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Determination and correlation of solubilities of clove oil
components in supercritical carbon dioxide
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Abstract: The solubilities of eugenol, eugenol acetate and B-caryophyllene, which are the main
components in clove oil, in supercritical CO, were separately determined at the temperature range from
40°C to 60C and pressure from 10 MPa to 30 MPa. The results showed that the solubilities of these
components increased with increasing pressure or decreasing temperature. The solubility of §-caryophyllene
was higher than those of eugenol and eugenol acetate at the same temperature and pressure. The solubilities
of eugenol in SC-CO, were between 0.0002 and 0.0580 (mole fraction). The solubilities of #-
caryophyllene in SC-CO, were between 0. 00034 and 0. 07096 (mole fraction). The solubilities of eugenol
acetate in SC-CO, were between 0. 00018 and 0. 07030 (mole fraction). The solubility data of the main
components of clove oil in SC-CO, were correlated with the Chrastil equation and improved Chrastil
equations presented by Adachi and del Valle. The values of average-absolute-relative-deviation ( AARD)
for eugenol solubility correlation were 4.92%, 4.47%, 5.19% respectively. The values of AARD for
eugenol acetate solubility correlation were 3. 69%, 2.91%, 3.24% respectively. The values of AARD for
B-caryophyllene solubility correlation were 4. 77% . 4.41%, 4.21% respectively.
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Table 1 Solubility data of main constituents of clove oil in supercritical CO,
Eugenol 3-Caryophyllene Eugenol acetate
T P o
/K /MPa /gL Solubilijy Mole fraction Solul)ilily Mole fraction Solubilijy Mole fraction
/g L1 /g L7t /g L1
313.15 6 149. 2 0.183 0.00033 0. 329 0. 00048 0.188 0. 00027
8 277.9 2.175 0.00210 3. 642 0. 00283 2.613 0.00201
10 629.9 68.763 0.02929 98. 367 0. 03369 88. 065 0. 02987
12 718.3 102. 223 0.03819 155. 994 0. 04685 154. 320 0. 04590
14 763.7 149. 503 0. 05253 217.226 0. 06136 221. 881 0. 06207
16 795.4 171.974 0. 05802 261.643 0.07096 261. 737 0. 07030
323.15 6 135.5 0. 141 0.00028 0.242 0. 00039 0.123 0. 00019
8 222.1 1.123 0.00136 1. 553 0.00151 1. 061 0.00104
10 412. 4 11. 309 0. 00736 18. 784 0. 00983 11. 376 0. 00628
12 582.0 58.243 0. 02685 75. 340 0.02792 69. 161 0.02519
14 669.9 100. 952 0. 04044 131. 888 0. 04247 130. 714 0. 04137
16 720.9 134. 906 0. 05021 184. 547 0. 05522 174. 487 0.05147
333.15 6 124. 8 0.109 0.00023 0.197 0. 00034 0. 105 0.00018
8 191.5 0. 694 0. 00097 1. 061 0. 00120 0. 645 0.00072
10 289.7 3. 673 0. 00340 4.783 0. 00356 3. 898 0.00287
12 435. 4 18. 990 0.01170 30. 354 0.01504 22.380 0.01098
14 562. 1 53. 044 0. 02532 72.836 0.02795 64.313 0.02444
16 637.7 89. 461 0.03764 129. 887 0. 04394 123. 408 0.04134
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Table 2 Constants of improved Chrastil equation presented by Adachi

Component ko k3 k4 m n AARD/ %
eugenol 4. 3826 —0.000233 1.40X10°7 —1443. 8 —18.872 4.47
caryophyllene 3.8973 6.51X10° —4.59X1078 —979.51 —17.55 4.41
eugenol acetate 4.5753 —0. 00031 2.50X10°7 —1169. 6 —20. 687 2.91
R 3 del Valle BEFEMXBESH
Table 3 Constants of improved Chrastil equation presented by del Valle
Component k m mo n AARD/%
eugenol 4. 0856 32273 —5.44X10° —69.715 5.19
caryophyllene 3. 967 —6540. 1 8.95X10° —9.2212 4.21
eugenol acetate 4.3129 — 38489 6.05X10° 37.905 3.24
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