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Abstract : Viscosities of eight binary liquid mixtures have been computed using various
empirical and semi-empirical relations (Frenkel relation, Kendall-Munroe relation,

1. Introduction

Viscosity of liquids and liquid mixtures play important role in understanding the
liquid flow in the chemical industry. So calculation of viscosity of liquid mixtures from
the knowledge of viscositg/ of pure liquids becomes important. Various relations like
Frenkell, Kendall-Munroe?, Additive3‘4, Bingham5 and Hind-Ubbelhode® have been
proposed to compute viscosity of liquid mixtures from the knowledge of viscosity of
component liquids. These relations have been tested for validity by many workers’"?,

In the present paper, an attempt has been made to present theoretical analysis and
to study the validity of above mentioned relations for binary liquid mixtures in light of
structure of molecules and interactions involved. Due to wide range of structural
differences in component liquids, the study becomes more important. Diglyme is taken as
one of the component for the current study, which has been used as monomer in
engineering applications including polymerisation processes and under-water research.
The alkanes (C4-Cy) are taken for the study as they are used in hydrocarbon processing
industries.

2. Theory

The number of relations proposed for predicting the viscosity of liquid mixtures for
binary liquid mixtures have been discussed here.

(a) Bingham?® proposed the following relation based upon ideal mixing of
solutions ;
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where x; and n; are mole fraction and viscosity of pure components.
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(b) Logarithmic relation proposed by Kendall and Munroe? is as given below :

n
) Inn=3% xhnn,.

i=1

(c) Based upon Arrhenius model® and Eyring’s model*, the additive viscosity
relation is given as :
n

©)) InnV =3 x;Inn,; ¥,

i=1

where V' is molar volume.

(d) Frenkel!, with the help of Eyring’s equation, proposed the logarithmic relation
which can be used for binary liquid mixtures as :

(4) ]nn =x% lnT]l +x§lnn2+2x1x2 lnnlz

where 1, is the viscosity at equimolar concentration.

(c) Hind et al®. proposed the additive relation which can be used for binary liquid
mixture as :

2 2
(5) n =x1n1 +x2n2+2x1x21’]12
where 1, is an interaction parameter.

3. Results and Discussion

The viscosities of binary liquid mixtures have been computed using the various
relations. The necessary experimental data for calculation have been taken from the work
of Aminabhavi et al'®12, The average percentage deviations as obtained from various
relations have been shown in Table 1. These results indicate that nearly all the relations
used here give the good results in case of binary liquid mixtures comprising diglyme and
esters. Frenkel and Hind-Ubbelhode methods give quite satisfactory results in the liquid
mixtures containing diglyme with higher alkanes and esters, but show larger deviations in
case of lower alkanes. These results may be improved by the use of different concept for
the computation of interaction term. Bingham method shows larger deviations in most of
the cases under investigation. This shows the need of interaction parameters (A ,-j) in the
simple additivity relations, which is necessary parameter in the real solutions.
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Table 1
Average percentage deviation in the viscosity from various relations

SN, [System ) | Fen | Kawm 'T Add. Bing ‘L Hind ][
l‘ Diglyme + Hexa—ne ﬁl 1.09 B 3.87 ;_Fmé.l—éi—k F;&XI\ B nglﬁi |
2 | Diglyme + Heptane B r{ ;s ’n —P‘_— ) ' | *FF T’L—ilgjl&
5 [Dimeromme T i e Tt o5 | Bos ]
4 |Diglyme+2,2. 4 ' | 1332 | 3
Itrimethylpentane !
s @Q@&T@me ot | rre0 |
6 |Dighme+ Decane 058 | 0ss |
| Diglyme + Dodecanc BT
‘Digi;n_c.TTetradecalle B ] JL_. 8?&—* | ‘*QZi

11.89 11.89

10 Diglyme + Ethyl acetate g—11‘7 1.16

11 (Digly“me + Methyl benzoate 1.40 N \1.39
2 ‘Diglyme * Ethyl benzoate | f 31| 3
13 [ngry;;eTl;ietll)fl succinate | | « 826¥ ﬁT 7777777 8 f4g¥ ‘J
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