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INTRODUCTION.

THIS book is intended by the author to complete the work begun in “The Iron Founder,” for which reason it is called a “Supplement” to the former. Whilst “The Iron Founder”—as stated in the preface to said book—may in all respects be considered a moulder's book, for the reason that the subjects treated are directly in line with the manipulations called forth in the actual daily practice of the moulder, the “Supplement” embraces every other subject concomitant with such practice, all of which it is essential that every moulder should possess some knowledge of, even if he does not aspire to the dignity of an expert in the whole art of moulding.

The author realizes the difficulty of presenting these somewhat dry and matter-of-fact subjects in a manner calculated to command the attention of such as are not directly interested in foundry affairs, and his daily experience in the foundry has convinced him that very few of the rank and file, even amongst moulders them selves, care to peruse the apparently tiresome pages of a book devoted exclusively to matters with which they are brought into daily contact. It has been his aim, therefore, to treat the various subjects in a manner somewhat different to the methods usually adopted for the ordinary text-book, and by this means excite a healthy desire, if possible, for a more extended knowledge of what is herein attempted to be explained. At the game time care has been taken to avoid the introduction of anything that would in any sense detract from its worth as an elementary treatise on such phases of the moulder's art as are duly shown forth in the table of contents.

The all-important subject of “Mixing Cast Iron” is discussed in these pages from a somewhat different stand-point to that usually taken. Foundry equipment and appliances receive special notice in detail, including a table of dimensions for ladles, and the latest application of machinery for moulding as well as other purposes in the foundry. Melting in Cupolas and Reverberatory Furnaces occupies a prominent place in the book; and the original table of instructions for the management of cupolas will no doubt be appreciated by all who, for lack of time or a disinclination to ponder these subjects, are not in possession of such data.

The founding of “Chilled Car-wheels” is folly explained and suitably illustrated, as also is the production of “Malleable-iron Castings,” etc.

The measurement of castings necessarily introduces some arithmetic, but knowing the antipathy usually manifested by those who unfortunately know little of these matters, the author has shorn it of all mystification and, by a few practical illustrations, endeavored to make it sufficiently plain to be understood by any one who will make the effort, no matter how deficient his previous education may have been.

Of late years the modeler and sculptor have been gradually establishing themselves as a part of our foundry system, and not a few of our modern structures are being supplied, internally and externally, with some elegant examples of art work in cast iron, which have been produced at foundries heretofore engaged only on the ruder castings for construction. This has brought us into close contact with a branch of the art hitherto considered exclusive, and entirely beyond the ordinary moulder's ability to produce; but the author knows, from personal experience, that all such exclusiveness is fast disappearing, and, owing to the numerous inquiries he has received from many quarters asking for information upon these subjects, has deemed it wise to insert in these pages an account of the methods generally pursued in the art of “Statue Founding” as well as “Pattern Modelling,”—in clay and wax, and “Taking Casts,”—all of which are kindred subjects, a want of the knowledge of which has a depreciative effect on the moulders of the present day.

SIMPSON BOLLAND

NEW YORK, November, 1983.






THE IRON-FOUNDER SUPPLEMENT


EVOLUTION OF THE IRON-FOUNDER'S ART.

THE term “founding” is applied by many persons to all processes connected with the manufacture of articles in metal, whether the finished product has been forged from the malleable metal or cast in moulds. This generalization is entirely misleading, and it has made all the more difficult the work of placing the origin of iron-founding as an art. Iron-founding, in its proper sense, is the art of preparing moulds from plastic materials of such a nature as will successfully resist the intense heat of the molten iron,—as loam or sand,—in which may be formed the object to be produced in iron, the process being completed when the iron has been melted, run into the mould, and permitted to solidify.

Of the antiquity of working in brass and iron, as well as the more precious metals, there is abundant evidence, including mentions of the subject in the earliest books of the Bible. That the iron of the Hebrew records was not cast iron is made to appear with much significance in Isaiah xlviii. 4 (supposed to be about 700 B.C.): “Because I know thou art obstinate, and thy neck is an iron sinew,” —the latter word being a plain indication of the quality of toughness common to iron in a malleable condition. Further evidence in support of this hypothesis is found in Psalms cvii. 16: “For He hath broken the gates of brass and cut the bars of iron asunder.” A marked distinction is here observed in the methods of spoliation: if the iron had not been malleable, there would have been no necessity for the cutting. Some knowledge of smelting iron must have been known to the ancients; otherwise neither Tubal-Cain nor his Hebrew successors could have accomplished the forged-iron work with which they are credited.

An ancient method of smelting, still employed by the natives of India, is very simple and effective, probably the same as that used by the Israelites during their term of bondage in Egypt. On the whole, it is probable that, while malleable iron was in common use among the ancients, they were practically unacquainted with cast iron and its uses; and it is more than probable that the mention of iron sculpture by the Greek writers referred to objects which had been beaten out by hammering, and not cast in moulds, as was the case, undoubtedly, in their bronze work, the antiquity of the art of casting in bronze and the precious metals being well established. The processes employed were probably similar to the cire-perdue process. *

Much stress is laid on the statement of Pausanias (A.D. 120) that Theodorus the Samian was the first to discover the art of casting in iron and making statues of it, about 440 B.C.; if he was, the secret must have died with him, there being no evidence of the art at that time extending beyond his island home in the Mediterranean. We must confess that the state of the mechanic arts then existing do not harmonize with probability in Pausanias's statement; because to mould statues in cast iron would have demanded a knowledge of materials and a degree of skill very superior to and much more exacting than that to which statue-founders had hitherto been accustomed in the cire-perdue processes no doubt then prevalent. But further on he says, “To make statues of iron is most difficult and laborious;” from which we are almost tempted to believe that the noble islander did accomplish something of the kind, after all, and left the world no wiser as to the methods he pursued.

* Cire perdue (literally, lost wax).—A French term applied to the process of bronze casting, wherein the article to be cast is first modelled in wax; the max model being then inclosed in plastic clay, upon heating which the wax melts and runs out, leaving the mould.

As time advanced, a growing demand for implements of war, as well as for the more peaceful implements of agriculture and other domestic arts, created the necessity for improved systems of producing malleable iron for such purposes. But about the early part of the sixteenth century larger furnaces for the manufacture of cast or pig iron were introduced in some parts of Europe, such iron being subsequently converted into malleable or wrought iron in the forge-hearth.

A patent was granted in England about the year 1544 for a new process of making cast iron, but works written much later than this date make no mention of castings being made from this metal: which seems strange, when it is certain that castings had been made from the earliest ages from other metals and their alloys. About 1740, we are informed, iron cannon were successfully cast in the South of England by workmen who were afterwards taken across the Channel to teach the Frenchmen this new art. At this time there were very few furnaces that would produce more than one ton of pig iron per day; consequently, where the foundry operations were of more than ordinary magnitude, a number of these miniature blast furnaces might have been seen at work together.

Réaumur, the great French metallurgist, published in 1722 an interesting account of the methods then practised by him. The remelting of the pig iron had previously been conducted in crucibles, but he conceived the idea of facilitating foundry operations by melting his metal in direct contact with the fuel, using for this purpose what may be taken as the forerunner of the cupola at present in use. A shaft was provided which fitted the top of the crucible, into which the iron and fuel were charged at the top in alternate layers; the blast, produced by two large blacksmith's bellows, was forced in at the lower end of the shaft, and maintained at a vigorous rate until the requisite quantity of iron was melted, after which the shaft was removed, the débris cleared away, and the crucible, containing the molten iron, was emptied into the moulds. From this we may date the beginning of modern foundry methods.

It was not till after Réaumur's death, in 1757, that these primitive cupolas came into anything like general use, though the itinerant founders of his day evidently were not slow to discover their practicability as portable furnaces. He thus ingeniously describes these tinker-founders: “There are founders who do nothing every day but to melt cast-iron and no other metal. Their number is not large, and I do not know whether there are more than one or two in Paris. These founders travel through the country, and make their appearance gradually in different provinces. They make cast-iron weights, plates for different purposes, cast new and patch old hollow-ware. These founders buy the pig iron they want from peddlers, who gather cast-iron scrap in the villages in the vicinity of Paris. This scrap is exchanged for apples; a man with scales in one hand, leading a horse laden with poor fruit, does the business, exchanging apples for iron, weight for weight."

The “Philosophical Transactions” of the Royal Society of London for 1747, reviewing the art of making cast iron with pit-coal, and casting articles therefrom,—something which had been taking place, secretly, at the foundry of Abraham Darby, Colebrookdale, England, from 1713,—speaks of it as a curiosity. This enterprising gentleman hailed from Bristol, having leased the iron-works at Cole-brookdale in the year 1707, when it consisted of a single small furnace and foundry. Before locating at Colebrookdale Mr. Darby had engaged as an apprentice a young Welsh shepherd named John Thomas, who accompanied his master and worked in the foundry. The lad observing the ineffectual attempts of a Dutch moulder, thought he saw the reasons for the man's failure, and was allowed to try his hand, the result being that with the assistance of his master an iron pot was successfully cast. A secret agreement was entered into between the two to keep the secret, which was loyally kept on the part of the boy, who was ever the friend of his master's family when, in after life, they were sorely tried. The great secret of the whole process consisted in effectually leading away the gases generated in the core when the molten iron entered the mould, which, if left confined, must inevitably burst the core and thus spoil the cast. Simple as this may seem at this day, the knowledge of making such casts in iron was so limited at that time that they were enabled to keep their secret for almost a century afterwards.

Abraham Darby died 1717, when his new enterprise was in a flourishing condition, and was succeeded by his son, who was named after him; and it was through the indefatigable exertions of the latter that coke instead of charcoal was finally used in smelting, about the year 1760. Iron-founding received an impetus at this period of its history such as it had never before experienced. The steam-engine of Watt, coming into use at this time, developed the iron manufactures at a wonderful rate, as by its means blast power was increased, and all rude contrivances, as blacksmith's bellows, and rotary machines driven by horses or oxen, which had been employed for creating blast in furnaces, were gradually abandoned in favor of the blowing engines driven by steam.

Castings in iron for the early engines of Watt and Boulton were made at Colebrookdale, as were also those for the first cast-iron bridge, which was erected over the Severn, close to the works, by the third Abraham Darby, and opened for traffic in 1779. To meet the growing demands of this newly awakened industry the Darby firm had soon to open other works at Ketley and Horsehay, and branches of the same firm were established at Liverpool and Bristol; also, agencies for the disposal of machinery, manufactured by this firm for mining purposes, were opened at Truro and Newcastle. The renown of this pioneer foundry has spread throughout the world; their reputation as manufacturers of modem machinery is only equalled by their perhaps greater renown as producers of the highest-class art work of every description in cast iron and bronze. The days of long ago are still forcibly indicated by relies which are still treasured with the greatest care, although the works generally are for the greater part modern in arrangement and equipment. An old furnace may be seen on supporting beams, dated “1658,” and three others have “Abraham Darby 1777” inscribed on them. One old foundry has a plate over the door with “1774” on it, and they still retain possession of the old cylinder, 4 inches diameter and about 36 inches stroke, which originally belonged to Trevethiek's first locomotive.

We can conceive of the difficulties attending the early efforts of our forefathers in the manipulation of such castings as were needed by the pioneer engineers, whose demand for fine iron castings would steadily increase as the practicability of steam-power became manifest. About the year 1769 steam was universally recognized as the chief motive power, and was gradually applied to all descriptions of machinery. No doubt failure often resulted when trials were first made on castings of the nature required. All this new work had to be done by moulders, who, necessarily without knowledge of the nature of materials, must grope their way with absolutely nothing but hard and inexorable experience to guide them. Under such adverse circumstances there was no other way to success but hard endeavor; if a casting was bad, it was necessary to try again, and again if need be, hoping to discover the cause of failure and avoid next time the errors of preceding trials arising from ignorance of first principles. It is a lamentable fact that, although a century has since passed, the rank and file of moulders are to-day working on the same indefinite lines.

The change from castings of a very ordinary type to the superior kinds required for steam- and blowing-engines, as well as machinery of all descriptions, which at this time was being rapidly changed from wood to iron, must have been almost bewildering, as nearly all parts of the engine, including crank, connecting-rod, and beam, were then made in cast iron, of elaborate design and intricate in the extreme. Good moulders must certainly have been every where in great demand, especially such as were able to make castings that must of necessity be made in loam and dry sand. Examples of high-class moulding were set in those early days, which, with very few exceptions, have abided with us, unaltered, to this day.

About this time the old devices for manufacturing woollen and cotton goods were supplanted by Arkwrlght's “throstle” and Crompton's spinning-mule, which in time were built up almost exclusively of cast iron. Wooden bridges began to disappear in all directions, and cast-iron structures were erected in their stead. The great Henry Cort, of Gosport, England, invented a method of rolling iron instead of hammering (1783), and from this event a demand for still another class of heavy castings was in-angurated; while later on, about 1807, paddles were introduced for the propulsion of ships, which called for superior castings suitable for marine engines. Subsequently, about 1836, the screw-propeller usurped to some extent the unwieldy paddle, and with the advent of this remarkable device arose the finest example of moulding yet seen. That the iron-founders of the past were invariably equal to the occasion is eminently proved by the casting of the screw-propeller, which to this day is moulded after plans discovered by our predecessors during the early days of steamboating. The advent of hydranlic machinery caused a demand for castings of such magnitude as to make the erection of special plants for the production of this class of work an absolute necessity. Improvements in agricultural and textile industries also demanded the erection of massive foundries.

Up to thirty years ago very few of the improved methods of moulding now practised had been introduced in the foundries; nor had any one competent foundryman or engineer attempted to supplant the cumbrous and ungainly equipments of the past by the very elegant and efficacious appliances now found in mammoth model foundries. The ponderous and slow wooden cranes have, by a gradual process of evolution, merged into machines of wonderful efficacy, and are now almost automatically controlled. The overhead trolley for conveying molten iron direct from the cupola to every part of the foundry is an improvement on the old system of hand-carrying, necessitated by the magnitude of some foundries in which the distance from the cupola to the furthermost parts of the shop is great; and, where such devices cannot be applied conveniently, we see well-kept tracks with switches in every available direction, on which handy tracks, specially constructed for this purpose, are used for conveying, with ease and despatch, every material used in foundry operations. For the time honored wheelbarrows has been substituted the conveyer, which hauls everything to its destination entirely clear of the foundry floor. Where once all the iron and fuel were carried by hand to the cupola scaffold, we have now, in some places at least, elegant provision of either electric, steam, or hydraulic appliances for performing this work. The old rule-of-thumb methods of charging the cupola have at last given place to the more sensible and economical system of weighing all material in correct proportion. Attention has been given to many minor things also. We have seen even the riddle superseded first by the common upright screen and then by the swinging and sliding machine riddles, and now the revolving screen is to be seen in many foundries. Cleansing-mills, provided with an exhauster to carry off the dust, have superseded the primitive method of scrubbing sand off the castings with stone and wire brush. Loam mills of infinite variety and degree of effectiveness are to be seen, where once the click of the chopper was to be heard. Some of the modes devised for clamping together the flasks, seen now almost everywhere, are ingenious in the extreme, and it is pleasing to observe how common at this time is Nasmyth's great invention, the geared ladle. Once it was thought that hay and straw rope must always be twisted in the primitive fashion; but this also has yielded to the spirit of invention, and the rope-spinning machine is throwing off bands, well spun and true. Machines too numerous to mention have been invented during the past thirty years, which, without the aid of a costly pattern, will make either spur, bevel, mitre, mortise, or worm wheels. The extraordinary progress of the cast-iron-pipe industry, with reference to equipment, has been such as to make that branch of moulding almost independent of skilled labor. The same may be said of many other classes of work where large quantities of duplicate castings are in demand, such work being now produced in the several moulding-machines with a facility and dispatch impossible by the old methods of ramming by hand.

The invention of plaster-blocks paved the way for the improved systems of plate-moulding which immediately succeeded them, introducing the interchangeable modes of flask-pairing and the earlier kinds of stripping-plates, the latter principle constituting the chief element of success in the modern moulding-machine.

One of the greatest aids to modern founding is the system of tests, chemical and physical, to which in some firms the pig iron is subjected before it is charged into the cupola. When eminent chemists inform us that whatever quality of iron the iron-founder demands can be furnished by the furnace manager, it would seem that it only remains for the foundryman to acquire such chemical knowledge as will enable him to know the exact measure of every element needed to produce the desired quality of iron, and thus, by chemical analysis, determine all his mixtures. Keep's tests are no doubt the most comprehensive of any of the physical tests for this purpose which have yet appeared, as they embrace every element necessary for discovering the nature and quality of cast iron.

At present we seem to be on the eve of great changes; and it is somewhat difficult and hazardous to predict the channels which future progress in iron-founding will take. Owing to the system of dividing labor, now becoming so prevalent, it is simply impossible for the ordinary workman to master the details of founding: this, coupled with general lack of education, leaves him, in a measure incompetent to manage even ordinary establishments intelligently; but how utterly incompetent are such men for becoming heads of the magnificently equipped foundries now being constructed! To operate such establishments it has been thought advisable by some to change the order somewhat, and engage the services of an educated engineer, so that the efforts of the foreman moulder shall be directed in paths which run in harmony with known physical laws.

When so much has been accomplished by the uneducated founder in the past, what are we entitled to expect in the future from this added intelligence? Time will show. The age is pregnant with ideas. The full blaze of scientific knowledge is lighting up dark and hitherto mysterious nooks in which nature has hidden many precious secrete. To suppose that the useful and noble art of iron-founding will not share in the riches thus lavishly obtained would be to rank it as among the least progressive of the mechanic arts; whereas recent advances show that it is no longer wedded to ancient ideas and methods, but is eager to embrace any and all sound improvement.

The consideration of the possibilities in foundry practice forces itself upon the attention of practical men who now thoroughly understand these possibilities. Indifference is giving way to active research and investigation, with reference to the supply of suitable material and equipment. Schools of technology will yet be brought to see the importance of giving the foundry more substantial recognition. One of the best modern moulding-machines owes its origin to experiments, conducted by its inventor, in the foundry of the Stevens Institute,—a fact which might be profitably borne in mind by the faculties of other technical schools, which, as a rule, are wofully deficient in means for teaching the art of founding.

The introduction of some late inventions for melting iron indicates the march of progress in this particular very forcibly. Every effort is now put forth to prevent the immense waste of heat which occurs in ordinary cupola melting, by a disposition of the tuyeres such as will burn the ascending combustible gases without heating the fuel to incandescence, in which instance the developed heat preheats the iron and fuel before it reaches the melting zone. What may we not expect in the prevention of heat-waste when we find that electricity has at last been successfully applied for melting cast iron? It is claimed for the “Taussig” electric system of melting cast iron in exhausted chambers that oxidation and creation of air-bubbles are avoided, and that the cost for driving the dynamos is 50 per cent less than would ordinarily be required for melting by the best practice.

The advent of the chemist in the foundry marks a new era in iron-founding, and is perhaps the surest indication of a desire for thorough advancement, as by his aid the indecision and doubt hitherto existing must ultimately cease. Mixing of different brands of cast iron, as well as the alloying of cast iron with other metals, to obtain a higher degree of homogeneity, or any other special quality in the resultant casting, will, under such qualified direction, be more easy of accomplishment.

Given superior direction, we may confidently anticipate the time when, by the united efforts of the scholar and the trained artisan, the art of iron-founding, in neither equipment nor skill, shall be second to any of the iron industries.






BLAST. BLOWERS.


A DESCRIPTION OF THE SEVERAL KINDS OF BLOWING-ENGINES USED IN THE PAST, AS WELL AS SOME OF THOSE IN USE AT THE PRESENT DAY.

BLOWING-MACHINES, as applied in the foundry, are all such as are made to produce a current of air to assist the combustion within the cupola, etc.

There is no doubt of the common bellows of to-day being about as old a contrivance for this purpose as can be found anywhere.

The Catalan forges of some parts of Europe furnish an interesting example of a blowing-machine called a ‘Tromp.’ One great objection to its use is that it can only be employed where it is convenient to provide a fall of some yards of water. The reservoir above has a plug in the bottom, which fits a conical-shaped hole connecting with a wooden pipe extending down to the wind-chest below, The water, by means of sloping holes provided at the top of the pipe, carries air down with it. The wind-chesty shown in article “Melting Cast Iron in Cupolas,” is provided with holes, one for the water to pass away, and the other, connecting with the nozzle-pipe, permits the air to escape in that direction. The water as it falls strikes a platform set there to receive it, the effect of which is to separate the air from the water. The height of drop determines the strength of the blast.

Another form of blower that has found favor in times past is two wooden boxes with open sides, and made to slip one over the other. The blast is produced by moving the upper enclosing box up and down over the other, and may be hinged for an easier motion. The lower box is provided with a valve opening inwards, and has a nozzle attached.



[image: Image]
Fig. 1.



A very simple form of bellows is made by the Chinese, which resembles the blowing-engine very much in its action. It is composed of a long square box, provided with a piston which fits all its sides, and a nozzle at the closed end. When the piston is pulled from the nozzle it opens valves to admit the air, but as soon as the movement is reversed the valves close and the air escapes at the nozzle.

Fan-blowers seem to have been in use about 1729, or perhaps before, as one Teral is supposed to have invented one about that time. Smeaton erected blowing-engines at the Carron Ironworks in 1760; and it would seem that most all the first of the modern blowing machines were composed of cylinders having pistons, all varying more or less in the application of the power to drive them and obtain a steady current of air. A blast-machine common in times past was two cylinders connected, one of which was provided with a discharge-pipe. The first downward stroke of piston number one drives the air into cylinder number two through a valve in the foot-box, which rises with the pressure; simultaneously with the movement downwards of piston number one, piston number two ascends as far as it may be forced, when it immediately returns, shutting the valve and forcing the air through the discharge-pipe, while piston number one ascends, filling the cylinder with air, which is again driven into cylinder number two and ejected as in the first instance, etc.

The cylinder and piston type of blowing-engines prevail in nearly all the blast furnace systems. At first they were made to force the blast with every alternate motion of the piston, and when a number of these were attached to the same crank-shaft run by a water-wheel they succeeded in producing a steadier pressure than was possible with only one cylinder.



[image: Image]
Fig. 2.—The sturtevant Steel Pressure-blower Blast-wheel.



The water-wheel has now been superseded by steam at most places, some preferring to have steam and blast cylinder in line on one bed horizontally, with both pistons on the same rod, and others favoring the same principle applied vertically. The very large engines, however, are invariably operated by a steam and blast cylinder on opposite ends of the same bed, vertically, with a beam to connect their pistons.

Fan-blast machines are now employed in many foundries. The common form of fan consists of three or more spokes of a rimless wheel, tipped with vanes, and made to rotate in a cylindrical chest. There are openings on both sides round the spindle for the admission of air, which, sucked in by the centrifugal action of the fan as it quickly rotates, flows towards the vanes, and is driven through an exit pipe attached to another part of the cylinder.

There are numerous varieties of these engines, which latter have become subjects for the exercise of the ingenuity of modern inventors in this line.

The compound blowing-fan of Schiele's consists of two fans combined on the same shaft so as to act successively on the same air. By the first the air is driven into a chamber between the fans at a pressure of 6 ounces; the second receives the air at this pressure, and by further compression delivers the same into the furnace at a pressure of 12 ounces per square inch.

The Sturtevant pressure-blower, Fig. 1, has spoked wheels, Figs. 2 and 3, having conical annular disks, mounted on axis, Fig. 3, driven by two belts, to prevent any tendency to wobbling. The air enters between the spokes round the axis, and is driven forcibly by the curved floats, which span the space between the annular disks, being discharged into a peripheral receiving-chamber, whence it reaches the eduction-pipe.



[image: Image]
Fig. 3.—The Sturtevant Steel Pressure-blower Journal-bearing.



The Mackenzie pressure-blower, Fig. 4, is in common use in this country as well as in Europe. The blades are attached to fan boxes which revolve on a fixed centre shaft. Motion is imparted to them by means of a cylinder, to which are attached the driving-pulleys. Half rolls in the cylinder act as guides for the blades, allowing them to work smoothly in and out as the cylinder revolves. At each revolution the entire space back of the cylinder, between two blades, is filled and emptied three times.



[image: Image]
Fig. 4.—Section of Mackenzie Blower.



Other rotary blowers are on the principle of the rotary pump or rotary engine, having two portions which revolve in apposition.

Root's pressure-blower, Fig. 5, is similar in principle to the foregoing; it acts by regular displacement of the air at each revolution. A pair of horizontal shafts, geared together at both ends, traverse a case of the form of two semi-cylinders, Fig. 6, separated by a rectangle equal in depth to the diameter of the semi-cylinders, and in width to the distance between the centres of the shafts. These shafts carry a pair of solid arms, each having a section somewhat resembling a figure of eight, the action of which as they revolve takes the air in by an aperture at the bottom of the machine, and expels it with considerable pressure, if required, at the top.
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Fig. 5—Root' New Iron Blower.
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Fig. 6.



The ‘Steam Jet’ is another form of blower now frequently adopted, but may with more correctness be described as a substitute for the blower.

‘Herbertz's Steam Jet Cupola’ works by means of at mospheric air breathed or sucked into the furnace by a jet of steam placed in the upper part of the shaft. This cupola requires no motive force, and the vacuum produced in the shaft by the suction allows every stage of the smelting process to be observed by the means of valves and tubes placed at different heights, thereby furnishing a convenient means of controlling the work.






MIXING CAST IRON.

IT is the business of the iron-founder to produce castings which will best meet all of the numerous demands—fineness combined with hardness, fineness combined with softness, strength to resist pressures and strains, etc.

He must also be able, by a judicious selection of different brands of iron, to produce mixtures which will meet the almost impossible demands created by faults in construction, as well as the countless conditions which, owing to the nature of the case, are imperative, and can only be met successfully by correct mixtures.

Now, is it not true that these emergencies are met, in a great majority of cases, by the merest chance, and not until after great loss has been sustained from repeated experimenting is success achieved? And, be it remembered, such success is at best only partial, for owing to the lack of correct data the whole experience must inevitably be repeated whenever the emergency again presents itself.

I would ask, What guide has the founder ever had ordinarily, other than the bare statement that No. 1 iron is all such as shows large crystals, smooth and bright, soft almost to sponginess in some cases, and that all such irons are to be chosen for use in the production of light castings; whilst No. 2 is to be recognised as being lighter in color, and to have smaller crystals than No. 1, eminently adapted for general work, machinery castings, etc.; and again, that No. 3 is all such iron as shows a greater density than No. 2, with a slight mottle indicated, and that this latter is to be used for the heaviest work?

This, strange as it may seem, is about all that the average founder knows about cast iron. Is it any wonder that so many blunders are made?

It is no uncommon thing to hear of some founder who has met with a difficulty, caused by a too free use of No. 1 iron, trying to overcome the same by making still further additions to his mixture of the same brand,—this because of the generally accepted idea that No. 1 iron is the panacea for all evils of whatever nature.

Such a person, wise in his own conceit, would ridicule the idea of overcoming his difficulty by means directly opposite to those he was pursuing; nevertheless, such a course would in all probability be the only one to take if success is to be assured.

Not unfrequently, when I have failed to obtain a degree of softness which was satisfactory by the use of No. 1 irons, I have had no difficulty whatever when No. 2 of a different brand has been substituted, and it has been no uncommon thing in my experience to discover that the scrap-pile contained the most valuable stock in hand: in fact, I know of one foundry in particular where strictly assorted scrap is used almost exclusively, with very excellent results; but that is because of the superior knowledge of the foreman, who has devoted himself to the study of such matters.

It will not be out of place just here to relate an experience of my own which bears directly upon this subject.

Some years ago I was called upon to take charge of a foundry where they had been experiencing considerable trouble with their iron. Castings innumerable were being rejected owing to their extreme hardness, and it had become imperative that steps be taken to check by some means the enormous losses they were sustaining.

Close at hand was found a stack of No. 3 pig iron which had long been voted useless; this was flanked by an unsightly mass of promiscuous scrap, which under the circumstances it was considered impossible to use. In addition to all this, I was shown another pile of scrap, remote from the foundry, which represented the accumulations of years, and footed up to the respectable sum of about 400 tons.

It was not long before I discovered what had caused this extraordinary waste, one chief cause being that the mixtures were arranged by one of the officials in the office, whose only claim to distinction in that line of business arose from the fact that he had, in some remote period of his life, held a minor position at a smelting-furnace. His method was to take portions of the several brands, either alone or in varying mixture, and make a crucible test of a very limited kind, and from such tests a formula was made out for the guidance of the foreman, with the result as above stated.

To overcome these evils recourse was had to very stringent measures: the services of the quondam mixer were dispensed with at once, and those of a metallurgical chemist engaged, by the aid of whom I was enabled in six months to use up every pound of this so-called obnoxious iron, to the great satisfaction of my employer, from whom I received the highest encomiums.

I would here observe that there was no “Scotch” or No. 1 irons need to effect this result. After a careful analysis had been made of all the irons on hand, and their natures distinctly noted, suitable mixtures for the various kinds of work were made, and all upon a strictly chemical basis, with astonishingly successful results.

The medium through which all this was accomplished was a brand of iron (on hand) which was exceedingly high in silicon, and it was the wonderful results produced by its agency on this occasion which changed all my cherished ideas in regard to mixing of metals on the old lines.

My firm conviction now is that the mixing of irons cannot be intelligently carried on unless chemical analysis forms the basis of procedure; and before attempting to give any absolute data for the guidance of others in the mixing of irons by this method, I would ask the reader to look to me, not as a master in these matters, but as a student who has just touched on the edge of a new truth and desires that others equally interested may share in the discovery.

Mr. Turner, demonstrator of chemistry, Mason College, says: “(1) Pure cast iron—i.e., iron and carbon only—even if obtainable, would not be the most suitable material for use in the foundry; (2) that cast iron containing excessive amounts of other constituents is equally unsuitable for foundry purposes; (3) that the ill effects of one constituent can at best be only imperfectly neutralized by the addition of another constituent; (4) that there is a suitable proportion for each constituent present in cast iron. This proportion depends upon the character of the product which is desired, and upon the proportion of other elements present; (5) that variations in the proportion of silicon afford a trustworthy and inexpensive means of producing a cast-iron of any required mechanical character which is possible with the material employed.”

In support of the fifth clause, relating to silicon, we quote from William Kent, in American Machinist, February 20th, 1890, where he says that “Mr. Charles Wood claims for himself, assisted by Mr. Stead, the discovery that silicon had the power of reducing the combined carbon into uncombined carbon, or, in other words, to convert white iron into gray iron.” Experiments made at numerous foundries in France had completely established the fact, and confirmed the statements made by Mr. Wood.

The custom of purchasing irons by their fracture, Mr. Wood said, in order to obtain sound castings, was a great mistake and must be abandoned. He admitted that hither-to it had been the only practical system known, and that founders in order to make soft castings had always gone to Scotch No. 1 or like rich brands to mix with other qualities in order to produce this result; but he had shown that the commonest iron, such as mottled and white, could be reduced to any degree of softness by a proper mixture of silicon iron; and an iron-founder by following this rule, and studying analysis of the irons at his command, could now produce in his cupola the exact quality of iron most suitable to his castings, instead of as hitherto depending upon special and expensive brands, which were often very uncertain in producing what was required, although the fracture might be all that was desired, whilst the only explanation was to be found in analysis.

Such evidence, coupled with personal observation and constant practice, forces us to the conclusion that a new era is dawning upon us in so far as relates to this subject, and already do we notice astonishing results from the adoption of the method of chemical analysis in the production of cast-iron car-wheels. We quote from the same authority, who says: “Some years ago it was thought that only ‘Hanging Rock’ or ‘Salisbury’ cold-blast charcoal irons very much higher prices than other irons. The chemists at length discovered that the peculiar characteristic was that they were lower in silicon than hot-blast and coke irons, and reasoned therefrom: (1) that if other irons could be found having identical analysis, they would be equally good in quality; (2) that if the silicon in coke and other hot-blast irons could be reduced to the same percentage that existed in these cold-blast irons, either by partial blowing in a converter or by diluting the iron in the cupola with irons or steel that contained little or no silicon (such as steel-rail ends), the same results would be found. Practical experiments demonstrated the truth of these theories; and now there is probably more iron used in making car-wheels than the whole product of the ‘Hanging Rock’ and the ‘Salisbury’ districts, these irons no longer bringing the fancy prices, relatively to other irons, that they once did: irons formerly considered not good enough are now in demand for the purpose, and the cost of the iron used in a car-wheel is greatly reduced.

“The time is probably not far distant when pig iron for foundry purposes will be bought and sold on analysis, just as iron for Bessemer and other steel now is; and the results will be stronger and cheaper castings, more certainty in quality of product, lower prices for fancy brands of iron sold on their old reputations, and higher prices for scrap, white iron, silver gray, and other varieties hitherto under-valued.”

I shall now attempt to give an account of some of the chemical substances found in irons of different kinds, and how to combine them to obtain certain results.

With the view of becoming better acquainted with the nature of ‘pig iron,’ let us determine what influence carbon, manganese, sulphur, phosphorus, and silicon have upon it.

It must be understood that the strength of cast iron depends on (1) the amount of weakening impurities present; (2) the proportion existing between the combined and the graphitic carbon.

According to their influence on the properties of cast-iron, the elements mentioned may be classified into two groups: (1) Softeners—graphitic carbon and silicon. (2) Hardeners—combined carbon, manganese, sulphur, and phosphorus.


GRAPHITIC CARBON.

Carbon existing as graphite in cast iron makes it soft and tough, and increases its fluidity.

When molten iron solidifies, the liberation of the carbon occurs at the instant of crystallization.

Silicon added to iron produces graphite.

The amount of graphite in gray irons varies from about 1.5 to 3.5 per cent.

In Scotch irons the graphitic carbon should not be below 3.0 per cent.

COMBINED CARBON.

Combined carbon in proper proportion to graphitic carbon increases the strength of cast iron.

Cast iron which contains too much combined carbon becomes harder and more brittle in proportion, and shrinks more in cooling than does graphitic carbon.

Sudden cooling of the metal prevents the liberation of carbon as graphite, and retains it in the state of combination with the iron.

Repeated remelting increases the combined carbon, and when silicon is taken from iron the combined carbon is also increased.

For soft castings the mixture should not contain over 0.2 per cent of combined carbon, but for strong castings 0.4 to 0.8 per cent is admissible, and in some cases even more.

So-called “Scotch” irons or “softeners” should contain a maximum of graphitic and a minimum of combined carbon. The best brands of these irons sometimes contain less than 0.1 per cent of combined carbon.


MANGANESE.

Manganese tends to the formation of combined carbon, reduces the tensile strength, makes the iron hard and brittle, causes more waste by reason of the formation of additional slag, and acts in a contrary direction to silicon.

Manganese in foundry irons varies from mere traces to over 2.0 per cent.

For the reasons as herein stated, manganese can only be tolerated in very strong castings, and even then should not exceed in the mixture over 0.5 per cent.

SULPHUR.

Sulphur contributes to retain the carbon in the combined state, and probably also promotes the formation of combined carbon, and consequently hardens the castings.

In foundry irons this element should not exceed 0.1 per cent.

PHOSPHORUS.

Phosphorus causes hardness and brittleness by lowering the separation of graphite, but increases fluidity.

Phosphorus in foundry irons varies from 0.2 to 1.0 per cent, and sometimes even more; but for best results in foundry mixtures, it should not exceed 0.5 per cent, or, preferably, 0.3 per cent.

The injurious effects of phosphorus become more apparent in proportion as the percentage of combined carbon increases.

High phosphorus is desirable only in cases where great fluidity, regardless of strength, is the chief desideratum.


SILICON.

Silicon increases fluidity, and reduces hardness and shrinkage of castings by its influence on the combined carbon, changing it into graphitic; but after the bulk of the carbon has become graphitic, through an addition of silicon, any further addition of silicon hardens the casting.

In the foundry the problem is to have the right proportions of combined and graphitic carbon in the resultant castings, and the fundamental laws in foundry practice are, that in white pig iron an addition of silicon precipitates the combined carbon in the form of graphitic carbon, and causes gray iron to be produced, and that in gray pig iron the expulsion of silicon converts the graphitic carbon into combined carbon and produces white iron.

The variations, within certain limits, in the proportions of silicon, afford a reliable means of producing castings of any mechanical character which is possible with the materials employed; but the percentage of silicon required depends greatly upon the condition in which the carbon exists in the iron to begin with, viz., in an iron when the bulk of the carbon is already graphitic, more silicon may weaken the casting and make it brittle.

Thus by a judicious use of silicon the proportioning of the carbon may be accomplished according to the wish of the founder.

The amount of silicon producing the maximum of strength is about 1.8 to 2.0 per cent when a white base is used.

The strongest castings are obtained from irons which, when melted alone, will produce sound castings with the least amount of graphite, and each addition of silicon to such iron will decrease strength.

When strength is desired, it should also be borne in mind that the phosphorus, sulphur, and manganese must be kept low, or within certain limits.

Gray foundry irons contain from 1.0 to 5.0 per cent, ferro silicons from 5.0 to 14.0 per cent, and castings will vary from 1.5 to 3.0 per cent of silicon.

In figuring for the silicon contained in scrap-iron the following will be found a safe estimate: 1.5 per cent for scrap from castings which show a gray fracture; 1.0 per cent for such as show a mottled fracture; 0.5 per cent for turnings (cast) when clean; 0.0 per cent when rusty, and the same for burnt iron.

The percentage of silicon to be figured for in white pig iron is about 0.5.

In the paper written by W. J. Keep, Detroit, Mich., entitled “Silicon in Cast Iron,” the whole subject is treated in a masterly manner, and all who carefully peruse its pages must inevitably agree with that illustrious investigator in the conclusions he draws with regard to the wonderful element which he so ably discusses. In the last clause of his paper he says: “We have seen, however, that a white iron which will invariably give porous and brittle castings can be made solid and strong by the addition of silicon; that a further addition of silicon will turn the iron gray, and that as the graynees increases the iron will grow weaker; that excessive silicon will again lighten the grain, and cause a hard and brittle as well as a very weak iron; that the only softening and shrinkage-lessening influence of silicon is exerted during the time when graphite is being produced, and that silicon of itself is not a softener or a lessener of shrinkage, but through its influence on carbon, and only during a certain stage, it does produce these effects.”

From the foregoing it must be inferred that if founders are to keep pace with this age of discovery they must be willing to leave the old beaten tracks of indecision and doubt, and seize upon the more tangible methods which science reveals to us every day.

The suggestions herein contained should, I think, go far owards making what has hitherto seemed a mystery appear as a problem easy of solution: for instance, a casting is required that shall meet certain conditions; a careful study of the foregoing will enable the founder to know what proportion of the several elements may with safety be allowed to enter into the mixture, and knowing from previous analysis what the stock consists of, he can at once decide which course to pursue, and all this with a positiveness which is simplicity itself.

The reader will also see how effectually this method will eradicate the old foundry nomenclature, as, instead of the present distinguishing terms as applied to cast iron in stock, we should know them according to analysis, as brands high, medium, or low in one or more of their constituent elements.

Of course a thorough knowledge of this proposed innovation will mark a new era in the prices of cast iron, as before stated, because the demands for so-called No. 1 irons will not necessarily be as urgent as is now the case; and I am surprised that employers have not before now grasped the situation, for it is no exaggeration to say that if the services of the metallurgical chemist were more generally insisted upon, and the proposed method adopted in its entirety, an immense saving would be effected, as lower grades of iron could be used with absolute certainty.

It must not be supposed that the founder can, under any circumstances, omit the care and supervision always requisite where the best practice is to be obtained.

While scrap, so-called, ceases under the proposed change to be a drug, and becomes in some instances a prime necessity, every precaution must be taken to insure its successful reduction in the cupola; all such as is very dirty should be thoroughly cleaned, and when there is a large quantity of very fine scrap it is preferable to charge it all together, at the last of the heat, mixed with as much high silicon iron as will insure its conversion into a desirable mixture.

When it is remembered that scrap, especially such as has been frequently remelted, contains a larger amount of combined carbon than the original pig from which it was made, there will be no difficulty in understanding that such scrap, judiciously used, will neutralize any tendency to sponginess which may be inherent in the pig, such mixtures to be proportioned according to the degree of fineness desired in the resultant casting.

Too little care is exercised in the choice of a man to attend the cupola; and if employers could be made to see how much they lose every year through sheer incompetency in the management of that important department, we should soon see a different class of men employed. An ignorant man cannot be expected to take any interest in mixtures, economy, and the numberless other important factors which are indispensable where the best results are looked for.

A carefully kept record of every day's melting is absolutely necessary,—for, however precise the mixtures may be made, there will always be neutralizing influences, more or less, at work to make such a course indispensable,—the several adverse results can be noted, and the reasons for such inquired into.
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