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CLAYS

Natural clay - forming materials are the results of disintegration of natural silicate rock ( mostly feldspathic) under the influence of water and carbon dioxide.

As was already stated the process of disintegration of feldspar is accompanied by kaolinisation — formation of the main constituent of many clays — kaolinite

The Russian professor P. A. Zemiatchensky gave the following definition of clay: "Clay is the name of earthy mineral masses or, according to the petrbgraphical terminology, of earthy fragmental rock capable of forming with water a plastic paste which retains the shape imparted to it after it is allowed to dry out, and which acquires the hardness of stone after burning."

Classification of Clays

Depending on whether clays remain at the place of formation or are transported to other localities, they are divided into two principal groups: primary clay, and redeposited or sedimentary clay.

Primary clay is usually contaminated with the unweathered particles of the forming rock.

Redeposited (sedimentary) clay is more dispersed and relatively free from remnants of the parent rock.

In respect to behaviour under the influence of high temperature three groups of clay are differentiated: refractory, hard-melting, and easily fusible of a refractoriness, respectively, above 1580°, from 1350 to 1580° and below 1350°C.

Refractory clay. This group includes the purest, mostly kaolinite clays containing comparatively few mechanical admixtures which reduce the refractoriness of clay to one or another extent (quartz, feldspars, mica, calcium and magnesium carbonates, ferrous compounds, etc.). Refractory clay differs from kaoline in a higher dispersity and possesses, therefore, a higher plasticity.

Irrespective of their natural colouring, burned refractory clays acquire a white, faintly-yellow or light-grey colour. White-burned refractory clay is called porcelain clay and is employed for the manufacture of porcelain and faience. For refractory products the colour the clay acquires after burning is immaterial.

Hard-melting clay contains admixtures of iron oxides, quartz sand and others in a considerably greater quantity, than refractory clay; it is used for the manufacture of hard-melting facing brick, floor tiles and sewer pipes.

Easily fusible clays differ greatly in the composition of clay-forming minerals and contain a considerable quantity of different mechanical admixtures—quartz sand, oxides, limestone, organic substances.

Easily fusible clay is used for the production of conventional brick, clay tile and hollow ceramic stone.

Properties of Clays

The following are the most essential properties of clay: plasticity, behaviour in drying (air shrinkage) and behaviour when heated.

Plasticity is the property of clay making it suitable for moulding different ceramic products.

Clay becomes plastic only when mixed with water.

The degree of plasticity depends on the mineralogical and granu-lometric (granular) composition of clay, the shape and nature of the surface of individual grains, amount of water in the clayey paste and the content of water-soluble salts and organic admixtures.

The plasticity of clay can be increased by adding another more plastic clay to it, by elutriation (i.e., by freeing the clay from sand), by weathering, freezing, etc.

The simplest way to evaluate plasticity of clay is to determine the extent of air shrinkage of the clay paste and the percentage content of water required to obtain a mouldable mass. The higher the plasticity of clay, the more water must be added to it to impart to the clay paste a required degree of plasticity. Therefore, products made from plastic clay diminish in volume in drying considerably more than products manufactured from clays of a lower plasticity (meagre or lean clay).

Depending on the extent of air shrinkage, in respect to plasticity, clay may be approximately differentiated into the following three groups:

highly plastic clay, possessing an air shrinkage of 10-15 per cent at a water requirement of 28 per cent and above;

medium plastic clay of an air shrinkage ranging from 7 to 10 per cent, and a water requirement of 20-28 per cent;

low plastic clay, the air shrinkage of which is below 7 per cent and a water requirement is up to 20 per cent.

The plasticity of clay depends primarily on its granulometric composition. Plastic clays are characterised by-a large content of the finest or so-called clayey particles (of a size below 0.01 mm). The more there are particles of this size in the clay, the higher its plasticity is.

The granulometric composition of clay is defined as the proportion of grains fractions of different size in the clay. Particles of clay from 5.0 to 0.15 mm in size are referred to as sandy particles, from 0.15 to 0.005 mm — as dust-like, and -less than 0.005mm in size—as clayey particles

Air Shrinkage. In the course of drying the linear dimensions of wet clay and articles made of clay diminish, owing to reapproachment of particles, as the water dries out. The volume of clay and articles is reduced accordingly. This process has been given the name of air shrinkage, because it occurs under normal temperature.

The volume of drying clayey masses diminishes only to a certain limit, and after this limit is reached further change in volume ceases, although not all of the physically-bound water has been removed at that moment.

Air shrinkage is expressed by the percent ratio of the value expressing reduction in volume to the original volume of the wet mass.

Behaviour of clay when heated. One of the most important properties of clay rock is its ability of turning into a strong stone mass, possessing high waterproofness, in the course of burning or firing.

With rising temperature the plasticity of clay diminishes, it changes in colour, the mechanical strength of clay increases, its volume diminishes (fire shrinkage) and, finally, fusion of the clay takes place.

Clay loses its plasticity when heated to 450-750° C. This phenomenon is traced to the dehydration of aqueous alumosilicates which are clay constituents.

The colouring of burned samples is affected by the presence of iron oxides in the clay, the iron oxides imparting a red colour to the ceramic , products, if there is excess oxygen in the kiln (in an oxidising medium), and a dark-brown, or black colour, if there is an oxygen deficiency (reducing medium). Limestone weakens the intensity of colouring, if it is present in the clay in a tine break-up state.

Burning increases the mechanical strength of ceramic products. This is mostly explained by the fact that the more easily fusible constituents of the clay interact under the effect of high temperature in the course of fusion. The molten fraction of the clayey material hardens in the course of cooling and cements the non-melted particles of the clay, and this explains the transition of clay into the lithoidal (stone) state.

Partial fusion of the heated clay and the action exerted by surface tension forces of the formed melt cause reapproachment of clay particles, i.e., bring about a decrease in the volume of pores and a reduction in the total volume, or the so-called "fire shrinkage.". The aggregate of the processes of shrinkage, consolidation and strengthening of the clay in the course of burning is referred to as caking of the clay.

Further heating brings about melting of the clay and the mass passes into the liquid state.

Refractoriness or fireproofness is the property of clay to withstand the effect of high temperature without melting. Refractoriness is expressed in °C and characterised by the temperature at which a Seger cone — a trihedral pyramid 30 mm high — starts to soften, turns over and the tip of the cone touches the surface on which the base of the cone is resting.

In determining the refractoriness of clay, the pyramids made from the tested material, are heated together with several pyroscopes. The refractoriness of the tested clay corresponds to the refractoriness of the pyroscope the end of which touches the resting surface simultaneously with the tested specimen. The difference or interval between the temperature at which caking originates and the temperature characterising the refractoriness of the tested clay, is called, the caking interval (50-100°C)

The temperature at which moulded articles are burned to produce a ready ceramic material must be set within that temperature interval.

Thinning Additions

Besides clay which possesses a greater or smaller plasticity, non-plastic materials known under the general name of thinning additions, are used in the production of ceramic articles. The additions are introduced into many ceramic masses in order to reduce shrinkage in the course of drying and burning, improve the moulding properties and-facilitate loss of water by the material in drying.

The introduction of the thinning additions into clay affects favourably the technological process of producing ceramic materials and contributes to elimination of waste. Besides, thinning additions, in a number of cases, improve the physical and mechanical properties of ceramic products, for instance, heat conductivity, resistance to heat etc.

The following non-organic substances may be used in the capacity of thinning additions: sand, chamotte (burned and finely ground clay), milled soot, slag, etc., and also organic materials, such as carbon powder, sawdust, peat. Besides affecting the properties of ceramic materials, burning-out organic additions increase porosity and diminish the volume weight of products.

