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Salt gel processing is a method of soft chemistry to produce functional materials at low temperatures. This route can be used to produce very complex nanomaterials and adapt materials to very specific applications. Adsorption and detection of pollutants, water purification and soil restoration are complex applications that can be used by
salt gel materials. This volume reports on several contributions from guest speakers and participants in a leading NATO research seminar on Salt Gel Approaches to Pollution Control, Water Treatment and Soil Reclamation held in Kiev, Ukraine, in October 2007. The book offers a broad and updated overview of the most advanced salt gel
techniques for processing materials and at the same time presents several case studies on possible solutions to environmental problems. General articles on salt gel from guest speakers and focused scientific articles allow you to get inside the salt-gel applications in this very important area. Condensation of monomers scattered in
colloidal solution (salt) into a two-phase axic polymer network (gel) In materials science the salt-gel process is a method of producing solid materials from small molecules. The method is used to make metal oxides, especially silicon oxides (Si) and titanium (Ti). This process involves converting monomers into colloidal solution (salt), which
acts as a precursor to an integrated network (or gel) of either discrete particles or network polymers. Typical precursors are metal alcoxides. Stages in the process of Schematic representation of different stages and routes of salt-gel technology In this chemical procedure formed salt (colloidal solution), which then gradually develops in the
direction of the formation of a gel-like diphasic system containing both a liquid phase and a solid phase, the morphology of which range from discrete particles to continuous polymer networks. In the case of a colloid, the volume of particles (or particle density) may be so low that a significant amount of liquid may need to be removed
initially for gel-like properties to be recognized. This can be achieved by any means. The easiest way is to give time for deposition to occur and then pour out the remaining liquid. Centrifugation can also be used to speed up the phase separation process. Removing the remaining liquid (dissolving) phase requires a drying process, which is
usually accompanied by a significant amount of shrinkage and sealing. The speed at which the solvent is removed is ultimately determined by the distribution of porosity in the gel. The final microstructure of the end component will undoubtedly depend heavily on the changes imposed structural pattern at this point of processing. After that,
treatment, or firing process, is often necessary in order to promote further polyconservation and enhance mechanical properties and structural stability by finally caking, sealing and growing the grain. One of the obvious advantages of using this methodology as opposed to more traditional processing methods is that sealing is often
achieved at a much lower temperature. The precursor solution can either be deposited on the substrate to form a film (e.g. by immersion of coating or spin coating), cast in a suitable container with the desired shape (e.g. to produce monolithic ceramics, glass, fibers, membranes, aerogels), or used to synthesize powders (e.g.
microspheres, nanospheres). The approach to salt gel is cheap and low temperature, which allows you to exercise subtle control over the chemical composition of the product. Even a small amount of additionals, such as organic dyes and rare earth elements, can be injected into the sol and eventually evenly scattered in the final product.
It can be used in the processing and production of ceramics as an investment casting material, or as a means of producing very thin metal oxide films for various purposes. The materials derived from salt-gel have a variety of applications in optics, electronics, energy, space, (bio)sensors, medicine (e.g., controlled drug release), reactive
material and separation technologies (e.g. chromatography). Interest in the processing of salt gel can be traced back to the mid-1800s with the observation that hydrolysis tetraethyl orthosilicate (TEOS) in acidic conditions led to the formation of SiO2 in the form of fibers and monoliths. Sol-gel's research became so important that more
than 35,000 articles about the process were published worldwide in the 1990s. Particles and polymers of salt gel process is a wet chemical method used to make both glass and ceramic materials. In this process, the salt (or solution) gradually develops in the direction of the formation of a gel-like network containing both the liquid phase
and the solid phase. Typical precursors are metal aloxides and metal chlorides, which are hydrolysed and polyconced to form a colloid. The basic structure or morphology of the solid phase can range from discrete colloidal particles to continuous chain polymer networks. The term colloid is used mainly to describe a wide range of solid-
liquid (and/or liquid-liquid) mixtures, all of which contain various solid (and/or liquid) particles that are dispersed to varying degrees in the liquid environment. The term is specific to the size of individual particles that are larger than atomic sizes but small enough to show a brouian movement. If the particles are large enough, their behavior
at any given time in the suspension will be regulated by the forces of gravity and deposition. But if they're small little being colloids, their irregular movement in the suspension can be attributed to the collective bombardment of a multitude of thermally agitated molecules in the liquid suspended environment, as described initially by Albert
Einstein in his thesis. Einstein concluded that this unsustainable behavior could be adequately described using the theory of brouian movement, with precipitation being a possible long-term outcome. This critical range of sizes (or particle diameter) usually ranges from dozens of angstroms (10-10 m) to several micrometers (10-6 m).
Under certain chemical conditions (usually in basic catalysis solutions) particles can grow to be large enough to become colloids, which suffer from both precipitation and gravity. Stabilized suspensions of such submitric spherical particles may eventually lead to their self-assembly, giving highly-ordered microstructures resembling a
colloidal crystal prototype: precious opal. Under certain chemical conditions (usually in acid-catalise solutions), interparticle forces are powerful enough to cause significant aggregation and/or flogging before they grow. The formation of a more open, continuous network of low-density polymers has certain advantages in terms of physical
properties in the formation of high performance glass and glass/ceramic components in 2 and 3 dimensions. In any case (discrete particles or continuous polymer network) sol develops to the formation of an inorganic network containing a liquid phase (gel). The formation of metal oxide involves the connection of metal centers with bridges
oxo (M-O-M) or hydroxo (M-OH-M), so the generation of metal oxo or metal hydrox-polymers in the solution. In both cases (discrete particles or continuous polymer network) the drying process serves to remove the liquid phase from the gel, giving a micro porous amorphous glass or microcrystal ceramic. Subsequent thermal treatment
(shooting) can be performed in favor of further polyconservation and increased mechanical properties. With sol viscosity adjusted in the proper range, and optical quality glass fiber and fireproof ceramic fiber can be drawn which are used for fiber optical and insulation sensors, respectively. In addition, the precipitation may form
homogeneous ceramic powders of a wide range of chemical composition. Polymerization Simplified view of condensate caused by TEOS hydrolysis. The Steber process is a well-studied example of the polymerization of alkoxide, in particular TEOS. The chemical formula for TEOS is given to Si (OC2H5)4, or Si (OR)4, where the Alkyl
groups R and C2H5. Alcoxes are ideal chemical precursors for the synthesis of salt gel because they react easily with water. The reaction is called hydrolysis because ion is attached to a silicon atom, as Si (OR)4 - H2O → HO-Si (OR)3 - R-OH Depending on the amount of water and catalyst present, hydrolysis can begin to complete
silica: Si (OR)4 and 2 H2O → SiO2 and 4 R'OH Full Hydrolysis often requires excess water and/or the use of hydrolysis catalyst such as acetic acid or hydrochloric acid. Intermediate species, including (RR)2Sis (OH)2 or (OR)3Si (OH) may be the result of partial hydrolysis reactions. Early interim results are the result of two partially
hydrolyzed monomers associated with Si'O'Si communication: (OR)3-Si'→ OH 3. 3-S/S-3-RR HOZIS (RR)3 → (RR)3C-O'With (RR)3) 2-, or three-dimensional Syloxane Bond Network Si-O'With, accompanied by the production of H'O'H and R'O'H. This type of reaction can continue to build large and large silicon-containing molecules in
the polymerization process. Thus, a polymer is a huge molecule (or macromolecule) formed from hundreds or thousands of units called monomers. The number of bonds that a monomer can form is called its functionality. Polymerization of silicon alkoxide, for example, can lead to a complex branching of the polymer, because the fully
hydrolyzed monomer Si (OH)4 is tetrafunctional (can branch or communicate in 4 different directions). Alternatively, under certain conditions (e.g. low water concentrations), less than 4 groups of PR or O (ligands) will be able to condense, so there will be a relatively small branch. Mechanisms of hydrolysis and condensation, as well as
factors that shift the structure towards linear or branched structures are the most important issues of salt-gel science and technology. This reaction is conducive in both basic and acidic conditions. Sono-Ormosil Sonication is an effective tool for the synthesis of polymers. The forces of cavitation, which stretch and break the chain in an
unsaved process, lead to a decrease in molecular weight and polydispersion. In addition, multiphase systems are very effectively dispersed and emulsified, so very thin mixtures are provided. This means that ultrasound increases the rate of polymerization in relation to conventional mixing and leads to higher molecular weights with lower
polydispersation. Ormosils (organically modified silicate) are produced when silan is added to silica derived from gel during the salt gel process. The product is a molecular scale composite with improved mechanical properties. Sono-Ormozils are characterized by a higher density than classical gels, as well as improved thermal stability.
Therefore, the explanation may be increased polymerization. The Pechini process for one cation system, such as and TiO2, hydrolysis and condensation processes naturally lead to homogeneous compositions. For systems that include multiple cations, such as strontium titanate, SrTiO3, and other perovskite systems, the concept of
sterile immobilization becomes relevant. To avoid the formation of multiple phases of binary oxides as a result of different rates of hydrolysis and condensation, capturing cats in the polymer network is an effective approach, usually referred to as the oven process. In this process, a chelating agent, most often citric acid, is used to surround
the aquierous citations and sterileally trap them. Subsequently, a polymer network is formed to immobilize the chelated cats in gel or resin. Most often this is achieved by polyesterification using ethylene glycol. The resulting polymer then burns in oxidizing conditions to remove the organic content and give the oxide product with
homogeneously dispersed cats. Nanomaterials of nanostructure of the resorcinol-formaldehyde gel is reconstructed from a low-angle X-ray scattering. This type of disordered morphology is typical of many salt gel materials. When processing fine ceramics, irregular sizes and shapes of particles in a typical powder often lead to non-
homogeneous packaging morphology, which lead to changes in the density of packaging in the powder compact. Uncontrolled fluculation of powders due to the attractive forces of van der Waals can also lead to microstructural heterogeneity. The differential stresses that occur as a result of non-homogeneous drying are directly related to
the rate at which the solvent can be removed and thus highly dependent on the distribution of porosity. Such stresses have been associated with the transition of plastic to fragility in consolidated bodies, and can lead to the reproduction of cracks in the unsaved body, if not relieved. In addition, any fluctuations in the density of the
packaging in the compact as it is prepared for the oven are often amplified during the baking process, giving a heterogeneous seal. It has been shown that some pores and other structural defects associated with density fluctuations play a detrimental role in the process of caking by growing and thus limiting the density of the end-to-end
skinny point. Differential stresses resulting from heterogeneous sealing also lead to the spread of internal cracks, which becomes a disadvantage controlling strength. It is therefore appropriate to process the material in a way that is physically homogeneous in terms of component distribution and porosity, rather than by particle size
distribution, thus maximizing green density. Deterring an evenly dispersed assemblage of highly interacting particles in the suspension requires full control over the interactions of particles and particles. Monodispers provide this it's Monodispersive powders of colloidal silica, for example, can be stabilized enough to provide a high degree
of order in colloidal crystalline or polycrystalline colloidal solid, which is the result of aggregation. The degree of order seems to be limited to time and space, which can be set for broader correlations. Such defective polycrystalline structures appear to be the main elements of nanoscale material science and are therefore the first step in
developing a deeper understanding of the mechanisms involved in microstructural evolution in inorganic systems, such as speculative ceramic nanomaterials. Applications for products derived from salt gel are numerous. For example, scientists used it to produce some of the lightest materials in the world, as well as some of its most
sophisticated ceramics. One of the largest applications is a thin film that can be produced on a piece of substrate by spin or dipsco-coat. These methods protect and decorative coatings, as well as electro-optic components can be applied to glass, metal and other types of substrates. Molded, and with further drying and heat treatment,
dense ceramic or glass products with new properties can be formed that cannot be created by any other method. Other coating methods include spraying, electrophoresis, inkjet printing or roll coating. Thin films and fibers With viscosity solution regulated in the proper range, both optical and fireproof ceramic fibers can be drawn, which are
used for fiber optic sensors and insulation, respectively. Thus, many ceramic materials, both glass and crystal, have found use in various forms from voluminous solid-fruit components to high surface shapes such as thin films, coatings and fibers. Nanoscale powders ultra-thin and homogeneous ceramic powders can be images as a result
of precipitation. These powders of one and several components can be produced at nanoscale particle size for dental and biomedical applications. Composite powders have been patented for use as agrochemicals and herbicides. Powder abrasives used in various finishing operations are made using a salt gel-type process. One of the
most important applications of salt gel processing is the synthesis of zeolite. Other elements (metals, metal oxides) can be easily incorporated into the final product, and the silicate solution formed by this method is very stable. Another application in research is to capture biomolecules for sensory (biosensors) or targets, physically or
chemically preventing them from leaching and, in the case of protein or chemically related small molecules, protecting them from the environment, but allowing them to control small molecules. The main drawbacks are that the change in local local can alter the functionality of a protein or a small molecule trapped and that step synthesis
can damage the protein. To get around this, various strategies such as monomers with protein-friendly leaving groups (such as glycerol) and the inclusion of polymers that stabilize the protein (e.g. PEG) have been studied. Other products manufactured through this process include various ceramic membranes for microfiltration,
ultrafiltration, nanofiltration, permeation and reverse osmosis. If the liquid in the wet gel is removed in a supercritical state, the material called aerogel is produced highly porous and extremely low density. Drying the gel with a low temperature treatment (25-100 degrees Celsius), you can get a porous solid matrix called a xerogel. In
addition, in the 1950s, a salt gel was developed to produce UO2 and ThO2 radioactive powders for nuclear fuel without producing large amounts of dust. Optical-mechanical macroscopic optical elements and active optical components, as well as large areas of hot mirrors, cold mirrors, lenses and a bundle of splitters all with optimal
geometry can be done quickly and at a low price through the sol-gel route. In the processing of high performance ceramic nanomaterials with excellent optical-mechanical properties in adverse conditions, the size of crystal grains is determined to a large extent by the size of crystal particles present in raw materials during the synthesis or
formation of the object. Thus, reducing the initial size of particles well below the wavelength of visible light (500 nm) eliminates most of the scattering of light, resulting in translucent or even transparent material. In addition, the results show that microscopic pores in the baked ceramic nanomaterials, mostly trapped at the joints of
microcrystal grains, cause light to dissipate and prevent true transparency. it was noted that the total proportion of these nanoscale pores (both intergranular and intra-regional porous) should be less than 1% for high-quality optical transmission. For example. The density should be 99.99% of the theoretical crystalline density. The unique
properties of salt gel provide the possibility of using them for a variety of medical applications. Processed alumina salt gel can be used as a carrier for the constant delivery of drugs and as an established wound healer. A marked decrease in scarring was observed due to the healing of the composite's wounds, including salt-gel-treated
alumina. A new approach to the treatment of thrombolysis is possible by developing a new family of injectable composites: plasminogen activator, trapped by alumina. See also Coacervate, a small spheroidal drop of colloidal particles in the Freeze suspension Gelation Mechanics Gele formation Links - b Hanaor, D. A. H.; Hironi, I.; I.; I.;
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