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1. Introduction
Fireproof concrete has several applications for homeowner's and industry. Many wood-fired ovens, kilns and fireplaces are built with fireproof concrete or other fireproof material known as refractory concrete. Commercially, fireproof concrete is made by mixing a product known as fly ash, a by-product of the production of Portland cement.
There are two ways; two types of heat resistant concretes that can be prepared. Cheaper and more expensive - stronger and weaker under a heat. The first one is the high heat refractory concrete. This type will survive in real high heat and can be used for hot-face applications.
High-temperature masonry comes in multiple forms, from thermodynamically stable firebricks to castable refractory cement that are formulated from thermally resistant clinker and specialized aggregate materials. Conventional cements are often used in the manufacturing of fireplaces and furnaces, but they do not exhibit the requisite thermodynamic stability for application within the heating chamber or for direct application to components that will experience significant thermal stress.
Solids routinely expand and contract when subjected to temperature fluctuations, particularly thermally conductive metals. Cements used to adhere structural metals together in refractory applications, or for the sealing of gaskets and joists, must retain their structural integrity in the presence of continuous thermodynamic stress. While regular cement may expand well in conjunction with other rigid equipment, it often fails upon contraction due to the deterioration of clinker or binding material.
Refractory cement uses binding materials with improved thermodynamic properties to reduce the risk of mechanical failure. Fused minerals like aluminum oxide, or alumina, are used to bind coarse aggregate materials and provide superior temperature resistant properties without reducing the formability of the material. This arrangement enables the fabrication of refractory cements with an outstanding combination of formability and thermal resistance.

2. Fireproof concrete
Hot face is any surface facing the main heat generated by a heat source (e.g. wood fire, gas burner, electrical heating spiral & other heat producing elements.) Internal walls, floor and arches made from firebricks inside a pizza oven is hot-face. Firebricks face the heat, the hot flames from wood fire and the red hot embers. Refractory concrete can face the heat therefore applied as a hot face.
Refractory or heat resistant concrete may be mixed with heat resistant cement, or, can be purchased ready in bags as pre-mix product. The packed one is most often referred to as castable.
But saying that, even though it's refractory, still it is not so straight forward to cast large hot face section/s out of it. It is different to fill holes and awkward spaces with castables. Large blocks tend to crack as a result of something called heat differences in material, or temperature differences in material in other words, which is a very powerful natural phenomena. But hey no worries Mate, we still have firebricks here luckily (firebricks those nice little fragments) for making the dome part properly (read more about heat differences in materials - basically it deals with shrinking of cooled down edges and also surfaces while middle is still hot and expanded).
A wise idea is to mix the heat resistant cement, e.g. Calcium Aluminate cement, with firebrick grog. The grog comes basically from crushed firebrick/s. Companies who manufacture refractory material (like Claypave Pty. Ltd. in Dinmore, Qld. Au.), or those who only resell firebricks, usually sell also firebrick grog, ready premixed refractory mortars and fireclay. There are many different refractory cement types, some of them allowed to mixed in lime, plaster, or fireclay, but others cannot be mixed with these because their chemical properties don't allow it, rather they get contaminated by similar additives. Because they differ, read the usage instruction printed on a particular cement bag, also its producer will gladly give you print out on -it will tell you exactly how to or what can be done.
Now, the second one heat resistant concrete type. It is a lower grade heat resisting concrete, lower grade in withstanding heat but still it can be applied successfully in many areas whose get pretty heated too. For instance layers such as those on the other side of firebricks, on the outside of firebricks, the slab under the heated floor made from fire bricks or cladding around the firebrick dome, chimney parts, etc.
Into this concrete type the common Portland cement goes in (the Portland is often also referred to as GP cement and this type is already a bit refractory) and of course lime. Both lime and Portland are bonding agents and are described more further below. Instead of firebrick grog you can use river sand and river stones. Sand and stones that come from river. If buying it, it's easily recognizable; what comes from river is round and it isn't sharp as opposed to the mostly crushed stuff coming to us from stone quarries, otherwise either of them is a building material.
With a help of a few extra hands (plus hydrating liquids and nutritional energy of your choice ... "would you like to know what's my pick?") you can mix either of these concretes by hand in a wheelbarrow or on the ground because in smaller jobs, such as family sized pizza ovens, not much of it goes in. See the following sequence with images.
True refractory concretes, such as are used in heat containment, metallurgy, ceramics and cement industries, are usually highly specialist and are prepared pre-packed ready for site mixing and installation. The technology involved with these ‘castable’ refractories is more akin to refractory technology than concrete technology and these are usually manufactured and installed by specialist companies.
There are today a number of categories of refractory castable, and these tend to be classified by their cement content or their method of installation. These are Conventional Castables (CC), Low Cement Castables (LCC), Ultra Low Cement Castables (ULCC), Self-Flowing Castables (SFC) (the last can be low or medium cement content) and Gunning Castables.
Conventional castables have cement contents of about 15–25 per cent by weight and are therefore similar in this respect to normal concretes. The particular combination of CAC and refractory aggregate more or less governs the upper service temperature limit of the concrete. This type of refractory concrete was the only type of hydraulically bound castable in use from the 1930s until about the 1980s and still represents a significant percentage of the market.
The high-temperature performance of conventional castables is, to some extent, limited by their chemistry and in particular the lime (CaO) content. Thus a conventional castable containing 15 per cent of a high-range CAC (70–80 per cent Al2O3) with an aggregate composed entirely of alumina (e.g. tabular alumina, a refractory aggregate made from pure sintered alumina and very widely used in high-temperature refractory concretes) would still contain 2.5–4.5 per cent CaO, dependent on the cement used. This limits the upper service temperature at which such concretes can be used.

3. New methods
Refractory concretes with Portland cement (PC) and dispersive additives have been widely used in various countries from 1950 to 1980. Concretes were made with fireclay, expanded clay, vermiculite, perlite and other fillers. However, main disadvantages of these concretes are particularly high (70%) decrease of compressive strength after firing the concrete at 600–800 °C, relatively low operating temperature – 1100 °C, risk of explosion during first drying and heating. Moreover, thermal shock resistance of these concretes is very low, it often reaches only 5–12 cycles of heating and cooling in water. For these reasons, the use of concrete fell considerably, and in most countries it is practically no longer used.
When determining thermal resistance of hardened PC paste, the effect of Ca(OH)2 formed during its setting on the fired cement paste and concrete failure should be taken into account. Ca(OH)2 crystal hydrates with a size of 10-6 m lose water when heated and are replaced by CaO crystals with the characteristic size of 10-9 m. Since CaO surface is very big, it relatively quickly re-hydrates. Under humid conditions, this process is even faster. During the second hydration, the volume of Ca(OH)2 increases by 44%. This causes full decomposition of cement stone. In order to use PC in refractory concretes, the binder composites consisting of PC and various dispersive additives are used (average particle size is close to the average size of cement particles ~15 µm). At high temperature the dispersive additives react with CaO. The latter reacts with silica, alumina and iron oxides most easily. The dispersive additives and combinations of heat-resistant binder are used with PC not only for CaO binding, but also for the improvement of physical and mechanical properties of composites and increase of fire resistance. Various additives were used for that purpose: quartz, refractory clay, dispersive fireclay, metallurgical slag, used ground refractory concrete, chromite, etc. Interesting results were obtained analyzing the PC mixtures with aluminium hydroxide additives (Al(OH)3), which showed that the thermal characteristics of such binder can match the properties of heat-resistant compositions with CAC. The paper reveals that during the hardening of the composition Al(OH)3 with an average particle size of 4.5 μm reacts with cement components resulting in the formation of Ca3Al2(SiO4)(OH)8 crystalline hydrate. At temperature of 1200 °C Al(OH)3 initiates the formation of calcium- and aliumo-silicates as well. Most importantly, in the composition with Al(OH)3 during the curing and drying at 105 °C less calcium hydroxide than in the composition with pure PC is formed. After firing at 500 °C, free calcium oxide was not found in the substance.
Resistance to high temperatures is the main reason for using Calcium Aluminate (CA) Cements in refractory products. High heat resistance combined with simple handling and extended workability make mortars and concretes based on CA cements extremely durable refractory products. Monolithic pan linings that are made of compounds that can be pumped, cast and sprayed will result in long lasting reliable linings with a clearly reduced demand for time and labor. ISTRA CA cement is a major component of castable refractory mixes used in monolithic linings. Mortars and concretes made of ISTRA CA cements are used in monolithic linings of furnaces, charge chutes and other high temperature areas that may come into contact with molten materials. Monolithic applications are extremely simple, time-saving and cost efficient. By a skillful selection of refractory aggregates and cements, the monolithics can be applied in sections where fired refractory bricks have been traditionally used. ISTRA CA cements are used in conventional castable (CC) and low cement castable (LCC) products.
ISTRA CAC in combination with lightweight aggregates has over the years produced refractory concretes with good strength, satisfactory resistance to abrasion and corrosion and good insulating properties. For some installations, strength and abrasion and corrosion resistance are of secondary importance, and the major function of the refractory lining is that of insulation e.g. process vessels in petroleum industry or stack linings, ducts and breechings. In these cases, very lightweight aggregate such as vermiculite may be used in conjunction with ISTRA CAC and expanded shale, clay or slate.
A numerical analysis model was developed for predicting the behavior of dual‐component, refractory‐lined coal‐gasification vessels. The temperature‐dependent constitutive law, failure criteria, creep behavior, thermal expansion contraction behavior, and shrinkage characteristics of refractory concrete were formulated. To verify the proposed model, a three‐dimensional simulation analysis was made of an experimental gasifier vessel. The model was then used to study parameters on a circular, dual‐component, refractory concrete‐lined coal‐gasification vessel. The effects of shrinkage, creep, temperature distributions, vessel shell temperatures, bond barriers and anchor spacing, size, and shape on the performance of the gasifier vessel were studied. Design recommendations are made to aid in improving the mechanical reliability of refractory concrete‐lined coal‐gasification vessels.

4. Conclusion
A tendency to increasing the volumes of production and application of low cement refractory concrete has determined the development of theoretical and practical aspects of modifying concrete with surfactants. Varying the rate of hydration of calcium aluminate cement, surfactants (deflocculants) has influenced the rheotechnological characteristics of concrete masses and their consolidation, formation of the solid low porosity concrete structure, both when hardening at normal temperatures and in conditions of thermal heating.
Compressive strength and thermal shock resistance of the concrete with Portland cement have been significantly improved by addition of microsilica.
The properties of the created PC-based insulating refractory concretes containing expanded clay aggregates and modified with microsilica additives have been obtained similar to those of insulating refractory concrete with calcium aluminate cement.
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