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Welcome Message
It is with great honor and pleasure that we host the 1st Iberian Meeting on
Supercritical Fluids (1er Encuentro Ibérico de Fluidos Supercríticos/1º Encontro
Ibérico de Fluidos Supercríticos), and welcome all the participants to Santiago de
Compostela, Spain.
The conference is organized jointly by the I+D Farma research group (University
of Santiago de Compostela, Spain), by the Green and Sustainable Processes
Lab (CIEPQPF, University of Coimbra, Portugal) and by Flucomp (Asociación de
Expertos en Fluidos Comprimidos, Spain), and in collaboration with AeMAT
(Agrupación Estratégica de Investigación en Materiales, University of Santiago
de Compostela, Spain).
EIFS2020 aims at the dissemination of the high quality scientific research
currently being carried out in Spain and Portugal on a wide range of fundamental
and applied topics on supercritical fluids. EIFS2020 also aims to bring together,
to strengthen and create new ties and collaborations between the Iberian
research community and industry working around these topics, as well as to
support young Iberian researchers working on these fields. Nevertheless,
EIFS2020 official language is English since this event is also open to
contributions from researchers all over the world.
We are pleased to provide a remarkable scientific programme and hope that
EIFS2020 will offer the opportunity to discuss scientific and technological issues.
EIFS2020 will be held in parallel to the "International Conference on Aerogels for
Biomedical and Environmental Applications", organized by AERoGELS CA18125
COST Action. Given the important role of supercritical fluid technology in aerogel
processing, we foresee clear synergies between both events and interesting
outputs from discussions of their participants.
The Organizing Committee gratefully acknowledges all authors for their
contributions and all sponsors for their generous financial support.
We wish you an excellent conference both scientifically and socially, and an
enjoyable stay in Santiago de Compostela.
17 February 2020
EIFS2020 Organizing Committee
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Practical information
Conference location

Faculty of Medicine
University of Santiago de Compostela (USC)
Rúa de San Francisco, s/n
Santiago de Compostela, Spain
GPS: 42°52´N 8°32´W
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Tourist information
Santiago de Compostela is located in the northwest of Spain and is the political
capital of the Autonomous Region of Galicia. The Old Town of Santiago de
Compostela has been declared a World Heritage Site by UNESCO, thanks to its
architectural beauty, its outstanding conservation and the destination of a
millenary pilgrimage route that emerged in the 9th century: The Way of St. James.
Every year, thousands of pilgrims from all over the world live this experience of
the road on foot, by bicycle, or even on horse, bringing together in the city different
cultures, thoughts and beliefs.
Santiago de Compostela is the most cosmopolitan city in Galicia, with numerous
popular celebrations, annual music festivals, cinema and theatre and a multitude
of exhibitions. Thanks to its University, founded more than 500 years ago, and
which receives more than 25,000 students, nearly a hundred annual cultural
events are scheduled.
Santiago de Compostela symbolizes all the tradition and gastronomic treasures
of a cuisine admired for the high quality of its ingredients, thanks to the sea and
the land. That is why gastronomy is undoubtedly one of the main attractions of
this city, from the most traditional to the most innovative. To learn more about
Santiago de Compostela, please visit: http://www.santiagoturismo.com/
How to arrive from the airport
By bus: From Santiago Airport to town: To arrive from the airport to the town
centre there is a specific bus with departures every 30 min from 07.00 to 01.00
h.
From Santiago to Airport: there are buses from 06.00 to 00.00 h, with a
frequency of 30 min.
Bus Stops at: Santiago (Praza de Galicia), Santiago (Rúa da Rosa, 8), Santiago
(Estación de Ferrocarril/Railway Station), Santiago (Estación de Autobuses/Bus
Station), Santiago (Capilla San Lázaro), Santiago (Palacio de Congresos),
Santiago Airport (Terminal Building).
By taxi: Estimated cost: Taxi Airport-Town: €21 (fixed rate)
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Full Conference Programme
Tuesday Morning, 18th February
8:30

Registration

9:00

Welcome/Opening Session (Room: Salon de Actos Novoa Santos)

9:30

Plenary 1 (Chair: Carlos A García-González, Room: Salon de Actos Novoa Santos)
Aerogels: Synthesis, properties and applications
Lorenz Ratke

10:20

10:40

11:00

Session 1 (Room: Aula Castelao)
Co-chairs: Carlos Silva (Univ. Aveiro), Ignacio Gracia (UCLM)
Classification of flow regimes of alginate aerogel particles in a laboratory scale
Wurster fluidized bed
Işık Sena Akgün, Can Erkey
Morphological study and in silico modelling of biodegradable poly(caprolactone) scaffolds with controlled architectures obtained by supercritical
CO2 foaming
Víctor Santos-Rosales, Marta Gallo, José L. Gómez-Amoza, Carlos A. GarcíaGonzález
ScCO2 sterilization of natural-based hydrogel and aerogel for biomedical
applications
Cristiana Bento, Susana Alarico, Nuno Empadinhas, Hermínio C. de Sousa, Mara
E. M. Braga

PL1

O01

O02

O03

11:20 Coffee break + Poster session
Session 2 (Room: Aula Castelao)
Co-chairs: Manuel Nunes da Ponte (Univ. Nova de Lisboa), Josefa Fernández
(USC)
Keynote
11:50

A molecular perspective on the search for efficient processes for CO2 capture
and separation - the role of modeling
Lourdes F. Vega

K1

Oral Communications
12:20

12:40

Using Aluminum as reducing agent for the catalytic conversion of ammoniabased CO2 absorption derivatives
Juan I. del Río, Eduardo Perez, María Dolores Bermejo, Ángel Martín
Continuous fractionation of glycerol acetates. Physicochemical properties
glycerol acetates + CO2 mixtures at high pressure
Selva Pereda, Mariana Fortunatti-Montoya, Pablo E. Hegel

O04

O05

13:00 Lunch break (Hospedería San Martín Pinario; Praza da Inmaculada, 3, 15704 Santiago
de Compostela)
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Tuesday Afternoon, 18th February

14:30

15:20

15:40

16:00

Plenary 2 (Chair: Carlos A García-González (Univ. Santiago de Compostela),
Room: Aula Castelao)
Biorefinery of natural products using compressed fluids-based platforms
Challenges, needs and answers
Elena Ibáñez
Session 3 (Room: Aula Castelao)
Co-chairs: Selva Pereda (U. Nacional del Sur), Sagrario Beltrán (U. Burgos)
Research (framework) approach to convey supercritical fluid extraction of
agrofood and forestry byproducts from lab to industrial exploitation
Marcelo M.R. de Melo, J.A. Saraiva, I. Portugal, C.M. Silva
Fish waste valorization though a biorefinery approach
Rodrigo Melgosa, Liliana Rodrigues, Alexandre Paiva, Pedro Simões, Esther
Trigueros, Maria Teresa Sanz, Sagrario Beltrán
Process and simulation for the scCO2 extraction of bio-oil from a supercritical
water ultra-fast hydrolysis of biomass
Cristiana Bento, Susana Emre Demirkaya, Juan García-Serna and María José
Cocero Alonso

PL2

O06

O07

O08

16:20 Coffee break + Poster session

16:50

17:10

17:30

17:50

18:10

Session 4 (Room: Aula Castelao)
Co-chairs: José Coelho (Inst. Politécnico de Lisboa), Herminia Domínguez (U.
Vigo)
Integrated microwave and supercritical carbon dioxide extraction processes
for astaxanthin recovery from brown crab residues
Ana N. Nunes, Ana Roda, Luís F. Gouveia, Naiara Fernández, Ana A. Matias
Recovery of proteins and free amino acids from Gelidium Sesquipedale alga
residue by subcritical water extraction (SWE)
Esther Trigueros, Patricia Alonso-Riaño, María Teresa Sanz, Cipriano Ramos
Rodríguez, Óscar Benito-Román, Sagrario Beltrán
Simultaneous extraction and purification of fucoxanthin from Tisochrysis
lutea microalgae
Charles Tardiff, Rocío Gallego, L. Celina Parreira, Tiago Guerra, Elena Ibáñez,
Miguel Herrero
Safety in supercritical extraction plants
João Fernandes, Martin Sova, Eduard Lack

O09

O10

O11

O12

Guided City Tour

19:30 - 21:30 Tapas dinner (Centro Abanca Obra Social; Praza de Cervantes, s/n, 15782,
Santiago de Compostela)

9

Wednesday Morning, 19th February

9:30

10:20

10:40

11:00

Plenary 3 (Chair: Luísa Durães (Univ. Coimbra), Room: Salon de Actos Novoa
Santos)
Aerogels as Hosts for Nanoparticles for Catalytic Applications
Can Erkey
Session 5 (Room: Aula Castelao)
Co-chairs: Ana Rita Duarte (Univ. Nova Lisboa), Lourdes Calvo (UCM)
Aerogels made of graphene oxide and magnetic aplications for MRI
applications
Alejandro Borrás, Ana M. López-Periago, Julio Fraile, Concepción Domingo
Innovative strategies for the decellularization of trabecular bone using
supercritical CO2 and tri(n-butyl) phosphate
Marta M. Duarte, Nilza Ribeiro, Inês V. Silva, Juliana R. Dias, Nuno M. Alves, Ana
L. Oliveira
Supercritical fluid technology as a key enabling technology in AERoGELS and
GREENERING COST Actions
Carlos A. García-González, Mónica Pérez-Cabero, Ana R. Duarte

PL3

O13

O14

O15

11:20 Coffee break + Poster session
Session 6 (Room: Aula Castelao)
Co-chairs: Sílvio V. Melo (Univ. Federal Bahia), Nora Ventosa (ICMAB-CSIC)
Keynote
11:50

Converting batch into continuous processes — New opportunities for
supercritical CO2 technology in pharmaceutical (nano)manufacturing
Luís Padrela

K2

Oral Communications
12:20

12:40

Encapsulation of 5-aminosalicylic in Eudragit® S-100 by supercritical fluid
extraction of emulsions
D. Vizcaya, D.R. Serrano, D.F. Tirado, A. Cabañas, L. Calvo
Surfactant-free CO2 based, microemulsion-like systems: promising
nanostructured liquids to gain control over anti-solvent precipitations
David Piña, Alessandro Triolo, Andreas Siegfried Braeuer, Nora Ventosa

O16

O17

13:00 Lunch break (EIFS2020 site, Faculty of Medicine)
13:45 Flucomp meeting
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Wednesday Afternoon, 19th February

14:30

Plenary 4 (Chair: Mara Braga (Univ. Coimbra), Room: Aula Castelao)
Carbon dioxide utilisation: from decaffeination to synthetic fuels
Manuel Nunes da Ponte

15:20

15:40

16:00

Session 7 (Room: Aula Castelao)
Co-chairs: Pedro Simões (Univ. Nova de Lisboa), Angel Martín (Univ. Valladolid)
Analysis of the influence of different compounds and optimization of the
supercritical epoxidation process of grapeseed oil
Juan Catalá, M. Teresa García, Jesús M. García-Vargas, M. Jesús Ramos, Juan F.
Rodríguez
Polyethylene glycol-drug conjugates by click chemistry in scCO2
Sonia López, María Teresa García, Juan Francisco Rodriguez, María Jesús Ramos,
Ignacio Gracia
Green and smart polymer for anticancer delivery
Beatriz Monteiro, Raquel Viveiros, Teresa Casimiro

PL4

O18

O19

O20

16:20 Coffee break + Poster session

16:50
17:10

17:30

17:50

18:10

Session 8 (Room: Aula Castelao)
Co-chairs: Ana L. Oliveira (Univ. Católica Portuguesa), Concha Domingo (ICMABCSIC)
Supercritical antisolvent micronization of pharmaceutical compounds
José P. Coelho, Patricia Matos, António M. F. Palavra, Rui Loureiro, Beatriz P. Nobre
Formation of pharmaceutical solid solutions using supercritical CO2 assisted
processes
Vivek Verma, Kevin M Ryan, Matteo Lusi, Luis Padrela
Supercritical solvent impregnation of mango leaves extract in wound
dressings
Diego Valor, Antonio Montes, Clara Pereyra, Enrique J. Martínez de la Ossa
Extended copaiba oleoresin release from PCL-Pluronic porous monoliths
against Aedes aegypti larvae
Gláucia R. Medeiros Burina, Fábio R. Formiga, Elaine C. M. Cabral-Albuquerque;
Sílvio A. B. Vieira de Melo; Mara E. M. Braga; Hermínio J. C. de Sousa

O21
O22

O23

O24

Closing Session

20:00 Gala dinner (Hostal-Parador de los Reyes Católicos; Praza do Obradoiro, 1, 15705 Santiago
de Compostela)
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Tuesday and Wednesday, 18th and 19th February,
11:20-11:50 and 16:20-16:50
Poster Sessions

(Room: Corridor)

Extraction, Fractionation and Biorefinery
SFE extraction of aromatic and lipid compounds from shiitake mushroom
(Lentinula edodes)
Eva Tejedor-Calvo, Diego Morales, Pedro Marco, Alejandro Ruiz, Cristina SolerRivas
Supercritical carbon dioxide extraction of Portuguese rice bran oil
José P. Coelho, Inês M. Fernandes, Nuno R. Neng, José M. Sardinha, José M.
Nogueira
Countercurrent supercritical CO2 extraction of phenolics from the
autohydrolysis extracts of Paulownia leaves
Paula Rodríguez, Beatriz Díaz-Reinoso, Andrés Moure, Herminia Domínguez
Supercritical extraction of natural antioxidants from lavender essential oil
Encarnación Cruz, Jesús Manuel García-Vargas, Ignacio Gracia, Juan Francisco
Rodríguez, M. Teresa García
Experimental optimization of sub- and supercritical carbon dioxide
extractions of carotenoids from Dunaliella salina
Mónica Bueno, Clementina Vitali, J. David Sánchez-Martínez, Rocío Gallego,
Jose A. Mendiola, Miguel Herrero, Elena Ibáñez
Effect of thermal pre-treatment on supercritical CO2 extraction of Castanea
sativa burs
Beatriz Díaz-Reinoso, Paula Rodríguez, Andrés Moure, Herminia Domínguez
Valorisation of tomato waste using supercritical fluid technologies
Marta Marques, Alexandre Paiva, Susana Barreiros, Sandra Simões, Ana Costa,
Marta Bento, Pedro Simões
Sequential extraction (scCO2 + pressurized ethanol) of Paulownia flowers
to obtain phenolic/antioxidants compounds
Paula Rodríguez-Seoane, Herminio de Sousa, Marisa C. Gaspar, Mara E. M.
Braga, Herminia Domínguez
Sequential extraction of oxindole alkaloids from Uncaria tomentosa leaves
by pressurized solventes
José R. S. Botelho, Hermínio C. de Sousa, Mara E. M. Braga
Enriched oil in DHA omega-3 fatty acid by optimized supercritical fluid
extraction of Aurantiochytrium sp. microalgae
Inês Ferreira, M.M.R. de Melo, M. Sapatinha, J. Pinheiro, M.F.L. Lemos, N.M.
Bandarra, I. Batista, M.C. Paulo, J. Coutinho, J.A. Saraiva, I. Portugal, C.M. Silva
Silybum marianum extracts obtained by conventional and supercritical
fluid extraction techniques
Ivana Lukic, Stoja Milovanovic, Milica Pantic, Vanja Tadic

PE01

PE02

PE03

PE04

PE05

PE06

PE07

PE08

PE09

PE10

PE11

12

Colombian coffee silverskin as source of bioactive extracts
A.M. Escamilla-Santos, A.D.P. Sánchez-Camargo, M. Martínez-Rodríguez, G.
Alvarez-Rivera, S.R.S. Ferreira, A. Cifuentes, E. Ibáñez, F. Parada-Alfonso
Valorisation of agro industrial by-products for obtaining bioactive extracts
using SFE and PLE: Colombia as case study
D. Ballesteros-Vivas, A.D.P. Sánchez-Camargo, J.P. Ortega-Barbosa, S.J.
Morantes Medina, H.A. Martínez-Correa, A.M. Hurtado-Benavides, L.I.
Rodríguez Varela, F. Parada-Alfonso
Evaluation of the antibacterial activity of Rosmarinus essential oil
(Rosmarinus officinalis) obtained by supercritical fluids extraction against
bacterial microbiota of rainbow trout (Oncorhynchus mykiss)
Zully Suarez-Montenegro, F. Argote-Vega, E. Arteaga-Cabrera, A. LópezSuárez, A. Hurtado-Benavides, M. Quiroz-Cabrera, A. Cifuentes, E. Ibañez
Subcritical water fractionation of proteins and free amino acids from
Brewer’s Spent Grain (BSG)
Patricia Alonso-Riaño, Esther Trigueros, María Teresa Sanz, Sagrario Beltrán,
Cipriano Ramos, Óscar Benito- Román
The supercritical water approach in valorization of high lignin content
biomass
Tijana Adamovic, Maria Jose Cocero
Integral valorization of agro-food biomass through pressurized fluids. Case
study: Brewery Spent Grain (BSG)
Maria Teresa Sanz, Patrícia Alonso-Riaño, Esther Trigueros, M. Kashaninejad,
D.M. Aymara, Oscar Benito-Román, M. O. Ruiz, I. Escudero, J. M. Benito,
Sagrario Beltrán
Supercritical fluid extraction of triterpenoids of the lupane type from Acacia
dealbata bark biomass
Vítor H. Rodriguesa, Inês Portugala, Carlos M. Silvaa

PE12

PE13

PE14

PE16

PE17

PE18

PE19

Reactions and CO2 capture/separation
Direct hydrothermal conversion of CO2 capture on aqueous solutions of PR01
alkanolamines into formic acid and methane
Laura Quintana Gómez, Ángel Martín Martínez, M. Dolores Bermejo Roda
Hydroxyl-functionalised ionic liquids in the synthesis of cyclic carbonates PR02
from high-pressure CO2
A. B. Paninho, A. Forte, M. E. Zakrzewskaa, K. T. Mahmudov, A. J. L. Pombeiro,
M. F. C. Guedes da Silva, M. Nunes da Ponte, Luís C. Branco, Ana V. M. Nunes

Thermodynamics, Phase Equilibria, and Transport phenomena/properties
The effect of the three phase relative permeability model in low salinity PT01
water alternating supercritical CO2 injection
Silvio A. B. Vieira de Melo, Arley S. Carvalhal, Gloria M.N. Costa
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Study of volumetric behavior during asphaltene precipitation due to
supercritical CO2 injection using PC-SAFT EoS
Silvio A. B. Vieira de Melo, Fabio P. Nascimento, Gloria M. N. Costa
Estimation of multicomponent diffusivities in supercritical and liquid
mixtures
Bruno Zêzere, João Iglésias, Inês Portugal, José R. B. Gomes, Carlos M. Silva
Molecular dynamics simulation of diffusion coefficients in supercritical
carbon dioxide
João Iglésias, Bruno Zêzere, Inês Portugal, José R. B. Gomes, Carlos Manuel
Silva
Experimental measurements of diffusion coefficients in compressed
liquids and supercritical fluids
Carlos Manuel Silva, Bruno Zêzere, José R. B. Gomes, Inês Portugal
Prediction of diffusivities in supercritical carbon dioxide using machine
learning models
José P.S. Aniceto, Bruno Zêzere, Carlos M. Silva

PT02

PT03

PT04

PT05
PT06

Materials, Biomaterials and Sterilization
Modelling the in vitro release of Gemcitabine impregnated foams by highpressure CO2
Irene Álvarez, C. Gutiérrez, A. de Lucas, Ignacio Gracia, Juan Franciso
Rodríguez, M. Teresa García
Supercritical impregnation of bioactive extracts in alginate wound dressing
Elisabeth Gómez-Cepero, M. Teresa Fernández-Ponce, Cristina Cejudo,
Lourdes Casas, Casimiro Mantell, Enrique Martínez de la Ossa, Clara Pereyra
Nanolubricants based on silane-coated nanoparticles using supercritical
CO2
Fátima Mariño, Víctor Santos-Rosales, Carlos A. García-González, Josefa
Fernández, Enriqueta R. López
Green revalorization strategy following an adsorbent-assisted supercritical
CO2 extraction of terpenoids from olive leaves. Evaluation of the
neuroprotective effects of the obtained extracts
Zully Suárez-Montenegro, Mónica Bueno, Gerardo Álvarez-Rivera, Jose A.
Mendiola, Alejandro Cifuentes, Elena Ibáñez
Strategies for the processing of medicated scaffolds for bone repair by
supercritical foaming
Ana Iglesias-Mejuto, Víctor Santos-Rosales, Carmen Álvarez-Lorenzo, Philip
Jaeger, José Luis Gómez-Amoza, Carlos A. García- González
Aerogels made of graphene oxide and metal-organic frameworks for gas
separation
Alejandro Borrás, A. Rosado, J. Navarro, Julio Fraile, J. G. Planas, Ana M.
López-Periago, Concepción Domingo, Amirali Yazdi
The role alginate-nanohydroxyapatite hydrogel on osteogenic response
activation of mesenchymal cells
Joana Barros, Maria Pia Ferraz, Joana Azeredo, M.H. Fernandes, P.S. Gomes,
Fernando J. Monteiro

PM01

PM02

PM03

PM04

PM05

PM06

PM07
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Preparation of advanced drug delivery systems containing gold
nanoparticles using supercritical CO2
Albertina Cabañas, Jonathan Bermúdez, M.J. Tenorio, Eduardo Sánchez, Isaac
A. Cuadra, Concepción Pando, Diego Felipe Tirado, Lourdes Calvo
Searching a way of controlling the Pine Wood Nematode insect vector with
PCL based matrices obtained by supercritical CO2 foaming
João Leocádio, Marisa C. Gaspar, Fernando Bernardo, Pedro Naves, Edmundo
Sousa, Hermínio C. de Sousa, Luis Bonifácio, Mara E. M. Braga
Supercritical CO2 impregnation of PLA/PCL film with carvacrol for food
active packaging
Ivana Lukic,Jelena Vulic, Stoja Milovanovic, Jasna Ivanovic
Inactivation of Salmonella Enteritidis in liquid whole egg with supercritical
carbon dioxide in isolation and in combination with cinnamaldehyde
María Teresa Valverde, Diego F. Tirado, Amaury Taboada-Rodríguez, Fulgencio
Marín-Iniesta, Lourdes Calvo
Inactivation of Legionella in aqueous media by supercritical CO2
D. Martín, María Teresa Valverde, Diego F. Tirado, Lourdes Calvo

PM08

PM09

PM10

PM11

PM12

Particle production
Solid lipid microparticles (SLMPs) for the local delivery of an anaesthetic
agent
Clara López Iglesias, Cristina Quílez, Joana Barros, Enriqueta R. López, D.
Velasco, José L. Jorcano, Fernando J. Monteiro, Carmen Alvarez-Lorenzo,
Josefa Fernández, Carlos A. García-González
Supercritical antisolvent precipitation of Ca/Mg acetate as precursor for
Ca/Mg Oxide
Luis C. S. Nobre, Paula Teixeira, Carla I.C. Pinheiro, António M. F. Palavra, Mário
J. F. Calvete, Carlos A. Nieto de Castro, Beatriz P. Nobre
Using supercritical fluid technology to generate novel cocrystals of poorly
soluble drugs
Barry Long, Kevin M. Ryan, Luis Padrela
Microencapsulation of supercritical CO2 extracted rice bran oil in pea
proteins
Óscar Benito-Román, Teresa Sanz, Sagrario Beltrán

PP01

PP02

PP03

PP04
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Plenary Lectures
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EIFS 2020

PL1

Aerogels - Synthesis, properties and applications
Lorenz Ratke
Institute of Materials Research, German Aerospace Center, DLR, Cologne, Germany
* lorenz.ratke@dlr.de

GRAPHICAL ABSTRACT

ABSTRACT
Aerogels are a fascinating material: they consist mainly of air entrapped into an open
porous solid network of nanoparticles. Their properties are outstanding: their density is
low, typically around 100 kg/m3, their thermal conductivity can be as low as 0.01 W/mK,
their specific surface area is typically between a few hundred to a few thousand m2/g. The
microstructures of aerogels are characterized by well accessible branched mesopores in
the range of 5 to 100 nm and a solid network of nano-particles or fibrils spans the whole
volume. Aerogels can be made from inorganics, oxides like silica, but also polymers, like
phenolic or resorcinol resins, polyimides and polyurethanes and a few of them can be
converted into carbon aerogels. In the last decade aerogels made from biopolymers came
into focus of research like cellulose, alginates, chitosans and many other polysaccharides.
Although aerogels are known since a long time and had become a focus of research in the
eighties and nineties of the last century, leading to first industrial applications, they came
newly into the focus of bulk nanostructured research and development since the last
decade, especially due to improvements of processing and the development of new kinds
of aerogels and aerogel composites widening the field of applications from purely
insolation purposes to medical and food ones. This lecture shall give a brief survey on
aerogels, their synthesis, properties and industrial applications and try also to outline,
where fundamental research on the transformation of a solution to a gel and eventually
an aerogel still deserves closer attention.
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PL2

Biorefinery of natural products using compressed fluidsbased platforms. Challenges, needs and answers.
Elena Ibáñeza,*, D. Ballesteros-Vivasa,b, G. Alvarez-Riveraa, F. Parada-Alfonsob, A.
Cifuentesa, Jose A. Mendiolaa, Miguel Herreroa
a

Laboratory of Foodomics, Institute of Food Science Research, CIAL, CSIC, Madrid, Spain.
b

High Pressure Laboratory, Department of Chemistry, Faculty of Science, Universidad
Nacional de Colombia, Bogotá D.C., 111321, Colombia
* elena.ibanez@csic.es

GRAPHICAL ABSTRACT

ABSTRACT
One of the main challenges the world is facing nowadays is related to sustainability; in
this sense, the roadmap towards the achievement of the SDGs (Sustainable Development
Goals) by 2030 imposes some needs that have to be fulfilled and, therefore, new answers
should be provided.
In this sense, to fulfill with sustainability, many aspects should be considered, ranging
from the rational use of resources to the modern concept of biorefinery involving biomass
conversion processes and equipment to different commodities. Considering this
framework, the extraction of high added-value products from natural sources (including
agricultural by-products or algae) is of high interest since it can allow consolidating the
idea of sustainable processes.
Nevertheless, for the development of these sustainable processes the 12 principles of
Green Chemistry [1] have to be closely examined, considering that effectively provide a
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framework for designing and/or improving materials, products, processes and systems
from an environment protection perspective. New challenges researchers are facing are
the development of fast, selective, efficient, sustainable, green (without using toxic
organic solvents) processes, providing also with high yields and at lower costs. Processes
able to meet these requirements are, among others, those based on the use of compressed
fluids such as supercritical fluid extraction (SFE), carbon dioxide expanded liquids
extraction (CXLs), pressurized liquid extraction (PLE) and subcritical water extraction
(SWE). The development of compressed-fluids based platforms able to change solvent
properties by adding (or removing) carbon dioxide (at medium-high pressures) opens the
door to the design of multi-unit operations in which CO2 can be used to modify the
solubility properties, as a trigger for reaction/separation processes, to enhance the mass
transfer and to improve energy and environmental costs, among others. Likewise, these
processes have a good potential to be applied in integrated and/or intensified processes,
with further integration within biorefinery approaches [2].
In this presentation, different examples of compressed fluids-based platforms for
biorefinery of natural products such as tropical fruits by-products and microalgae for
obtaining high added-value products will be presented. Strategies include the use of
compressed fluids and alternative tools such as the use of Hansen Solubility Parameters
(HSP) for green solvent selection.
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ABSTRACT
Aerogels are excellent materials for hosting catalytic nanoparticles due to their large surface areas
and high pore volumes. Their narrow pore size distribution and high surface areas enables
excellent dispersion of nanoparticles and control over the rates of diffusion of reactants and
products to and from catalytic sites consisting of nanoparticles leading to higher catalytic activity.
A wide variety of mono and bimetallic nanoparticles were incorporated into organic, inorganic
and composite aerogels by various techniques such as wet impregnation, incipient wetness,
chemical vapor deposition and supercritical deposition. Electrically conductive carbon aerogels
(CAs) obtained by pyrolysis of different organic aerogels and graphene aerogel are attractive as
supports for electrocatalysts for environmentally important reactions such as oxygen reduction,
methanol oxidation and carbon dioxide reduction. Their high accessible surface area, adjustable
pore size and pore volume enable efficient ion transport and maximizes the utilization of
electroactive sites leading to high electrocatalytic activity. Furthermore, heteroatom doping (N,
S, P) combined with the desirable properties of CAs also resulted in superior electrocatalytic
activity compared to conventional carbonaceous materials. Furthermore, alumina and silica
aerogels having high hydrothermal and mechanical stability have been investigated as supports
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for high temperature reactions such as hydrogenation/dehydrogenation and Fischer-Tropsch
synthesis with promising activities and selectivities. Unlike conventional porous materials,
aerogels can also be produced in any form, such as beads, cylinders and monoliths which may be
advantageous for various catalytic applications. Channels in silica aerogel monoliths with titania
nanoparticles were used as optofluidic microreactors for photocatalytic phenol degradation and
excellent wave guiding was achieved with promising photocatalytic activity and stability.
Moreover, many different composite aerogel types can be engineered with desired properties as
host materials for a targeted catalytic application. Metal-organic framework (MOF) aerogel
composites (MOFACs), for example, is an emerging class of materials that have promising
possibilities for catalytic applications.
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ABSTRACT
Applications of high pressure supercritical carbon dioxide in separations involving
natural products started to be developed in Germany in the sixties and seventies of the
last century. This work gave rise to the new field of supercritical fluids, and to two new
unit operations in Chemical Engineering, extraction and fractionation with ScCO2, and
also to newly built industrial plants, mostly dedicated to extraction or cleaning of natural
products, but, in some cases, to chemical reactions, like hydrogenation and oxidation, or
to handling of solids.
Decaffeination of coffee, as the first developed process, played an important role in the
appearance of other “niche”, small volume applications, pushed as much by the special
properties of supercritical carbon dioxide as by regulations aiming at replacing volatile
organic solvents. Those were the times when carbon dioxide was deemed “innocuous,
generally regarded as safe”.
In recent times, greenhouse gas emissions and climate change have finally reached the
attention of worldwide public opinion, and carbon dioxide is now essentially regarded as
a pollutant, and a dangerous substance. Paradoxically, this new situation opens new
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opportunities for the supercritical CO2 community on a much larger scale than seen until
now.
Carbon Dioxide Utilisation is a fast expanding subject of study. Due to the enormous
dimension of CO2 emissions from fossil fuel burning (5 tonnes per living human being
per year, and still growing), the only way that carbon dioxide utilisation can make any
difference in the carbon geocycle is the production of synthetic fuels.
In this communication, some of the old and recent successes of supercritical carbon
dioxide extraction and fractionation will be reviewed, followed by its application as
solvent in chemical reactions, in particular hydrogenations of hydrocarbons and other
organics and also in controlled oxidation of natural products. This will open the way to a
brief survey of current activities in the transformation of carbon dioxide into gaseous or
liquid fuels, such as syngas, methanol or hydrocarbons.
This field has been connected to Carbon Capture and Sequestration (CCS), proposed as a
technology to decrease emissions from coal-fired power plants and cement factories. CO2
may be separated from other exhaust gases, compressed and buried underground in spent
oil fields. As an alternative to burying, carbon dioxide might be recycled to produce
carbon-based synthetic fuels as renewable electrical energy vectors, by direct
electrochemical reduction or by reaction with hydrogen produced by electrolysis of water.
Examples of both strategies will be presented, where mixtures of high pressure carbon
dioxide and ionic liquids were used. As a first case, results of reduction performed in a
novel high pressure electrochemical cell will be presented. Using a different
methodology, CO2 and hydrogen were reacted, producing methane in a highly selective
fashion. Ruthenium metallic nanoparticles formed in situ were used as catalyst.
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ABSTRACT
In the context of sustainable development and clean energy production, one of the most
important alternatives to mitigate anthropogenic CO2 emissions is to capture and separate
CO2 from diluted sources, such as gases emitted from fossil fuel combustion and other
industrial processes. The captured CO2 needs to be permanently stored, directly used for
different purposes (such as processes using supercritical CO2, water treatment and others)
or converted into final products (materials, etc.). Using the captured CO2 versus storing
it offers significant advantages in the context of sustainable development, while helping
to diversify the economy as new products will enter into the market or CO2 will replace
other compounds more harmful to the environment. However, the challenges to
accomplish it are huge, including the limitation of the market (32Gt of CO2 emitted in
2017 versus 130Mt used in the different industrial sectors) and the high stability of the
CO2 molecule, which requires great amounts of energy and the development of highly
efficient catalysts for its successful conversion.
Aqueous Monoethanolamine (MEA) solution, is the most mature technology for CO2
capture, currently used in industrial processes. However, the high regeneration energy
consumption is the major obstacle to its large-scale utilization. Therefore, it is highly
desirable to develop new chemical absorption systems or other processes that overcome
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the drawbacks of the traditionally used aqueous MEA solvent. Different strategies are
used for this purpose: (1) the identification of suitable amines as MEA replacements with
less energy intensive requirement, (2) the replacement of water (fully or partially) with
alternative physical solvents with lower heat capacity and evaporation enthalpy that,
when combined with MEA, form physical-chemical absorbents and (3) the use of
adsorption into solid materials highly attractive to CO2 or conveniently modified with
amine groups for this purpose [1,2]. The three alternatives will be explored in this
presentation, taking advantage of the information provided by molecular modeling
techniques.
The focus of this presentation will be on how understanding the molecular interactions of
complex mixtures can help the development of more efficient processes for CO2 capture
and separation, obtaining as a final product CO2 with the required purity for the different
industrial applications. We showcase the capabilities and results of a robust molecular
based screening tool of chemical solvents for the efficient removal of CO2 and other acid
gases from industrial gas streams at relevant gas separation process conditions. The
screening tool is built on the molecular-based equation of state soft-SAFT [3]. Within
this framework, substances are modelled as chains molecules which are characterized by
a set of molecular parameters representing the chemical structure of molecules and key
intermolecular interactions. The equation is able to provide accurate phase equilibria,
interfacial properties and viscosities of different mixtures. The study is performed in a
systematic manner, first benchmarking the performance of the equation for capturing CO2
in aqueous amines [4], followed by water-free and water-lean amine systems [5], allowing
predictions of their performance at process conditions, with a very limited set of
experimental data. In addition, molecular simulations were performed to understand the
effect of degraded amines in the capture and separation process. Finally, examples will
be provided on how molecular simulations can be used combined with process modeling
for designing ad-hoc processes of CO2 separation by adsorption [6], as the third
alternative to overcome the limitations of CO2 capture with aqueous amines.
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ABSTRACT
Poor solubility and bioavailability of new chemical entities is a major challenge that keeps
plaguing the pharmaceutical industry and jeopardizes their away to the market. Over the
last decade, approximately 70% of new APIs (Active Pharmaceutical Ingredients) coming
through the R&D centres of large pharmaceutical companies have failed to progress due
to poor solubility. Novel nanomanufacturing methods, which include supercritical fluid
technologies, and nanoparticle delivery systems have been leading to breakthroughs in
the enhancement of physicochemical properties of poorly water-soluble drugs.1 However,
these methods have been facing challenges regarding their full implementation in the
industry. One of these challenges lies with the inherent difficulties associated when
scaling-up
nano-processes.
Interestingly, the development of continuous and semi-continuous methodologies for
drug manufacturing is providing new opportunities for a more successful adaptation of
nanotechnological tools onto the industrial environment. As continuous manufacturing
processes reduce the size of the manufacturing footprint, scaling-up nanomanufacturing
methods becomes much more reliable or even unnecessary.2 By using smaller production
facilities, continuous nanomanufacturing methods bear the potential to providing a wide
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range of benefits for poorly soluble drugs while speeding up the whole drug development
process.
This presentation will provide an overview on existing methods for the production of
pharmaceutical nanoparticles/nanomaterials and show case studies on the production and
control of the solid state form of APIs (e.g. polymorphs, cocrystals) using batch and
continuous supercritical CO2 methods.3-5 A particular focus will be provided on a novel
technology that uses supercritical CO2-assisted spray drying as part of a continuous
process for the production, isolation and downstream processing of API
nanoparticles. Examples will be provided on API nanomaterials produced by this
technology which feature optimal rheological properties (e.g. flowability, compactability)
typical of large micron-sized particles, while still maintaining high dissolution rate
profiles typical of nano-sized particles.
ACKNOWLEDGEMENTS
The authors acknowledge Science Foundation Ireland for supporting the work undertaken
at the Synthesis and Solid State Pharmaceutical Centre (Grants SFI SSPC2 12/RC/2275,
15/US-C2C/I3133 and 16/ETP/3386) and Enterprise Ireland (Grant CF2017-0754-P).
REFERENCES
[1] L. Padrela, M.A. Rodrigues, A. Duarte, A.M.A. Dias, M.E.M. Braga, H.C. de Sousa, Advanced Drug
Delivery Reviews, 131, 22-78, 2018.
[2] B. Long, K.M. Ryan, L. Padrela, European Journal of Pharmaceutical Sciences, 137, 104971, 2019.
[3] L. Padrela, J. Zeglinski, K.M. Ryan, Crystal Growth & Design, 17 (9), 4544-4553, 2017.
[4] L. Padrela, B. Castro-Dominguez, A. Ziaee, B. Long, K.M. Ryan, G. Walker, E. O'Reilly,
CrystEngComm, 21 (18), 2845-2848, 2019.
[5] B. Long, G.M. Walker, K.M. Ryan, L. Padrela, Crystal Growth & Design, 19 (7), 3755-3767, 2019.

32

Oral Sessions

33

34

EIFS 2020

O01

Classification of flow regimes of alginate aerogel particles in a
laboratory scale Wurster fluidized bed
Işık Sena Akgün a, Can Erkey a*
a

Department of Chemical and Biological Engineering, Koç University, Sarıyer 34450, Istanbul,
Turkey

*cerkey@ku.edu.tr

GRAPHICAL ABSTRACT

ABSTRACT
Aerogels in the form of particles are attracting increasing attention for a wide variety of
applications due to their open pore structures, very high specific surface areas and pore
volumes [1]. Enhancements of some of the properties of aerogels such as mechanical
strength, thermal stability and appearance by coating the surface of aerogel particles with
a thin polymer layer may significantly improve the performance of aerogel based products
[2-5].
One of the widely used equipment to coat solid particles is a batch type fluidized bed
coater which is generally classified according to the spraying technique as top spray,
bottom spray, rotary tangential spray and Wurster bottom spray. Among these, Wurster
fluidized bed might be particularly suitable for aerogels due to its smooth and continuous
tube above the perforated plate which enables circulatory particle motion [5,6]. Particle
fluidization behavior inside the bed depends on design parameters of the bed such as
Wurster tube size, partition gap height and on operating parameters such air velocity and
physical characteristic of particles [7]. Inappropriate selection of operating parameters
may lead to particle adhesion and nonuniform coating. Thus, a classification of the flow
regimes of aerogel particles in a Wurster fluidized bed is necessary to provide insight into
the relation between fluidized bed design parameters, physical characteristics of particles
and particle fluidization behavior. Such data are also useful for design and scale-up of
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Wurster fluidized beds for a wide variety of treatment processes for aerogels. In the
literature, particle fluidization behavior in fluidized beds is generally described using
general flow regime diagrams which were developed by Kunii and Levenspiel [8]. In
these diagrams, different flow regimes are mapped as a function of dimensionless air
velocity (u*) and particle diameter (dp*). Six regimes are given in these diagrams which
are minimum, bubbling, turbulent fluidization, pneumatic transport, fast fluidized and
spouted bed. The aim of the present study was to expand the general fluidization diagrams
to alginate aerogels particles. Experiments were carried out in a homemade laboratory
scale Wurster fluidized bed [6]. The spherical alginate aerogel particles with different
particle sizes (2 mm, 4.4 mm, 5.3 mm) and densities (0.020 g/cm3, 0.045 g/cm3, 0.094
g/cm3) were synthesized by dripping an alginate solution into a CaCl2 solution followed
by drying by supercritical CO2 in an Applied Separations Speed SFE. The fluidization
behavior of particles was visually observed and also recorded with a camera (Samsung
ISOCELL S5K2L1). Fluidization air velocity was stepwise increased and fluidization
regimes were visually observed by changing the operating and design parameters of the
bed such as batch volume (200 ml and 400 ml), Wurster tube length (150 mm and 200
mm) and Wurster tube diameter (80 mm and 100 mm). Velocities at onset and offset of
each regime were recorded for annular and tube zones, separately, and u* and dp* values
were calculated. Three main fluidization regimes were found for annular zone which were
minimum fluidization, bubbling and turbulent. In the tube zone, the minimum
fluidization, bubbling, pneumatic transport regimes were recognized. Besides the already
defined six regimes, two new regions which were circular motion regime in the tube zone
and circulatory particle motion regime in the bed were identified. Subsequently, the
boundaries for these regimes were mapped for the first time for aerogel particles. It was
also found that among operating and design parameters, particle diameter and batch
volume were two main parameters that significantly affected hydrodynamic behavior of
the alginate particles in the bed.
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ABSTRACT
Healthy bones provide a functional human skeleton that allows mobility and protection
of vital organs from injuries. The high prevalence of bone diseases compromising the
integrity of the osseous tissue and the increasing incidence of fortuitous severe fractures
(related to the popularization of sports practice and the obesity pandemic) represent a
global healthcare concern. Current gold-standard surgical procedures to repair bone
defects mainly implies harvesting bone from the same patient or the use of nonosteoinductive synthetic materials, both of them not exempt from clinical complications
[1]. The rising era of the biomaterials has fuelled a huge development of synthetic bone
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grafts, known as scaffolds. These constructs are designed to temporarily surrogate natural
bone and to promote the tissue formation on the bone defect until the complete recovery
of the bone functionality is reached. Among the portfolio of scaffold manufacturing
techniques, the supercritical CO2-assisted foaming emerges as a promising technology
that operates under mild conditions and in the absence of solvents [1,2]. Nevertheless,
there is a paucity of information to model the effect of the main processing variables of
this technology (pressure, temperature, soaking time and depressurization rate) on the
scaffold end properties (porosity, pore size distribution and interconnectivity).
In this work, a range of foaming temperatures (37-41ºC) and soaking times (1-5 h) were
screened at a fixed operating pressure (140 bar) regarding their effect on the
morphological and mechanical properties of poly(ε-caprolactone) (PCL) scaffolds
obtained by supercritical CO2 foaming. Higher processing temperatures and longer
soaking times led to increased porosity values, ranging from 59 to 73 %. Advanced Xray microtomography (µ-CT) analyses and mercury intrusion porosimetry (MIP)
measurements were performed to characterize the resulting porous architectures. The
inner porous architecture (pore size distribution and interconnectivity) of these scaffolds
deeply varied regarding these working parameters. Finally, in silico modelling of the
experimental data was carried out to assess the functionality of the obtained PCL scaffolds
(cell infiltration capacity, water permeability) and to define the feasible operating region
to obtain bone grafts with enhanced performance.
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ABSTRACT
The use of biopolymers in the biomedical field has been growing, due to their properties
such as biocompatibility and biodegradability [1]. However, their use requires an
effective sterilization method that does not compromise their physicochemical properties,
as the methods commonly used, such as autoclaving, gamma radiation, and ethylene
oxide, affect these properties [2]-[4]. Supercritical carbon dioxide appears as an
alternative for the sterilization of thermosensitive materials [2]. The purpose of this work
is developing an effective production method of natural-based hydrogels and aerogels
associated with a sterilization method to apply in regenerative medicine.
In this work, it was tested the use of scCO2 in the sterilization of natural-based hydrogels
and aerogels. Two distinct polymeric matrices were developed, one alginate and gelatin
PEC, cross-linked with calcium chloride, and one deacetylated chitosan and pectin PEC.
The aerogel (alginate and gelatine) was dried and sterilized, with supercritical CO2 while
the hydrogel (chitosan and pectin), was only sterilized.
Two sterilization conditions were tested with different pressure differentials, 100 and 250
bar, and the efficiency of the method was compared to autoclaving. The samples were
sterilized inside and outside of a sterilization packaging.
The results of microbiological evaluation using sampling and plating in different culture
media demonstrated greater efficiency of the sterilization process with ∆P = 250 bar, with
contamination appearing in only one of the analysed samples. This contaminant was
isolated and identified by molecular methods as a strain of a species of the
39

genus Bacillus (spore-forming bacteria). The elimination of spores formed by species of
this genus using supercritical CO2 is limited [2], [5]. In the case of the sterilization
condition with ∆P = 100 bar, the growth of microorganisms was verified in the culture
media corresponding to the samples sterilized inside the sterilization package and no
colonies were detected in the culture media corresponding to the autoclaved samples.
In the analyses carried out to identify changes in the physicochemical properties, it was
observed, by FTIR analysis, that the scCO2 sterilization process doesn’t change the
samples at the chemical level. However, in the case of the autoclaved sample, the
spectrum obtained is altered, suggesting a possible denaturation of the gelatin. Besides,
the sample presents a yellowish colour which corroborates the possibility of denaturation.
Using DSC analysis this degradation was also identified. The density has not changed
due to the sterilization process, and as far as porosity is concerned, it was discovered that
the samples sterilized with scCO2 were not affected, but in those sterilized by autoclave,
the pores collapsed. The analysis revealed that ∆P=100 bar has a minor impact on the
mechanical properties of the material.
In the end, it was possible to obtain, properly, sterilized aerogels, capable of being applied
in regenerative medicine, however, due to the low elastic modulus, its application in bone
fractures was compromised.
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CO2 capture
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FORMIC ACID

Catalytic hydrogenation
&
Aluminum-water splitting

ABSTRACT
In spite of the importance that renewable energies have gained for the mitigation of the
global warming, it can be foreseen that for many years it will still be necessary to use
fossil fuels for the production of electricity and as fuel in the automotive industry [1]. The
Carbon Capture, Storage and Utilization technologies (CCSU) are encouraged by the
European Union given them potential of significantly reduce the CO2 emissions of
thermal plants and chemical industries such as the production of ammonia, hydrogen,
steel and cement [2]. In this sense, Amine-Based Carbon Capture Technology is one of
the most attractive solutions nowadays, but the high cost of the desorption step entails to
consider further possibilities. To completely avoid this step, our proposal is to reduce CO2
captured in aqueous media as a carbamate without gaseous hydrogen, while catalytically
convert it into useful formic acid. This can be achieved by the implementation of an
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environmentally friendly and economical hydrogen production technology like
Aluminum-water splitting.
In the present work, a performance comparison of the reduction of ammonium carbamate
(AC), ammonium carbonate (ACA), ammonium bicarbonate (AB) was carried out, using
Pd (5%) supported in activated carbon as catalyst, at 120 ºC and 250 ºC, in a stainless
steel stirred reactor from Parr instruments, with autogenous pressure. Sodium bicarbonate
was used as reference feedstock, given its wide use as carbon source in previous works.
To determine the effect of the main variables in the reduction process, AC was selected
as the starting material and experiments were performed varying temperature (80-300˚C),
reacton time (0.5-5 h), Al:AC molar ratio (1.5-9), catalysts content (7.5-60 wt% with
respect to carbamate), liquid filling (50-85% of the total volume of the vessel), while the
initial concentration of aqueous ammonium carbamate was 0.5 M. The concentration of
AC and FA were determined by means of HPLC (Waters, Alliance separation module
e2695), using an Aminex 87H (Bio-Rad) column and RI detector (Waters, 2414 module).
The results suggest that, as starting materials, AC and ACA are more reactive than AB
and SB at a mild temperature of 120 ºC. The time positively affects the yield, reaching
27% after 4 h of reaction and tends to level off, but with the depletion of selectivity. The
highest selectivity (72%) is achieved at 0.5 h, indicating that the FA is formed faster than
other possible compounds. The temperature presents a maximum yield of 20% between
120-150˚C. With respect to catalyst ratio, it is possible to obtain a yield as high as 38%
using 60% catalyst with respect to the initial weight of carbamate) with a high selectivity
of 85%, and conversion of 44%. On the other hand, rising the Al:AC molar ratio above 3
does not produce relevant improvements in reaction performance. The liquid filling level
plays a positive effect over the process as the final autogenic pressure increases. After
catalyst and reductant reutilization cycles it was found that aluminum was consumed in a
signifcant proportion between the first use and the first re-use, as the yield dropped from
22.7 to 9.5%, but it is not totally oxidized. Even up to the 5th re-use the reductant is not
totally exhausted as the yield was 4.8%, indicating that hydrogen is being still produced
but in a deficient amount. Results demonstrate that this technology allows obtaining
value-added chemicals like formic acid, without separation, purification or compression
in between the CO2 capture and CO2 conversion processes, while involving a safer and
efficient way of producing hydrogen from aluminum.
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ABSTRACT
Glycerol acetates are high-added value biosurfactants that find applications in different
industrial sectors. Previous studies show the supercritical CO2 technology has a great
potential for the fractionation of these highly viscous, amphiphilic, and non-volatile
products (mono, di, and triacetyl glycerol) according to the quality standards of the food
and cosmetic industry [1-3]. A proper design of fractionation columns and their further
scale-up to commercial scale requires a robust thermodynamic model for phase
equilibrium and PVT predictions [4], as well as proper correlations for physical properties
like viscosity to assess the mass transfer and estimate the height of theoretical stages [5].
Physiochemical properties of these multicomponent mixtures are difficult to predict due
to the complex nature of this system [6]. Thus, in this work, we determine experimentally
the density and viscosity of CO2 saturated glycerol acetates mixtures at different pressures
(30 bar to 150 bar), temperatures (25 °C to 50 °C) and CO2 concentrations (30 mol % to
70 mol %). Operating conditions were selected based on phase equilibrium predictions
with the GCA-EOS of a high-pressure fractionation column [2]. First, a variable volume
equilibrium cell is used to measure bubble points and saturated liquid molar volumes of
glycerol acetates + CO2 mixtures. Thereafter, a high-pressure falling ball type viscometer
is used to determine the dynamic viscosity of saturated liquid mixtures in the same range
of pressure, temperature and CO2 concentrations.
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As it is well known, temperature and CO2 concentration has a significant effect on both
density and viscosity measurements (Figure 1 and 2). The measured molar volumes are
between 70 cm3/mol and 130 cm3/mol, while the viscosities are between 5 mPa.s and 20
mPa.S, according to CO2 concentration and temperature. Molar volume of saturated
liquid mixtures increases slightly with temperature at a given CO2 concentration and it
decays drastically with CO2 concentration at constant temperature (Figure 1). Viscosity
of saturated liquid mixtures is significantly affected by both variables. The presence of
CO2 in the liquid mixture reduces the viscosity and this effect is more evident at
temperatures lower than CO2 critical temperature. Viscosity of the saturated glycerol
acetates + CO2 liquid mixtures follows the relationship proposed by Litovitz et al [7], it
decays exponentially with temperature wherever the CO2 concentration in the system.

Figure 1. Molar volume of glycerol acetates + CO2
saturated liquid mixtures. Effect of temperature and
CO2 concentration.

Figure 2. Viscosity of glycerol acetates + CO2
saturated liquid mixtures. Effect of temperature
and CO2 concentration.

ACKNOWLEDGEMENTS
The authors acknowledge the financial support granted by Consejo Nacional de
Investigaciones Científicas y Técnicas (CONICET PIP 112 2015 010 856), Secretaría de
Ciencia, Tecnología e Innovación Productiva (ANPCYT PICT 2016-0907), and
Universidad Nacional del Sur (UNS PGI 24/M153).
REFERENCES
[1] M. Fortunatti-Montoya, F.A. Sánchez, P.E. Hegel, S. Pereda, The Journal of Supercritical Fluids, Vol.
132, 51-64, 2018.
[2] M. Fortunatti-Montoya, F.A. Sánchez, P.E., Hegel, S. Pereda, The Journal of Supercritical Fluids, Vo.
153, 104575, 2019.
[3] M. Rezayat, H. Ghaziaskar, The Journal of Supercritical Fluids, Vol. 55(3), 937-943, 2011.
[4] E.A. Brignole, S. Pereda, Phase equilibrium engineering (Vol. 3). Newnes, Supercritical Fluid Science
and Technology Series. Ed (Erdogan Kiran). Elsevier, Amsterdam, The Netherlands, 2013.
[5] G. Brunner, The journal of supercritical fluids, Vol. 47(3), 574-582, 2009.
[6] B.E. Poling, J.M. Prausnitz, J.P. O'connell, The properties of gases and liquids (Vol. 5). New York:
Mcgraw-hill, (2001).
[7] A. T. Litovitz, The Journal of Chemical Physics, Vol. 20(7), 1088-1089, 1952.

44

EIFS 2020

O06

Research (framework) approach to convey supercritical fluid
extraction of agrofood and forestry byproducts from lab to
industrial exploitation
Marcelo M.R. de Meloa,*, J.A. Saraiva b, I. Portugala, C.M. Silvaa ,
a

b

CICECO – Aveiro Institute of Materials, Department of Chemistry, University of Aveiro,
Campus Universitário de Santiago, 3810-193 Aveiro, Portugal.
QOPNA & LAQV-REQUIMTE, Department of Chemistry, University of Aveiro, 3810-193
Aveiro, Portugal.
* marcelo.melo@ua.pt

GRAPHICAL ABSTRACT

ABSTRACT
Within the quest of implementing a sustainable platform for the fractionation of agrofood
and forestry byproducts, supercritical fluid extraction (SFE) is a promising and expanding
technology for the production of natural extracts [1-4]. The research field is marked by a
high volume of new works being published every year, but in most of them there is weak
interconnection to the technical and scientific challenges that must be addressed to
maximize the chances that lab research can ultimately reach an industrial scale
investment.
In this context, we propose a research framework for SFE comprising six progressive
stages: preliminary extraction and characterization of extracts; experimental optimization
of operating conditions; measurement of kinetic extraction curves; phenomenological
modeling of these kinetic curves; scale-up studies, and techno-economic analysis of
industrial processes. For each of these we identify goals and points of interest that can be
targeted. In addition, we also exemplify the type of analytical tools (e.g., GC-MS, FTIRATR, HPLC) or modeling methods (e.g., response surface methodology, broken plus
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intact cells model, cost of manufacturing) that can be advantageously employed to fulfill
the research stage objectives.
The proposed framework has been applied up to 13 types of biomass matrices in our
research group, being the strongest example the valorization of Eucalyptus globulus bark
by SFE, for which we have completed the six stages, starting from a lab scale of 0.5 L up
to a pilot scale of 80.0 L. This case is presented in detail in this work, starting with the
preliminary chemical characterization where the presence of valuable triterpenic acids
−1
was confirmed in pure supercritical CO2 extracts in amounts up to 1800 mg kg bark
, to the
latest step of designing an industrial SFE process encompassing 2 sets of 3 extractors (20
m3 each) plus support lines and equipment. In the latter, the techno-economic impacts of
using pure CO2 or ethanol as cosolvent (up to 5 wt.%) are crossed with other important
operating conditions like operating pressure (120-200 bar), temperature (40-60 ºC) or
flow rate (6-12 g min−1 ) for key responses such as Total Yield, Productivity, Cost of
Manufacturing and Process Energy, and relying on both experimental and predicted data.
Examples of other important byproducts addressed in the last 10 years on some of the
framework stages are spent coffee grounds, grape seeds, and Turkish oak cork, and
equivalent demonstrations of research will be disclosed in the presentation.
Globally, the sequential approach under analysis has the industrial implementation in its
horizon, and aims to guide the research on SFE that has such ambition. The proposed
stages are not intended to be considered definitive, being possible to foresee the
integration of additional research steps for goals not yet covered, such as the
fractions/purification of the supercritical extracts, the life cycle assessment of the
designed industrial processes, or the screening of bioactivity for the products resultant
from SFE processes. However, these typologies are still to become reality in the SFE
research field, and thus cannot be presently considered as important as the six ones
identified in this work.
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ABSTRACT
Fish processing is estimated to generate wastes equivalent to 20-75 %(w/w) of the starting
raw material depending on the level of processing and type of fish [1]. To date, fish
waste/byproducts are considered low value and disposed of by burning or discarding in
the land or sea or used to produce fish silage, fertilizer and animal feeds [2]. Fish oil
valorization through a biorefinery approach uses green solvents such as supercritical CO2
(SCCO2) and subcritical water (sCW) in order to recover valuable bioactive compounds
from fish waste matrix.
In the work presented, two consecutive extractions have been performed. Firstly, raw
sardine waste has been extracted with SCCO2, recovering a lipid-enriched fraction with
high content in omega-3 polyunsaturated fatty acids that have applications in the
nutraceutical and pharmaceutic fields [1]. Afterwards, the raffinate consisting of deoiled
sardine waste has been submitted to sCW hydrolysis and extraction, obtaining fish protein
hydrolysates (FPHs) composed by bioactive peptides and aminoacids, which might be of
interest for food, pharmaceutical, and cosmetic applications [1].
Supercritical fluid extraction (SFE) with SCCO2 was carried out at 25 MPa and 40 ºC, in
order to avoid thermal deterioration of bioactive compounds. Average extraction yield
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was 25.5 ± 0.5 g/100 g sardine waste, accounting for ca. 94 % of Soxhlet-extractable oil
with hexane at its boiling temperature. Fatty acid profile of the extract, obtained by gas
chromatography [3] detected important quantities of omega-3 PUFAs, especially
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA).
Hydrolysis and extraction of the protein fraction contained in the deoiled sardine waste
was performed at different temperatures, 90, 140, 190, and 250 ºC. Pressure was kept
constant at 10 MPa in order to maintain water in its liquid state. Total and compoundspecific accumulated extraction yield is showed in Fig. 1. Approximately, 60 g of extract
per 100 g deoiled sardine waste were obtained. Highest protein concentration, measured
through modified Lowry analysis [4], was observed at 140 and 190 ºC, with 90.3 and 89.5
% wt. (dry basis), respectively. Ash content was the main impurity of FPH extracts
obtained at 90 ºC (up to 25 %wt.), especially Na and K-based soluble salts according to
atomic emission spectroscopy. In the case of the FPHs obtained at 250 ºC, protein content
decreased (84.8 %wt.). Decomposition of aminoacids into other products such as simpler
aminoacids and organic acids have likely occurred due to high temperature and hydrolytic
conditions.
Antioxidant activity of FPH extracts obtained at 140 and 190 ºC was evaluated through
DPPH radical scavenging activity. Cytotoxicity and antiproliferative activity assays were
also carried out in Caco-2 and HT-29 cell lines, respectively.

Figure 1. Left axis : Accumulated extraction yield of sCW experiments with deoiled sardine waste.
Right axis : temperature profile during sCW extraction.
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ABSTRACT
In recent years, thermochemical processes have been one of the most preferred processes
for lignocellulosic biomass fractionation and depolymerization in terms of product range,
and high value chemicals and fuels. Hydrothermal liquefaction among these processes
has a special interest since water is a green solvent, it is easy to control the process
conditions, and it leads to high value products [1, 2]. There are vast amount of studies
about the hydrothermal liquefaction of biomass and the main concern of these studies is
to successfully convert biomass into small range of compounds [2]. However, most of
these processes operate in batch, causing undesirable condensation reactions of the
monomers [3].
To overcome the undesirable reactions, we developed and studied a Sudden Expansion
Micro-Reactor, controlling the reactions accurately in a millisecond scale window. A
tubular reactor followed by an instantaneous cooling step (performed by sudden
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decompression valves using Joule-Thompson effect) performs with very high efficiencies
[3].
Lignin valorization is a big challenge because of the recalcitrant nature of lignin. In our
previous works, we successfully converted lignin into aromatic monomers via ultrafast
depolymerization in supercritical water. At the end of this process, we obtained a bio-oil
product that has very high water content together with small amount of other chemical
groups. Organic solvent extraction opens the possibility to separate solids, light oil and
heavy oil fractions [3]. Nevertheless, it is crucial to create a path for industrial
applications for a selective separation of bio-oil using other options.
The aromatic product mixture from the ultrafast lignin hydrolysis in supercritical water
is a bio-oil that solubilized in a high-pH water. The main idea is to use supercritical CO2
to extract and fractionate (SCF). Due to lignin depolymerization environment, bio-oil
products are in low concentration and present some solids [3].
For these reasons, it is important to focus first in the SCF extraction column to continue
then with the adjustment of the process, as there is no previous work that was focused on
this column specifically. Therefore, our proposal is to model the SCF column and the
subsequent simple separator blocks to fractionate and separate bio-oil compounds from
water and solids.
The lack of experimental phase equilibrium data of bio-oil compounds and the highly
varied and complex nature of bio-oil is a challenge for SCF extraction modeling [2].
Hence, a novel extraction and separation concept is developed by using improved PengRobinson equation of state (PR-EOS) to investigate the vapor-liquid equilibrium data.
The predictive model is used only for solute-solvent interactions, by assuming negligible
solute-solute interactions since scCO2 is in excess. Our preliminary models show that the
predictive VLE data is in acceptable agreement with the experimental VLE data of
chemical compounds that exists in bio-oil. Our study will try to answer whether the simple
binary data will be enough to understand the extraction process model or not. Aspen Plus
process simulations using predicted binary data for supercritical CO2 extraction and
simple purification steps will be presented.
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ABSTRACT
Crustacean processing industry has expanded significantly during the past decades,
generating a large amount of biowaste [1, 2]. The exploitation of byproducts contributes
to minimize the ecological impact that the residues may cause [3]. In particular, brown
crab (Cancer pagurus) is a notable source of astaxanthin [4], a carotenoid with strong
antioxidant activity that has been reported to have beneficial effects on human health [5].
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The objective of this work is focused on the optimization of an efficient and green
methodology for the recovery of carotenoids, namely astaxanthin, from marine crustacean
waste streams. Thus, a two steps procedure is proposed, integrating microwave
pretreatment (MW) with supercritical CO2 extraction (SFE).
MW pretreatment of crab residues was optimized followed by conventional solid-liquid
extraction with ethanol. The residues were initially pretreated by MW radiation with
different amount of water (0-50%, v/v) and temperatures (80-120 ºC). SFE was performed
using ethanol as co-solvent and process conditions, namely pressure (20-50 MPa),
temperature (40-60 °C), amount of co-solvent (8-13%, w/w) and equilibrium time (0-30
min), were varied.
By selecting the most favorable operating conditions for each process, MW and SFE,
global extraction yield was increased. Also, astaxanthin extraction boost was remarkable.
Moreover, its content in the final dry product was higher than the ones obtained for SFE
alone.
From the results it can be concluded that integrated MW and SFE processes can be
considered as a good alternative to traditional solid-liquid extraction methods that require
the use of organic solvents. With this extraction approach, not only marine crustacean
waste streams have been valorized, but also a high added value natural ingredient has
been isolated, allowing the subsequent use in nutraceutical formulations and functional
food.
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ABSTRACT
Gelidium sesquipedale is a red alga that provides the best raw material to obtain the
highest quality agar in the spanish agar industry [1]. Industrial process generates a residue
that is usually discarded; however, this by-product still contains important amounts of
different valuable compounds, such as structural carbohydrates, bioactive compounds and
proteins. To valorize by-product supplied by Hispanagar company (Burgos), subcritical
water extraction (SWE) is a promising green technology since water presents unique
properties as solvent [2]. This work is focused on the valorization of the protein fraction
to produce free amino acids and to extract and hydrolyze protein into small peptides. A
semi-continuous reactor has been used to perform the extraction, and protein fraction
hydrolysis was studied at different temperatures (125, 140, 155, 170, 185, 200ºC), times,
and solvent flow rate (2 and 6 mL/min). Total protein content in alga residue was
20.11±1.53% in which it was determined free amino acids, among which VAL, LEU,
ILE, PHE, LYS and HIS are majority (Table 1), being total essential amino acids found
10.50±0.16%, whereas non-essential amino acids like GLY, PRO and GLU+GLN
represent 4.57±0.06%
Table 1. Amino acid content from alga residue and subcritical water extraction yields at 185ºC and 2ml/min (*essential amino
acis).
a mi no a ci d alanine

glycine valine leucine isoleucine threonine serine proline

aspartic acid
+ asparagine

methionine

glutamic acid
+ glutamine phenylalanine lysine histidine tyrosine

code

ALA

GLY

VAL*

LEU*

ILE*

THR*

SER

PRO

ASP+ASN*

MET*

GLU+GLN*

PHE*

LYS*

HIS*

TYR

Alga residue
(mg/g dry)

6,0

7,2

22,4

17,4

17,3

3,5

3,4

10,2

7,1

2,6

4,3

19,0

12,9

9,9

6,6

4,9

10,6

SWE yield (%)
185°C - 2ml/min

24,2

standard deviation 0,2

29,4

6,4

4,6

3,6

6,2

21,8

7,6

30,3

10,6

12,2

3,3
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4,7

Protein extraction grows with
increasing temperature at constant
150
200°C - 2ml/min
flow, reaching a maximum at
185°C
125
200ºC. Moreover, when flow and
170°C
100
temperature are increased, protein
155°C
75
140°C
recovery shows the highest and
50
125°C
fastest extraction because of its
25
less residence time, what makes
Time (min)
50
100
150
200
250
able to get a marked extraction
Figure 2. Total protein (mg/g dry alga) obtained by SWE at different times yield
improvement (Fig. 1).
by using different temperatures and solvent flow rate.
Amino acids extraction follows a
similar trend than proteins: an increasing extraction up to a maximum at 185ºC when flow
rate is 2 ml/min, but lower than 6 ml/min. Greatest extraction was found for ALA, GLY,
SER and the mixture of ASN+ASP; also for MET, TYR and GLU+GLN mixture, with
lower but remarkable yield (Table 1). At constant flow rate, maximum extraction is
reached at 185ºC for all amino acids determined, decreasing at 200ºC. Nevertheless, flow
rate increasing makes 200ºC extraction much higher, about all for GLU+GLN mixture,
LYS, HIS, TYR, PRO, LEU and MET (Fig. 2). This agrees with other studies carried out
with fish protein and amino acids standard [3,4]. Moreover, it has been noted than amino
acids extraction presents a similar behaviour according to its properties: basic amino acids
extraction remains practically constant, whereas than neutral and acid, hydrophobic and
sulfur amino acids extraction increase when temperature raises.
200°C - 6ml/min

Protein (mg/g dry alga)

175

Figure 2. Amino acids
extraction at different
temperatures and flow rate.
(linked points = 2ml/min; nonlinked points = 6ml/min flow rate).

SWE is a useful technique to extract bioactive compounds. Parameters as temperature or
solvent flow rate have much influence on the protein and amino acids extraction yield.
All of this makes SWE an interesting alternative to conventional treatments.
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ABSTRACT
The marine microalga Tisochrysis lutea, a Haptophyta with a thin cell wall and currently
used mainly in aquaculture, is a potential source of several bioactive compounds of
interest. Indeed, T. lutea is rich in polyunsaturated fatty acids (PUFA), mainly
docosahexaenoic acid (DHA) and carotenoids such as fucoxanthin. In the present study,
the extraction of fucoxanthin from T. lutea was carried out using pressurized fluid
extraction (PLE), an advanced and environmentally friendly technique widely employed
for the recovery of bioactive compounds from different sources. An experimental design
employing green solvents such as ethanol and ethyl acetate was applied for the selection
of the optimum extraction conditions. Percentage of ethanol in the solvent mixture (0–
100 %), temperature (40-150 ºC) and number of static extraction cycles (1-3) were chosen
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as experimental factors. The maximum recovery of fucoxanthin was achieved with pure
ethyl acetate at 40°C using one extraction cycle. Once the optimum extraction conditions
were confirmed, the use of in-cell purification strategies using different adsorbents was
studied in order to obtain fucoxanthin-enriched extracts. Activated charcoal showed a
potential retention of chlorophylls allowing an effective purification of fucoxanthin in the
obtained extracts. Chemical characterization of extracts was carried out by reversedphase high-performance liquid chromatography with diode array detection (RP-HPLCDAD). In conclusion, a selective fractionation of high valuable compounds was achieved
using the proposed green downstream platform based on the use of compressed fluids.
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ABSTRACT
The operation of a supercritical extraction plant does entail important hazards [1]. These
hazards must be taken into account both for equipment design and construction and for
operation and maintenance. Safety considerations must influence any technical choice
and operation and, for any case, a detailed analysis of potential hazards must be
specifically conducted.
Considerations will be made on safety of plant design and safety in plant operation,
pressure ranges and their design and selection or critical aspects in plant construction [2].
Moreover it will be discussed the use of safety valves and rupture disks, interlocking
systems, controls and computerized systems, Hazard and Operability Analysis (HAZOP)
[3] applied to supercritical extraction plants.
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ABSTRACT
Nanocomposites are fascinating materials that has gained everincreasing interest from the
scientific community due to the additional advantegeous and often synergistic properties
of the components combination. Among them, hybridization of two-dimensional (2D)
materials, like graphene of graphene oxide (GO), has been presented as one of the most
interesting modes to prepare nanocomposites. Particularly, the integration of
superparamagnetic iron oxide NPs, like magnetite (Fe3O4) and GO into nanocomposites
is currently a hot topic of research in the areas of pollutants removal and biomedicine [1].
Fe3O4@GO composites can be prepared by both in situ and ex situ methods [2]. In the in
situ techniques, the NPs are synthetized in the presence of GO flakes, e.g., by chemical
deposition from solutions of Fe3+ and Fe2+ in basic media, or by hydrothermal reduction
of Fe3+ salts. Contrarily, in the ex situ protocols pre-made NPs are attached onto the GO
flakes. The straight assembly of pre-formed Fe3O4 NPs on GO surface was the method
chosen in this work to synthetize the magnetic nanocomposites. The use of the ex situ
procedure circumvent the common disadvantage of NPs uncontroled aggregation. Efforts
have not only focused on methods to form the 2D nanocomposite, but also on
simultaneously processing the material into a 3D user-friendly configuration, precisely,
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in the form of a highly porous aerogel. to avoid GO reduction, a low temperature
supercritical CO2 (scCO2) method was used for aerogel composite preparation [3].
A simple method to efficiently decorate GO sheets with monodispersed Fe3O4 NPs has
been developed. As shown in the Scheme, this is readly achieved by first preparing
monodispersed Fe3O4 NPs (a) and GO (b) suspensions in ethanol. After mixing, the NPs
are homogeneously deposited onto the GO surface during the self-assembly of the
graphene flakes into a gel (c). Alcogel formation is induced by the addition of scCO2, an
acid gas. A dry composite, in the form of a black aerogel monolith (d), is obtained after
isothermal depressurization. Note that, in the used procedure, GO flakes are keep
dispersed during all the process including the drying step, thus facilitating the
homogeneous distribution of the NPS on the composite surface and reducing the number
of NPs encapsulated between layers. Additionally, in contarst to the high-temperature
(ethanol) critical point drying procedure commonly used for aerogels preparation, the
scCO2 method uses temperatures about 100 K lower, which prevents the removal of the
oxygenated functionalieties on the GO structure. The as-made composite aerogel is
magnetic and can be lifted by a magnet even when divided by a glass wall (e). Redispresion of this monoliths in water is easily achieved, reflecting the hydrophylicity of
the Fe3O4@GO composite (f). The re-dispersed composite can still be easily manipulated
by an external magnetic field (g).
Magnetic resonance imaging (MRI) labelling with Fe3O4 NPs and biocompatible Fe3O4
composites is a powerful technique for evaluation of the location and distribution of
malignant cells. Recently, it has been demonstrated that the superparamagnetic
Fe3O4@GO composite can also be used as the T2-weighted magnetic resonance contrast
agent for cell labeling [4]. The performed study also investigates the Fe3O4@GO aerogel
composites as potential image contrast enhancing materials in MRI, with enphasis in the
significance of the arrangement of the NPs into clusters on the GO surface and the water
stability/dispersability.
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ABSTRACT
Decellularization is a process that focuses on the removal of immunogenic cellular
material from a tissue or organ. It has become an appealing methodology for the creation
of functional and bioactive scaffolds to be implanted with the purpose of restoring of
normal tissue function. Several scaffolds deriving from decellularized tissues and organs
have been used with varying degrees of success for human clinical applications [1,2].
The present work proposes new methodologies for the decellularization of biological
tissues in order to preserve, in the best way possible, its properties. For this purpose, the
effectiveness of three different decellularization protocols for porcine trabecular bone
tissue was investigated using Tri(n-butyl) phosphate (TnBP), supercritical carbon dioxide
(scCO2) and, for the first time, a combination of both. TnBP is herein proposed as an
alternative decellularization agent to harsh chemicals such as detergents, since it has been
reported to better preserve the extracellular matrix (ECM), leading to better biological
and mechanical properties of the resulting scaffold [2]. On the other hand, the use of
supercritical CO2 is expected to lead to accelerate the decellularization process [3,4], not
only reducing the period in which the tissues are exposed to potentially harmful agents,
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but also resulting in lower costs for the process. scCO2 technology has recently risen as
an important sterilization technique [5] due to its appealing properties (inexpensive, low
pressure and temperature of operation and non-toxic).
Fresh samples of trabecular bone were here used as a challenging model for testing our
proposed decellularization strategies. Trabecular bone samples were extracted from the
distal ends of porcine femurs and cut into Ø6x3 mm cylinders, followed by a preliminary
cell lysis procedure through 6 cycles of freezing with liquid nitrogen (-196ºC) and melting
(room temperature). Three different protocols were implemented: immersion in 1% (v/v)
TnBP aqueous solution with agitation, during 48 hours; scCO2 treatment, in a batch mode
reactor at 40ºC and 240 bar, for periods of 1 and 3 hours, and scCO2 treatment with 0.1%
(w/v) TnBP, in a batch mode reactor at 40ºC and 240 bar for periods of 1 and 3 hours.
Due to the innovative nature of this work, time variants to protocols were implemented
to investigate any possible harmful effects caused by prolonged exposure to scCO2
treatment. The samples’ structure and morphology were characterized using µ-CT and
SEM imaging. Mechanical properties of samples were analyzed using via uniaxial
compression testing. Decellularization efficiency was evaluated via hematoxylin–eosin
(H&E) staining and DNA quantification.
The results revealed that both TnBP and scCO2 were able to extract the DNA content
from the scaffolds, being this effect more pronounced in treatments that used TnBP as a
co-solvent. Mechanical analysis of TnBP-treated samples revealed a general increase of
the ultimate strength and yield strain, suggesting some degree of crosslinking of collagen
fibers occurred. Meanwhile, the use of scCO2 led to dehydration of samples, increasing
values for Young’s modulus and ultimate strength. The combined protocol of scCO2TnBP resulted in a decrease in DNA content to about half of that measured for untreated
samples, demonstrating the potential of this methodology and opening new possibilities
for future optimizations to achieve the required decellularization levels.
ACKNOWLEDGEMENTS
This work was supported by National Funds from FCT - Fundação para a Ciência e a
Tecnologia through project UID/Multi/50016/2013, UID/Multi/04044/2019 and
ROTEIRO/0328/2013-nº 022158). The authors also acknowledge Interreg V-A POCTEP
Programme through FEDER funds from the European Union (0245_IBEROS_1_E).C.A.
and "Biotherapies- Bioengineered Therapies for Infectious Diseases and Tissue
Regeneration" (NORTE-01-0145-FEDER-000012). This work was also supported by the
European Union through PT2020 and Centro2020 (CENTRO-01-0145-FEDER-000014).
REFERENCES
[1] M. Parmaksiz, A. Dogan, S. Odabas, A. Elçin, Y Elçin, Biomedical Materials, 11(2), 022003, 2016.
[2] P. Crapo, T. Gilbert, S. Badylak, Biomaterials, 32(12), 3233–3243, 2011.
[3] D. Casali, R. Handleton, T. Shazly, M. Matthews, Journal of Supercritical Fluids, 131, 72-81, 2018
[4] S. Guler, B. Aslan, P. Hosseinian, H. Aydin, Tissue Engineering Part C: Methods, 23(9), 540-547, 2017.
[5] G. Soares, D. Learmonth, M. Vallejo, S. Davila, P. González, R. Sousa, A. Oliveira, Materials Science
& Engineering C, 99, 520-540, 2019.

62

EIFS 2020

O15

Supercritical fluid technology as a key enabling technology in
AERoGELS and GREENERING COST Actions
Carlos A. García-Gonzáleza,*, Mónica Pérez-Caberob, Ana R. Duartec, **
Department of Pharmacology, Pharmacy and Pharmaceutical Technology, I+D Farma group
(GI-1645), Faculty of Pharmacy, Agrupación Estratégica de Materiales (AeMAT) and Health
Research Institute of Santiago de Compostela (IDIS), Universidade de Santiago de Compostela,
E-15782 Santiago de Compostela, Spain
a

b
c

COST Association, Avenue Louise 149, 1050 Brussels, Belgium

LAQV-REQUIMTE, Chemistry Department, Faculty of Science and Technology, Nova
University of Lisbon, 2829-516 Caparica,Portugal
* carlos.garcia@usc.es; ** aduarte@fct.unl.pt

GRAPHICAL ABSTRACT

ABSTRACT
COST (European Cooperation in Science and Technology) is a funding agency for
research and innovation networks, the so-called Actions [1]. COST Actions help connect
research initiatives across Europe and beyond as well as to enable scientists to grow their
ideas by sharing them with their peers and take new initiatives across all fields of science
and technology, while promoting multi‐ and interdisciplinary approaches. COST
Actions involve more than 45,000 researchers and innovators and are described as Open
and Inclusive, Multi and interdisciplinary, Pan-European and Career enhancing.
Supercritical fluid technology represents a key enabling technology for certain fields
since it may be either the only technological option to obtain the required material
specifications, or the most effective and environmentally friendly processing alternative
for certain uses. In this work, two COST Actions (CA18125 –AERoGELS, Advanced
Engineering and Research of aeroGels for Environment and Life Sciences– [2], and
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CA18224 –GREENERING, Green Chemical Engineering Network towards upscaling
sustainable processes– [3]) with supercritical fluid technology as a topic of utmost
concern in their scope are presented.
Aerogels are a special class of mesoporous materials with very high porosity and tunable
physicochemical properties, and usually obtained by supercritical fluid-assisted drying of
gels. AERoGELS COST Action intends to bring together the knowledge on research and
technology of aerogels at the European level from academia, industry and regulatory
experts [2]. In AERoGELS Action, the use of aerogels specifically for environmental and
life sciences applications is explored. The scope of AERoGELS Action is to advance the
state‐of‐ the art on the topic by joining the knowledge and efforts of the most renowned
experts on cutting‐ edge aerogel technology, on advanced characterization of materials
as well as on biomedical and environmental research. AERoGELS Action will set a forum
to disseminate knowledge to society, to boost the industry‐academia interactions and to
train European young researchers on research, innovation and entrepreneurial skills via
technical schools, publications and short-term research stay (STSM) exchanges.
GREENERING COST Action intends to promote Europe industrial leadership in which
concerns the use of green technologies for the development of sustainable processes. To
achieve this, the GREENERING consortium gathers experts from academia, industry and
technology transfer institutions with the aim to: i) create a network with common
interests; ii) create working groups to influence decision makers and stakeholders in
adopting sustainable processes; iii) create competitive consortiums able to apply to
H2020 competitive calls and iv) increase the entrepreneurial mindset of researchers and
particularly young students who with their youth and willful energy will be able to
transpose technology into products.
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ABSTRACT
5-Aminosalicylic acid (5-ASA) is a drug commonly employed in the treatment of
inflammatory bowel disease (IBD). The targeting of 5-ASA in the intestine is challenging.
This work aimed to produce a nanoparticle-based delivery system to enable the controlled
release of 5-ASA preferentially in the colon, preventing adverse effects in the stomach,
and improving patient compliance. Supercritical fluid extraction of emulsions (SFEE)
was selected to manufacture these nanoparticles. This technique is based on the use of
supercritical CO2 to rapidly extract the organic phase from an emulsion. The removal of
the organic solvent provokes the precipitation of both the drug and the carrier, which were
previously dissolved in. Solvent evaporation (SE), in which the organic phase is removed
by heating, was also tested and the results were compared.
Eudragit® S100 (EU S100), a pH-sensitive polymer based on methacrylic acid was
employed as the carrier, and Tween 80 (T80), as the surfactant to produce the oil-in-water
emulsions (O/W). Due to the hydrophilic nature of 5-ASA, it was necessary to use a mix
of solvents as the organic phase. Acetone was used to dissolve the EU S100 and dimethyl
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sulfoxide (DMSO) to dissolve the polymer. Many initial formulations were tested,
varying the ratio of the polymer and the drug, the surfactant concentration, and the
agitation mode. In the most adequate one, the aqueous phase was formed by dissolving
T80 (0.08 %) in water. The organic phase was formed by a mixture of acetone/DMSO
(7:3 v/v) + 5-ASA (0.2 % in mass fraction) + the triple of EU S100. The W:O mass ratio
was 80:20. To disperse the O phase on the continuous W phase, magnetic agitation at 600
rpm for 5 min was used. The formed emulsion had a droplet size of 80 nm.
Then, 30 mL of this emulsion was subjected to SFEE in a 100 mL vessel where the CO2
was continuously micro-bubbled through a sparger. The operating conditions were: 9
MPa, 40 ºC, CO2 flow rate of 5 g/min, and 60 min. The obtained nanoparticles were
compared with those formed by SE at 45 ºC and vacuum of 30 kPa for 45 min. They were
characterized in terms of particle size distribution through DLS, morphology by TEM,
encapsulation efficiency with HPLC and solvent residual content by elemental analysis.
Smooth spherical nanoparticles were obtained, with narrow size distribution (span from
0.5 to 1) and sizes ranging from 84 nm to 75 nm, for SFEE and SE, respectively. This
size was in both cases similar to the emulsion droplet. The particles also had a high
encapsulation efficiency, being 84 % for SFEE and 98 % for SE. The advantage of SFEE
vs SE relies on the possibility of continuous production in columns where the emulsion
and the CO2 can be contacted counter-currently with recirculation of both the organic
solvent and the CO2 in a simple and integrated process. Besides, as the DMSO boiling
temperature is high (198 ºC), it was more difficult to remove it by evaporation; thus, the
residual sulphur content in the SE particles was on average 21%, while it was < 4 % in
the SFEE particles.
Dissolution studies were performed to assess the drug release ability of the manufactured
nanoparticles by SFEE and SE. Results were compared with, a commercially available
formulation of 5-ASA at the same dose. A pronounced burst release at acidic pH was
observed with both SFEE and SE nanoparticles compared to Pentasa® (see Figure in the
Graphical Abstract), which can be linked to the higher surface area of the nanoparticles
compared to commercial granules of several micrometres. Drying and tabletting of the
manufactured nano-particles are proposed to minimise the burst effect in acid media.
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ABSTRACT
Microemulsions are thermodynamically stable systems formed by at least three
components: a mixture of (1) a polar one, usually water, (2) a nonpolar one, usually oil,
mediated by (3) an amphiphilic compound, normally a surfactant. They are
macroscopically homogeneous, and isotropic. As they contain both polar and nonpolar
domains, these ternary systems can be considered as universal solvents, and attract a large
interest as template for material processing [1]. However, an important drawback of
conventional microemulsions is the use of environmentally harmful surfactants and oils
or organic solvents. Purification of these products affects the sustainability of
microemulsions in terms of costs and environmental impact. In this context, it has been
discovered that the addition of compressed CO2 (cCO2) to a mixture of a polar and a
nonpolar solvent could yield microemulsion-like systems at some thermodynamic
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conditions. These systems are surfactant-free and contain smaller amounts of
conventional organic solvents compared to traditional microemulsions. Moreover, CO2 is
low cost, nonflammable, environmentally benign, bio- and food-compatible, and
naturally abundant.
Specifically, the exploration of the mixture “water/acetone/CO2” (WACO2) has led to the
discovery of the existence of a structured liquid phase when the mixture is brought to P
= 10 MPa and T = 308 K. Raman spectroscopy has indicated the presence of water-rich
and water-lean nanodomains in this liquid. It should be pointed out that at these
conditions, water and CO2 are not miscible while acetone is miscible with the other two.
Therefore, the coexistence of these nanodomains is attributed to the presence of acetone,
which could behave as a mediator between the non-miscible components [3].
Furthermore, it has been observed by Small Angle Neutron Scattering (SANS) that the
nanostructure of this cCO2-based system can be tuned by changing the pressure [4]. This
is convenient in terms of processability because pressure changes can be transmitted
much faster and in a homogeneous way throughout all the mixture. This supposes an
advantage compared to traditional microemulsions which can only be modified by
changes in T and composition, properties which are transmitted much slower. In this
sense, these systems are green, with easily tunable properties, high range of solubility and
thermodynamic stability, which makes them appealing candidates to be used as ON/OFF
nanoreactors for highly accurate molecular material processing.
In this way, these systems could be used as nanoreactor templates. Hydrophobic active
organic molecules (AOMs) can be dissolved in the water-lean nanometric domains, when
the mixture is in its nanostructured state (ON-mode) and by changing the conditions, the
nanostructuration can be destroyed (OFF-mode) mixing the water-lean and the water-rich
nanodomains, and causing the anti-solvent precipitation of AOMs in a reproducible and
homogeneous way.
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ABSTRACT
Polyurethanes (PUs) cover around 7.5% of European plastics converter demand [1], and
are known to be a commodity polymer with a wide range of applications, such as coatings,
adhesives, sealings and foams [2]. Nevertheless, PUs have a strong environmental and
human health impact during their life cycle. Both of the PUs raw materials (a polyol and
a monomer with isocyanate groups) are non-renewable petro-based resources. As
isocyanates are being synthesized, phosgene, a lethal gas, is needed. Also, they have been
classified as carcinogenic, mutagenic and reprotoxic [3]. All these implications make
necessary the development of an alternative synthesis route.
Non-isocyanate polyurethanes (NIPUs) currently arise as an option whose synthesis
procedure is based on the reaction between polycarbonates and polyfunctional. They have
the advantage that polycarbonates can be obtained from renewable resources, such as
unsaturated plant oils, through consecutive reactions of epoxidation of the double bonds
present in the triglycerides and oxirane ring opening by means of the introduction of
carbon dioxide into the molecule.
Castilla-La Mancha, a region located in central Spain, embraces one of the largest wine
industry sectors in the world. As a result of its activity, approximately 100,000 tonnes of
grape seeds are produced per year, with a content of oil near to 20 wt.% [4]. Its
availability, relatively low price, high content in functionalizable unsaturated bonds, and
the fact of being a sustainable resource make grapeseed oil an attractive choice as the
backbone for the new chemical manufacturing.
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With all these, the epoxidation of the oil becomes the first stage and that from which will
derive the rest of processes that can lead to the obtaining of a clean polyurethane and
respectful with the environment and the human health. In addition, an epoxy product can
be used for multiple applications that differ from this, such as epoxy resins, painting,
plasticizers or thermosets.
Usually the processes that have been used to prepare epoxidized vegetable oils are based
on the Prileschajew reaction which consists on the substitution of an unsaturation by an
oxirane ring caused by a percarboxylic acid (peracetic or performic) that is formed in situ
[5]. Soluble mineral acids, commonly sulfuric acid, are used as catalysts for this reaction.
Therefore, environmental concerns related to the handling of salts formed during the
neutralization of the catalyst and technical and economic problems associated with
corrosion and separation operations, expose the need of a substitute for this technology.
Carbon dioxide reacts with H2O to form carbonic acid, and by analogy, with hydrogen
peroxide (H2O2), it is supposed form the corresponding peracid, named as peroxycarbonic
acid [6]. This acid could replace traditional peracids as a cleaner alternative for the
epoxidation of olefins.
Being so, not only CO2, but supercritical CO2 (scCO2) could be a great substitute for the
common carboxylic acids used in Prileschajew reaction. Such claim is based on the
properties of the supercritical fluids, with a density high enough to grant them a
considering solvating power, also a lower viscosity and a molecular diffusivity
significatively higher than the corresponding to the liquid phase, both of them related to
the improvement of mass transfer.
All these properties in addition to the nonexplosiveness of the scCO2 make it a really attractive carrier in the epoxidation reaction
process [7]. Finally, the use of the supercritical technology implies a main advantage
consisting on the obtaining of a nearly pure epoxidized product, due to the ease separation
of the scCO2 through a simple depressurization.
This work will focus on the study of the viability of the epoxidation reaction of grape
seed oil in supercritical medium, as well as on the analysis of the influence of different
compounds capable of affecting the development of the process and its operating
conditions, always with the aim of optimizing the overall yield and obtaining the most
suitable product possible.
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ABSTRACT
The field of natural products with an anticarcinogenic profile is currently being exploited
with the aim of developing drugs to reduce side effects, as the clinical application of
chemotherapy drugs is limited due to these effects. Natural coumarins or synthetic
analogues, are of great interest due to their pharmacological properties. In this work
focuses on the conjugation of a polymer, polyethylene glycol (PEG)[1], with a bioactive
molecule, coumarin, by means of click chemistry[2].
However, was replaced the organics solvents commonly used for this reaction for
supercritical carbon dioxide. Synthesis and characterization of PEG-Coumarin was
successfully reported using FTIR, 1H NMR and MALDI TOF. Additionally, was carried
out a statistical experimental study of the most important variables in supercritical media,
pressure, temperature and load of catalyst with a 23 full factorial design with two central
points [3,4].
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The purification of click conjugate was carried out due to this type of reaction require
copper as a catalyst, which is the most discussed disadvantages of click chemistry is the
associated potential toxicity. Column chromatography of alumina was used to remove the
CuSO4·5H2O and in addition copper wire was used as heterogenous catalyst.
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ABSTRACT
Drug delivery systems have been widely evaluated and have grown rapidly, in the last
few decades [1]. In particular, biomimetic materials have shown to be very attractive
agents, demonstrating the importance of inherent properties of efficiently delivering
drugs to the targeted sites in biological systems [2].
Bioinspired materials have been developed by Molecular Imprinting Technique in
supercritical CO2 technology, for several fields such as drug delivery, on-off sensors,
separation, enrichment and purification [3], taking advantage of CO2 that is abundant,
easily available in high purity, non-toxic, non-flammable and aprotic.
A novel smart molecularly imprinted polymer (MIP) based on N-isopropylacrylamide,
itaconic acid and ethylene glycol dimethacrylate was developed as a potential bodyfriendly oral anticancer drug delivery system for natural phenols. MIP was synthesized
using a molar ratio of template, monomers, crosslinker (T:M:C), 1:50:50, using
supercritical carbon dioxide (scCO2) technology. Moreover, natural phenol was
impregnated also in scCO2 environment. Polymers were characterized physical, chemical
and morphologically. Imprinted polymer presented higher uptake ability to impregnate
natural phenol. The water uptake measurements revealed that matrices swelled more at
pH 2.2 than at 7.4. In vitro drug release experiments presented different release profiles
at different pHs, where MIP could release higher amounts of curcumin at pH 2.2 than pH
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7.4. Moreover, the experimental data was fitted using the empirical Korsmeyer-Peppas
model.
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ABSTRACT
Fusidic acid is a naturally occurring antibiotic with a molecular formula of C31H48O6.
This antibiotic has a bacteriostatic action, inhibiting bacteria from replicate, and is used
to treat both topical and systemic skin and eye infections caused by staphylococci and
other gram-positive species. On the other hand, this compound is the most important
antibiotic from the fusidane family and can be obtained from the fermentation broth of
Fuzidium coccineum [1,2].
Particle size of active pharmaceutical ingredients can play a significant role in the amount
of the active principle absorbed by the human body and with many compounds it is
possible to provide dosages well below the toxicity threshold by increasing the
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bioavailability [3]. Particle size of pharmaceutical ingredients to be used in ophthalmic
ointments and solutions should range between 1 and 3 µm.
Supercritical anti-solvent (SAS) micronization is considered one of the most suitable
techniques for the precipitation of active pharmaceutical ingredients since it combines the
high solvent power of supercritical fluids to dissolve the organic solvent and the low
solubility of the pharmaceutical compounds in the supercritical fluids [4-6].
In this work the micronization of fusidic acid dissolved in acetone using the SAS
micronization process was carried out. The effect of different conditions on the mean
particle size was studied, using the design of experiments.
A fractional factorial design (FFD) was used for screening the most significant
experimental parameters. Four factors were considered: the temperature, with values
between 40 °C and 60 °C, the pressure, varied between 100 bar and 200 bar, concentration
ranging between 10 mg/ml and 40 mg/ml and the solvent injection flow rate with values
between 0.5 mL/min and 3 mL/min, being the mean particle size the response factor. The
statistical analysis of FFD showed that temperature and flow rate were the significant
factors of the process.
Moreover, Central Composite Design was used to perform the optimisation of the
significant parameters, temperature and flow-rate that minimize the mean particle size.
Optimisation estimated that the smallest mean particle size would be 0.223μm at the
working conditions of 40 ºC, 100 bar, 40 mg/mL and 0.5 mL/min. The expected working
conditions to obtain a mean particle size between 1 and 3 µm, were temperature ranging
from 40 to 45 ºC and flow-rate from 0.560 to 2.552 mL/min, maintaining the pressure at
100bar and the concentration at 40 mg/mL.
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ABSTRACT
Crystal engineering aims to design crystalline materials (single and multi-component) of
APIs (Active Pharmaceutical Ingredients). In fact, chemical composition and structures
affect physicochemical properties such as shape, and solubility of the crystals. Hence, the
rational design of crystal structure allows controlling these physicochemical properties
[1]. A solid solution, a multi-component crystalline material, originates upon cocrystallization of two or more structurally similar species that mutually substitute each
other in the same structure and hence occupy equivalent crystallographic positions. The
mutual substitution of isostructural molecules in the crystal lattice provides the
opportunity to modify structural and physicochemical properties of solids including
stoichiometry, in continuum [2]. Unfortunately, strict thermodynamic requirements limit
the realisation of solid solutions.
Supercritical fluid (SCF) technologies have emerged as techniques that allow generating
single and multi-component crystalline forms of APIs that are not reproducible by other
techniques. SCF methods provide benefits over conventional precipitation methods in
regards to generating high levels of supersaturation, polymorphic control, and particle
77

size control due to their ability to arrest the molecular configuration in milliseconds [3,
4]. Hence, the flash precipitation ability of supercritical CO2 techniques, which use either
the anti-solvent or atomization enhancement properties of supercritical CO2, was applied
to generate solid solutions of isostructural entities. To the best of our understanding, over
the last 20 years there has been no work published in the literature addressing the
production of solid solutions using SCF methods.
A complete series of solid solutions containing hydrocortisone, an anti-inflammatory
drug, and cortisone, a prodrug of hydrocortisone were successfully prepared using a batch
Gas anti-solvent (GAS) approach, which previous attempts to prepare the same solid
solutions by conventional techniques (e.g. solvent evaporation, solid state grinding) had
been unsuccessful. Indeed cortisone and hydrocortisone have a different H-bond
capability and a different crystal structure. Despite such diversity, a solid solution was
produced using GAS as a batch process and supercritical assisted spray drying (SASD)
as a continuous process. The generation of solid solutions was confirmed using powder
X-ray diffraction (PXRD) and ssNMR. The SASD process enabled the continuous
production of solid solutions in the respective molar ratios without compromising the
purity of solid solutions as obtained from the GAS process.
Furthermore, solid solutions obtained from the GAS process were subjected to dissolution
studies. The dissolution of cortisone and hydrocortisone from solid solutions was similar
to cortisone and hydrocortisone processed by GAS under the same experimental
conditions, which suggests that the solid solutions retained the physicochemical
properties of both molecular entities. Therefore, supercritical CO2 processes provide
novel and effective approaches to generate solid solutions of isostructural molecules with
patient friendly dosage form.
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ABSTRACT
Usually, the impregnation of active agents into polymeric matrices has been carried out
either during the synthesis or processing of polymers or by immersion and soaking of the
polymeric materials in a solution containing the bioactive substances. These processes
can lead to unwanted reactions between substances, thermal degradation of some of them
and also involve the use of toxic organic solvents that must be removed from the matrices.
Supercritical solvent impregnation (SSI), a more efficient and environmentally friendly
technique solves some of those problems. The solvating capacity of the CO2 as carrier
and its high diffusivity favour an easier and faster penetration of the active agent through
the matrix [1]. The impregnation of active molecules occurs as a consequence of the
interaction balance between the active substance, the matrix and the supercritical phase,
which results in an adsorption or a physicochemical attachment of molecules to the
matrix.
In this work, a mango leaves extract obtained by enhanced solvent extraction (ESE) with
high antioxidant was used as the active substance in supercritical solvent impregnation of
cotton fabrics. The predominant compounds in the extract were iriflophenone 3-C-β-D79

glucoside, gallic acid, 3-C-(2-O-galloyl)-β-D-glucoside, mangiferin and quercetin
glycosides among others. The antioxidant, anti-inflammatory and antibacterial properties
of the extract used make it an ideal candidate for impregnation [2]. Different operating
conditions, such as pressure, temperature, co-solvent %, contact time and
depressurization rate were evaluated. Tests were carried out in high pressure equipment
supplied by Iberfluid (semi-continuous process), which includes two vessel (500 mL)
with a thermostatic jacket, two high pressure pump (one for CO2 and another for the liquid
extract), supercritical carbon dioxide (scCO2), and an automatic back pressure regulator
(BPR) to control the system pressure. The first vessel was used to solubilize the mango
leaves extract into scCO2. For that, the extract was injected in continuous agitation at 1
mL/min to improve the total solubilization of the liquid extract in the supercritical phase
before coming into contact with the matrix, while the CO2 flow rate was 10 g/min. In the
second vessel, the material to be impregnated was placed and a washing time was carried
out after the injection of the extract. The most favorable conditions for the total
polyphenols loading were 300 bar and 35 °C, obtaining an impregnation of 56 mg per
gram of injected mango leaves extract. The antioxidant capacity of the processed samples
was verified by DPPH assay [3], antimicrobial activity was also measured and the
structural changes of the wound dressings as well as the success of the SSI process by
SEM to evaluate the surface morphology of the samples before and after impregnation
process.
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ABSTRACT
Aedes aegypti L. (Culicidae) has become a serious problem of public health, mainly in
tropical and subtropical countries, since it is responsible for transmitting dengue, yellow
fever and, more recently, chikungunya and zika viruses [1]. Copaiba tree is native to the
tropical regions of South America and Western Africa, also growing in several states of
Brazil. Copaiba oleoresin has several biological and pharmacological activities, including
anti-inflammatory, antimicrobial, antioxidant, and larvicide [2].
In this study, copaiba oleoresin was incorporated by means of scCO2 foaming in two
different types of poly(ε-caprolactone) (PCL), named PCL45 (homo-polyester,
hydrophobic, 45 kDa) and PCL50 (co-polyester diol, less hydrophobic, 50 kDa). A
surfactant and porogenic agent, Pluronic F-68, was also incorporated in monoliths to
favor the copaiba release in aqueous medium. All scCO2 foaming assays were performed
in duplicate at temperature of 35 ºC, scCO2 density of 750 and 850 kg m-3, soaking time
of 2.5 h, and depressurization rate of 5 bar min-1. Morphological and physicochemical
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properties of porous monoliths were evaluated as well as the in vitro copaiba release and
its larvicidal activity against A. aegypti.
Copaiba oleoresin was successfully incorporated in PCL-Pluronic porous monoliths by
scCO2 foaming. The highest amount of copaiba oleoresin was incorporated in PCL50 at
750 kg m-3 (285 ± 16 mg copaiba/g monolith), whereas the lowest amount was obtained
for PCL45 at 850 kg m-3 (106 ± 35 mg copaiba/g monolith). Both PCL’s presented
crystallinity degree in the range of 60-65%, typical of semicrystalline polymers. The
melting temperature (Tm) and crystallinity degree of PCL45 was higher than PCL50,
which probably explains the difference between the incorporated amount of copaiba
oleoresin. A reduction in Tm and crystallinity degree of porous materials were observed
after copaiba incorporation due to its temporary plasticizing effect. The characteristic
chemical groups of copaiba oleoresin and PCL did not disappear or shift, as visualized by
ATR-FTIR spectroscopy, suggesting that neither chemical bonding nor structural
modifications have occurred between the molecules during scCO2 foaming. Copaiba
oleoresin release from monoliths to the atmospheric air reached only 30% of total release
during 70 days of gravimetric measurements under controlled conditions (23 ± 2 °C; 49
± 7 % relative humidity). Copaiba oleoresin release in water (28 °C) reached 80% of total
release during 30 days of experiment, except for samples of PCL45 processed at
850 kg m-3 that reached a plateau of 30% in a sustained release profile. The larvicidal
activity of copaiba oleoresin released from porous monoliths evidenced a promising result
for PCL45 samples processed at 850 kg m-3, showing 73.3% of larval mortality after 48 h.
Although these samples presented the lowest amount of incorporated copaiba, the
sustained release profile coupled with the smallest droplet size of copaiba emulsified in
water after in vitro release, 227 ± 17 nm measured by DLS analysis, favored the observed
mortality level. In fact, the predominant feeding mode of A. aegypti larvae is collectingfiltering the particulate matter within the nanometer scale [3]. Copaiba oleoresin loaded
PCL-Pluronic monoliths are very promising sustainable materials to control A. aegypti
proliferation.
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ABSTRACT
Shiitake (Lentinula edodes) is a very popular mushroom in the Asiatic cuisine and it is
used in many food products as flavor enhancer because of its aromatic and non-aromatic
compounds including lenthionine, more than 60 volatile compounds, certain lipids, amino
acids and nucleotides [1, 2]. Supercritical fluid extraction (SFE) is an environmentally
friendly technology used mainly to obtain non-polar extracts of interest for the food
industry. In this study, aromatic compounds from shiitake mushroom were extracted by
a SFE plant using CO2 as solvent. Grape seed oil was added to the separators in some
tests to investigate whether it could be used to help trapping the aromatic fraction.
Obtained fractions and residual cake were analyzed by HS-GC-MS (Headspace gas
chromatography) and compared to initial raw material. Other interesting lipid compounds
were also quantified such as fungal sterols due to their hypocholesterolemic properties.
Shiitake powder contained an average of 2.87 mg/g of total sterols most of them extracted
when submitted to SFE. Fractions obtained from the separators including oil showed
higher amount of sterols (156.7 mg/g) than the ones recovered when oil wasn´t added
(136.3 mg/g). The aromatic compounds identified in the obtained extracts and the
remaining cakes were studied by means of Principal Component Analysis (PCA), and the
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plots indicated large differences in the aroma profiles between extracts and the initial
shiitake powder whereas no significant differences were observed when oil was added in
the separator. The extract obtained using oil in the separator showed higher amount of
aromatic compounds compared to control without oil, indicating that oil might enhance
the recovery of the aromatic fraction due to its integration in the fat matrix.
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ABSTRACT
Rice bran is a by-product (about 8 % of rice paddy) originated from the rice grinding
process in which the outer layers of the rice kernel are removed. Rice bran consists of 11–
15% proteins, 34–62% carbohydrates, 7–11% crude fibers, 7–10% ashes and 15–20%
lipids, which are a by-product of the rice-refining process [1]. Supplement of rice bran in
various foods provides to the progress of value-added foods or functional foods that now
are of increasing benefit to the society. Rice bran has been profitably enhanced in bread,
cakes, noodles, pasta, and ice creams without any negative effect on their functional and
textural properties [2].
Supercritical carbon dioxide extraction, scCO2, of oils from samples of rice bran, 16 g,
was carried out in the flow apparatus, from Applied Separations, (Spe-edTM SFE) at
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temperatures from 313.2 to 333.2 K, pressures up to 40.0 MPa and CO2 flow rates from
0.12 kg/h to 0.32 kg/h [3].
Analysis of the extracted oils by GC-FID, revealed the composition of the oils being oleic
acid 52%, the main compound, followed linoleic acid 29%, palmitic acid 15%, and stearic
acid 1.6%.
To estimate the susceptibility to oxidation of oils, the allylic position equivalent (APE)
and bis-allylic position equivalent (BAPE) [4] indexes and oxidizability (OX) [5] were
calculated using the content of each fatty acid. Moreover, there was a slight difference in
extraction kinetics in the relative percentage of the total unsaturation index (UI).
A discussion of the modelling of our data on supercritical fluid extraction of rice bran oil
was carried out. The results obtained at different extraction conditions using only one [6]
or two [7] adjustable parameter, provided a fairly good agreement between the model
curves and the experimental data, which evidence the capability of these models.
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ABSTRACT
Supercritical carbon dioxide (sc-CO2) is a good alternative solvent to liquid-liquid
extraction processes using conventional organic toxic solvents. The good solvation power
at moderate densities, low viscosity, and high solute diffusivity as well as the enhanced
mass transfer, the process selectivity, and the easy separation of solvent from the final
product are the major advantages.
Continuous countercurrent packed columns have been applied to the fractionation of lipid
mixtures, essential oils, and alcoholic beverages [1]. Among the main applications are the
supercritical deterpenation of citrus oils, to obtain a more stable and more soluble in water
product maintaining flavour [2]; fractionation of bio-oil, which has a high water content,
pyrolytic lignin and other compounds including acids, sugars, esters, aldehydes, ketones,
phenol, and phenol derivatives [3]; and the deacidification of free fatty acids from coldpressed olive oil [4].
Liquid-liquid extraction with supercritical carbon dioxide has also been proposed for the
removal of polar materials from water [5]. Countercurrent extraction of organic
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compounds from aqueous samples has been used for the continuous fractionation of
complex liquid mixtures, including dealcoholization or isolation of aromas from
beverages, such as brandy, wine or cider [6].
In order to assess the potential of the countercurrent supercritical carbon dioxide
fractionation of hydrolysates from Paulownia leaves, the behavior of different
components has to be evaluated. The aim of this work was to study the extraction of the
phenolic fraction from the liquid phase obtained during autohydrolysis.
Autohydrolysis extracts or hydrolysates from Paulownia elongata x tomentosa leaves
contain a number of components, including water soluble oligosaccharides, minerals,
phenolic fractions, carboxylic acids, aldehydes, ketones, and nitrogen containing
compounds. Paulownia leaves hydrolysates were contacted with supercritical carbon
dioxide in a countercurrent pilot-plant scale column, 2.8 m long, inner diameter of 30
mm, filled with protruded stainless steel packing, operating at 45 ºC, 10-20 MPa, during
2 h with solvent-to-feed (S/F) mass ratios of 5 and 15. A standard solution of selected
phenolic compounds was fractionated at 45°C, 150 bar, during 6 h with with S/F 15.
The supercritical extracts were recovered in one separator, where depressurization occurs,
and the raffinate was collected at the exit of the column. At selected operational
conditions, the extraction efficiencies from a model solution and from hydrolysates were
compared. The phenolic recovery in the standard solution was 0.61 %, whereas in the
hydrolysate ranged from 0.06 to 0.28 %. A similar behaviour of the antiradical properties
was observed.
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ABSTRACT
Nowadays, the increase in the demand of nutraceutical and pharmaceutical products of
natural origin has led to the search of sources of bioactive products. In this sense, the
agro-food sector of Castilla La Mancha offers the possibility to obtain these products from
low-value materials or residues, allowing both to satisfy the current need of natural
products and promote a key economic sector of the region. Special interest has been paid
to compounds with antioxidant and anti-inflammatory potential for the treatment of skinrelated diseases such as atopic dermatitis, which affects approximately 20 % of the
world's population. Several studies have shown the viability of the extraction of
compounds with these properties from garlic, essential oil of different plants and residues
of the wine industry [1].
Bioactive compounds are usually extracted with organic solvents. However, these
methods have certain limitations such as high energy costs, high temperatures and low
selectivity. For this reason, alternative methods are being studied, like supercritical fluid
extraction (SFE) [2]. This technology is environmentally friendly and offers the
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versatility needed to treat different raw materials. Carbon dioxide (CO2) is the most
widely used supercritical fluid, as it is inert, non-toxic and allows extraction at lower
temperatures and pressures.
Lavender essential oil has been extensively studied for its antioxidant and antiinflammatory potential, which is attributed to one of its predominant compounds, linalool
[3]. In this sense, the present work focuses on the supercritical extraction of this
compound for its application in drugs and nutraceuticals for atopic dermatitis.
In order to obtain linalool, the equilibrium system of lavender essential oil with CO2 has
to be studied [4], through the analysis of the influence of pressure and temperature, as
well as the optimal conditions for supercritical extraction and isolation of this substance
[5], which will be quantified by liquid and gas chromatography.
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ABSTRACT
There is an increasing demand for natural bioactive compounds able to provide health
benefits. In this regard, microalgae are promising microorganisms that can play a key role
in bio-based economy, since they may serve as a continuous and reliable source of safe
natural products thanks to their variety of valuable bioactive compounds. Dunaliella
salina is a green microalga that is able to accumulate relatively high amounts of βcarotene when grown under specific conditions. Although this compound is the main
terpenoid in this class of microalgae, other carotenoids related to its biosynthetic pathway
could be also of industrial interest. Carotenoids have health promoting properties such as
anti-cancer, antioxidant or anti-diabetic [1], and furthermore when are extracted by
compressed fluid technologies using green solvents these extracts are compliant with
processes and regulations implemented in food, cosmetic and pharmaceutical sectors [2].
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In the present contribution, subcritical and supercritical CO2 conditions have been further
studied in order to optimize the extraction yield, carotenoid recovery and purity of the
extracts. An experimental design procedure was employed to investigate the effect of
pressure and temperature variations ranging respectively from 250 to 400 bar and from
15 to 45 °C. Chemical characterization of the carotenoids extracts was carried out by
HPLC-UV/Vis. Moreover, neuroprotective effect of extracts have been studied using
antiacetylcholinesterase activity.
Twelve compounds were recognized as carotenoids and quantified. Nine of them were
further identified as lutein, zeaxanthin, cryptoxanthin, 13-cis-β-carotene, all-trans-αcarotene, 9-cis-α-carotene, all-trans-β-carotene, 15-cis-β-carotene and 9-cis-β-carotene.
Comparison with a conventional solvent extraction proved the investigated green method
to be superior in terms of efficiency and purity. Based on the obtained data, three
mathematical models were designed. The optimum conditions to maximize the extraction
yield were calculated as 400 bar and 40.9 °C (12.8 % extract weight per initial algae
weight). The most appropriate operating conditions to obtain the best extraction
carotenoid recovery were assessed as 307.6 bar and 43 °C (38.2 mg of carotenoids/g
algae). In addition, the best conditions to maximize the extract purity were predicted as
299.4 bar and 40.3°C (32.4 mg of carotenoids/100 mg extract). In addition, selective
parameters have been described and discussed in the different extraction conditions
studied. Interesting differences in the composition were found in terms of β-carotene
isomeric relation, 9-cis/all-trans and carotenes/xanthophylls ratio.
In conclusion, green supercritical CO2 extraction are suitable for fast and efficient
production of high-quality carotenoids extracts from D. salina microalga.
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ABSTRACT
Castanea sativa Miller is a chestnut variety produced in temperate areas. The seasonal
fruit is a nut, commonly named sweet chestnut or marron, which is collected in autumn
and is used for different food purposes. Chestnut burs resulting from the fruit harvesting
process are underutilized residues that could be used as renewable source of bioactive
compounds with potential interesting applications in the pharmaceutical, food or
cosmetics industries.
Different technologies have been studied for the extraction of chestnut burs, such as
conventional solvents [1], microwave assisted extraction [2] or hydrothermal treatment
[3]. Supercritical CO2 (sc-CO2) is widely known as an environment-friendly alternative
for the extraction of bioactive compounds from natural sources. Sc-CO2 allows the
extraction at milder operational conditions and offers several advantages including, low
viscosity, high diffusivity, tunable solvating power with small changes in pressure and
temperature and the easy separation of solvent from the final extract.
Supercritical fluid extraction is limited by the solute-solid matrix interactions, the
diffusivity of the solute in the solid, solubility of the solute in the solvent and by the
resistance to the external mass transfer. Internal resistance is usually the most important.
Therefore, the previous mechanical, thermal, or biochemical conditioning of the solid has
a significant influence on the final efficiency of the extraction process.
Thermal pretreatment of the solid could be employed to improve the efficiency of the
extraction. Microwave heating increases the internal pressure of the cells promoting the
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rupture of cell walls and enhances the penetration of the solvent into the interior structure
of the plant. López-Hortas et al. [4] confirmed that after microwave assisted drying of
brown seaweeds, the yields of the ethanolic extraction of the residual solids was
significantly enhanced.

The aim of the work was to evaluate the effects of a microwave pretreatment on the
supercritical extraction kinetics of chestnut burs.
The chestnut burs were treated in a domestic microwave under selected power and time
conditions. Supercritical CO2 extraction was carried out in a Thar SFE-1000 equipment
under previously optimized conditions leading (20 MPa and 45 ºC using 10 % ethanol as
cosolvent). The collected extracts were used for determination of yields and for the
characterization of phenolic content (Folin-Ciocalteu method) and antiradical properties.
The model proposed by Sovová [5] was used to describe the experimental extraction
curves.
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ABSTRACT
The industrial processing of tomatoes produces large amounts of solid wastes, where
about 40% of the raw material is removed as waste [1-3]. Tomato waste consists mainly
of seeds (rich in oil) and skins (rich in carotenoids such as lycopene).
During the processing of tomatoes, a significant amount of carotenoids (mainly lycopene)
is lost along with the seeds and skins.According to Al-Wandawi et al. (1985) [4], tomato
waste contains three times more lycopene than the tomato products. Lycopene (C40H56)
is a natural pigment responsible for the red colour in tomatoes and has been receiving
attention due to its high antioxidant activity [2, 3, 5].
The presence of lycopene in tomato wastes increases its economic value since it can be
extracted and used in food, cosmetics and pharmaceuticals [1, 3].
Supercritical fluid extraction (SFE) can be used as an alternative to the traditional
extraction methods of carotenoids that use organic solvents [6]. Due to its low critical
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temperature (31.2ºC) and critical pressure (74 bar), carbon dioxide (CO2) is one of the
most commonly used supercritical fluids.
The main objective of this work is the valorisation of tomato industry wastes, obtaining
lycopene enriched extracts using supercritical carbon dioxide (ScCO2) extraction. The
effect of different process parameters (temperature, pressure, particle size and flow rate)
on the oil and lycopene extraction yields were studied.
The conventional method for the extraction of carotenoids tested was the Soxhlet
extraction method. N-hexane was used as the solvent. Soxhlet extraction was performed
to be later compared with the supercritical CO2 extraction (ScCO2) results. Soxhlet
extraction yields varied between 7 to 14%.
ScCO2 extractions were performed at pressures from 200 to 500 bar, and temperatures
from 40 to 60 ºC, using lyophilized tomato waste. Higher pressures, higher temperatures
and lower particle sizes increased the yield of extraction of oil by ScCO2.
The extracts were analysed spectrophotometrically at 472 nm to rapidly estimate the
concentration of lycopene. Lycopene yields ranging from 10 to 60 mg lycopene per 100g
of dry material were obtained depending on the pressure/temperature conditions used.
Lycopene extracts were further formulated in microemulsions with the aim of developing
a topical dosage form, able to supplement the skin with lycopene and treat skin
inflammatory disorders.
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ABSTRACT
The genus of Paulownia is native to China and stands out for being composed of fastgrowing tree species, and it has great value in the wood industry. However, interest in
knowing the compounds present in leaves, flowers and fruits is increasing. It is well
known that traditional Chinese medicine used these parts of the plant for the treatment of
diseases [1, 2].
Nowadays, natural compounds from different plant species are studied as a source of
ingredients and additives for functional foods and nutraceuticals [3]. In species of this
genus, some of these bioactive compounds as flavonoids, lignans, phenolic glycosides,
quinones, terpenoids, glycerides, phenolic acids, have already been identified [4, 5]. In
recent studies, extractions with supercritical carbon dioxide (scCO2) in combination with
ethanol (etOH) have been carried out to extract phenolic compounds [6].
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The aim of this work is focused on the fractionation and identification of phenolic
compounds present in Paulownia flowers by sequential extraction using supercritical
carbon dioxide (first step) and pressurized ethanol (second step).
The extraction is carried out at 35ºC and 45°C, and 150 and 250 bar with a constant
average flow rate of 0.50L/min of CO2 and 1.5 ml/min of ethanol. The feasibility of
sequential extraction was evaluated by evaluating the kinetics of an extraction process
consisting on two stages. In addition, a single pressurized extraction with ethanol was
performed as control. Identification of the volatile compounds present in the extract was
addressed by GC-MS technology, and heavier compounds were identified by HPLC-UV
comparing with standards and literature information.
The extraction yield of 1st step was around 2-10 %, and in the range 13-19 % for the 2nd
step. These values were highly dependent on the operational conditions. The
characterization of the extracts is being carried out.
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ABSTRACT
Pentacyclic and tetracyclic oxindolic alkaloids are the main alkaloids present in Uncaria
tomentosa or cat’s claw. Cat's claw has been studied and most of the studies highlight
mytraphylline as the major alkaloid in the stem bark extract, which is usually a reference
in the relation of this plant to the therapeutic effects such as inflammatory processes,
hypertension, cancer, Alzheimer's and Parkinson's diseases, hypertension and depression
[1]. The main objective of this work to study at extraction of U. tomentosa leaves studying
the process variables temperature, pressure and solvent density in obtaining enriched
extracts in different concentrations of rhynchophylline, mytraphylline and
isomytraphylline by pressurized green solvents sequentially: acetone (1st step) and
mixture of ethanol/CO2 (2nd step).
The extractions were performed in an apparatus described by Gañán et al. 2016 [2] and
were performed in a sequential order: 1st step: acetone at 328 K and 15 MPa, static period
of 1 h, dynamic period of 6 h, and flow rate of 3.76×10-5 kg/s; 2nd step: ethanol+CO2
(25%, m/m), 313 and 333 K and 16-38 MPa, static period of 1 h, dynamic period of 8 h,
total flow rate of ~5.6×10-5 kg/s.
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In the first step, pressurized liquid acetone was used to remove phenolic compounds,
chlorophylls and concentrate the oxindole alkaloids in the plant matrix (data were
observed in thin layer chromatography and are not shown in this work). Rhynchophylline,
mytraphylline and isomytraphylline were identified according to HPLC method from
Montoro et al. 2004 [3] in ethanol+CO2 extracts. The rhynchophylline and
isomytraphylline contents varied according to the operational conditions of extraction,
however the literature reports that mytraphylline is the major oxindole alkaloid prensent
in U. tomentosa. rhynchophylline, mytraphylline and isomytraphylline were not observed
in the extract obtained by pressurized liquid acetone. The extract obtained at 313 K and
16 MPa presented rhynchophylline content 1.5 times more than isomytraphylline and 5
times more than mytraphylline. Whereas the extract obtained at 333 K and 38 MPa
showed isomytraphylline content 1.5 times more than rhynchophylline and 5 times more
than mytraphylline. These results show that the pressure and temperature were directly
related to the selectivity of the gas-expanded ethanol in relation to these alkaloids. In
addition, the contents of isomytraphylline may indicate greater selectivity of the gasexpanded ethanol for this compound and/or isomerization of mytraphylline [4] has
occurred due to the extraction process conditions. More than 95% of the alkaloids present
in the product marketed in Western Europe of cat's claw are pentacyclic alkaloids as
mytraphylline [5]. Therefore, the operational conditions presented in this work make it
possible to obtain different extracts enriched in rhynchophylline and isomytraphylline
from a single batch of U. tomentosa leaves extraction.
This work presents the process variables optimization for obtaining extracts enriched in
the tetracyclic oxindole alkaloid rhynchophylline and the pentacyclic isomytraphylline
and mytraphylline. Moreover, the process of this work used green solvents and the results
showed that leaves can also be used as a source of these alkaloids.
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GRAPHICAL ABSTRACT

ABSTRACT
The dependence on fish to assure the world scale supply of omega-3 (ω-3)
polyunsaturated fatty acids (PUFA) imposes several challenges, starting with the decrease
of fish stocks, but also seasonal variations, unpleasant organoleptic features, or oxidative
stability issues. The microalgae thraustochytrid Aurantiochytrium sp. [1] is an alternative
marine source that can yield lipophilic extracts with 50 wt.% of PUFA, of which more
than 90 % corresponds to docosahexaenoic acid (DHA, 22:6n-3), from the ω-3 family
[2]. This research covers the optimization of supercritical fluid extraction (SFE)
conditions to maximize the total extraction yield (𝜂𝜂Total ), DHA content (𝐶𝐶DHA ), total
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phenolics content (𝑇𝑇𝑇𝑇𝑇𝑇), and antioxidant activity (𝐴𝐴𝐴𝐴𝐴𝐴) of the extracts produced from
Aurantiochytrium sp. biomass. The maximum and minimum experimental results were
𝜂𝜂Total = 2.1 and 13.4 wt.%, 𝐶𝐶DHA = 27.3 and 39.3 wt.%, 𝑇𝑇𝑇𝑇𝑇𝑇 = 1.19 and 2.24
−1
mg GAE g −1
extract , and 𝐴𝐴𝐴𝐴𝐴𝐴 = 0.3 and 1.4 mg TEAC g extract . Under the studied experimental
conditions, increasing pressure up to 300 bar is the optimum to rise both 𝜂𝜂Total and 𝐶𝐶DHA .
Under optimized conditions, supercritical extracts exhibited a DHA content several times
above those of fish oil and of the best alternative microalgae species found in the literature
[3-4].
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GRAPHICAL ABSTRACT

ABSTRACT
Silybum marianum (Asteraceae) seeds and its extracts contain unsaturated fatty acids,
vitamin E and flavonoids [1]. Its main compound silymarin is attributed for treatment of
cancer, liver, kidney, cardiac, and brain disease [1, 2]. The aim of the present work is to
compare extracts obtained by conventional and supercritical fluid extraction techniques
considering extraction yield and composition of obtained extracts.
Silybum marianum seeds were grinded and sieved to obtain particles with diameter of
~0.4 mm. Obtained material was placed in a Soxhlet apparatus for conventional
extraction. Silybum marianum seeds extracts were obtained during 4 h extraction process
using ethanol or n-hexane as solvent. After evaporation of the ethanol or n-hexane,
extraction yields were 17% and 25%, respectively. For supercritical fluid extraction
(SFE), grinded seeds were exposed to supercritical CO2 at 30 MPa and 40 ºC with or
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without ethanol as a co-solvent. After around 6 h, result of SFE is extraction yield of 21%
without co-solvent addition and 18% with co-solvent addition. In both cases, use of
ethanol lead to decrease in an amount of obtained extract. Chemical composition of
obtained extracts was analyzed and compared.
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GRAPHICAL ABSTRACT

ABSTRACT
The coffee industry is one of the most relevant in Colombia in terms of economic
development and export earnings [1]. However, this industry is a great waste generator,
since about 90% by dry weight of coffee bean becomes unused by-products [2]. Coffee
silverskin-CS is a by-product from roasted coffee bean, which has been reported with a
valuable proximal composition and important bioactive compounds to be extracted [1].
In this work the lipid fraction-LF and the polar fraction-PF were obtained employing SFE
and PLE, respectively. On the one hand, supercritical CO2 at 30 MPa and 45 ºC was used
for obtaining LF, and the extraction yield was assessed. On the other hand, for PF, the
effect of two pressurized liquid extraction (PLE) factors, temperature of extraction (50,
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100, and 150 ºC) and solvent composition (0, 50, and 100% EtOH: H2O mixtures) were
assessed using a 32 factorial experimental design. Extracts were obtained using PLE static
extraction mode (10 MPa, 20 min). Yield, total phenolic content-TPC, total flavonoid
content-TFC and antioxidant activity (by TEAC and EC50 methods) were selected as
response variables. After the multiple response optimization, n-times extraction cycles
(of 20 min) at the best conditions were carried out and yield, TPC and TFC were
measured.
Results showed that the SFE extraction yield for LF was 3.6%, whereas the PLE
extraction yields for PF were between 5 to 35% (obtained to 50 ºC-50% EtOH and 150
ºC-50% EtOH, respectively). Regards to TPC for PF, values of 54.38 to 109.34 mg Galic
Acid equiv. (GAE)/g extract (50 ºC - 100% H2O and 150 ºC - 100 % EtOH, respectively)
were found. TFC achieved concentrations between 6.85 to 17.92 mg Quercetin Equiv.
(QE)/g extract (150 ºC - 100% H2O and 50 ºC-100 % EtOH). The antioxidant activity
values by TEAC method were 0.16 to 1.11 mmol Trolox/g extract (50 ºC - 100% H2O
and 150º C – 50 % EtOH) and by DPPH radical were EC50 83.39 to 21.89 µg/mL (50 ºC
- 100 % H2O and 100 ºC-100 % EtOH, respectively). The optimal extraction conditions
found were 150 ºC and 100% EtOH. At such conditions, remarkable values of 18.20 %,
109.34 mg GAE/g extract, 15.50 mg QE/g extract, 0.99 mmol Trolox/g extract, and EC50
of 26.72 µg/mL of the aforementioned responses variables, were obtained. Temperature
was the most important extraction factor in all the responses studied. In addition, four
extraction cycles (80 min in total) were enough to exhaust the CS sample. PLE applied to
CS is a promising route to enhance the coffee production chain, providing an alternative
of valorization to obtain antioxidant extracts.
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GRAPHICAL ABSTRACT

ABSTRACT
Supercritical fluid extraction (SFE) and Pressurized liquid extraction (PLE) have been
recently used as extraction techniques in Colombia for academic and industrial purposes.
Those green extraction techniques have been employed to obtain bioactive extracts from
agro-industrial food by-products with economic interest. Banana passion fruit seeds,
golden berry calyx, mango peels, mango seed kernel, passion fruit seeds, soursop seeds,
tamarillo peels have been some the studied agro-industrial food by-products. Several
bioactivities have been assessed on the obtained extracts, such as larvicidal activity
(against Culex quinquefasciatus), in vitro antioxidant activity (TPC, TFC, DPPH, ABTS,
FRAP), protective effect against edible oil oxidation, antiproliferative activity against
cancer cell lines (oral or colon cell lines). The authors present a review of research works
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developed between 2010 and 2019 about the use of compressed fluids to obtain bioactive
extracts from Colombian agro-industrial food by-products for pharmaceutical and
functional food applications as a strategy for their economical valorisation.
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Guamués lake, Nariño (Col)

ABSTRACT
The department of Nariño (Colombia) stands out for being one of the largest producers
of rainbow trout in Colombia where it reports an increase of 320.1 tons in 2008 to a
production of 493 tons/year in 2011. This activity is focused mainly in Guamués lake,
and it carried out in artisanal way and little technology generating a huge risk for the
consumer because of low quality and safety of the product obtained, thereby affecting
public health. However, this activity has great relevance for the population of the region
at an economic and social level because it involves 3550 fish farms [1].
The plants produce compounds with antimicrobial properties that can be used to avoid
different foodborne diseases that cause complications for the health of people [2]. In order
to find alternatives for conservation based on natural ingredients and reduce the use of
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food chemical additives, the main objective of this research was to evaluate in vitro
antibacterial activity of Rosmarinus essential oil (Rosmarinus officinalis), obtained by a
green technology of Supercritical Fluid Extraction (SFE) in rainbow trout fillets.
The results showed that pressure and temperature play a significant rol (p<0.05) in the
extraction process, obtaining the highest yield (2,42%) at 60°C and 300 Bar. The chemical
composition of Rosmarinus essential oil identified that the main compound was camphor
(21.3-26.95%), followed by trans-caryophyllene (15-22.8%) and eucalyptol (5.513.85%). Then, a microemulsion was performed for different concentrations of the
essential oil to get a standardized one [3], and the optimum parameters were: heating
60°C, ratio 1:2 oil with Tween 20 as emulsifying agent and 34,2 minutes of agitation.
The antimicrobial activity was determined by the Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal Concentration (MBC) against a group of phatogenic
bacteria isolated from the rainbow trout microbiota, as a Staphylococcus aureus, Bacillus
cereus and Listeria monocytogenes. Using the method of microdilution in colorimetric
broth per Elisa box [4], it was demonstrated that Rosmarinus essential oil has no effect
antibacterial on Bacillus cereus but it has antibacterial activity against Listeria
monocytogenes and Staphylococcus aureus with a MIC of 32 and 48 μL of oil per mL of
emulsion respectively, representing an alternative for the antibacterial control and
foodborne diseases [5].
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ABSTRACT
Brewer’s spent grain (BSG) has been traditionally used only in animal feed despite its
high nutritional value, with a protein content of ~20% in dry weight basis [1]. This work
is part of a wider project for a complete biomass valorization by using pressurized fluids,
namely SC-CO2 to recover the lipophilic fraction and water. In this work we proposed
the use of subcritical water at 50 bar and 4 ml/min in a semicontinuous reactor at different
temperatures (125 to 185ºC) to extract and hydrolyze BSG proteins. Figure1 shows
protein and amino acid values on SubCW extracts accumulated after 240 minutes of
100
µmol aa/ g BSG, dry
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Figure1. Effect of temperature on SWF extracts of BSG.♦125ºC, ■145ºC,▲160ºC, ○185ºC. A) Protein as 6.25·%N.

extraction. The highest protein content, 15.6 g/100g BSG, dry, was obtained at 185ºC. On
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the other hand, the highest free amino acid content in extracts, 77 µmol aa/g BSG, dry, was
achieved at 160ºC due to amino acid decomposition at this operation conditions. This
trend has been also observed in the literature for SCWF of oyster at 150 ºC [2]. Free
amino acid formed during BSG protein hydrolysis in SubCW are listed in Table 1 together
with the amino acid composition of the BSG protein fraction.
Table 1.
Conditions

Amino acid profile of BSG and BSG hydrolysates obtained at different SCWF temperatures.

Essential amino acids (EAA). Values are expressed as mean ± SD and in mg/100 g BSG, dry
HIS
ISO
LEU
LYS
MET
PHE
THR
VAL

EAA

BSG

379 ±57

1422 ±2

1541 ±38

1475 ±9

335 ±20

1121 ±77

887 ±45

3147 ±209

10308 ±239

125

26.6 ±0.6

13.5 ±0.3

25.2 ±0.1

37.7 ±0.2

4.4 ±0.3

26.3 ±0.2

13.1 ±0.1

28.2 ±0.3

175 ±0.7

145

33.7 ±0.3

20.9 ±0.1

41.6 ±0.2

131.2 ±3.5

15.7 ±0.1

34.5 ±0.3

18.6 ±0.2

38.9 ±0.4

336 ±4

160

19.7 ±0.8

25.4 ±0.2

46.7 ±0.2

87.5 ±3.8

25.5 ±0.2

30.4 ±0.3

19.3 ±0.2

62.7 ±0.4

317 ±4

185

26.7 ±0.7

34.5 ±0.2

59.8 ±0.2

39.4 ±2.6

4.3 ±0.1

33.7 ±1.1

17.7 ±0.5

117.8 ±2.1

334 ±4

PRO

SER

TRP

TYR

NEAA

Conditions

Non-essential amino acids (NEAA)
ALA
ASP
GLU
GLY

BSG

827 ±87

125

44.8 ±0.2

145

58.3 ±0.1

160

66.8 ±0.2

185

89.4 ±0.4

1422 ±134

3898 ±691

741 ±21

1716 ±91

926 ±18

80.7 ±1.7

421 ±81

10598 ±724

51.2 ±0.2

114.3 ±1

15.3 ±0.1

34.9 ±0.2

35.5 ±0.4

4.8 ±0.1

39.8 ±0.3

340.4 ±1.2

182.9 ±0.1

75..3 ±0.6

26.1 ±0.1

42.4 ±0.1

48.5±0.3

6.4 ±0.1

53.2 ±0.5

496 ±2

232.8 ±3.2

49.2 ±0.9

39.5 ±0.2

44.8 ±0.3

49.4±0.5

2.7 ±0.1

47 ±0.7

617±5

92.3 ±1

28.8 ±1.2

78.6 ±0.8

4.7.9 ±0.1

30.2 ±1.4

0.4 ±0.1

58.1 ±1.9

430.1 ±3

Results appears to show a trend related to the hydrophobicity of each group of amino acid
since an increase in temperature improves the yield of aliphatic amino acids extraction,
while the highest yield for charged amino acids, was reached at 145ºC, and neutral amino
acids with a polar side chain, had the highest yield at 160ºC. This agrees with the fact that
aliphatic amino acids are stable at higher temperatures. The decrease of water polarity
with temperature may favor the affinity for these amino acids due to their hydrophobic
character. In addition, small aliphatic amino acids are formed during the decomposition
of the other amino acids [3].
BSG offers a great potential as raw material to obtain protein hydrolyzates and amino
acids due to its high protein content (~20%) and the elevated rate of EAA. Despite
different amino acids has found to be a key parameter on the yield obtained for each
amino acid as function of operating temperature. Results obtained in this work suggest
that SCWF of BSG is able to recover and hydrolyze BSG proteins.
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ABSTRACT
Lignocellulosic biomass is the most abundant biomass form, composed of the three
main fractions, hemicellulose, cellulose, and lignin while those fractions are build up
from different units, cellulose from C6 sugars, hemicellulose mainly from C5 sugars
and lignin from aromatic compounds. Defatted grape seed is a lignocellulosic type of
biomass composed of more than 50% of lignin vs 15 % of carbohydrates and thus a
great feedstock for lignin and aromatic compounds contained in the lignin structure.
Supercritical Water Technology offers many opportunities to overcome drawbacks of
conventional technics used in biomass fractionation, such as long reaction time and
accumulation of organic residue, allowing much faster reaction rate and use of water
as a green solvent compared to organics [1].
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Defatted grape seeds firstly were hydrothermally treated to extract hemicellulose
fraction and possibly bonded phenolic compounds. After hemicellulose extraction
remained solid stayed rich in lignin (around 70 %) and cellulose fraction (around 25
%). This solid was further subjected to supercritical water hydrolysis. For this purpose,
a continues pilot plant with a sudden expansion microreactor was used. The grape seed
suspension was pumped up to 26 MPa and instantaneously heated to 385 ºC by mixing
with SCW steam. The design of the plan allows instantaneously cooling and therefore
reaction termination by depressurizing the product through a high-temperature needle
valve. After the reaction two sample phases were obtained, liquid phase reach in sugars
and aromatic compounds and solid-phase reach in lignin.

Sugar yield (%,w/w)

Graph 1. shows preliminary results based on the supercritical water hydrolysis of grape
seeds that were not previously hydrothermally extracted, as the yield of sugars in the
liquid phase vs reaction time, which was measured as the function of reactor volume
and total flow. High recovery of total sugars (up to 70 %) was obtained, already for a
very short reaction time of 210 ms. Further, the amount of sugars was gradually
decreased due to degradation and then increased again that could be due to possible
lignin depolymerization that allows the new amount of sugars to be accessible to
supercritical water, as the lignin could act as a barrier to supercritical water for
hydrolysis of label fractions. The composition of solid-phase showed that the amount
of lignin in solid-phase firstly increase, but then started to decrease again due to already
mentioned possible depolymerization. Those results will be compared with the results
of biomass that was previously hydrothermally extracted as would be expected that
hydrothermal treatment can improve sample porosity and decrease cellulose
crystallinity, allowing in that way, apart of hemicellulose recovery by hydrothermal
pretreatment, higher recovery of C6 sugars by supercritical water hydrolysis and
possibly of aromatic compounds due to lignin depolymerization.
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Graph 1. Sugar yield in the liquid phase vs reaction time
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ABSTRACT
The biorefinery concept involves the valorization and conversion of biomass into
different bioproducts, including energy, materials and chemicals that can replace products
derived from fossil carbon sources. The integral valorization of biomass requires the
extraction and fractionation of the different constituents thereof, extractables, lipids,
proteins and structural components such as cellulose, hemicellulose and lignin. In this
work, the use of emerging and clean technologies for the integral valorization of different
types of biomass is proposed. First, the use supercritical CO2 (SCCO2) extraction is
proposed for recovering the lipid fraction and ultrasonic assisted extraction to recover the
hydrophilic fraction, to subsequently perform a fractionation and hydrolysis of the
residual biomass using pressurized liquid water.
Several types of biomass are being studied, both second and third generation. Among
second generation biomass, the brewery spent grain (BSG), which accounts for 85% of
the by-products generated in beer processing [1], has been selected as case study of this
communication.
The extraction of the lipid fraction with SCCO2 has been carried out in a 26.5 mL capacity
extractor at different pressures (20-40 MPa) and temperatures (40-80 °C). The lipid
fraction obtained has been characterized by determining its lipid profile and antioxidant
capacity.
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The experiments of fractionation and hydrolysis in subcritical water (scW) have been
carried out in a semi-continuous reactor, varying the extraction temperature. The different
fractions obtained have been characterized by HPLC with two series detectors, UVD and
RID, to determine the content in monomeric sugars and oligomers. Protein, free amino
acids, total polyphenols and total organic carbon have been also determined.
The composition of the BSG according to the biomass characterization protocols of
NREL [2] was 21.1 % arabinoxylans, 25.6 % glucanes, 5.1 % soluble lignin, 10.5 %
insoluble lignin, 1.2 % ashes, 16.7 % proteins, 5.6 % lipids and 14.4 % extractables.
Worth noting the presence of insoluble lignin as well as the high content of arabinoxylans
and glucanes, 10% of which were residual starch.
The extraction curves obtained when studying the extraction of the lipid fraction of BSG
with SCCO2, showed that the extraction rate and the extraction yield increased with
increasing temperature and pressure, with the major fatty acid being linoleic acid.
Regarding fractionation of the carbohydrate fraction, we have observed that, as
temperature increases, hydrolysis increases. Figure 1a shows the sugars yield, including
monomeric sugars and oligomers. Degradation of sugars due to the high residence times
produces acids (Fig. 1b), hydroxymethylfurfural (HMF) and furfural (Fig. 1c).
The treatment of biomass by scW, allows
also recovering the entire protein fraction
by increasing the temperature up to around
185ºC. In addition, partial hydrolysis of the
protein fraction occurs, obtaining as major
free aminoacids valine, aspartic acid,
alanine and glycine.
We can conclude that the fractionation of
BSG through emerging and clean
technologies allows an integral recovery of
BSG, obtaining extracts with high
antioxidant capacity. Pressurized water
hydrolysis allows the recovery and
fractionation of the carbohydrate and
protein fraction.
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ABSTRACT
Acacia dealbata is a species of the genus Acacia, native from Australia, that has been
introduced in the central coastal region of Portugal during the 19th and 20th century for
ornamental, wood supply, dunes erosion protection and pine forests protection purposes
[1]. Currently, it is considered an aggressive invader, appearing in every province of
mainland Portugal, occupying (the genus Acacia) a total area of around 8 thousand
hectares [2]. To control its reproduction, Acacia trees are periodically removed,
producing considerable amounts of biomass. From a previous work [3], several
triterpenes were firstly identified in the biomass of this species, namely lupeol and
lupenone, which have been recognized for their bioactive properties, such as antiinflammatory, anti-virus, anti-diabetes, anti-cancer, among others [4,5].
The bark of A. dealbata was extracted by the conventional Soxhlet method, using
dichloromethane, ethanol, methanol, n-hexane, petroleum ether, ethyl acetate and
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isopropanol as solvents for 6 h. The supercritical fluid extractions (SFE) were performed
at different pressures (200-300 bar), temperatures (40-80 °C) and with the employment
of ethanol and ethyl acetate as CO2 modifiers. The CO2 flow rate was maintained at 12 g
min-1 and the extractions lasted 6 h. The yields of extraction were measured, and the
extracts were analysed by gas chromatography coupled to mass spectrometry (GC-MS).
The total yields of extraction ranged from 1.08 wt.% to 21.87 wt.% for SC-CO2 (200 bar
and 40 °C) and methanol (Soxhlet), respectively. The best SFE assay yielded 2.11 wt.%
(300 bar, 80 C, 5 wt.% ethanol), a comparable value to the least polar solvents by Soxhlet
(dichloromethane, n-hexane and petroleum ether).
Several compounds of the lupane type were identified, namely, lupenone, lupadienyl
acetate, lupenyl acetate and lupeyl acetate (LA). The latter was the main compound
present in the bark. In the case of SFE, the maximum LA yield reached the Soxhlet
reference value for several assays, while the concentration in the first moments of the
extraction surpassed that of the Soxhlet, showing the specificity of SFE for the extraction
of triterpenoids.
Overall, this work provides arguments for further SFE research on A. dealbata biomass,
disclosing a possible valorisation route for the agro-industrial sector, under the
biorefinery scope.
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ABSTRACT
As it is well-known, the huge combustion of fossil fuels in modern societies has broken
the natural balance of the carbon cycle and thus, CO2 concentration in the atmosphere has
increased from approximately 278 ppm in ca. 1750 to more than 400 ppm in 2019 [1, 2].
Therefore, due to its abundance and lack of toxicity, CO2 has gained great attention as a
potential raw material for the synthesis of chemicals and fuels [3]. One of the most
popular alternatives to transform CO2 is its catalytic hydrogenation, however this
technique involves the addition of gaseous H2 which is produced from fossil fuels, such
as the steam methane reforming (SMR) [4]. Moreover, the use of H2 present other
disadvantages such as high production costs and dangerous flammability and
compressibility [5]. Therefore, the in-situ generation of H2 by reduction of water would
represent a great advantage. Furthermore, nowadays the most developed technology to
capture CO2 is its chemical absorption by aqueous solutions of alkanolamines. The direct
conversion of the captured CO2 into useful chemicals would reduce the high costs
associated with the capture process, particularly the desorption of CO2 and the
regeneration of the amine [6]. This work reports initial proof-of-concept studies on the

123

direct hydrothermal reduction of CO2 absorbed on aqueous amine solutions in the absence
of the addition of gas phase H2.
In this research, CO2 absorbed on monoethanolamine (MEA) was used as the starting
material for the synthesis of formic acid and methane. The hydrothermal reaction of CO2
requires the addition of a reductant to the in-situ production of H2. In this work, the role
as reductants of Zn and Al were evaluated. The performance of hydrogenation catalysts,
including Raney Ni, Pd supported on carbon, Fe3O4, Fe2O3 and Ni powder was also
explored. Moreover, the effect of the reaction temperature on the product distribution was
also investigated. Results revealed that Raney Ni catalyst was very selective to the
production of CH4, reaching a yield of ca. 25 % on carbon basis. The yield to CH4 using
Ni powder as catalysts was approximately 7 % on carbon basis, while with the other
catalysts tested no methane was produced. Although the product distribution with both
iron oxides was very similar, Fe3O4 produced higher yields of formic acid than Fe2O3.
These results demonstrated the feasibility of the hydrothermal conversion of CO2 into
value-added chemicals and the potential of this technology for the design of integrated
CO2 capture and utilization systems.
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ABSTRACT
Carbon capture and utilization (CCU) is a rapidly growing research area. It explores the
utilization of carbon dioxide (CO2) as a C1 building block as alternative to fossil-based
resources, bringing carbon back into the value chain and therefore contributing to a
circular economy [1]. Concerns related with increasing CO2 emissions and high levels of
atmospheric concentrations are the major driving force behind scientific global efforts to
address this issue.
In this context, the production of cyclic carbonates is one of the most promising
applications of CO2 as a carbon feedstock into a large-scale utilization. Indeed, cyclic
carbonates may find applications as polar aprotic solvents, electrolytes for lithium
batteries, chemical intermediates and precursors for polymers and fuels [1].
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One of the most attractive routes to produce cyclic carbonates is the atom economic
coupling reaction between CO2 and highly energetic epoxides. Binary catalytic systems
composed of homogeneous metal complexes together with ionic liquids, namely
quaternary ammonium halides, have been successfully used [2,3]. In this work the
synergetic catalytic effect of several hydroxyl-functionalised quaternary ammonium salts
was studied in the coupling reaction between CO2 and propylene oxide. Quaternary
ammonium salts bearing different alkyl chains and hydroxyl groups were synthesized and
tested as catalysts. Reactions were performed in a visual stainless-steel cell at 60ºC and
high pressure CO2 [4-6]. Propylene carbonate was quantitatively analysed by 1H-NMR
spectroscopy. Results obtained highlight the importance of exploring simultaneously both
electrostatic and hydrogen bonding effect in order to increase ionic liquids catalytic
activity.
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ABSTRACT
The Brazilian Pre-Salt fields, today responsible for most of the country’s oil production,
have a very high CO2 content (20%-44% molar) [1]. In order to avoid atmospheric release
of CO2, reinjection into the oil reservoir must be done and the associated effects should
be well addressed. The minimum pressure needed to achieve miscible conditions for oilCO2 mixtures in reservoir is typically above the critical pressure of CO2. Reservoir
temperature is also typically above the critical temperature of CO2. In this work,
simulations of supercritical CO2 injection in a petroleum reservoir is performed and
compared to low salinity water alternating CO2 injection (CO2LSWAG). As this
technique inherently includes three-phase flow, a key step in the simulation is modeling
the three-phase relative permeability. This property is defined as the ratio between the
effective permeability of a fluid phase in the reservoir and the absolute permeability of
the porous media. However, experimental measuring of three-phase relative permeability
is a troublesome task. Therefore, a usual practice is to predict it from two phase relative
permeability data. In this work, four of the most used correlations were compared to
evaluate their effect on oil recovery [2-4]. In the beginning of the simulation period, when
the oil saturation and consequently the oil relative permeability are high, the three-phase
relative permeability model choice has low impact on oil recovery. However, as the
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difference in the predicted oil relative permeability becomes higher for lower oil
saturation, a significant difference in oil recovery is observed at the end of the simulation
period. Different scenarios were simulated to assert the conditions in which this property
is more important. The difference in the predicted oil recovery is higher when the
alternation of the injected fluid is more frequently carried out. This difference also
increases when the ratio between the flow rates of the injected fluids is unity. It was
observed that the choice of the model may lead to a difference of up to 4.5% in ultimate
oil recovery, a substantial value, comparable to differences related with uncertainties of
the CO2 content in the reservoir [5].
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ABSTRACT
Asphaltene is an ill-defined polydisperse mixture and the heaviest part of petroleum [1].
During oil recovery from the reservoir, asphaltenes may precipitate due to changes in the
temperature, pressure and composition of the fluid and can plug reservoir wells and
production lines [1,2]. Injection of supercritical CO2 is the most-common approach for
enhanced oil recovery (EOR), but it may trigger asphaltene precipitation due to
composition changes [3]. Hence, predicting the onset of asphaltene precipitation is
extremely important. The Perturbed Chain-Statistical Associating Fluid Theory (PCSAFT) [4] equation of state (EoS) has been widely used in the literature to model the
asphaltene precipitation [1,3].
As discussed by Yang et al. [5], asphaltene initially precipitates as a second liquid
asphaltene-rich phase. According to Pedersen et al. [6], starting from a single-phase liquid
state, as pressure is reduced the asphaltene onset pressure (AOP) is the pressure at which
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it becomes thermodynamically favorable for the oil to split into two phases (asphaltenerich and asphaltene-lean phases) rather than remaining as a single-phase. At constant
temperature, the total volume of the asphaltene-lean and asphaltene-rich phases below the
AOP is lower than the volume the oil would have as a single phase. Therefore, a
successful asphaltene model must account for this volumetric behavior.
In this work, the capability of PC-SAFT EoS to predict the volumetric behavior during
asphaltene precipitation was evaluated. Four oils with data available in the literature [7]
were studied following the characterization procedure proposed by Punnapala and Vargas
[8]. The aromaticity of the (A+R) fraction [8] was adjusted using experimental data of
bubble pressure while the aromaticity of asphaltene was fitted based on experimental
AOP data. The volumetric behavior in the AOP was calculated with the PC-SAFT EoS
at different compositions of supercritical CO2, for each oil. Above the AOP, an oil is in a
single phase and the results were calculated considering the global composition. Bellow
the AOP, each oil splits in two phases. Thus, a liquid-liquid PT-Flash [6] was first
performed and the resulting phase compositions were used for density calculation. For all
evaluated oils the PC-SAFT EoS correctly predicts a slight change in the slope of the PV
(pressure-volume) curve for pressures below the AOP.
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ABSTRACT
Transport properties such as molecular diffusion coefficients (D12) are of chief
importance for accurate modeling and equipment design of processes involving mass
transfer like supercritical fluid extraction (SFE). The use of supercritical CO2 with a cosolvent has been increasing since it enables fine tuning the affinity of the solvent mixture
to specific solutes. Hence there is a need for D12 of a solute in solvent mixtures [1].
Currently, the experimental data for multicomponent systems, both supercritical and
liquid, are scarce. Moreover, there is an absence of accurate models for these cases [2].
One relevant model for diffusivity estimation is that of Liu-Silva-Macedo [3-5], originally
developed for self-diffusion coefficients and later extended to binary tracer diffusion
(TLSM) by Liu and coworkers [3,5] and to multicomponent Lennard-Jones (LJ)
intradiffusivities by Merzliak and Pfenning (LSM-MP) [3,6].
In this work an improved predictive model and a 1-parameter correlation are proposed to
calculate tracer diffusivities of solutes in multicomponent supercritical or liquid mixtures,
based on the work of Merzliak and Pfenning [3,6]. In this research an extensive database
containing 1457 experimental points was used to optimize the model parameters. This
133

database spans across 131 ternary systems, namely 90 liquid systems and 41 supercritical
systems retrieved from the literature.
The resulting predictive and 1-parameter correlation of the New-LSM model demonstrate
an improved performance over the LSM-MP model. The predictive form of the NewLSM model showed an average absolute relative deviation (AARD) of 9.64 % and the 1parameter correlation achieved 4.11 %, while the original LSM-MP model scores a grand
AARD of 35.93 %.
Furthermore, the predictive Wilke-Chang equation [7] and the 2-parameter correlation of
Dymond–Hildebrand–Batschinski (DHB) [3,8] were tested using the same experimental
database. The former achieves relative deviations of 15.47 % while the later provides a
lower error of 8.05 %.
Overall the New-LSM predictive model shows an improved performance over the
predictive models of Wilke-Chang and LSM-MP, while the 1-parameter correlation
shows better performance than all the tested models
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ABSTRACT
Over the past years the interest in bioactive compounds from natural sources has been
increasing together with the need to substitute conventional harmful organic solvents
applied in solid-liquid extractions by greener alternatives. Therefore it is also necessary
to investigate and determine equilibrium and transport properties of such greener
systems, from which the tracer diffusion coefficients (𝐷𝐷12 ) can be emphasized [1]. This
property is of chief importance for design and optimization of equipment and processes
involving mass transfer phenomena like supercritical fluid extraction (SFE) [2]. The SFE
is being widely studied for the extraction of bioactive compounds like squalene, the solute
focused in this work, which can be obtained from vegetable matrixes with supercritical
CO2 (SC-CO2) [3-4].
Research on hypothetical fluid models is particularly useful to understand the effect of
molecular interactions upon their macroscopic properties. Comparing experimental data
with calculated values on the basis of model fluids allows us to assess the extent to which
a hypothetical system approximates the real one. Molecular dynamics (MD) simulation
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is a widespread and potential approach that can be used to obtain such
information/properties [2].
In this work, classical MD simulations using GROMACS [5] were employed to compute
tracer diffusion coefficients (𝐷𝐷12 ) of squalene in SC-CO2. The results were compared
with experimental data retrieved from the literature. The main trends were analyzed and
discussed taking into account the most relevant theories of transport properties.
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ABSTRACT
Eucalyptol is a high value monocyclic monoterpene possessing antioxidant features
beneficial to human health [1]. Among others, it exhibits substantial antibacterial activity
[2] and is present in medicinal drugs used as a remedy for symptoms of the common cold
and other respiratory infections [1]. Furthermore, eucalyptol has some applications in the
cosmetic industry and is used for food and beverage flavoring [3].
Over the last years demand of consumers for natural food and products, such as natural
bioactive compounds like eucalyptol, has been increasing leading to a higher interest of
both Industry and Academia for fruits and vegetables as a potential source. Extraction
processes and equipment must be designed to achieve the large-scale production of
natural bioactive compounds from such sources. Hence specific transport properties of
bioactive compounds in solvents of interest must be known [4].
In this work, the diffusion coefficients (D12) of eucalyptol in supercritical fluids and in
compressed liquids were experimentally determined. The measurements were carried out
using “green solvents” [5], namely liquid ethanol and supercritical CO2 (SC-CO2)
modified with ethanol, using one of the most well known chromatographic technics, the
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chromatographic peak broadening (CPB) method [6]. The dependencies on temperature,
pressure, density and Stokes-Einstein coordinates were analysed. Furthermore, the new
experimental data were modelled using well-known equations, namely: the two
hydrodynamic equations of Hayduk-Minhas [7] and Wilke-Chang [7-8]; the free-volume
correlation of Dymond-Hildebrand-Batschinski (DHB) [9]; the hybrid model of Tracer
Liu-Silva-Macedo (TLSM) and one of its correlations (TLSMd) [10]; and two of the
empirical correlations of Magalhães et al [11].
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ABSTRACT
The knowledge of transport properties is required for the design, simulation and scale-up
of separations and chemical reactions. In the case of the molecular diffusion coefficient,
D12, it is fundamental to estimate dispersion coefficients, convective mass transfer
coefficients, and catalysts efficiency factors [1]. Many such processes make use of
supercritical carbon dioxide (SC-CO2) as it enables fine tuning the affinity of the solvent
mixture to specific solutes [2]. Since experimental D12 data in SC-CO2 is not widely
available, there is a significant demand for accurate models capable of providing reliable
D12 estimations [3].
Currently, the Wilke-Chang equation [4], which is a modification of the Stokes–Einstein
equation, is the most well-known and most used model to calculate solute diffusivities in
SC-CO2. Recently, Artificial Intelligence models have been applied to the prediction of
diffusivities of gases at atmospheric pressure [5] and binary diffusion coefficients of
liquids [6].
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In this work we applied machine learning algorithms to develop predictive models to
estimate diffusivities of solutes in supercritical carbon dioxide. A large database of
experimental data containing 21 properties for 174 solutes and 4917 data points (covering
small and large molecules) was used in the training of the machine learning models. The
database was randomly split 70/30 % into training and testing sets, respectively.
Three machine learning models were evaluated: a K-Nearest Neighbors model, a
Decision Tree algorithm, and an Ensemble Method (Random Forest). The results were
compared with a simple multi-linear regression and with the Wilke-Chang equation [4].
The best results were found using the Random Forest algorithm which showed an average
absolute relative deviation (AARD) of 4.11 % (see Graphical Abstract) for the 1476
points in the test set (not used in model training). Fitting error was 2.13 %. This model
has six parameters including temperature, pressure, density, solute molar mass, solute
critical pressure and solute acentric factor. The K-Nearest Neighbors and Decision Tree
models presented overall results between 4.8 % and 5.5 %.
By comparison the multi-linear regression obtained an AARD of 15.86 % and the WilkeChang equation resulted in an AARD of 12.41 % for the same test set.
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ABSTRACT
Controlled release systems are formed by a polymer and a drug, which is released into
the body in a pre-designed form. At present, one of the most widely used techniques in
the synthesis of these systems is supercritical foaming and impregnation because it can
be carried out in a single step [1, 2]. In particular, the use of supercritical carbon dioxide
is suitable because its critical point is easy to reach, it is non-toxic, flammable and does
not leave residues after its elimination.
During the foaming process, gas sorption in the polymer matrix results in a decrease in
the glass transition temperature of the polymer, enhancing diffusion and facilitating a
homogeneous impregnation of the drug in the interior of the polymer scaffolds [3]. This
sorption leads to the nucleation of the bubbles. The formation and growth of the cells
takes place during the depressurization stage as thermodynamic instability is produced.
This growth finishes when the polymer returns to the glassy state [4]. Usually, polymer
foaming is carried out at high temperature, but the use of polymeric solutions allows
working at lower temperature.
In this work, Gemcitabine impregnation has been performed on PLGA microcellular
scaffolds obtained from polymeric solutions of ethyl lactate. For this purpose, the effect
of working pressure, temperature and the ratio between monomers of the polymer on the
internal structure of the foams. In addition, this study was conducted for three initial drug
loading in the polymeric matrix. Thermogravimetric Analysis (TGA), Fourier-Transform
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Infrared Spectroscopy (FTIR) and Energy Dispersive Spectroscopy (EDS) analysis were
accomplished to determine if Gemcitabine was impregnated and evenly distributed
throughout the interior of the foam. Finally, the in vitro release profile was also studied
and fitted to a mathematical model. In this model it was considered that the release
process was divided into three different steps controlled by the external diffusion in the
first place, by the internal transfer of mass in the second and then by the degradation of
the polymer.
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ABSTRACT
The Mangifera Indica tree, commonly known as mango, has great potential as an
alternative source of natural compounds with high bioactivity. The production of this
plant generates considerable agro-industrial waste throughout the entire production chain.
These wastes, specifically the leaves, are a very important source of bioactive compounds
of high added value, and therefore, the recovery of these wastes can be important in
various sectors such as pharmaceutical, cosmetic, food, etc [1-5].
This work focuses on the extraction of bioactive compounds present in mango leaf
extracts, for subsequent supercritical impregnation in calcium-sodium alginate dressings
for pharmaceutical purposes.
The extraction technique used is the improved extraction and is carried out for two hours
at 200 bar pressure and 80 ⁰C of temperature with CO2 + 50% ethanol as solvent. The
bioactivity of the extract obtained was evaluated by antioxidant, antidiabetic and
antimicrobial activity against S. aureus. [6-10].
Subsequently, the extract was impregnated in calcium-sodium alginate dressings by
supercritical CO2, at different conditions of pressure (200, 300 and 400 bar) and
temperature (35 and 55 ⁰C). The impregnated dressings were studied to assess whether
they maintained the extract's functionality. The results showed that the best impregnation
conditions are at 200 bar and 55 ⁰C and that the dressings continue to maintain the
antioxidant, antidiabetic and antimicrobial properties of the extract, demonstrating that
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the dressing is capable of retaining the bioactive compounds of the leaf extract, after the
impregnation process with supercritical CO2. These results guaranty the possible to
develop new products with biomedical applications using this methodology.
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ABSTRACT
About 23% (119 EJ) of the world’s total energy consumption is spent in overcoming
friction and to remanufacture worn parts and spare equipment due to wear and wearrelated failures [1]. Nanolubricants, i.e. nanoparticles dispersions in lubricants, have
shown great potential due to the friction and wear reductions [2]. Different nanoparticles
have been used, such as inorganic nanoparticles or carbon-based materials [3]. However,
the dispersion of nanoparticles in base oils is not always stable, this could lead to damage
in the machinery, by additives loss or efficiency reduction of the lubricant. Nanoparticles
aggregation also limits the lubricating performance. Several methods have been
developed to improve dispersion stability among which stand out nanoparticles surface
modification [4]. Surface modification consists in the functionalization of the
nanoparticles with dispersants or other organic molecules with functional groups that can
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react with the nanoparticles. In a recent review [4] it has been concluded that the surface
silanization has a clear advantage because of its higher grafting density and versatility.
In this work, magnesium oxide (MgO) and graphene nanoplatelets (GnP) were
functionalized with octyltriethoxysilane using supercritical CO2 as processing medium,
applying two different reaction conditions to compare the stability of nanoparticles
varying the coating density [5,6]. Silanized nanoparticles were characterized using IR and
X-ray diffraction techniques to verify the synthetic method. In addition, dispersions of
the silanized nanoparticles, in a polyalphaolefin PAO40 and in a mineral oil which
belongs to the G-III group according to the API classification were prepared in order to
study their stability through visual and refractometric methods and their friction and wear
reducing capabilities.
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ABSTRACT
Alzheimer´s disease (AD) is one of the main neurodegenerative disorders affecting
elderly. Thus far, the pathophysiology of AD is not completely clear, and there is not an
effective treatment for this disease yet. AD is a complex neurological pathology
associated with multiple factors, some of them are related with the cholinergic activity
and the increase in oxidative stress. Acetylcholinesterase (AChE) is one of the enzymes
responsible for the development of some AD symptoms [1]. The main physiological
function of AChE is the splitting of acetylcholine (ACh), a mediator of cholinergic
synapses, during the transduction of nerve impulses [2]. Moreover, oxidative damage
occurs as a result of excessive free radical production and the formation of Reactive
Oxygen Species (ROS) [3] involved in disease-related neurodegeneration. Therefore, one
of the promising therapeutic strategies is the inhibition of AChE and the reduction of the
neurological effects caused by oxidative stress.
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Olive leaf is an important agricultural residue in Spain and other olive oil producing
countries, resulting from the pruning of olive trees and the cleaning of the olives before
oil production. This residue is a promising natural source of bioactive compounds such
as terpenoids. This by-product can provide all kinds of terpenoid structures, ranging from
C10-C40. Triterpenoids derived from oleanane and ursane have been reported to have antineurodegenerative activity [4].
Therefore, this work was oriented towards the valorization of olive leaves through
integrated supercritical fluid extraction (SFE) and on-line adsorption process, using
supercritical carbon dioxide as solvent, in order to obtain different families of bioactive
terpenoids with neuroprotective activity, as a therapeutic approach in delaying the
detrimental effects of AD.
The extraction procedure was performed at 300 bar and 60°C during different times
ranging from 0 to 120 min, followed by an adsorption step with different adsorbents
materials, such as silica gel, molecular sieves and aluminum oxide, among others. Then,
SFE extracts obtained at different times, and the compounds recovered from the
adsorbents were characterized by gas chromatography - mass spectrometry (GC-MSQTOF). Results showed that molecular sieves have the highest adsorption capacity,
whereas silica gel produced extracts with different abundance of target terpenoids, thus
providing extracts with diverse anti-cholinergic and antioxidant activities.
In conclusion, obtained results guide us to propose a silica gel adsorbent-assisted SFE
strategy to obtain selective terpenoids rich extracts from olive leaves. Furthermore, new
compounds with potential AChE inhibitory and antioxidant activities have been
identified.
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GRAPHICAL ABSTRACT

ABSTRACT
The current increase in the life expectancy makes diseases and disorders associated with
age like bone pathologies more prevalent and urges the research in new bone repair
strategies (1). Biopolymeric scaffolds are an alternative bone repair material to biological
grafts able to promote bone healing in situations where self-regeneration is compromised.
These synthetic porous structures act as provisional mechanical supports and serve as a
3D-template for cell colonization and subsequent tissue ingrowth (1,2).
Bioactive compounds can be incorporated to scaffolds for local administration to favor
the effectiveness of bone healing. Current scaffold processing techniques have severe
limitations to incorporate bioactive compounds to scaffold structure. Usually, these
methods need organic solvents, high temperatures or multi-step processing which might
originate cytotoxicity problems, premature drug degradation and long processing times
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(1). Supercritical foaming of polymeric scaffolds emerge as the unique green technology
and one-step method to generate highly porous scaffolds loaded with bioactive agents and
with high incorporation yields (1,2). The supercritical foaming liquefies the polymer at
temperatures below its melting point and allows its processing at mild conditions that are
compatible with thermally sensitive bioactive compounds like dexamethasone (a
glucocorticoid with an osteogenic differentiation action) or ketoprofen (an antiinflammatory drug).
In this work, we generate poly(ε-caprolactone) (PCL) scaffolds with attractive
morphological properties. Scaffolds with biodegradation rates in the range from weeks to
months and suitable for bone repair applications were prepared by supercritical foaming
(37ºC, 140 bar). The resulting scaffolds have high porosities (60- 70%) with pore sizes
between 100 and 200 μm, a smooth surface and low-to-medium interconnectivity. The
pore surface roughness and pore interconnectivity can be increased during foaming
process with the use of aerogel microparticles in the scaffold formulations. The intrinsic
lightweight of aerogels (85–95% porosity) also contributed to the increase in the porosity
of the scaffolds and pore size, obtaining macropores in the 100–300 μm range. Finally, in
vivo test (Sprague-Dawley rats) highlighted the bone regeneration capacity (39% of bone
repair at 14 weeks post-implantation) of PCL scaffolds loaded with aerogel microparticles
and dexamethasone obtained by supercritical foaming.
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GRAPHICAL ABSTRACT

ABSTRACT
Gelation of metal-organic frameworks (MOFs) under specific synthetic conditions opens
up a new pathway to fabricate hierarchically porous MOF monoliths, which could be
implemented directly into adsorptive applications. However, due to the complexity of
MOFs synthetic conditions, fabrication of different types of MOFs into a form of a
monolith might be difficult. Additionally, the combination of graphene-based materials
and MOFs as a composite have received tremendous attention in the past years due to
their superior physiochemical properties in comparison to the parent materials [1].
However, the development of monolithic structures in the form of an aerogel for these
multifunctional materials has not been explored thoroughly. Here in, we report a novel
and green general method using super critical carbon dioxide (scCO2) [2] to fabricate
hybrid aerogels containing HKUST-1 or ZIF-8 MOFs and graphene oxide. Furthermore,
we extend the method to fabricate aerogels inside columns for gas separation purposes.
Two main procedures have been developed to fabricate these aerogels:
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(i) Direct mixing, in which the first step consists of dispersing via sonication the presynthetized MOF nanoparticles into an alcoholic dispersion of GO, and then applying the
scCO2 treatment for aerogel formation.
(ii) In-situ growth, in which the nano-MOF crystals are grown from the precursors in the
presence of dispersed GO, and then gelled and dried in scCO2.
Obtained systems are described by using typical solid characterization techniques (XRD,
FTIR, XPS, EDS, etc.). Low temperature N2 adsorption/desorption analysis indicates a
mesoporous matrix with microporous porosity given by the added MOF.
scCO2 drying methodology enables the fabrication of aerogels of GO@MOF inside a
column for gas separation applications. As a proof-of-concept, the system GO@HKUST1 was further studied for CO2/N2 separation.
GO@HKUST-1 one-pot column with 75 wt.% MOF content demonstrated a
breakthrough time of 12.5 min g-1 for N2/CO2 separation (CO2 uptake of 1.37 mmol g-1)
and the separation properties were almost not altered after seven cycles.
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ABSTRACT
Ceramic/polymer-based composites have emerged as potential biomaterials to fill,
replace, repair or regenerate injured or diseased bone, due to their outstanding features in
terms of biocompatibility, bioactivity, osteogenicity, injectability, and biodegradability
[1, 2]. This functional synergism could improve both the physico-chemical and biological
properties of the composite, consequently enhancing bone regeneration [1, 2]. However,
these properties depend on the amount of ceramic component present in the polymerbased composite, since the amount of ceramic can modulate cellular behavior, through
different signaling pathways, and consequently influence the bone mineralization process
and bonding to the surrounding tissues [2]. In this study, different nanohydroxyapatite
concentrations (0, 30, 50 and 70 %) were entrapped into alginate hydrogel, and their role
on biological response was evaluated trough cytocompatibility and osteogenic activation.
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All used composites showed sustained cell viability, without affecting the cellular and
mitochondrial morphology and structure over 21 days of culture. However, cell
proliferation was affected by nanohydroxyapatite content. Alginate hydrogel with
nanohydroxyapatite at 30% promoted increased cell proliferation when compared to those
with higher nanoHA content (50 and 70%), underlining the importance of nanoHA
content for the bioactivity of the composite. The osteogenic response was also affected
by the nanohydroxyapatite content. The composites with the lowest nanohydroxyapatite
concentration induced significant expression of Runx2, the main transcriptional factor of
osteoblastic differentiation. Besides, they also increased the expression of Col1a1 and
BGLAP to similar levels to those attained in cells exposed to osteogenic medium,
supporting the osteogenic activation. The results showed that the nanohydroxyapatite
content had a crucial role in the biological response of the composite. Moreover, among
the composites studied, the alginate hydrogel with 30% nanohydroxyapatite showed to
maximize the osteoblastic cells’ proliferation and osteogenic activation, which could
contribute to improved bone regeneration.
ACKNOWLEDGEMENTS
This work was financed by FEDER – Fundo Europeu de Desenvolvimento Regional
funds through the COMPETE 2020 – Operacional Programme for Competitiveness and
Internationalisation (POCI), Portugal 2020, by Portuguese funds through FCT/MCTES
in the framework of the project “institute for Research and Innovation in Health Sciences
(POCI-01-0145-FEDER-007274), by Project Biotherapies (NORTE-01-0145-FEDER000012) and by Joana Barrosʼ PhD grant (SFRH/BD/102148/2014).
REFERENCES
[1] M. Nabavinia, A.B. Khoshfetrat, H. Naderi-Meshkin, Material Science and Engineering C, 97, 67-77.
2019.
[2] J. Barros, M.P. Ferraz, J. Azeredo, M.H. Fernandes, P.G. Gomes, F.J. Monteiro, Material Science and
Engineering C, 105, 109985, 2019.
[3] S. Eosoly, N.E. Vrana, S. Lohfeld, M. Hindie, Material Science and Engineering C, 32, 2250-2257,
2012.

156

EIFS 2020

PM08

Preparation of advanced drug delivery systems containing
gold nanoparticles using supercritical CO2
Albertina Cabañasa,*, Jonathan Bermúdezb, M.J. Tenorio a,c, Eduardo Sáncheza, Isaac
A. Cuadraa, Concepción Pandoa, Diego Felipe Tiradob, Lourdes Calvob
a

c

Physical Chemistry Dep., b Chemical Engineering and Materials Dep., Universidad
Complutense de Madrid, 28040 Madrid

Current address: Chemical, Energy and Mechanical Technology Dep., Universidad Rey Juan
Carlos, Madrid, Spain
* a.cabanas@quim.ucm.es
GRAPHICAL ABSTRACT

ABSTRACT
The design of multifunctional drug formulations with high bioavailability is a key aspect
in pharmaceuticals development. In this communication, the preparation of advanced
drug delivery systems including Au nanoparticles (NPs) using supercritical CO2 is
proposed. Gold has low inherent toxicity and high biocompatibility. [1] Furthermore gold
NPs absorb radiation due to the plasmon resonance phenomena, causing local heating of
the material. This fact has been exploited in cancer therapies to induce cell death
(photothermia) [2] and it can be also used in advanced drug delivery formulations. For
example, in systems formed by an Active Pharmaceutical Ingredient (API), Au NPs and
a temperature sensitive polymer, local heating induced by light can trigger the release of
the API.
Materials were prepared following two different techniques: (i) Impregnation using
scCO2 as the solvent and (ii) the Supercritical AntiSolvent Technique (SAS) using CO2
as an antisolvent.
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AuCl4·3H2O dissolved in ethanol + CO2 mixtures was used as precursor. First, the
solubility of the precursor and its stability in the mixture was assessed using a highpressure variable volume view cell following the procedure previously described.[3] The
salt (y= 1.3 10-4) was dissolved at 40ºC and 8.6 MPa in a 20% mol ethanol + CO2 mixture.
At this concentration, the precursor started to decompose at 60ºC yielding Au metal NPs.
AuCl4·3H2O was used to impregnate a mesoporous SiO2 SBA-15 support in the ethanol
+ CO2 mixture at 40 ºC and 9.5 MPa. Previously, the silica surface was functionalized
with thiol groups in supercritical CO2.[4] The metal precursor decomposed insitu at 80ºC
yielding Au NPs (7 nm wide) within the support pores.
Furthermore, the preparation of polymeric particles containing Au NPs was attempted by
SAS. An ethanol solution of Eudragit L100 (Poly(methacylic acid-co-methyl
methacrylate) 1:1) and the metal salt was precipitated by SAS at 40-60ºC and 10.0-15.0
MPa. The metal decomposed during the precipitation process and was incorporated into
the polymeric particles. At 40ºC and 150 bar, polymer NPs of ca. 190 nm containing ca.
3% Au mass (EDX) were obtained. Precipitation process was affected by the Au NPs.
This is the first time that the reactive precipitation of the gold precursor has been
attempted by SAS.
These composite materials could be loaded in a further step with other APIs becoming
advanced drug delivery systems. The examples provided illustrate the versatility of the
supercritical fluid technologies in the preparation of drug formulations.
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GRAPHICAL ABSTRACT

ABSTRACT
Triggered by the pine wood nematode (PWN), Bursaphelenchus xylophilus, pine wilt
disease (PWD) leads to death of different pine species translating into significant
ecological and economic losses. This invader organism is currently widespread in several
regions of the world, including Portugal and Spain, where it essentially colonizes Pinus
pinaster. Its dispersion is due to insect vectors of the genus Monochamus and, in these
countries, M. galloprovincialis is the only identified species transmitting the PWN.
Therefore, it is important to monitor and control these beetles to prevent the infection of
healthy trees. In this sense, baited traps containing phytochemicals and/or aggregation
pheromones have been used to capture these insects, but those products still present some
limitations [1]. To overcome issues related to the effectiveness, duration of action and
ease of application the main aim of this study is the development of formulations based
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on the biodegradable polymer poly(e-caprolactone) (PCL) containing attractive
compounds to PWN insect vectors, processed by supercritical CO2 (scCO2) foaming. To
select attractive compounds, wind tunnel (200 × 80 cm) assays, at constant wind speed of
40m.s-1, using both male and female insects in sexual maturation phase were conducted,
revealing positive responses to α/β-pinene, δ-3-carene and β-caryophyllene. Thus, we
firstly incorporated α-pinene as a model molecule in PCL in order to define the process
conditions. Three different pressures were applied (133, 164 and 212 bar) at 40ºC for two
and a half hours before pressure quench at 10 bar/min. After this first step, previously
obtained scCO2 P. pinaster extracts already analyzed were enriched with the attractive
compounds (α/β-pinene, δ-3-carene and β-caryophyllene) to be then incorporated in the
porous matrices. Those extracts revealed the presence of abietadiene, which may
probably be due to a defensive response [2]. Furthermore, those extracts exhibited
acetylcholinesterase (AChE) inhibitory activity, corresponding to a possible
nematicidal/insecticidal potential [3]. All the resulting monoliths were evaluated in terms
of their volatiles release and impregnation capability by gravimetric assays and gas
chromatography by solid-phase microextraction (SPME-GC-FID/MS) using a wind
tunnel. Regarding the first study with α-pinene, analogous mass loss of the monoliths was
noticeable up to seven days. After 30 days, the tested monoliths had already released more
than 90% of the initial loading. Despite that, even at a lower rate, monoliths with α-pinene
released beyond 100 days, noticing the aroma and mass loss. To improve and avoid burst
effect on the initial release profile we tested two different approaches: inclusion of
sawdust (40%, w/w), and coating of monoliths using a cellulose membrane. An increasing
of α-pinene loading was obtained by incorporation of sawdust, and a linear profile was
achieved using cellulose membranes as a barrier. The enriched pine extracts with α/βpinene, δ-3-carene and β-caryophyllene are currently being tested in a wind tunnel, and
further assays with insects will be performed.
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GRAPHICAL ABSTRACT

ABSTRACT
Food active packaging is an innovative approach which aims to extend shelf-life by
improving safety of food products while maintaining their quality [1]. Active packaging
systems are based on materials in which active substances with antimicrobial and/or
antioxidant properties are incorporated into the polymer matrix, with the tendency to
follow the trend towards natural-based and eco-friendly alternatives. Carvacrol, phenolic
monoterpene present in oregano and thyme essential oils, is already well known for its
strong antimicrobial and antioxidant activity [2]. Blending of two biodegradable
polymers, poly(lactic acid) (PLA) and poly(ε-caprolactone) (PCL) enables formation of
new biomaterials with improved mechanical, thermal and biodegradation properties [3].
Present study was aimed to produce biodegradable film with antioxidant activity for
active food packaging. Films of PLA with 5wt% of PCL (denoted as PLA-5) prepared by
solvent casting method were loaded with carvacrol (C) using supercritical CO2 at
temperature of 40 °C and pressure of 10 MPa. Morphological, structural and mechanical
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properties of the obtained PLA-5/C film containing 21.83% of carvacrol were
investigated. Antioxidant activity of prepared film was evaluated using 2,2-diphenyl-1picrylhydrazyl (DPPH) free radical scavenging and reducing power assays, and the total
polyphenolic content was determined. Kinetics of carvacrol release from PLA-5 film was
investigated. The slow release of active component (49.03% of initially loaded in the
film) into distilled water over longer time (6 weeks) was observed. Film with the
homogeneous distribution of active component within the polymer was produced, which
was confirmed using gravimetric, UV-Vis and HPLC methods. FTIR analysis revealed
that carvacrol interacted with polymer matrix through intermolecular hydrogen bonds
between their terminal hydroxyl group and carbonyl groups of the ester moieties of both
PLA and PCL [3]. Supercritical CO2 impregnation process enabled preparation of PLA5 film with homogeneous distribution, good antioxidant activity and improved flexibility
and elasticity.
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GRAPHICAL ABSTRACT
It is possible to inactivate Salmonella in whole liquid egg by the
application of high pressure CO2 combined with cinnamaldehyde.
100000

N0
HPCD

CFU/ml

10000

HPCD+1000 ppm CNM
HPCD+2500 ppm CNM

1000

HPCD+4000 ppm CNM

100

10

1

0

20

40

60

80

100

120

140

160

180

Time (h)

ABSTRACT
Egg products are widely used by the food service industry and commercial food
manufacturers because of its convenience and ease of handling and storage as compared
to shell eggs. However, these products are responsible for many foodborne illnesses,
mainly caused by Salmonella enterica, constituting a significant health risk and a source
of high economic losses. Consequently, the European Regulation is very stringent, so it
requires the absence of Salmonella in 25 g o ml of liquid whole egg (LWE). For this
reason, pasteurized liquid egg products have replaced raw eggs in restaurants and other
collective caterers. Commonly, LWE pasteurization is achieved by thermal treatment at
61 ºC for a minimum of 2.5 min. However, this standard treatment might not be
completely effective in eliminating Salmonella. Therefore, some providers use chemical
preservatives to prevent the survival of biocontamination after pasteurization. It is also
usually recommended to consume the product within 3 days from the opening of the
package. In a previous work, we explored the use of essential oils (EOs) as alternative to
the chemical preservatives as these natural compounds are generally recognized as safe
(GRAS). The growth/survival of S. enteriditis was studied by quantitative and
presence/absence tests during the storage of the product at 4 ºC (simulating refrigeration
conditions). The cinnamon bark EO showed the strongest antimicrobial activity. Its action
was attributed mainly to its high content (67 %) of cinnamaldehyde (CNM). Thus, the
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addition of this pure compound was further investigated. Concentrations of 6000 ppm
were enough to reduce a S. Enteriditis population of 106 colony forming units (CFU) per
mL to undetectable levels. The CNM addition did not significantly affect the pH or the
ºBrix of egg products, but the smell and the color were very perceptible [1]. On the other
hand, the use of high-pressure CO2 effectively killed Salmonella typhimurium spiked in
egg yolk (>100%) at 13.7 MPa and 35 ºC for 2 h. However, it was not effective in LWE
[2] probably due to the protective effect of its high fat content (about 15%).
This work explores the use of high-pressure carbon dioxide (HPCD) for the inactivation
of Salmonella enterica serovar Enteritidis alone and in combination with cinnamaldehyde
at lower concentrations than those previously explored. We pursued to reduce the sensory
impact of the pure CNM as well as a synergetic effect of the two technologies to provide
a non-thermal method for the sterilization of LWE. The assays were carried out with
continuous CO2 flow over the samples at 10 MPa, 45º C, and 20 minutes of exposure
time. The effect of CNM concentration on the survival of Salmonella was followed during
storage at 4º C for 7 days. The results are shown in the Graphical Abstract figure.
Treatment with CO2 alone caused the immediate death of 97.4 % (equivalent to 1.6 logs)
of the initial Salmonella contamination (6.8 104 CFU/mL). In samples contaminated with
1.2 106 CFU/mL, the reduction was 2.2 logs (results not shown). This reduction could be
enough for the practice as contamination by Salmonella in real samples is at most of the
order of 101-102 CFU/mL; although it is not sufficient for the sterilization standards that
require at least 6 logs reduction. On the other hand, it seems that the Salmonella cells
were damaged, since 100 % of them were death after 7 days of storage. Refrigeration by
itself caused the slow death of Salmonella, as can be seen in the curve corresponding to
the control sample (N0) but the inactivation rate of the HPCD treated samples was faster.
The use of CNM showed additional inactivation effect, but significant differences were
not detected till the concentration of CNM increased up to 4000 ppm. Thus, with this
compound added to the LWE previous the HPCD treatment, the Salmonella was totally
inactivated at 48 h in cold storage. At this same time, 98.9 % of the Salmonella population
was inactivated by solely the CO2. Another very interesting aspect of this investigation is
that no recovery of Salmonella was detected after any of the treatments.
After the CO2 release, the pH of the samples did not vary. In the samples added with
CNM, the smell to “cinnamon” was perceptible but not unpleasant. Anyway, the LWE is
above all used to make bakery products, so this odour could be even wanted. Additionally,
the LWE is also very diluted in the pastry masses.
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ABSTRACT
Legionellosis is a set of infections caused by Legionella pneumophila and related to
Legionella bacteria. The severity of legionellosis ranges from a mild febrile illness
(Pontiac fever) to a life-threatening form of pneumonia (Legionnaires' disease) that can
affect anyone, but primarily affects those who are susceptible due to age, disease,
immunosuppression, or other risk factors, such as smoking. Water is the main natural
reservoir of Legionella. Therefore, Legionella can be found in many aquatic
environments, both natural and artificial such as cooling towers, water systems in hotels,
health-care facilities, hotels and ships, fountains natural spas, hot tubs and swimming
pools [1].
Once an outbreak of Legionella is detected, action must be taken immediately. The
sterilization methods commonly employed are the application of heat above 70 °C for at
least 3 h or the addition of chlorine under specific pH conditions. In the latter case, it is
common the need to use bio-dispersants to facilitate the attack of chlorine, as well as
anticorrosives to prevent damage to the installations [2]. These techniques are applied
after the contamination is produced. In this work, the inactivation of Legionella in
aqueous media using supercritical carbon dioxide (sc-CO2) was investigated as a pretreatment of the water.
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First, tests were performed in discontinuous operation, at pressures from 10 MPa to 35
MPa, temperatures from room (about 26 ºC) to 50 ºC, and treatment times up to 30 min.
The results were compared with those obtained with only heat. The increased pressure
improved the inactivation of Legionella, probably due to better dispersion and dissolution
of sc-CO2 in the aqueous medium. However, it was not necessary to exceed 20 MPa. In
the chemical industry, the most problematic installations are cooling towers (27 % of
legionellosis cases). The temperature that the water can acquire in this equipment
oscillates between 22 °C and 35 ºC (in summer), the ideal temperature for the growth of
Legionella. The treatment with sc-CO2 in this temperature range, which would imply not
having to provide heat, was effective, causing the total inactivation of Legionella, if the
pressure was 20 MPa and the treatment time was 30 min.
For a given temperature, treatment with sc-CO2 was always much more effective than
thermal treatment, confirming the separate antimicrobial capacity of sc-CO2. However, it
is an implicit requirement of this treatment to work at high pressures.
Inactivation kinetics was studied at mild conditions of 26 ºC and 10 MPa (see Figure in
graphical abstract). The kinetic curve had two distinct stages. The first one corresponding
to a constant inactivation degree of almost -3 log-cycles that was related to the effect of
the pressurization at the immediate contact with sc-CO2. The second one from 15 min on,
corresponds to a faster straight-line inactivation kinetics that was related to the cellular
penetration of the sc-CO2 and the subsequent many intracellular alterations caused [3].
The inactivation constants of the second decreasing period (k = 0.17 min-1 and D = 5.6
min) were of the order of magnitude to those reported at close conditions for other gramnegative bacteria as Salmonella typhimurium, k = 0.21 min-1 at 35 ºC and 15 MPa [4] and
Escherichia Coli, D = 7.31 min at 26 ºC and 6 MPa [5].
For future application as water treatment, continuous processing is necessary. Thus, water
contaminated with Legionella was treated in spiral coils of different length in direct cocurrent contact with sc-CO2. Holding times of few minutes were necessary for the total
inactivation of Legionella at temperatures below 35 ºC at 10 MPa. The depressurization
of the outlet mixture allowed the separation of the sterile water from the gaseous CO2. At
higher scale, CO2 could be recycled with minimum pumping if water was separated at 5
MPa - 6 MPa in a flash tank as it is done today the separation of the extract in other scCO2 processes.
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ABSTRACT
Some strategies for the treatment of wounds involve the use of active wound dressings
that deliver bioactive agents to treat wound complications. For example, the local delivery
of anaesthetics has been proposed to treat wound pain in chronic and post-surgical
wounds [1]. The use of microparticles for local drug delivery is of special interest since
they present high surface area and low toxicity, and they do not cross biological barriers,
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allowing a sustained release of the bioactive agents [2]. In particular, microparticles made
of lipid materials are suitable for wound delivery due to their high biocompatibility and
similarity with natural components of the skin, stability upon storage and ease of
processing at a large scale.
PGSS (Particles from Gas-Saturated Solutions) technique is based on the use of
supercritical CO2 as a plasticizer and pressurizing agent for the atomization of particles
[3]. This supercritical technology is a solvent-free and one-step process consisting on the
melting of a substance (or mixture of substances) in the presence of pressurized CO2,
which has a plasticizer effect and reduces the normal melting point of the mixture. Then,
the reactor is depressurized by opening a valve, the mixture passes through a nozzle of a
determined diameter and the fast depressurization causes the precipitation of the solution
in the form of solid microparticles.
In this work, the PGSS technique was used to produce SLMPs of glyceryl monostearate
(GMS) loaded with an anaesthetic agent that also presents some antimicrobial properties,
lidocaine hydrochloride (LID). The melting point depression of GMS in the presence of
compressed CO2 was studied using a view cell. The influence of the most relevant
parameters (P and T) in the final shape and size of the particles was studied using scanning
electron microscopy (SEM) and image analysis to visualize the particles and determine
the particle size distribution. The SLMPs were characterized in terms of physicochemical
properties (ATR-IR), drug content and release behavior. The antimicrobial properties
(MIC and MBC) of LID were studied against relevant bacteria in wound infections. The
permeability of the SLMPs through bioengineered skin equivalents was also tested in
Franz cells to study in vitro any potential penetration through epidermal and dermal
tissue.
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ABSTRACT
Nowadays developing solutions for carbon dioxide capture is extremely important. There
are already presented in the literature various materials and techniques capable of
capturing this gas [1]. A suitable and appropriate alternative the is Calcium Looping
technology that use calcium oxide [2], which can be obtained from various renewable
sources, mainly by the calcination of eggshells or marble residues, since these are mainly
composed of calcium carbonate. However, for the use of this type of solid materials it is
important to produce them homogeneously and to guarantee a maximum possible surface
area. One technique that has proven to be an added value in this regard is Supercritical
Antisolvent (SAS) precipitation [3]. With this technique, and by varying the operating
conditions it is possible to obtain both different particle sizes and particle size
distributions as well as different morphologies. Nobre et al (2019) have already
successfully micronized calcium acetate from eggshells using SAS process [4]. The aim
of this work is to study the possibility of using the SAS process to micronize calcium and
magnesium acetate, from dolomite residues, a naturally occurring calcium and
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magnesium carbonate. The product obtained from the precipitation will be characterized
by SEM analysis, FTIR spectroscopy and its surface areas, as well as its capacity for
carbon dioxide capture.
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ABSTRACT
About 40% of drugs with market approval and nearly 90% of molecules in the discovery
pipeline are poorly water-soluble [1, 2]. Solid state, drug purity and crystal size
distribution are key control objectives of pharmaceutical crystallization processes. These
outputs directly influence the drug product quality including solubility and rheological
behavior during downstream processing [3].
Supercritical fluid methodologies have attracted interest due to their potential to control
the crystalline form and size of pharmaceutical substances, improving the bioavailability
of poorly soluble drugs [3-6]. These techniques provide a unique environment for
different molecular recognition events to occur, which may induce the formation of
particular cocrystals, polymorphs or amorphous materials in the micron and nano-sized
range, that cannot be reproduced by other techniques [6, 7].
This work describes the generation of several newly reported cocrystals of a poorly
soluble API. Due to the API extremely poor solubility, these cocrystals cannot be
produced using conventional techniques (e.g. solution crystallization, slurry
recrystallization, and spray drying). By employing a Cocrystallisation with Supercritical
Solvent (CSS) method, it was possible to generate materials with improved dissolution
profiles in the form of cocrystals.8 This technique has many advantages over most
conventional techniques as there is no requirement for organic solvent use during
processing. As a result, this factor also eliminates the need for time consuming post173

processing steps such as filtration and drying unit operations. Furthermore, this technique
(CSS) is considered to be a relatively straight forward technique to scale, providing an
opportunity for a new method to be employed for the large-scale production of
pharmaceutical compounds. A thorough screening, using multiple coformers, was
completed using supercritical CO2 as a solvent and the results (cocrystal purity,
dissolution rate) were compared to mechanochemical techniques such as neat and liquid
assisted grinding. In these experiments, several new cocrystals were produced and
characterized by PXRD, FTIR, and DSC techniques. The compressibility and flowability
of these new cocrystals were studied and compared to raw forms of this API in crystalline
and amorphous forms.
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ABSTRACT
Rice bran oil is a source of bioactive molecules such as sterols, tocols, -oryzanols and
unsaturated fatty acids [1,2]. In this work, the encapsulation of rice bran oil extracted
using supercritical CO2 under the conditions optimized by Benito-Román et al. [3] has
been studied.
Microencapsulation processes are sequential and involve the emulsion formation and
then, the emulsion drying. In a first stage, the emulsification process by high pressure
homogenization was studied and optimized. High pressure homogenization, also known
as microfluidization, is a high energy emulsification method affected by several
parameters: pressure and number of homogenization cycles (together determine the
energy input), the carrier material, the carrier to core ratio, and the solids content in the
emulsion. Microfluization also exhibits an important advantage: the industrial application
due to flexibility to control the emulsion droplet size (EDS) and the ability to produce
emulsions from a variety of materials [4]. Among the different encapsulation materials,
vegetable proteins are trendy, due to their properties and the possibility to be used in
pharma, cosmetics and food industries [5]. More specifically, pea proteins present the
most interesting properties such as emulsifying easiness, high nutritional value and non175

allergenic characteristics [6]. For these reasons, and the wall forming properties pea
proteins have, key in microencapsulation processes, they were used in this work. The
effect of working pressure (60-150 MPa), composition of the carrier (mixtures of pea
protein isolate (PPI) and maltodextrin (MD), (from 50 to 90% of PPI) and carrier to oil
ratio (COR) (from 2 to 4) on the emulsion droplet size (EDS) was studied, using the
response surface methodology. The number of passes through the homogenization
chamber was previously determined and set in 7. The experimental work, revealed that in
order to minimize the EDS, moderate pressures (114 MPa), a carrier composed mainly
by PPI (64%) and carrier to oil ratios around 3.2 are required. Important interactions
between the experimental factors were also observed.
In the second stage, the emulsion obtained in the optimal conditions (EDS=189±3nm)
was dried using different technologies: spray-drying (Buchi B-290 mini Spray-dryer, inlet
temperature 155 ºC, outlet temperature 92-96 ºC and emulsion flow rate of 3 g/min);
PGSS-drying (apparatus extensively described by Melgosa et al. [7], being the main
working conditionsgas to product ratio (GPR) equal to 30 g/g temperature and pressure
in the static mixer of 105 ºC and 10 MPa, respectively) and freeze drying (Labconco
Freeze Dry System, 0.15 mbar for, at least, 48 h). All of them were suitable to get dry
powders, spray drying provided high encapsulation efficiencies (around 73%) and
monomodal powders (around 18 µm), whereas PGSS drying provided lower
encapsulation efficiencies (around 52%) but perfect spheres with lower particle size
(around 11 µm). Freeze drying yielded powders with almost complete encapsulation
efficiencies, and higher stability when stored at 4 ºC, since spray-dried and PGSS-dried
powders increased the amount of free oil after two weeks of storage.
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Overall Conference Programme
Tuesday, 18th February
8:30

Registration

9:00

Welcome/Opening Session

9:30

Plenary 1
(Chair: Carlos A. García-González)
Session 1
(Co-chairs: Carlos Silva, Ignacio Gracia)
O01
O02
O03
Coffee break + Poster Session
Session 2
(Co-chairs: Manuel N. da Ponte, Josefa
Fernández)
Keynote 1
O04
O05

10:20
10:40
11:00
11:20
11:50

12:20
12:40
13:00
13:45
14:30

15:20
15:40
16:00
16:20
16:50

17:10
17:30
17:50
18:10
18:30
19:30
20:00

Wednesday, 19th February

Plenary 3
(Chair: Luísa Durães)
Sesssion 5
(Co-chairs: Ana Rita Duarte, Lourdes Calvo)
O13
O14
O15
Coffee break + Poster Session

Lunch Break
Plenary 2
(Chair: Carlos García-González)
Session 3
(Co-chairs: Selva Pereda, Sagrario Beltrán)
O06
O07
O08
Coffee break + Poster Session
Session 4
(Co-chairs: José Coelho, Herminia
Domínguez)
O09
O10
O11
O12
Guided City Tour
Tapas Dinner

Session 6
(Co-chairs: Sílvio V. Melo, Nora Ventosa)
Keynote 2
O16
O17
Lunch Break
FLUCOMP meeting
Plenary 4
(Chair: Mara Braga)
Session 7
(Co-chairs: Pedro Simões, Angel Martín)
O18
O19
O20
Coffee break + Poster Session
Session 8
(Co-chairs: Ana L. Oliveira, Concha
Domingo)
O21
O22
O23
O24
Closing Session

Gala Dinner

Rooms:
Plenary 1 and Plenary 3 – Salón de Actos Novoa Santos
Other Plenaries and Oral sessions – Aula Castelao
Poster sessions – corridor
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