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(specific basic
data) (thermodynamic conditions) (mass transfer)
(separation possibilities) (process optimization)
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(Supercritical Carbon Dioxide, SCCQO,)

NATEX

Thermodynamic properties phase equilibria: understanding phase diagrams
Thermodynamic properties phase equilibria: experimental methods
Thermodynamic properties phase equilibria: equations of state
Thermodynamic properties phase equilibria: computer programs

High pressure technology

Design and operation of the pressure vessels used in near-critical extraction
Heating and cooling system

Separation science and technology

. CO2 extraction from solids and liquids

10. Workshop visit

©WooNoO WD

(1~4)



Cxtraction Yield [%5]

100 +—

40 -

NATEX

TI <T2<T3

know-how

[ ]

3

4

Exiraction Time [h]

1

DIFFUSION

SOLUBILITY
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solvent;

modifier)

31

311

( SCCO2 (co-
modifier; entrainer )

(polarity)
(matrix

SCCO2
CO2

(specific basic data)
(thermodynamic conditions)
(mass transfer)
(separation possibilities)
(process optimization)

(selection and design of proper components)

COo,

(specific basic data)

(substrate)
(extract)
>025¢g *
0.4~0.8 mm



INV. COST [1 000 000 EUR]
A
L ] o wh o Lh o

e
o

3111

= CxInV;-A A C V;

HP - UNIT COST versus VOLUME

'y = 0.8159Ln(x) - 3.0964I

'y =09167Ln(x) - 4.0866|

ATy = 1.0163Ln(x) - 4.9147]
| R*=0.9966
b DESIGN PRESSURE: 550 bar

FLOW RATE: 15 kg CO2/h kg Feed

v
I s L 1 1 L 1 X L

T 1

500 1,000 1,500
Tot. EXTRACTOR VOLUME [l}

A 1 Extractor 0O 2 Extractors © 3 Extractors
2. 550 bar

2,000



CO2

B.
SCCO2
3.1.12
(bulk dengity)
(kg/n) (kg/nT)
Pepper ( ), ground 470 [Camomilée( ) 175
Paprika( ), ground 450 |Laurel( ), ground 130
Caraway( ), ground 400 |Vanilla ), ground 350
Coriander( ), ground 400 [Mace( ), ground 450
Clove( ), ground 450  |Nutmeg( ), ground| 470
Juniper( ), ground 400 |Ginger( ), ground 450
Cardamom( ), ground 370 |Rice( ) 820
Rosemary( ), ground 360
0.4~0.8
(channeling)
200~250kg/n??
150

500 kg/m?




8~15% /

20~27%
35~45% ( ) 15~20%
CO2

(essentid-ail)
(entrainer)
3.12 (Thermodynamic conditions)
o (phase equilibria)
¢ Peng-Robinson a. (binary system)
¢ Bender eq. CO,
¢ Berechnung Kritischer data Cp( )
o (solubility)
¢ Chradtil eg. (binary system)
CO,

CO,

(dense gas)
45~60bar

5-10 Co,

(empirical equations of state)
(entropy)

Peng-Robinson



(association laws)
Chradtil
CO,
Chradtil

10 5 —
B B st w sl s
; 3 —292.8°K calc
e 3 =——315.5°K calc.
5 71
2 1. B2l
-ﬂg " i 0 2928Kexp. O/
z 4£ X 315.5°K exp.
§ 43— -
S ES o] 332:.?"1{32-::3.
o fie SETRSERESER
- r SN
0 : = : e —
600 700 800 900 1.000
Density [kg/m*]
3. CO,
313 (masstransfer)

G. Brunner[1]

E=KsxAsxVtx?Cm  (kg/hr, )
Ks=(2+1.1xScV3 xReb6) xDyo/d  (m/sec)
Sc: Schmidt =7?/D
Re: Reynolds =vxd' /? (for 3<Re<3000)

?:CO2 (me/sec)
Dy,, D: (me/sec)
d:
d: As (m2/m3) (specific interfacial areq)
Vit ( )
?2Cm: (kg/cmB)(mean concentration gradient
CG, )



As (channeling)
CO2

(mass
flow rate)
CO, (ko) « ) /
3131 (Diffusion)
/
[ J
° (palletizing)
[ J
[ J
3.1.32 (Hydrodynamics)
0.4~0.8mm (channdling)

egg-yolk agee

10
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/ 7mm
( )
6:1 /
/ 31
314 (Separation possibilities)
[ ]
. (adsorption)
. (absorption)
(separator)

4

extractor s¢parator
extract
5.
(isobaric)

(cycling pump)

1



- (combination of pressure- and temperature

change)
(condenser)
(absorption)
( SCCO,)
( Co, )

(adsorption)
CO,
CO,
6
( )



extractor adsorption

;e

(low solvent power)

SCCO,
(membrane)
3.14.1 (Separation of dissolved substances)
/
(oleoresin)
(piperin)
(aroma)
-50
(absorption)
(adsorption) (membrane)
3.15 (Process optimization)

13



- -)
(process cycle)
(pump) (compressor)
3151 (Pump process)
( 7 1)
(cavitation) )
©) (4)
(isenthal pic) (5~7)
) (8)
100 s
ASITX KT
m_.
0 1 ‘
60 \ \
5wl , ~ \
g o/ : I \ A
£ ] ~
o (8
E 4 % — - ; i
|E 1 1| ‘]I ‘H ‘l\ l'\ 1& LY
fwrs\\mw
01 x \ \ A AN
A0 +
. L \\w\\Y\
m..‘..‘w\\\\\\\\\
07 08 03 1 14 12 13 14 16 16 17 18 18 2 21 22
Entropy S [kJkg*K]
7.
CO2
(' 150 bar) (40~80
) 45~60 bar

14



3152

(Compressor process)

tosts [Das)

HL_..--F"'"—/—?
: /!; /

1)

cooler)

bar
CO,

15

/
/ é-/
/
10 /f_‘__,.-"" ﬁﬁ extroction pressure
L 5 wo | bar)
/ i |
)
)
(condenser) (under
(80~200 bar) (30~40 bar)
(80~120 )
200
( 60 bar)
(sngle-stage)



g & 2 8 8 8

i
[ =1

Temperature [*C]
2 8

=3
[=1

3.1.5.3

3.1.6

CO,

/A/AV/ (NI

—

JOX X TN T

I I" i “/
%gy/{ﬁ\/ AN I

sz L L\ L IN X g Y N/
7 T NPV K

[ W O\ v i
lilTE*a\‘.i‘\\/\//

4 8 &8 o

07 08 09 1 11121am15m171313;2:1:2
Entropy S [kJ/kg'K]
9.
(Isobaric process)
( 0 1 )
CO,
CO,
(Selection and design of proper components)

(extractor) (separator) CO, (storage tank)
(high pressure pump)
(compressor)
(valves) (fittings) (pipes)
(filter)

16



3.2

(screw press) (moving cell)
(Cascade
operation)
( 10) 1-2-3-4 1
( 2-3-4
) 2-3-4-1
extract

(multi-step separation 11)

17



extractor , separator

fraction 1 fraction 2 fraction 3

o~

11.
3.3
Schutz Consulting, D-83308 Trostberg, 2000
)
1970 1990 50%
8
(hops)

methylene chloride

CO2
200~800

1999

18



[ )

5 1 0 4 100

( ) 7 4 1 2 60
3 1 1 1 -

5 3 1 1 -

5 2 3 0 -

12 1 5 6 9

8 0 3 5 3

7 0 1 6 3

7 0 3 4 3
59 | 12 | 18 | 29 >178

( ) 12
34
(thermal desorption)
PAHSs, PCBs

(neutralization)

19

SCCO,

(impregnation)




(enzymatic deproteination)



/

dibenzodioxins  dibenzofurans
SCCO,

21



CFCs 1,1,1-

1996 HCFC
2000 2010
HCFC 3C
HCFC HFC PFC 1997
3M HFEs hydrofluoroethers
ODP GWP
/ ( )
PCB
uv/ (
2D / )
8
MEA, ethanolamine terpenes
aguatic toxicity

CFCs



N

o 0~ W

8.

0.

Thermodynamic properties phase equilibria: understanding phase diagrams
pA1-A30

Thermodynamic properties phase equilibria: experimental methods p.B1-

B22

Thermodynamic properties phase equilibria: equations of statep.C1-C27

Thermodynamic properties phase equilibria: computer programs p.D1-D25

High pressure technol ogy p.587-625
Design and operation of the pressure vessels used in near-critical extraction
p.232-247
Pumps and compressors for supercritical extraction: design, characteristics
and installation p.261-298
Heating and cooling system p.l-VII
Separation science and technology p.63-76

10.CO2 extraction from solids and liquids p.1-26
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