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Abstract— Solubilities of evening primrose 0i(EPO) in supercritical carbon dioxide were measured at tempera-
tures of 20-50°C and pressures of 100 to 300 bars. Solubilities of EPO were found to increase with increasing pressure
at constant temperature. When pressure was kept constant, solubilities of EPO decreased with increase in temperature
at pressures of 100 to 200 bars, while they increased with higher temperatures at 300 bar. Solubilities at 250 bar were
of a constant value. The effects of temperature and pressure on the extraction yield coincided with the tendency in sok
ubility. Under the range covered in this study the highest yield of extraction was 21 wt% at the temperature of 50°C
and the pressure of 300 bar with the flow rate of carbon dioxide of 3.5-4.0 //min (STP). Loading of oil in supercritical
carbon dioxide was constant until the extraction yield based on available oil was less than about 50%, and then it de-
creased sharply. The average loadings increased with increase in residence time. Mass transfer parameter, k3, increas-
ed linearly with the superficial velocity of carbon dicxide in the extractor.
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Fig. 1. Schematic diagram of experimental apparatus for measuring solubility of EPO in com-

pressed carbon dioxide.
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Fig. 2. Schematic diagram of experimental apparatus for the extraction of EPO by compressed

carbon dioxide.
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Table 1. Solubilities of evening primrose oil in
compressed carbon dioxide

Pressure Temperature Solubility
P(bar) T(°C) S(wt%)
100 20 5.220
35 3.378
50 0.981
150 20 6.430
35 4.815
50 3.366
200 20 6.856
35 5.781
50 5.649
250 20 7.056
35 6.679
50 7.078
300 20 7.298
35 7.898
50 8.841
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Fig. 4. Solubility of EPO in compressed carbon
dioxide as function of pressure at vari-
ous temperatures.
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Table 2. Extraction rate data under the condi-
tion of 50°C, 300 bar

Residence  Superficial ~ Average Loading

- - kax103
Time Velocity Cr (g of oil/ (mm 1y
T (min) Uy(cm/min) dm3 of COy)
14.72 1.0814 7.528 6.350
20.68 0.7697 7.928 4.770
30.13 0.5282 8.563 3.550
54.69 0.2910 9.851 2.269
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Table 3. Comparison of the experimental results with respect to the extraction methods

Supercritical fluid extraction

Organic
Pressing Solvent 100 bar 200 bar 300 bar
Extraction
20°C 356°C 50°C 20°C 35°C BO°C 20°C 35°C 50°C
Extraction 7.00 14.60 10.67 7.17 0.65 14.83 1558 1533 16.00 18.92 20.50
Yield(wt %)V
Acid Value 3.53 2.41 2.80 10.52 - 1.87 404 375 1.02 292 1.79
Saponification  206.9 196.1 - - - 1848 187.1 1843 1843 1855 187.6
Value
Composition of  10.1086  9.9330 10.0029

GLA (wt %)?

1) when the amounts of solvent per unit gram of seed are 120 grams.

2) GLA: 7Y-linolenic acid

Value Residence Time, 7 (min)
0 10 20 30 40 50 60

7 T T \l T T T T T T T T
- ° oy
6 -
L E
5 -
=~ °r ® O i
s
2 4t / -
2 oL .
il C?f \ !
< I .
L o
L Condition .
1}~ T=50°C N
| P =300 bar |
1 I TR 1 1 § 1 I 1 I

0
0 0.2 0.4 0.6 0.8 1.0 1.2
Superficial Velocity, Ug(cm/min)

Fig. 12. Effect of superficial velocity and resi-
dence time of carbon dioxide on mass
transfer parameter at 50°C, 300 bar.
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)
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NOMENCLATURE
a : interfacial area for mass transfer per unit
volume of bed
C : concentration of solute in the solvent with the

extractor [g of oil/dm?® of CO,)
C; : loading, or concentration of solute in the sol-
vent stream leaving the extractor [g of oil/ dm?®

of CO,]

C, : average loading at Y<50% ([g of oil/dm® of
CO,]

C* : equilibrium loading {g of oil/dm® of CO,)

k. : mass transfer coefficient

ka : mass transfer parameter [min™"]

m : carbon dioxide consumption [g of CO,/g of
seed]

P . pressure [bar]

S : solubility of oil for carbon dioxide [wt%]

T : temperature [°C]

U, : superficial velocity of carbon dioxide in the ex-
tractor [cm/min]

Y : extraction yield [g of oil/g of seed x 100, %]

SISt B H27TH M4z 19894 8H

<

o

10.

11

13.

14.
15.
16.

Colg g

o

. Extraction yield in available oil basis [g of oil
extracted/g of available oil in seed x 100, %]

: Residence time of carbon dioxide in the extrac-
tor [min]
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