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Theoretical Calculation of Diffusivity in Binary Liquid Mixtures
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Abstract: Since the chemical reactions and separations are often limited by the diffusion process, the
knowledge of diffusivity is crucial in many chemical engineering processes. The Maxwell-Stefan approach was
considered in this paper, and it was assumed that the diffusive friction of species i in another species j is
proportional to the local volume fraction of j (¢b;;), but not to the mole friction of j (x;). Based on this local
composition model, a new correlation equation for the prediction of the diffusivity in binary liquid mixtures was
brought forward via using the diffusivities of infinite dilution and the Wilson and NRTL parameters of the
binary solution. The results of theoretical calculation were evaluated with the published experimental data, and
the total average relative deviation of the predicted values with respect to experimental data is 6.35% for 15
binary systems including those containing associative component. Results indicate that this model proposed is
better than the currently used Darken’s model.
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Table 1 Parameters of binary solutions
Systems Wilson NRTL Molar Molar
1-2 Aot Aa1—Aa2 g12-8u g1-82 a2 Volume 73 Volume 7,
Hexane-CCl, 151.8605 40.2340 —292.2364 499.1284 0.2931 131.61 97.09
CCly-bezene —252.1256 355.2046 410.7374 —296.6526 0.3052 97.09 89.41
Acetone-cyclohexane 1054.0376 267.1229 385.4843 771.1362 0.2921 74.05 108.75
Cyclohexane-toluene —279.2808 623.0145 797.4637 —429.4265 0.3036 108.75 106.85
Benzene-cyclohexane 346.0688 —70.4353 26.6575 245.3010 0.3025 89.41 108.75
Chloroform - bezene —-123.3837 —-184.4193 —86.1025 —227.3671 0.3062 80.67 89.41
Benzene-toluene —333.9041 579.9992 60.1980 -51.0865 0.3019 89.41 106.85
Benzene-chloribenzene 14.4852 19.0041 24.5239 1.3739 0.3033 89.41 102.24
Acetone-benzene 809.0284 —342.9787 —396.4935 886.5703 0.2971 74.05 89.41
Acetone -CCl, 539.7984 81.9142 211.0539 380.6299 0.2993 74.05 97.09
CHCIs-CCl,4 —409.8965 831.8887 976.0567 —662.8304 0.3040 80.67 97.09
Acetone -CHCl; 28.8819 —484.3856 —643.2770 228.4574 0.3043 74.05 80.67
Acetone-water 344.3346 1482.2133 656.6727 1197.4439 0.5103 74.05 18.07
Methanol-water 271.1382 433.0681 —306.1552 998.5807 0.3012 40.73 18.07
Ethanol-water 177.7372 1102.1827 21.6167 1192.7527 0.3015 58.68 18.07
2
Table 2 Results of predictions and comparisons
Svst Diffusivities ARD Data
ystems of infinite dilution Ne 1% source(Refs)
1-2 By Bt Wilson NRTL Darken
Hexane-CCl, 1.47 3.87 5 2.0 2.8 4.7 [10]
CCl,-bezene 1.92 1.41 5 3.1 33 24 [11]
Acetone-cyclohexane 2.22 4.06 7 29 2.8 3.2 [12]
Cyclohexane-toluene 2.42 1.57 9 4.9 6.8 10.5 [13]
Benzene-cyclohexane 1.89 2.10 9 3.1 31 3.9 [14]
Chloroform - bezene 2.25 2.88 10 4.3 3.1 11.7 [14]
Benzene-toluene 2.55 1.83 10 2.2 25 2.8 [13,14]
Benzene-chloribenzene 2.12 1.85 10 3.2 2.8 29 [15,18]
Acetone-benzene 2.76* 4.20* 5 18 29 7.1 [11]
Acetone -CCl, 1.71* 3.57* 5 45 51 4.7 [11]
CHCI5-CCly 1.50 2.03 8 5.1 4.1 6.2 [17]
Acetone -CHCl3 2.33* 3.62* 5 8.6 10.2 17.9 [18]
Acetone-water 1.31* 5.22* 8 24.3 18.7 35.6 [13]
Methanol-water 1.56 2.19 10 13.2 155 26.3 [13,19]
Ethanol-water 1.25 1.22 9 9.88 6.85 18.6 [13,16]
average 6.48 6.20 11.09

* experimental data
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