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1: Supercritical Fluids: Fundamentals for Application - Google Books
Supercritical fluids which are neither gas nor liquid, but can be compressed gradually from low to high density, are
gaining increasing importance as tunable solvents and reaction media in the chemical process industry.

Jessop, Walter Leitner Book Description: The use of supercritical fluids as a media for chemical synthesis is
discussed in detail. Experimental techniques and case studies of the application of supercritical fluids as a
reaction media are discussed. Product development of food and neutraceuticals is at an all time high, so
methods to improve bioactive compound extraction techniques are necessary. This book examines the
thermodynamics, mass transfer, and economics of several techniques including: Provides and clear and
uncluttered account of the basic physical principles underlying the use of supercritical fluids. Covers basic
topics such as phase behavior, thermodynamic properties, and diffusion. Application of compressed gases as
solvents has found widespread interest within the scientific community. Its processes have industrial
applications. The text deals with the possibilities of supercritical gases as solvents for separation processes.
The volume combines physicochemical aspects with chemical engineering methods. Most of the experimental
examples and case studies provide new results that will be helpful for practicing scientists, engineers, and
students who want to make use of the techniques. Desimone and William Tumas Book Description: The
prospective green uses of utilizing liquid and supercritical carbon dioxide is discussed. The focus of the book
is the chemical synthesis, polymers, and applications using carbon dioxide. Synthesizing research from a wide
variety of sources, this work offers a convenient guide to a clean, inexpensive, and non-toxic solvent that
performs better than most conventional solvents. The text reviews recent developments in supercritical fluid
technology and its applications to the food, flavor, fragrance, and pharmaceuticals industries. It outlines the
many advantages supercritical fluid techniques have over traditional extraction methods like steam distillation,
solvent extraction, and molecular distillation. This book is a compilation of experimental and solubility data
for liquids, solids, polymers, foods, drugs, nutraceuticals, pesticides, dyes, and metal complexes. This is a
good supercritical reference to have because tables are easily organized by compound and include a plethora
of information such as: The use of supercritical fluids for cleaning applications is explored through
discussions of the supercritical state, solubilities of contaminate materials, designing cleaning processes,
dynamics of particle removal, and surfactants and microemulsions. The text also has several detailed case
studies on the use of supercritical fluids as a cleaning solvent. Supercritical Fluid Extraction; Larry T.
Supercritical Fluid Extraction provides a clear, practical step-by-step introduction to a sample preparation
method that helps laboratories reduce or eliminate the use of halogenated solvents, extract samples more
quickly and efficiently, and improve the accuracy of their results. By encouraging a deliberate, systematic
approach to supercritical fluid extraction methods and techniques, this book enables the scientist to effectively
introduce this technology into everyday laboratory practice. Applications of supercritical fluid extractions
include recovery of natural products and environmental and industrial cleanup. This text provides extensive
coverage of diverse applications. Each section contains an overview followed by detailed treatments of
specific topics including, thermodynamics, chromatography, and mass transfer. Increasing quality and safety
standards, penchant for natural products, and minimizing use of harsh solvents all contribute to the growth of
supercritical fluid technologies. This book discusses the rise and methodology of supercritical fluids as the
safe, solvent-free alternative for extraction and isolation of active ingredients. Specific examples include
extraction of: Principles and Practice; Mark A. Supercritical fluid extraction is a technique in which carbon
dioxide is used under extremely high pressure to separate e. Separations are basic to all process industries and
supercritical fluid extraction is a specific type which is receiving a high level of attention. The book will
combine basic fundamentals with industrial applications. Presents technical analysis of the successes and
failures of supercritical fluid technology. The second addition contains new material on polymer processing,
calculation of phase behavior, and phase behavior of high- pressure mixtures and has been expanded and
updated and includes new chapters on chromatography and food processing. Kiran Editor , Pablo G.
Debenedetti Editor , Cor J. Peters Editor Book Description: This book is a collection of all the advances in
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supercritical fluid science written by a handful of leaders in the field. It provides overviews of phase
equilibrium, thermodynamics, critical behavior, and transport properties. Unlike other introductory books, it
also focuses on the advances in molecular modeling, phase separation, and applications. Detailed accounts of
range of techniques that can be used with supercritical fluids. These accounts include step-by-step details that
include: Useful for supercritical novices because it walks the reader through reproducible techniques that
allows the reader to become comfortable with the wide world of supercritical fluids ISBN Supercritical Fluids:
The potential of supercritical fluid processing methods is presented in a comprehensive manner in this text.
Through the careful discussion of physical and chemical principles, the application of this processing
technology is demonstrated. Kompella Editor , Boris Y. Shekunov Editor Book Description: This book covers
supercritical fluid technologies and how they currently and will be utilized to improve in controlled drug
delivery. It also discusses the various types of process engineering techniques. This book is a compilation of
the the chemical reactions, structures and fundamental properties of supercritical fluid systems for the
production of new compounds, nanomaterials, fibers, and films. Advances of supercritical material in
increased selectivity and reduced waste is discussed. Other important topics of note include:
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2: This website is currently unavailable.
Theory and applications" dedicated to Prof. Yu. E. Gorbaty Editorial Full text access Introduction to the special issue of
the Journal of Molecular Liquids "Supercritical fluids.

These fluids are thought to reach supercritical conditions under a number of different settings, such as in the
formation of porphyry copper deposits or high temperature circulation of seawater in the sea floor. At
mid-ocean ridges, this circulation is most evident by the appearance of hydrothermal vents known as "black
smokers". The fluids appear like great black billowing clouds of smoke due to the precipitation of dissolved
metals in the fluid. It is likely that at depth many of these vent sites reach supercritical conditions, but most
cool sufficiently by the time they reach the sea floor to be subcritical. One particular vent site, Turtle Pits, has
displayed a brief period of supercriticality at the vent site. A further site, Beebe , in the Cayman Trough, is
thought to display sustained supercriticality at the vent orifice. The surface pressure is 9. The gaseous outer
atmospheres of Jupiter and Saturn transition smoothly into the dense liquid interior, while the nature of the
transition zones of Neptune and Uranus is unknown. Theoretical models of extrasolar planets 55 Cancri e and
Gliese d have posited an ocean of pressurized, supercritical fluid water with a sheet of solid high pressure
water ice at the bottom. Applications[ edit ] Supercritical fluid extraction[ edit ] The advantages of
supercritical fluid extraction compared with liquid extraction are that it is relatively rapid because of the low
viscosities and high diffusivities associated with supercritical fluids. The extraction can be selective to some
extent by controlling the density of the medium, and the extracted material is easily recovered by simply
depressurizing, allowing the supercritical fluid to return to gas phase and evaporate leaving little or no solvent
residues. Carbon dioxide is the most common supercritical solvent. It is used on a large scale for the
decaffeination of green coffee beans, the extraction of hops for beer production, [8] and the production of
essential oils and pharmaceutical products from plants. In the latter case, hydrogen yield can be much higher
than the hydrogen content of the biomass due to steam reforming where water is a hydrogen-providing
participant in the overall reaction. Supercritical carbon dioxide sometimes intercalates into buttons, and, when
the SCD is depressurized, the buttons pop, or break apart. Detergents that are soluble in carbon dioxide
improve the solvating power of the solvent. It can be used with non-volatile and thermally labile analytes
unlike GC and can be used with the universal flame ionization detector unlike HPLC , as well as producing
narrower peaks due to rapid diffusion. In practice, the advantages offered by SFC have not been sufficient to
displace the widely used HPLC and GC, except in a few cases such as chiral separations and analysis of
high-molecular-weight hydrocarbons. Chemical reactions[ edit ] Changing the conditions of the reaction
solvent can allow separation of phases for product removal, or single phase for reaction. Rapid diffusion
accelerates diffusion controlled reactions. Temperature and pressure can tune the reaction down preferred
pathways, e. An electrochemical carboxylation of a para- isobutyl benzyl chloride to Ibuprofen is promoted
under supercritical carbon dioxide. A substance is dissolved in the supercritical fluid, the solution flowed past
a solid substrate, and is deposited on or dissolves in the substrate. Dyeing, which is readily carried out on
polymer fibres such as polyester using disperse non-ionic dyes , is a special case of this. Carbon dioxide also
dissolves in many polymers, considerably swelling and plasticising them and further accelerating the diffusion
process. Nano and micro particle formation[ edit ] See also: Supercritical fluids provide a number of ways of
achieving this by rapidly exceeding the saturation point of a solute by dilution, depressurization or a
combination of these. These processes occur faster in supercritical fluids than in liquids, promoting nucleation
or spinodal decomposition over crystal growth and yielding very small and regularly sized particles.
Supercritical fluid technology offers a new platform that allows a single-step generation of particles that are
difficult or even impossible to obtain by traditional techniques. The generation of pure and dried new
cocrystals crystalline molecular complexes comprising the API and one or more conformers in the crystal
lattice can be achieved due to unique properties of SCFs by using different supercritical fluid properties:
Critical point drying Supercritical drying is a method of removing solvent without surface tension effects. As a
liquid dries, the surface tension drags on small structures within a solid, causing distortion and shrinkage.
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Under supercritical conditions there is no surface tension, and the supercritical fluid can be removed without
distortion. Supercritical drying is used for manufacture of aerogels and drying of delicate materials such as
archeological samples and biological samples for electron microscopy. Carbon dioxide is used as a
supercritical solvent in some dry cleaning processes. Supercritical water oxidation[ edit ] Supercritical water
oxidation uses supercritical water as a medium in which to oxidize hazardous waste, eliminating production of
toxic combustion products that burning can produce. The waste product to be oxidised is dissolved in the
supercritical water along with molecular oxygen or an oxidising agent that gives up oxygen upon
decomposition, e. Supercritical water hydrolysis[ edit ] Supercritical hydrolysis is a method of converting all
biomass polysaccharides as well the associated lignin into low molecular compounds by contacting with water
alone under supercritical conditions. The supercritical water, acts as a solvent, a supplier of bond-breaking
thermal energy, a heat transfer agent and as a source of hydrogen atoms. All polysaccharides are converted
into simple sugars in near-quantitative yield in a second or less. The aliphatic inter-ring linkages of lignin are
also readily cleaved into free radicals that are stabilized by hydrogen originating from the water. The aromatic
rings of the lignin are unaffected under short reaction times so that the lignin-derived products are low
molecular weight mixed phenols. To take advantage of the very short reaction times needed for cleavage a
continuous reaction system must be devised. The amount of water heated to a supercritical state is thereby
minimized. Supercritical water gasification[ edit ] Supercritical water gasification is a process of exploiting the
beneficial effect of supercritical water to convert aqueous biomass streams into clean water and gases like H2,
CH4, CO2, CO etc. To improve efficiency of power stations the operating temperature must be raised. Using
water as the working fluid, this takes it into supercritical conditions. Carbon dioxide can also be used in
supercritical cycle nuclear power plants, with similar efficiency gains. Biodiesel production[ edit ] Conversion
of vegetable oil to biodiesel is via a transesterification reaction, where the triglyceride is converted to the
methyl ester plus glycerol. This is usually done using methanol and caustic or acid catalysts, but can be
achieved using supercritical methanol without a catalyst. The method of using supercritical methanol for
biodiesel production was first studied by Saka and his coworkers. This has the advantage of allowing a greater
range and water content of feedstocks in particular, used cooking oil , the product does not need to be washed
to remove catalyst, and is easier to design as a continuous process. At the same time, there is the possibility of
using " clean coal technology " to combine enhanced recovery methods with carbon sequestration. The CO2 is
separated from other flue gases , compressed to the supercritical state, and injected into geological storage,
possibly into existing oil fields to improve yields. At present, only schemes isolating fossil CO2 from natural
gas actually use carbon storage, e. Enhanced geothermal system[ edit ].
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3: Supercritical Fluids - Supercritical Fluids - Fundamentals and Applications
Supercritical Fluids: Fundamentals for Application / Edition 1 Supercritical fluids which are neither gas nor liquid, but can
be compressed gradually from low to high density, are gaining increasing importance as tunable solvents and reaction
media in the chemical process industry.

Several applications have been fully developped and commercialized. Some of them are food and flavouring,
pharmaceutical industry, environmental protection for volatile and lipid soluble compounds, extraction of high
value oils, isolation of lipid soluble compounds, extractiom of high grade natural aromas, purification of raw
materials, extraction of hop resins, extraction of spices, reduction of nicotine in tobacco, coffee and tea
decaffeination, recovery of aromas from fruits, meat, fish, etc. In this study, a process for supercritical CO 2
extraction of volatile oils from lavender and supercritical fluid chromatography has been applied. Also, the
examination of experimental conditions pressure and temperature effects on the extraction yield and essential
oil composition were aimed. After dried Lavandula stoechas plant material was acquaried, it was stored at
room temperature until they are grounded using knife mill. We cut the leaves without the use of any solvent in
order to obtain small leaf particles. Sieving was not needed to adjust the minimum size of the leave particles.
The application of supercritical CO 2 extraction was applied to obtain lavender volatile oil content. The
extraction yield was also measured at various extraction lengths under various experimental conditions. For
the supercritical extraction of Lavandula stoechas, CO 2 is used as supercritical fluid. Other solvent types will
be used in analytical determinations. Extraction measurements were carried out using semi-batch supercritical
fluid extractor set up by AKICO company. Supercritical carbondioxide SCCO 2 was used as solvent. The
extraction experiments were performed with a tubular extractor of ml capacity. A schematic flow diagram of
the extraction apparatus is shown in Figure 1. Pressure was controlled with two back pressure regulation
valves. The pressure at the exit of the extractor was measured by using a monometer with an accuracy of 0,,2
Mpa. The stream pressure was in this way reduced down to atmospheric pressure, and the oily extract was
recovered in a glass collector. Water and volatile compounds were deposited in a second collector. A dry test
meter Model DC-I was used to measure the delivered volume of CO 2, being measured the pressure and the
temperature conditions. Using this experimental apparatus, the mass of essential oil extract and hence the yield
of extract was determined as a function of extraction time and pressure passed through the ground Lavandula
stoechas bed, at each of the experimental conditions studied. Before each set of yield determinations at given
extraction conditions, the extractor was filled with 25,0 grams of ground Lavandula stoechas and CO 2 was
pumped into the extractor until the desired extraction pressure value. After ensuring that there is no leak in the
equipment, the expansion valves were opened and solvent was allowed to pass through the bed of ground
particles, at predetermined pressure and temperature values. The exit fluid from the extractor was expended to
ambient pressure by a back pressure regulator. After a given extraction period these valves were closed and
the weight of the extract deposited in the glass collector was determined. The pipes leading from the extractor
to the collector were cleaned using ethanol to remove any extract trapped in this region. After washing, the
valves of the extractor were opened and the extraction apparatus was unloaded and cleaned with ethanol in
order to resume further periods. The carbondioxide extracted lavender oil was analysed using GC-MS,
analysis of the more volatile fractions were obtained. The identification of compounds was based on the
comparison of retention times and mass spectra with pure compouns whenever possible. But, it should be
considered that the list of compouns resulting from GC-MS analysis can be different depending on several
experimental conditions such as temperature and pressure composition used and even extraction time. The
extraction time can play an important role in determining the exact compositions because various families of
compounds constituting the oil are characterized by different diffusion times. For this reason, the
characterization of essential oil was made using total quality of lavender oil obtained during an exhaustive
experiment. By considering that fact, the traces are shown in Figure 2 with compound identifications
expressed in Table 2. Main components of Lavandula stoechas essential oil are observed as camphor,
fenchone, eucalyptol, camphol, fenchol, camphene, thymol, myrtenol, furfural alcohol. GC chromatogram of
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Lavandula stoechas extract collected from the separator Table 2.
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4: Supercritical Fluid Cleaning: Fundamentals, Technology and Applications
supercritical fluid chromatography (SFC) has its origins in the mids(),while its extraction analogue has only recently seen
application in the field of analytical chemistry.

Princeton University Press, Edited Book E01 Supercritical Fluids. Kluwer, Journal Articles P. Debenedetti,
The Thermodynamic Fundamentals of Exergy. Debenedetti, Generalized Massieu-Planck Functions:
Geometric Representation, Extrema and Uniqueness Properties. AIChE Journal, 34, , Molecular Simulation,
2, 33, A Steady State Model. A Molecular Dynamics Investigation. Mohamed, Clustering in Supercritical
Mixtures: Theory, Applications and Simulations. Fluid Phase Equilibria, 52, , Debenedetti, Homogeneous
Nucleation in Supercritical Fluids. A, 43, , Molecular Simulation, 7, , Phase Equilibrium and Morphology
Study. Macromolecules, 26, , Fluids, 7, 9, Macromolecules, 28, , Debenedetti, Metastability and Constraints:
Macromolecules, 29, , Tung, Freeze Crystallization of Imipenem. E, 53, , Zeroth- and First-Order
Approximations. Nature, , , Polyamorphism in Simulations of a Network-Forming Fluid. E, 55, , Stillinger,
Statistical Geometry of Particle Packings: E, 56, , Macromolecules, 30, , E, 57, , Thermal and Volumetric
Behavior. Model Calculations, and Implications for Polyamorphism in Water. E, 58, , Cohesive Energy
Density and Internal Pressure. Macromolecules, 31, , Pair Distribution Functions and the Regularity of
Mixing. B, , , Reiss, Reply to the Comment on: Fluids, 16, , Physica A, , , Debenedetti, Towards a
Quantification of Disorder in Materials: Distinguishing Equilibrium and Glassy Sphere Packings. E, 62, ,
Fluids, 18, 11, Stillinger, Supercooled Liquids and the Glass Transition. Truskett, The Kauzmann Paradox
Revisited. Debenedetti, A simple molecular thermodynamic theory of hydrophobic hydration. Fluids, 23, 65,
E, 66, , La Nave and F. Stanley, Supercooled and Glassy Water. Physics Today, 56 6 , 40, E, 68, ,
Debenedetti, Response to Comment on: Debenedetti, Supercooled and Glassy Water. Shell, Model Energy
Landscapes. Panagiotopoulos, Saddles in the Energy Landscape: Extensivity and Thermodynamic Formalism.
E, 69, , E, 71, , Stanley, Structural Order in Glassy Water. Theoretical Challenges and Opportunities. Matter,
17, S, Stillinger, Generating Inherent Structures of Liquids: Comparison with Local Minimization
Algorithms. E, 73, , Phys, , , C, , , Carbeck, Stability of Proteins in Carbohydrates: Quantitative Relation
with Translational and Orientational Order. E, 76, ,
5: Pablo G. Debenedetti - Professor in Engineering and Applied Science - Princeton University
Note: Citations are based on reference standards. However, formatting rules can vary widely between applications and
fields of interest or study. The specific requirements or preferences of your reviewing publisher, classroom teacher,
institution or organization should be applied.

6: Suggested SFE Texts - Supercritical Fluid TechnologiesSupercritical Fluid Technologies
The special properties of supercritical fluids bring certain advantages to chemical separation processes. Several
applications have been fully developped and commercialized.

7: Supercritical fluid - Wikipedia
Fluids in the approximate range of temperature and pressure 1 to and 1 to 2, respectively (referred to critical conditions)
are commonly called supercritical. The thermophysical properties in.
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