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RESUMEN.—Se estudian las variaciones de la viscosidad con la composicion de disoluciones
de miristato de metilo en ciclohexano, hexano, tetracloroetileno o tricloroetileno en el intervalo de
temperatura de 293 a 313 K. Todas las disoluciones presentan valores negativos de la desviacion
relativa entre los valores experimentales de viscosidad y los valores tedricos. Existe un valor maxi-
mo de desviacion relativa que divide al intervalo de concentracion en dos zonas, encontrandose
en ambas, variaciones lineales de los logaritmos de los valores de viscosidad frente a la fraccion
volumetrica de miristato de metilo.

SUMMARY.—A study is made of variations in viscosity with the composition of methyl myris-
tate solutions in cyclohexane, n-hexane, tetrachloroethylene or trichloroethylene over a tempera-
ture range of 293 - 313 K. All the solutions studied show negative relative deviation values between
experimental viscosity values and the theocretical values. There is a maximun relative deviation
which divides the concentration interval into two zones, in both there are linear variations to the
viscosity value logarithms against the volumetric fraction of methyl myristate.
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INTRODUCTION

The inadequate development of liquid theory has led
to the creation of a number of procedures for predicting
the viscosity values of pure liquids and their mixtures,
most of which are based on empirical or semi-empirical
approximations.

The literature contains a large number of equations
which have been put forward to estimate the viscosity
value for binary liquid solutions. These equations can be
grouped according to different criteria. One of these
groups is of the so-called additivity equations, which in-
cludes those with the following form: f(u) = x, f(i,) + x,
f(w,), where f(u) is a function of the viscosity of the com-
ponents and of the solution and x; is the mole or volu-
metric fraction or the fraction by weight of the compo-
nents of the mixture.

Within this group, a set of equations has been propo-
sed (1). The estimation of viscosity values with the ap-
plication of this type of equation proves to be more sa-
tisfactory the more similar the viscosity values of the
pure components.

EXPERIMENTAL

Four organic solvents and methylic ester were used, whose
purities determined by gas chromatography were as follows:
cyclohexane 99.7 %, n-hexane 98.7 %, tetrachloroethylene
99 %, trichloroethylene 99.5 %, methyl myristate 99.3 %.

The solutions were prepared by mass, using a Mettler P1210
single-pan balance with a precision of + 0.01 g. Mole fractions
x were accurate to 0.001. Mesurements were made in a ther-
mostated Hetofrig bath, controlled to + 0.1 K.

The Newtonian rheological behavior of the solutions was
measured with a rotation viscosimeter with accuracy of 99 %.

The dynamic viscosity was measured with a Haake Model B/EH
Héppler falling-ball viscosimeter accurate to + 0.01 mPa.s. Ex-
perimental viscosity values for pure components (except methyl
myristate, prepared by syntesis) has been compared with bi-
bliografy data (2, 3). The results offers no significant deviations.

DISCUSSION

In attempting to establish the degree of applicability of
these equations to the solutions considered, the relative
deviation was obtained between the experimental visco-
sity values and the theoretical values estimated on the
basis of the viscosities of the pure components, with the
solutions treated as being ideal (4). These relative devia-
tion values, calculated from the experimental results (5)
are contained in table |, where the values below 0.05 are
not considered significant, this being the limit establis-
hed by the experimental errors.

The relative deviation values of all the solutions stu-
died were negative, showing that there are molecular in-
teractions which reduce the viscosity value, since the
average degree of structuring of the molecules in the so-
lution is less than that of the pure components (6).

The relative deviation values above the limits establis-
hed by the error indicate that the additivity equation is
not satisfactorily confirmed throughout the concentration
range when the viscosity function is linear. It is seen that
all the solutions have a maximum relative deviation at dif-
ferent concentrations: 0.2 - 0.3 in solutions with cyclo-
hexane, 0.4 - 0.4 in solutions with n-hexane, 0.3 in solu-
tions with tetrachloroethylene, and 0.2 in those with trich-
loroethylene.

Because there is a maximun relative deviation valuae
for all the solutions which divides the concentration ran-
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TABLE |
L
Relative deviations (%) of viscosity values
Methyl myristate + cyclohexane Methyl myristate + n-hexane

X» 293K 298K 303K 308K 313K 293K 298K 303K 308K 313K i
0.1 -0.09 -0.08 -0.06 -0.05 -0.05 -0.35 -0.34 -0.28 -0.27 -0.25 ‘
0.2 -0.13 -0.12 -0.09 -0.08 -0.07 -0.50 -0.46 -0.40 -0.36 -0.32 ’
0.3 -0.14 -0.14 -0.11 -0.09 -0.08 -0.57 -0.53 -0.45 -0.41 -0.36 !
0.4 -0.09 -0.10 -0.07 -0.06 -0.04 -0.58 -0.54 -0.46 -0.42 -0.36

0.5 -0.09 -0.09 -0.07 -0.06 -0.04 -0.54 -0.52 -0.45 -0.41 -0.36

0.6 -0.07 -0.08 -0.06 -0.05 -0.04 -0.45 -0.43 -0.38 -0.37 -0.33

0.7 -0.04 -0.05 -0.04 -0.04 -0.04 -0.32 -0.30 -0.27 -0.27 -0.25

0.8 -0.02 -0.03 -0.02 -0.02 -0.02 -0.21 -0.19 -0.18 -0.18 -0.17

0.9 -0.01 -0.01 -0.01 -0.01 -0.01 -0.09 -0.09 -0.08 -0.09 -0.08

Methyl myristate + tetrachloroetilene Methyl myristate + trichloroethylene

X5 293K 298K 303K 308K 313K 293K 298K 303K 308K 313K

0.1 -0.10 -0.09 -0.06 -0.05 -0.04 -0.26 -0.23 -0.20 -0.18 -0.16 b
0.2 -0.10 -0.09 -0.06 -0.06 -0.04 -0.28 -0.26 -0.21 -0.19 -0.17

0.3 -0.11 -0.10 -0.08 -0.06 -0.05 -0.21 -0.18 -0.16 -0.14 -0.11

0.4 -0.09 -0.09 -0.07 -0.05 -0.03 -0.16 -0.15 -0.12 -0.11 -0.09
0.5 -0.08 -0.07 -0.06 -0.05 -0.02 -0.11 -0.11 -0.08 -0.08 -0.06

0.6 -0.04 -0.05 -0.04 -0.04 -0.02 -0.07 -0.08 -0.06 -0.05 -0.03

0.7 -0.04 -0.04 -0.03 -0.03 -0.02 -0.05 -0.05 -0.04 -0.03 -0.02

0.8 -0.02 -0.03 -0.01 -0.02 -0.01 -0.03 -0.03 -0.02 -0.02 -0.01
0.9 -0.01 -0.02 -0.01 -0.01 -0.00 -0.01 -0.01 -0.01 -0.01 -0.01

Relative deviations greater than experimental errors are indicated in bold.

TABLE Il

Values of parameters of equations [1], [2], [3] and viscosity of pure components

Solutions Parameters 293 K 298 K 303K 308 K 313 K
Iy 0.608 0.549 0.546 0.500 0.485
. Hy 4.639 4.086 3.597 3.267 2914
Mf“é’;lrgr{gi;f: ¥ Ly 2 821 2 241 1.965 1.634 1.412
y Ig 0.999 0.934 0.893 0.834 0.772
Mg 3.308 2.734 2.343 2.013 1.726
1y 0.146 0.141 0.145 0.141 0.148
: Ho 4.501 4.022 3.560 3.179 2.835
Methrf_'hrgzgifte * e 0.657 0.566 0515 0.448 0.419
Mg 0.371 0.350 0.332 0.313 0.293
Mg 1.173 1.003 0.875 0.769 0.679
My 0.590 0.581 0.543 0.523 0.553
. 4.611 4.054 3.633 3.265 291
Methyl myristate + Ha
tetraciloriethylene Iy 2723 2354 1.971 1.706 1.611
s 0.958 0.911 0.875 0.850 0.817
s 3.406 2.904 2.501 2.171 1.895
My 0.325 0.309 0.320 0.303 gggg
, My 4.680 4.148 3.646 3.299 -
“fﬁé:ﬁ’{'}gi:ﬁtf;ﬁ; » 1.519 1.282 1.167 1.000 0.901
y s 0.580 0.572 0.551 0.529 0.503
He 1.685 1.444 1.286 1.140 0.99

o 0SSas g
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TABLE Il (continuacion)
solutions Parameters 293 K 298 K 303 K 308 K 313 K
e
Viscosity of pure components (mPa.s)
Methyl myristate 4.66 4.16 3.66 3.30 2.96
Cyclohexane 1.07 0.99 0.93 0.86 0.81
n-Hexane 0.32 0.31 0.29 0.28 0.27
Tetrachloroethylene 1.08 1.02 0.97 0.92 0.88
Trichloroethylene 0.73 0.69 0.66 0.63 0.60

ge into two zOnes, the equation established by Arrhenius
(7) is verified:

Ny = [T -t] 0wy + 10y (1]

where t, is the volumetric fraction of methyl myristate in
the solution calculated using the expression t, = X, V,/Vy,
where x, and V, are the mole fraction and molar volume
of the methyl myristate and V, the molar volume of the
solution.

This relation is fulfilled by solutions of methyl myrista-
te in cyclohexane, n-hexane, tetrachloroethylene or
trichloroethylene for mole fractions respectively of at
least 0.5, 0.6, 0.5 and 0.4.

The results indicate that, in all the solutions, the value
of parameter ., estimated with equation [1] above coin-
cides with the experimental value for the viscosity of the
methyl myristate, within the limits of error estimated at
4 %. However, the values for parameter u, and the sol-
vent viscosity values do not coincide.

The difference in the behaviour of the different solu-
tions and the discrepancy of the values for the parame-
ter 4, may be interpreted in teh light of the fact that the
viscosity of a solution involves three types of molecular
friction:

* Between two methyl myristate molecules.

* Between two molecules of solvent.

* Between a molecule of methyl myristate and a mo-
lecule of solvent.

For the methyl myristate mole fractions considered, it
can be accepted that the solvent molecule level is not
sufficient in each case to simultaneously cover all the di-
rect friction zones between methyl myristate molecules.
For these solutions, with an excess of friction between
molecules of methyl myristate, equation [1] can be sta-
ted as follows:

Inum =[2 t, = 1]1n pg + (1=t,) In [2]

where the first addend represents the contribution to the
solution viscosity from the direct friction between mole-
cules of methyl myristate, while the second shows the
friction between a molecule of solvent and a molecule of
methyl myristate.

Equation [2] coincides with equation [1], given that p,
= 1, Wy, since the value of py coincides exactly with that
of p,.

For mole fractions of methyl myristate not more than
0.3, 0.5, 0.3 and 0.2 with cyclohexane, n-hexane, tetrach-
loroethylene, and trichloroethylene respectively, where

there is excess friction between solvent molecules,
equation [1] can be stated as follows:

I b = [1-2 1] 10 15+t 10 g 3]

where the first addend represents the contribution to the
solution viscosity of the direct friction between molecu-
les of solvent, while the second shows the contribution

In p,
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Figure 1.
Logarithms of viscosity vs. volumetric fraction of methyl
myristate, at 303 K.
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from the friction between a molecule of solvent and a
molecule of methyl myristate. This is the interpretation
used to explain the behaviour of solutions of oleic acid
in n-hexane or cyclohexane (8).

The values of parameters p,, y,, 4, 1s and pg are set
out on table Il. In figure 1 are represented the logarithms,
at 303 K, for the viscosity values of the solutions as
against the volumetric fraction of the methyl ester.

The diferences between the values for the parameter
Mg and the viscosity values of the solvents are due to ad-
justment errors, given the limited number of data in this
area of the range. The values for parameter pg cannot
be compared with those for parameter u, because of the
limited precision with which the former are calculated
and the manner in which the latter are defined.
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