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CO2

Tc = 31 °C

Pc = 7,4 MPa

dc = 468 kg/m3
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Supercritical CO2
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scCO2

Density, viscosity .. between gas and liquid

Dependence of properties on p and T 

Solubility increases with density and T 

Low viscosity – high diffusivity

Low interphase tension

Easy separation of gaseous CO2

Non-flammable, non-explosive, low cost, high purity

Non-toxic, inert, low critical temperature

Non-polar solvent (modifying)
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Dependence of properties on p and T 

Vegetable oil - solubility in scCO2
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Research

1 Properties, solubility/equillibrium

2 SFE, cleaning, recycling 

3 Nanostructures, drying

4 Reactions

5 Technique

6 Chromatography

7 Impregnation, polymers

8 Sequestration, oil extraction
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2 Supercritical Fluid Extraction

Author: ChemViews

Published Date: 15.3.2013

Copyright: Wiley-VCH Verlag GmbH & Co. KGaA, 
Weinheim

This year marks the 50th anniversary of the first patent 

describing the use of supercritical fluid extraction by Kurt 

Zosel, Max Planck Institute for Coal Research, Mülheim

an der Ruhr, Germany. It also marks the 40th anniversary 

of Zosel's US patent of the use of supercritical fluid 
extraction in the decaffeination of coffee.
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2 Flavex
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2 Cleaning
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2 Cleaning
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3 Foams
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4 Reactions - University in Nottingham
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7 Wood impregnation (Sweden)
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7 Textile dyeing
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Extraction – botanical insecticides

common rue (Ruta graveolens), savory (Satureja hortensis)
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Extraction + separation

CO2

tank

Compresor

filled with

plant 

material

Flow

meter

Separator

(vial)

Turmeric -

Curcuma

longa

Temperatures 40 - 50 °C

Pressures 9 - 66 MPa

CO2

consumption

3.5 g/g
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Initial
SFE 

isolate

Fractions from supercritical fractionation
process
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Photocatalysis
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Photocatalyst
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TiO2

ZnO

WO3

SnO2

Fe2O3

ZnS



Photocatalytic reactors
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anatase

brookite

rutile
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TiO2 - aerogels, thin films

 Low-toxicity

 Good chemical stability

 Catalytic activity

 Sensors

 Catalyst

Schubert U., Hüsing N. Angew. Chem. Int. Ed. 1998, 37, 22-45.

 Low density (up to 95% of volume is air)

 Large open pores

 High specific surface area

 Heat insulation

 Pharmaceutics

 Bilogical materials

 Solvent or solute carrier

 Solar cells

 Self-cleaning systems



 Thermal treatment (calcination):

 excessive sintration

 recrystallization

 cheap and easy

 Supercritical CO2 + Calcination :

 increase the photocatalytic activity 

 high specific surface area

Methods of preparation of crystalline TiO2
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 Ambient drying techniques: 

 solvent removal  the surface tension

infers capillary pressure gradient  

collapse the pores

 Freeze-drying: 

 slow rate & high pressure of sublimation

 increase of the solvent volume upon 

crystallization  volume expansion 

powders



Preparation: Supercritical fluid crystallization

 No surface tension

 Gel structure maintains its integrity

 Large specific area

 Control of the solvation power

 Adjusting temperature and 

pressure= possibility of controlling 

the structural properties 

 low temperature

 Reduced capillary force

 Mild operating temperature

 Easy/no need of solvent separation

 Recycle

 Expensive apparatus

 Cheap operating price
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Aerogels
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sol-gel process

wet gelmixture without water

water

Surfactant (source of TiO2): 

Ti(IV)isopropoxide

HNO3

hexan



Thin films

Dip-coating

soda-lime slidesolution (sol)
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Surfactant (source of TiO2): 

Ti(IV)isopropoxide

HNO3

Isopropanol

water



Apparatus

P

Column
(150 mL, 30 mm i.d.)

Expansion

valve
Flowmeter

Modifier

CO2

High-pressure

pump

CO2 (g)

Slides

T

Separator

Aerogel

Glass beads
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Heated box



Apparatus



Experimental condition

Temperature 40-150 °C

Pressure 10-30 MPa (30 MPa)

Amount of CO2 50-200 g

Modifier water, ethanol, water:ethanol

Concentration of water in 

scCO2

10-50 wt. % (30 wt.%)

Concentration of alcohol in 
scCO2

5-80 wt. % (10 wt.%)

CO2 flow rate 0.8-1.6  g.min-1

Thin films

Aerogels

Experimental condition

Temperature 40-100 °C

Pressure 10-30 MPa (30 MPa)

Amount of CO2 50-200 g

Modifier water, ethanol, water:ethanol

Concentration of water in 

scCO2

5-30 wt. % (5-15 wt.%)

Concentration of alcohol in 
scCO2

10 wt. %

CO2 flow rate 0.8-1.6  g.min-1
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Supercritical fluid crystallization



TiO2 thin films and aerogels after SFC

SFC

Treated aerogel
Aerogel

SFC
Treated thin filmDeposited

thin film
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Characterization methods

 Raman spectroscopy: anatase crystalline structure presence and purity

 X-ray diffraction analysis: phase composition and TiO2 crystal size 

 Nitrogen physisorption: specific surface area
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Region of anatase peaks

Raman shift [cm-1]

CO2 (150 °C) 

CO2+water (150 °C) 

CO2+ethanol (150 °C) 

CO2+water+ethanol (150 °C) 

CO2+water CO2+ethanol (40 °C         150 °C) 
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Raman spectroscopy

Character and purity

Thin films



Raman spectroscopy

Character and purity

Aerogels

10 wt.% (40 °C, 30 MPa) 

10 wt.% (80 °C, 20 MPa) 

10 wt.% (100 °C, 30 MPa) 

10 wt.% (80 °C, 30 MPa) 

10 wt.% (80 °C, 10 MPa) 

15 wt.% (80 °C, 30 MPa) 

5 wt.% (80 °C, 30 MPa) 
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XRD
Structure and crystal size
Thin films

Experiment
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XRD

Structure and crystal size

Aerogel

Anatase

Brookite
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N2 physisorption

Specific surface area

Aerogel 
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Photocatalysis N2O – thin films

photolysis

40 °C CO2+water              150 °C CO2

Kinetic constant

[cm3.hod-1]

150113 25.88247

photolysis 22.09785



Conclusion

 Supercritical CO2 has great properties: high diffusivity, high solubility power, Non-flammable, 

non-explosive, low cost, high purity

 Supercritical CO2 can be used for: extractions, cleaning, impregnation, crystallization

 New method for preparation of crystalline TiO2 thin films and monolithic aerogels with high

surface area (used as photocatalyst in photocatalysis): Supercritical fluid crystallization

 Influence of conditions of modified scCO2 at the preparation of crystalline TiO2 aerogels (T, p, 

amount of CO2, type of modifier, concentration of modifier in CO2

 Modifier of scCO2: water, ethanol, water:ethanol

 We must be carefull about the conditions

 Using this method we obtained nanocrystalline anatase and brookite in the form of thin films

and  aerogel, which are photocatalytic active
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