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Abstract New experimental data for the viscosity of molten lithium nitrate from its
melting point up to about 700 K are reported. The measurements were taken, for the
first time, with an oscillating-cup viscometer with an estimated uncertainty of 3 %.
The obtained data were compared with previous works. It was concluded that there are
still large discrepancies between different sets of data. Our data follow the Arrhenius
behavior with an activation energy for viscous flow of E,=19.3 kJ-mol~!, slightly
higher than previous recommendations.
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1 Introduction

Tonic liquids, a class of fluids containing only ions, include the low-temperature ionic
liquids (RTILs), with melting temperature lower than 100 °C, and the high-temperature
ionic liquids (HTIL’s or molten salts) with higher melting points. The former have cap-
tured, in recent years, the attention of the scientific community due to their large range
of applications in the chemical industry. However, this distinction is artificial as both
are Coulombic fluids with academic and industrial interest, as recently reported for
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pure molten alkali nitrates and mixtures including lithium nitrate, used in a large
range of high-temperature applications, like heat storage for solar power plants [1-4].
The optimal technological design of the chemical processes involving ionic liquids
requires the characterization of their thermodynamic and transport properties, namely
viscosity. In a previous work [5], we proposed a set of reference data for the viscosity
of molten sodium nitrate. Preliminary studies [6] on the viscosity of lithium nitrate
showed differences between different laboratories (10-15 %) indicating systematic
errors in the available measurements. This kind of observation, common to RTILs
properties [7], leads us to revise the viscosity of this melt with two fundamental pur-
poses, to add new data that can be used to establish reference data, and the elucidation
of the mechanisms of momentum transfer in the liquid phase. In this work, we present
new data on the viscosity of molten lithium nitrate between the melting point and
about 700 K, using for the first time, an oscillating-cup viscometer.

Some of the applications of the molten lithium nitrate also include metal coatings
at high temperature, for gas separation, phase change material for heat transfer and
others. The melting point of LiNO3 is 537 K (or circa 264 °C) which fills the gap
between the low-temperature ionic liquids and salts that melt at higher temperatures,
for example the chlorides or carbonates. Therefore, the accurate characterization of
the fluid properties is a must, for both scientific and technological reasons.

We have shown in the past [5] that the previous recommendations about the viscosity
of molten NaNO3 were, at least, doubtful, and a preliminary reference correlation for
the viscosity of molten sodium nitrate, and a set of reference data were proposed. In
the case of lithium nitrate, the first recommendation of the Molten Salts Data Centre
[8], based on an early work by Dantuma [9], was found to be seriously flawed [10]. The
actual recommendation [11] is based on the later work of Murgulescu and Zuca [12,13]
and Protsenko and Razumovskaya [14]. However, as can be seen in these references,
the last work published about the viscosity of molten LiNOsis due to Janz et al. [10],
in 1978. The recommended equation by the MSDC, limited to the temperature range
from 540K to 650K, with an estimated uncertainty of 3% [11] is:

D

18575.18
n = 0.0823731 x exp (—)

RT

where 7 is the absolute viscosity in mPa-s, R is the gas constant, in J K L.mol~!
and T is the absolute temperature in K. However, an analysis of experimental data
shows that the deviations between different sets of data are greater than the claimed
mutual uncertainty. This fact, apart from the reanalysis of the existing data, justifies
the accurate measurement of the viscosity.

2 Experimental

The experimental apparatus (oscillating-cup viscometer) and working equations uti-
lized in the present work were described in detail elsewhere [15]. Briefly, the method
is based on the damped oscillations of a torsion wire (Pt92W8) connected to a rod
(Mo) and a stainless steel cup (SS) containing the fluid. The viscosity is computed
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from the measured period and logarithmic decrement (in units of A = §/27) of oscil-
lations, with the empty and filled cup, Ty, Ag, and T and A, respectively. The only
measurements needed are mass, temperature and time that can be obtained with great
accuracy.

The sample (LiNO3 from Fluka), with a minimum stated purity of 98.5 %, was
dried overnight and the cup was successively filled in a separate furnace, to permit the
compactness of solid sample and the elimination of air in the sample. The cup was
then finally closed in a dry box under nitrogen atmosphere. The measurements were
restricted to approximately 700 K because, due to high polarizing power of the cation,
slight decomposition is noted 40 K above the melting point, becoming appreciable
above 720 K [16]. During the measurements, the viscometer was purged with dry
nitrogen to prevent oxidation phenomena.

Visual inspection of the sample after the measurements showed a white crystalline
solid, with some slight contamination of a yellow solid, probably lithium nitrite or other
products from the SS cup. The mass loss was smaller than 0.1 g (of a total mass of about
27 g), or 0.4 %, which supports the assumption that the sample decomposition was min-
imal. Further analysis of the pH of LiNO3 sample aqueous solutions proved that nitrite
anion presence was less than 0.5 %. X-ray powder diffraction tests demonstrated that
the several fusion and recrystallization processes increased its crystallinity and even the
purity, because the initial 10 % amount of hydrate lithium nitrate was reduced to only
1 %. Phase identification was carried out by X-ray powder diffraction using a Philips
PW 1730 diffractometer, operating with a monochromatized Cu-K radiation in Bragg—
Brentano geometry and scanning (0.02° step in 26) over the range 10° < 20 <
70°.

3 Results and Discussion

Some of the physical parameters of the oscillating system were redetermined and are
listed in Table 1.

The viscosity was measured from melting point up to about 700 K, utilizing density
data taken from the literature [11]. Table 2 summarizes the obtained data. The total
uncertainty, calculated from the root mean square deviations of the different contribu-
tions, already including an uncertainty of 0.5 % in density, was estimated to be 3 %,
as shown in Table 3. The accuracy relative to previous publication [5] degraded to the
mentioned 3 % mainly due to the uncertainty in the value of §. Additionally, a higher
value of damping for the empty cup was found in the present measurements which also
may difficult the convergence of the working equations. Data points were obtained on
both increasing and decreasing temperature, and the values agree within & 3 %.

Table 1 Physical parameters of

the oscillating system for the r/ mm 8.590 % 0.005
present IIIlefisurerpents with 1 O7 I/k o m2 55577 + 4
molten lithium nitrate
To/s 1.58374 0.001
10* A 49+0.16
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Table 2 Experimental results

T/K T/s 104A n/ mPa-s
544.9 1.5862 24.58 5.150
554.5 1.5840 23.54 4.457
571.7 1.5906 2321 4.195
592.12 1.5837 22.61 3.854
595.9% 1.5811 22.16 3.618
597.0 1.5944 22.48 3.720
601.3 1.5950 22.18 3.549
603.3 1.5854 21.74 3.373
619.2¢ 1.5939 21.23 3.075
623.2 1.5936 21.14 3.024
627.22 1.5921 20.93 3.040
662.72 1.5874 19.81 2.448

4 Data points obtained with 688.82 1.5837 18.56 2.169

decreasing temperature 689,04 1.5871 1774 2.094

Table 3 Uncertainty analysis

Parameter si | % Contribution to sy, / %

Logarithmic decrement, § 0.9 2.7

Period of oscillation, T 0.06 ~0

Moment of inertia, / 0.7 1.3

Cup radius, r 0.06 0.17

Sample mass, m 0.05 0.05

Density, p 0.5 0.5

Total uncertainty / % 3.04

Figure 1 shows the comparison with other previous authors. The available data are
scarce and data of Brovkina et al. [17], Smotrakov et al. [18] are smoothed data, not
experimental data points.

As referred before, the fist recommendations of the MSDC [8] was made taking
into account the work of Dantuma [9] by the oscillating ball technique. The choice
was made because the paper of Murgulescu and Zuca [12] presented lack of details
on sample preparation and purity and Protsenko and Razumovskaya [14] reported a
higher melting point for their sample what could imply an error on thermometry. The
uncertainty of the viscosity values was estimated to be about 3.5 %.

Later, Janz et al. [10] measured the viscosity of molten lithium nitrate with a mod-
ified Ostwald capillary viscometer, with an accuracy of & 1.5 %, and found that the
results of Dantuma [9] were in serious error. Additionally, the differences between
capillary and oscillational methods show large divergences, amounting to a maximum
of 22 %. The results of Zuca [13] by the oscillating sphere method also were in dis-
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Fig.1 Comparison of present data with previous authors. O - Present work; *— Protsenko et al. [14]; < -
Murgulescu et al. [12]; & - Zuca [13]; A - Janz et al.[10]; - - - - Smotrakov et al. [18];----- Brovkina et
al. [17]
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Fig.2 Percent deviation between experimental sets of data and MSDC recommendation. O - Present work;
* - Protsenko et al. [14]; <> - Murgulescu et al. [12]; { - Zuca [13]; A - Janz et al. [10]; - - - - - Smotrakov et
al. [18];------ Brovkina et al. [17]

agreement with the previous recommendations. The actual recommendation of the
MSDC [11] is based on the work of Janz et al. [10] together with Murgulescu and
Zuca [12,13] and Protsenko and Razumovskaya data [14]. Figure 2 compares the data
shown in Fig. 1. Included are also the data of Brovkina et al. [17] and Smotrakov
et al. [18], not mentioned in the papers of Janz.

As it can be seen, there are still large discrepancies between different sets of data,
and deviations are positive or negative to current recommended data. Data points of
Zuca above 670 K show a different deviation relative to points at lower temperature.
Our data are systematically higher than the MSDC correlation. More, the previous
recommendations are completely out of scale as they show a difference to the data of
Janz, ranging from —15 % to —30 %.

Figure 3 shows the obtained viscosity as a function of absolute temperature. The
present data (one data point was removed at 7' = 554.5 K) can be fitted to the Arrhenius
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Fig. 3 Viscosity of molten lithium nitrate as a function of temperature
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Fig. 4 Arrhenius plot for the obtained data

equation which is also represented in Fig. 4. The least-squares fit to the Arrhenius law
gives then the following equation:

19295

= 0.0738 —_— 2
10078 (222) >

With the quantities expressed in the same units than in Eq. (1) and a regression coef-
ficient of 0.99, the activation energy for viscosity, £, = 19.3 kJ -mol~!, was found to
be about 4 % higher that the value given by the MSDC recommendation [11].

4 Conclusions

New data for the viscosity of molten lithium nitrate between 540K and 690K are
reported. These data were obtained, for the first time, with an oscillating-cup viscome-
ter, with an estimated uncertainty of 3 %. These data were compared with previous
values obtained by different techniques (capillary and oscillating sphere). New data
can help to establish new recommended data as the previous values were obtained
by different techniques (capillary and oscillating sphere). We stated in the past [19]
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that the transport of charge and momentum is done by individual ions or by locally
ordered complexes. In the case of lithium salt, due to the polarization of anion by
the strong electric field of the Li™ ion, the complexes also participate in the transport
of momentum. These fluids are Coulombic in nature, and some of the considerations
outlined here can be naturally extended to the low-temperature ionic liquids (RTILs).
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