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Abstract

This study aims to predict the excess thermodynamic properties for new desirable
mixtures. Densities, viscosities, excess volume, excess viscosity and excess activation energies
of viscous flow were reported for binary and ternary mixtures of n—hexane, propan-2-ol, and
butan—1-ol at temperatures 298.15, 308.15, 318.15, 328.15, and 338.15 K and over the whole
mole fraction range to understand the effect of polar and nonpolar and temperature increase in
the systems. Many works carried out to predict the excess thermodynamic properties, but the
mixtures of this work have not been studied so far at such conditions. It is hoped that the present
work will help in the availability of experimental data for some unknown mixtures to understand

their behavior in the chemical processes, petrochemical industries and design processes.

Keywords: Excess properties, Density, Viscosity, n—hexane and Alcohols, Binary and Ternary
mixtures.
Introduction

Extensive studies have been conducted on the thermodynamic properties of binary and
ternary mixture systems to comprehend their thermodynamic behavior. The excess
thermodynamic property (ME) is defined as the disparity between the actual properties (M) and
the properties in the ideal case (Mid) of a solution at identical temperature, pressure, and

composition (Robert, 1987).
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In previous papers [Derdar, 2015, and Amer 2017], Densities, kinematic viscosities,
excess volume, excess viscosities and excess activation energies of viscous flow were reported
for binary and ternary mixtures of toluene + n—hexane + n—-decane + n—dodecane + hexadecane
at temperatures 293.15, 308.15, 323.15 K and over the whole mole fraction range to understand
the effect of carbon atom number and temperature increasing in the systems. In this paper, we
extend our studies to the binary and ternary mixtures of n-alkane (n-hexane) and alcohols
(propan—2-ol and butan—1-ol) at 298.15, 308.15, 318.15, 328.15, and 338.15 K. This study
aims to provide additional insights into the development of mixed species and their impact on
the excess properties of the mixtures. Furthermore, this study will serve as a validation test for
various empirical equations designed to correlate property data of binary mixtures comprising
both polar and nonpolar components.

Experimental section
1. Materials

The anhydrous grade n—hexane, propan—2-ol, and butan—-1-ol were obtained from
Sigma—Aldrich. The claimed mole fraction purity for these chemicals was greater than 99%. The
purity of all samples was ascertained by comparing the values of their measured densities and
viscosities with their literature values at 298.15 K. The determined densities and viscosities of
pure components agree well with literature values and given in Table (1), (Peng, 2007, Yingmin
et al, 2020, Deepika, 2023).

2. Apparatus and Procedure

Calibration of measuring density and kinematic viscosity by using reference compounds.
The pure components were degassed ultrasonically and dried over molecular sieves type 4A
1/16 in. Precautions were taken such as using samples recently prepared and reducing to a
minimum the vapor space in the vessels to avoid preferential evaporation during manipulation
errors and the subsequent composition errors. The possible error in the mole fraction is less

than¥2 x 10~%.

98



Issue 26 AL — OSTATH Spring 2024

Table (1) Densities and viscosities of the pure components at 308.15 K in the literatures (Peng,

2007, Yingmin et al, 2020, Deepika, 2023), and this work.

p (g/cm?) v (cSt)
Component Literature This work Literature This work
n-hexane 0.6906 0.6872 0.4495 0.4428
Propan-2-ol 0.7185 0.7185 1.0305 1.0306
Butan—1-ol 0.7080 0.7082 1.7215 1.7212

Results and Discussion

The study was done to get the excess thermodynamic properties data experimentally
for n—hexane + propan-2-ol, n—hexane + butan—1-ol, and propan-2-ol + butan—-]1-ol in the
binary system. In addition, n—hexane + propan-2-ol + butan—1-ol in ternary system. However,
the study was undertaken at five different temperatures 298.15 K, 308.15 K, 318.15 K, 328.15
K, and 338.15 K for each mixture.

The excess molar volume (V), viscosity deviations(Au), and the excess activation

energy (G*E) of viscous flow were calculated from the following equations respectively:

T XMWt xiMwt

e "
Ap = Inpy — Xiq Xipl (2)
G*E = RT (Inp Vi — X1y x:In(u; V1)) 3)

The excess molar volume for the binary mixtures n—hexane + propanol, and n—hexane
+ butanol has been noticed that negative and increases with increasing temperature as shown
in Figures (1, 2). In contrast, the excess molar volume for alcohols (propanol and butanol) has
been shown in Figure (3) which is positive and slightly increases with increasing temperature.
It can be seen from this study that excess volumes, excess viscosities and excess activation
energies change wherever degrees of temperature change as shown in the results which has

been collected. For example, in Figure (1) the excess volume for mixture (n—hexane + propanol)
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system is a negative signal at 65°C and it increases by the increasing of the quantity of the
alcohol also in increasing the temperature the change becomes obvious in the excess volume
as it is quite clear at 25°C. it can be seen here the hydroxide group (—OH) has a clear effect
on n—alkane when dissolved with alcohols. It was observed that at low concentrations of alcohol,
the excess volume is negative, but as the alcohol content in the mixture increases, it transitions
to a positive value. This underscores the positive diffraction characteristics of the alcohol mixture
as shown in Figures (1, 2, and 3). Furthermore, the excess volume is negative in a ternary
system as shown in Figure (4).

The predicted viscosity and kinematic viscosity for the binary systems of n—hexane + alcohol at
different temperatures mild smoothly without distinct extremes from the values of pure alcohols
to that of n—hexane as shown in Figures (5-7). In some cases, it has been noticed that un
smooth curves lead to the instability of the system which means the mass transfer still occurred
between the molecules in Figure (8). The excess activation energy for binary system mixtures
fluctuated gradually as illustrated in Figures (9, 10, and 11)

From these findings, it is evident that the shift from negative to positive values in excess volume,
excess viscosity, and excess activation energy is a result of the interaction and divergence of
molecules, as illustrated in the Figures. This transformation occurs as molecules draw closer
and exhibit attraction, decreasing the original volume and viscosity before the dissolution of the
two compounds. Conversely, a positive sign signifies that molecules move apart and become
discordant, leading to an increase in volume. (Dikko et al. 2014, Sameti et al 2011, Vadamalar
et al. 2009, and Visak et al 2000).
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Figure (1) Excess Molar Volume (cm3/gmol) for n—-Hexane and Propan-2-ol at different

Temperatures
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Figure (2) Excess Molar Volume (cm3/gmol) for n—-Hexane and Butan-1-ol

at different Temperatures.
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Figure (3) Excess Molar Volume (cm3/gmol) for Propan-2-ol and Butan—1-ol

at different Temperatures.
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Figure (4) Excess Molar Volume (cm3/gmol) for n—-Hexane, Butan-1-ol, and Propan-

2-ol at different Temperatures
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Excess viscosity, CP
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Figure (5) Excess Viscosity (CP) for n—-Hexane and Propan—2-ol

at different Temperatures.

Excess viscosity, CP
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Figure (6) Excess Viscosity (CP) for n-Hexane and Butan—1-ol

at different Temperatures.
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Excess viscosity, CP
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Figure (7) Excess Viscosity (CP) for Propan—-2-ol and Butan—1-ol

at different Temperatures
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Figure (8) Excess Viscosity (CP) for n-Hexane, Butan—1-ol, and Propan—-2-ol

at different Temperatures.
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Figure (9) Excess Activation Energy (J/gmol) for n-Hexane and Propan-2-ol

at different Temperatures.
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Figure (10) Excess Activation Energy (J/gmol) for n-Hexane and Butan-1-ol

at different Temperatures.
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Figure (11) Excess Activation Energy (J/gmol) for Propan—2-ol and Butan—1-ol

at different Temperatures.
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Figure (12) Excess Activation Energy (J/gmol) for n-Hexane, Butan—1-ol, and

Propan-2-ol at different Temperatures
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Conclusion

It can be concluded that the change which occurs in excess volume from negative to
positive is due to the integration of molecules and divergence within them. The thermodynamic
properties of the solutions for systems were different when the temperature changed and
nonpolar and polar compounds mixed.

Nomenclature

ME = Molar excess property

M = Molar property

V = Molar volume

G = Molar Gibbs free energy

VE = Molar excess volume

uE = Excess viscosity

G'E = Molar excess activation energy

Xi = Mole fraction of pure compound i

R = Universal gas constant

Mm & Mi = Viscosity of mixture and pure component i respectively
pm & pi = Density of mixture and pure component i respectively
\A = the volume of pure component i

Mwt = Molecular weight of the pure compound
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