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ABSTRACT

Densities and viscosities of the binary aqueous solutions of I-Propanol (PA) and 2-

Propanol (lPA) have been determined experimentally throughout the whole concentration

range for temperatures between 20Ge and 60°C. The data were correlated by an equation

based on Erying's absolute rate theory. The energy of activation for viscous flow is

presented. The equation correlates the viscosity values of the binary solutions with an

average absolute deViation 'percentage error (AAD%)'of 0.7714% and 1.2351% for PA

and..IPA aqueous solutions, respectiv~ly. The AAD values for density correlations o~ PA

and IPA agueous solutions are less than 0.07%.
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1. INTRODUCTION

A knowledge of thermodynamic' and transport properties of binary aqueous

solutions are important in engineering, designing new technological processes and also in

developing theor~ticalmodels. Volumetric properties ofaqueous solutions, in conjunction

with other thennodynamic properties provide useful information about water-solute

interactions. Density and viscosity of aqueous solutions are required in both' physical

chemistry and chemical engineerIng calculations involving fluid flow, heat ~nd mass

transfer.(1) The values of such quantities may sometimes be obtained from tables but it is

usually found that even the most extensive physico-chemical tables do not contain all the

data necessary for designing a technological process,<2) Consequently, reliable and



accurate data which can be applied to wide ranges of temperature are required-. Alcohols

are organic compound which are widely used within the chemical industry. The main uses

of alcohols are as solvents for gums, resins, lacquers and varnishes, in the makin~ of dyes

and for essential oils in perfumery.

Densities and viscosities of binary aqueous solutions of I-Propanol have been

studied by Mikhail et at (3) at temperatures 25°, 30°, 35°, 40° and 50°C and by Ling et al. at

temperatures 30°, 55°, 75° and 95°C.(4) Visc;osities studies of solutions of water in n

Aliphatic alcohols were also reported at 15°,25°,35°, and 450C.(5) Densities and refractive

indices of n-Propyl, lsopyl and Methyl alcohols with water were measured at 20~25°C.(6)

Densities and refractive indices ofpure. I-Pr~panol were given by Ortega.(l)

As.. part. of our "Study, we present and discuss density, viscosity data for binary

systems of l-:-Propanol + water and 2-Propanol + water at temperatures from 20°C and

60°C over the entire composition range.

.2. Experimental

2.1 Materials:

I-Propanol (PA) and 2-Propanol (IPA) with minimum purity of 99.5% and 99.8%

respectively. were obtained from Merck Chemicals. Both were used without further

purification. Ultra pure water was used for preparation ofvarious solutions. Mixtures of

these alcohols with ultra pure water were made by weighing the known amount of the

respective chemicals, with care being·taken to minimize exposure to air (carbon dioxide).

2.2 Measurement

2.2.1. Density

An Anton Paar DMA58 vibrating tube digital density meter was used to determine

the densities of the solutions from 20- 60°C at SoC interv~ls. The U-tube of the density



meter was washed with water and acetone and .dried with air before measurement. The

density meter was calibrated by dry air and ultra pure water. The density of water at 2?OC

was 0.99823 g_cm-3.(8) Densities of solution p (g..cm-3
), were calculated by the equation

p=Ar-B

A =(Pl- P2) / (T1
2

- T2
2

)

B;= (1l Pl- T? P2) / (T1
2- Tl)

(1)

(2)

(3)

where A and B are calibration constants, p the density, T the temperature in Kelvin and

index 1 and 2 refer to air and water, respectively. The uncertainty of the density value is

. ±l x 10.5 g-cm-3;

2.2.2. Viscosity

The kinematic viscosities were determined by using an Ubbelohde viscometer

calibrated with ultra pure water. The viscosity of water at 20°C was 1.0020 cp..(8) The

viscometer was immersed in a water. bath: -The temper~ture of the water bath was

controlled to ±O.l°C. The flow time. was measured with a stop-watch accurate to O.Ols.

Measurements were repeated at least three times for each solution and temperature. The

kinematic viscosity ofsolutions is given by

(~)

where v is the kinematic viscosity, t is the flow time and k 1, k2 are the viscometer

constants. The k 2/t term represents the correction due to kinetic energy and can generally

be neglected. The dynamic viscosities were then calculated from the measured kinematic

viscosities and the densities ofthe same solutions.

3.. JlESULTS AND DISCUSSION

The viscosity and density data for the binary aqueous solutions of PA and IPA

from 20.. 60°C are tabulated in Tables I-IV, respectively. The viscosity of the aqueous PA




















