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Abstract—Vindoline and catharanthine were extracted from the pretreated leaves of Catharanthus roseus
using supercritical carbon dioxide and their mass transfer coefficients were determined in various conditions
of temperature and pressure. Extraction yields of vindoline and catharanthine were compared with the re-
duced density of supercritical carbon dioxide and the relational parameters were calculated in each given
temperature. Defining the mass transfer coefficient of vindoline and catharanthine between solid phase and
fluid phase, the mass transfer was studied by steady state analysis. Sherwood number obtained by this method
was expressed as a function of Reynolds and Schmidt number.
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Fig. 1. Schematic diagram of the supercritical extraction
system used in this study.

1. CO; cylinder 10. Extractor

2. High pressure valve 11. Pressure control valve
3. Filter 12. Heater

4. Compressor 13. Separator/collector

5. Check valve 14. U-tube in cooling bath
6. Rupture disk 15. Rotameter

7. Damper 16. Dry gas meter

8. Pressure regulator 17. Constant temp.

9. Preheater circulator

Table 1. Parameters for the extraction system

Extractor diameter 4 cm(inner)
6 cm(outer)
length 272 cm
(body=15.92 cm)
cross sectional area 12.56 cm?
volume 200.0 cm®
Bead diameter 0.3cm
void fraction(es) 0.3810
Sample  weight average 0.0231 cm
powder  diameter
volume density(e;) 0.8489
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Table 2. Density and viscosity of dense CO;

. Density" Viscosity?

T(C) P(bar) (g/em?) (WP)
35 100 0.70792 600
150 0.81500 720

200 0.86609 830

300 0.92963 980

50 100 0.40566 280
150 0.69921 550

200 0.78451 670

300 0.87103 820

70 100 0.24928 230
150 0.50963 380

200 0.65995 520

300 0.78850 700

DIUPAC table [9], #'ref. [10]
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Fig. 2. Relation between the extraction yield (a) vindoline
and (b) catharanthine and the reduced density of
carbon dioxide.
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Table 3. Gyiny Brins Cears @and Peus determined by eq. (3)

Temperature(C ) Cuin Buin Qeath Puarn
35 048 4.06 0.45 5.13
50 0.72 3.92 0.61 5.59
70 0.88 4.00 0.86 6.7
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Fig. 3. Comparison the experimental data with the calcu-
lated results at (a) 35°C, (b) 50°C and (c) 70°C
(vindoline ; close symbol and solid line, catharan-
thine ; open symbol and broken line).
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Table 4. Estimated diffusivity and Schmidt numbers for
the vindoline and catharanthine-carbon dioxide

system
T P D,ix D,
(C) (bar) (107*cm%/sec) (107*cm?/sec) Scun - Secan
35 100 0.679 0.759 12.49 11.17
150 0.566 0.633 1561 13.96
200 0491 0.549 19.52 17.46
300 0.416 0.465 25.34 22.67
50 100 1.526 1.706 452 4.04
150 0.777 0.869 1013 9.06
200 0.683 0.713 13.38 12.82
300 0.521 0.583 18.07 16.15
70 100 1.973 2.206 468 4.19
150 1.194 1.335 624 5.58
200 0.873 0.976 848 7.59
300 0.648 0.725 13.69 12.24

*Wilke Chang eq. [10]
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Fig. 4. Dependence of Sherwood number on Reynolds
number and Schmidt number for (a) vindoline and
(b) catharanthine.
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a :effective external surface area for mass transfer
{em?/em?]

By, :cross virial coefficient [em?®]

C. :concentration of i-component in solid phase [mg/
gl

Co :equilibrium concentration of i-component in sol-
id phase [mg/g]

C¢ :initial concentration of i-component in solid
phase [mg/g]

Cz :final concentration of i~component in solid phase
_mg/g]

D; :diffusivity of i-component [cm?/sec]

d, :particle diameter [cm]

E :solubility enhancement factor

: Grashof number

k, :mass transfer coefficient defined by eq. (4) [cm/
sec]

: mass transfer coefficient defined by eq. (9) [cm/
sec]

L :length of extractor [cm]

P :pressure [MPa]

s : vapor pressure of pure component 2 {MPa]

Re :Reynolds number [pud,/u]
Sc, : Schmidt number of i-component [p/pD;]
Sh; : Sherwood number i-component [kd,/D;]

T :temperature (K]

sletEs

31 M3S 19934 62

R 2

: time [sec]

: volume [cm®*]

: saturated volume of i-component [cm®]
: superficial velocity [cm/sec]
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10.

11.

12.

13.

14.

15.

: parameter defined by eq. (3)

: parameter defined by eq. (3)

: void fraction of bead

: volume density of solid particles

: critical density of carbon dioxide [g/cm®]
: reduced density of carbon dioxide

: viscosity [g/cm sec]

: time parameter defined by t-L/u [sec]
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