A.P. Green on Refractories (from a 1953 paper):
Over‑insulation in high temperature furnaces has, to some degree, the same effect as exposing the lining to heat on two sides. If the temperature drop through the lining is so gradual that an appreciable thickness of the lining has a mean temperature within the softening range of the brick, the refractories may deform under their own weight.  Particular caution should be taken in insulating sprung arches in furnaces operating at high temperature for long periods of time. The weight of the arch plus the tremendous expansion thrust developed during heating may cause the soft portion of the brick to compress and the arch to settle.

It is for tile above reasons that, at the of thermal efficiency, many furnaces are left uninsulated in the hot sections, while the cooler portions are well insulated.

TYPE OF REFRACTORY

By "type of refractory" we mean the major classifications of refractories ‑ such as silica, fire‑clay, high‑alumina, magnesite, chrome, etc.  Chemical characteristics of the furnace process usually determine the type of refractory required, although this is not universally true.  We have the familiar and greatly overworked example of silica brick, the most acid of refractories, being successfully used in the roofs of basic open hearth steel furnaces.  In this case the physical properties of the brick, particularly load bearing strength, are more important than the chemical characteristics.  On the other hand, susceptibility to spalling prevents the successful use of silica brick in the standpoint of slag resistance. Numerous examples could be given illustrating the fact that for successful refractory practice the physical and chemical properties of the refractory must be compatible with the furnace operation and nature of the process.

In order to judge the type of refractory material most likely to give satisfactory service in a certain furnace, one must have a knowledge of the limitations as well as the strong points of the principal types of refractories.  Very often it is desirable to use different types of refractories in various parts of the same furnace to obtain uniformly good or balanced refractory service.
General statements, such as the above, are of little help to the person trying to explain why a refractory lining failed to give satisfactory service.  The following brief discussions of the outstanding characteristics of the various types of refractories is an attempt to be more specific.
(a) Fire‑Clay Brick

Fire‑clay brick comprise about 75% of the production of refractories on a volume basis. They form the backbone of the industry - the general all purpose refractory ‑ applicable to every service except where the conditions prescribe some one property or group of properties as being of far greater importance than others.  There is no such thing as a perfect refractory.  It is, therefore, necessary to balance service conditions against refractory properties to obtain , the most economical combination.
Price and local availability are important factors in the use of fire‑clay brick. As a type they are the least costly of all refractory brick, and there are few communities in which fire‑clay brick cannot be purchased from local stocks. Fire‑clay brick are also the most versatile of refractories. The fact that they have no one outstanding property is more than offset by the lack of a specific weakness.  This accounts for their successful use in practically every type of industrial and domestic furnace ‑ from the largest iron blast furnace, requiring more than a million 9" equivalent down to domestic heating furnaces or fireplaces, in which less than a hundred brick are used.

All fire‑clay brick are not alike and the total ranges of their properties are quite broad.  A.S.T.M. subdivides fire‑clay brick into four major classifications depending primarily upon fusion temperature (P.C.E.) which, within limits, is a function of the alumina‑silica ratio.  Other differences in fire‑clay brick are the result of differences in raw materials, manufacturing process (dry press. stiff mud, wood mold, et cetera), and the proficiency of the manufacturer.

From the standpoint of fusion temperature, super duty fire‑clay brick have a P.C.E. of approximately Cone 33, which corresponds to 3175oF.  This does not mean that a brick with a P.C.E. of Cone 33 can be used. in furnaces operating at 3175oF.   On the contrary, it means that at this temperature in a clean, slag free, neutral to slightly oxidizing atmosphere, this brick would be unable to support its own weight.   It is impractical to attempt to designate a safe operating temperature for any fire‑clay brick because furnace conditions other than temperature affect its service life materially.  Characteristically, fire‑clay brick begin to soften far below their fusion temperature (P.C.E.), and under load actual deformation takes place. The amount of deformation depends upon the load, and, once started, this deformation is a slow but continuous process unless either the load or the temperature is reduced.  It Is for this reason that fire‑clay brick are not well adapted for use in wide sprung arches in furnaces operating continuously at high temperatures.

The best load bearing fire‑clay brick are the so‑called high fired super duty brick. The load bearing ability of these brick is greatly enhanced by the development of a stabilized mineral structure, consisting mostly of needlelike mullite crystals, during the high temperature firing process..

The spilling resistance of fire‑clay brick as a type Is good. There are variations in spalling resistance between brands depending largely upon the manufacturing process (stiff mud, dry press, et cetera), raw material characteristics, and the technique of manufacture; but fire‑clay brick are most generally used in intermittently operated furnaces and wherever rapid changes in temperature would promote spalling. ‑This is true even when, from the standpoint of chemical composition, some other refractory material might be preferable. 

A.S.T.M. defines slagging as "the destructive chemical reaction between refractories and external agencies at high temperatures, resulting in the formation of a liquid".   Although slagging is thus easily and simply defined, no satisfactory laboratory test for measuring it has as yet been developed and the trial‑and‑error method in actual service is the only reliable guide.   Fire‑clay brick withstand the action of both siliceous and basic stags surprisingly well.   For example, note the contrast in service conditions between fire‑clay glass tank blocks in contact with siliceous slag in the form of molten glass, and a fire‑clay blast furnace lining which , must resist the high lime slags used as a flux in the production of pig iron.

In addition to the properties of refractoriness and resistance to spalling, slagging, and load, mentioned above, there are other properties of fire‑clay brick which vary widely between different brands but which are often the controlling factor in determining their selection for a particular application. Some of these properties are:

1. Resistance to abrasion and erosion

2. Permeability to gases and liquids

3. Permanency of volume (lack of shrinkage at high temperatures)

4. Resistance to destructive effect of certain gases (carbon monoxide, for example)

5. Thermal conductivity

(b) High Alumina Brick

High alumina brick carry the all purpose characteristics of fire‑clay brick into higher temperature ranges.  There are classes of high alumina brick ranging from 50% Al2O3 to 99% A1203 and with fusion temperatures from Cone 35 (3245°F) to Cone 42 (3720oF).  They are generally good in spalling resistance and the ability to withstand loads.   Aside from temperature alone, their most valuable property is resistance to chemical attack.  That is why high alumina brick are being used in cement and lime kilns and in lead drossing furnaces. Recent test installations indicate that they will be economical far the lower sections of soaking pits in the steel industry, primarily because of their resistance to iron oxide slags.  Manufacturing cost and, therefore, price of these brick increase more rapidly than the alumina content, so it is essential to determine experimentally or by test installations the most economical alumina content for each

service. 


(c)  Silica Brick
From a volume standpoint silica brick are second only to fire‑clay brick. They have one outstanding advantage and one equally outstanding weakness. Their excellent mechanical strength at temperatures approaching their actual fusion is their most important property and accounts for their successful use in the wide sprung arches of open hearth steel furnaces, glass tanks, and reverberatory furnaces for the melting and refining of copper and many other metals. Their weakness lies in their susceptibility to spalling at  temperatures below 1200oF.  Temperature fluctuations above 1200oF do not affect silica brick adversely and in this range it is classed as a good spalling resistant brick. Many furnaces, however, must be cooled to nearly room temperature at frequent intervals and for such processes silica brick are not practical.

As would be expected silica brick give good service In contact with high siliceous stags but they are surprisingly resistant td many basic slags, particularly those high in lime or iron oxide. This fact is explained by a property known to geologists and mineralogists as "Immiscibility", but merely noting the fact Is sufficient for this discussion.

(d) Basic Brick
In this group we include the magnesite, chrome‑magnesite, magnesite‑chrome, forsterite, and periclase brick. The physical properties of this class of brick are generally poor, and their great value is primarily in their resistance to basic slags. . A brick with the physical strength and ruggedness of a silica brick would find immediate and wide use in the metallurgical industry.  Many combinations of materials have been tried with varying degrees of success to approach this goal as closely is possible. Recognizing the advantage to be derived from magnesite brick In open hearth roofs and ends, an extensive program is under way to see if the lack of physical strength can be overcome by providing support by external means. Success or failure will, of course be determined on a dollars and cents basis. The cost of refractories per ton of steel produced will be the deciding factor.

In addition to metallurgical furnaces, basic brick are now being successfully used in glass tank checkers and In lime and cement kilns Research and development by the refractories' companies, in cooperation with the consumers, have resulted in a great improvement in the properties of basic brick during the past 26 years:

(e) Special Refractories

Besides the general classes of refractories already mentioned, there are quite a few kinds of brick produced with unusual properties which fit them to specific application. In this group are included silicon carbide, zircon, stabilized zirconia, carbon, mullite, and the fusion cast refractories.  In general they are expensive and their application limited to those parts of a furnace in which their unusual properties will extend the over‑all life of the furnace.

OPERATING PRACTICE

"Our operating practice has not been changed in years."

"Your brick are just not as good as they used to be.",

These are statements frequently heard during the investigation of cases of premature failure of refractories, That they are entirely honest and sincere expressions of opinion, there can be no doubt. The point that is sometimes over​looked, however, is that there can be unintentional changes in furnace conditions long enough in duration to destroy a refractory lining but not long enough to be considered as a change in practice.  We refer to such things as a burner getting out of adjustment so that the furnace atmosphere becomes highly reducing for a short period of time; possibly the operating temperature of the furnace may become abnormally high and damage the gridwork before it is corrected; or perhaps the chemical composition of raw material charge or the fuel may have changed although purchased from the same sources.

Such variations in practice are usually extremely difficult to discover because they leave no record except for their effect on the lining. Another complicating factor is that the failure of the refractory may not become apparent until weeks or even months after the actual damage was done.

Therefore, in investigating cases of refractory failure, it is advisable not to jump to apparently obvious conclusions.  It is much better to obtain all the information possible and then, by a process of elimination strike out all the factors that are reasonably certain to have had thorough examination before the field can be narrowed still further. In this way it is almost always possible to arrive at a conclusion as to which factor is the one most likely to have caused the trouble. If you feel there are too many "weasel words" in that statement, the investigation of a few cases of refractory failure will go far toward changing your mind

QUALITY OF REFRACTORY

All too frequently, from the refractory manufacturer's standpoint that is, it happens that by our process of elimination we find the finger of guilt pointing directly at the refractory material itself. When this happens perhaps we should be relieved (although we rarely are) because it is the easiest to correct of all causes of failure. It does not involve alterations in furnace design, modifications in the process to take care of raw material variations, better instrumentation for closer burner control, or the selection of a different type of refractory. All that is required is the replacement of the lining with the same brand of brick. It is almost certain that this replacement lining will be up to standard, normal quality and no further difficulty will be encountered

In any mass produced material, such as refractories, there are unavoidable variations in properties. This Is particularly true when the finished product is made directly from raw materials without intermediate refining or beneficiation. It is the constant endeavor of the refractories industry to reduce the range of these variations. The testing of raw materials, even before mining; the selection and blending of clays; and the inspection testing at all stages of the manufacturing process contribute to this end, Finally, the inspection of the finished product before shipment is tremendously important to insure the consumer of uniform and consistent quality.

WORKMANSHIP

It is easy to blame the brickmasons for every refractory failure because by the time failure occurs the evidence is pretty weII destroyed. Good brickwork is extremely Important but we have tried to make the poi that there are other factors Involved, probably of more frequent occurrence than either poor brickmasonry or brick that are not up to standard quality. Perhaps we should make it clear that we do not include the proper size and location of expansion joints, the rise of an arch, or the thickness of a wall as properly coming under the head of masonry workmanship. These should be taken care of in the furnace design. In practice we realize that many of these design details are left to the brickmason doing the work, and in most cases this is the best. way to handle it. There are instances, however, of brickmasons being called on to do furnace work that have had no experience except in the building trade. This is not likely to happen in large companies employing their own masons, but smaller companies will be well advised to keep this point in mind and assure themselves that the person in charge of the masons understands high temperature furnace work.

At the beginning of this discussion we listed the five most important factors governing refractory service:

1. Furnace Design


.

2. Type of Refractory

3. Operating Practice

4. Quality of Refractory

5. Workmanship

Arrange them in the order to suit the conditions existing in any particular furnace, and we believe they will help you analyze any refractory troubles.
A.P. Green on Refractory – 1953
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