308.1, and 318.1) K, and the concentrations of aqueous solutions
of PEG and lithium sulfate were (0.05, 0.10, 0.20, and 0.30) relationship, which is in accordance with the literatiés18.19

mass fraction and (0.05, 0.10, 0.15, and 0.20) mass fraction, ag expected, with increasing temperature, the viscosity de-

replicates were determined for each physical property. The k.

magnitude of the data obtained for the properties studied is in
accordance with those obtained by Grabber étal.

Viscosity. Table 1 presents observed values of kinematic
viscosity of the polymeric and saline aqueous solutions at the
studied temperatures. Equation 1 was adjusted to the observed
data to correlate the viscosity as a function of temperature and
concentration. As proposed by GotemTello et all? this
equation has been used to correlate viscosity of polymeric
solutions, although it also correlates satisfactorily viscosities of
saline solutiond?

Density and Refraction IndexTable 3 shows experimental
data of the density and refraction index. A correlative linear
model (eq 2) was used for prediction of these properties.

Y=a+bT+cw 2)

where Y is the physical property and, b, and c are the
adjustable parameters and are presented in Table 4. The values
of AAD (density and refraction index) were less tha % for

the polymer and salt solutions.

P P, + Pw Figures 2 and 3 present the density and refraction index as a

v/10 "m"s =P, ex TK — P, (1) function of PEG and salt concentration, at the studied temper-

K atures. It is observed that the linear behavior of the observed

wherew is the mass fraction of the polymer or salt ahib the data was well described by the model (eq 2). Increasing the
temperature. The model paramet&s P,, Ps, and P, were concentration increased the magnitude of both properties,

obtained by nonlinear regression (see Table 2). The percentWhereas an increase in temperature decreased both properties.

average absolute deviation (AAD) was 6.67 % for the polymer This behavior was also observed in the literature for polymeric

solution, whereas for the salt solution it was only 3.10 %, which solutions containing PEG of different molar mas%és.

is indicative of the goodness of the fit. Electrical Conductwity. Table 5 shows the observed values
Figure 1 presents the solution viscosity as a function of PEG of the electrical conductivity of aqueous solutions of PEG 4000

and salt concentration at the studied temperatures. An increasend lithium sulfate solutions. On the basis of the correlation

in the viscosity is observed with an increase in the mass fraction proposed by Graber et 8lgq 3 was used to correlate electrical

of PEG or salt, and this behavior is described as a logarithmic conductivity ) in terms of temperature and mass fraction.
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