[image: image1.png]Industrial Solutions International
Fechrnical Office





Test Properties

	Data sheets provide base information to define and or classify a particular product.  Typical data should never be construed as a specification, more precise information being provided by Product Definitions.  Whilst every effort is made to fully represent the properties of a particular product inevitable variations will occur as a direct function of either size or shape.
Typical data sheets provide the base information necessary to make decisions upon the suitability of a material for a given application.  Some test properties may however require further explanation.

	Textural Properties

	Textural properties have a direct bearing upon the materials ability to resist ingress by molten metals, slag or liquids.

	Apparent Porosity
	A measure in percentage of the open or interconnected pores within the material.

	Increase in apparent porosity increases surface area and rate of slag ingress and attack

	Closed Porosity
	The pores that are not directly accessible, most frequently found in the coarser particles.

	True Porosity
	The total pore volume of the material, that is the summation of open and closed pore volume

	Has a direct effect on thermal conductivity

	Pore Size Distribution
	The measurement of pore size using either water expulsion or mercury penetration parameters

	Large pores allow ingress of metal and slag. Pores less than 15 µ are not penetrated. 

	Permeability
	Measures the amount of interconnected porosity by the flow rate of gas through a cross section of the material.

	High permeability, i.e. connected porosity provides pathways for slag ingress and attack

	Bulk Density
	The ratio of the bulk weight to bulk volume and directly related to the total porosity.  As bulk density increases, apparent porosity decreases, cold crushing strength and thermal conductivity increase.

	Mechanical Properties

	The compressive strength of most refractory materials is generally much higher than the tensile strength owing to the presence of glassy bonds, which are readily broken in tension.

	Tensile Strength
	Measured at ambient and elevated temperatures by the application of increasing stress at a constant rate under three point loading until fracture occurs.

	Measures bond strength, giving an indication of 'quality' in direct bonded materials

	Compressive Strength
	Measured at ambient and elevated temperatures by the application of increasing uniaxial stress at a constant rate until collapse occurs.

	At ambient temperature to assess bond development, and has a direct influence on impact, abrasion and thermal shock resistance.

	Creep in Compression
	Carried out by heating at a constant rate under a fixed load, usually 0.17 MN/m2, and monitoring the thermal expansion curve to peak expansion. The temperature and load are then maintained for a further 50 hours, and creep is characterised by the subsidence occurring between the 20th and 50th hours. 

	Important in large structures where load bearing at high temperature is required without slumping.


	Thermal Properties

	Thermal Conductivity
	The coefficient of thermal conductivity (K) is the quantity of heat that will flow across unit area in unit time if the thermal gradient is unity. In practice the thermal conductivity of materials is dependent upon mineralogical composition and total porosity. 

	High conductivity is required in constructions necessitating high heat transfer such as muffles recuperators and hot blast stoves.

	Thermal Expansion
	Thermal expansion is a measure of the change in length of a material heated uniformly at a constant rate.
Thermal expansion may be expressed as a coefficient of thermal expansion provided the expansion curve is approximately linear throughout the temperature range. In materials where there is a phase change, this is not the case and the expansion curve shows a discontinuity.

	Used in considerations for lining design to allow for shell stressing.

	Thermal Shock
	Thermal shock resistance is determined by measuring the amount of brick loss or crack propagation by rapid temperature cycling.
Thermal shock resistance is highly dependent upon other properties such as thermal expansion, tensile strength, and texture and can be linked by the following equation.

	Important in determining safe heat up rates and the effects of thermal cycling.

	Linear Change 
	Linear Change is expressed as a percentage, and indicates the permanent expansion or contraction after heating an unconstrained sample to the specified temperature and then cooling to room temperature. Linear change should not be confused with thermal expansion that is a reversible process.
Linear change is a permanent dimensional change.

	Recommended Service Temperature Limit: 
	The Recommended Service Temperature Limit, indicates that temperature at which the refractory can no longer support its own weight. It is not related to either melting point or loading, but is related to with excessive linear shrinkage, usually considered to be above 1.5%. 

	 
	 

	Chemical Properties

	Chemical Analysis: 
	The nine most common oxides, SiO2, TiO2, Fe2O3, Al2O3, Cr2O3, CaO, MgO, K2O, Na2O, are determined by X ray fluorescence.

	Classifies the refractory type, the suitability for a given application temperature and by consideration of the minor oxides, an indication of melting point. 
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