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Production of special oils

Traditionally consumers have set their focus mainly in the convenience and taste of the oils;
this is changing nowadays, as the concerns for health and nutrition become more preeminent.
The SCE technology has been successfully applied at industrial scale for the production of
special vegetable oils with health benefits (e.g. sesame seed oil) [1].
The SCE technology enables:
 Extraction of oil seeds, the supercritical processing presents considerable advantages in
comparison with the traditional cold pressing processing. On one hand it allows higher
extraction yields (by cold pressing up to 12w% oil remains in the pressing cake, which means
that 20-40w% valuable oil can be lost, by contrast, with SCE the oil in the residue can be
reduced to less than 0.5w%), extraction can be carried out in a single step without aroma
losses, the residues can be turned to high protein and more stable feedstock e.g.: walnuts,
almonds and macadamia nuts;
 Extraction of oils from cereals, valuable oils can be recovered from cereal seeds or bran.
Such oils are rich in TOCOS compounds (antioxidants) and the extracted germs can be used
as additives to muesli or cereal bars since they have a long durability;
 Extraction of seeds and kern oils, e.g.: apricot, cherry and peach to be used in cosmetics
and in food;
 Extraction of wood oils, these are valuable oils and have high boiling points requiring
high temperatures for their recovery by steam distillation. The use of SCE allows working at
lower temperatures (avoiding thermal degradation and hydrolysis) and overcoming the
diffusion limitations.

[1] Lack, E., Seidlitz, H., Sova, M., New Industrial Applications of Supercritical Fluid
Extraction, Proceedings of the 8th Symposium on Supercritical Fluids, 5-8 November 2006,
Kyoto, Japan.

Supercritical drying of aerogels

Aerogels are materials with a high micro-porous structure, sometimes a nano-porous
structure, both with a very low bulk density. These aerogels can have very interesting
properties depending on the composition material. Silica aerogels can be transparent and have
high thermal resistance which makes them very appropriate to be used as insulation material.
Aerogels made from metal oxides have a high surface and can be used in catalytic systems.
Lately, aerogels made from renewable resources are also being studied, especially the ones
made from cellulose [1,2].
The production of aerogels has been studied in NATEX since 2001, under the Aerocell
project (sponsored by the 6th Framework Programme). The preparation of an aerogel involves
3 steps:
1. Preparation of the precursor gel (by one of 4 routes, cellulose-NMMO route [2], cellulose-
NaOH route [3], cellulose ester route [4] and the cellulose carbamate path [5]);
2. Solvent change ( the mutual solubilities of water and CO2 are very limited and the
supercritical drying of water wet aerogels creates capillary forces which promote the
collapsing of the micro-porous structure; one way to overcome this problem is to replace
slowly the water by a water mixable organic solvent);
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3. Supercritical drying, as a pre-condition the water mixable organic solvent must also be
completely mixable with CO2 or any other dense gas. Under the EC project the solvent of
choice was supercritical carbon dioxide. The design of this process requires accurate
knowledge of the phase equilibria between the solvent and the supercritical fluid so that all
the solvent is replaced by the CO2 in the regions they form a single phase in order to avoid the
appearance of capillary forces.
Drying tests in different sized plants were performed at NATEX, for determining the best
operating conditions and a supercritical drying apparatus was developed. These tests were
also used as the base to study the economics of the supercritical drying process. For instance,
a comparison between a compressor and pump driven process was made and resulted that the
compressor process requires up to about 50% less energy.
The final samples of the cellulose aerogels were tested for different applications [6] such as
for packaging, cosmetics (powdered delivery system), and carbon aerogels (samples were
pyrolised and tested as “Super Capacitors”, as electrodes in fuel cells and in lithium ion
batteries.

[1] Lack, E., Seidlitz, H., Sova, M., Lang jr., F., Supercritical drying of Cellulose aerogels,
Proceedings of the 5th International Symposium on High Pressure Processes Technology and
Chemical Engineering, 24-27th June 2007, Segovia, Spain.
[2] Innerlohinger, J., Weber, H. K., Kraft, G., Aerocellulose: Aerogels and aerogel-like
materials made from cellulose, Macromolecular Symposia, 2006.
[3] Gavillon, R., Preparation et caracterisations de materiaux cellulosiques ultra poureaux,
Thesis, Sophia Antipolis, 2007.
[4] Fischer, F., Rigacci, A., Pirard, R., Berthon-Fabry, S., Achard, P., Cellulose-based
aerogels, Polymer, 47, 7636, 2006.
[5] Pinnow, M., Fink, H. –P., Fanter, C., Kunze, J., Characterization of highly porous
materials from cellulose carbamate, “Macromolecular Syposia” of Wiley VCH-Verlag
GmbH, 2007.
[6] Published Final Activity Report AEROCELL, project no. 505888-1, “Aerocellulose and in
Carbon Counterparts – Porous, Multifunctional Nano-Materials from Renewable Resources”,
Feb. 5th, 2007.

Algae extraction with SCF

The extraction of algae aims to two different purposes, as an energetic source and for the
production of astaxanthin and different nutraceuticals.
As an energetic source the algae can be processed to retrieve oil that later can be transformed
in fuel. In this process the algae are concentrated and the oil is extracted with a thin-film
equipment out of the liquid phase. The solvent for this process is an organic dense gas.
If the purpose is for food or other nutraceuticals production, the algae have to be concentrated
(e.g. by centrifugation), the cells are disrupted (e.g. by enzymatic treatment) and finally they
are dried (the algae slurry can be further concentrated by centrifugation and, by passing
through a matrix, pellets can be produced and afterwards dried; an alternative is to spray dry
the algae and later produce the pellets). Especially for astaxanthin production, the algae
species mainly used are of the heamatococcus type.
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Concentration of carotenoids with SCF

Carotenoids are a group of compounds that seem to provide health benefits by decreasing the
risk of disease, particularly certain cancers and eye ailment. The carotenoids that have been
mostly studied in this regard are -carotene, lycopene, lutein, and zeaxanthin. As an example
of a process for the concentration of carotenoids, Natex developed the process for the
concentration of oleoresin from red peppers (which contains Capsanthin and Capsorubin) and
a high pressure thin film extractor apparatus [1].
In the first case, the objective of the process is the concentration of the oleoresin by removing
the fatty compounds with lower molecular weights. In this process the oleoresin is mixed with
CO2 in a long tube that acts as a static mixer whereat thereby the fraction of lipids - with
lower molecular weights - dissolve in the CO2. The mixture is subsequently send into a
separator, whereat the CO2, loaded with the lower molecular weight compounds, exhausts and
the enriched oleoresin (the insoluble part) remains. The equipment can operate both in batch
and in continuous mode.
Another way of such concentration is the extraction by means of a high pressure thin-film
extractor. This piece of equipment is patented by Natex and comprises a chamber where the
mixture to be enriched is fed as a thin film to the walls of the extractor. The film is, with the
help of an internal specific designed stirrer, periodically renewed. The destruction and
reforming of the liquid film enhances the mass transfer of the lower molecular weight
compounds to the gas phase and therefore, at the bottom of the extractor, a raffinate, enriched
by the less soluble compounds is obtained.
The most economic process would be to combine both apparatus the feed to be concentrated
is first mixed with CO2 in a static mixer and discharged to a separator, and the precipitated
fraction further treated by the thin-film equipment. In this way higher concentrations for the
interesting components can be obtained in the raffinate.

[1] Lack, E., Seidlitz, H., Thin-film extractor for high viscous materials, Proceedings of the
4th International Symposium on High Pressure Process Technology and Chemical
Engineering, 22-25 September 2002, Venice, Italy.

Ceramic debindering

One of the most important steps for the production of special high grade ceramics is the
proper removal of the binder from molded precursor materials [1]. Nowadays, the current
methods of removing the binder are by pyrolysis or by solvent extraction. These methods are
long, environmentally unfriendly and inefficient in parts with complex geometries or larger
dimensions and often lead to dimension changes and cracks initialization [2-3]. The
debindering with supercritical CO2 permits a much faster, reliable and reproducible binder
extraction without the disadvantages found in the normal processes if the right conditions of
pressure, temperature and flow rate are chosen during the pressurization, binder extraction
and depressurization steps of the process. Another advantage is that this process allows
treating closely stacked or overlapping parts which by the common processes is impossible
[4-6].

[1] Takishima, S., Nagasaki, H., Masuoka, H., Mukai, Y., Sakai, T., Debindering from
molded ceramics by supercritical carbon dioxide, Process Metallurgy, Volume 7, pp. 1719-
1724, 1992.
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[2] Chartier T., Ferrato, M., Baumard, J. F., Supercritical debinding of injection molded
ceramics, J. of the American Ceramic Society, Volume 78, Issue 7, pp. 1787-1792, 1995.
[3] Kim, S. W., Debinding behaviors of injection molded ceramic bodies with nano-sized pore
channels during extraction using supercritical carbon dioxide and n-heptane solvent, The
Journal of Supercritical Fluids, Volume 51, Issue 3, pp. 339-344, 2010.
[4] Bordet, F., Chartier, T., Baumard, J.-F., The use of cosolvents in supercritical debinding of
ceramics, J. of the European Ceramic Society, Volume 22, Issue 7, pp. 1067-1072, 2002.
[5] Shende, R. V., Lombardo, S. J., Supercritical extraction with carbon dioxide and ethylene
of poly(vinyl butyral) and dioctyl phtalate from multilayer ceramic capacitors, The Journal of
Supercritical Fluids, Volume 23, Issue 2, pp. 153-162, 2002.
[6] Chartier, T., Bordet F., Delhomme, E., Baumard, J. F., Extraction of binders from green
ceramic bodies by supercritical carbon dioxide: influence of the porosity, J. of the European
Ceramic Society, Volume 22, Issues 9-10, pp. 1403-1409, 2002.

Supercritical CO2 impregnation

Apart from supercritical extraction, supercritical impregnation has been a major topic in the
development of high pressure processes [1]. The research towards the development of this
technique covers a wide range of applications and scales: the processing of high value
products in small plants (impregnation of cross-linked UHMW-PE with -tocopherol for
medical purposes); impregnation of low value products such as timber at industrial scale
(Superwood® process); impregnation of products in medium sized plants (impregnation of
metal complexes into polymer fibres followed by electroless plating). One other application
studied was the impregnation of cellulose fibres with -tocopherol and D-panthenol for the
production of special medical skin protection and for the production of cellulose towels with
disinfection effect. In the food industry the most promising process seems to be the
impregnation of nuts with antioxidants to avoid rancidity.
Impregnation of wood [2], it is by far the most successful application of supercritical
impregnation at industrial scale. Superwood has been operating since 2002 in Hampen,
Denmark [3]. Under the Superwood® process, supercritical CO2 is used to dissolve a mixture
of fungicides (tebuconazol, propiconazol and IPBC) and transport them through the wood [4].
Impregnation of oil containing fruits and seeds [5], antioxidants (carnosic acid and carnosol)
were impregnated in nuts and coffee beans as a way to stabilize them and prolong their shelf
life.
Impregnation of powders for pharmaceutical purposes [6], the use of CO2 is many times
coupled with an entrainer in order to reach higher loadings of active drugs in porous
materials. On the other hand the porous materials can be impregnated with a solution of the
drug and later on the solvent removed by treating with supercritical carbon dioxide.
Impregnation of polymer fibres, new applications were found such as: electroless plating of
aramid fibres [7] (metal organic compounds were impregnated in aramid fibres and later a
metal film was deposited on the surface by conventional electroless plating allowing to obtain
conductive fibres); surface modification of PET fibres with natural polymers [8] (sericin,
collagen and chitosan); impregnation of PET fibres with polyethyleneglycol [8] to enhance
the moisture absorption; impregnation of PET fibres with pyrroles [8] to become conductive;
surface modification of nylon fibres with organic metal complexes to improve the UV
resistance.
Impregnation of cellulose fibres and aerogels [9], with vitamins and D-panthenol to be used in
wound healing for the slow release of active substances to skin and wounds.
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Impregnation of polyethylene components used for medical purposes [10-13], supercritical
CO2 was used to impregnate UHMW-PE pieces with -Tocopherol to be used in prosthetics
production.

[1] Lack, E., Seidlitz, H., Supercritical CO2 impregnation, Proceedings of the 12th European
Meeting on Supercritical Fluids, 09-12 May 2010, Graz, Austria
[2] Kjellow, A. W., Henriksen, O., Supercritical wood impregnation, The Journal of
Supercritical Fluids, Volume 50, Issue 3, pp. 297-304.
[3] SuperwoodTM process at Hampen, company profile, 2003.
[4] Kjellow, A. W., Henriksen, O., Interactions between wood and propiconazole in
supercritical carbon dioxide, IRG/WP 09-40461, Section 4.
[5] Grüner-Richter, S., Otto, F., Weinreich, B., Knobloch, A., Method for prolonging the
storage life of the fruits of oil plants, WO 2006/111425 A1, 2006.
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