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Abstract
in ethanol were measured by Taylor dispersion technique under 313—473 K and 0—16 MPa., The

The infinite diffusion coefficients of benzene, toluene, naphthalene, pyridine and p-nitroaniline

measurement accuracy of the established apparatus was first checked. The measured diffusion coefficient
of the five organic solutes in ethanol did not change with pressure at low temperature, but it was
significantly reduced with pressure increase when the temperature is higher than 373 K. Of the
correlations available for polar solvents, the modified Wilke-Chang equation, the Yang-Zhang equation as
well as the He-Yu equation were used to calculate the infinite diffusion coefficient. At low temperature,
the three equations all agreed well with experimental results for both polar and non-polar solutes.
However, the prediction accuracy was decreased sharply when the temperature was higher than 373 K,

where the association factor of the solvent was varied with temperature as well as pressure.

Keywords high-pressure ethanol, diffusion coefficient, Taylor dispersion technique, benzene, toluene,

naphthalene, pyridine, p-nitroaniline
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Table 1 Reagents and physical properties

Reagent Composition/ % Pure grade Sources
ethanol =99.7 analytical Tianjin Chemical Reagent Company, Ltd
benzene =99.5 analytical Chemical Reagent Factory, Nankai University
toluene =99.5 analytical Second Chemical Reagent Factory, Tianjin
naphthalene >=99.5 analytical Second Chemical Reagent Factory, Tianjin
pyridine =99.0 chemical Second Chemical Reagent Factory, Tianjin
p-nitroaniline =99.5 analytical Shanghai Sansi Reagent Company, Ltd
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Table 2 Comparison between measured diffusion coefficients and literature data

Solute Temperature/ C Pressure/MPa  Density/kg « em™3 D21 X109 /m? » 57! Deviation/ %
benzene 60 0 767 3. 1117 3.22 —3.5
toluene 60 0 767 2.94L7] 3.17 —7.8
naphthalene 100 0. 33 716 4. 440161 4. 33 2.5
naphthalene 150 6. 18 649 8. 17116 7.76 5.0
naphthalene 243 16.0 567 18. 2L16] 17.8 2.2
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Table 3 Infinite diffusion coefficients in ethanol at various temperatures and pressures

—1

Dy X107 /m? » s
T\ P Benzene Toluene Naphthalene Pyridine p-Nitroaniline
/M Exp. W-CO Y-ZO H-YO Exp. W-C Y-Z HY Exp. W-C YZ HY Exp. W-CYZ HY Exp. W-C Y-Z HY
40 0.52 2363 —6.5 55 —11.6 2.314 —183 —6.8 —20.2 2.031 —14.6 0.59 —16.1 1962 6.3 13.2 0.64 1700 17.2 29.1 8.4
1.52 2368 —3.9 86 —9.1 2288 —187 —7.2 —20.7 2.093 —149 0.22 —16.5 1.923 5.1 121 —0.45 1.659 19.9 32.1 10.9
253 2291 —3.9 86 —9.1 228 —16.1 —4.2 —I181 2.094 —13.5 2.0 —15.0 1.872 10.1 17.4 4.2 1.669 17.7 29.8 8.9
3.53 2.282 —3.6 89 —88 2236 —12.4 004 —145 2.020 —12.2 3.5 —13.8 1.897 14.522.2 84 1.587 18.7 30.9 9.8
4.54 2264 —2.6 10.1 —7.9 2,195 —13.9 —1.7 —16.0 1925 —11.1 49 —12.7 1.873 13.220.8 7.2 L1518 19.7 321 10.7
554 2231 —12 1.7 —6.5 2157 —12.9 —0.44 —14.9 1950 —10.9 51 —12.5 1.848 9.6 17.0 3.8 1.529 20.3 32.7 1.2
6.56 2.190 —1.4 1.5 —6.7 2142 —13.5 —1.1 —155 1.918 —9.8 6.3 —I1L5 1.832 13.020.6 7.0 1572 22.0 345 128
7.56 2,183 0.51 136 —49 2109 —1L.1 L6 —13.2 1.922 —9.4 6.9 —I1L0 1799 18.025.9 1L.7 1.519 244 37.2 150
857 2134 1.2 144 —4.3 2089 —10.6 2.1 —12.7 1.83 —80 84 —9.7 1757 20.0 28.0 13.6 1.448 25.0 37.9 15.7
9.57 2111 2.0 15.3  —3.5 2050 —9.7 3.1 —I1L9 186 —7.8 87 —9.5 L1740 14.6 22.2 85 1.418 26.7 39.7 17.2
10.58 2.086 2.1 153 —3.4 2037 —9.6 32 —1.8 1820 —7.4 9.2 —9.0 L710 11.919.3 59 1.480 25.4 382 16.0
1.59 2077 —1L1 1.6 —6.5 2019 —89 3.9 —I1L.1 L812 —71 94 —88 1722 16.223.9 10.1 1.509 25.4 382 16.0
12.59 2,136 —6.5 55 —11..6 2005 —183 —6.8 —20.2 1791 —14.6 0.59 —16.1 L714 6.3 13.2 0.64 1447 17.2 29.1 8.4
60 0.61 3191 —1.3 7.8 —53 3135 —16.6 —80 —17.4 2.853 —11.9 0.34 —12.2 2.714 9.1 12.4 4.8 2313 16.2 23.8 9.1
1.55 3182 —1.8 7.4 —57 3.146 —15.7 —6.9 —16.5 2.909 —12.1 0.19 —12.5 2.753 15.6 19.3 11.1 2.294 16.3 24.0 9.1
254 3179 0.77 10.3 —3.3 3.137 —14.3 —53 —15.1 2.863 —9.7 3.1 —10.0 2.73 9.2 12.7 4.9 2152 17.1 25.0 9.9
3.5 3082 —1.0 84 —50 3036 —146 —55 —I15.5 2.801 —9.8 3.0 —10.2 2701 81 11.7 3.8 2267 17.3 25.4 10.1
1L56 3,122 2.76 126 —14 3.025 —13.5 —4.1 —14.3 2.797 —82 4.9 —86 2.683 11.815.7 7.4 2278 20.2 28.5 12.8
5.56 2992 2.6 125 —L5 29588 —10.9 —12 —1L7 2745 —6.8 6.7 —7.1 2605 16.520.6 11.9 2.191 23.1 3.7 15.5
6.57 2982 5.5 15.8 1.3 2897 —88 L1 —9.7 2651 —58 7.8 —6.2 2532 17.521.7 12.8 2.093 23.0 3.6 154
7.59 2.885 5.4 15.7 1.2 2.83 —9.7 0.19 —10.5 2.580 —6.0 7.7 —6.3 2522 12.0 16.1 7.6 2065 24.1 33.0 16.5
8.61 2.875 &1 18.7 3.7 284 —6.3 40 —7.2 2592 —53 84 —57 2487 224269 17.6 2.155 26.8 358 19.0
9.61 2.791 8.6 19.3 43 2813 —2.8 7.9 —3.7 248 —3.7 10.4 —4.0 2.424 29.9 346 248 1.963 31.2 40.6 23.1
10.61 2.765 9.9 20.7 55 2752 —41 6.5 —50 238 —0.51 140 —0.89 2.332 17.8 22.1 13.1 1.843 29.2 384 21.2
11.62 2.721 1.4 22.4 6.9 2653 —16 9.3 —25 2409 —0.93 13.5 —13 2.358 24.829.4 19.9 2.023 30.2 39.5 22.2
12.62 2,673 —1.3 7.8 —5.3 2.653 —16.6 —80 —17.4 2337 —11.9 0.34 —12.2 2.330 9.1 12.4 4.8 1..901 16.2 23.8 9.1
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Table 3 (continued)

D», X109/m2 o571

T P

Benzene Toluene Naphthalene Pyridine p-Nitroaniline
/¢ /MPa Exp. W-CU Y-Z0 H-Y® Exp. W-C Y-Z HY Exp. W-C YZ HY Exp. W-C Y-Z HY Exp. W-C Y-Z H-
100 0.33 4.850 181 25.2 16.8 4.798 2.3 9.6 4.4 4327 54 166 82 3.988 56.2 45.6 44.1 3,137 46.3 5L3 427
6.15 4.827 137 226 125 4709 2.6 1.8 48 4133 29 188 57 3.878 47.9 40.2 36.4 3.175 44.1 51.6 40.6
10.26 4.646 15.2  25.1 14.0 4.528 4.0 14.2 6.2 3973 4.3 235 7.1 3752 55.8 48.8 43.7 2937 45.3 53.9 4.7
14.20 4.720 10.8 21.0 9.7 4249 21 12.7 4.3 3957 87 3L6 11.6 3.525 585 521 46.2 2.824 51.2 6L0 47.5
16.22 4.298 20.4 318 19.2 4089 16.9 29.2 19.3 3421 117 36.8 14.7 2.859 8.7 75.7 685 2.424 8.4 96.8 79.9
150 0.33 9.616 6.7 176~ 10.0 9.162 —4.9 5.9 L1 8338 —1.1 136 58 7.8 36.9 325 3.5 6.416 33.5 43.5 356
6.15 8475 140 29.8 17.5 8.061 —3.8 10.6 2.3 7.763 5.8 25.7 13.2 8549 23.3 23.4 184 6.705 15.1 27.9 17.0
10.26 8.674 7.0 2.2 103 8211 —2.8 140 3.4 73719 —0.21 20.8 6.7 7.523 20.5 32.1 24.4 6.134 25.7 42.3 27.7
14.20 7.980 11.9 341 153 7.41 —2.8 17.7 3.4 7.098 59 324 133 6.597 62.6 71.2 56.2 4,700 37.9 61.1 40.1
16.22 6.912 27.0 510 30.9 6.616 17.1 40.6 245 5794 17.1 45.2 25.3 5.292 70.3 77.8 63.5 4.413 69.0 96.0 T7L7
200 3.51 15.45 686 31.3 8L6 15.87 39.0 9.4 4.5 44.9 15,4 62.0 13.23 77.7 24.3 78.4 12.54 100.6 52.4 113.0
6.35 14.86 645 329 77.2 13.78 20.0 —1.9 33.4 56.6 29.3 75.0 14.71 146.0 74.7 146.9 8503 69.2 33.4 79.7
10.23 1193 90.8 60.0 105.5 11.75 5L1 281 68.0 7L0 46.4 92.2  11.66 208.4 127.4 209.7 6.313 98.8 62.7 1111
14.26 10.10 111.4 8.9 127.8 9.018 85.7 624 106.5 8.879 108.9 843 133.6 7.442 225.9 147.8 227.2 5,605 192.2 146.6 210.3
16.19 9.669 114.7 831 131.3 8.679 103.5 80.2 126.2 7.880 111.1 88.5 136.0 6.979 299.6 207.8 303.5 4.444 202.9 159.0 221.7

@ W-C, Y-Z and H-Y represent the average deviation of correlations of Wilke-Chang, Yang-Zhang and He-Yu, respectively.
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