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Thermodynamic Properties of Water + Tetrahydrofuran and Water
+ 1,4-Dioxane Mixtures at (303.15, 313.15, and 323.15) K

Jyoti N. Nayak, Mrityunjaya |. Aralaguppi, B. Vijaya Kumar Naidu, and Tejraj M. Aminabhavi*

Membranes Separations Division, Center of Excellence in Polymer Science, Karnatak University,

Dharwad 580 003, India

Properties like density and viscosity at (303.15, 313.15, and 323.15) K and refractive index at 303.15 K
have been measured for binary mixtures of water + tetrahydrofuran and water + 1,4-dioxane. The excess
molar volume (VE) has been calculated from the density results. Viscosity and refractive index data have
been used to compute respectively deviations in viscosity (An) and molar refraction (AR) of the mixtures.
Excess molar volume and deviations in viscosity and molar refraction data have been fitted to the Redlich—
Kister equation to calculate binary coefficients and standard deviations. Furthermore, literature published
vapor—liquid equilibrium data of the mixtures have been used to construct x—y composition curves and
compared with the pervaporation curves. Results of this study indicate the importance of the pervaporation
technique for the separation of mixtures over that of simple distillation at the azeotropic composition.
Permeate samples were analyzed by refractive index as well as gas chromatography measurements to

get the exact content of water.

Introduction

Tetrahydrofuran (THF) is a cyclic ether produced mainly
from furfural. Due to its proton accepting nature, it is used
as a solvent in many chemical industries. 1,4-Dioxane is a
widely used solvent in paints, varnishes, lacquers, cosmet-
ics, and deodorants as well as in pharmaceutical industries.
Both these liquids are fully miscible with water in all
proportions. Many chemical/pharmaceutical industries en-
counter problems in separating these liquids from aqueous
waste streams, since these mixtures form azeotropes at
lower compositions of water. Physicochemical properties of
the mixtures of THF or 1,4-dioxane in water are important
in process engineering! as well as in analyzing the mem-
brane-based pervaporation (PV) separation data to sepa-
rate water from its mixtures with 1,4-dioxane or THF.

Recently, we have used the PV technique??® to separate
the water—organic mixtures wherein we realized the
importance of interactions between the components of the
binary mixtures. Thus, we find it essential to calculate
excess molar volume (VE) and deviations in viscosity (Az)
and molar refraction (AR) from density (p), viscosity (),
and refractive index (np) data on mixtures that could be
separated by the PV technique. In the present study,
vapor—liquid equilibrium (VLE) data of the mixtures
computed using the literature data*® have been compared
with the PV data to prove the superiority of the PV
technique over that of simple distillation, particularly at
the azeotropic composition (Table 7). Sodium alginate was
used as a membrane in the PV experiments. Innumerable
papers concerning thermodynamic data on agueous—
organic mixtures are already available in the earlier
liteature,5-12 but the present study is unique in that their
relevance in membrane-based PV separation using a
polymeric membrane is emphasized.
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Table 1. Comparison of Experimental Densities (p) and
Refractive Indices (np) of Pure Liquids with Literature
Values at 303.15 K

mol % plkg-m~3 Np
liquid purity expt lit. expt lit.
water (>99.7) 995.71 995.76 1.3326 1.33208
tetrahydrofuran (>99.7) 876.60 877.913 1.4048 1.402813
1,4-dioxane (>99.0) 1024.63 1022.51% 1.4181 1.4180%3

Experimental Section

Materials. High purity analytical reagent grade tetra-
hydrofuran was procured from s.d.fine-chem, Mumbali,
India. HPLC grade 1,4-dioxane was purchased from
Qualigens fine chemicals, Mumbai, India. The mole percent
purities of these liquids as determined by GC (HP 6890)
using a FID detector were >99. These data reported in
Table 1 along with density and refractive index results
measured at 303.15 K for pure liquids are compared with
the literature values.5813 Sodium alginate, glutaraldehyde,
acetone, and HCI were obtained from s.d.fine-chem,
Mumbai, India. Double distilled deionized water was used
throughout the study. The purity of the water was tested
by its conductivity value, which agreed with the literature
value (0.043 x 1076 S-cm™1) within 2%.

Measurements. Densities of pure liquids and their
mixtures were measured with a high precision vibrating
tube digital density meter, Anton Paar, DMA model 4500/
5000 (Graz, Austria). The temperature in the measuring
cell was automatically controlled within an uncertainty of
4+0.01 K with an inbuilt integrated Pt 100 measuring
sensor. The instrument was calibrated with air and double
distilled and freshly degassed water at the temperature of
measurement during every session. The densities of all the
mixtures belonging to a given system (including pure com-
ponents) were measured during one session. The experi-
mental uncertainty (i.e., reproducibility of the measured
densities) was up to five units in the second decimal place.

Before the samples were injected, adjustments were
made if deviations between the displayed values and the
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reference values of the density standards exceeded the Table 2. Experimental Density (p), Viscosity (), and
specifications of the instrument. Air and double distilled Refractive Index (np) of Binary Mixtures at Different
freshly degassed water were used for calibration. The Temperatures
density values of water and dry air at the specific atmo- X1 olkg-m—3 n/mPa-s no
spheric pressure are stored in the memory of the instru- Water (1) + Tetrahydrofuran (2)
ment for the complete temperature range investigated. If 303.15 K
the compared values agreed within +0.05 kg-m~3, meas- 0.0 876.60 0.463 1.4048
urements were started after drying the measuring cell. 0.3081 894.98 0.574 1.3994
Viscosities were measured!* using a Schott Gerate, model 0.5004 912.11 0.793 1.3946
N X . 0.6319 927.10 1.001 1.3870
AVS 350 (Hofheim, Germany), Ubbelohde capillary vis- 0.7276 941.82 1.208 13786
cometer. In this instrument, time measurement was fully 0.8002 955.23 1.344 1.3684
automatic. The change in light intensity was converted to 0.8573 966.73 1.384 1.3613
a digital electrical signal, and efflux times were determined 0.9034 977.20 1.341 1.3546
on a digital display within an uncertainty of £0.01 s. The 8'3‘7%8 ggg-g‘l‘ i'ggg igggg
viscometer was immersed in a thermostatic bath (Schott 10 995.71 0.754 13326
Gerate, model CT 050/2 (Hofheim, Germany)) and was 313.15 K
electronically controlled to the set temperature. The un- 0.0 865.65 0.400
certainty in temperature was +0.01 K, while the uncer- 0.3081 884.04 0.519
tainty in viscosity was £0.001 mPa-s. Approximately, a 5 0.5004 901.53 0.668
cm?3 volume of the liquid was placed in the viscometer, the 0.6319 916.82 0.833
liqguid was allowed to equilibrate to the desired bath 8;882 gié'gg 8'82(1)
temperature for about 10 min, and the viscosity of the 0.8573 958.34 1.084
liquid or liquid mixture was calculated using the relation 0.9034 969.74 1.021
0.9413 984.94 0.920
n = tkp (1) 0.9730 990.31 0.803
1.0 991.91 0.624
where k is the viscometer constant (0.1111 mm2s2), p is 323.15K
the density of the liquid, and t is the efflux time in seconds. 8 (3)081 S?g'gg g‘gzg
Refractive indices (np) for the sodium D-line were 0.5004 890.70 0.578
measured using a thermostatically controlled Abbe Refrac- 0.6319 901.63 0.698
tometer, Atago, model 3T (Tokyo, Japan). The uncertainty 0.7276 921.90 0.807
in the refractive index is £0.0001. At least three independ- 0.8002 936.50 0.868
ent readings of all the physical properties (p, 7, and np) 0.8573 949.30 0.871
: . 0.9034 962.20 0.829
were taken for each mole fraction of_ the mixture, and 0.9413 972.70 0.740
averages of these values are reported in Table 2. 0.9730 980.80 0.641
A sodium alginate (NaAlg) membrane was prepared by 1.0 985.70 0.544
dissolving 5 g of NaAlg in 100 mL of distilled water in a Water (1) + 1,4-Dioxane (2)
250 mL beaker. The solution was filtered through a cotton 303.15 K
plug, poured on a glass plate, and evaporated to dryness 0.0 1024.63 1.022 1.4181
in a dust free atmosphere at room temperature. The 0.3523 1029.10 1.205 1.4116
membrane formed was peeled off from the glass plate and 0.5503 1032.40 1413 1.4046
. . ! . . . 0.6772 1033.83 1.563 1.3972
cross-llnked_ by immersion in an ac@g methanol solution 0.7654 1033.22 1573 1.3910
and water in the ratio 75:25 containing 1 vol % glutar- 0.8304 1030.50 1.497 1.3865
aldehyde for 12 h. The membrane was dried at room 0.8801 1025.60 1.362 1.3798
temperature. The membrane thickness as measured by a 0.9195 1019.51 1.194 1.3698
micrometer screw gauge was 30 + 2 um. 8-8?%‘ igéiig é-g;g igig
Pervaporation experiments were performed in an ap- 10 995.71 0.754 13326
paratus designed indigenously!® (see Figure 1). The PV 313.15 K
apparatus consists of a stirred stainless steel cell through 00 1013.3 ' 0.871
which retentate is circulated to the feed tank. The effective 0.3523 1018.5 1.005
surface area of the membrane in the cell is 32.43 cm? with 0.5503 1022.6 1.157
a diameter of 6.4 cm, and the volume capacity of the cell is 0.6772 1024.7 1.257
250 cm3. The temperature of the feed mixture is kept 8;2(5)2 182‘21; igzg
constant using a thermostatic water jacket. The PV cell is 0.8801 10187 1.120
provided with an efficient three-blade stirrer powered by 0.9195 1013.4 0.986
a dc current motor in the feed compartment. Turbulent 0.9514 1006.9 0.869
flows were obtained even at a low rotation of the stirrer, 0.9778 999.80 0.735
that is, below 200-rpm speed. The mass transfer limitation 1.0 992.30 0.624
due to concentration polarization is negligible. The down- 323.15K
. . 0.0 1001.9 0.807
stream side of the PV apparatus was continuously evacu- 03523 1007.8 0.866
ated using a vacuum pump (Toshniwal, Mumbai, India) 0.5503 1012.5 0.982
at a low pressure, 1.33 kPa. 0.6772 1015.2 1.029
The test membrane was equilibrated for about 3 h with 0.7654 1015.9 1.034
the feed mixture before starting the PV experiment. After 0.8304 1014.6 0.998
establishment of a steady state, permeate vapors were 83?8:}) igéég 8233
collected in traps immersed in liquid nitrogen. PV experi- 0.9514 1001.3 0.728
ments were performed with a sodium alginate membrane 0.9778 994.90 0.613

for the binary mixtures containing 5—50 mass % water. 1.0 988.10 0.544
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Figure 1. Schematic diagram of the indigenously designed PV laboratory set up.
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Figure 2. Refractive index data for water (1) + THF (2) (®) and
water (1) + 1,4-dioxane (2) (M) mixtures at 303.15 K.

These mixture composition ranges were particularly chosen
because the PV technique is effective at lower compositions
of water. Such mixtures are difficult to separate by the
conventional distillation technique, since they are known
to form azeotropes at lower compositions of water.
During the progress of the PV experiment, a required
guantity of the solvent mixture was added continuously to
enrich the amount of liquid permeated through the mem-
brane from the feed compartment. The mass of permeate
collected in the trap was measured on a digital Mettler
balance, model AE 240 (Greifensee, Switzerland), and its
composition was determined at 303.15 K by measuring its
refractive index and by comparing it with the standard plot
of refractive index at 303.15 K versus mole fraction of both
the mixtures (see Figure 2). A minimum of three readings
was taken, but average values were considered in all the
calculations. The mixture composition for PV experiments
was based on mass percent, but while the PV curves were
being plotted, mass percent was converted to mole fraction.
For water + THF mixtures, feed and permeate samples
at a low water composition (0.05 mole fraction) were
analyzed using a Nucon gas chromatograph, model 5765
(Mumbai, India), installed with a thermal conductivity

detector (TCD) and a packed DEGS column of /g in. i.d.
and 2 m length. The oven temperature was maintained at
70 °C (isothermal) while the injector and detector temper-
atures were maintained at 150 °C. The sample injection
size was 1 uL, and pure hydrogen was used as a carrier
gas at a pressure of 1 kg/cm2. The GC response was
calibrated for this particular column and conditions with
known compositions of water + THF mixtures; calibration
factors were fed into the software to obtain the correct
analysis for unknown samples. The same procedure was
adapted for the analysis of water + 1,4-dioxane mixtures
using a packed Tenax column of /g in. i.d. and 2 m length.
The GC conditions remained the same, and the GC
response was calibrated for the Tenax column.

Results and Discussion

Excess molar volume (VE) values of the aqueous—organic
mixtures were calculated using the equation

VE=V,, — VX, — VX, )

where V,, is the molar volume of the mixture and V; and
V, are the molar volumes of pure components 1 and 2 of
the mixture. These data at (303.15, 313.15, and 323.15) K
are presented in Table 3 and displayed in Figure 3. For
both the mixtures, VE data are negative. In the case of a
water + THF mixture at x; = 0.63, VE is —0.80 x 10°¢
m3-mol~%, whereas, for a water + 1,4-dioxane mixture, VE
= —0.69 x 1075 m3-mol~t at x; = 0.67. A large negative VE
observed for a water + THF mixture is attributed to higher
specific interactions between water and THF molecules due
to large differences in their dielectric constant and dipole
moment values when compared to the difference between
water and 1,4-dioxane molecules. In the present mixtures,
we have not observed any wide variations in VE values
within the investigated range of temperature (see Figure
3). Smoothed curves were drawn from the best-fitted
values, giving minimum standard errors. A comparison of
the present VE values at 303.15 K with the literature data’
at 298.15 K for equimolar composition showed agreement
within 6.3% for water + 1,4-dioxane mixtures and within
2.8% for water + THF mixtures. Such small differences
may be due to differences in the experimental temperature
between the present data and the literature data.”
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Table 3. Excess Molar Volume (VE) Data of the Binary Mixtures at Different Temperatures

108VE/m3-mol—1

108VE/m3-mol—1

X1 303.15 K 313.15 K 323.15K X1 303.15 K 313.15 K 323.15K
Water (1) + THF (2) Water (1) + 1,4-Dioxane (2)
0.3081 —0.5425 —0.5237 —0.5169 0.3523 —0.4468 —0.4492 —0.4547
0.5004 —0.7702 —0.7509 —0.7503 0.5503 —0.6423 —0.6481 —0.6554
0.6319 —0.8033 —0.7756 —0.7726 0.6772 —0.6984 —0.6983 —0.7020
0.7276 —0.7997 —0.7679 —0.7667 0.7654 —0.6700 —0.6658 —0.6666
0.8002 —0.7400 —0.7102 —0.7112 0.8304 —0.5885 —0.5831 —0.5817
0.8573 —0.6301 —0.6059 —0.6053 0.8801 —0.4735 —0.4680 —0.4668
0.9034 —0.5088 —0.4903 —0.5111 0.9195 —0.3533 —0.3487 —0.3475
0.9413 —0.3459 —0.3432 —0.3728 0.9514 —0.2266 —0.2244 —0.2247
0.9730 —0.1595 —0.1670 —0.2051 0.9778 —0.1087 —0.1075 —0.1078
Table 4. Results of Viscosity Deviations (Agn) of the Binary Mixtures at Different Temperatures
An/mPa:-s An/mPa-s
X1 303.15 K 313.15 K 323.15K X1 303.15K 313.15K 323.15K
Water (1) + THF (2) Water (1) + 1,4-Dioxane (2)
0.3081 0.022 0.050 —0.085 0.3523 0.274 0.221 0.152
0.5004 0.184 0.156 0.121 0.5503 0.538 0.420 0.319
0.6319 0.362 0.291 0.217 0.6772 0.722 0.552 0.400
0.7276 0.533 0.416 0.309 0.7654 0.756 0.597 0.428
0.8002 0.648 0.482 0.359 0.8304 0.697 0.549 0.409
0.8573 0.672 0.492 0.352 0.8801 0.576 0.465 0.308
0.9034 0.615 0.418 0.302 0.9195 0.418 0.341 0.244
0.9413 0.489 0.309 0.206 0.9514 0.303 0.232 0.171
0.9730 0.257 0.185 0.102 0.9778 0.116 0.104 0.063
n Table 5. Results of Deviations in Molar Refraction (AR)
-0.05 7 of Viscous Flow for the Binary Mixtures at 303.15 K
_ -0.15 7 X1 108AR/m3-mol ! X1 108AR/m3-mol~1
g 025 Water (1) + THF (2) Water (1) + 1,4-Dioxane (2)
,ﬁ -0.35 - 0.3081 0.003 0.3523 0.002
£ -0.45 - 0.5004 0.004 0.5503 0.004
v 0.6319 0.003 0.6772 0.005
= -0.55 - A) 0.7276 0.002 0.7654 0.008
N ooesd ¢ 0.8002 —0.002 0.8304 0.012
0.8573 —0.002 0.8801 0.014
-0.75 - 0.9034 —0.001 0.9195 0.012
-0.860 _ 0.9413 —0.008 0.9514 0.002
0.9730 —0.002 0.9778 0.001
-0.1 -
2 o2 the mixtures, volume fraction (¢ = xivi/zi2:1 XiVi) was
g USEd.13’16‘17
o 0% Calculated values of Ay are presented in Table 4 while
§, -0.4 those of AR at 303.15 K are presented in Table 5. Results
S s of An versus x; at (303.15, 313.15, and 323.15) K are
@ displayed in Figure 4. For both the mixtures, curves show
081 somewhat sigmoidal trends. Particularly, in the case of
-0.7 - ®) water + 1,4-dioxane mixtures, Ay values at lower composi-
08 tions of water are higher than those observed for water +
0 0.2 0.4 0.6 0.8 1 THF mixtures. As the composition of water in the binary

X1
Figure 3. Plots of VE vs mole fraction of water in (A) water (1) +
THF (2) and (B) water (1) + 1,4-dioxane (2) mixtures at (®) 303.15,
(m) 313.15, (a) and 323.15 K.

Using the results of viscosity and refractive index,
deviations in viscosity (An) and molar refractivity (AR)
have been calculated from a general equation of the
typelﬁ,ﬂ

AY =Y, — Y% — Yo%, @)

where AY represents deviations in Ay or AR, respectively,
Y, and Y are the respective pure liquid viscosities or molar
refractivities of the pure components 1 and 2 of the
mixture, and Y, refers to the respective properties of
the mixtures. Molar refractivity (R) was calculated using
the Lorenz—Lorentz relation. For calculating AR values of

mixture increases, mixture polarity increases, thereby
showing an increase in Ay values. Maximum Az values are
observed between 0.70 and 0.75 mPa-s for both the
mixtures at around x; = 0.8. This indicates that the flow
behavior of the mixtures is almost identical at higher
compositions of water. Figure 5 displays the dependence
of AR on ¢;. Here, the shapes of the curves are widely
different for both the mixtures.

The calculated quantities (VE, Ay, and AR) have been
fitted to the Redlich and Kister!® equation by the method
of least-squares using the Marquardt algorithm?® to derive
the binary coefficients (A;) and to estimate the standard
deviation (o) as follows:

k
(AY) = X%, A(x, — x,)) ¢ (4)
1 ZJZ j\2 1

In each case, the optimum number of coefficients A; was
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Figure 4. Plots of Ay vs mole fraction of water in (A) water (1) +
THF (2) and (B) water (1) + 1,4-dioxane (2) mixtures at (®) 303.15,
(m) 313.15, (a) and 323.15 K.
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Figure 5. Plots of AR vs volume fraction of water in (A) water
(1) + THF (2) and (B) water (1) + 1,4-dioxane (2) mixtures at (®)
303.15 K.

determined from an examination of the variation of stand-
ard deviation (o) calculated by using

0= [Z(AYcal - AYobs.)zl(n - m)]llz (5)

Here, n is the number of measurements and m is the

Table 6. Derived Parameters of Eq 4 for Various
Functions of Binary Mixtures at Different Temperatures

function T/K Aq A, As o
Water (1) + THF (2)
108VE/m3-mol~t 303.15 —2.939 1.662 —1.982 0.033
313.15 —2.731 1528 —2.754 0.127
323.15 —2.465 1.031 —3.642 0.130

303.15 0.427 —2.779 6.084 0.052
313.15 0.279 —2.993 6.076 0.066
323.15 0.310 —2.284 1.640 0.025

An/mPa-s

106AR/m3-mol~* 303.15 —21.36 1537 —10.99 0.239
313.15 -—25.13 19.63 —15.05 0.330
323.15 —25.41 19.93 —-15.09 0.343
Water (1) + 1,4-Dioxane (2)

108VE/m3-mol~? 303.15 —2.407 1852 —1.172 0.006
313.15 —2.433 1.847 —1.034 0.005
323.15 —2.450 1.801 —1.060 0.004

303.15 1.919 -—3.092 2.069 0.019
313.15 1477 —2.338 1932 0.011
323.15 1.102 —1.806 1.045 0.042

An/mPa-s

105AR/m3-mol~t 303.15 —23.02 18.34 —13.70 0.242
313.15 —26.83 2142 —15.63 0.349
323.15 —27.09 2174 —15.90 0.348

Table 7. Pervaporation and Vapor—Liquid Equilibrium
Data for the Binary Mixtures of Water (1) + THF (2) and
Water (1) + 1,4-Dioxane (2) at 303.15 K

pervaporation
(present data)

X1 Y1 X1 Y1 X1 Y1 X1 Y1

Water (1) + THF (2) Water (1) + 1,4-Dioxane (2)
0.200 0.942 0.972 0.300 0.200 0.910 0.996 0.958
0.352 0.890 0.962 0.255 0.308 0.710 0.989 0.914
0.550 0.796 0.955 0.233 0.500 0.537 0.979 0.863
0.677 0.755 0.925 0.219 0.632 0.495 0.958 0.774
0.765 0.668 0.884 0.203 0.728 0.490 0.941 0.711
0.830 0.663 0.817 0.200 0.800 0.482 0.914 0.628

vapor—liquid
equilibrium#

vapor—Iliquid

pervaporation  equilibrium®

0.772 0.198 0.888 0.567
0.736  0.200 0.863 0.533
0.646 0.198 0.851 0.521
0.559 0.197 0.801 0.489
0.469 0.195 0.757 0.464
0.389 0.190 0.728 0.451
0.302 0.180 0.669 0.428
0.235 0.168 0.550 0.403
0.202 0.160 0.451 0.387
0.132 0.135 0.369 0.369
0.112 0.130 0.284 0.350
0.078 0.099 0.223 0.332
0.044 0.064 0.184 0.314
0.024 0.035 0.134 0.295

0.090 0.255

0.066 0.217

0.036 0.153

0.013 0.081

number of coefficients used in fitting the data. Estimated
values of Ajand o for VE, Ay, and AR are presented in Table
6. In all the cases, the best fit was obtained by using only
three adjustable fitting coefficients in eq 4. The curves
shown in Figures 3—5 were drawn using the smoothed
values calculated from eqs 4 and 5, which produced the
lowest errors.

VLE data on binary mixtures are extremely important
in understanding the binary interactions between liquid
components. Using the vapor pressure data of liquids and
liquid mixtures, one can compute the mole fractions of the
components in the vapor and the liquid phases. In process
engineering applications, such data have relevance, par-
ticularly if one is concerned about the separation of
azeotropic mixtures. From the PV separation experiments,
we have computed the mole fraction data in both vapor and
liquid phases from refractometry as well as gas chroma-
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Figure 6. Comparison of the vapor—liquid equilibrium curve (a)
with PV data (@) for the water (1) + THF (2) mixture at 303.15
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Figure 7. Comparison of the vapor—liquid equilibrium curve (a)
with PV data (@) for the water (1) + 1,4-dioxane (2) mixture at
303.15 K.5

tography experiments (at lower water compositions). The
VLE data of these systems were not reported in the
literature at 303.15 K; therefore, the literature data chosen
for the comparison were those at temperatures close to
303.15 K, as far as possible. Comparisons with the litera-
ture VLE data for water + THF systems?* at 323.15 K and
water + 1,4-dioxane systems® at 308.15 K are presented
in Figures 6 and 7. The azeotropic points for these systems
at 303.15 K, estimated on the basis of all other literature
VLE data, were x; = 0.10 and x; = 0.37 for water + THF
and water + 1,4-dioxane, respectively. However, the azeo-
tropic points are weakly dependent on temperature. Thus,
separation of water from these mixtures by simple distil-
lation is not feasible due to the low relative volatility of
the mixture.

The PV curve shown in Figure 6 for water + THF and
that of water + 1,4-dioxane shown in Figure 7 are well
above the azeotropic compositions, as displayed by the VLE
curves, indicating that the membrane acts as a third phase,
which selectively allows water molecules to pass through
due to a preferential affinity of water molecules for the
barrier membrane. Thus, the PV technique has overcome
the azeotropic barrier. At higher compositions of water in
the liquid phase, the PV curve cuts a diagonal line at 0.55
mole fraction of water in the liquid phase for water + 1,4-
dioxane mixtures while that for water + THF mixtures cuts
a diagonal line at 0.68, indicating a pseudoazeotropic
nature of the mixture at these compositions. In azeotropic
distillation, however, a small amount of entrainer (gener-
ally, an environmentally hazardous organic compound) is
usually added as a third phase to break the azeotrope, thus
making the process less ecofriendly. In the present re-
search, the membrane acts as a third phase, and thus, the
process becomes environmentally clean.

Conclusions

This paper reports experimental data on density and
viscosity at three temperatures, (303.15, 313.15, and
323.15) K, and on refractive index at 303.15 K. Excess
molar volumes as well as deviations in viscosity and molar
refractivity calculated from these data have been discussed
in relation to their interactions as well as in PV separation
problems. Pervaporation separation data are compared
with VLE results obtained from the literature*® for both
the mixtures to demonstrate the superiority of the PV
technique over that of simple distillation, particularly while
separating aqueous—organic (1,4-dioxane or THF) azeo-
tropes using a sodium alginate barrier membrane at the
azeotropic compositions of the mixtures.
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