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A konferenciat Dr. Simandi Béla professzor emlékének ajanljuk,

aki a hazai konferencia sorozatot megalmodta és hat alkalommal szervezte,
valamint létrehozta az els6 hazai szuperkritikus olddszerekkel foglalkozé kutatécsoportot.

Dr. Simandi  Béla  (1951-2014)  okleveles
vegyészmérndk és okleveles mérnok-tanar 1974 ota
dolgozott a BME Vegyipari Miiveletek Tanszékén
(Jelenleg Kémiai és Kornyezeti Folyamatmérnoki
Tansz€k).

A BME Vegyipari Miveletek Tanszékén 1974-t6l
1996-ig a tartozkodasi id6 eloszlas témakorben végzett
kutatomunkat. 1981-ben készitette el ,,Kamras reaktor
matematikai és kisérleti modellezése” cimii miiszaki
doktori dolgozatat, majd 1996-ban ,,A tartdzkodasi id6
eloszlas szerepe a vegyipari berendezések modelle-
zésében” cimll PhD értekezését.

1986-t61 hazankban 1) témaval, a szuperkritikus _
oldoszerek miiveleti alkalmazéasaval kezdett foglalkozni, }
mely teriileten vildgszerte elismert, nagyra becsiilt '
kutatoként tevékenykedett. Aktiv palyazoi és fejlesztoi
tevékenységet folytatott; hazai és nemzetk6zi szakmai szervezetek, tobbek kozott az EFCE
High Pressure Working Party tagja volt.

———

Onallé kutatocsoportot hozott 1étre a BME-n a szuperkritikus szén-dioxid alkalmazasainak
fejlesztésére, amely szamos mas kutatocsoporttal aktivan egyiittmikodott. A szuperkritikus
fluidum extrakciot €s atmoszférikus olddszeres extrakciokat alkalmazta ndvényi hatéanyagok
kinyerésére, a miiveleti optimalizalastol a termékfejlesztésig. Uj eljarast dolgozott ki a
kiilonb6zo hatdanyagok frakciondlasara, és a vilagon elsOként reszolvalasra szuperkritikus
szén-dioxidos extrakcioval. ,,A szuperkritikus extrakcid miveleti fejlesztése, és alkalmazasa
2007-ben megkapta az MTA doktora tudomanyos fokozatot, majd 2008-ban a Budapesti
Miiszaki és Gazdasagtudomanyi Egyetemen habilitalt doktor cimet szerzett.

Péalyaja sordn mindig igyekezett bevonni a hallgatokat a tanszéken folyd kutatdsokba.
A vezetésével elvégzett munkabol nagyszamu tudomanyos didkkori dolgozat, szdznal tobb
szakdolgozat és diplomamunka késziilt, tobben a PhD fokozat megszerzéséig folytattak a
kutatasokat.

Iskolateremté oktatoi és kutatéi munkassaganak elismeréseként szamos kitiintetésekben
részesiilt: Miniszteri Dicséret (1987), Varga Jozsef Egyetemi Dij (1999), Louis de Saint Rat Dij
(2000), TDK Munkéért emlékplakett (BME rektora, 2000), Proszt Janos Kari Dij (2001),
Széchenyi Istvan Osztondij (2001-2004), Pro Scientia Aranyérem (2005), Pro Progressio
Alapitvany Oktatoi TDK Kiilondija (2005), Mestertanar (2007), Erdey Laszlo-dij (2013).

Simandi Béla professzor emlékét mindig Orizni fogjuk, munkassagat a Toéle tanult
elkotelezettséggel vissziik tovabb.
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ELOADASOK OSSZEFOGLALOI

INDUSTRIAL APLICATIONS OF SUPERCRITICAL CO, TECHNOLOGY
Sova M., Fernandes J., Lack E., Seidlitz H.

NATEX Prozesstechnologie GesmbH, Werkstrasse 7, 2630 Ternitz, Austria,
www.natex.at

The supercritical extraction technology is nowadays an example for a successful technology
introduced worldwide at industrial scale. Natex has been one of the major players in the research
and realization of this technology in industrial scale. In this work are presented examples of
projects that were developed by NATEX.

In the second part, the methodology and design criteria followed for the implementation of a
new process on industrial scale are shown and discussed.

To conclude, some examples of new potentially interesting projects are shown.

References:

Lack E., Seidlitz H., Sova M.: The 8th International Symposium on Supercritical Fluids, 2006,
Kyoto, Japan

Seidlitz H.: Middle East Natural Products Expo, 2003, Dubai, UAE
Lack E., Seidlitz H.: Achema 2009, 2009, Frankfurt am Main, Germany
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HIGH PRESSURE ADSORPTION: SPECIALIZED EQUIPMENT
AND MEASURMENTS

Tobias M. Fieback
Experimental Thermodynamics, Ruhr-University Bochum, Germany

Since decades adsorption is one of the frequently used processes for gas separation and
cleaning. Mainly applied in pressure swing adsorption plants from two up to nine beds they are
normally used in a moderate pressure range below 10 bar. But especially under high pressure
atmospheres adsorption is very interesting due to higher relative loading capacities, better steric
effects and higher selectivity.

For determining the adsorption properties of pure gases under high pressures several measuring
instruments exist. For pressures up to 50 bar volumetric/manometric instruments are widely
used and sold by several manufacturers, for higher pressures up to 400 bar the most accurate
tool is a magnetic suspension balance. But in industrial as well as lab applications only in very
few cases (i.e. Hx storage) pure gases are used, so that selective mixture adsorption
measurements need to be performed. Therefore a prototype of a such a measuring instrument
will be presented and some measured selective mixture adsorption isotherms will be compared
to IAST-calculated isotherms based on pure gas isotherms.

In addition to traditional sorbent materials, such as activated carbons or zeolithic molecular
sieves, many new, highly specialised sorbent materials are currently under development,
including metal organic frameworks (MOFs). Due to the complicated synthesis with low yields,
only small quantities of MOFs are manufactured, and very few materials are commercially
available. This again adds to the challenge for the necessary, accurate sorptive characterisation:
precise measurements at very small sample quantities, down to few milligrams or even less,
under high pressures and elevated temperatures. Therefore a prototype of a new magnetic
suspension balance with substantially higher resolution than the current state of the art will be
presented. It is the first such device which measures mass increase of samples without being
coupled to a micro balance with a currently achieved mass resolution of 1x10° g, with potential
to increase this further to 2x10® g, all under conditions up to 250 bar and temperatures up to
200°C. Measurements and comparison to other data at high pressures of several MOFs of
Basolite and Cr-MIL101 families, which have potential for use in air separation and biogas
purification, will be presented.

Other novel materials currently under investigation are SILPs, an (ionic) liquid phase brought
on a solid porous carrier material. For determination of such materials first of all the adsorption
properties of the liquid itself needs to be investigated. With standard instruments this takes a
very long measuring time due to the diffusion controlled absorption process. Therefore very
special gravimetric insturment, which is currently still under development, will be presented
that allows forced flow through liquid phases under high pressure conditions with an optical
determination of the exchange surface area. Thus it is possible to determine the convective mass
transfer coefficent.

12
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UNUSUAL ADSORBENTS FOR SUPERCRITICAL FLUID CHROMATOGRAPHY
Johannsen M., Kern J.

Institute of Bioprocess and Biosystems Engineering, Hamburg University of
Technology, Hamburg, Germany

Highly effective, specific drugs are often chiral compounds with one or more chiral centers.
Since new pharmaceutical products should contain only the active enantiomer, non-active or
even contradictory effective enantiomers are considered as contamination of the product.
Adsorptive separation processes using supercritical fluids are gaining increasing importance,
with particle diameters reaching into the nanoscale. The development of a selective separation
process for the active enantiomer includes the selection and modification of suitable carrier
materials and their adaptation to the specific requirements for adsorption and separation.
Nanoscale Hollow Spheres with modified surface properties produced by emulsion synthesis
[1] offer a high potential for pharmaceutical applications either as drug carriers or for
stereoselective, adsorptive separation of chiral drugs. If it is possible to bind the target
enantiomer to the particles, separation and drug deposition can be accomplished in just one
process step [2].

To design such separation processes it is essential to have a tool to quantify the adsorption of
the enantiomers of interest to the particles with varying pressure and temperature.
A chromatographic method for measuring adsorption equilibria with supercritical CO, by
Frontal Analysis Chromatography with or without organic modifiers has been developed [3].
Furthermore, the use of smallest particles for SFC applications has been investigated.
As development of stationary phases for chromatography is focused on HPLC, particle size is
limited by the pressure drop in a HPLC-System. The low viscosity of supercritical CO>
however, results in lower pressure drops and so allows for smaller particles.

References:
[1] Buchold D.H.M., Feldmann C.: Nano Letters 7, 3489 (2007)

[2] Kern J., Bolten D., Simonato S., Feldmann C., Staudt R., Tiirk M., Johannsen M.: Chemie
Ingenieur Technik 85, 1362 (2013)

[3] Pérez Molina B.C., Johannsen M.: J. Supercrit. Fluids 54, 237 (2010)
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ENCAPSULATION OF ORGANIC MOLECULES IN CARBON NANOTUBES FROM
SUPERCRITICAL CARBON DIOXIDE

Kamaras K., Fiistos M. E.12, Nagy B. S.}, Székely E.3, Chamberlain T. W.4,
Khlobystov A. N.*

! Wigner Research Centre for Physics, Hungarian Academy of Sciences, Budapest
2 Faculty of Chemistry and Chemical Engineering, Babes-Bolyai University,
Cluj-Napoca

% Department of Chemical and Environmental Process Engineering, Budapest
University of Technology and Economics, Budapest

4 School of Chemistry, University of Nottingham, Nottingham

Carbon nanotubes can act as ,,nanocontainers” or ,nanoreactors” for various molecules.
The confined environment enables structures and reactions not observed under ordinary
conditions. Organic molecules can be filled into nanotubes by sublimation or nanoextraction
from solution. For many organic substances, sublimation is not feasible or is accompanied by
unwanted secondary reactions. Most solvents contaminate the tubes and are difficult to remove.
Supercritical carbon dioxide is the ideal solvent for nanoextraction, because of the mild
conditions and the possibility of evaporating the solvent after completing the encapsulation.
We will report filling of single-walled carbon nanotubes with various polyaromatic molecules
and their reactions inside the tubes. Characterization was performed by infrared, Raman and
photoluminescence spectroscopy and transmission electron microscopy.

—ln;n

FauSA T

Siem

References:

Botka B., Fiistos M.E., Toéhati H.M., Németh K., Klupp G., Szekrényes Zs., Kocsis D., Utczas
M., Székely E., Véaczi T., Tarczay G., Hackl R., Chamberlain T.W., Khlobystov A.N., Kamarés
K.: Small 10, 1369 (2014)
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PARAMETER EFFECTS ON ISOLATION OF XANTHOHUMOL FROM HOPS
EXTRACTS BY SUPERCRITICAL FLUID CHROMATOGRAPHY

Bartolomé A., Skerget M., Knez Z.

Laboratory for Separation Processes and Product Design, Faculty of Chemistry and
Chemical Engineering, University of Maribor, Smetanova ulica 17, 2000, Maribor,
Slovenia.

Nowadays, costumers demands functional and healthy products. Natural additives provide the
final product with a healthy value instead the use of synthetic chemical compounds in food
products. Xanthohumol is a natural compound which is only found inside hops plant (Humulus
lupulus L.). The hops plant is a dioeciously twining perennial which is cultivated widely
throughout the temperate zones of the world. The inflorescences (hop cones or ‘hops’) are used
in the brewing industry to give beer its characteristic flavour and aroma. Xanthohumol is a
natural compound which is only found inside hops plant (Humulus
lupulus L.). It shows toxicity to different cancer cells such as human breast, colon and ovarian
cancer cells. Xanthohumol also appears to have a role as a fairly powerful antioxidant, even
more than vitamin E.

Chromatography is a technic used to analyse or separate different components from a sample.
Fundamentally, chromatographic techniques could divide depending on the state (gas, liquid or
supercritical fluid) of their mobile phase. A sample is solved inside the mobile phase and then,
this stream goes through a column (packed column or capillary column). That column is called
stationary phase. Each component of the sample exhibits more or less affinity to the mobile
phase or stationary phase, therefore each component come out from the column in a different
time depending on that affinity. In this research, Supercritical fluid chromatograph was utilized
to separate xanthohumol from hops extract. A mixture of CO, and a modifier was employed as
a mobile phase to increase the solvent strength of CO.. Different columns (Waters Symmetry
C18 5um 4.6x250mm; LiChrospher® 100 DiOL 250x4mm Sum, Waters Symmetry® C18 Sum
4.6x250mm plus Zorbax SB-C18 3.5um 4.6x150mm), three different pressures (220 bar,
250 bar and 270 bar), three different temperatures (30°C; 45°C; 60°C), different flow-mass rates
(2,81 g/min; 3,09 g/min; 3,38 g/min) and a flow rate gradient were used. Pure ethanol, a mixture
of ethanol and 4% of citric acid, and ethyl acetate were applied as modifiers for the mobile
phase. Two different hops extracts, one rich in xanthohumol and another one rich in fatty acids,
were mixed and used to develop the experiments. Isolation of xanthohumol from hop extract
was achieved. Optimal parameters for that separation will be shown.

15
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NOVEL THERMAL MICROSCOPY METHOD FOR MICROCAPSULES
CHARACTERIZATION

Davico L.1, Vépel T.2, Scholz R.13, GroB M.2, Biining S.?, Kareth S.13, Ebbinghaus S.2,
Weidner E.1*3

! Chair of Process Technology, Ruhr-Universitit Bochum, Bochum, Germany,
2 Department of Physical Chemistry 1l, Ruhr-Universitit Bochum, Bochum, Germany,
3 Fraunhofer Institute UMSICHT, Oberhausen, Germany

The characterization of the release properties of bioactive delivery systems is very important
for achieving a successful formulation of these systems. Due to the size of the microcapsules
the final product is usually characterized with bulk methods, analyzing only average properties.
A novel method to characterize the release and the melting temperature of single, temperature
sensitive hard shell microcapsules is here presented.

The temperature sensitive microcapsules are prepared with the hard fat Witepsol W31 as the
shell material and a solution of Enhanced Yellow Fluorescent Protein as the core material.
The encapsulation was performed via the melt dispersion technique™ and a 10% polyvinyl
alcohol solution in H,O was employed in the W1/O/W> emulsion as the external water phase.
The preparation was performed at 40 °C and stirring at 500 rpm at lab scale.
The microcapsules have been characterized by laser scattering, for the measurements of the
particle size distribution, and by a novel thermal microscopy method!? for characterizing the
release of the core solution. This method uses tailored laser pulses to trigger the release by
melting the shell material. The release is detected by high speed bright field fluorescence
imaging. Determination of the melting temperature of the sample with centigrade precision is
also possible.

The Particle Size Distribution is not affected by the core material (proven by using various
buffers and different concentrations of the protein) and it is characterized by a Dso of
140 £+ 14 pm and span of 1.4 £ 0.1. The encapsulation and the release of the core material was
validated by the thermal microscopy technique (see Figure 1)

This novel thermal microscopy method has been validated for the analysis of the release and
the melting temperature of individual microcapsules. These results can also be correlated to
bulk properties, studying size-dependent effects.

Figure 1 - Release of eYFP via a novel thermal microscopy method
Left - Fluorescence signal of eYFP; Right — FI. intensity normalized to the first frame

References:
[1] Bodmeier R., Wang J., Bhagwatwar H.: J. Microencapsulation 9, 89-98 (1992)

[2] Vopel T., Scholz R., Davico L., Grol M., Biining S., Kareth S., Weidner E., Ebbinghaus
S.: Chemical communications 51, 6913-6916 (2015)
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IMPROVEMENT OF CELLULOSE PROCESSING IN HIGH MELTING POINT
IONIC LIQUIDS BY USING CARBON DIOXIDE

Lopes J. M., Bermejo M. D., Martin A., Cocero M. J.

Valladolid University, High Pressure Process Group, Department of Chemical
Engineering and Environmental Technology, Valladolid, Spain

The capacity of the ionic liquids (ILs) of dissolving high concentrations of cellulose and at
relatively low temperatures makes them promising solvents for the so called biorefinery
process: obtaining of materials, biofuels etc. Nevertheless they present important disadvantages
such as extremely high viscosity (especially when the biopolymer is dissolved into it) and high
melting points (such as those of the imidazolium chloride family). It is known that when the
ILs dissolve small amounts of molecular solvents their viscosity is drastically decreased.
Carbon dioxide presents as a promising co-solvent for the ionic liquid processing of
lignocellulose. In this work, the influence of CO> in cellulose processing using ionic liquids is
explored through determining the melting points and other CO: + ionic liquids properties and
determining its influence in cellulose dissolution in ionic liquids as well as influencing
acetylation of cellulose. In figure 1 melting point reduction as a function of CO2 pressure is
plotted.
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This study is focused on the process intensification of extraction with supercritical fluids by
using micro-devices. The main purpose is to investigate the efficiency and applicability of
micro-mixers in Supercritical Fluid Extraction (SFE) Processes, in order to drastically reduce
the size of the plant, therefore increase the security and decrease the process costs. Due to the
extremely small size of the mixing channels inside the micro-mixer, higher mass transfer can
be achieved compared to extraction columns. The extraction experiments are carried out in a
high-pressure micro-device plant, in which the micro-mixer is the unit where the solvent and
the liquid feed get into contact. In the downstream, first the raffinate is separated and
subsequently the extract in the second separator by pressure and temperature changes.

Extraction of ethanol from aqueous solutions using supercritical CO> as solvent is studied and
performed to test the feasibility of the micro-device plant proposed in this work. Experiments
are carried out at 101bar, 60°C, different feed concentrations of ethanol and different solvent-
to-feed ratio values. Samples are analysed by PAAR density meter. Phase equilibria
calculations are performed in order to confirm that our micro-device plant reaches one
theoretical stage.

The micro-mixer chosen for the experiments is HPIMM (from Fraunhofer ICT-IMM), a passive
micro-mixer, which mixing principles rely on the pumping energy, with multi-laminating flow
configurations (consisting on a generation of an alternating arrangement of a thin fluid
compartments — multilamellae - which are then mixed by diffusion, shown in
Fig. 1).

Fig 1. Representation of the multi-lamination principle.
Interdigital flow passes slit to create multi-lamellae.

The authors want to thank the Marie Curie Initial Training Networks (ITN) for the financial
support of the project "DoHip - Training Program for the Design of Resource and Energy
Efficient Products by High Pressure Processes", project number PITN-GA-2012-316959).
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Processes based on supercritical fluids allow innovative processing applications that can
overcome the limitations of classical liquid based processes. Supercritical fluids have been used
in pharmaceutical and food industry due to the environmental (“green”) properties. Even more,
their high diffusivities and low viscosities allow rapid penetration of the active substances into
a high variety of matrices.

In the present work the supercritical impregnation of alginate aerogels with fat-soluble
vitamins: 2-methyl-1,4-naphthoquinone (vitamin K3) and cholecalciferol (vitamin D3) has been
investigated. Due to its poor water solubility, high sensitivity to UV light, oxygen and
temperature, vitamin D3 is a huge challenge for entrapment. Aerogels have been proposed as
carriers for many active substances since they possess low densities, large open pores and high
inner surface areas. By impregnating these vitamins inside the aerogels, the isolation from
environments that promote degradation or undesirable interactions could be achieved.
Supercritical impregnation showed to be feasible for entrapment of both vitamins.

Impregnation experiments were carried out with supercritical carbon dioxide at 150 and
200 bar at 40 °C. Therefore, adsorption isotherms were measured and fitted with the Langmuir
model. The effect of pressure, vitamin’s concentration in carbon dioxide and time of
impregnation on loaded alginate aerogels were studied. The loaded alginate aerogels were
characterized using scanning electron microscopy and X-ray diffraction. Release kinetics of the
adsorbed vitamin D3 were evaluated by in vitro dissolution tests and results showed that that
the alginate aerogels are valuable vehicles for enhancing the adsorption of vitamin Ds.
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The synthesis and purification of enantiopure compounds using environmentally benign solvent
is a topic of great interest for pharmaceuticals due to the different biological activity of the
enantiomers. Applying supercritical carbon dioxide as solvent [1] or antisolvent [2-3] opens the
route to a process with significantly reduced solvent consumption and often fine-tunable
properties of the products by varying the process parameters. This study focuses on the
diastereomeric salt formation based resolution of racemic 2-methoxyphenylacetic acid (MPAA)
with enantiopure (R)-(-)-1- cyclohexylethylamine (CHEA) using gas antisolvent approach with
supercritical carbon dioxide (CO). The conventional resolution of CHEA with MPAA is
known [4], but no study was published on this system '
and supercritical carbon dioxide.

Parametric studies such as effect of different molar
ratios, solvents, pressures and temperatures on
diastereomeric salt formation reaction were also
studied in detail. Different crystanality was observed
on use of supercritical CO. in comparison with
classical resolution. Molar ratio study revealed that
the half equivalent method or commonly known as the \ &
modified Pope-Peachy method is suitable for the e W i &
resolution of MPAA using (R)-()-CHEA. Above Figure 1: SEM images, for MPAA-CHEA
50% of enatiomeric excess along W!th 60% yield was salt formed under pressure (a)
?_chleved at 120 bar CO2 and 40°C in 1 hour reaction and at atmospheric condition (b)

ime.

Formed diastereomeric salts were characterized using capillary electrophoresis (CE),
differential scanning calorimetry (DSC), scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR) and X-ray powder diffraction (XRD). SEM analysis
(Fig. 1) clearly shows the different and well defined crystal pattern on use of supercritical CO>
as antisolvent.

This research work was supported by DoHip Network, European Community's Seventh
Framework Programme (FP7/2013-2016) under grant agreement no: 316959. E.Sz. and 1.M.Sz
thanks the Janos Bolyai Research Fellowships of the Hungarian Academy of Sciences.
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Az optikailag aktiv vegyliletek eldallitasa a modern vegyészmérnoki gyakorlatban kiemelt
jelentéseéggel bir. A felhasznalt kiralis vegyiiletek nagy szama, valamint a sziikséges termelési
kapacitas mértéke megkoveteli, hogy a szintézisek ne csak gazdasagossagi, de kornye-
zetvédelmi szempontbdl is kedvezdek legyenek.

Kutatasunk soran a szuperkritikus szén-dioxid (scCO2) antiszolvensként torténd alkalmaz-
hatdsagat vizsgaltuk enantiomer-elvalasztasi miiveletekben. Noha az antiszolvens technolo-
giakat, ideértve az scCOo-t is, széles korben alkalmazzak kristalyositasi és formulazasi elja-
rasokban [1], ezen médszerek alkalmazasa reszolvalasokra kevéssé kutatott teriilet.

Munkank soran az ibuprofén és a Cisz-permetrinsav modellvegyiiletek reszolvalasaval fog-
lalkoztunk, a modositott Pope—Peachy mdodszernek megfeleléen félekvivalens mennyiséghen
adagolt reszolvaloszerrel végzett diasztereomerso-kristalyositassal. Eloszor a szakaszos gaz
antiszolvens (GAS) eljarast vizsgaltuk, mely soran a racém vegyiilet és reszolvaloszer szerves
oldatat egy nagynyomasu reaktorban scCO.-vel nyomas ala helyeztiik, majd az igy keletkezd
oldoszerelegybdl kivalt diasztereomersok melldl az elreagdlatlan enantiomereket scCO:
atdramoltatasaval oldottuk ki. Ez a mddszer jo termeléssel nagy optikai tisztasdg (>80% de)
diasztereomereket szolgaltatott.

A reszolvalasokat atiiltettiik a félfolyamatos szuperkritikus antiszolvens (SAS) eljarasra, mely
a késziilék megvalositasabol kifolyolag kb. tizszeres méretnovelést is jelentett. Ebben az
eljarasban egy scCO arammal nyomads alatt tartott edénybe injektaltuk a racém vegytilet és
reszolvaldszer szerves oldatat. Az injektalast automatizaltuk, az adagolo HPLC szivattyu €s az
oldat tomegét regisztrald mérleg 6sszehangolasaval, a hardveres csatlakozasok kiépitését és a
vezérldszoftvert sajat magunk terveztiik és valositottuk meg. A SAS moédszer a GAS eljarassal
Osszevethetd eredményeket produkalt. A SAS eljaras termékét GAS reszolvalasnak alavetve
két 1épésben racém enaniomerkeveréket és 90% de tisztasagl diasztereomert lehetett eldallitani.

Elektronmikroszkdpos vizsgélatokkal kiilonleges, szdlas diaszereomer szerkezetet deritettiink
fel. A szalak atlagos atméréje 400—1000 nm, hosszuk tobb tiz pm.

Munkankat tamogatta az OTKA (K108979) és a Richter Gedeon Nyrt. a Richter Gedeon PhD
Osztondijon keresztiil. Székely E. és Szilagyi I. M. koszonik az MTA Bolyai Janos kutatasi
Osztondij tamogatasat.
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Melt extrusion is a widely-used process for converting a raw polymer into a product of uniform
shape and density by melting and forcing it through a die under controlled temperature and
pressure. In the plastic industry the main application of melt extrusion is compounding and/or
shaping of polymers (e.g. production of films). Similarly, melt extrusion can be employed in
the pharmaceutical industry to produce medical devices and to disperse drugs in an amorphous
biocompatible polymer matrix of orally administered solid dosage forms without any organic
solvent. This way solid solutions or solid suspensions can be formed, even with high drug load.

Recently, the scope of melt extrusion has been widened by the use of supercritical carbon
dioxide (sc. CO.), which acts as a plasticiser in the barrel by decreasing melt viscosity. Thereby
it can increase productivity at lower temperatures and prevent the degradation of the processed
materials. Another advantage of sc. CO; is that by making use of its expansion, controlled
foaming of the polymer melt can be realised without leaving any residue.

In this study, foaming of biodegradable and/or biocompatible polymers (polylactic acid and
Eudragit E) was carried out and examined regarding the relationship between the foam structure
and the process parameters (polymer flow-rate, sc. CO, fraction, extrusion temperature and
pressure) as well as the filler quality. Furthermore, selected samples were analysed for their
structural properties (e.g. apparent density, morphology, pore size distribution), mechanical
properties and crystallinity (by X-ray diffraction, Raman mapping and thermal analysis).
The foaming behaviour of the Eudragit E and PLA foams was found to be largely affected by
the presence of additives (e.g. the active ingredients spironolactone or prednisolone, or fillers,
such as cellulose) and by the processing temperature. The porosity—temperature relationship
was established for all the processed systems. By this optimisation even >95% porosity could
be achieved for PLA-based systems and 92% for Eudragit E-based systems.

Temperature could be notably decreased by making use of the reversible plasticising effect of
sc. CO2, and this procured an increase in drug purity in the case of the pharmaceutical dosage
forms. The increased specific surface area of the Eudragit E formulations (together with drug
amorphisation) resulted in an enhanced dissolution. High porosities are also advantageous in
the plastic industry, e.g. when insulation materials are produced.
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Az aerogélek kis stirtiségii (0,004-0,500 g/cm®), nagy fajlagos feliiletii (3001200 m?/g), magas
porozitasu (80-98 %) szilard anyagok, amelyek valtozatos anyagi mindségben késziilhetnek,
és kivaléan funkcionalizalhatok.? Fenti tulajdonsagaik miatt a 2000-es évek elejétdl zajlanak
gyogyszerhordozoként torténd felhasznalasuk felderitését célzd kutatdsok. Napjainkban a
kutatasok jelentds része nem csupan biokompatibilis, de biodegradabilis szerves, illetve hibrid
aerogélek szintézisével, és gyogyszerhordozoként torténd alkalmazasaval foglalkozik. 27°

Az eléadasban bemutatasra keriil kiilonb6z0 6sszetételii zselatin-szilika aerogélek szintézise és
azok gyogyszerhordozoként torténd felhasznalasi lehetdségei, kitérve a zselatin-szilika arany,
valamint kiilonb6zé moddositok (C16, fenil, metil) hatasdra a modellvegyiiletként valasztott
harom, BCS 2 tipusu hatdanyag (triflusal, ibuprofen, ketoprofen) szuperkritikus széndioxidbol
torténd felvételére, azok mennyiségére, illetve a hatdéanyagok fiziologias koriilmények kozott
torténd leadasara vonatkozoan.

K&szonetnyilvanitas: A kutatast a TAMOP-4.2.4B/2-11/1-2012-0001 és a TAMOP-4.2.2.A-
11/1/KONV-2012-0036 szamu projekt tamogatta. A projekt az Eurdpai Unié tamogatasaval, az
Eurdpai Szocialis Alap tarsfinanszirozasaval valosul meg. This work was partially financed by
the Generalitat de Catalunya with project 2014SGR377. A. Lopez-Periago acknowledges the
RyC-2012-11588 contract.

Hivatkozott irodalmak:
1. Soleimani Dorcheh A., Abbasi M. H.: J. Mater. Process. Technol. 199, 10-26 (2008)
2. Smirnova ., Suttiruengwong S., Arlt W.: J. Non-Cryst. Solids 350, 54-60 (2004)

3. Mehling T., Smirnova I., Guenther U., Neubert R. H. H.: J. Non-Cryst. Solids 355,
2472-2479 (2009)

4. Smirnova I., Mamic J., Arlt W.: Langmuir 19, 8521-8525 (2003)

5. Betz M., Garcia-Gonzélez C. A., Subrahmanyam R. P., Smirnova 1., Kulozik U.:
J. Supercrit. Fluids 72, 111-119 (2012)

23



SZUPERKRITIKUS OLDOSZEREK ANALITIKAI ES MUVELETI ALKALMAZASA 2015. majus 21.

PRODUCTION OF ENCAPSULATED QUERCETIN NANOPARTICLES BY SFEE
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Quercetin is a bioflavonoid and it has a strong antioxidant-, antiviral-, antibacterial-,
antihistaminic-and anti-inflammatory effect. Due to these properties quercetin is a highly
promising material against a wide variety of diseases, including cancer. A major limitation for
the clinical application of quercetin is its low bioavailability that makes it necessary to
administrate in high doses (50 mg/kg). One way to increase the bioavailability of quercetin is
to produce encapsulated quercetin particles in nanometric scale, using Supercritical Fluid
Extraction of Emulsions (SFEE) technology.

In SFEE process a previously produced oil in water emulsion (o/w) is contacted with
supercritical carbon-dioxide (scCO.) in order to extract the organic part from the emulsion,
which cause the rapid supersaturation of quercetin and hence quercetin precipitation in sub-
micrometric scale and encapsulation in a surfactant material. Primary experimental runs were
done with Pluronic L64 ® as a surfactant material, and in products are obtained needle like
quercetin particles, which are similar to unprocessed quercetin. As Pluronic L64 ® was not able
to encapsulate quercetin further experimental runs were done using soy bean lecithin as a
surfactant material. In these experimental runs multivesicular system was obtained with
encapsulated quercetin particles in sub-micrometric scale, without any presence of crystalline
quercetin particles. Mean diameter size of these vesicles were around 100 nm, encapsulation
efficiency was around 70% and encapsulated quercetin was stable up to two weeks with a
residual organic content less than 300 ppm.

Further experiments were done using the combination of surfactant materials in order to
increase the amount of encapsulated quercetin in the SFEE treated aqueous suspensions:
Lecithin, Pluronic L64 ®, poly-vinyl-alcohol (PVA), Eudragit E100 In case of the combination
of lecithin — Pluronic L64 ® an increased amount of encapsulated quercetin with a similar
particle size distribution is obtained in the aqueous suspensions after SFEE treatment, than in
the experimental runs did only with lecithin. In a further experimental plan we managed to
increase the encapsulated quercetin up to 0.31 g/L, equal with an encapsulation efficiency of
90%, and significantly higher than the solubility of quercetin in pure water: 0.01 g/L.
Encapsulated quercetin is stable up to two weeks with a mean particle size distribution around
100 nm and with a residual organic content below 350 ppm.

Scaled up-, continuous SFEE experiments are also done with soy bean lecithin — Pluronic L64 ®
in order to produce aqueous suspensions in higher volume. We managed to produce ten times
more suspension with a similar particle size distribution and antioxidant activity results than in
the case of previously applied batch process. Moreover 6.5 times less SFEE treatment duration
comparing to batch process was enough to decrease the residual organic content below
400 ppm.

Gyorgy Lévai - project DoHip (FP7-PEOPLE 2012 ITN 316959) and project BioQuercetin
(VA225U14).
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Supercritical (sc.) fluid dyeing of polymers is a particular case of solute impregnation.
The method offers a cost effective and environmentally friendly solution to dye different fibers
and polymers. In principle, a disperse dye is dissolved in a sc. fluid and by simultaneously
contacting this solution with a polymer matrix in a high pressure vessel the dye penetrates into
the polymer. This batch process is mainly controlled by diffusion, where pressure, temperature,
impregnation time, the amount of dye and decompression rate influences the transport.
Compared to conventional processes, sc. dyeing does not produce waste water and by the use
of low temperatures it is possible to work also with thermally labile dyes.

In our ongoing dyeing project, supercritical carbon dioxide (scCO-) is used as sc. fluid and
polycarbonate (PC) was chosen as medium. For impregnation additives, commercially
available azo-dyes “disperse red 1” (DR1) and “disperse red 13” (DR13) are used. PC is
impregnated in pellets and also in hot pressed films. Although the solubility of the dyes in
scCO: is rather low, the high partition coefficient between the polymer and the supercritical
phase drives the dye into the polymer matrix. Some experiments are also carried out in scCO2-
ethanol mixture, where ethanol acts as a modifier for the dyes and is completely miscible with
the supercritical fluid. With ethanol the impregnation is faster than in pure scCO> atmosphere.
The impregnated samples are dissolved in dichloromethane and analyzed by UV-Vis
spectroscopy. To study the reaction Kinetics and the dye uptake of a polymer sample,
experiments were carried out in the time range from 3 to 24 hours and at pressure levels from
100 to 300 bar at a constant temperature of 40 °C. Both, carbon dioxide density and
impregnation time influence the process efficiency. The higher the pressure is the better is the
dyes’ solubility and the swelling of PC in scCO2, which results in more dye uptake of the
polymer. Longer reaction times have also a positive effect to the impregnation. Decompression
rate of the impregnation vessel is not critical. It was found that DR13 has more affinity to
polycarbonate than DR1.

Impregnation process resulted in an entirely, equally dyed polymer with good dyeing fixation,
which was analyzed by re-extraction studies of the dyed samples by an organic solvent.
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Az 1960-as évek kozepén jelentek meg az elsé szuperkritikus kromatografias rendszerek,
amelyeket gazkromatografias késziilékekbol fejlesztettek, kapillaris restriktorokat alkalmazva.
A 80-as évektdl kezddédben az SFC rendszerek fejlesztésének masodik szakaszaban, a
folyadékkromatografias késziilekeket vették alapul az SFC/SFE rendszerek fejlesztésekor.
1985-ben szabadalmaztatta a japan JASCO cég a szabalyozhat6 back pressure regulatorat. Ezen
nyomasszabalyzoban a visszatartdsi nyomds ¢€s a fitési homérséklet elektromosan
szabalyozhato, igy széles nyomas ¢és aramldsi sebesség tartomanyban lehetové valtak a
reprodukalhat6, eltémdédés mentes SFC/SFE elvalasztasok. Az elmult 30 évben a JASCO cég
folyamatosan fejlesztette kromatografids €s extrakcios rendszereit, mara vilagszerte tobb ezer
késziilék bizonyitja a stabil, megbizhaté miikodést.

2015 tavaszan keriilt bemutatasra az LC-4000 SFC/SFE rendszer, amely kovetve a korabbi
hagyomanyokat modularis felépitésti, 1-150 ml/perc aramlasi sebesség tartomanyban kinal
megoldast az analitikai, semi-preparativ és preparativ szuperkritikus kromatografias ¢és
extrakcios feladatokra.
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Chiral Separation Section

Az eldadas soran bemutatjuk a Micro Cyclone Separator-t és az egyediilallo kiralis detektalasi
lehetdségeket. Példakat mutatunk savas, bazikus és semleges karakterisztikaji vegyliletek
egyideji  elvalasztasara, kirdlis vegyiiletek enantiomer tisztasaganak vizsgalatara,
gyogynovények és milanyagok extrakcidjara és analizisére, peszticid maradvany analizisre
kétdimenzios SFC és on-line SFE/UHPLC kapcsolt rendszerre.
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Carotenoid analysis are most commonly performed by high-performance liquid
chromatography (HPLC), particularly reversed phase liquid chromatography (RP-LC) with
usually C30 stationary phases employing high amount of organic solvents as mobile phase with
long analysis timet*l. The separation of carotenoids with supercritical fluid chromatography
(SFC) can provide a ,.greener” and at the same time faster and more efficient alternativel?.
Using carbon dioxide (CO2) and eventually co-solvent (e.g. ethanol) as mobile phase,
separation and the elution velocity can be controlled by the density of the mobile phase and the
concentration of co-solvent. The high solubility of carotenoids in supercritical CO2 (scCO>),
highly reduces retention times while the mild analysis conditions applied avoid their
degradation.

In our study the separation of carotenoids extracted from different maturation stages peppers
was investigated with SFC in an Ultra Performance Convergence Chromatography (UPC?)
system. SFC analysis was optimised in solvent gradient mode using a scCO> and ethanol as
mobile phase with a small particle size bonded-phase octadecylsylil column. Good separation
of very rich carotenoid profiles, including native xanthophylls, carotenes and xanthophyll
esters, was obtained in 11 min run time. During the analysis four fractions were collected and
further analysed by a conventional RP-LC combined with photodiode array detector and mass
spectrometry. High orthogonality was achieved between the two separation techniques, despite
the similarity of the stationary phases. Using the proposed offline two-dimensional
chromatographic system, identification of the carotenoid esters in red pepper was more accurate
respect to the results obtained only with conventional RP-LC.

The project was funded by ,,PON04a2 F ,BE&SAVE” and the authors gratefully acknowledge
Shimadzu and Sigma-Aldrich/Supelco Corporations for the continuous support.
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[l Rodriguez-Amaya D. B.: J. Food Compos. Anal. 23, 726 (2010)
21 Bernal J. L., Martin M. T., Toribio L.: J. Chrom. A. 1313, 24 (2010)
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Tanacetum parthenium L. SZUPERKRITIKUS FLUID EXTRAKTUMOK
PARTENOLID TARTALMANAK KVANTITATIV ANALIZISE KAPCSOLT
KROMATOGRAFIAS MODSZEREKKEL

Végh K.1, Alberti A, Riethmiiller E.*2, T6th A.%, Béni Sz.1, Kéry Al

! Semmelweis Egyetem Farmakognoziai Intézet, 1085 Budapest, UllGi it 26.
2 Richter Gedeon Nyrt. Szintézistamogaté Laboratérium, 1103 Budapest,
Gyomroi ut 32-34.

Az Eurépaba, Azsidban honos 6szi margitvirag (Tanacetum parthenium L., Asteraceae)
¢vszazadok Ota ismert gyogy- és disznovény. Az 1970-es évek Ota a migrén, fejfajas,
rheumatoid arthritis kezelésére ajanljak. JelentGsebb tartalomanyagai a szeszkviterpén-
laktonok (partenolid), illéolaj ¢és flavonoidok. Jelenlegi ismereteink szerint a hatas
szempontjabol legfontosabb vegyiilete a partenolid, amellyel kapcsolatba hozzdk a noveény
migrénellenes hatdsat. Ugyancsak feltételezik, hogy a farmakokinetikai kdlcsonhatas alapjan
elonyds lehet olyan kivonatok alkalmazdsa, melyben a szeszkviterpén-laktonok és a
gyulladascsokkentd flavonoidok egyidejiileg vannak jelen.

Munkénk célja olyan optimalis szuperkritikus fluid extrakcios koriilmények kialakitasa volt
0szi margitvirag kivonatok eldallitdsara, amelyek a két hatdanyag csoportot egylittesen
tartalmazzak. Vizsgalataink soran egy 3 mennyiségi faktoros 3 szintes kisérleti tervet
alkalmaztunk a kiilonb6z6 virdgzasi periddusban gyijtott szervekbdl szuperkritikus fluid
extraktumok eldallitasara (1.). Az extraktumok partenolid tartalmanak mérésére
nagyhatékonysagu folyadékkromatografias (HPLC), szuperkritikus fluid kromatografias (SFC)
és konvergens kromatografias (UPC?) modszereket fejlesztettiink, validaltunk és hasonlitottunk
0ssze. A mennyiségi meghatarozasokat kiilsé standard kalibraci6 alkalmazasaval végeztiik.
Az optimum pontban végzett kivonds soran eldallitott extraktum flavonoid tartalmanak
vizsgalatara  szemipreparativ ~ folyadékkromatografias  (Prep-HPLC) ¢és  folyadék-
kromatografiaval kapcsolt elektrospray ionizacios tandem tomegspektrometrias (HPLC-DAD-
ESI-MS/MS) moédszert alkalmaztunk.

A szuperkritikus fluid extrakcioval eldallitott mintdk vizsgalataval adatokat gyljtottiink a
partenolid névényrészekben, illetve vegetacios peridodus alatti feldisulasarol és optimalni
tudtuk a kivonasi koriilményeket a hatéanyagban gazdag extraktumok eldallitasara.
A virdgzas eldtt és alatt gylijtott levél, valamint a virdgzat partenolid tartalmanak optimum
értékét 7%-0s etanol tartalom mellett 22MPa-on és 64°C-on értiik el. Megallapitottuk, hogy a
szarazanyag-tartalom ¢és a partenolid-tartalom optimum értéke nem esik egybe. Preparativ
HPLC moédszerrel 6tvenkét flavonoidokban dus frakciot nyertiink a szuperkritikus kivonatbol.
Utobbiakban két nem konjugalt flavont, apigenint és luteolint azonositottunk a partenolid és
egyéb minor szeszkviterpén laktonok mellett. Tovabbi tizenegy mono-, di-, tri- és tetrametilalt
flavon és flavonol aglikont mutattunk ki.

1. Végh K., Alberti A., Riethmiiller E., Téth A., Béni Sz., Kéry A.: The Journal of
Supercritical Fluids 95, 84-91 (2014)
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A HANSEN OLDEKONYSAGI PARAMETEREK SZUPERKRITIKUS FLUID
ALLAPOTU CO- - POLARIS MODIFIKATOR KEVEREKEKBEN

Andras Cs. D.}, Matyas L.2, Salamon R. V.1, Szép A. S.!

! Sapientia Erdélyi Magyar Tudomdnyegyetem, Elelmiszer-tudomdnyi Tanszék.,
Csikszereda, Romania

2 Sapientia Erdélyi Magyar Tudomadnyegyetem, Biomérnoki Tanszék.,
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A szuperkritikus fluid- és kritikushoz kozeli allapotu oldoszerek legfontosabb tulajdonsaga a
hangolhatdsag, vagyis az oldoképesség megvaltoztatasa a miiveleti paraméterekkel (nyomas és
hémérséklet). Ez kozvetlen modon a stirliséggel, vagy kozvetve, mas részben slriiségfliggd
fizikai tulajdonsaggal (pl. relativ permittivitas) all korrelacioban. A leggyakrabban alkalmazott
szuperkritikus fluid oldészer a szén-dioxid. Polarosabb komponensek hatékonyabb
extrakciojahoz sziikkség van segédoldoszer (polaris modifikator) hozzaadéasara, ez
leggyakrabban etanol. Fontos a keverék oldoszer kritikus tulajdonsadgainak ismerete, mert csak
a kritikushoz kozeli 4allapotban maradnak meg az intenziv anyagatadashoz sziikséges
tulajdonsagok (alacsony viszkozitas, nagy difftzidés tényezd). Fontos tovabba, hogy a
koszolvens is konnyen tavozzon az extraktum levalasztasakor. Etanol-CO; elegy esetén a
gyakorlatban maximalisan alkalmazhat6 etanol- mennyiség 20 mol % koriili érték.

Munkankban mésodfoku feliilet-illesztésen alapuld modszert alkalmazva meghataroztuk a
keverék Hansen-paramétereit leiré fliggvényeket (nyomads, homérséklet és 0Osszetétel
valtozokkal), tovabba megallapitottuk, hogy a COgz-etanol keverék Hansen-paraméterének
polaris komponense (p) négyzetesen fligg a dielektromos allandotol (g).

o000 o /7

et~ o § .‘
cy"f & g 7
: ) 4

4 -
/
/

-
)

AL
00—
(5 gedW)
5, (MP2®S

o T e ) =

Irodalomjegyzék:

Eckert C.A., Chandler K.: J. Supercrit. Fluids 13, 187 (1998)

Eltringham W.: J. Chem. Eng. Data 56, 3363 (2011)

Gil L., Blanco T.S. Rivas C., Laga L. et al.: J. Supercrit. Fluids 71, 26 (2012)
King J.W.: Annu Rev. Food Sci. Technol. 5, 215 (2014)

Marcus Y.: J. Supercrit. Fluids 38, 7 (2006)

Panayiotou C.: Fluid Phase Equilibr. 131, 21 (1997)

Pohler H., Kiran E.: J. Chem. Eng. Data 42, 384 (1997)

Williams L.L., Rubin J.B., Edwards H.W.: Ind. Eng. Chem. Res. 43, 4967 (2004)

29



SZUPERKRITIKUS OLDOSZEREK ANALITIKAI ES MUVELETI ALKALMAZASA 2015. majus 21.

MACSKAKAROM KIVONATOK HATOANYAGTARTALMANAK
OPTIMALIZALASA KAPCSOLT MUVELETEKKEL

CONTROLLING CONCENTRATIONS OF ACTIVE COMPONENTS OF CAT’S
CLAW BASED PRODUCTS BY HYBRID SEPARATION PROCESSES

Székely E.1, Keve T.2, Calvo A, Kosz6 B.%, Sanz S.2 Dévényi D., Kormos N.!

! Deptartment of Chemical and Environmental. Process Engineering, Budapest
University of Technology and Economics, Budapest, Hungary
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The most popular and applied method of plant based products involve at least one extraction
step. The extracts are preferably rich and concentrated in the desired active components as well
as easy to handle during the further steps of the process. Water and organic solvents have been
typically used. Supercritical fluids, and namely supercritical carbon dioxide, are a more
environmentally friendly alternative to extract target components from plant matrices.

Supercritical fluid extraction (SFE) with and without entrainer, and other acceptable solvent
extractions (water, ethanol, acetone, hexane, ethyl acetate) were used for fractionation of
bioactive products as alkaloids and triterpenes from cat’s claw (Uncaria tomentosa (Willd.)
DC.) bark. The extracts from this plant have a number of beneficial effects, including anti-
inflammatory or immune stimulator. [1] However, dietary supplements based on cat’s claw are
restricted in some European countries due to its oxindole alkaloids. The aim of this work was
to obtain fractions of enriched and limited alkaloid concentrations and meanwhile map the
possibilities to obtain more than one valueable products from the raw bark.

A two-step process was developed, consisting of a hydro-alcoholic extraction and SFE with
carbon dioxide (scCO2). Composition of the product extracts were evaluated if after the hydro-
alcoholic extraction of the bark supercritical fluid extraction was performed on the hydro-
alcoholic extract, and if after the supercritical fluid extraction the residue was extracted by
water-alcohol solvent. HPLC results showed a high selectivity for the alkaloids in extracts
obtained with scCO. modified with ethanol. The concentration of alkaloids in the extract
obtained by the two-step process at the selected conditions was 50 mg total alkaloids/g extract,
with a very low concentration in the residue. Alkaloid concentrations and yields of the extracts
obtained by a hydro-acoholic extraction of a supercritical residue and those of residues after
supercritical extraction of the hydro-alcoholic extracts were comparable, thus technological
order might be decided by economic measures.

The research work was supported by Marie Curie DoHiP European Project (Training
Programme for the Design of Resource and Energy Efficient Products by High Pressure
Processes). E. Székely thanks the Janos Bolyai Research Fellowships of the Hungarian
Academy of Sciences.

[1] Falkiewicz B., Lukasiak J.: Case Reports and Clinical Practice Review 2, 305-316 (2001)
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IMMOBILIZALT ENZIMKESZITMENYEK VIZSGALATA ENANTIOSZELEKTIV
ELVALASZTASOKBAN

Amairi V.1, Varga Zs.!, Kmecz 1.1, Boros Z.2, Poppe L.2, Székely E.!

! Budapesti Miiszaki és Gazdasagtudomanyi Egyetem, Kémiai Kornyezeti és
Folyamatmérnoki Tanszék, Budapest

2 Budapesti Miiszaki és Gazdasdagtudomanyi Egyetem, Szerves Kémia és
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Az enzimkatalizalt szintézisek kivaldo lehetOséget nyljtanak nagy enantiomertisztasagu
termékek eldallitasara. Problémat jelent azonban az enzim — termék — visszamaradt reagens
elvalasztasa, akar vizes kozegben, akdr szerves oldoszerben végezziik el a szintetikus 1épést.
Az enzim immobilizaldsa valamilyen szilard hordozo feliiletén eldsegiti a reakcid utdn a
biokatalizator elvalasztasat, sot, a reakcio lejatszodasat is befolyasolni lehet a megfeleld
rogzitési mod és feliilet kialakitasaval. [1-2] A szuperkritikus szén-dioxid alkalmas lehet a
termékek ¢€s a reagensek frakcionalt nyomascsokkentésen alapuld elvalasztasara, azonban a
folyadékokban jellemzd nagysagrenddekkel gyorsabb diffuzié miatt a diffazio limitalt reakciok
felgyorsitasa is lehetséges szén-dioxidban.

Kutatasi munkank célja ezért racém-1-feniletanol triacetinnel illetve tributirinnel torténd
észterezésének a mintapéldajan keresztiil kiilonb6z6 modon és feliileti hordozon rogzitett
Candida antarctica B enzim aktivitasanak vizsgalata volt atmoszférikus nyomason (hexan
oldoszerben és olddszermentes korilmények kozott) és szuperkritikus szén-dioxidban.
Az enzimkészitmények a SynBiocat Kft termékei. Az adszorbcids és kovalens modon rogzitett
enzimek adszorbcids, valamint kovalens keresztkotésekkel szilika hordozoéra voltak kotve,
valamint vizsgaltunk (jonnan kifejlesztett szol-gél készitményeket, igynevezett kompozitokat,
melyek egy pordzus, szilard belsé magot tartalmaznak, erre adszorpcidsan rogzitik az enzimet,
majd gélbe zarjak a kialakult magot.

Azonos enzimkészitménynél a kezdeti reakcidsebesség tObbszordse szuperkritikus szén-
dioxidban, mint atmoszférikus koriilmények kozott, azonos hdmérsékleten. Azonban
szuperkritikus szén-dioxidban az egyenstlyi 4allapot kisebb konverzional allt be, mint
atmoszférikus koriilmények kozott. A nyomas alatti kisérletek soran legnagyobb konverziot
100 bar-on értiik le, a nyomas novelésével az elérheté konverzio csokkent. Legjobb a vizsgalt
adszorbcios modon rogzitett enzimkészitményekkel elért konverzid, legrosszabb a szol-gél
enzimkészitményekkel elért konverzid. Az enzimaktivitdas nyomds alatti valtozdsanak
tanulmanyozasadhoz folyamatos csdreaktorban végzett kisérleteket terveziink.

A kutatomunkat az OTKA (K108979) tamogatta. Sz.E. koszoni az MTA Bolyai Janos Kutatési
Osztondij tamogatasat.

[1] Weiser D., Boros Z., Hornyanszky G., Toth A., Poppe L.: Process Biochemistry 47, 428-
434 (2012)

[2] Boros Z., Weiser D., Méarkus M., Abahazi E., Magyar A., Tomin A., Koczka B., Kovacs P.,
Poppe L.: Process Biochemistry 48, 1039-1047 (2013)
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FRACTIONATION OF BIOLOGICALLY ACTIVE COMPONENTS FROM GRAPE
SEED BY SUPERCRITICAL CARBON DIOXIDE

Calvo A1, Morante J.2, Lévai Gy.?, Plander Sz.!, Keve T.3, Székely E.!
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Supercritical fluid extraction was applied on grape seeds (Vitis Vinifera L.) for fractionation of
bioactive natural components as polyphenols (proanthocyanidins) and fatty acids.! Vitis
Vinifera extracts have been proved to be exploitable in the preservation of food products, as
well as for nutraceuticals or health supplements, due to their wide range of pharmacological
action, specially their antioxidant activity.2 On the other hand, pro-oxidants are reported to be
promising in supplementary treatment of cancer patients. Therefore the different fractions
might have different applications in the food, cosmetic or pharmaceutical industry.

A two-step process was developed, consisting of conventional alcoholic extraction followed by
supercritical fluid extraction (SFE) with carbon dioxide. The effects of pressure by using pure
supercritical carbon dioxide (scCO.), as well as concentration of cosolvent (ethanol) at constant
temperature and solvent to feed-ratio were mapped, and compared with different organic
solvents applied in food industry. Chemical analysis of extracts and raffinates was measured by
means of HPLC and Thin Layer Chromatography (only qualitatively) and the antioxidant
activity was evaluated by using the DPPH* free radical scavenging assay.

The use of ethanol as entrainer enhanced the yield of the extraction at 300bar. It was observed
that supercritical carbon dioxide can be used in the described process for fractionation of a
grape seed alcoholic extract to obtain a product with noticeably high antioxidant activity and a
second one with no antioxidant activity or pro-oxidant activity. Total extracted
proanthocyanidins in supercritical CO- extracts increase with cosolvent percentage, while pro-
oxidant activity of extracts and antioxidant activity of residues decreases.

The research work was supported by Marie Curie DoHiP European Project (Training
Programme for the Design of Resource and Energy Efficient Products by High Pressure
Processes). E. Székely thanks the Janos Bolyai Research Fellowships of the Hungarian
Academy of Sciences.

Key words: Supercritical Fluid Extraction; grape seed; proanthocyanidins; antioxidants; DPPH;
HPLC.

[1] Nakamura Y., Tsuji S., Tonogai Y, Journal of Health Science 40, 1: 45-54 (2003)
[2] Jayaprakasha G.K., Selvi T., Sakariah K.K., Food Research International 36, 2: 117-122
(2003)
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ALKALOID KONCENTRACIO SZABALYOZASA MACSKAKAROM
KIVONATOKBAN EXTRAKCIOS MODSZEREKKEL

Dévényi D., Kormos N., K6sz6 B., Calvo A., Székely E.
BME Kémiai és Kornyezeti Folyamatmérnoki Tanszék, Budapest

Az utdbbi években egyre jelentdsebb lett a természetes novényi termékek iranti igény, ezek
részben az egészséges taplalkozas részeként, illetve természetes gyogyszertermékek
formajaban is keresettek. A macskakarom kérgének (Uncaria tomentosa (Willd.) DC) mar
régdta ismert a jotékony hatdsa, amelyet a f0 hatdoanyagcsoportjai a pentaciklusos alkaloidok,
triterpének, flavonoidok ¢€s tanninok adjak. [1] Munkéank célja alkalmas extrakcios eljarasok
felderitése a pentaciklusos alkaloidokat alacsony, illetve magas koncentracidoban tartalmazé
kivonatok eldallitasara.

Kutatasunk soran hagyomanyos (kevertetéses, Soxhlet, illetve toltott oszlopos) extrakciot és
szuperkritikus szén-dioxidos extrakciot hasznaltunk melyek soran a hozamot és a kivonatok
nagynyomasu folyadékkromatografids modszerrel hataroztuk meg UV-VIS spektrofotométer
segitségével, standardok felhasznaldsaval. A harom lépéses kevertetéses extrakcid 20-70°C
homérseklet tartomdnyban 0-1 tomeg% citromsav hozzdadasa mellett, viz-etanol olddszer-
eleggyel vizsgaltuk kisérletterv szerint, ahol a viztartalmat 0-100% kozott valtoztattuk

Az alkaloid kinyerési hatékonysag szempontjabdl a 70°C homérsékleten végzett extrakcid
abszolut etanol olddszerrel bizonyult a legjobbnak, ezzel szemben a hozam szempontjabol
optimumnak 1 tdmeg% citromsav - 65 % etanol oldat adodott. A kivonatokban 8-40 mg ME
alkaloid /g extrakt tartomanyban szabalyozhat6 az alkaloid-tartalom a citromsav és az etanol
koncentracid segitségével. A Soxhlet extrakciok soran hexdn, aceton, abszolut etanol és
96 %-os etanol, illetve viz alkalmazasaval hasonld alkaloid koncentracidokat kaptunk, azonban
a huzamosabb ideig tartdé magas hOmérséklet miatt a kinyerés soran hdobomlas illetve
izomerizacio kovetkezhet be.

A szuperkritikus szén-dioxid segitségével nyert kivonatok alkaloid koncentracidjara 150 mg
ME alkaloid /g extrakt feletti koncentraciot értiink el segédolddszer (etanol) alkalmazasaval a
vizsgalt 40-55 °C homérséklet- és 150-300 bar nyomastartomanyban.

Kisérleteinkkel olyan extrakcidos paramétereket hataroztunk meg, amelyekkel széles
pentaciklusos alkaloid koncentracid-tartomanyban (8 - 170 mg ME alkaloid /g kivonat) szaba-
lyozhatjuk a kivonatok Osszetételét.

A kutatomunkat a DoHip palyazat (European Community's Seventh Framework Programme
(FP7/2013-2016) 316959 projekt) és a Gradiens Kft. tamogatta. Székely E. munkajat az MTA
tamogatta a Bolyai Janos Kutatasi Osztondij Programon keresztiil.

[1] Falkiewicz B., Lukasiak J.: Case Reports and Clinical Practice Review 2, 305-316 (2001)
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CHIRAL RESOLUTION IN SUPERCRITICAL CARBON-DIOXIDE:
A BACKGROUND STUDY ON TWO CARBOXYLIC ACIDS
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B. Simandi, E. Fogassy and their coworkers recognized that the selectivity of a resolution using
half molar equivalent of the resolving agent to the racemic compound can be highly improved
by using supercritical carbon dioxide extraction to remove the unreacted amount of the racemic
compound. [1-2] Our research work focused on two resolution-systems: the (£)-a-methoxy-
phenylacetic acid — (R)-(—)-1-cyclohexylethylamine (MPAA-CEA) system and the cis-
chrysanthemic acid — (S)-(+)-2-benzylamino-butanol (CCA-BAB) system.

When using the in situ technique, both the racemic acid and the resolving agent (in half molar
quantity) are measured into an autoclave without the use of any organic solvent. The autoclave
is then pressurized with carbon dioxide, which acts as a solvent for the heterogeneous-phase
chemical reaction. Both CCA and MPAA could be resolved using this technique. While the
reaction was fast in the case of CCA (completed within an hour) MPAA-CEA system required
nearly a week to approach the equilibrium separation. The course of these chemical reactions
could also be followed by taking samples from the reaction mixture.

Using antisolvent precipitation, an enantiomeric excess of 45% could be reached in the case of
MPAA using a 1:1 mixture of toluene and acetonitrile as an organic solvent. The raffinate yield
was slightly under 90% and the extract yield was above 90% relative to their theroetical values.
In the case of CCA the diastereomeric salt could not be precipitated.

To understand the driving forces of the above separations, we developed a new measurement
method using a high pressure view cell to determine the solubilities of the diastereomeric salts.
We found that the dissolution of the diastereomeric salts in supercritical carbon dioxide can be
described with the solubility product, similar to that of inorganic salts in water. In an in situ
system of the CCA and BAB compounds, a great difference between the solubilities of the two

mmol

2
pure diastereomeric salts was found: 1,77-10° and 2,85-10'5( - ) for the stable and the

unstable diastereomer, respectively. It can be assumed that the thermodynamic control of the
heterogeneous-phase reaction is favourable to achieve high enantioselectivity. In the MPAA-
CEA system, in the case of gas antisolvent technique, the obtained values of the two

mmol

2
diastereomers were very similar (7-10‘9-3-10‘8 (T) ) Thus, we assumed that the chiral

separation is determined by the kinetics of either the nucleus formation or the crystal growth
under CO2 pessure.

This research work was supported by the Hungarian Research Fund (OTKA K108979) and the
DoHip Network, European Community's Seventh Framework Programme (FP7/2013-2016)
under grant agreement no: 316959. E.Sz. thanks the Janos Bolyai Research Fellowships of the
Hungarian Academy of Sciences.

[1] Fogassy E., Simandi B., Acs M., Szili T., Deak A., Kemény S., Sawinsky J., Manczinger J.,
Benkéné Lddy 1., Varga K., Lantos B. MSZ 212905, 1993.

[2] Fogassy E., Acs M., Szili T., Simandi B., Sawinsky J., Tetrahedron Letters 35:(2), 257-260
(1994)
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IBUPROFEN RESZOLVALASA GAZ ANTISZOLVENS MODSZERREL
Lérincz L.1, Zsemberi M.%, Bansaghi Gy.!, Sohajda T.2, Székely E.*

! Budapesti Miiszaki és Gazdasagtudomanyi Egyetem,
Kémiai és Kornyezeti Folyamatmérndki Tanszék, Budapest
2 Cyclolab Ciklodextrin Kutaté-Fejleszté Laboratérium Kft., Budapest

A kiralitdscentrumot tartalmazd molekuldk optikai izomerjeinek szétvalasztasa mind
kornyezetvédelmi szempontbdl, mind pedig élettani szempontbol fontos feladat. Az ibuprofén
(IBU) egy kiralitdscentrumot tartalmazo gyulladascsokkentd fajdalomcsillapité gyogyszer.
A gyakran racém formaban gyartott és értékesitett hatoanyag reszolvalasanak egyik lehetdsége
a diasztereomer soképzeésen alapuld elvélasztas antiszolvens modszerrel szuperkritikus szén-
dioxidban.

Az antiszolvens modszer lényege, hogy a szerves savat reagaltatjuk egy enantiomertiszta
szerves bazissal olyan oldoszerben, melyben a keletkezett diasztereomer s6 jol oldodik, majd
ezt az oldatot elegyitjilk egy nyomasallo késziilékben a szuperkritikus szén-dioxiddal. Mivel a
polaris diasztereomer s6 nem oldddik az apolaris szén-dioxidban, ezért a so kristalyai kivalnak
a késziilekben, az el nem reagalt komponensek pedig extrakciés mdodszerrel eltdvolithatok.

Racém ibuprofénbdl kiindulva, feniletilamin (FEA) reszolvaloszerrel, részletesen vizsgéltuk a
miiveleti paraméterek hatasat a keletkezd diasztereomer so illetve az extraktum termelésére €s
enantiomer tisztasagara. A reszolvaloszer-racém sav optimalis mélaranya a 0,5, azonban a
reszolvalas ekvivalens feletti molarany mellett is megvaldsithato. Allando térfogati metanolos
oldatbol végezve a kristalyositast, allando homérsékleten (45°C) ¢és allando félmolekvivalens
reszolvald szer arany mellett vizsgaltuk a nyomas hatasat 90-210 bar tartomanyban. A nyomas
novelésével a raffinatumban a termelés csokkent, az enantiomer tisztasag kismértékben nott.
Az extraktumban ellentétes tendenciat figyeltiink meg. Ezekben a kisérletekben az allando
térfogat autoklavban a nyomas mellett a szén-dioxid-metanol arany is kiilonb6z6 volt minden
kisérletben (a nyomassal parhuzamosan nott), ezért a kiindulasi oldoszer (metanol) €s szén-
dioxid aranyanak hatasat vizsgaltuk a raffindtum enantiomer tisztasdgara és raffinatum
termelésére allandd nyomason (150 bar), allandé homérsékleten (45°C) és allando reszolvalod
szer mélarany (0,5) mellett. Az enantiomer tisztasag 70-90 % kozotti tartomanyban mozgott €s
nem csokkent le egy kritikus tomegardny érték eléréséig, amikor is a termelés 4-5%-ra
csokkent. A termelés a szén-dioxid-metanol tomegarany novekedésével fokozatosan
emelkedett, 4%-t61 70%-ig valtozott.

Kiilonboz6 kiindulasi enantiomer felesleg értékii elegyekbdl vizsgaltuk a tovabbtisztitdsi
lehetdségeket az elsd 1épésben keletkezd so atkristalyositasaval illetve félekvivalens mélaranya
ujrareszolvalassal, amely a varakozassal ellentétben kozel idealis viselkedést mutatott a
kiindulasi enantiomer tisztasag és a termék enantiomer tisztasag tekintetében.

A kutatomunkat az OTKA (K108979) és az MTA Bolyai Janos Kutatasi Osztondij timogatta.
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EXTRACTION AND FORMULATION INTENSIFICATION PROCESSES FOR
NATURAL ACTIVES OF WINE

Moreno T.%, Alvarez A, de Paz E.}, Gongalves V. S. S.2, Rodriguez-Rojo S., Martin A*,
Mato R., Cocero, M. J.1

! Department of Chemical Engineering, University of Valladolid (Spain)
2 Instituto de Biologia Experimental e Tecnolégica, Oeiras (Portugal)

Spain has over 1.2 million hectares of planted vines, making it the most widely planted wine
producing nation (over 15% of the world total) and the third largest producer of wine in the
world, following France and Italy. The winemaking process generates large amounts of by-
products such as grape seeds and skins which are rich in polyphenolsf with strong antioxidant
properties that are interesting from a chemical, pharmaceutical and biological viewpoint.
They have been proved to have numerous health benefits as antioxidants, i.e. reducing the
incidence of cardiovascular diseases, improving the cognition and neuronal function with aging
and neurodegenerative diseases, antitumor, anti-inflammation, and anti-microbial.’®!
The incorporation of these natural substances into cosmetics, food, or pharmaceutical products
represents an interesting market opportunity for wine producers that could lead to sustainable
growth and development of the sector.

Traditionally, polyphenols have been extracted from plants using solid-liquid extraction
techniques, generally consisting in a maceration stage in which a moderate temperature is
maintained for a relatively long time. Process intensification using microwave technology
allows us to improve this process, since the damage caused to the cell wall by the microwaves
facilitates the extraction of the phytochemicals. We have studied the use of microwaves as a
pretreatment in the so called microwaved assisted extraction (MAE), where a higher
temperature (close to the evaporation temperature of the solvent) is reached by means of
microwave energy during a short time, followed by a shorter traditional extraction.

Formulation of the extracted material is also an important part of the project. Formulation of
model water-soluble (epigallocatechin gallate) and water-insoluble (quercetin) compounds has
been carried out using different carrier materials and techniques such as supercritical fluid
extraction of emulsions (SFEE) and particles from gas saturated solutions (PGSS-Drying).

References:
[1] MacNeil K., in: The Wine Bible pp. 410, Workman Publishing (2001)
[2] Spigno G. and De Faveri D.M.: J. of Food Eng. 78, 793 (2007)

[3] XiaE., He X., LiH., WuS., LiS., Deng, G.: Chapter 5, in: Polyphenols in Human
Health and Disease pp. 47, Academic Press (2014)

[4] Kammerer D.R., Kammerer J., Valet R., Carle R.: Food Res. Int. 65, 2 (2014)

[5] Solyom K.: Enhanced Extraction of Natural Substances using Microwave Energy PhD
dissertation, University of Valladolid, Spain (2013)
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POSZTER OSSZEFOGLALOK

A SZUPERKRITIKUS SZEN-DIOXID HATASA EGYES IONOS FOLYADEKRA
Péter-Szabo B.1, Kelemen Zs.2, Dudas J.3, Nyulaszi L.2, Székely E.!

! Budapesti Miiszaki és Gazdasdagtudomanyi Egyetem, Kémiai és Kornyezeti
Folyamatmérnoki Tanszék, Budapest

2 Budapesti Miiszaki és Gazdasagtudomanyi Egyetem, Szervetlen és Analitikai
Kémia Tanszék, Budapest

3 Pannon Egyetem, Miiszaki Kémiai Kutatéintézet, Veszprém

Az ionos folyadékok definicid szerint 100 °C alatt olvadd soék, melyeket elonyos
tulajdonsagaiknak kdszonhetden egyre szélesebb korben alkalmaznak. Elhanyagolhatoan kicsi
gbéznyomasuknak koszonhetéen gyakorlatilag nem olddédnak szuperkritikus szén-dioxidban,
azonban egyes ionos folyadékokban a szén-dioxid oldhatosaga jelentésen meghaladja sok mas
gazét. Igy, az imidazolium alapu ionos folyadékok képesek arra, hogy szamottevé mennyiségii
szén-dioxidot kossenek meg reverzibilisen, lehetéséget kinalva ipari szén-dioxid megkotésre.
Az anion anyagi mindségétdl fliggden a szén-dioxid oldodhat fizikailag és kémiailag is.

Munkank soran 1-etil-3-metil-imidazolium acetat (EMIM-Ac), 1-butil-3-metil-imidaz6lium
acetat (BMIM-ACc), 1-etil-3-metil-imidazolium mezilat (EMIM-Mez), valamint protikus ionos
folyadékokkal dolgoztunk 30-210 bar nyomas és 40-125 °C hdmérséklettartomanyokban.
Az id6beli hatasokat mintavételezéssel kovettiik. Amig az EMIM-Mez, PIF-1, PIF-2 ionos
folyadékok esetén csak a szén-dioxid fizikai oldddasat figyeltiink meg, addig EMIM-Ac,
BMIM-Ac esetében a szén-dioxid fizikai oldodasa mellett kémiai reakcio lejatszodasat is
tapasztaltuk. A 2-es helyzetli szén-dioxid addukt keletkezése ismert, kvantumkémiai
szamitdsaink szerint a 4-es és 5-0s helyzetii addukt keletkezése is lehetséges magasabb
hémérsékleten. [1] Kisérleteinkkel e két 0j addukt képzddését bizonyitottuk, és kimutattuk,
hogy a magasabb homérseklet eldsegiti a 2-estdl eltérd adduktok keletkezését. Ez technologiai
szempontbdl fontos, hiszen ezen eredmények alapjan, alacsonyabb hémérsékleten vald CO>
megkotés esetén meghosszabbithatd az ionos folyadék élettartama.

A fentieken tul kilenc olyan protikus ionos folyadékot szintetizaltunk, amelyek anionjai €s
kationjai is szén-dioxid-kedveld csoportokkal rendelkeznek ¢és  vizsgaltuk ezek
fazisviselkedését szuperkritikus szén-dioxiddal valdé érintkezésben. A vizsgalt ionos
folyadékok koziil 6t szamottevd (2-9 m/m%) oldhatosaggal rendelkezik szén-dioxidban, ami 0]
ionos folyadék — sc. szén-dioxid alkalmazasi lehetdségeket vethet fel.

A kutatomunkat tdmogatta az OTKA K 105417 és a COST CM1206 EXIL. Székely E. koszoni
az MTA Bolyai Janos Kutatasi Osztdndijat.

[1] Kelemen Zs., Péter-Szabo B., Székely E., Holloczki O., Firaha D. S, Kirchner B., Nagy J.,
Nyulaszi L., Chemistry-A European Journal 20:(40), 13002-13008 (2014)
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1-FENILETANOL KINETIKUS RESZOLVALASANAK VIZSGALATA
OLDOSZERMENTES ES SZUPERKRITIKUS SZEN-DIOXID KOZEGBEN

Varga Zs., Szécsényi A., Amairi V., Soto E., Kmecz I., Székely E.

Budapesti Miiszaki és Gazdasagtudomdanyi Egyetem, Kémiai és Kornyezeti
Folyamatmérnoki Tanszék, Budapest

Enantiomertiszta vagy adott enantiomerben feldusitott alapanyagok irant rendkiviil nagy
kereslet mutatkozik a gyogyszer-, élelmiszer-, kozmetikai- és a novényvéddszeriparban is,
melynek hatterében az enantiomerparok eltérd biologiai aktivitdsa all. Szekunder alkoholok
racém elegyébdl kiindulva lipaz-katalizalt kinetikus reszolvalassal tiszta alkohol-enantiomerek
allithatoak el6. Hagyoméanyosan az elvalasztast enantioszelektiv észterezési reakciokkal
valdsitjadk meg, melyhez észterezdszerként szintetikus vegyiileteket hasznalnak.

Kutatasunk célja, hogy a kinetikus reszolvalast szintetikus észterezdszerek helyett
kornyezetkimélobb anyagokkal valdsitsuk meg, igy példaul természetes olajokkal.
Els6 lépésként modell észterezdszerként triglicerideket, koztiik glicerin-triacetatot €s glicerin-
tributiratot  alkalmaztunk 1-feniletanol kinetikus reszolvaldsdhoz. A reakcidokhoz
katalizatorként Candida antarctica lipaz B enzimet hasznaltunk immobilizalt formaban.
A hagyomanyos légkdri nyomdson végzett reszolvalasi reakciokkal ellentétben szerves
oldoszer nélkiil, az észterezOszert reakciokozegként alkalmazva végeztiink kisérleteket
30-70 °C homérseklettartomanyban. Tovabba vizsgélatokat végeztiink szuperkritikus szén-
dioxid kozegben 100-200 bar nyomastartomanyban.

Az enantiomer-elvalasztas tekintetében az észterezOszerek hatékonynak bizonyultak:
atmoszférikus koriilmények kozott 99 %-os alkohol enantiomerfelesleg értékeket értiink el.
Az észterezOszereket nagy feleslegben alkalmaztuk, ezaltal a reakcido egyetlen limitdld
komponense a szekunder alkohol volt, igy a reakcid kinetikai leirasara a Michaelis-Menten
modellt alkalmaztuk. Az alkalmazott észterezd agensek koziil 1égkori nyomason glicerin-
tributirat esetén nagyobb kezdeti reakcidsebességet tapasztaltunk, mint glicerin-triacetat esetén.
Szuperkritikus szén-dioxidban a termék enantiomertisztasaga meghaladta a 99 %-ot 90-99 %
(R)-alkoholra szamitott hozam mellett. A reszolvalasi reakcio kezdeti sebességét szuperkritikus
szén-dioxidban az alkalmazott nyomas jelent6sen befolyasolta. A szuperkritikus szén-dioxid
lehetdséget teremt a reakcid lejatszoddsa utan a nyomascsdkkentésen alapuld frakcionalt
termékelvalasztasra.

A kutatomunkat az OTKA (K108979) tamogatta. Székely E. kdszoni az MTA Bolyai Janos
Kutatéasi Osztondijat.
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Magasnyomasu mérdcellak
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A Miskolci Egyetem
i azott Foldtudomanyi Kutatointezet

i

Muszerfejlesztési és Informatikai Osztalya évtizedes tapasztalattal rendelkezik egyedi
igények alapjan fejlesztett magas hémérsékletii és nagynyomasu méréberendezések
tervezésében es kivitelezésében. Az altalunk fejlesztett komplex mérdérendszerek, a
hozzajuk tartoz6 miszerezettséggel, egyedi vizsgalocellakkal, nagynyomasu
folyadékpumpakkal és a kapcsolédo informatikai megoldasokkal késziilinek. Terepi
mérdrendszereinkhez Osszetett infokommunikacios tavfeliigyeleti rendszereket

allitottunk el6.
K+F tevékenységeink er6sen koétédnek az olaj- és gaziparhoz, de feladataink szamos
terulethez kapcsolodnak, igy pl. utébbi években a felszini vizek minéségének terepi és labor
vizsgalataihoz.

Sajat szervezésben kerul megrendezésre a DCS Folyamatiranyité rendszerek talalkozo,
ahova immaron XX.\alkalommal varjuk hazai és kilfoldi, folyamatiranyitasban dolgozé

szakembereket.
Az intézetlinkben miikédd Ipari Kommunikaciés Kutato-Oktaté Laboratériumunk 2012

6ta FOUNDATION Certified Training Program akkreditacioval rendelkezik. A laborunkban
a kozep-kelet eurdpai régioban jelentkezé - specialis ismereteket nyujtd oktatast
nemzetkozileg akkreditalt oktatoink vegzik.

 http¥/mufio.gfki.nu

40



SZUPERKRITIKUS OLDOSZEREK ANALITIKAI ES MUVELETI ALKALMAZASA 2015. majus 21.

41



SZUPERKRITIKUS OLDOSZEREK ANALITIKAI ES MUVELETI ALKALMAZASA 2015. majus 21.

|\l

CEU C I ESI
N ALS G o o IEHABLES
s DS‘EXTRACTAE
POSITIONAL CHIRAL}JE‘AT,.:: ﬁc\\(DROP oBl %(!,llf)s
ISOMERS—OEEDS > iENOIDS
SIVES‘A
EXPLO T TAMINS

TECHNOLOGY THAT BREAKS THROUGH
ALL YOUR CHALLENGES.

The ease of reversed phase. The power of normal phase. The ability to handle
chiral and achiral separations with unequaled speed and unparalleled confidence.
Put it all together. And you begin to understand the power of the ACQUITY UPC?
system and the new LC category it has created: Convergence Chromatography.
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To see what this true breakthrough can bring to your lab, visit waters.com/UPC2
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