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1 Introduction
In the field of chemical industry, there is an increasing demand for low-environmental
technologies1, especially in the pharmaceutical industry where fast and environmentallyfriendly processes, such as innovative supercritical carbon dioxide technologies, have come to
the focus instead of technologies that have high-solvent requirements and are slow2.
Supercritical carbon dioxide is a cheap, non-toxic, non-flammable, apolar solvent that can be
removed from the product without any residue, by depressurization and can be reused. Solventfree and safe products can be produced via an environmentally friendly way. Its low critical
temperature (31.1 ° C) makes it suitable for use in heat-sensitive pharmaceutical compounds.
The biggest advantage of supercritical fluids are their solvent properties (density, dielectric
constant, solubility) that can be precisely controlled by varying pressure and temperature.
There are many uses for supercritical carbon dioxide. The most important ones are: the
production of plant extracts, impregnation, dying, micronization, drying, and reactions media.
The first study on using supercritical fluid extraction for optical resolution was published in the
mid 90′s by Simándi and Fogassy. Since then, several materials have been resolved by various
supercritical methods.
Small, relatively non-polar molecules typically dissolve readily in supercritical carbon-dioxide.
When processing an active pharmaceutical ingredient that has a larger molecular weight or a
more polar character 3, it is recommended to use supercritical antisolvent technologies. In recent
years, supercritical antisolvent technologies have been used to produce micro crystals,
increasing the surface and solubility of the crystalline materials. Such processes are GAS (gas
antisolvent) and SAS (supercritical antisolvent) methods, where the antisolvent is carbon
dioxide.
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In my work I investigated the resolution of ibuprofen (IUPAC name: (RS)-2-[4-(2methylpropyl)phenyl]propionic acid (IBU), a well-known and commonly used pharmaceutical
model compound, that enables different resolution methods to be compared. As a resolving
agents two primer amines were used, (R)-1-Phenylethylamine (IUPAC name: (1R)-1phenylethane-1-amine) (hereinafter referred to as PhEA) and (S)-2-phenylglycylol (IUPAC
name: (2S)-2-amino-2-phenylethanol) (hereinafter referred to as PhG). The theoretical
application of GAS method in resolution of IBU-PhEA system was proven before my doctoral
dissertation by our group4. I aimed to determine and investigate the effect of significant factors,
that influence the efficiency of the resolution. In addition, after the optimization of the GAS
method, the achievement of size enlargement to the SAS method is also an important
consideration. My goal was also to achieve a higher diastereomeric purity than 99% by
recrystallization or reresolution. This latter is of particular interest because the amount of carbon
dioxide used for washing is reduced between two recrystallization step, especially in the case
of SAS.
Bánsághi 5 achieved the first resolution in pure carbon dioxide as the solvent. The model was
IBU-PhEA resolution, where the self carbamate salt of PhEA was definied as a timedecomposing, unstable by-product. In my work, I also investigate the applications of PhEA and
PhG carbamate salts as resolving agents.
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2 Methods
The diastereomeric purity and enantiomeric purity of the samples were determined by capillary
electrophoresis. The raffinate yields (Yr) were calculated relative to the theoretical mass of the
raffinate. The theoretical mass of the raffinate is the calculated mass of diastereomers, i.e. the
mass of diastereomeric salt equal in number of moles (mr) to the resolving agent according to
the idealized reaction. The raffinate selectivity was calculated from the raffinate yield and
diastereomeric purity: 𝑆𝑟 = 𝑌𝑟 ∙ 𝑑𝑒.
For in situ measurements, the resolution efficiency was determined by F parameter: 𝐹 =
(𝑌𝑟∗ ∙ 𝑑𝑒 + 𝑌𝑒∗ ∙ |𝑒𝑒|)/2, where the r and e denote raffinate and extract. In the calculation of
yield, the reference basis was also given by theoretical yield, which was corrected by the relative
volume of the washing fluid based on the continuous stirred tank reactor model (CSTR).

2.1 Batch reactor
A schematic of the high pressure crystallization apparatus used for the experiments is shown in
Fig. 1. The reactor was constructed by the Applied Chemistry Research Institute of Miskolc
University, the inlet tube (3) was built in later to make the reactor suitable for crystallizing. The
reactor is suitable to make reactions with carbon dioxide containing atmospheres at maximum
25 MPa and 100 °C (the rupture disc opens at 34 MPa). During the investigations, three reactors
were used with slightly different volumes 36.1, 36.4 and 37.7 ml.
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Figure1. reactor: carbon dioxide tank, pump and ISCO pump (1), inlet valve (2), inlet tube
(3), pressure and temperature transmitter (4, 5), water inlet/outlet for the thermostate (8a,
8b), stirrer (6), stirring motor (7), outlet valve (10), methanol trap (11), metal filter(9)
The carbon dioxide was pumped into the reactor with the ISCO 260D pump through the valve
(2) and the inlet tube (3). This tube is needed to ensure the carbon dioxide to flow to the bottom
of the reactor, thus it cannot happen that during the washing phase not the complete volume of
the reactor is washed, this would decrease the effectivity of washing. The temperature
transmitter (5) is connected to a computer in which the measured data is recorded. This way,
the temperature data can be monitored any time for the entire reaction time, even days. The
pressure transmitter (4) is also connected to the data recording computer and the pressure is
displayed on a digital display as well. The stirrer magnet (6) is driven by the stirrer motor (7)
with up to 1100 rpm. Depressurization is possible through the outlet valve (10). In front of the
valve there is a metal filter (9) to prevent crystals from flowing out of the reactor. After washing,
during depressurization the carbon dioxide was flown through trap with 40 ml methanol. This
way, the extract could be collected. The reactor’s temperature was set by tempered water flown
in the jacket of the reactor.
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2.2 Semi-continuous supercritical antisolvent crystallizer
A schematic flowsheet of the laboratory scale apparatus is shown in Fig. 2.

Figure 2. Schematic flowsheet of the semi-continuous crystallizer. 1: gas cylinder, 2: valve,
3: CO2 tank, 4: cooler, 5: valve, 6: pump, 7: regulator valve of the bypass circuit 8: valve to
crystallizer, 9: heat exchanger, 10: crystallization vessel, 11: filter, 12: expansion valve,
13: heat exchanger, 14: separator vessel, 15: outlet valve, 16: atmospheric separator,
17: scrubber, 18: carbon dioxide mass flow meter, 19: gas meter, 20: check valve, 21: 6-port
switching valve, 22: HPLC pump for solution injection, 23: solution container, 24: balance,
25: fresh solvent, 26: HPLC pump for fresh solvent delivery
Carbon dioxide is supplied from a commercial gas cylinder (1), inverted to ensure that liquid
CO2 is being drawn (alternatively, dip-tube cylinders could be used) and the CO2 tank (3) is
filled. Carbon dioxide from the CO2 tank enters a cooler (4) where its temperature drops to
approximately 5 °C, in order to minimize its vapour content before entering the pump (6), where
it is compressed above its critical pressure. In a pre-run phase carbon dioxide is circulated in a
bypass circle in order to cool it down to the desired temperature. After finishing the pre-run
phase, the valve to crystallizer (8) is opened and bypass valve (7) is closed. After being heated
above its critical temperature in a heat exchanger (9), carbon dioxide enters the crystallization
vessel (10). Conditions inside the vessel are monitored by pressure transducers and
thermocouples before and after the vessel. The crystallization vessel is tempered by a water
bath. CO2 exiting the crystallizer vessel passes through a filter (11) to minimize precipitate loss.
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After the filter, pressure is monitored by a manometer. Then, CO2 exiting the filter passes
through a heated expansion valve (12), where its pressure drops to below critical and fully
evaporated in a heat exchanger (13). Dissolved compounds that precipitate from the gaseous
CO2 are collected in the separator vessel (14). CO2 exiting the vessel is expanded to atmospheric
pressure in an outlet valve (12, 15) and two expansion vessels (16, 17). The mass flowrate of
carbon dioxide is measured by an electronic mass flow meter (18) and its cumulative volume
is measured by a conventional gas meter (19).
Organic solutions are delivered by an HPLC pump (22) through a 6-port switching valve (21),
drawing from a solution container (23). The solution inlet line is equipped with a check valve
(20) to prevent CO2 from entering the 6-port valve, as the small internal volumes of that part
make it especially susceptible to blockage from unintended precipitation.
The maximum operating temperature is limited to 95 °C (due to water being used as the
tempering medium), the maximum operating pressure is 20 MPa.
The method involves preparing a solution of the racemate and the resolving agent, and
measuring it into the solution container. The injection of the organic solution into the
precipitation vessel is controlled using a computer program also written by our research group.
The software records the tare weight of the container, so that the net weight of the solution can
be monitored accurately. The flow of CO2 is started, and pressure is set to the desired value in
the crystallizer and separator (100–200 bar and 40 bar, respectively) by adjusting the expansion
and outlet valves manually. Once the pressure is stabilized, injection of the solution is initiated.
When the solution weight decreases below 10% of its initial value, the software triggers a pump
(26) to deliver fresh solvent (25) into the solution container. Once only 20% of this diluted
solution remains, pumping is halted by the software. Once the six-port valve is actuated so that
HPLC system is isolated from the crystallizer, the software can be signalled to clean the HPLC
tubing with pure solvent.
In order to ensure that no organic solvent remains in the crystallizer (which could possibly
redissolve the precipitate during depressurization), it is washed with additional CO2, before the
equipment is depressurized, and the products are collected. Precipitates in the crystallizer
(referred to as the raffinate) are recovered in solid form, while CO2-soluble materials (referred
to as the extract) are typically recovered from the separator alongside (and dissolved in) the
organic solvent from the initial solution.
Although the semi-continuous nature of this technique is fundamentally different from that of
the batch GAS method, a ratio between the solvent and antisolvent can be defined in a very
similar way, namely as the carbon-dioxide-organic solvent mass(flow) ratio.
6

3 Results and discussion
3.1 The effect of operational parameters of ibuprofen resolution with gas
antisolvent method
The amount of washing fluid does not affect the raffinate selectivity, a 2 times reactor volume
of washing fluids can completely remove the organic solvent. The reaction time also has no
effect, thermodynamic control is preferable to achieve better optical resolution. In order to make
sure that equilibrium is reached, half-one hour of reaction time is recommended.
In the case of IBU-PhEA system, I have determined that the diastereomer salt formation differs
from the idealized salt formation, PhEA reacts with both IBU enantiomers, the resolution may
also carried out above the resolution agent molar ratio of 1. The best selectivity was achieved
with a molar ratio of 0.5 (Figure 3), similarly to the results of previous supercritical carbon
dioxide methods6,7.
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Figure 3. The effect of resolving agent molar ratio in case of GAS resolution of IBU with
PhEA (P=13 MPa; T= 45 °C; R=12.4; C=3.1 mg/m; t=1 h)
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A critical value is observed in case of diastereomeric salt concentration and the molar ratio of
carbon dioxide methanol (Figure 4. and Figure 5.), below this critical value each parameter
caused a sharp drop in resolution efficiency. Above this critical value, the raffinate selectivity
differs only slightly in a wide range. The limitation of the operating range is defined by
atmospheric solubility of the diastereomeric salt in a given organic solvent.

Figure 4. Effect of the apparent concentration of the diastereomeric salt, in case of IBU-PhG
system. Standard deviation was 0.038, calculated using 5 repeated measurements at C=3.5
mg/ml. s(Sr)=0,038. (P=15 MPa; T= 42.5°C; R=12; t=1 h; mr=0.5)
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In the case of IBU-PhEA system, the effect of the solvent was investigated in detail using
methanol, ethanol, n-propanol and mixtures of 1:1 V/V (Figure 5.). In each case a similar trend
can be observed, below the critical value, the resolution efficiency changes significantly, above
this critical carbon dioxide-organic solvent molar ratio value, the resolution efficiency is
slightly different.
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Figure 5. The effect of carbon dioxide-organic solvent molar ratio in case of IBU-PhEA
system (P=15 MPa; T= 45 °C; t=1 h; C=3.1 mg/ml; mr=0.5)
The results were modelled using pressure (P), temperature (T) and Hansen solubility parameter
(HSP):
𝑆𝑟 [−] = 6,575 + 0,06814 ∙ 𝑃 [𝑀𝑃𝑎] − 0,04292 ∙ 𝑇[ 𝐶] − 0,4338 ∙ 𝐻𝑆𝑃[−]
The selectivity (Sr) can be well described with the simple equation above. Interestingly,
Hansen's solubility parameter values include the values of pressure and temperature, but they
appear as a separate member in the model, which may be due to the fact that other physical
chemical constants also influence the value of the raffinate selectivity. Such a parameter may
be the dissociation constant of the diastereomeric salt, which would require further
measurement to prove its effect.
The effect of pressure and temperature were studied by 3-level 2-factor experimental design.
The pressure has a more significant effect on both IBU-PhEA and IBU-PhG (Figure 6.)
resolving system. It can be stated that lower pressures are slightly more favourable and also
more economical, while lower temperatures at a given pressure are also favourable, thus 35 °C
and 10 MPa can be suggested as the operational temperature and pressure, respectively.
9

Figure 6. The effect of pressure and temperature on raffinate selectivity in case of IBU-PhEA
(above) IBU-PhEA (below) system. (t=1h; C=3.1-3.5 mg/ml; mr=0.5; 5.4 V/V% methanol)
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The resulting IBU-PhEA (Fig. 7) and IBU-PhG (Fig. 8) diastereomeric salts have a same
morphology and crystal habits in case of wide range of any investigated operation parameter.
In each case a similar long, thin fiber structure can be observed with a thickness under one μm.
Exceptions of the IBU-PhEA system are the results of ethanol-based measurements, Increasing
the amount of ethanol decreases the available over-saturation at the moment of precipitation
during the filling phase, changing the crystal structure, yielding shorter and larger crystals.

Figure 7. GAS resolution of IBU with PhEA. SEM images of raffinates obtained from
methanol, ethanol and n-propanol. (P=15 MPa; T= 45 °C; t=1 h; C=3.1 mg/ml; mr=0.5)

Figure 8. GAS resolution of IBU with PhEA. SEM images of raffinates obtained from
methanol. (P=15 MPa; T= 42.5°C; R=12; t=1 h; C=3.5 mg/ml; mr=0.5)
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Based on the results of the GAS measurement, I have successfully developed the volume
improvmnet with the use of a semi-continuous SAS apparatus (Figure 9.). It can be stated that
diastereomeric purity is in wide range independent of the operational parameters, while the
raffinate yield decreases significantly by increasing the pressure, thus the optimum is achieved
at 10 MPa and 35 °C.

Figure 9. SAS resolution of IBU with PhEA. The effect of pressure and temperature on
raffinate selectivity

3.2 Investigation of further purification
The further purifications of IBU-PhEA raffinates were carried out successfully by
recrystallization with GAS and SAS method (figure 10.) and repeated resolution with GAS
method (Figure 11.) using the half-molar equivalent resolving agent as well. The feasibility of
subjecting raffinate to direct purification was assessed, which means that the subjecting
raffinate after the first resolution step can be redissolved in organic solvent and recrystallized
again with carbon dioxide antisolvent without mounting the crystallizer. This makes the process
much easier in a semicontinuous apparatus. The resolution and further purification can be
carried out up to > 99% of raffinate diastereomeric purity in three steps, in all cases.
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Figure 10. Further purification of IBU with (S)-PhEA via repeated half-molar equivalent
resolution by GAS method. The solid black line indicates where initial enantiomeric excess is
equal with the product optical purity. Dashed lines only indicate general trends to guide the
eye. Purification steps indicated by thin black lines are theoretical only, no measurements
were carried out. (P=13 MPa; T= 45 °C; R=12. 4; t=1 h, methanol)
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Figure 11. Further purification of IBU with (S)-PhEA via GAS and SAS methods.
Enantiomeric purities in the extract and the diastereomeric purities in the raffinate. The solid
black line indicates where initial diastereomeric purity is equal with the product optical
purity. Dashed lines only indicate general trends and are not the result of mathematical
modelling. (P=13 MPa; T= 45 °C; R=12; t=1 h, methanol)
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3.3 Resolution of ibuprofen with in situ method
Three

new,

successful

resolving

agents,

namely

(S)-2-phenylglycinol,

(R)-1-

phenylethanaminium (R)-(1-phenylethyl) carbamate (Figure 13.) and (S)-2-hydroxy-1phenylethanaminium (S)-(2-hydroxy-1-phenylethyl) carbamate) (Figure 14.) of ibuprofen are
presented. All optical resolutions are efficient (appr. 50% optical purities, >90% yields in the
crystalline phase) and robust. The pressure and temperature, in the studied ranges, do not
influence the optical resolution significantly. The optical resolution with the self-carbamatesalts of the primary amines achieve the same equilibrium in a shorter time than with the
corresponding amine suggesting an activation of the amine with its reaction with carbon dioxide
forming the self-carbamate-salt. Using PhG and its derivative results in a slightly higher F value
(F=0.5) than PhEA and its derivative (F=0.47).

Figure 12. Resolution of IBU with PhEA and PhEA carbamate with in situ method at 40 °C
and 50 °C
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Figure 13. Resolution of IBU with PhG and PhG carbamate with in situ method at 45 °C
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4 Thesis statements
1. I investigated the effects of the supercritical Gas Antisolvent method’s operation
parameters influencing the resolution of ibuprofen with (R)-1-phenylethylamine and
with (S)-2-phenylglycineol as a model systems. The results provide good guidance for
setting the operation parameters, enabling maximizing the resolution efficiency, with a
few experiments. Micrometer size crystals were successfully produced by using GAS
method. [I.], [II.], [III.]

2. I have first described the resolution selectivity in case of GAS method by fitting a model
with Hasnen’s solubility parameter. [V.]

3. The effects of the operational parameters affecting the efficiency of the resolution result
a similar trend in case of SAS method and in case of GAS method. [II.]

4. I have demonstrated through two examples, that further purification can be feasible by

antisolvent methods, diastereomeric excess values of >99% can be achieved in three
consecutive steps [II.], [III.]

5. The reaction time of the in situ diastereomeric salt formation can be reduced by using
the carbamates of the primer amine instead of the amine. [IV.]
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5 Potential application
The use of supercritical carbon dioxide is well-developed and known on industrial scale,
primarily by supercritical fluid extraction. The reason of being widely utilized is that carbon
dioxide is an environmentally-friendly, cheap solvent that is non-combustible and can easily be
removed from the product after depressurization, since it is gaseous under atmospheric
conditions.
The antisolvent processes can be used to crystallize materials, that are poorly soluble in carbon
dioxide, to produce small size crystals to increase the solubility of that material. The antisolvent
methods can also be used for resolving by suitable resolving agent, for example by using amino
acids, in a single operation step the possibilities of micronisation and resolution of antisolvent
methods can be exploited.
In my doctoral thesis I proved the applicability of supercritical antisolvent methods to the
resolution of ibuprofen as a pharmaceutical model compound. Based on my results, it is possible
to design the resolution method of a new unknown material, which can be considerably shorten
the time to find optimal operation settings in an industrial application.
The primary amines and their carbamates were used as resolving agents can significantly reduce
the reaction time , by using the in situ method where the solvent is pure carbon dioxide. Thus,
the several days reaction time, which is the greatest disadvantage of the in situ process, can be
significantly reduced so that the reaction time and resolution is more competitive than other
processes.

18

6 Publications
Publication in international journals:
I.

Lőrincz, L.; Bánsághi, Gy.; Zsemberi, M.; de Simon Brezmes, S.; Szilágyi, I. M.;
Madarász, J.; Sohajda, T.; Székely, E.: Diastereomeric salt precipitation based
resolution of ibuprofen by gas antisolvent method, Journal of supercritical fluids,
2016, 118, 48. DOI: 10.1016/j.supflu.2016.07.021, (IF 2016: 2,991)

II.

Lőrincz, L.; Zsemberi, M.; Bánsághi, Gy.; Sohajda, T.; Székely, E.: Towards
Diastereomeric Pure Salts with an Antisolvent Method, Chemical Engineering and
Technology, 2018, 41, 1466. DOI: 10.1002/ceat.201700429, (IF 2017: 2,051)

III.

Lőrincz, L.; Tóth, Á.; Kondor, L.; Kéri, O.; Madarász, J.; Varga, E.; Székely, E.: Gas
antisolvent fractionation based optical resolution of ibuprofen with enantiopure
phenylglycinol, Journal of CO2 Utilization, 2018, 27, 493.
DOI: 10.1016/j.jcou.2018.09.004, (IF 2017: 5,503)

IV.

Lőrincz, L.; Hovonyecz, Zs.; Madarász, J.; Varga, E.; Székely, E.: Resolution of
ibuprofen with primary amine carbamates in supercritical carbon dioxide, Periodica
Polytechnica Chemical Engineering, 2018, elfogadva: 2018.11.16.
DOI: 10.3311/PPch.12918, (IF 2017: 0,877)

V.

Mihalovits, M.; Horváth, A.; Lőrincz, L.; Székely, E.; Kemény, S.: Model building on
selectivity of gas antisolvent fractionation method using the solubility parameter,
Periodica Polytechnica Chemical Engineering, 2018, elfogadva: 2018.12.06.
DOI: 10.3311/PPch.12855, (IF 2017: 0,877)

Presentations:
1)

Tóth, Á.; Lőrincz, L.; Hovonyecz, Zs.; Kondor, L.; Sohajda, T.; Székely, E.:
Antisolvent fractionation based optical resolution with 2-phenylglycinol and its
carbamate, Szuperkritikus oldószerek analitikai és műveleti alkalmazása konferencia,
Budapest, 2018

2)

Lőrincz, L.; Madarász, J.; Sohajda, T.; Székely E.: Ibuprofén reszolválása (S)-2fenilglicinollal szuperkritikus szén-dioxid oldószerben, Műszaki Kémiai Napok 2017,
Veszprém, 2017

3)

Lőrincz, L.; Zsemberi, M.; Bánsághi, Gy.; Madarász, J.; Sohajda, T.; Székely E.:
Ibuprofén reszolválása szuperkritikus szén-dioxid alkalmazásával, Oláh György
Doktori Iskola XIV: Konferenciája, Budapest, 2017

19

4)

Lőrincz, L.; Zsemberi, M.; Bánsághi, Gy.; Szilágyi, I. M.; Madarász, J.; Sohajda, T.;
Székely E.: Ibuprofén reszolválása gáz antiszolvens módszerrel, XXXIX Kémiai
Előadói Napok, Szeged, 2016

5)

Székely, E.; Zsemberi, M.; Lőrincz, L.; Kőrösi, M.; Zodge, A. D.; Sohajda, T.;
Madarász, J.: Towards pure enantiomers with supercritical carbon dioxide based
crystallizations, 22nd International Conference of Chemical and Process Engineering,
Prága, 2016

Poster presentations:
6)

Horváth, A.; Lőrincz, L.; Mihalovits, M.; Sohajda, T.; Komka, K.; Székely, E.:
Optical resolution of ibuprofen by antisolvent pecipitation of its diastereomeric salts,
Szuperkritikus oldószerek analitikai és műveleti alkalmazása konferencia, Budapest,
2018

7)

Lőrincz, L.; Bánsághi, Gy.; Zsemberi, M.; De Simón Brezmes, S.; Szilágyi, I. M.;
Madarász, J.; Sohajda, T.; Székely E.: Diastereomeric salt precipitation based
resolution of ibuprofen by gas antisolvent method, Oláh György Doktori Iskola XIII:
Konferenciája, Budapest, 2016

8)

Lőrincz, L.; Bánsághi, Gy.; Zsemberi, M.; Székely, E.: Crystallization and resolution
of ibuprefen via supercritical antisolvent process, 10th European Congress of
Chemical Engineering, Nice, 2015

9)

Lőrincz, L., Zsemberi, M.; Bánsághi, Gy.; Sohajda, T.; Székely, E.: Ibuprofén
reszolválása gáz antiszolvens módszerrel, Szuperkritikus oldószerek analitikai és
műveleti alkalmazása konferencia, Budapest, 2015

Other publications:
Publications in international journals:
10)

Bánsághi, Gy.; Lőrincz, L.; Székely, E.; Szilágyi, I.; Madarász, J.: Crystallization and
resolution of cis-permethric acid with carbon dioxide antisolvent, Chemical
Engineering and Technology 2014, 37, 1417. (IF 2014: 1,366)

Presentation:
11)

Bánsághi, Gy.; Lőrincz, L.; Székely, E.; Szilágyi, I.; Madarász, K.; Simándi, B.:
Crystallization and resolution of cis-permethric acid with carbon dioxide antisolvent,
6th international symposium on high pressure processes technology, Belgrád, 2013
20

Poster presentation:
12)

Lőrincz, L.; Bánsághi, Gy.; Simándi, B.; Székely, E.: Crystallization of
diastereomeric salts via supercritical antisolvent process, Österreichische chemietage,
Graz, 2013

13)

Bánsághi, Gy.; Székely, E.; Lőrincz, L.; Madarász, J.; Szilágyi, I.; Simándi, B.: Ciszpermetrinsav kristályosítása és reszolválása szén-dioxid antiszolvenssel, BME
doktoráns konferencia, Budapest, 2013

14)

Varga, D.; Bánsághi, Gy.; Lőrincz, L.; Hegedűs, L.; Madarász, J.; Székely, E.;
Simándi, B.: Cisz-permetrinsav diasztereomer sóképzésen alapuló reszolválási
módszereinek összehasonlítása, Szuperkritikus oldószerek műveleti alkalmazásai,
Budapest, 2012

15)

Bánsághi, Gy.; Lőrincz, L.; Varga, D.; Székely, E.; Szilágyi, I.; Madarász, J.;
Simándi, B.: Crystallization and resolution of cis-permethric acid with carbon dioxide
antisolvent, ISSF, San Francisco, 2012

16)

Bánsághi, Gy.; Székely, E.; Lőrincz, L.; Madarász, J.; Simándi, B.: Diasztereomersók
kristályosítása szuperkritikus antiszolvens technológiával, Műszaki Kémiai Napok,
Veszprém, 2012

21

22

23

24

