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Supercritical Fluid Extraction (SFE) 
 
 
 
 
 
 

 
High-pressure pilot unit for the extraction of solids using supercritical gases as solvents (500 bar, 120 °C, 30 kg/h CO2 
capacity, 2 litre extractor with 1.2 litre basket insert, fluid cyclone as intermediate separator, 1.2 litre final separator).  
  



 

Extraction_e_V8 / Version 01.06.2016 / Beat Zehnder (SITEC-Sieber Engineering AG) / Page 2 of  15 

    

Features and advantages 
 
 
Low temperature separation 
A highly pure unaltered extract obtained, without solvent residues and without degradation of quality by high 
temperature or oxidation. 
 
Non-toxic solvents 
such as Carbon Dioxide, leave no harmful residue in the extract. 
 
Solubility variation 
Solvent characteristics, such as: viscosity – coefficient of diffusion – dielectric constant – and density (capacity) 
of a gas in the supercritical state, can be varied by simply increasing or lowering extraction pressure and 
temperature. 
 
Fractionated extraction and separation 
can process both solids in batch mode and fluids in continuous and batch mode. 
 
Inexpensive solvents 
Units can be adapted for various gases and for gas mixtures, or for the preparation of gases with co-solvent 
(e.g. acetone, alcohol, etc.). Recommended gas for extraction is CO2. 
 
Low energy process 
Electricity is the only form of energy required because there is no solvent distillation and no steam purging of the 
residue. 
 
Fast diffusion 
accomplished because of the low viscosity of CO2. 
 
Chemically inert solvent 
Oxygen is completely excluded from the process because of the closed system design. 
 
No risk to the environment 
by the use of the inexpensive extraction agent – CO2. 
 
No explosion or fire hazards 
 
High selectivity for the extraction of non-polar compounds. 
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Applications 
 
 
The following listing represents only a portion of the possible applications for CO2: 
 
• Production and transfer of flavours 
 
• Production of natural extracts 
 
• Production of active ingredients for pharmaceuticals and cosmetics 
 
• Extraction of undesired components from liquid and solid products 
 
• Higher efficiency of protein recovery from vegetable and animal materials 
 
• Recovery of mineral oils from rock, sand and slate 
 
• Separation of asphalt from tar 
 
• Blowing of tobacco and extraction of tobacco flavours 
 
• Regeneration of molecular sieves 
 
• Degreasing of catalysts 
 
• Production of essential oils from blossoms, leaves and roots 
 
• Non-alcoholic wine 
 
• Fractionated separation of products 
 
• Fractionated extraction 
 
• Extraction with entrainers 
 
• Extraction with different gases 
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Main products 
 
 
Essential oils     e.g. oil of mint, oil of galbanum, oil of orris root 
 
Essential oils and resins   e.g. from hops 
 
Essential oils and active ingredients  e.g. from camomile, garlic , onions, valerian 
 
Active ingredients    e.g.  caffeine 
 
Oleoresins     e.g. from pepper, nutmeg, cloves 
 
Flavours     e.g. from fruits, vegetables, fruit juices 
 
Natural colours     e.g. carotene, bixine 
 
Vegetable oils and fats    e.g. from soya beans, germinated wheat,  

germinated maize 
 
Degreasing     e.g. of starch, lecithin, pancreas, animal proteins 
 
Deodoration     e.g. of fats and oils (extraction of free fatty acids) 
 
Regenaration     e.g. of filters, catalysts, activated charcoal 
 
Fractionation of mixtures    e.g. tar, mineral oil 
 
 
 
Natural products flavours extracted with CO2 
 
 
chillies     valerian    hazel nuts 
curcuma    hay    hops 
fennel     camomile   cheese 
cloves     mint    orange peel 
ginger     wormwood   roasted coffee 
bay      leaves    tobacco 
mace     pineapple   vine 
nutmeg     apple juice   cherry juice 
pepper     apple rape   angelica root 
thyme     pear juice   galbanum 
vanilla     blackcurrant juice  orris root 
juniper berries    pine    garlic 
cinnamon    strawberries   raspberries 
onion     currants 
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Related applications 
 
Drying of aerogels 
 
Water and waste water cleaning 
 
Conservation of paper 
 
Treatment of leather and paper 
 

 

 

 

Multipurpose extraction pilot unit for the treatment of solid and liquid products (300 bar, 200°C, 16 kg/h CO2 capacity, 2 m 
column ID 38 mm, 2 litre extractor with 1.2 litre basket insert, intermediate separator (fluid cyclone), 1.2 litre final separator).  
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Multipurpose high-pressure extraction pilot unit (technical description) 
 
 
This turn-key multipurpose pilot unit is assembled in a mobile frame and is built for the 
 
• continuous extraction of liquid products in a counter current column B3 combined with the possibility of 
 
• batch-wise extraction of solids products in an extraction vessel B1 
 
The Pilot Unit may therefore be operated continuously, extracting solutes from liquid material or in the batch 
mode extracting solutes from solids. 
 
The liquid product is pumped into the column B3 through an upper connector from where it drops to the 
bottom in counter flow with the up streaming supercritical solvent fluid. The residue is collected at the bottom of 
the column B3 and is automatically discharged at a rate controlled by the level controller. The extract on the 
other hand is carried over to the separator B2 by the supercritical gas. The liquid product capacity is adjustable.  
 
The high capacity diaphragm metering pump P1 delivers contaminant free supercritical fluid. Its capacity is also 
adjustable from 0 – 100 %. The fluid has already reached extraction conditions when entering the column, 
wherein the temperature is kept constant up to the outlet by the vessel heating. 
 
Before entering the separation vessel B2 the pressure is reduced by a control valve C1 lowering the solvent 
power of the carrier gas to practically zero. There are three distinct phases entering the separation vessel B2: 
Liquid CO2, gaseous CO2, and the extract. The extract drops to the bottom of the separation vessel B2 from 
where it is collected and removed through a hand valve. In the separation vessel B2 a liquid level is maintained 
to improve the separation of the extract. The entering liquid CO2 is evaporated continuously at moderate 
temperature.  
 
In the condenser W3 the gas is condensed and in the following metering pump P1 the supercritical solvent is 
again brought up to the chosen extraction pressure. In the downstream heat exchanger W1 the solvent fluid is 
heated up to the required extraction temperature which means that the solvent fluid has already reached the 
extraction conditions when entering the column B3 through the bottom connector. 
 
Flowing up the column in counter flow with the injected liquid product from the top, additional extract is dissolved 
continuously and the closed process cycle continues. 
 
To extract solutes from solid material the pilot unit is operated in the batch mode. The solid product is 
introduced into the extractor B1 in a cylindrical basket with filter elements on both ends. These filter elements 
retain the product but are permeable for the solvent fluid and the dissolved extract. As in the process with liquid 
products, the solvent fluid dissolves the solute as it flows upstream through the solid product. 
 
The further steps of the process are the same as with liquid products e.g. pressure reduction, separation, 
evaporation, condensing, pumping and heating, thus closing the process cycle again.  
 
The spray nozzle, solution and dissolution may as an option be transmitted on TV-screens or Videos through 
the installed standard optical windows. In the separator B2 the phase boundaries can be observed and the 
liquid level is controlled automatically. 
 
The vessels are easily accessible and the closures are hand operated. The extract from the separator B2 is 
subtracted manually and the residue from the bottom of the column continuously. 
 
The temperatures are controlled by separate heaters; the extraction pressure by a triggered valve system which 
eliminates the clogging risk by the extract in the control valve seat. 
 
For reliable scale-up and economical reasons the design of the system is based on pumping the supercritical 
fluid rather than compressing it in the non-relevant and costly gaseous state. Built for preparative work, the unit 
can also be used for screening and analytical research. For certain industries such as pharmaceuticals it can 
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even be used as a full production unit. The capacity of this extraction unit is large enough for the production of 
batches for market testing. 
 
All relevant data are indicated on digital displays on the front panel flow sheet and, as an option may be brought 
up to a Personal Computer using the SITEC data acquisition system. 
 
Various options are available, such as larger vessel capacities of 2 litre, 4 litre, 10 litre and 20 litre; longer 
columns; higher pressures, temperatures and mass flows, several vessels in parallel, in series or in the carousel 
mode. 
 
 
  



 

Extraction_e_V8 / Version 01.06.2016 / Beat Zehnder (SITEC-Sieber Engineering AG) / Page 8 of  15 

    

  



 

Extraction_e_V8 / Version 01.06.2016 / Beat Zehnder (SITEC-Sieber Engineering AG) / Page 9 of  15 

    

Questionnaire for multipurpose supercritical extraction pilot unit for liquid and solid 
raw material 
 
 
Operating pressure max.:          300 bar        500 bar       (700 bar) 
Fluid (CO2) pump capacity max.: 10 l/h        
     18 l/h       
     30 l/h       
      50 l/h       

100 l/h       
 
Operating temperature max.:      80 °C     120 °C     150 °C      200 °C 
             
         ........................................................................................................... 
 
Supercritical solvent:       carbon dioxide (CO2)       ....................................................... 
 
Extraction vessel capacities:      1 litre with 600 ml basket insert 
         2 litre with 1.2 litre basket insert 
         4 litre with 2.4 litre basket insert 
         6 litre with 3.9 litre basket insert 
         10 litre with 7 litre basket insert 
         20 litre with 14 litre basket insert 
 
          .......................................................................................................... 
 
Number of extraction vessels:      1      2      3       .............................. 
 
 
Extraction column diameter:       38 mm 
          50 mm                65 mm       90 mm 
             
           ......................................................................................................... 
 
Extraction column length:      2 m 
         3 m               4 m       5 m 
        
          .......................................................................................................... 
 
Liquid (raw material) capacity:      2 l/h 
         4 l/h     10 l/h     18 l/h      .............................. 
 
 
 
Options: 
 
    Mass-Flowmeter for         carbon dioxide (recommended) 
           liquid product    
           co-solvent 
    Intermediate separation system(s)       1      2      3 
    Co-solvent system 
    Data acquisition system by PC 
    PLC control with integrated batch documentation 
    Continuous recovery of       extract    co-solvent 
    Preparation of rack for RETROFIT of a(n)    extractor    column    separator 
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Contact Details 
 
Last name: ............................................................................................................................... 
 
First name: ............................................................................................................................... 
 
Title/gender: ............................................................................................................................... 
 
Company: ............................................................................................................................... 
 
Department: ............................................................................................................................... 
 
Street: ............................................................................................................................... 
 
P.O. Box: ............................................................................................................................... 
 
Zip code: ............................................................................................................................... 
 
Town / city: ............................................................................................................................... 
 
Country: ............................................................................................................................... 
 
Phone: ............................................................................................................................... 
 
Fax: ............................................................................................................................... 
 
E-mail: ............................................................................................................................... 
 
www.  ............................................................................................................................... 
 
Please fill in this form and return it to SITEC-Sieber Engineering AG.  
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Data acquisition and online visualisation 
 
 
As a useful addition to the SITEC high-pressure pilot units, we are able to offer you a simple and also a very 
flexible data acquisition program. This program allows to visualise your process data online during the 
experiments and to save it on your hard disk for a later interpretation. 
 
The data acquisition and visualisation program will be completely integrated in your high pressure pilot unit and 
is configured for a specific application. It is also possible to upgrade an existing high pressure pilot unit, but with 
a bigger expenditure. 
 
Based on the SCADA Software SpecView from EUROTHERM (see overview hereafter) SITEC provides several 
windows specifically programmed for a certain application. 
 
One window shows all the controller symbols and allows set-point adjustment or also alteration of control 
parameters. In addition, all monitoring signals are shown. On an additional screens all the data are graphically 
and digitally displayed. 
 
All the data are automatically stored always the data acquisition program is started. On request a certain section 
(time interval) can be extracted and exported to Microsoft Excel. 
 
The full development package of SpecView which is also supplied allows to change an existing or to create a new 
user interface using easy to handle “drag and drop” methods. On request, we will gladly send you a more detailed 
description of this development package. 
 
The communication PC <-> Pilot Unit is made via USB. The controllers are interconnected by a RS485 interface. 
 
The system requirements for the installation of SpecView: Windows PC with Windows 95, 98, Me, NT, 2000, XP 
or 2003 Server operating system, 64MB RAM minimum (128MB recommended), USB interface.  
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Process control with integrated batch documentation 
 
 
This control allows you to master your processes by combing display, regulation, control and even batch 
documentation – all in one. 
 
Advantages: 

 complete batch documentation 
 trend display of process flow 
 dynamic overview of the installation  
 easy input of nominal values 
 exportable into standard formats 
 protocols and diagrams accessible over network  

 
The user-friendliness of the system operation is achieved by clearly arranged displays. This control system 
includes functions which otherwise are integrated in process control systems only. 

The control system allows manual and – as an option – automatic control of the installation. All process 
parameters can be displayed. 

The data of the current batch as well as the system overview is displayed on the main window. The operator can 
control the process over the display picture. 
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The automatic control circuits have special display windows with 
integrated diagrams and nominal value input. 
 
 
 
 
 
 
 
 
 
 
 

 
Important process parameters 
are shown in a trend display. The 
trend display has a zoom and Fix 
Scale function and can be printed 
or exported into bmp, wmf, or jpg 
graphic formats. 
 
 
 
 

 

 

 

 

 

With the help of the integrated logging program 
the process can be documented completely. All 
protocols are exportable in pdf, html, or txt 
formats. 
 data protocol 
 error protocol 
 event  protocol 
 comment protocol 
 

 

 

 

 

 

 

The batches recorded can be retrieved from the archive. All protocols and diagrams can be exported and re-
printed as desired. 
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Reference List for Pilot Plants 
 
 
Rhône Poulenc, France     Chemical 
University of Delft, Holland Process engineering 
University Wageningen, Holland Agricultural research 
BASF Ludwigshafen, Germany Chemical 
Salzgitter, Germany Chemical 
Hüls Chemie, Germany Chemical 
ENI, Italy   Petrochemical 
Givaudan, Switzerland Flavours and fragrances 
Research Centre Karlsruhe    Environmental 
Reemtsma, Hamburg, Germany Tobacco 
CNRS, France Food research 
TUBITAK, Turkey Food research 
SASOL, South Africa Waxes 
DEGUSSA-SKW, Trostberg, Germany Hops, spices 
Guinness, Ireland Brewery research 
English Hop Products, Great Britain Hops 
Fraunhofer Institute Pfinzthal, Germany Process engineering 
University of Bremerhaven, Germany Food research 
Novartis, Switzerland Chemical 
Firmenich, Switzerland Flavours and fragrances 
Haarmann & Reimer, Germany Flavours and fragrances 
University of Messina, Italy Chemical engineering 
MERCK, Germany Chemical 
University of Bari, Italy Research 
LIPI, Indonesia Natural products 
F.Hoffmann-La Roche, Switzerland Reactions 
University of Tübingen, Germany Pharmaceutical research 
National Technical University of Athens, Greece Research 
Inst. for “Nichtklassische Chemie”, Leipzig, Germany Research 
University of Halle-Wittenberg, Germany Research 
Janssen Pharmaceutica, Beerse, Belgium Drug delivery research 
MAINELAB, Angers, France Drug delivery research 
Semnan University, Semnan, Iran Research 
JSC “Interbridge”, Moscow, Russia Research 
Ecole des Mines d’Albi, Albi, France Research 
KRAFT Foods, UK Coffee 
Hochschule Niederrhein, Germany Research 
Solvay Solexis, Italy Research (polymers) 
EPFL, Switzerland Research 
University of Alicante, Spain Research 
King Fahd University of Petroleum, Saudi Arabia Research 
Inst. Nawozow Sztucznych Pulawy, Poland Research 
TU Bergakademie Freiberg, Germany Research 
3M, Seefeld, Germany Research 
FAPEX, Salvador de Bahia, Brazil Research 
University of Copenhagen, Frederiksberg, Denmark Research 
University Duisburg-Essen, Essen, Germany Research 
C. Illies, Hamburg, Germany (for China) Research 
AiFame GmbH, Wald-Schönengrund, Switzerland Natural products 
 
 
 
 
 



 

Extraction_e_V8 / Version 01.06.2016 / Beat Zehnder (SITEC-Sieber Engineering AG) / Page 15 of  15 

    

Additional units in following countries: 
 
Denmark    Germany    South Africa 
Turkey      Holland    France 
Belgium    Switzerland    Great Britain 
Italy       India     Ireland 
Canada     Bulgaria   Indonesia 
Greece     Iran    Russia 
Spain     Saudi Arabia   Poland 
Brazil     China 
 
 
Activities: 
 
Flavours and Fragrances   Food Industry   
Biotechnology     Pharmaceutical Industry 
Chemical Industry    Oil/Gas Industry  
Coal Industry 
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