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APPENDIX JJ 

REPORT ON HUNTSMAN'S CAST STEEL 

Reproduction of a Testimonial issued by 
Fourness and Ashworth, Engineers to their Royal 
Highnesses the Prince of Wales and the Duke of 
Clarence, 28th March 1792, printed in booklet 

form in both English and French versions 

TO THE PUBLIC 

In justice to Mr. Huntsman, who makes the best Cast Steel, 
in this, or perhaps any other country, we wish to present 
Society at large with the following brief character of it, 

which, as persons who have for several years been in the 

practice of using it, we shall at all times be ready to 

confirm. We have made trial of different kinds of Cast 
Steel, but never met with any that would abide the same 
execution as Huntsman's. 

The efficient properties of Mr. Huntsman's Cast Steel are 
simply two, namely extreme hardness combined with great 
toughness and ductility. A point may be made that will 
cut glass, and at the same time, endure arduous work, as 

a Turning Tool for any kind of metal, without undergoing 
those frequent repairs necessary to tools made of other 
steel. It is calculated also to take the highest 

polish; therefore for Burnishing Tools, and Plates to 
beat or roll any kind of metal to a fine surface upon, it 

possesses a decided superiority; and, as to Dies, there 
is perhaps no Steel that can be made into a face of equal 
hardness and durability. For Buckles, Buttons, and 
other articles of the steel kind, to which great super- 
ficial brilliancy is requisite, there is, we believe, not 
another fabric of steel so completely adequate. Indeed, 

as a hint to Opticians it is probable this Steel would 
admit of a polish sufficient for Speculums; for Mirrors 
it is particularly suitable. By a judicious workman, a 

plate of this Steel can be laid to, and united firmly 

with any malleable Iron or Steel, of even an ordinary 
kind. 

There are many Smiths, within the compass of our 
knowledge, who have not been able to find out the real 
qualities of this Steel, on account of having had no 
previous instruction relative to the working of it. 
It has often been said, and amongst other incorrect 
statements it has been asserted that the Huntsman Cast 
Steel could not be united or welded to any other Steel 
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or Iron; but the opinion is a mistaken one, because we 
can satisfactorily prove to any person that Mr. Huntsman's 
Cast Steel may be securely united or welded to any other 
Steel or forged Iron. To elucidate this fact is one part 
of the design of this testimonial. 

When Smiths use Cast Steel, they frequently imagine that 
it requires the same heat commonly given to other Steel 
before it comes under the hammer; nay, some indeed think 
it necessary to give the same heat to it as they would 
give to Iron; whereas, if instead of this erroneous method, 
Huntsman's Cast Steel were treated with care in the fire by 
the smith who works it, it might be brought into any 
required congenial state. It might, as already observed, 
be laid to any piece of wrought Iron or Steel. In fine, 
two pieces of the same Steel, at a proper welding heat, 
will firmly unite under the hammer together. Steel of so 
fine a texture as it is, cannot bear excessive heat, since 
excessive heat undoubtedly destroys one of the two of its 
virtual properties, we mean its toughness. 

For the facing of Anvils and Hammers, and the making of 
cold Chissels, no other Steel we have been able to select 
can bear any competition with it. It may be tempered to 
any degree of hardness, and again meliorated to any degree 
of mildness or ductility. Needles of all denominations, 
Fish-hooks of every kind, we are enabled to certify, may 
be much relied on, when made of this Steel. Likewise (to 
be concise) Edged Tools of every description made of the 
same; Screw Taps and Plates, Drills and Boring Bits, 
Points of Tools for the digging of ores, coal, &c., most 
of which we have some acquaintance with, are more to be 
confided in than any other we have tried. 

It may not be unnecessary to observe (since the idea of 
interestedness generally produces bias) that we have no 
connection whatever with Mr. Huntsman, nor is it at all at 
his request or instance, we lay before the public this 
sketch of the qualities of his Steel; for, we ingenuously 
believe, were the nature and properties of it better and 
more universally understood, mechanics in general would be 
benefitted (since to all mechanical workmen, safe and 
durable tools are of great importance) and the ingenuity 
and industry of the man who prepares it, by an extension 
of his sale, might be better rewarded. We are still the 
more induced to present to the public this impartial, but 
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imperfect character of Huntsman's Steel, as we understand 
that during the course of more than thirty years of time 
devoted to the manufacturing of it, he has so much 
neglected his own interest and credit, as never to give 
the public, thro' any general or circular medium, any 
account whatever of his Steel. It was by accident that 
we learnt there was such Steel, after being much put about 
to get such as would make Tools to perform services which 
we could get no other Steel to stand. All the orders we 
have since given Mr. Huntsman by pattern, have been 
executed according to pattern. 

Springs of all sorts, scroll as well as others, may in 
general be depended on when made of this Steel and suit- 
ably tempered; Huntsman, however, has suffered much by 
some manufacturers, or perhaps agents unfairly making use 
of his stamp, therefore it would be prudent for those who 
wish to make trial of the genuine article, to purchase it 
from traders of known integrity, and such as do business 
with Huntsman himself, as there will probably always be 
some who would not scruple to deal surreptitiously in an 
article of high character. 

The whole of this information we offer to the public, as 
friends of a man who we think ought in an advanced stage 
of life, as well as for his own gratification, as his 
family's prosperity and comfort, to be repaid by an 
increase in trade, for his expenditure of time, and his 
sedulity in contributing to the convenience of the 
mechanical part of society. 
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CAST STEEL MANUFACTURE IN FRANCE IN 1793 

Extracts from a Report by Hassenfratz on the 
Manufacture of Cast Steel by the Citizen le 

Normand at Graville, dated 15th May 1793. 
Manuscript in the French National Archives. 

Reference F14.4485. Translation by the author. 

The iron cemented by the Citizen le Normand is Swedish. The 
furnace used has two chests within one structure. Each 
chest, judged by eye, is about 120" long, 32" wide and 40" 
deep. * The chests are made with bricks of ordinary thick- 
ness; they are heated by coal. The hearth is between the 
two chests; the fire circulates around in a space of 8"; 
the two chests are separated from each other by a similar 
space so that the fire may pass between them. The space 
around the chest is interrupted every 12" by transverse 
bricks which separate the chests from one another and from 
the walls of the furnace. The space is closed by a vault 
and the smoke escapes through a chimney placed at the middle 
of the furnace. Two openings made in the side wall of the 
furnace along the length of the chests allow the charging of 
the chests; these are closed up when the furnace is fired. 
In the walls at the ends of the chests are the openings for 
the trial bars. 

The firing ordinarily lasts three, four or five days, 
according to the size of the bars. I do not know the con- 
sumption of fuel or what is used to cement the iron; I 
believe that only charcoal is used as cement. 

Blister steel of good quality is drawn down under the large 
hammer. That drawn down in my presence had a good uniformly 
fine grain and appeared suitable for a number of applica- 
tions. Up to now it has almost entirely been used for the 
manufacture of files. 

(There follows a description of file making, which has not 
been translated) 

* With the normal packing of iron and charcoal, this would 
give around 6 tons of iron per chest or 12 tons per 
furnace. 
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The blister steel is also melted in crucibles and this 
is the source of the Graville cast steel. * A secret 
has been made of the flux used. I was told by the 
person who allowed me to see the works that they did 
not use glass, whilst those who directed operations 
told me in Paris on my return that they used white 
glass. The small amount of flux which I saw on the 
shell of steel left from a melt spoiled by the fusion 
of the crucible persuaded me that they had used a very 
fusible glass. 

It is clearly an essential condition that, whatsoever 
flux is used, it must not contain any metal other than 
iron nor any other substance such as sulphur or phos- 
phorus which might give to the steel the bad properties 
of being either hot or cold short. 

I did not see the details of the melting of steel, 
firstly, because they were not melting when I visited 
the works and, secondly, because the operation is 
secret. I did, however, see the furnaces in which 
the small amount of cast steel made at this works has 
been produced. These furnaces are of three kinds : 

A forced draught furnace similar to those used 
in the copper foundries in Paris. This furnace 
is rectangular and the crucible full of steel is 
placed on a stand on the furnace bars. The 
coal is packed between the crucible and the 
furnace walls. A blower placed below the 
furnace bars gives the oxygen needed for com- 
bustion. The furnace opening is above. 
Trials I made at the Brezin foundry in Paris 
proved to me that steel can be melted in two 
hours in this type of furnace. 

* Graville was between Le Havre and Harfleur, on the 
banks of the Vauban Canal. 
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2A small reverberatory furnace, similar to those in 
which cast iron is melted, and not differing from 
them apart from its size. That which I saw was 
20" along the firebars at the bottom of the furnace 
plus 12" of hearth; its width was 12" and its 
height 16". A side opening allowed entry and 
withdrawal of the crucible. I do not know whether 
such a small furnace is capable of producing 
sufficient heat to melt steel, but I was assured 
that it had been melted thus at Graville. 

3A furnace exactly similar to that of Mocque. There 
is no doubt that steel could very well be melted in 
such kinds of furnaces because they had succeeded 
in melting a small portion of manganese, which 
requires a much higher temperature than either iron 
or cast steel. Using blister steel to provide 
cast steel, the temperature necessary is much lower 
than that to melt iron or natural steel. * 

It seems they have only melted small quantities of steel 
at Graville and these only for their own use. I am not 
aware that it has been offered for sale. 

Citizen le Normand complained, as all persons who have 
melted or wished to melt steel, of the difficulty of 
obtaining crucibles which would stand up to the melt; he 
talked of having tried, without success, those of clay 
and those of plumbago but had always had the disappoint- 
ment of only succeeding with a small proportion of his 
operations. 

The crucible is the heart of the manufacture of cast 
steel. It appears that it is in this part of the work 
that we are behind. Everyone involved in the manufac- 
ture of cast steel has focussed his researches into the 

* The reasoning here is somewhat obscure. Manganese melts 
at 1260°C when pure; at lower temperatures when impure. 
Wrought iron would melt at about 1500°C. Both natural 
steel and cast steel would melt at somewhat lower temp- 
eratures, dependent on carbon content; there would be 
no difference in melting point for natural steel and 
cast steel if the carbon contents were the same. 
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proper flux for fusion and all have neglected to investi- 
gate the crucibles. All substances suitable for melting 
with steel and to cover it when molten and prevent 
extraneous reaction with the steel are satisfactory as 
steel fluxes, provided they do not impart to it any foreign 

matter which might render it defective or take from it the 
carbon which is necessary to constitute the steel. The 
fluxes only differ in their fusibility, but since the 
temperature at which they work is always lower than that 
of liquid steel, such small differences are of little 
account. The fluxes are always earthy substances, 
vitrified either before or during the operation, and, since 
the crucibles themselves are composed of earthy substances, 
the fluxing materials have an action on the crucible and 
may cause it to melt. Glassworks experience has made it 
known that crucibles can, without any marked alteration, 
be used to melt vitriable materials and that the reaction 
of glass on the crucible is more or less slight because 

of the composition of the latter. But the glassworkers 
have also learned that there is a more detrimental 
material to the crucibles than the glass and that this 
material is iron; where there is iron mixed in the 
crucible material, it burns a hole at this particular 
place and the molten material runs out. Thus, if during 
the working of the glass, some pieces of iron fall into 
the crucibles, they melt, corrode the bottom of the 
crucible where they touch, liquefy the crucible material 
around it and perforate it. Iron, as one sees, is more 
corrodible to the crucible than the glass itself. The 
major glassworks have, therefore, sought out the best 

clays, those which are most advantageous in making 
durable crucibles; among existing clays there are only 
five or six such in France. The glassworks procure 
these at elevated prices; they work them with a third 

or even a half weight of the same clay which has been 
fired. The best clay for the making of crucibles is 
that which contains only alumina and silica; all 
calcareous or magnesiated earth is pernicious and 
accelerates fusion. 

Not having made as yet a single research into crucibles 
for melting steel, they have been content to use those 
in clay or in plumbago such as are used by the copper 
foundries. These crucibles have defects; firstly, by 
being made from a fusible composition, more fusible than 
those of the glassworks, and secondly, by being too thin 
and not being able to resist the melting and subsequent 
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action of the liquid steel. The temperature of the molten 
steel is very high and, even if it does not melt the 
crucible material, it will soften it and the force exerted 
by the steel on the walls will deform them and burst them. 

Four qualities are needed for steelmaking crucibles; 
firstly, to be highly infusible; secondly, to have 

sufficient thickness to resist the weight of the steel; 
thirdly, to withstand the initial degree of fire without 
breaking; fourthly, to be able to be returned to the 
fire after having poured out the steel contained in them, 

so as to serve for several successive heats. 

The composition of the crucibles in the glassworks 
fulfils in part the first condition; they can also be 

given sufficient thickness to allow them to meet the 
second. But it is necessary, on heating up, to take 

particular care; the least lack of attention and a fire 

pushed too quickly or applied unevenly often suffices to 

crack them; the copper founders' crucibles have the 
same defective tendencies and, since it is possible to 
warm them up without breaking them and then make them 

serve a great number of operations, it makes one think 
the same could come about with steelmaking crucibles 
made to the composition of those in glassworks, except 
that there will have to be greater care because of the 
greater thickness. 

Those with experience of the melting of steel in France, 
being more occupied with fluxes and high temperatures 
than with crucibles and the cost of operations, have 

made use of furnaces in which only one crucible may be 

placed; such furnaces will work well but will render 
the operation costly; everything leads to the belief 
that it should be possible to melt in furnaces contain- 
ing several crucibles but the proof of this will only 
be obtained with trials and assessments not yet made. 

The cast steel which I saw in bar form at Graville 
appeared to me to be of excellent quality and quite in 

accordance with the sample forwarded to the Council of 
Mines. But had this steel been melted in the works 
of the Citizen le Normand? This was a question which 
I had been charged by the Council of Mines to resolve 
and on which I found it impossible to have all the 
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assurances I desired, firstly because the person who showed 
me the bar was not the director of operations; he was away, 
in the direction of Rouen. Secondly, because, in order to 
preserve their advantage in this manufacture, the entre- 
preneurs wished to make a mystery of their procedure. The 
only evidence I could obtain was to see the three furnaces 
in which they assured me they had made their trials and 
had then carried out the operation which had produced the 
steel which was in their shops; I also made the 
examination of a shell surrounded by vitreous flux which 
was said to have come from an operation in which the 
crucible had melted and the greater part of the steel 
which it had contained had been lost. It appeared that 
in each operation some 12 to 20 kilograms of steel was 
melted. * 

After my return to Paris, I took steps to see the Citizen 
le Normand, who was still in the capital. I talked with 
him on the means of assuring that, without making known 
the procedure of which he wished to make a mystery, there 
could be a certitude that he had melted the steel of 
which he had sent a sample to the Council of Mines and 
of which I had seen worked bars in his shops. We had 
the hope that we might repeat the trials in Paris and 
that the Citizen le Normand, in response, would send the 
person who had already made the trials at Graville. 
After having talked over the means of carrying out such 
operations, however, in the spirit of what was acceptable 
both to the Citizen le Normand and the Council, it was 
obvious that the trials could only be made at Graville 
and that the Citizen would cast the molten material 
before the commissioners charged to certify the melt had 
been carried out in their presence and that trials would 
subsequently be made on the ingot cast before the 
commissioners and on which they had stamped their mark. 

The works of the Citizen le Normand at Graville appeared 
to us to be well designed, the furnaces and machines 
constructed with much care and exactitude, the operations 
well planned and carried out with intelligence. The iron 
and steel obtained from the works were of good quality. 

* This is equivalent to 26 lb. to 44 lb. per crucible; if 
this indeed was the case, then the trials were on quite 
an ambitious scale, exceeding those known in Sheffield 
at this date. 



APPENDIX KK 
continued -7 

The cast steel appeared superior to English steel. 

The works merit encouragement from the Government through 
all the means within its power. It is time our industry 
broke out from the narrow limits in which it has been 
confined up to the present and that it should develop an 
outlook which is appropriate to the genius of a great 
nation. 
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THE MINING OF CLAY AT STOURBRIDGE 

Extracts from R. Angerstein, Resa genom England, 
1753-55, Vol. 1, Folios 372-373. Manuscript in 

Jernkontorets Bibliotek, Stockholm. Translation 
by courtesy of the late Torsten Berg, Esq. 

The Stourbridge clay is dug up half a mile from the town 

and looks bluish as long as it is wet but whitens to a 
light grey as soon as it has had time to dry. Immedi- 

ately above the seam there is another one producing 
ordinary clay used for making bricks and above that is a 
seam of coal which in turn is covered by hard rock. 
However, in some places where the coal outcrops, the 

rock is not to be seen. The fireclay feels very smooth 
and slippery between the fingers but nevertheless has to 
be ground and sieved before it can be used for bricks or 
other fire-resistant products. In the making of 
crucibles or pots for glass, the ground clay is mixed 
with some finely ground bricks or old used pots. The 
latter material must first be very carefully separated 
from the glassy pieces which stick to it; they would 
give the vessel, which ordinarily stands up well to the 
fire, a lower melting point and poorer lasting qualities. 
Bricks made of this fireclay are sold for 25/Od. per 
thousand and the common ordinary bricks for 11/Od. per 
thousand. The wages are 4/Od. per thousand. A 

special brick, thicker at one end, is made for furnace 

arches and sold at 2/6d. per hundred. In addition to 
bricks, crucibles and the like, great quantities of 
the clay are sent by wagon to Bewdley, the carriage 
amounting to 5/Od. or 6/Od. per ton. From Bewdley it 
is shipped to Bristol and other places in England by 

water. The cost of freight to Bristol is 5/Od. per 
ton and the clay is sold there for 27/Od. to 28/Od. per 
ton. Half a mile down the valley a new clay mine, 
48 feet deep, was being opened. During the sinking of 
the winding shaft two new coal seams have been found, 

one a foot thick and the other 18 inches. The coal 
seam now being worked is below the latter. During the 

removal of the earth at the surface a third seam was 
found above the clay and in the rocky hill lying above 
the valley there is said to be a fourth. 
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CRUCIBLE MAKING 

Extracts from F. le Play, 
'Memoire sur la Fabrication de l'Acier en Yorkshire', 

Annales des Mines, 4me Serie, Tome III (1843), 
pp. 643-650 and 661-663. 

Translation by the author 

The Crucibles for Steelmelting 

The crucibles in which the steel is submitted to the 
melting operation constitute a most important part of the 
equipment. It has required a long series of trials to (644) 
determine the size and shape of crucible which gives rise 
to the least consumption of fuel and the minimum loss of 
raw material. That all the works have arrived at almost 
complete agreement proves that today the questions are 
well resolved. 

The crucibles are essentially composed of a refractory 
clay found in the neighbourhood of Stourbridge (Worcest- 
ershire) which plays the same part in the metallurgical 
shops in Great Britain as the clay from Forges in the 
north of France and that of Ardenne in Belgium. In all 
cases, since this material, by virtue of the consider- 
able distance which it has to come, costs so high a 
price in Sheffield, it is generally mixed with its own 
bulk of a lower quality clay from Stannington near to 
Sheffield. One adds to the mixture a small quantity 
of coke dust and powdered fragments selected from old 
crucibles after their use and one prepared from the 
whole a homogeneous and very compact dough. 

Properties of Refractory Clays used 
for the Making of Crucibles 

Comparative trials made by a capable Sheffield manufac- 
turer, who has had the good will to communicate the 
results to me, have shown that the Stourbridge clay is 
much better suited to the making of crucibles than all 
other refractory clays of Great Britain and the 
Continent. He has not found another which has been 
able to resist three successive melts whilst the 
crucibles of pure Stourbridge clay can often resist 
six melts. It has seemed to me to be of interest to 
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seek the cause of this superiority. The Stourbridge 

clay, kept in a dry place, presents itself in firm (645) 
lumps which are difficult to break by pressure of 
the hand and which even resist light blows with a 
hammer. It is grooved by the nail and takes on 
some polish when cut with a knife. Its colour is 

dark brown. Its fracture offers two distinct 

appearances; certain parts are matt and earthy; 
others are perfectly smooth and shiny and recall the 
brilliant surfaces given by certain brown haema- 
tites. It pulverises easily under the pestle and 
the powder passed through a silk sieve is composed 
to a large degree of particles which are virtually 
impalpable. The material is completely homogeneous; 
the small fragments obtained by washing the powder in 

a small trough are readily reduced by grinding to an 
impalpable powder completely identical with that 

which was separated by washing. The dry clay absorbs 

very promptly any water with which it comes into 

contact. It then moves easily under pressure but it 

does not form a dough like the fat clays used for the 

making of glassworking crucibles. 

Stourbridge clay does not contain other fixed 

principles* excepting silica and alumina. I have 

not found in it the least traces of alkaline earths 

or metallic oxides. It is distinguished above all 
from most other refractory clays by the high propor- 
tion of alumina which it contains. The earthy 
matter which forms the essential constituent of the 

clay is intimately mixed with a combustible substance 
which, on calcination in a closed vessel, leaves a (646) 

residue of carbon; this colours each of the part- 
icles of the earthy matter a dark grey and is not 

completely gassified except under a very prolonged 
heating. This very intimate mixture of carbon 

appears to contribute considerably to the increase 

in the refractory properties of the clay. 

I have found in Stourbridge clay the following 

composition : 

* Oxides. 
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46.1% 

38.8% 

combustible matter 12.8% 

Silica 

Alumina 

Combined water and 

Carbon produced by 
heating in a closed 
vessel 1.5% 

TOTAL 99.2% 

Stannington clay offers almost the same external charac- 
teristics as that from Stourbridge, except that it is 

not so dark; it is not so homogeneous, for one can 

easily separate by washing several brilliant plates of 

mica; it is also more prone than Stourbridge clay to 

give a dough with water. Calcined within a closed 

vessel, it gives a rather dark grey residue but heating 

cannot disperse this colour and it gives no loss in 

weight. I have found in it 

Silica 42.0% 

Alumina 40.9% 

Magnesia 0.1% 

Lime 1.3% 

Oxide of Iron trace 

Combined Water 14.7% 

TOTAL 99.0% 

The mixture which is used to make each crucible is made (647) 

up as follows : 

Stourbridge clay, dry and powdered 

Stannington clay, dry and powdered 

Fragments of old pots, powdered* 

Powdered coke 

11 lb. 8 oz. 

11 lb. 8 oz. 

14 oz. 

2 oz. 

TOTAL 24 lb. 0 oz. 

* This is normally termed "grog". 
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One moistens the material with a sufficient quantity of 
water so that the dough that results agglomerates under 
pressure and keeps the shape given to it. But it is 
very necessary that the dough has the homogeneity and 
consistency of that used for making glassworks crucibles. * 
When the crucible has been made by the procedure which 
will be described and when it has been submitted to a 
dull red heat, one notices that the fracture shows a 
veritable breccia composed of earthy fragments with a 
fine coke debris jointed by a small amount of a greyish 
argillaceous cement. These elements are only feebly 
agglomerated and are easily broken with a blow from a 
hammer. I have found that the weight of the preheated 
crucible was on average 20, lb. 

But this texture is completely modified when the 
crucibles have been used for melting steel. The dough 
is converted into a vitreous enamel of extreme hardness 

which cannot be scratched by a file. It shows a deep 
black colour which can only be distinguished from the 
coke fragments embedded into it by their lesser 
brilliance. The vitreous texture becomes more 
pronounced and the pores more numerous dependent on 
the crucible remaining for a longer period at the (648) 
fusion temperature of the steel. In the case of a 
crucible which has been experimentally used for five 

melts, under the influence of temperature the earthy 
matter has been transformed into a black, very 
vitrified and perfectly homogeneous enamel which, on 
taking out from the furnace, shows itself to be as 
malleable as a semi-frozen glass. 

Method of Manufacture of Crucibles 

The manufacture of steel crucibles requires compara- 
tively less labour than for the crucibles used in the 

* It seems strange that le Play should not have 
described the treading operation applied to the 
clay; it is just conceivable that it was still 
considered to be the essential secret in the 
process and was kept from him. 
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glass works or the zinc works. It always takes place 
by a moulding method, using the equipment shown in 
Fig. 5. This equipment comprises : 

A cylindrical mould in cast iron (aa), carefully 
honed inside, slightly conical towards the top, 

open at both ends, having the height and the 

external form which has to be given to the 

crucible; 

2A thick pedestal in cast iron (bb), solidly 
fitted into a block of wood and furnished with 

a circular surround on to which the conical 
cylinder fits by its smaller end; in the centre 
of the pedestal, corresponding to the axis of 
the cylinder, is to be found a small hollow 

mortice in the body of the cast iron, designed 

to receive the end of the core, of which more 
below; 

3A core (cc) made from a hard and very heavy wood 
coming from the tropical regions, run through 

with an axle tree of iron (d), whose more narrow 
extremity fits into the mortice in the cast iron 

pedestal, whilst the other forms a rounded head 
designed to take the blows of a heavy hammer. 

Above this wooden core is a circular plate of 

cast iron (ee) having the same diameter as the 
larger end of the cast iron mould. 

Following the detail in Fig. 5, one can easily under- 

stand that when the axle tree of the core is held 

vertical and is engaged in the mortice in the base 

by its bottom end, there remains between the core 
and the exterior mould a gap which has precisely the 

shape which one wishes to give to the crucible. 

To mould a crucible, the worker begins by smearing 
a layer of oil over the two parts of the mould and 

placing the cylinder on the pedestal in the position 
shown in Fig. 5. Next he places in the cylinder the 

quantity of clayey dough indicated above (24 lb. ) 

and introduces by force the central core into the 

middle of the clay, keeping it in such a position 

(649) 
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that the axle tree remains vertical and corresponds 
with the axis of the cylinder. Since the resistance 
developed by the clay does not allow the core to 
penetrate very far by the effect of simple pressure, 
the worker then operates, as has been said, by means 
of hammer blows using two hands, until the bottom end 
of the iron axle tree has penetrated into the mortice 
and the iron disc has come level with the upper rim 
of the cylinder. 

To remove the moulded crucible, it only remains to 
take out the central core, to close the hole made by 
the end of the axle tree, to raise the cylinder still 
containing the crucible above the pedestal, which is 
invariably fixed to its support, and to place the 
bottom of the crucible thus uncovered on a circular 
ring of wood of a diameter slightly less than its base 

and itself supported on a column of iron (figure 6). 
The exterior mould held with care and allowed to slip 
under its own weight is lowered to the floor and 
leaves the crucible free on the ring. The workman (650) 

gives the final shape to the crucible by shaping the 
top portion inwards under light pressure and thus 
giving it the form shown exactly in Figure 7. 

The greatest girth of the crucible thus is found some 
4" below the level of the opening. The greatest 
external diameter is 7/", the corresponding internal 
diameter is 614"; the external diameter at the opening 
is 6V". The thickness varies progressively from 
13/16" at the base to 9/16" at the top wall. 

The cheeses on which the crucibles stand are small 
cylinders of clay of 51a" diameter and 33/16" high. 

The covers, slightly domed in the centre, have a 
maximum thickness of 1". 

It is essential that the crucibles lose their moisture 
only slowly after moulding; for this reason, one 
leaves them several days in the moulding shop: then 

one puts them on several rows of shelves (Figures 2* 

and 3) fixed along the walls of the melting shop where 
the proximity of the furnaces keeps the temperature 

sufficiently high. 

* Figure 2 is. not reproduced here; it shows a similar 
feature to that given in Figure 3. 
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The making of the crucible is very laborious work; 
a good workman gives up at least six days to make the 
108 crucibles needed each week in a shop with ten 
furnaces run at full output. I find a difficulty in 

explaining, in a region where labour is of high cost, 
one has not yet simplified this work by means of a 
machine whose arrangement presents itself readily to 
the mind; in which the core would be pressed by a 
screw travelling through a nut in a system fixed 
firmly to its base. * 

****** 

Life of Crucibles 

The crucibles are not absolutely past being used (661) 

after the third melt and most of them could be used 
once or twice more. But in so prolonging their use, 
one increases the steel losses which take place 
through accidents which happen unexpectedly to the 

crucibles; all things considered, it has been proved 
by experience that the losses of raw material 
involved more than balance the economies. 

In spite of the care taken in the manufacture of 
the crucibles, these sometimes crack or are pierced 
during working; it can so happen in these cases that 

the whole of the charge runs out and falls into the 

ashpit, completely altered in character under the 
influence of the oxidising medium which it has 

transversed. More usually, nevertheless, the melters, 
alerted by the boy, who notices bright sparks falling 
below the grate, can remedy the fault before the whole 

charge is lost; to this end, they apply a pad of 
refractory clay to the exterior of the damaged part 

and slightly incline the crucible in such a way that 
it is made to carry more of the pressure on the sound 

part of the wall. If the leak persists in spite of (662) 

* It is not known when such a system was first 
introduced but the translator has in his 

possession a photograph of machine moulding by 
this method as practised at Wm. Jessop's works 
around 1900 and there are references to the 
use of moulding machines at River Don Works as 
early as 1867 (see p. 275). 



APPENDIX MM 

continued -8 

these endeavours they have to take out the crucible and 
save what remains of the contents. These leaks are almost 
the only cause of the small loss which takes place in steel 
melting shops. 

Another cause contributes to the restriction of the number 
of melts carried out in the same crucible; this is the 

gradual shrinking of volume which brings about a corres- 
ponding diminution in the weights of the charges. The 
interior volume of the air dried crucible is 540 cub. ins. 

and I have found that the volume of a well-preserved 
crucible which has given three melts has been reduced to 
390 cub. ins. The workers in many shops are agreed in 

affirming this diminution; it continues to show itself in 
further melts. This remarkable fact appears to me to be 

attributable to a double cause. The shrinking which 
occurs with clay on heating under ordinary circumstances 
is due to the commencement of vitrification which leads to 

a bringing together of the divers elements; one knows 

very well that, under the influence of the high temperature 

of the melting furnace, the clay does not reach the upper 
limit of vitrification forthwith, as in the other metallur- 
gical hearths; the variations in structure present in the 

crucibles which have served for one melt, two melts or 
three melts confirm this explanation well; their texture, 
looked at under a magnifying glass, is at once more 
vitrified and less porous when it has been exposed for a 
longer time to the action of the fire. In the second 
place, the crucibles, at the high. temperature at which they, 

are held, acquire in part the softness of glass and in 
the same way do not break under sudden shocks; one can 
understand, therefore, that the pressure exerted by 
blows and the pressure of the tongs continually has the 
effect of reducing the volume. 

Finally, the volume of the charge, when molten, scarcely 
exceeding 110 cub. ins., it is clear that the shrinking of 
the clay does not influence the weights of the charges 
except in increasing the difficulty in placing in the 

crucibles, in a short time, the solid pieces and 
clippings which make up the charge. This influence is 

sufficiently marked to make it necessary to reduce the 

(663) 
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weights of the three charges made in the same crucible 
successively from 32 lb. to 30 lb. to 28 lb. * 

* This explanation given by le Play differs from the 
more usual one which implies a cutting of the 
crucible wall at the slag-metal interface so that 
it is dangerous to fill the crucible again to such 
a level; a smaller charge thus fills most of the 
pot but avoids the danger level. This certainly 
is given as the explanation why, with the larger 
pot from some thirty years later, the successive 
charges were 60 lb., 54 lb. and 48 lb. 
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CRUCIBLE MAKING 

Extracts from the Specification published 
by R. F. Mushet in British Patent No. 213, 

20th July 1861 

My Invention consists in manufacturing melting pots or 
crucibles from the mixture of certain clays hereinafter 
described, the said mixture of clays being combined with 
the usual admixture of old pot or burnt clay and coke 
dust. Melting pots or crucibles made according to my 
Invention are especially intended to be employed for the 

purpose of melting steel or homogeneous iron, metal, or 
any mixture of steel-producing materials, or of homogen- 
eous iron-producing materials into cast steel or into 
cast homogeneous iron, commonly called homometal, respec- 
tively. The said crucibles are also, however, well 
suited for use when the melting of other substances besides 
steel and homogeneous iron has to be effected at an intense 
heat or high temperature. 

The clays which I prefer to employ for my process are the 
kaolin or china clay of Cornwall or Devon, and the best 
black or grey fire-clay of Staffordshire. The kaolin 
clay which I find best suited for my process is that raised 
by the Leemoor China Clay Company at Leemoor near Plymouth, 
and the kind of black or grey fire-clay which I prefer to 

employ is that raised at the Freehold Clay Works or at the 
Amblecote Clay Works near Stourbridge. But I do not 
confine myself to the use of these particular varieties of 
kaolin or china clay and black or grey fire-clay, for other 
varieties of these clays, or clays having the same or 
nearly the same composition may be employed without 
departing from the nature of my Invention. I prepare the 
kaolin or Leemoor china clay for my purpose by passing it 
through a riddle of from 64 to 100 meshes per square inch. 
I prepare the black or grey fire-clay for my purpose either 
by slaking the lumps or pieces of the said clay into a fine 

powder by sprinkling water over the said lumps of clay, or 
I grind the said lumps of clay under edge runners, or I 
pass the said lumps of clay through rollers, and pulverize 
the clay so as to pass through a riddle of from 64 to 100 

meshes per square inch. When thus prepared the black or 
grey fire-clay is ready for my process. I do not, 
however, confine myself to the use of riddles of the exact 
degree of fineness herein set down, for finer or coarser 
riddles may be employed for passing the clays through; 
but I have found that when riddles of the degree of fine- 

ness I have herein set down are made use of, the clay is 
well prepared for my purpose, and the melting pots 
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manufactured from the said clay are of excellent quality. 
I further break up and free from the adhering slag and 
sand a quantity of melting pots or crucibles which have 
been used for melting steel in, or have been otherwise 
calcined at an intense heat, and I grind or crush this 
old pot, called also "cement", so as to pass through a 
riddle of from 64 to 100 meshes per square inch. I also 
grind or crush a quantity of clean hard coke, manufac- 
tured by preference from bituminous or anthracite pit 
coal, and pass the said ground or crushed coke through 
a riddle such as I have herein-before described. The 
old pot or cement and the coke thus prepared are ready 
for my purpose. I do not, however, confine myself to 
the use of old pot or cement or of pit coal coke for my 
process, for other materials, such as burnt fire-clay 
and the carbonaceous matter found encrusting the insides 
of gas retorts, or plumbago, may be employed in addition 
to or in place of old pot and pit coal coke respectively. 
But I find that old pot or cement and ground coke are 
economical, and answer very well for my purpose; but I 
do not claim the use of either old pot, burnt clay, pit 
coal coke, or gas retort carbon as ingredients to be 
employed in the manufacture of melting pots or crucibles 
for the said ingredients are employed in the manufacture 
of other melting pots or crucibles. 

When I am about to manufacture melting pots from the 
materials I have herein-before described I proceed as 
follows :- To five bushels of the prepared black or 
grey fire-clay I add five bushels of the prepared kaolin 
or Leemoor china clay, one bushel of prepared old pot or 
cement, and one bushel and a half of the prepared coke. 
I mix these pulverized substances carefully and 
thoroughly, and I then add as much water as will convert 
the mixture of the said substances into a plastic mass, 
which is the pot clay I employ out of which to manufac- 
ture my melting pots or crucibles. But I do not confine 
myself to the relative proportions of kaolin clay to 
fire-clay herein set down, as these proportions may be 

varied without departing from the nature of my Invention, 
but I find in practice that the pots manufactured from 
these proportions of the respective ingredients are 
excellent in quality; nor do I confine myself to the 
proportions of prepared old pot and coke dust herein set 
down, for they may be varied, but I have found that these 
proportions answer well. 
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I next proceed to temper or knead the mass of pot clay 
obtained as I have described, so as to render the said 
pot clay very tough and plastic, and of uniform texture 
throughout the mass; I then divide the tempered pot 
clay into lumps of the weight required to form the 
melting pots intended to be made, and I roll and ball 
up these lumps of clay in the ordinary manner ready for 
placing in the pot, flask, or mould wherein the manufac- 
ture of the melting pots is completed. The pot, flasks 
or moulds I employ are similar to those ordinarily 
employed in the manufacture of melting pots or crucibles. 
The pots are then moulded and finished in the usual 
manner, and are afterwards stored on shelves to dry; 
and when dried are annealed for use in an ordinary 
annealing grate, and in the manner usually practised by 
steel manufacturers and others. 

The pot clay may be kneaded or tempered in any convenient 
manner, either by workmen treading it with their feet in 
the usual manner, the clay being placed upon a clean 
smooth floor or stage, made preferably of iron plates, or 
the pot clay may be tempered in an ordinary clay pug 
mill. 

Melting pots manufactured from the materials I have 
described possess the advantage of being exceedingly 
strong when intensely heated, and they are so close and 
dense in their texture that the metal melted in the said 
pots rarely escapes, which when inferior pots are employed 
frequently occurs. My melting pots also do not soften or 
yield when exposed to the most intense heat which can be 
produced in a cast steel melting furnace, so that even 
when the pots are of very large size they will carry the 
great weight of metal with which they are charged without 
risk of the weight of the said metal when melted rending 
the pot and the metal escaping. 

Other kaolin clays similar to the Leemoor clay and other 
fire-clays of a nature similar to the black or grey fire- 
clay of Staffordshire may be employed, but I have found 
that the clays herein named make most excellent melting 
pots capable of withstanding the utmost heat of a steel 
melting furnace. 
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THE MAKING OF AN INGOT FOR A GUN FORGING 

Extracts from an Article published in the 
Sheffield and Rotherham Independent, 

28th April 1874 

The first step towards the production of the 81-ton gun 
has just been taken. All the built up guns made at the 
Royal Arsenal, Woolwich, are lined with a steel tube. 
This tube is derived from a solid cylinder or ingot, 

supplied from the works of Messrs. Firth and Sons, of 
Sheffield. The casting of the tube for the enormous gun 
now designed was carried out at these works on Friday 
last in the most successful manner. The ingot is made 
of crucible steel and required for its construction 628 

crucibles, each containing 70 lb. of metal, the total 

weight being thus nearly 20 tons. The casting occupied 
42 minutes and occupied 194 men. The ingot thus produced 
measures 42 inches in diameter and 13 feet in length. * 

This will have to be reheated and hammered out, by Messrs. 
Firth, to the proper dimensions for the tube in the rough, 
after which it will be bored, turned and tempered in the 
Royal Gun Factories at Woolwich. The above named firm, 
in addition to supplying all the tubes for the large guns 
at Woolwich, are extensively employed by the French 
Government. After being cast, the ingot is covered with 
hot ashes and other non-conducting substances, under 
which conditions it is allowed to cool very slowly. When 

cold a portion is cut off the top (the ingot being cast 
in an upright mould) and the lower end, being the denser, 
is marked for the breech. The block thus formed is 
drawn out by a series of heatings and hammerings which 
occupy several days, until it forms a cylinder of 
sufficient length. The forging or drawing out of the 

cast block under the hammer imparts to it the desired 

properties of great solidity and density. In order to 

provide for forging ingots of such size as 15 tons and 

upwards, the Messrs. Firth have erected in their works 
two of Nasmyth's steam hammers of 25 tons weight each, 
at a cost of £33,000. After the ingot has been 
roughly bored out at Woolwich, it undergoes a process of 

* There is some error here. These dimensions give an 
ingot weighing about 27 tons; a length of 130" 

rather than 13 feet would be nearer the mark. 
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"toughening", which consists of heating the tube in a 
vertical furnace and then plunging it bodily into a bath 
of rape oil, in which it is allowed to cool or soak until 
the next day, generally for twelve hours or more. The 
tank contains several hundred gallons of oil and has an 
enclosed space around it, in which circulates a supply of 
cold water for the purpose of keeping the oil below a 
certain temperature. The necessity for this process, 
whereby the steel is tempered, will be seen from the fact 
that steel, in its natural state after casting and 
forging, is nearly as soft and inelastic as malleable 
iron. If heated and plunged into cold water the steel 
becomes hard, but is at the same time brittle. But oil, 
being a very bad conductor of heat, and having a high 
boiling point, operates differently. The hot steel that 
is plunged into it parts with heat much more slowly than 
when water is used and the metal subsequently becomes 
toughened as well as hardened. * Cast steel is the most 
expensive of all cannon metals. ** It is used by the 
authorities of the Royal Gun Factories, not for the sake 
of imparting strength to the gun, but in order to give 
smoothness and hardness to the bore. 

* This is not a complete explanation, as reference to 
the detail given in Chapter 1 will show. 

** As Professor Landes wryly remarks : 

"The one area in which there was little or no 
stinting was the manufacture of arms; man 
has rarely quibbled about the cost of 
instruments of death". 

(The Unbound Prometheus, p. 252) 
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STEELMAKING AT THE RIVER DON WORKS IN 1874 

Extracts from W. Hackney, 'The Manufacture of Steel', 
Minutes of Proceedings of the Institution of Civil 
Engineers, Vol. xlii (1874-75), Part iv, pp. lO-14 and 

61-62 

Two examples of the furnaces now used for melting steel in 
crucibles are shown in Plate 1. 

Figs. l and 2, prepared from working drawings kindly 
furnished by Messrs. Vickers of Sheffield, represent the 
ordinary pot-hole, in which coke is the fuel used. Each 
hole or furnace is a simple rectangular chamber, communi- 
cating, near the top, with a large main flue, which is 
common to a row of furnaces. The tops of the furnaces 
are on a level with the floor of the melting-shop, and 
the grates are accessible from the cave below. Each 
furnace is covered by a square fire-tile, or quarry, 
fixed in a wrought-iron frame, from which a handle 
projects in front. The furnaces are lined with ground 
gannister, a variety of millstone grit that is found near 
Sheffield, and is of great value as a fire-resisting 
material. When the furnace is to be relined, a wooden 
mould is put into it, and the ground material rammed 
round. 

The pots almost universally used are of fire-clay, mixed 
with a little coke-dust, and sometimes also with a little 
burnt clay (old ground pots) to make the mass more porous, 
and thus diminish the risk of cracking. The mode of 
making and annealing the pots, the furnace tools used, 
and the other details of working, are described fully by 
Dr. Percy. The pots vary much in size: thus Percy 
mentions some as holding a charge of only 28 lbs.; and 
others from 40 lbs. to 45 lbs. The present tendency is 
towards the use of large pots, holding 55 lbs. to 70 lbs. 
for the first charge, and 5 lbs. to 10 lbs. less each 
time they are refilled; in order that the 'flux line' - 
the level of the surface of the liquid steel, where the 
chief corrosion of the pot takes place - may not come 
twice at the same height. When pots of plumbago or 
blacklead ware are used, they are frequently made to 
hold 75 lbs. Clay pots stand from two to four rounds, 
depending on the fusibility of the steel melted, and 
blacklead pots about twice as many. Blacklead pots 
are, however, seldom used except in melting the very 
mildest qualities of steel, such as the boiler-plate 
metal, for which Pittsburg has acquired a deserved 
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celebrity; steel so refractory that the best clay pots 
will soften or burst at a heat little greater than that 

required to render the steel liquid. An objection to 
blacklead pots, independent of their cost, is that they 

are unsafe for the workmen. A clay pot, at steel-melting 
heat, is as tough almost as leather; it may be beaten 
flat, but cannot be broken: while a blacklead pot remains 
brittle at any heat, and the puller-out or the teamer can 
never feel quite sure, in handling a partly-worn pot, that 
it may not be crushed under the pinch of the tongs. 

Three charges or rounds are melted in twelve hours, and 
generally the melting is carried on by day only, as the 

wear of the furnaces is much increased by working them day 

and night. The consumption of coke is from 2ý to 3ý tons 

per ton of steel melted, equivalent to from 4 to 5 tons of 

coal. 
' 

The application of the regenerative gas furnace to the 

melting of steel in crucibles is shown by Plate 1, Figs. 3 

and 4. The furnace illustrated is of the same design as 
that lately started at the works of Messrs. Sanderson 
Bros., Sheffield, and represents Dr. Siemens' most recent 
practice. The melting-chamber is a long trench divided 
by cross walls into two, three, or four sections, each 
holding six pots arranged in two rows. The regenerators 
are placed at each side, and flues lead up from them to 
the melting-chamber, opposite to each pair of pots. The 

gas and air meet about 22 inches back from the entrance 
into the melting-chamber, and flow into it very slightly 
mixed, the air being above the gas. The mixture takes 

place in the melting-chamber itself, so that the strongest 
heat is obtained exactly where it is required. The spent 
flame passes down to the chimney through the two regenera- 
tors that are not at the time employed in heating the 

entering gas and air, and heats them up in readiness for 

the next reversal of the currents. 

The pots are the same as those used in the ordinary coke 
furnaces, except that they are shorter and wider, in order 
that they may stand firmly, and they are without the usual 

1 "Appendix C", which occupies pp. 61-62 of the original, 
is copied in full below. 
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hole in the bottom, which in the case of pots for coke 
melting is made by the guide-pin of the moulding-plug, 
and is filled up, before charging, by a handful of sand. 
The pots stand on a bed of coke-dust. This forms an 
excellent soft support for them, in which they may be 
bedded so as to stand firmly, and to which they do not 
stick; coke, or coke-dust, not being wetted, as sand 
or crushed quartz would be, by melted slag. 

The coke-dust burns away very slowly, partly because 
the slag formed by the melting of the ash of the upper 
part protects the dust below, and partly because the 

under side of the flame, that sweeps over it, contains 
an excess of gas. Any slag or spilled steel is 
dropped out, between the heats, through a hole in the 
bottom of each division of the melting-chamber, into 
the cave below. 

The sides of the chamber, above the pots, are arched 
vertically and horizontally, that they may stand firmly 
though the pillars between the ports should give way. 
Over each pair of pots is a fire-brick cover, that may 
be drawn more or less off, or moved as required, by the 
lever shown in Fig. 3, which is hung from a runner on an 
overhead bar extending the whole length of the furnace 
at about 9 feet above the floor. All parts exposed to 
strong heat are of the most refractory quality of Dinas 
or silica brick; the covers and the regenerators are 
of Stourbridge, or other good fire-clay brick. The 
floor-plates are carried a few inches clear of the 
furnace brickwork, and are kept cool by a current of 
air. 

The saving of fuel effected by the use of gas furnaces 
instead of ordinary melting-holes is very remarkable. 
From 22 cwt. to 30 cwt. of common small coall does the 
work that takes in the old way 3 or 3/ tons of coke; 
and the purity of the flame, its perfect freedom from 
dust, has the further advantage that, as the outsides 
of the pots are not wcrn away, they may be made, by 
carefully moderating the heat, as has been done in 
France. to last for twice as many rounds as in the old 

1 "Appendix C". 
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furnaces; or, on the other hand, if blacklead pots are 
used, as in melting the mild Pittsburg boiler-plate steel, 
the furnaces may be worked at a higher heat than can be 

relied upon in coke furnaces, so that a still milder, 
less fusible steel may be melted. 

The casting of large ingots, or of heavy castings, in 

crucible steel, is an operation requiring great skill 
and system. Several hundred pots are frequently required 
to make one casting. A small ladle is fixed over the 

mould, and a number of pots of molten metal are emptied 
into it sufficient to fill it. The stopper-hole in the 
bottom is then opened, and a stream of steel allowed to 

run into the mould. Meantime, a constant succession of 

pots is being emptied into the ladle, until the mould is 

filled; the metal from the pots being poured in as the 

steel runs out into the mould, so as to keep the ladle 

always full. 

Pot steel is looked on as the highest quality of steel 
for all purposes, and is employed in those cases in 

which quality is of more importance than price, as in 

making tool steel, the highest priced springs, tires, 

and axles, and in America, as already mentioned, an 
extremely soft steel for the boiler and fire-box plates 
of locomotives. To some extent this preference is the 

result of habit; pot steel is the oldest and best 
known variety, and it is "safer" to continue using it 

than to try cheaper steel. 

One important advantage, however, that pot steel has 

over Bessemer steel, and over some kinds of open-hearth 
or "Siemens" steel, is that it is, or may be, made from 

much more pure materials. The production of soft, 
malleable iron, either by puddling or in any other way 
from pig iron, or directly from iron ore, is as will be 
illustrated further on, a process of purification; the 

greater part and often nearly the whole of the most 
deleterious impurities, sulphur and phosphorus, is left 
in the slag; and the iron, if freed from slag, is 

nearly pure. Thus, if Bessemer steel and crucible 
steel are made from the same pig iron, the material for 

the crucible steel being first brought to the state of 
soft, malleable iron, the crucible steel will be much the 

purer of the two. This advantage is however shared by 

the open-hearth process, as soft malleable iron may 
also be converted into steel on the open hearth by 
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dissolving it in a small quantity of pure cast iron. 

A second advantage of crucible steel is that, so far 
as is yet clearly established, the metal may be more 
completely and more certainly 'dead melted' than steel 
produced in other ways. When a charge of puddled or 
cemented bar iron is melted in a crucible, the metal 
when it first becomes liquid is in a state of effer- 
vescence or apparent ebullition, and the slag covering 
it is full of bubbles. If it is now poured into a 
mould, the ingot is so honeycombed as to be useless. 
After some time the boiling ceases, the metal becomes 
tranquil, and the slag is clear and glassy; the steel 
is then 'dead melted' and if it is poured carefully 
into a mould, the ingot will be free or nearly free 
from bubbles, and the top of it, instead of swelling 
up, or boiling over, at the moment of setting, will 
sink in, becoming as it is termed 'piped'. 

This liability of the metal to become honeycombed is 

one of the greatest difficulties with which the steel- 
maker has to contend, the more so as its cause, and 
the conditions that induce or prevent it, are very 
imperfectly understood. What is known of it will be 

considered further on. 

****** 

APPENDIX C 

CRUCIBLE STEEL MELTING 

1 Extract from a letter from Mr. E. Reynolds, Messrs. 
Vickers, Sons, and Co. (Limited), Sheffield, enclosing 
the tracing of steel melting holes for coke fuel (Plate 1, 
Figs. l and 2). 

"I inclose herewith a tracing of our melting holes for 
coke fuel. I have failed to find either here or 
amongst our neighbours any drawing of the conventional 
furnace. It differs from ours chiefly in the following 
particulars, viz., whereas it is customary to carry the 
products of combustion of each furnace direct into a 
flue, forming a chimney 14 inches square and about 40 
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feet high, we, having to combine the contents of many 

crucibles into one large casting, and wishing to avoid 
the obstruction of these chimney stacks, have connected 

many melting holes into one common flue, with a chimney 

outside the building. Next, whereas common practice 

covers the 'cellar' by a brick arch of from 10 to 15 

feet span, beneath which the pots are made, we have 

made iron floors, and make the pots in a separate 
building. 

"In England, I believe universally, the practice is to 

use two pots in each melting hole, and the ordinary 
charge for each pot is 50 lbs. for the first round, 
but we, having succeeded in producing very good pots, 

commonly use 70-lb. pots, and on special occasions have 

used pots containing 100 lbs. The ordinary day's work 
(in Sheffield) is three rounds, the charges being about 
48 lbs. in the first round, 44 lbs. in the second round, 

and 30 lbs. in the third round; whereas we get about 
66 lbs., 60 lbs. and 50 lbs. respectively. The 
diminished charges in the second and third rounds are 
due to the corrosion of the inside of the pot, at the 

level of the melted metal, from the action of the slag, 
technically called 'flux', which lies on the surface of 
the metal, and which so far reduces the thickness of 
the pot that it would not be safe to fill it so full a 

second time. 

"The first round takes about four hours to melt, the 

second three hours, and the third from two to three 
hours, according to the temper of the steel melted; 
easy work being preferred for the third rounds. 

"Abroad, at any rate in the large German works I have 

seen, the practice is to use four pots in each melting 
hole, these being of inferior quality and thrown away 

after each round. This, however, sacrifices the heat 

due to getting the pot hot and ready for work, which 

makes an hour difference between the first and second 
rounds. 

"The consumption of fuel may be taken at about 317 tons 

of coke to the ton of mild steel, and from 2ý to 3 tons 
for other qualities; the general average being about 
3 tons per ton of steel. 
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"Before altering some of our melting holes to the 
Siemens system, we had three hundred and thirty-six 

ordinary melting holes, and when very busy we used 
about one-half night and day; so that we used more 
than one thousand crucibles daily, each turning out 
about 111 cwt. of steel, so that the daily production 
was about 75 tons. In altering to the Siemens system 
we get the same melting power in the same space; i. e. 
Siemens furnaces for ninety-six pots occupy the same 
space as forty-eight old melting holes, which number 
was our set for one chimney: but as a matter of 
course the Siemens furnaces ordinarily work night and 
day, so that the turn-out, if fully employed, would 
now be greater; the continuous work being found so 
destructive to the ordinary furnaces that it could 
only be used exceptionally". 

2 Particulars, supplied by Dr. Siemens, of the 

working of regenerative gas furnaces for crucible 
steel melting (Plate 1, Figs. 3 and 4). 

At Messrs. Vickers, Sons, and Co. 's works, the 

consumption of and saving in fuel, &c., are as 
under :- 

In the regenerative gas furnaces - 
s. d. 

1/ ton of coal per ton of steel 
melted, at 9s. ... ... ... ... 

13.6. 

Repairs of furnace ditto ... ... 3.0. 

16.6. 
Royalty ... ... ... ... 

5.0. 

21.6. 

In ordinary furnaces - 
S. d. 

211 tons of coke per ton of steel 
melted, at 18s. ... ... ... ... 

45.0. 

Repairs of furnace ditto ... ... 12.0. 

57.0. 
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Feb. 29,1872 

The Monkbridge Iron Company report that their consumption 
of coal per ton of steel melted amounts to 29 cwt., which 
includes the gas necessary for annealing the pots. 

Jan. 26,1875 

Messrs. Sanderson Brothers report that their men make 66/ 
hours each set per week, work being commenced at 1 a. m. 
on Monday morning, and ceasing at from 1 to 3.30 p. m. on 
Saturday. The men change shifts every 12 hours, viz. 
6 a. m. and 6 p. m., those coming at 1 a. m. on Monday 
leaving at 6 a. m. the same day. Three founds of tool 
steel are made per 12 hours, and sometimes 7 per 24 
hours, according to the temper of steel melted. 

Feb. 22,1866 

Messrs. Verdie et Cie. (Firminy, Loire) report to 
M. Boistel that they make a found in 3ý to 4 hours, 

say 6 in 24 hours. The pots last six founds, instead 

of three as in the coke holes. The consumption of 
coal is about 3 tons per 24 hours, and the steel melted 
2.7 tons, equal to 1.11 ton of coal per ton of steel 
melted. 

Statement of the working of a regenerative gas steel- 
melting furnace at the works of Messrs. Anderson, Cook* 

and Co., Pittsburg, Pa., from Nov. 7th to 14th, 1869 - 

Twenty-four heats, averaging 3A hours each, 
produced 43,013 lbs. of steel, and consumed 
26,448 lbs. of coal, or 348 bushels (of 76 lbs. 

each). Total cost of fuel, 348 bushels at 
3 cents = $10.44. 

In the old furnaces at the same establishment 
it takes to melt the same weight of steel, 
5,160 bushels of selected coke at 10 cents, 
making the total cost for fuel = $516. Thus, 
the saving effected by the gas furnace, in fuel 
alone, amounts to $505.56 on 43,013 lbs., or 
19 tons English, or $26.50 per ton. 

The melting is done in plumbago pots. 

* Presumably Anderson, Woods and Co. (see p. 626 and 
Table XII). 
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CRUCIBLE MELTERS' WAGES* 

Reproduction of a Document setting out 
wage scales for the operation of the 

newly commissioned gas fired crucible furnaces 

at the works of William Jessop and Sons, 
7th April 1902. 

From a private collection 

On and after April 9th 1902, the following Wages and Premium 

will be paid at the 80-Pot Gas Melting Furnace :- 

WAGE S 

MELTERS ................. 
12/6 per turn 

PULLERS OUT .............. 
6/- 

MOULDERS ................ 
4/9 

ODD MEN ................. 4/7 "" 

LEVER MEN ............... 4/3 

LEVER LADS ............... 
3/- "" 

SCALE0FPREMIUM 

MELTERS ................ -/6 per cwt. 

PULLERS OUT ............ 
MOULDERS ............... 
ODD MEN ................ 
LEVER MEN .............. 

-/6 " of 

PREMIUM will be paid at the rate of 26 Heats for 11 Turns, as 
follows :- 

17/% of "380" pressed and topped Ingots ) Total weight 
20% of "265" Hand and Pit Saw topped Ingots ) passed. 

Any EXTRA Heats, HALF the weight got out to be paid as premium. 

In case of FEWER Heats, Half the Minus Heats to be deducted from 
the premium. 

WILLIAM JESSOP & SONS, Limited 

(Signed) 
... J. Barsham 

To W. Liversidge 

April 7th 1902 

*A further document of a similar nature may be found attached 
to Appendix JJJ. 
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CHENOT'S PROCESS 
FOR THE PRODUCTION OF SPONGE 

IRON 

A Summary of Information derived from the various 
British Patents (Nos. 11515/1846, No. 246/1854, 
No. 658/1854 and Nos. 1587-1590/1856) and from 

E. Grateau, 'Memoire sur la Fabrication de 1'Acier 

Fondu par le Procede Chenot' Revue Universelle, 
Vol. 6 (1859), pp. 1-62. 

This summary is a slightly edited version of information 

which originally appeared in a paper prepared by the 

author for a conference on 'Alternative Routes to Steel' 

sponsored by the Iron and Steel Institute at the London 
Hilton on 5th-6th May 1971, and can be found in its 

original form in the Proceedings of the Conference, 

pp. 3-6. 

1 The selection of 'suitable' iron ores; Those 

preferred appear to have been the carbonate 
ores, containing some manganese. 

2 The roasting of the ores. 

3 The crushing of the roasted product. In general 
this was taken to the stage of giving pieces 1 to 
1/ cm. across. 

4 The separation of the earthy matter from the 
'ferriferous' substances; originally this was 
carried out by gravity methods, but later 

electromagnetic separators were used. These 

were highly developed units for their time, 

employing either permanent magnets or electro- 
magnets. Both types are described in the 

patents, but Chenot preferred the latter as 
being more powerful and giving a cleaner 
separation. 

5 Subsequently, if the mineral was powdery, as was 
the case with oolitic ores, it was compressed 
into small blocks with the appropriate amount of 
charcoal and 3% of resin as a binder; otherwise 
it was simply mixed with the charcoal. The 
amount of charcoal was carefully calculated; 
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with a mineral containing at this stage some 
55% of iron, the charcoal is stated to be 1.4 
times the volume of the mineral or 290 kg. 
charcoal to 1000 kg. of enriched mineral. 

6 At this stage it was charged to the retort. 
In one particular form the total height above 
ground level was around 40 feet. The central 
firebrick retort was surrounded by a gallery 
of flues down each side, the retort being some 
20 inches wide and 60 to 80 inches long 
internally. At Haumont in France, a double 
furnace was used, with a central flue and two 

outer rows of flues, served by three fire- 

grates. The exhaust gases were in one case 
used in a waste heat boiler; in another 
example they were used to roast the ore. 
Below the retort was a cooling chamber, it 
being necessary to cool the sponge before 

allowing it to come into contact with the air, 
to prevent its spontaneous oxidation. This 

was a double walled water cooled box running 
the whole length of the retort. Its base was 
closed by a series of iron stopper rods pushed 
through holes in the supporting frame. A 
bogie ran below, with a movable base and the 

charge was allowed to fall out by removing a 
number of the push rods. It is not clear how 
the process was first started up, but in its 

normal semi-continuous process the new charge 
would be put in on top of the previous charge, 
now reduced (and therefore shrunk in volume) 
and allowed to cool somewhat. Having in this 

manner sealed the top, the reduced charge would 
be let into the cooling chamber. Meanwhile, 
the fires would be relit to reduce the new 
charge. Three days later they would be 

allowed to go out; the previous charge, now 
fully cooled, would be let out through the 
bottom, allowing the newly reduced charge to 

enter the cooling chamber and a new charge put 
in at the top; three days later the process 
would be repeated in all stages. Thus in six 
days, the single furnace would produce 1100 kg. 

of sponge from 1500 kg. of enriched ore and 
400 kg. of charcoal, with a similar production 
every three days thereafter until the campaign 
was stopped. Some 1300 kg. of coal would be 
required for the above quantities for the 
external heating. 
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7 The sponge was then broken up and then 

magnetically separated to remove the excess 

charcoal, which could then be reused. 

8 It was then available for use in a variety 
of ways : 

(i) It could be added to the iron charged 
to the puddling furnace for the manuf- 
acture of steel; in this way it was 
claimed that the process was speeded 
up and the product made more uniform. 

(ii) It could be melted down in crucibles 
with cast iron to give steel, the 

sponge being compressed into small 
blocks prior to use. 

(iii) The preferred method, however, was to 

mix the sponge with carbonaceous 
matter and, if necessary, a resin 
binder, having incorporated with the 

mixture a certain quantity of manga- 
nese, to compress this into suitable 
blocks and to remelt it direct in 

crucibles. 

(iv) It was also considered possible to 

compress the same mixture into blocks 

resembling short lengths of rectangular 
bars, to bundle these together and to 
heat them up in a smoky furnace 

atmosphere and then to forge weld them 
together. 
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THE DIRECT PROCESS OF PRODUCING STEEL 
FROM IRON ORE 

Extracts from the Specification published by 
C. W. Siemens in British Patent No. 1892,10th June 

1868. 

Instead of reducing the ore in vertical hoppers descending 
into the metallic bath, I effect its reduction in a 
revolving cylinder, drum or muffle of refractory material 
which is placed horizontally, or nearly so, above the 
furnace, within an outer casing forming part of the 

rotating drum or cylinder, through which flame is made to 

circulate. The ore to be reduced, which is mixed by 

preference with a certain proportion of solid carbonaceous 
material and with fluxing materials, is fed in at one end 
of the rotating cylinder and is worked gradually forward 
by its rotation, the interior cylinder at the same time 
being heated to redness by the external heat. Reducing 

gas previously purified and heated is made to enter the 

same cylinder at the charging end through an opening in or 
near its axis, which gas, in being brought extensively 
into contact with the heated and moving ore, effects its 

uniform and entire reduction into spongy or pulverulent 
malleable iron, which later falls in due course through a 
vertical hopper or channel into the metallic bath of the 

melting furnace, where it is readily dissolved and 
incorporated with the bath of fluid cast iron previously 
prepared, or with an excess of solid carbon charged upon 
the hearth of the furnace to form the commencement of a 
liquid bath, while the earthy constituents of the reduced 
ore form a slag on the surface of the metal. The 

reducing gases employed also escape from the further end 
of the rotating cylinder into the surrounding casing, 
where atmospheric air is admitted to burn them, the 
products of combustion being made to escape from the 
casing near the feeding end towards a chimney, and the 
draught being regulated by dampers. The air employed 
for burning these gases should be made to enter the casing 
under a certain pressure in order to prevent the hot fumes 

of the melting furnace from rising into the casing in large 

quantities to the exclusion of the air necessary for 
burning the reducing gases emanating from the interior of 
the drum; for this purpose a fan or other means of 
propelling the air may be employed; or the same effect 
may be obtained by creating a relative vacuum by virtue 
of the chimney in throttling the exit passage leading 
from the interior of the cylinder into the outer casing or 
combustion channels, and thus causing atmospheric air to 
enter by its natural pressure to effect the combustion. 
The air should also be heated moderately before entering 
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the casing, which can be effected by conducting it under 
the bed or over the roof of the melting furnace, or by 
leading it through channels in the rotating cylinder 
exterior to the combustion casing or channels. Instead 
of effecting the reduction of the ore within the 

rotating cylinder entirely or even partially by means 
of reducing gases, solid reducing agents such as 
anthracite, coke, charcoal, sawdust or peat may be 
employed, with or without the addition of pitch, tar, 
oil or resinous substances. Oxides of manganese may 
be charged with advantage to the iron ore, to be 
likewise reduced, and lime or other fluxing material may 
be added to combine in the melting furnace with the 
silica or gangue contained in the ore; or ores 
containing silica may be mixed in due proportion with 
other containing lime, alumina, magnesia or other basic 

constituents. The rotation of the drum may be 
conveniently effected by imparting motion to anti- 
friction rollers, upon which the drum is made to rest, 
and its rotating velocity should be capable of being 
regulated at will, as upon it depends the rate at which 
the reduced ore is fed into the metallic bath. When 
the bath is complete the rotation of the drum is stopped 
until after the bath has been tapped, and another bath 

of cast metal has been formed. In the meantime the 
communication between the casing surrounding the drum 
and the melting furnace may be entirely stopped by 
introducing a solid lump of fire clay into the communi- 
cating channel or hopper, but the work of reducing the 
ore may be nevertheless carried on by maintaining the 
supply of reducing and heating gas. 
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COLLATED TECHNICAL DETAILS RELEVANT TO THE 
STEEL PUDDLING PROCESS 

Information collected from a number of sources, 
originally appearing in the author's paper 'Puddled 

Steel: The Technology', J. I. S. I., December 1971, 

pp. 954-956. 

In addition to the procedural detail given by Ansiaux and 
Masion (see Appendix W), a German text of slightly later 
date by Professor Kerl appears to give confirmatory 

evidence; the original has not been found but there 
exists what is described as an adaptation of the text' 
which gives the requirements for good puddled steel as 

(i) a pure, thinly liquid pig iron, preferably 
rich in manganese 

(ii) a high temperature for the melting down period, 
with adequate control of the furnace to allow a 
cool reducing atmosphere for the finishing 

operations 

(iii) a slag rich in manganese and basic but fluid; 
the use of 'brownstone' (braunite or manganese 
peroxide) and salt is recommended for iron low 
in manganese; here, more specifically the 
addition of 40-60 lb of cinder from the same 
process together with 4-8 lb of brownstone 

admixed with salt is quoted during the 
rabbling period, a second addition of the 
manganese oxide-salt mixture being used later 
if necessary. 

(iv) rapid making up of the balls (or 'loupes') and 
their shingling is again stressed. 

W. Crookes and E. Rohrig, 'A practical treatise on 
metallurgy, vol. III - steel and fuel', Longmans Green, 
1870 (adapted from the last German edition of 
Professor Kerl's Metallurgy), pp. 70-81. 
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The same source quotes that the melting down and fining 

period are longer than for wrought iron due to the care 
necessary to avoid excessive decarburization; thus a 
day's production (12 h) is stated to be about 1600-1900 
lb of steel bars as against 2500-2700 lb of wrought iron. 
The higher consumption of fuel (1.4-1.6 tons per ton of 
steel as against 1.0-1.2 tons per ton of wrought iron) 
is confirmed. On the other hand the loss of metal in 
the actual puddling operation is given as only 6-9% as 
against 10-15% in the production of wrought iron 
(although there were obviously losses in the further 
forging down to bars from the shingled blooms which 
could build the overall loss from cast iron to finished 
bar up to the 15% quoted in the French text, since there 
is usually quoted a 20-22% loss to finished bar in 

wrought iron production). 

Of greater interest, however, is the furnace description 

given in the German text; the puddling furnace used for 

steel production in Germany had a larger ratio of grate 
area to hearth area than the normal furnace, to give 
more rapid heating. The bridge also was higher and the 
hearth deeper to keep the metal under a better slag 
cover. This meant that the side walls had to be given 
extra cooling; one reason for the higher fuel consump- 
tion. In addition, the roofs were higher to keep the 

oxidizing air further from the metal; thus the flue 
had to be larger. Figures 1 and 2 show the furnace 

arrangements used at Lohe in Siegen; this should be 
compared with the normal puddling furnace given in the 

earlier paper. 
' 

Surprisingly, two sets of analytical results on samples 
taken at various stages through steel puddling heats 
have come to light. The first series is due to 
Schilling, but no direct reference has been found to 
the original work. The figures are quoted by 

It should be noted that a very similar furnace to 
that at Lohe was described by James Spence in 
British Patent No. 2134 (1858). Two drawings 

are attached to the patent. See Fig. 29 for a 
reproduction of the normal puddling furnace. 
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Bauermann1 but appear to date from around 1860-65; the 
metal analyses are plotted in Fig. 3. The second set is 
also from a German source: the samples were taken from 
operations at the Königshütte works in Upper Silesia and 
the examination was by Dr. Kollmann of Oberhausen. The 
report was apparently translated into French for 
'Annales industrielles' and the Brtish publication 
'Iron' translated from the French. The details here 
are much fuller and, to judge by the slag analyses, are 
much more reliable (the slag analyses in the earlier set 
contain no variations in MnO and P205 contents across 
the series). The metal analyses are plotted in Fig-4 
on a similar basis to the earlier set. A comparison of 
the two sets of results shows a general similarity in 
that the bulk of the 'impurities' is removed before any 
substantial removal of carbon; they also show a 
remarkable similarity as regards the time scale. One 
feature which has been reported elsewhere3 is the 
apparent increase in carbon in the second set of 
figures; even assuming no removal of carbon, this rise 
is greater than could be explained by the removal of 
the manganese, silicon and phosphorus. The degree of 
phosphorus removal is to be noted; to obtain a 
reasonable phosphorus content in the final steel, 
however, it does seem that the original cast iron 
should contain under 0.5% of this element. Even so, 
in the period 1860-1880, puddled steel would be an 
attractive proposition, particularly on the Continent 
where hematite ores were decidedly scarce. 

The slag analyses quoted by Kollmann are of interest. 

1 H. Bauermann, 'The metallurgy of iron' (5th ed. ), 
414-417,1882, London, Crosby Lockwood. 

2 'The chemistry of puddling', Iron, 1 Jan. 1876, p. 3 

and 8 Jan. 1876, p. 35. 

3 C. Calvert et R. Johnson, 'Sur les changements 
chimiques que subit la fonte durant sa conversion 
en fer', Annales de Physique et de Chimie, 1858, 
Tome Lii, p. 485. 
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The furnace had apparently been used before the experi- 
mental melt for the production of wrought iron and the 
initial analysis is of the slag remaining in the furnace; 
other analyses are given for various stages through the 
melt, and also for the hammer slag during the shingling 
of the first loupe. The figures are as follows : 

Initial slag 
in furnace 

After fusion 
of charge 

Si02 FeO Fe203 P205 MnO A1203 CaO 

15.32 52.18 22.31 2.30 6.56 0.33 0.70 

17.13 59.06 9.81 3.40 9.35 0.35 0.69 

11 min later 23.18 52.43 6.94 4.22 12.51 0.49 0.83 

At commencement 19.95 51.68 11.45 4.26 11.69 0.27 0.50 
of boil 

,AnG, 
At coming to 

ICI Ar Ain -A 17A0A171A A- ^ 

nature 
17. '*J '*0. V-* 1J. YO Y. 1/ Lt. '*V U. J-& V. VL 

Final slag 
after removal 17.39 51.32 17.54 3.93 9.34 0.42 0.58 
of all metal 

Hammer slag 
from first 16.29 51.62 19.32 3.78 8.46 0.38 0.61 
shingling 

From these figures it appears that the early removel of 
major proportions of silicon, manganese and phosphorus 
during the melting and rabbling periods is largely brought 
about by the presence of higher oxides of iron, and that 
the phosphorus is held in the slag on account of its basic 

oxidizing character; it is also during this period that 
the bulk of the sulphur is removed. From the high manganese 
oxide figure at 'coming to nature', it would appear that an 
addition of manganese dioxide could well have been made, 
although there is no reference to this in the text; 
certainly a high manganese oxide content at the end of the 
process is an advantage in that it depresses the freezing 
point of the FeO-SiO2 slag system, and thus the point made 
in the French paper is valid. * It will be noted that the 
Fe203 content falls initially and then tends to build back; 
in the absence of the manganese oxide this would indicate a 
steep rise in the oxidizing power of the slag; on the other 
hand, it should be remembered that a fair proportion of the 

* See Appendix UU. 
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slag has been expelled from the furnace, and thus the 
available oxygen is being picked up by a smaller amount 
of slag and the ferric oxide content will rise more 
steeply on this account under oxidizing conditions. 

Comparing these analyses with those quoted for wrought- 
iron puddling slags, it appears that the major difference 
is indeed the manganese content, the MnO replacing FeO; 
this will be seen from the following examples selected 
from the literature : 

Final cinder 
(hand 
puddling) 

Si02 FeO Fe203 P205 MnO A1203 CaO 

16.53 --66.23 --- 3.80 4.90 1.04 0.70 

Final cinder 
(Dank's 14.17 59.14 20.94 1.20 1.21 1.76 0.25 
furnace) 

Final cinder2 15.79 69.52 9.21 1.66 2.81 1.76 0.25 

Tap cinder3 11.76 58.67 17.00 4.27 0.57 2.86 2.88 

On the other hand, Schafhautl's powder (the mixture of 
manganese dioxide and salt) was used in the production of 
wrought iron and one such operation gave a slag which was 
essentially similar to those discussed above in the prepa- 
ration of puddled steel: 

4 

Si02 FeO Fe203 P205 MnO A1203 CaO MgO FeS 

22.30 55.09 9.11 3.71 8.46 nil traces 1.97 

I. Lowthian Bell, 'Principles of the manufacture of iron and 
steel', 395,1884, Routledge and Sons. (It appears that the 

analysis of the cinder from the Dank's furnace is taken from 

the paper by G. Snelus, J. I. S. I., 1872, vol. 1,267). 

2 H. Louis, J. I. S. I., 1879, vol. 1,222. 

3 J. Percy, 'Metallurgy; iron and steel', 668,1864, London. 

4 T. Tscheuschner, paper in Chemiker Zeitung, vol. x, pp. 
617-8 and 645-6 (abstracted in J. I. S. I., 1886, vol. 1, 

p. 325). 
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The pig iron in this case was very low in manganese; the 
phosphorus content was reduced from 0.31% to 0.08% in the 
final bar; there is no comment on the carbon content. 

The rise of bulk steelmaking, perhaps not fortuitously, 

coincided with the growing appreciation of the part which 
could be played by the chemist and two of the analytical 
surveys quotedl, 2 which date from around 1860, must be 

among the earliest of such valuable aids to a greater 
process efficiency. In truth, metallurgy had progressed 
a long way since the day of the alchemist. On the other 
hand, certainly until relatively recent times, has not all 
steelmaking relied on the trained eye and the practised 
hand: the look of the furnace, the colour and sheen of 
the slag, the manner of solidification of a spoonful of 
metal, the feel of a bar thrust into the bath? Thus, 
although the production of puddled steel seems at this 
date to have been a most complicated matter, it was 
probably no more difficult to produce good and reliable 
steel by this means than by the Bessemer-Mushet or the 
Siemens-Martin process. 

1 H. Bauermann, 'The metallurgy of iron' (5th ed. ), 
414-417,1882, London, Crosby Lockwood. 

2 C. Calvert et R. Johnson, 'Sur les changements 
chimiques que subit la fonte durant sa conversion 
en fer', Annales de Physique et de Chimie, 1858, 
Tome Lii, p. 485. 
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THE MANUFACTURE OF PUDDLED STEEL 

Extracts from L. Ansiaux and L. Masion, Traite 
Pratique de la Fabrication du Fer et de 1'Acier 
Puddle (Liege 1861), pp. 64-76. Translation by 

the author. 

A number of relatively brief references to the details of the 

steel puddling process itself exist in the older textbooks 
but nowhere yet has such a full account been found as in this 
French work published in 1861 in Liege: a full translation 

of its title would be 'A practical treatise on the manufac- 
ture of iron and puddled steel'. It is a notably 
comprehensive work, in the first place giving full details of 
puddling for the production of wrought iron, with a subse- 

quent description of two processes for making 'a steely-iron' 
(which by inference is more suited for the subsequent 
conversion to blister steel or cast steel in place of the 

more usual Swedish iron) and 'a true steel, more homogeneous 

and harder'. This latter is the process relevant to our 
study; the French authors, however, present this method 
with several back-references to passages in the earlier text. 

It has been thought fit, therefore, to present here a 
translation from the French incorporating such earlier 
material where necessary for a complete appreciation of the 

process. 

Principles of Refining to Steel 

Refining to steel consists in removing from cast iron the 
total of its foreign materials while at the same time 

retaining a notable proportion of its carbon. The iron 

must be made to retain, without being a cast iron, from 
0.5% to 2.5% of carbon*; from this, it follows that, by 

the careful attention of the puddler, it is possible from 
the same cast iron to obtain steels which are more 
carburized or less carburized. 

Steel is produced in much the same manner as iron, but it 
is necessary to interrupt the refining much sooner and 

* Elsewhere it is stated that steel is iron with 0.2-1.5% 
carbon, the latter being the upper limit for successful 
forging; these limits seem more reasonable. 
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before it brings about an almost complete decarburization. 
One of the principal agents in this decarburization is the 
oxygen contained in the air which is drawn through the 
furnace; it is essential, therefore, to prevent the 
ingress of air to the furnace when the cast iron has been 
decarburized to the point of giving steel, and this 
necessitates furnace doors and dampers which close 
tightly. In puddling for steel everything depends on the 
very uniform working of the process; during the melting 
down and the coming to nature, the furnace must be 

operated in a standard manner and, subsequent to their 
formation, the loupes of steel must be lifted from the 
furnace as rapidly as possible. 

The Additions 

When it is desired to obtain a hard and homogeneous steel, 
it is necessary to add certain substances to the slag on 
the hearth to render it fluid, to raise the temperature 
of the liquid metal suitably for the refining to take 
place and to neutralize by chemical action the highly 
decarburizing effects which the slag normally possesses. 
An important condition for the success of the operation 
is that it must be practicable to work constantly under a 
layer of slag which is only moderately oxidising but which 
keeps its fluidity at a relatively low temperature. 
Besides the crude slag, therefore, it is necessary to 
introduce other substances. Very good results are 
obtained by the use of peroxide of manganese, particularly 
if the cast irons used are deficient in this element. 
The peroxide is used either alone or mixed with sea salt 
in the proportion of one part of oxide to two or three 
of salt, according to the nature of the cast iron. 

First Period: Preparation of the Hearth 
and Charging 

The hearth, having been repaired or newly made, and the 
furnace having been raised to a white heat, some 15-35 
kg of mill scale or hammer scale are spread uniformly 
over the hearth and its surroundings. Should the hearth 
have been softened too much by the previous operations it 
is strengthened by throwing over it several ladles of 
water prior to the addition of the scale. The amount of 
scale used varies with the type of pig iron; white irons, 
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which themselves produce large quantities of slag, do not 
need more than 15-20 kg of these materials, but grey 
irons require a much larger addition, up to 30-35 kg. 

The charge of pig iron is then introduced; a normal 
addition would be 180 kg. The pieces should be spread 

around the walls so as to present as large a surface as 

possible to the flame and to melt as rapidly and uniformly 
as possible. To obtain this uniform melting, it is 

necessary to charge pieces of cast iron of essentially the 

same thickness and not to treat at one time more than one 
grade of iron; otherwise the melting will be uneven and 
one part of the charge may even be thickening and coming 
to nature while another, more highly carburized and thus 

more fluid, is still liquid on the hearth. 

As soon as the charge is added, coal is put on the grate 
and the fire is blown to great activity. 

Second Period: Melting 

The iron has to be made fluid in the shortest possible 
time. The grate must therefore have been thoroughly 

cleaned. The bed of coal is made thicker or thinner 

according to whether the draught is strong or weak or 
whether the fuel is good or bad; a furnace in bad 

condition with poor coal will not make good steel. 
Subsequently, the door is carefully closed and the 
damper fully opened. The fire remains in this state 
for some time until it becomes necessary to recharge 
the grate; it is a good thing to liven the fire from 

time to time. After about 15 min the iron begins to 

soften and the slag introduced is molten. The damper 
is left fully open; under these conditions the iron 

melts and at the end of 40-45 min, according to the 

speed of the furnace and the quality of the fuel, the 

whole mass should be molten. At this stage of the 

working, the whole of the interior of the furnace is 

at a startling white heat; the puddler makes sure with 
his bar that there are no remaining solid pieces of 
iron and he stirs the bath in all directions to render 
it homogeneous. There can be seen from time to time 

on the surface of the bath some small bubbles, which 
then burst, making blue flames and helping to stir 
the molten mass. The puddler is able, by probing with 
his prong, to judge the degree of crudity of the molten 
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iron, by the greater or lesser production of sparks and 
the greater or less adherence of the slag to his tool. 

Third Period: Rabbling 

Rabbling is always done subsequent to the complete fusion 

of the charge, in the relative absence of air and with 
the presence of a large quantity of smoke in the furnace. 
The damper is therefore almost completely closed at this 

stage; the furnace is so choked that smoke begins to 

come out of the working door. Cinder, more or less 

raw, in small pieces, is introduced into the bath and 
then, somewhat later, the mixture of manganese oxide and 
salt is added, increasing the fluidity of the slag and 
reducing its oxidizing capacity. 

The manner in which the slag is added is very important 

and depends on the circumstances; account must be kept 

of the quantity of slag which was in the furnace before 

charging the iron, the degree of heat in the system, the 

quality of the coal, the degree of draught, the quality 
of the iron and the nature of the metal bath. It is 

essential in deciding the procedure and in looking 

attentively to the draught, to keep a medium fluidity 
in the bath; this has to be maintained throughout the 

whole of the rabbling period without having to raise the 
damper too much, so as not to draw external air through 
the furnace in any quantity during the whole of this 

period of the working. A slow decarburization is 

obtained by means of these additions and this permits 
the removal of the unwanted impurities while still 
retaining a high content of carbon. 

Rabbling is continued in the normal manner but with 
greater energy and more actively; soon the bath thickens 

on account of the cooling brought about by the feeble 
draught. At this stage a new addition is made and the 
bath is constantly stirred; the temperature within the 
furnace (or rather the actual degree of heat within the 
bath) and the fluidity of the metal are of great 
importance in the progress of the operations. If the 
bath is found to be too much cooled by the additions it 

may be necessary to open the damper a little to prevent 
the metal coming too prematurely to nature; on the 

other hand, if the metal is too little cooled, it 

remains fluid and may reach too high a temperature 
which will prevent it from refining. 
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Fourth Period: Boiling 

The process continues by a partial opening of the damper 
in such a manner as to clear the smoke but without 
admitting excess of air. This causes a slow rise of 
temperature which will initiate a boil which grows in 
vigour; the metallic mass rises on the hearth, the 
slag comes up to the height of the door and the bridge 

of the flue and then runs off on both sides. Small 

flames illuminate its surface. The mass rises most 

when it is most fluid and the longer the rising lasts 

the more the cast iron slowly decarburizes and the more 

pure and grainy will be the steel which is obtained. 
Rabbling is continued briskly and the grate is re- 
charged in such a manner as to raise the temperature 

rapidly until the mass takes on a stiffer consistency 

given by its tendency to weld together. 

At the beginning of the operation very fluid slag is 

produced which has only the slightest adherence to 

the puddler's bar but which tends to adhere more 
strongly as a measure of the progress of the refining. 
At first reddish, it becomes whiter as time goes on 

and begins to carry at its surface small steely grains, 
which grow little by little and unite into small clots; 
these are more red and less yellow and more brilliant 
than the slag. The slag, which up to now has covered 
the metal, sinks as an indication that it is losing 
less carbon monoxide. The appearance of grains at 
the surface of the bath is a sign that the rising is 

going to cease and the end of the puddling operation 
is characterized quite distinctly by the abundance of 

clots, of a white shiny brilliance, and by the resist- 
ance of the mass to the puddler's tool. At this 
instant, coal is charged on to the grate, so as not 
to have to open the door again before taking out the 
loupes. 

Fifth Period: Formation of the Loupes 

It is always essential during puddling for steel to 

prevent as far as possible the ingress of air into the 
furnace and from the time of the appearance of the 
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clotted grains in the middle of the slag which is then 
sinking on to the hearth it is more than ever necessary 
to exclude air by letting fall the damper, while not 
cooling the slag too much, since at this time the slag 
ceases to protect a large part of the metal which is 
thus likely to be submitted to a strong decarburizing 

action. The damper is thus gradually closed, to give 
a furnace flame full of smoke. 

The master puddler raises the mass of steel, turns it 

over, moves it to right and to left, so as to obtain 
uniform decarburization and then he separates enough 
to form one loupe. The detached metal is pressed with 
force between his hook and the forepart of the furnace, 
taking care to avoid any folding of the steel upon 
itself. As soon as the loupe is made up it is quickly 
carried to the hammer; during the shingling of the first 

one, the puddler makes up a second and so on. The loupe 

must never be allowed to remain long in the furnace; on 
the contrary, it must be shingled quickly, to prevent 
its decarburization by the slag retained by capillarity 
in the pores of the spongy mass. It is here that the 
manganiferous slag renders its major service on account 
of the low temperature at which it is necessary to 
shingle the steel loupes (compared with those of wrought 
iron). Simple ferruginous slags quickly congeal when 
they are somewhat lean and strongly decarburize when 
they are rich. Thus, without oxide of manganese, there 
is always a risk of producing a dirty steel, full of 
slag, or, alternatively, a more or less steely iron, too 
low in carbon for true steel. 

Observations 

Working to produce steel requires cast irons (preferably 

grey irons) which are pure and manganese-rich and the 

use of additions of crude cinder mixed with manganese 
dioxide and sea salt when it is desired it shall be 
hard, homogeneous and shall combine all the properties 
of steel. In working to produce steel the losses from 
grey cast iron will be 14-15%, the use of coal will be 
1500-1700 kg to the tonne, and 4 or 5 charges will be 
obtained in 12 h. 
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THE PRODUCTION OF METEOR STEEL 

Extracts from the Specification published by 
John Martineau, as agent for Johann Conrad Fischer, 

in British Patent No. 5259,6th October 1825 

To produce steel of improved quality, and presenting the 
wavy appearance of Damascus swords there may be melted, 
in a covered blacklead or other crucible in a steel-melting 
furnace, a mixture of 24 parts of zinc, 4 of purified nickel 
and one of silver, covered with charcoal powder. The 
molten mass is poured into water to make it brittle, and 
pounded small. Then 8 oz. of the powder obtained are mixed 
with about 6 of chromate of iron, 2 of quicklime, 2 of 
porcelain clay and one of charcoal powder; and the whole is 
heated in a crucible in admixture with about 24 lb. of 
blister steel, or other steel used in making cast steel. 
The molten steel so obtained may be cast and tilted as 
usual. To produce the wavy appearance, an acid is applied 
to its surface when polished; one part of nitric acid mixed 
with 19 of distilled vinegar being preferably employed. 
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STEELMAKING AT SANDERSON'S WORKS IN 
WEST STREET, SHEFFIELD, IN 1845 

Extracts from W. 0. Henderson, 

J. C. Fischer and His Diary (London, 1966), pp. 157-158. 
This is a translation of Fischer's diary entry for 

31st July 1845 

After lunch I went to my old friend Mr. Sanderson. 
Sandersons are the biggest manufacturers of cast steel in 
Sheffield for they have 36 melting furnaces and 6 cementation 
furnaces in which they make steel from Swedish iron. As I 
anticipated, I received a warm welcome from old Mr. Sanderson 
whom I first met twenty years ago on the coach from Chester- 
field to Sheffield and he showed me right through his plant 
which he is not prepared to do for everybody. 

We first went to the cementation furnaces. One had just been 
fired while the other was in full swing. In each of these 
furnaces there are two receptacles - each containing about 160 
hundredweights of Dannemora iron - and three fires. What 
happens is this. One flame heats the front of the first 
receptacle, one flame heats the back of the second receptacle, 
and a third flame heats the space between the two receptacles. 
There are holes which create a draught of air through the 
furnace. Mr. Sanderson gave instructions for an 'eye' to be 

opened for me. This is a little peep hole in the front of 
the furnace that is covered by a piece of fireproof clay. 
When the slab of clay is removed I could see the play of the 
flames and I could estimate the heat inside the furnace. I 
thought that the maximum temperature had not yet been attained 
but this is far from easy to determine as things look very 
different on a sunny day and on a cloudy day. 

From here we went to the plant in which cast steel is made. 
For the last twenty years - indeed I might say for the last 
fifty years since Huntsman's works first got into full swing - 
absolutely no change has occurred in the process of making 
cast steel. One sees the very same furnaces and the very 
same crucibles. And - cold or warm - the same methods of 
filling and emptying the crucibles are employed though funnels 

are now used for the emptying process. * 

The casting was very carefully done. Every furnace contains 
two crucibles each holding between 30 lb. and 35 lb. of steel. 
One of the first two crucibles to be tapped** had a little hole 
in it and over half the steel had leaked out. The caster very 
sensibly poured the steel that still remained in the crucible 

* He presumably meant the use of funnels for the filling process. 

** "tapped" is inappropriate: "pulled" would be more correct. 
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into the second crucible. This was possible because no 

crucible is quite full when it comes out of the furnace 

owing to the fact that the crucibles are covered by flat 

heavy lids. The caster then poured out the steel from 

the second full crucible in a very careful manner. The 

next furnace was opened shortly afterwards. This time 
both crucibles were in good order and they were cast in 

the same way (as the other). Three men perform the 

casting process. The first lifts the crucible and 
carries it to a receptacle which is partly buried in the 

ground. The second worker holds the crucible with a 

pair of tongs. The third worker removes the crucible 
lid, with a pointed iron bar and then uses a small rake to 

remove the few pieces of slag that are floating on top of 
the liquid steel. 
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NOTES ON THE PRODUCTION OF CRUCIBLE STEEL 
IN SHEFFIELD PRIOR TO 1914 

A private communication from J. 0. Vessey, Esq. 

Overhead charges were static. Purchase and sales prices 
were never queried. My first job was to open the 
letters - today they would be called "the mail". I 

opened the letters in the presence of my father. The 

contents were not my business. My job was to save the 

good side of the foolscap envelopes and on them write the 

mixes for the next day's melts - three melting shops, six 
rounds. The envelopes were used so that mixes could be 

written in large figures to enable the melter easily to 

read them. 

MIXES : Swedish iron, cemented Swedish bar iron, our 

own scrap (returned from customersi and our own ingot 

tops. The result? Well, it is quite true of the 

crucible process - "What you put in, you got out". I 

remember that Austrian Styrian iron was also regarded 
among our "very best" irons. A typical mix would be 

15 lb. Ingot Tops and Scrap 

15 lb. SL Swedish Bar Steel 

15 lb. LO Swedish Bar Steel 

11 lb. SL Swedish Bar Cut Iron 

x oz. Charcoal, according to Temper 

required Cl oz. charcoal repre- 
sented 0.08% carbonl 

2 oz. FerroManganese (added 10 to 15 
minutes before teemingi. 

If the steel made included chromium to the extent of, say, 
0.50%, then 6-i oz. ferrochromium was put in with the 

original charge, and so on. I suppose today it would 

necessitate specially printed forms, typed in triplicate, 

copies duly filed in expensive cabinets by teenage blondes 

at £x per week, a record for posterity! The mixes were 
then given to each melter who did the weighing up. The 

carbon content, as mentioned, was adjusted by adding 
charcoal; we never used white iron. Packets of ferro- 

chrome, ferrovanadium, tungsten (nearly pure tungsten 

powder, say 99.5% - never ferrotungsten) were made up in 
the alloy stores as necessary and placed in the now weighed 
up pans as a last addition before the "weighs" were carried 



APPENDIX XX 
continued -2 

into the melting shop. We never did any advertising - 
our customers were Sheffield, Birmingham, Solingen and 
Renscheid. The only magazine to which we subscribed 
was "The Ironmonger" - this journal produced just the 
right sized paper to cut up into "screws". The making 
of screws was one of the skilled jobs one soon learned - 
screws were the little packets into which were weighed 
the ferromanganese and the ferrochrome. Aluminium bits 
of 1/16 oz. were added at the time of teeming. My 
father or myself always threw the bits in - it was a 
good excuse for one of us to be present during teeming 
time. 

POT MAKING: Very often journeymen pot makers were 
employed and this was a very skilled and important job. 
Each individual man had his own secret mixture of white 
China Clay, "Derby" clay, common clay and coke dust and 
the only secret which they possessed was that one included 
probably a quarter of a bag more of one type of material 
and a quarter less of another in the making up of them. 
All the clays were in ground powdered form, but if any 
small lumps were found amongst it these had to be knocked 
through a sieve. The clays were then mixed dry into a 
pyramid on the Pot House floor. Sufficient clay was 
mixed to make enough pots for a day's melting in one 
Melting Shop, for example, 24 pots for a 12-hole furnace. 
After this process, a hole was made in the centre of the 

pyramid and water poured in until the whole of the clay 
was made into a saturated mixture. This was then kneaded 

with the bare feet for several hours until the pot maker 
felt the temper of the material coming up to what was 
desired by him. This was then left for a short time 
until he had washed his feet and put on a pair of old 
shoes. The Pot House floor was sacred; no dirty feet 

or shoes allowed which might contaminate the clay 
mixture. There was a mat at the door to wipe one's feet 
on; I never remember that mat being removed for 
cleaning. 

The clay was then cut up and weighed very accurately into 
pieces of 32 lb. The next process was the balling of 
these pieces on a steel bench in all directions so that 
no air pockets would remain within the lump of clay. 
When this was completed the clay was again left until the 
man had his meal and then the actual process of making 
the pot was carried out. 
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The ball of clay was then thrown into the flask and the plug, 
with a spindle on the bottom, was forced down, first by hand, 

until the spindle hole in the bottom had been found and the 

plug began to tighten. Before this was done, incidentally, 

the flask inside and the outer surface of the plug were both 

thoroughly brushed with Pot Oil to prevent the clay adhering 
to either of the tools. A potmaker's maul -a large wooden 
mallet - was then used to knock home the plug, thus bringing 

the clay uniformly up the sides; then by a twisting movement 
the plug was withdrawn, leaving the clay in the form of a 

crucible inside the flask. The mouth of the crucible was 
then trimmed of any excess clay. The flask was now lifted 

up and placed with its loose bottom plate upon a small post 
fixed in the ground. By allowing the flask to fall, the 

crucible remained in position. A mould of tinplate was now 

passed over the mouth of the crucible, pressing it inwards 

to make the form of the crucible complete. Then, by 

carefully lifting the pot with the aid of a pair of plates 
fitted round the sides, it was placed on the pot board. 

Each of these boards held two crucibles, which were placed 

at the back of the actual melting stack upon shelves. 
They remained in this position for three days, by which 
time the heat from the stack had rendered them sufficiently 
hard to be brought inside the furnace room and placed on the 

shelves over the holes, where they stood for a period of 

seven to ten days before they were actually used, by which 
time the weight of the dried out pot had been reduced to 

about 28 lb. The day before use they were put into a 
"nailing grate" (annealing stove) and remained heated in 

the grate for a period of 18 to 20 hours. 

NEXT MORNING: The process the following morning would 
then be first the slagging of the holes; this was done 

with a Slagger. A Slagger is a poker with a broad chisel 

end. Two clay stands were then placed on the clean fire 
bars in each hole. On to the stands two of the pots were 
lowered. A handful of white silica sand was then dropped 

into each pot to make up the spindle hole and to "fritter" 

the stand to the pot. A clay lid was put on every pot. 
Hot coke from the lighting off grate was now put round the 

bases of the pots and the holes were filled up with beehive 

produced melting coke. The experience of the Melter 

enabled him to decide when the pots were ready for charging. 
One could discern a black ring coming from the bottom of the 

pot and until the ring had disappeared the sand had not 
frittered; hence, too early charging would have meant that, 

as the material melted, it would have run through the 

spindle hole into the cellar. 
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THE BOSH: At the door of the crucible melting shop stood 
a bosh. A bosh was a rectangular tank made in cast iron, 

six to seven feet long, two foot wide and three foot deep - 
the bosh was always kept full of water. The pokers 
("potters"), pulling out tongs and teeming tongs were put 
into the bosh after use. The "potters" were often at 
melting point after the final "look o'er". After a time 
the end of the potter dropped off in the water and the 
tool was collected regularly to have a new nose welded on. 
Sometimes the end dropped off in the pot - not serious, 
all good mild steel. It was the duty of the puller-out 
to look over every pot towards the end of the melt. This 

was called "looking 'em o'er". He did this by tipping 
the lid slightly off the pot and putting the potter to 

the bottom of the molten liquid and, by practice, he could 
feel if any small piece of metal was still not melted. 

The final decision as to which pot and in what order the 

pots were to be pulled lay with the Teemer. The Teemer 

was in charge of the melting shop; his boss was the Head 
Melter, who was in charge of all the melting shops and was 
present at teeming time. The teeming times were worked 
out according to the type of material being melted. High 

carbon steel first; lower carbon taking longer to "mature" 
followed. 

One pot of steel made one ingot, 2/" square, about 50 to 
56 lb. If larger ingots (4" square) were required then 

one pot had to be "doubled" into another. One pot could 
easily accommodate the contents of two pots for a few 

minutes. The amazing skill in teeming was taken for 

granted, but just think of being able to pour 50 odd 

pounds of molten steel into a 231" square mould about 30" 
deep without catching the sides! A "catched" ingot was 

a black mark! 

THE BESOM: The besom - "a bundle of twigs tied round a 
stick for sweeping; kind of broom". This is according 
to the Concise Oxford Dictionary; with the description I 

agree, but the besom was not used for this purpose in a 
crucible melting shop. The besom was always kept in the 
bosh. When the time came for the Puller Out to "look 'em 

o'er", he would be wearing a sack apron to his ankles. 
He would soak this apron in the bosh and return again and 
again to do this whilst "looking 'em o'er". When pulling 
out time came, this protection was not enough. Both the 

puller-out and the teemer wrapped their legs from ankles 
to above the knees in oilskin (where did the oilskins come 
from? I don't remember -I cannot recollect that the firm 
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ever supplied them). On top of the oilskin were wrapped 
the "rags" - layers of sacking. Over the rags, a sack 
apron from waist to ankles. The rags had to be thoroughly 
soaked with water and this was done by splashing the legs 
with the besom. The apron was soaked by letting it drop 
in the bosh. 

After teeming the first round of pots was put back in the 
holes, the back pot being put into the front and the front 
pot reversed to the back - the next mix was then put in. 
The ingot moulds meanwhile were broken down and the ingots 
pulled out of the melting shop to cool off in the open air. 

TOPPING: Each teemer topped his own ingots - well, he 
didn't actually do the hard work. The teemer held the 
ingot at just the right angle on the anvil and the puller- 
out did the topping with a7 lb. hammer. The topped ingot 
was passed to my father for examination. A pipe? - no, 
you can't get away with that, so back for further topping. 
If the steel was poured at the right temperature, then the 
fracture could be read for carbon content. If the fracture 
consisted of large crystals emanating from the centre, the 
indication was that the steel had been "tem" too hot - break 
it up and remelt. After topping and examining, the ingots 

were immediately placed on a weighing machine in one batch. 
Before leaving the scales each ingot was clearly marked 
with its symbol, indicating its grade. This was also re- 
garded as a skilled job. I eventually received grudging 
appreciation of my skill -I would make a better sign 
writer than a steel maker! This for some long period was 
the break in the life of the ingot - it was stacked in the 
yard, often for up to six months, to weather - the sure but 
slow process of cleaning the surface by oxidation. 

PULLERS OUT: The puller-out's job was to see how the 
melting was progressing. The control of the draught was 

manipulated by the alteration of the position of two bricks 
in the flue under the melting hole. The flue hole, in 
the cellar, was also covered or uncovered - according to 
instruction shouted to the cellar lad by the puller-out - 
by a piece of newspaper. "Tek paper off four", or some 
similar instruction with regard to the movement of the 
two bricks - so as to bring the draught to left, or to 
right, so as to control - increase or decrease - the heat 
on one of the two pots. All this meant that the pullers- 
out - and the teemers - were brain workers as well as 
strong and physically fit labourers. What would shop 
stewards have claimed for them today? The make up of the 
team for a twelve hole furnace was as follows: one teemer, 
two pullers out, two conkers, one odd man and one cellar 
lad: seven in all. 
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ODD MEN: My recollection of the Odd Man was that, by nature, 
he had to be a bit odd to start with or he would not have 

undertaken the job - certainly not under the Welfare State 

and full employment conditions. The routine in the melting 
shop required the cleaning of the interior of the half-moulds 
by scrubbing with a piece of melting coke. The half-moulds 
were then laid "inside down-most" on rack bars in a line and 
the reeking pan, filled with ignited pot-oil, burnt under the 
moulds. The smoke or "reek" covered the insides of the 
moulds with a thick coating of soot - this to prevent the 

molten steel from sticking to the mould surface during 
teeming. During this period of reeking the odd man had the 

melting shop to himself - all windows and sky-lights closed. 
It was, I suppose, the tea break for the rest of the team, 
but in our case the pub was next door and the team made good 
use of it. Whatever liquid was then consumed was quickly 
sweated away during the teeming period in the next hour or 
so. The odd man's other job was to help the teemer whilst 
weighing up, also to bring baskets of coke to empty into the 
holes at the puller-out's instruction. I find, with great 
regret, that it is now impossible to purchase a genuine 
coke basket. These were made by successive generations of 
makers, now extinct. A great pity, for they were ideal for 

use in the garden. The besom is still available, however. 

WORKING HOURS: These varied according to the trade. Some 

of the firms "ran" three rounds, meaning that the pots were 
put back immediately after teeming both the first and second 
rounds for a third time round. My own firm never did a 
third round. The melting of high carbon steel for the 

production of pocket knives and razor steel demanded more 
than just getting melted and pouring out. It needed time. 
In the melting of high speed steel there was much more 
latitude in temperature than in the making of razor steel, 
which had to be just right. Razor steel was like watching 
the milk to see it didn't boil over. Two rounds was enough 
for clay pots - we never used "composition" graphite 
crucibles for best quality steels. 

LIFE OF FURNACE: Rebuilding was done every four weeks - 
gannister rammed round a wooden mould called a building box. 
A hole was therefore at its smallest after rebuilding - 
daily slagging increased the size of the hole. The carbon 
content of the steels was reduced over the 'life' of the 
furnace. Starting with razor steel, then file steel - up 
to 1.3% carbon in pre-Siemens days - ending with our mildest 
quality with about 0.38-0.45% carbon for engraving plates - 
we didn't make our own bank notes, however! 
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AN ATTEMPT TO DERIVE THE PATTERN OF PRODUCTION 
LEVELS FOR THE CEMENTATION AND CRUCIBLE STEEL 

PROCESSES FROM 1825 TO 1925 

A revised version of the paper by the author 
which originally appeared in Historical Metallurgy, 

Vol. 8 (1974), pp. 103-111. 

There are no official statistics for the production of 
steel by these processes in this country. There are a few 

contemporary estimates and there are vague traditions; for 
the last fifty years of their life even these are lacking. 
Set out below is an attempt to use what evidence there is 
and to couple it with a subjective and personal judgment 
based on a long term study of the factors involved. In no 
way, however, does it purport to be a definitive solution. 

****** 

The earliest figure yet discovered for an estimate of 
Sheffield steel production comes from the evidence given 
by William Vickers to the Select Committee on the Sheffield 
to Rotherham Railway Bill in 1835.1 He quoted an annual 
output of 12,000 tons of cementation steel, a figure later 

confirmed by S. Jackson in the same discussions. 9,000 
tons of this blister steel was later remelted in crucibles. 
Some 10,000 tons of Swedish iron was used, together with 
1,000 tons of scrap. This also appears to be the source of 
the information given by Porter3 who also stated that there 
were, at this time, some 56 converting furnaces and 62 
melting shops with a total of 554 melting holes in 
Sheffield. 

The next evidence is that of Le Play. He reported that, 
in 1837, the production of cementation steel in South 

1 Lords Committee on the Sheffield to Rotherham Railway, 
1835, Minutes of Evidence, p. 11. 

2 Ibid, p. 34. 

3 G. R. Porter, The Progress of the Nation (ed. Hurst), 
(London, 1912), pp. 240-241. 
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Yorkshire was 180,000 metric quintals (just under 18,000 
tons) but that the level of production had fallen, due to 
the bad state of trade, so that he computed the average 
production over the period from 1836 to 1842 to have been 
16,250 tons per annum. 

- At the same time, various works 
near London, in Staffordshire, in Somerset and in Lanca- 

shire had delivered 4,000 tons of raw cemented steel. 
The raw materials came mainly from Sweden (63%) and 
Russia (22%); some 2% came from Norway whilst the 
remaining 13% was home produced. He reported that 33 

works had a total of 97 conversion furnaces2 and implied 
that they should have been capable of twice the achieved 
output, apart from the recession in trade. He stated 
elsewhere that the 51 steel melting shops, in 1842, 
consumed 52% of the blister steel produced, using some 
165 tons per week, 

3 
and he also quoted the number of 

melting holes available as 774.4 

E. G. Danielsson, in a report on a journey to England 
and the United States in 1843,5 gave the consumption 
of imported iron in steelmaking, in this country, as 
64% Swedish, 3% Norwegian and 33% Russian. The Swedish 
import was 92,000 skeppund (12,400 tons). In addition, 
some 15,000 skeppund (2,000 tons) of home produced iron 
from Low Moor, Milton and Bowling was used in the year, 
in Yorkshire steelmaking. From these figures a cemen- 
tation steel total of 21,400 tons can be deduced, which 
agrees closely with Le Play's figure for the previous 
year. 

1 F. le Play, 'Memoire sur la Fabrication de l'Acier 
en Yorkshire', Annales des Mines, 4me. Serie, Tome 
III (1843), p. 687. 

2 Ibid, p. 621. 

3 Ibid, p. 640. 

4 Ibid, p. 692. 

5 E. G. Danielsson, Anteckningar om Norra Amerikas 
Fri-Staters (Stockholm, 1845), pp. 32-33. 
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Evidence for 1846 comes indirectly, via Swedish sources, 
but has its origin in evidence given by Henry Unwin. 
This was referred to by C. F. Waern in a motion put to 
the Riksdag in Stockholm in 1854; 1 he, in turn, was 
quoted by Scrivenor2 who indicated that the number of 
cementation furnaces had increased to 105, whilst the 
total of melting holes was 974. The production of 
blister steel was given as 26,250 tons in the year; there 
is no separate estimate for crucible steel. Waern also 
quotes Gustav Ekman as reporting that the amount of home 
produced iron used in Sheffield had risen to 3,000 tons 
per annum by 1845. 

Waern also included the recent evidence for 1853, having 
commissioned Unwin to make a special survey in the July of 
that year; 3 it tells that there were then 160 cementa- 
tion furnaces and 1495 crucible holes. The estimated 
amount of blister steel was 40,000 tons per annum; again 
there is no separate figure for crucible melting. Of 

concern to the Swedish exporters was the amount of home 

produced iron being used. This Waern computed to be at 
least 7,200 tons annually. 4 Sanderson, commenting on 
these figures in 1855, suggested that the amount remelted 
in crucibles was probably about 23,000 tons per annum. 

5 

1 C. F. Waern, 'Om Jerntillverkningen och Jernhandeln', 
Riksdag Bilaga (1853-54), pp. 49-50. 

2 H. Scrivenor, History of the Iron Trade (London, 
1854), pp. 155-156. Scrivenor's translation repeats 
the misquotation of the estimate for 1835 (the Waern 
report states this as having been 15,000 instead of 
the 12,000 tons in the original). 

3 The Waern business papers have been deposited in the 
Gothenburg Archives; a search through these has failed 
to discover any detailed document from Unwin, although 
the cataloguing is still incomplete. 

4 Waern openly admits that he found it difficult to obtain 
any reliable data on which to base his estimates for the 
consumption of home produced iron. 

5 C. Sanderson, 'On the Manufacture of Steel', Journal 
Society of Arts, Vol. 3 (1854-55), p. 458. 
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Hunter1 dealt with the situation in 1856 and indicated 
206 cementation furnaces and 2113 crucible melting holes 
were to be found in Sheffield, with a further 54 

cementation furnaces and 245 crucible holes elsewhere in 
the country. He then computed the totals, on the basis 

of 250 tons per cementation furnace and 18 tons per 
crucible hole per annum, to give a national total of 
68,000 tons of blister steel and 42,000 tons of crucible 
steel. The Sheffield totals were 51,500 and 37,834 tons 

respectively. Hunter also made the significant statement 
that some 3,000 tons of steel was made direct from iron in 
the melting furnaces, without going through the cementation 
furnace first. 

The same source2 gives a summary of the situation in 1862. 
The number of cementation furnaces had fallen from 206 to 
205, but the average size had obviously increased since 
the production of blister steel was quoted as 78,270 tons, 

or a mean output of 384 tons per furnace. The number of 
crucible melting holes, however, had increased signifi- 
cantly, as had the output per furnace, 2437 holes producing 
a total of 51,616 tons of "saleable" cast steel. 

3 

Information, possibly relating to a year or two earlier, is 

available from a Continental source, 4 which reported 
Yorkshire to be producing some 50,000 to 60,000 tons of 
steel annually, more than half of which was made from 
imported Swedish and Russian iron imported through Hull. 
The remainder was said to be "common steel", derived from 
the use of English and colonial cast and wrought irons. 

1 J. Hunter (ed. Gatty), The History and Topography of 
the Parish of Sheffield in the County of York (Sheffield, 
1869), p. 214. 

2 Ibid, p. 216. 

3 If it is assumed that this referred to bar steel, this 

was probably of the order of 85% of the ingot weight and 
could, therefore, refer to the melting of some 62,000 

tons of steel. 

4 L. E. Gruner and C. Lan, L'Etat Present de la Metallurgie 
du Fer en Angleterre (Paris, 1862), pp. 788-789. The 
information is quoted on the authority of "Mr. Vickers, 
of the house of Naylor, Vickers and Co. ". It seems from 
the text that it could refer to the year 1859 or 1860. 
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Official statistics for steel production in Britain are 
available on a continuous basis from 1868, but they are of 
no assistance to this survey since they only cover the 
Bessemer and Open Hearth processes, with no figures whatso- 
ever for either cementation or crucible steelmaking. There 
is an isolated reference to the production of crucible steel 
in Siemens furnaces, in 18781 - some 3,500 tons; this, of 
course, ignores the bulk which was still made in coke fired 
crucible holes. A tradition that the peak figure for 
crucible melting was about 100,000 tons in the year, some 
time before 1880, has no firm foundation, but the idea was 
so prevalent some thirty years ago that it cannot be 
completely ignored. 2 There is also the statement by 
Robert Hadfield in 1894 that 14,000 crucibles were still 
made every week in Sheffield. 3 The implications of this 
statement are two-fold; first that by that time the 
production of crucible steel had passed its peak and, 
second, assuming that the 60 lb. crucible was in general 
use at that time and was used three times before discarding, 
that the output of crucible steel in 1894 was about 50,000 
tons in the Sheffield area. 

4 

1 J. I. S. I., 1879, Part I, p. 250. 

2 This was quoted to me by the late W. H. Green; my notes 
indicate that there were over 2000 tons of cast steel 
ingots made every week in Sheffield, before the Open 
Hearth process took over. When I worked out that this 
meant over 5000 crucibles every day, he agreed, saying 
that Firths, Vickers, Cammells and Jessops could use 
half this number between them. 

3 R. A. Hadfield, 'The Early History of Crucible Steel', 
J. I. S. I., Vol. XLVI (1894), p. 234. 

4 This calculation ignores the amount of steel produced 
in plumbago crucibles; the magnitude of their contri- 
bution is not known, but is considered to have been 
relatively small, even at this date. 
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The evidence so far presented is, indeed, the sum total 
that appears to be available. In addition to the scarcity 
of statistics, however, the validity of some of the figures 
must be queried and a recent critical survey' casts 
considerable doubt on several of the figures, particularly 
those due to Sanderson, whilst it is suggested that even 
Le Play's estimate of the number of steel melting shops is 
too low on the basis of the rate book evidence. In any 
case, however, a plot of the available evidence at its face 
value gives a curve which is almost the classical one of 
development, maturity, decline and obsolescence, with a 
terminal date of around 1900 (Figure A). This, however, 
does not meet the evidence for the twentieth century 
production of alloy steels by the process and, bearing in 
mind that statistics are available for the production of 
crucible steel in America, Germany and France, and that 
the peak year in each case comes during the period 1907 
to 19172 it is clear that other means have to be sought 
if a credible pattern of production is to be derived for 
this country. 

The first line of approach could be to study the flow of 
Swedish and Russian iron into Britain, since these formed 
a major item in the furnace charges. In can, indeed, be 
argued that, from around 1800 onwards, the import of such 
irons into this country was mainly for steelmaking, bearing 
in mind that by this time the domestic supply of wrought 
iron had reached a sufficiently high level for all ordinary 
requirements to be met. The fact that the price of British 
wrought iron had, for all time, fallen below that of the 
imported iron by 1800, together with the knowledge that 
Britain was to be the major producer of wrought iron for 

over half a century, must imply that special uses had to 
be found to justify the trouble and cost of importing 
Swedish and Russian iron. The only other valid use for 

1 J. G. Timmins, The Commercial Development of the 
Sheffield Crucible Steel Industry, unpublished thesis, 
(Sheffield, 1976), pp. 66-72. 

2 The American data come from the Official Statistics 
issued by the American Iron and Steel Institute. These 
values are actually plotted in Figure D from which it 
will be observed that the output for 1916 just exceeded 
that for 1907. The German and French information may 
be found in Iron and Coal Trades Review (Diamond Jubilee 
Issue, December 1927), pp. 211-215. For both countries 
peak production was in 1917 (130,000 tons in Germany and 
40,000 tons in France). 
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such pure irons, other than for steelmaking, would appear 
to have been for special wiredrawing applications, which 
can only have taken very small quantities. Some of the 
959 tons of bar iron which came down the canal from Hull 
to the Sheffield area, in a twelve month period during 
1771-721, was, without doubt, for normal blacksmithing 

needs as well as for steelmaking. On the other hand, 
the estimated 3000 tons which was anticipated as part of 
the annual freight from Tinsley to Sheffield, at the time 

of the canal survey in 1802, would almost certainly be a 
fair measure of the output of the Sheffield cementation 
furnaces at that time. 

For the period 1825 to 1900, the enormously painstaking 
researches of Attmann have produced figures for the joint 
import of Swedish and Russian iron into this country, 2 
adjusted by the deduction of the Swedish iron re-exported. 
Whilst it has been shown that there was a tendency 
towards a slowly growing use of home produced iron, a plot 
of the nett iron import, as in Figure B, will be seen to 

show a very close correlation with the curves from Figure 
A, until about 1855. Thereafter the divergence becomes 

progressively large. 

it may be coincidental, but 1855 was the year in which 
Swedish cast iron became available. The possibility that 
the total Swedish export found its way into either cementa- 
tion or crucible charges is a fairly strong one, given the 
two factors of direct combination of cast iron and wrought 
iron in the crucible and the puddling of the cast iron 

either to steel (for melting in the crucibles) or to bar 
iron (for cementation or as part of the crucible charge). 
All these were carried out in the Sheffield area. The 

argument of relative costs between the British and the 
imported supplies is again just as relevant as it was half 

1 This figure has been derived from a study of the Hull 
Water Bailiff's Records. 

2 A. Attmann, Fagerstabrukens Historia: Adertonhundrat- 
alet (Uppsala, 1958), Diagram 1 (p. 10) and Diagram 14 
(p. 245). 
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a century earlier in the case of wrought iron. 
1 

There 
is also evidence that British haematite pig iron was 
puddled in Sheffield and this, again, may have been 
for special uses, since the bulk of the available pig 
iron, quite suitable for armour plate production via 
the puddling furnaces, was phosphoric. 

' Added to 
this, there was the growing use of return scrap in the 
crucible charges. It is, then, not illogical to 

consider the possibility of estimating the steel 
production by adding together the retained import of 
Swedisý and Russian bar iron and the Swedish cast iron 
import and then estimating that these between them 
constituted some 75% of the raw materials for Sheffield 
steelmaking. This produces a plot as shown in 
Figure C. This shows a better agreement with the 

published estimates, but appears to be rather low in 
the period 1865 to 1870 and with an unexpected peak 
in the early 1870s. If this peak is a valid one, 
there was a phenomenal increase in steelmaking capacity 
between 1868 and 1871. The validity of such a peak 
has been assessed, elsewhere, by reference to the rate 
book evidence for the Sheffield area and a possible 

The Swedes themselves appreciated that there must 
be some special reason why the British were willing 
to pay twice as much for the cast iron from the 
Dannemora ores than they would have been charged 
for their domestic iron, which was available in 

plenty (see Chapter 8). 

2 The wrought iron produced at Wortley Top Forge was 
typical of the local supply; all samples which have 
been analysed from that site contain between 0.2% 

and 0.3% phosphorus. This is perfectly good wrought 
iron as a constructional material - it was the proud 
boast that no Wortley Axle ever broke in service 
(although one was bent almost double in an accident) - 

but it was of no use as a raw material for steelmaking 
by the cementation or crucible processes. 

3 Figures for the import of Swedish cast iron into 
London and Hull have been kindly provided by Miss 
Karen Hullberg, late of Jernkontoret, Stockholm. 
These cover the years 1855 to 1894. 
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capacity of 110,000 tons per annum in the1187Os has been 
calculated for the crucible steel output, plus whatever 
cementation steel was, at this time, used without re- 
melting in crucibles. A figure of around 130,000 tons 
total is, therefore, not too fanciful. 

It is worth while considering the American production 
figures, particularly as the imports of Swedish iron are 
also known. The information is presented in Figure D. 
This shows a very similar trend to the British case; the 
early years are very closely tied to the total iron import. 
It is, incidentally, interesting to note that the time 

scale is shifted since the Americans came later to crucible 
steel melting. As will be shown later, 2 the Americans 
became largely self sufficient in crucible steel during the 
1870s; on the other hand, they relied heavily on imported 
technology from Sheffield in the early years of their 
crucible melting activities. Their procedures and their 
needs would, therefore, not be greatly dissimilar from 
those in Britain. If the proportion of crucible steel 
to total steel output in American can be taken as similar 
to that in Britain and this ratio then applied to the total 
steel production in this country, figures for which are 
available from 1868 onwards, the values shown as crosses 
in Figure C are obtained, and the agreement between the 
two sets of results, both arrived at by methods which can, 
at best, be described as being subjective assessments and 
against which many doubts may be set, is surprisingly 
close. At any rate, the general pattern of peaks and 
troughs seems to be established and, by and large, fits 
with the known cycles of trade. 3 

1 Timmins, loc. cit., pp. 186-194. 

2 See Chapter 12. 

3 Reference to production of ordinary steel and its price 
over the years appears to indicate a slump from 1875 to 
1879, a peak in demand from 1880 to 1883, then a period of 
lower activity until 1889 when there was a sharp peak, to 
be followed by a slow decline which bottomed out about 1895, 
to give another period of activity around 1900. Representa- 
tives of the Sheffield Chamber of Commerce gave their 
considered opinion that trade in the town was at its normal 
level in 1868-70,1876-77 and 1880-82, was distinctly above 
its normal level between 1871-73 and fell below its normal 
level in 1866-67,1879 and 1884-85. (Second Report of the 
Royal Commission on Depression of Trade and Industry, C. 4715, 
1886, p. 406). 
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Again returning to the American information, a check on the 

proportion of Swedish bar iron import to total crucible steel 
output indicates that the figure fell rapidly from almost 
100% in 1870 to an average of 43% for the period 1872 to 
1882; there was then a marked rise and, over the next 
thirteen years, it stabilised at around 55%. Bearing in mind 
the influence of Sheffield steelmaking technology on the 
American industry, and considering what is known of the trends 
in Sheffield steelmaking, it is felt that a similar pattern is 

probable in this country. In an endeavour to obtain a 
somewhat better correlation with the curve derived from the 

estimates in the literature, it has been thought worth plotting 
values derived from the retained import figure for Swedish 
iron. After considerable study, for the period up to 1851 it 
has been assumed that this constituted the whole charge; from 
1852-55,80%; from 1856-60,65%; from 1861-75,50%; from 
1876-95,60%. These are, on the face of things, somewhat 
arbitrary values, but they are chosen with the background of 
information such as is available, together with the considered 
opinion derived from involvement in steelmaking. They 
provide the curve shown in Figure E which is essentially 
similar to that derived from the bar iron and cast iron import 
figures, but it varies in certain respects. In the first 
instance, it gives a steadier rise in output over the years 
1860 to 1870; this is more in keeping with what might be 

expected from the earlier published estimates, bearing in mind 
that we are here dealing with the total output of blister 

steel and crucible steel. The height of the peak is similar; 
slight shifts in the value chosen for the usage of the iron, 

obviously, would have their effect on this height. The other 
deviations from the previous curve are a lessening of the 

trough between 1875 and 1879 and a flattening out of the 

output between 1888 and 1895. That there was a slump in 

activity between these earlier dates is perfectly clear and 
the improvement in the early 1880s can be followed from the 

increase in steel prices; which of the curves is the more 

realistic is impossible to say. When it comes to the later 

period, however, it will be noticed that from 1885 onwards 
the import of cast iron becomes a major part of the total 
figure and it is suspected that some of this could, in fact, 
have been to feed the growing Open Hearth process. The 
line derived from the bar iron import, therefore, becomes 

the favoured one up to 1895. 

Beyond 1895, a different approach is necessary. This was the 

period when the crucible process became more and more the 

producer of alloy and special steel. Again, there are no 
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production records extant, other than a few random 
survivals from individual companies. On the other hand, 
it was a period whose traditions still remain in the 

memories of those with personal involvement in the 
process. There are also some charge books still 
available; those from Daniel Doncaster, which come from 
the early years of this century, indicate that imported 
Swedish iron formed some 64% of the total charge for 

some 2000 crucible steel melts. Most of this was 
converted to blister steel before melting. A similar 
but less complete record from William Jessop and Sons 
in 1909-1910 gives a figure of just over 60%, whilst 
isolated information from elsewhere at this time gives 
values between 55% and 70%. The figures for import of 
Swedish iron, less re-export, however, become less 
accessible for this period. Attmann gives figures for 
import via London and via Hull, but no global figure. 
Combining these two will give the major proportion - 
indeed, over the later years the proportion through Hull 
assumes a major role - but could be on the low side. 
In addition, these figures are only available to 1912. 
Daniel Doncaster and Sons were, however, a major 
importer of Swedish iron over the whole of this period 
and their bar iron records, over the period 1904 to 
1912, may be compared with the Attmann figures as 
follows, the figures being in thousand tons : 

Attmann Doncaster 
Weight Weight % of Total 

1904-1906 147.2 41.6 28.3 
1907-1909 134.4 38.7 28.8 
1910-1912 196.6 54.6 27.8 
1904-1912 478.2 134.9 28.2 

These values appear to indicate a well established pattern 
and the bar iron import figures, via Doncasters, from 1913 

onwards may be corrected on the basis that they represent 
28% of the total input, to complete the series of values 
from 1895 to 1925. If, then, this is taken as representing 
65% of the steel output, a further output line as shown in 

Figure F may be obtained and added to the previous graph. 
The fully derived curve may be seen in Fig. 35, in the main 
text. 

1 Attmann, loc. cit., Diagrams 15 and 16 (pp. 246-247). 
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APPENDIX ZZ 

COLLECTED INFORMATION ON THE COST OF 
PRODUCING CAST STEEL BY THE CRUCIBLE PROCESS 

The operating costs of the crucible process are available 
from a number of random sources. The earliest so far 
discovered concerns the Marsh Brothers operations at the 

Ponds Works in Sheffield. 1 Records which enable costs 
to be evaluated, although not in much detail, are avail- 

able for the period February 1833 to June 1838 and are 

set down in Table A. 

From the same period comes a further series of figures in 

more general terms, in which the total cost is roughly 
in agreement with the previous set. 2 The costs per ton 

of steel are given as follows : 

4 tons coke £3.3. O. 
Pots, lids and stands £1.5. O. 
Wear of tools 10.0. 
Rent, etc. 10.0. 
Wages £3.3. O. 

TOTAL £8.8. O. 

The next set of figures, however, is not only among the 

most detailed available but also was the result of a 

painstaking survey by Professor le Play, covering the 

steelmaking scene in the Sheffield area between 1836 

and 1842.3 The figures, as set out in the original 
report, are reproduced in translation in Table B. They 

refer to a ten hole furnace, producing about 8750 lb. 

of steel per week, which implies two crucibles per hole, 

with a charge weight of around 30 lb. per crucible. 
The figures show a metal loss of about 1.8%. The 

crucible cost and the cost of maintenance material is 

evaluated for a week's operation; since this produces 
3.9 tons of steel, the appropriate proportion (25.6%) 

is taken to give the cost per ton. Similarly, the 

1 From a note book kindly loaned by G. F. Willan, Esq. 
This has now been placed in the Archives of the 
Sheffield City Libraries. 

2 John Fowler Notebook, Sheffield City Libraries, 
Reference WD 634. 

3 Le Play, loc. cit., p. 665. 
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total labour cost is 25.6% of the payment to the team of 
eight men for six days, giving the 12.5 man-days per ton. 
Taking the interest figures, the implied cost of a ten 
hole furnace is around £1500 and the floating capital, 
for stock and work in progress, around £450. 

There are also available a number of examples of hire 
melting charges for this period. Tyzacks were charging 
10/Od. per cwt. (£l0 per ton) in 1840.1 Thos. Turton 
charged £11 in 1857 but only £8.10.0. per ton in 1858; 
Stanley Bros. charged £10 per ton in both 1857 and 1859 
whilst Waterfalls charged £8.10.0. in 1867.2 The 
Doncaster price list of November 1860 quoted 9/6d. per 
cwt. with 5% discount for prompt payment. 3 

Costs are quoted in a French report on Sheffield steel- 
making4 (published in 1862 but probably quoting costs 
current in 1859) as normally being £7 to £8 per ton, 
but for "soft steel", which required the use of specially 
large crucibles with a life of only one or two melts, the 
cost was as high as £10 per ton. The standard costs 
were itemised as follows : 

Coke, 3.5 tons @ 1610d. per ton E2.16.0. 
Crucibles, covers and stands 15.0. 
Labour £1.16.0. 
Maintenance 12.0. 
Various general costs 6.0. 
Interest on capital 9.0. 
Profit 16.0. 

TOTAL V. 10.0. 

1 Tyzack Purchase Ledger, in private possession. 

2 All these figures come from the Bramall Papers, 
Sheffield City Libraries, Reference LD 266. 

3 Copy in the Doncaster Archives. 

4 Gruner and Lan, loc. cit., p. 797. 
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R. F. Mushet set up the Titanic Steel Works in the Forest 
of Dean in 1862 and appears to have operated a five or 
six hole crucible furnace with two crucibles per hole. 
Costs as reported in a memorandum of 18711 are set out in 
Table C. 

Seebohm and Dieckstahl built up an enviable reputation as 
crucible steel melters and it is interesting to have a 
number of their records available. In the first place, 
Henry Seebohm himself gave some details at a lecture in 
1869.2 He was at pains to point out that a sufficient 

allowance had been made for loss in topping the ingots 

and for a fair average of rejected ingots. Since this 

was for public consumption, it must be assumed they were 
somewhat inflated, particularly as he points out : 

'In Utopia, where running pots are unknown and 
no waster ingots are ever made or any requiring 
to be topped and where BEST CAST STEEL is made 
out of common materials which melt quickly, the 
cost of melting has been in some cases reduced 
as low as £5 per ton'. 

His quoted figures were as follows : 

Coals and coke £3.15.0. 

Wages £2.10.0. 
Pots, lids and stands 12.0. 
Building furnaces 4.0. 
Rent and repairs 7.6. 
Moulds and tools 4.0. 
Bricks 2.0. 
Gas, charcoal, tar, baskets, 

manganese, sand, etc. 
Sundry expenses, say 5% 

2. O. 
8.6. 

TOTAL £8.5. O. 

1 Sheffield City Libraries, Reference MD 1193-4. 

2 H. Seebohm, On the Manufacture of Cast Steel (Sheffield, 
1869). This was the text of a lecture given to the 
Sheffield Literary and Philosophical Society on 2nd 

March 1869 which was later printed privately. 
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Further, a notebook giving production figures for the last 
dozen years of the nineteenth centuryl has some notes at 
the front referring to costs at a 12-hole furnace at Plum 
Street, presumably hired by Seebohm and Dieckstahl for 
the period 18th April to 20th May 1882. The total produc- 
tion was 48 tons 7 cwt. 3 qr. of steel, using 111 tons 
1 cwt. of coke and 9 tons 8 cwt. of slack. The figures 

read : 

2.5.3.26 of coke/ton @ 15/6d. £1.15.8. 
3.3.5 of slack/ton @ 6/Od. 1.2. 
Wages ) 

as per 1881 
£2. O. O. 

Sundries ) £l. 2.2. 

TOTAL £4.19. O. 

There is a further note to the effect that on a previous 
occasion one Marsden, who seems to have been associated 
with Wilson, Hawksworth and Company, was paid £9 per ton, 
less 25%, but had subsequently offered to take on 30 

tons at £8.10.0. less 25%, or even less 5% for prompt 
payment. 

The most valuable information in the same volume, 
however, comes in the form of yearly summaries of 
production by Seebohm and Dieckstahl from 1887 to 1903 
and this may be found in Table D. It should be noted 
that the firm moved premises in 1898, without 
apparently disrupting production. 

The next available information comes from a famous firm - 
none other than the Huntsman establishment. 2 This 

covers the last five years operations at the old 
Attercliffe plant and then, with a gap of two and a 
half years, some seventeen years at the Coleridge Road 

plant. The information, which is quite detailed, is 

set out in Table E. The stability of costs during the 
first ten years of activity at the new establishment is 

remarkable. The addition of the six extra holes in 
1912 only gives extra production in the following year; 

1 Sheffield City Libraries, Reference BDR 76. 

2 Sheffield City Libraries, Reference LD 1621. 
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thereafter it seems that shortages of raw materials and 
rises in prices led to some reduction in activity even 
with the extra need for steel for the war effort. 

The charge book covering the period 1895-98 from the 
Wellmeadow Works, to which reference has already been 

made, also gives some valuable information relative to 
a small scale operation. 1 This melting shop had four 
"double-pot" holes and produced about 100 tons per annum, 
the mean charge weight was just over 50 lb. per crucible. 
Whilst it does not give any detailed costs, figures are 
added to the value of materials on each charge to give 
the ingot costs. Prior to May 1897, these indicate 
internal costs of 6, /Od. per cwt. C£6 per ton), with a 
reduction to 5f9d. for "third round" melts (the last 
operation each day, which was usually the quickest and 
was generally only used for "common steel"I. These 
prices were increased to 6/6d. and 613d. respectively 
in the latter pages, and it will be noticed that they 
are very similar to the Huntsman figures. This charge 
book also notes that the Doncaster hire melting charges 
were 8/Od. per cwt. in August 1895, increasing to 8/6d. 

per cwt. in July 1896, with a special charge of 9/Od. 
for "tool steel". Further information on this point 
comes from Doncasters themselves. In a note from 
Jack Barker to Mr. Basil Doncaster in 19532 he quotes 
hire melting charges of £8 per ton having been reported 
in 1904 at a time when the melting costs were about £7 
per ton. 

The cost of crucible steelmaking, some ten years later, 
is studied in detail in the only published text which 
deals with such matters-. 3 These figures relate to 

A charge book from the firm of Samuel Peace and Sons, 
covering operations at the Wellmeadow Steel Works, 
Upper Allen Street, Sheffield. It is now in the 
possession of G. H. Peace, Esq., who kindly allowed me 
to study it. Further comments on it may be found in 

an article entitled 'A Crucible Steel Melter's 
Logbook', Journal Historical Metallurgy Society, 
Vol. 12, No. 2 (1978), pp. 98-101. 

2 Held in the Doncaster Archives. 

3 D. Carnegie and S. C. Gladwin, Liquid Steel - Its 
Manufacture and Cost (London, 1913), pp. 106-109, 
477-478. 
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Sheffield practice, using a sixteen-hole furnace, each 
taking two 70 lb. crucibles, producing three heats every 
twelve hour shift and eleven shifts per week. The 
three heats are stated to be 70 lb., 56 lb. and 40 lb. 

respectively. The melting shop, therefore, would 
produce about 25 tons of ingots per week or 1200 tons 
per annum. The details are set out as follows : 

(a) Interest and Depreciation With a furnace cost 
of £1200, interest at 5% and depreciation at 10% 

give a total annual charge of £180 or 3/Od. per 
ton. 

(b) Repairs are assessed at £285 per annum, or 4/9d. 
per ton. 

(c) Fuel The amount of coke required is averaged 
at 3 tons per ton of carbon tool steel or 3ý tons 

per ton of high speed steel. With coke at 28/Od. 

per ton, this gives a cost of £4.4. Od. or 
£4.18. Od. per ton. 

(d) Crucibles are assessed as costing 1/Od. each. 
Since each crucible provides 166 lb. of metal, 
the cost per ton is 13/6d. 

(e) Labour The details quoted for a 12 hour shift 
are as follows : 

Day Shift Night Shift 

One welter 7.6.9. O. 
Three pullers-out 19.6. El. 2.6. 
Three coke wheelers 15. O. 18. O. 
One labourer 5. O. 6. O. 
One cellar lad 3. O. 3.6. 

TOTAL £2.10.0. £2.19. O. 

Working six day shifts and five night shifts, the 
total weekly labour cost is £29.15. Od; adding 
100% for part expenses of foreman, chemist and 
management, the total weekly cost for 25 tons of 
steel is £59.10.0., or £2.7.7. per ton. 

Summarising these figures, therefore, the authors arrive 
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at an overall melting cost of £7.12.8d. per ton for 
carbon tool steel or £8.6.8d. per ton for high speed 
steel. 

Details are also given of crucible melting costs as 
applicable to cheaper materials for the production of 
castings. These involve larger crucibles, cheaper 
coke and postulate less control, in that only 50% is 

added to the labour cost for management. In addition, 
there are details for modified types of furnaces. A 

summary, to which has been added the calculations for 
high speed steel melting, may be found in Table F. 

A comparison of costs for coke furnace melting with 
those for melting in a gas fired furnace, in this case 
using a modified "Harvey Siemens Furnace" is available. 

) 

The figures quoted for the two different sets of 
furnaces for the six month period from October 1920 to 
March 1921 within the same works were as follows, per 
ton of topped ingots : 

Coke Fired Gas Fired 

Wages (Productive only) 
Coke consumed 
Gas men 
Coal for heating prior 

to melting 
Coal burned when not 

melting on nights 
Coal burned during melting 

period 
Repairs 

£8.1.2. £6.6.2. 
£13.17.9. 

£2.8.8. 

6. O. 

- 18. O. 

- £4.11.5. 
£l. 10.0. £1.7.0. 

TOTAL £23.8.11. E15.17.3. 

It was pointed out that these figures referred to a period 
of depression, with the furnace working very uneconomically 

F. M. Parkin, Gas Versus Coke Melting in Crucible Steel 
Making. Manuscript text of a lecture given 19th April 
1921 to the Sheffield Society of Metallurgists and 
Metallurgical Chemists. 
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on two shifts. For full time working on three shifts, 
with the current wage rates and coal costs, it was 
estimated that the true costs per ton of topped ingots 
would very likely have been : 

Wages (Productive only) £6.6.0. 
Gas Men £1.3. O. 
Coal: a total of 38; k cwt. 

@ 40/Od. per ton £3.17.6. 
Repairs 17.0. 

TOTAL £12.3.6. 

It was also stated that, if the manufacturers' claims for 
the life of silica bricks were substantiated, with full 
utilisation of the furnace the repair costs would be much 
lower than stated; pre-war runs of an average of ten 
months between repairs, with individual campaigns of 
thirteen months had been achieved, with repair costs of 
as low, at that time, as 2/3d. to 3/od. per ton. The 
full pre-war melting cost was £4.1. lld. per ton. 

The latest figures to be found are also derived from the 
Seebohm and Dieckstahl records (or, to be more precise, 
from Arthur Balfour and Son, since the name of the firm 
had been changed during the War). 1 These come at a 
very unsettled time of trade and are comparable with those 
quoted above. It is unfortunate that, whilst production 
records are continuously available from 1883 to 1922, 
there is a break in the yearly cost breakdown from 1902 
to 1919. The figures for 1920 to 1922 are detailed in 
Table G and show quite clearly how the details for 
individual years at a time of marked variation in output 
can be completely misleading. The reduced production 
in 1921 and 1922 was obviously surviving on the basis of 
materials provisioned earlier, in the expectation of 
continued production at the previous year's higher level. 

Sheffield City Libraries, Reference BDR 96-1. These 
records cover further years than the three quoted here but 
the detail is not capable of interpretation in the same 
manner and some of the information does not appear to be 
available beyond 1922. 
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Certainly, labour costs were deliberately cut; laboratory 

salaries, for instance, were reduced by 90% in 1921. 
Although they rose to 30% of the 1920 figure the next year, 
the further information available appears to indicate that 
there was then no further increase until 1928, only to be 

cut back again in 1932. 

There is evidence, from these records, that the proportion 
of alloy steel (probably mainly high speed steel) to carbon 
steel increased significantly over the period from 1920 to 
1932, as the following figures will indicate :1 

Value of Ingots Melting Ratio of Ingot Value 
Passed to Works Costs to Melting Cost 

1920 £244,437 £67,751 3.60 
1923 £102,769 £18,991 5.41 
1924 £119,050 £20,403 5.83 
1925 £111,682 £19,093 5.84 
1926 £109,705 £21,401 5.13 
1927 £128,676 £21,162 5.94 
1928 £111,007 £18,986 5.84 
1929 £122,175 £17,554 6.95 
1930 £93,995 £12,975 7.24 
1931 £80,911 £8,371 9.66 
1932 £88,023 £8,609 10.22 

By way of illustration, the figures from Carnegie and 
Gladwin, loc. cit., pp. 477-478, produce a factor of 
ingot cost to melting cost of 2.25 for common carbon 
steel, 2.75 for carbon tool steel and between 10 and 
18 for high speed steel, depending on its composition. 
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APP END IX AAA 

CEMENTATION STEELMAKING IN THE NO. 5 
FURNACE AT OSTERBY BRUK 

Extracts from a translation of a paper by 
K. L. Hoglund in Fagersta Forum (1951), 

pp. 11-15, kindly made available by 
R. T. Doncaster, Esq. 

The chests had refractory brick walls and measured 136" 
long, 37/" wide and 50" high. Under and round the 
chambers there were twelve flues from the two hearths a 
little below the base of the chests, separated by a 
central firebrick wall some 12" thick, the hearths being 
83" long and 26" wide. At a height of 32" the chests 
were roofed by an arch with a 110" span, made of 12" 
bricks on edge, covered with sand to prevent too much 
loss by radiation. At the level of the springing of 
the arch there were four 5" square horizontal flues on 
each side to carry off the smoke to the main flue and 
then to the chimney. The heat round the chambers could 
be controlled by moving the covering bricks on these 
eight openings. The chests were carefully bricked up, 
using special shapes, and a layer of quartz sand and 
clay was spread over the bottom. There was a square 
hole at the end of each chamber through which sample 
bars could be withdrawn. The "manhole", through which 
the men crept in and out when the furnace was charged or 
emptied, measured 2111" x 31/". 

The charge consisted of Walloon iron, * 211" x %", but in 
later years rolled Lancashire bars were used. It is 
probable that in the latter half of the nineteenth 
century bars with the special stamp "DOOS"** were 
employed. After straightening and stacking the iron, 

charging began. First a 3" layer of crushed birch 
charcoal was spread over the bottom and carefully 
levelled off. The charcoal powder was prepared in a 
large box by mixing equal quantities of newly crushed 
and previously used charcoal, the mixture being wetted 
with a common salt solution, 412 gallons of salt water 

* This, of course, was the renowned 0 0, or "double 
bullet" mark of iron. 

** Dannemora Osterby Staljarn (Steel Iron), the 00 
again representing the Osterby Forge. 
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to 140 cubic feet of charcoal per heat. Three layers 
of iron bars were laid flat, with a Y" layer of charcoal 
between each; every fourth layer of iron was placed on 
edge, the length of the bars being about 8" less than 
the length of the chests. A board, k" thick, was used 
to get the charcoal as level and even as possible. 
When the level of the sampling holes was reached, three 
bars half the length of the others were arranged to 
project into each. (After 48 hours firing, these holes 
were closed up, first with ash and then with sand). Each 
chamber held thirty layers of iron, weighing about 23 
metric tons in total. The top layer was covered with an 
arched layer of charcoal powder, then a layer of ash on 
top and finally a mixture of two parts sand with one of 
finely crushed grog, which on heating sintered into an 
airtight cover. * During the latter part of this work 
those men who could not squat low enough simply had to 
lie down within the confined space. After this, the 
manhole was filled in with sand, the covering bricks put 
in and firing commenced. 

This was begun simultaneously in both hearths. Heating 
was kept at a slow rate during the first twenty-four 
hours and then gradually speeded up. Only pine was used 
as fuel at first but, when the full driving rate was 
reached, 50% birch wood was added to the fuel. This 
firewood, prepared in the "stave house", was in 6/ foot 
lengths, dry and of the best quality (but in later years 
thinnings or even second class cord wood were used). 
The firing was done by one man per shift and it went on 
continuously until the carbon had reached the percentage 
desired. This was usually about 1.2%. The temperature 
had to be kept above 750°C. The higher it could be held 
the sooner was the heat ready. When the heat was 
finished the furnace had to be shut down. This was done 
by thoroughly cleaning out the hearths; covers were 
placed over the ash openings and coverbricks were placed 
over the flues. The furnace stood like this for ten to 
twelve hours, when the coverbricks were pulled half way 
back; the ash opening covers were also opened half way. 
After a further twelve hours the coverbricks were 
completely withdrawn, as were the ash opening covers. 
The furnace was then allowed to cool for twelve to 
thirteen days before removal of the charge could commence; 

* This procedure was referred to as the "hyllning" - 
literally, the preparation of the table for a feast. 
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this was considered a minimum cooling period. 

If charging had been completed on a Saturday it was quite 
unthinkable to wait until Monday for lighting up. As a 
silent protest against this, and Sunday work in general, 
we used to let our beards grow as firing proceeded -a 
little like modern artists! Taking out the steel, as it 
was called, was the worst job imaginable; the dust was a 
thick cloud within the furnace. Before electric light 
was fitted in 1915, small paraffin lamps were employed; 
when one of these stood at one end of the chamber and a 
man worked at the other end its light could hardly be 
seen. The oldest clothes one possessed were used and it 
was impossible to get them clean by washing. Neither 
was it possible to clean oneself with a bath and generally 
one's face would be smarting on account of the salt. 
During the First World War, when steel was wanted in a 
hurry, a hole was made in the roof with picks. By putting 
plates in front of the draught holes, the carbon dust was 
made to pass direct to the chimney. This made a world of 
difference to the work and the introduction of electric 
light made the work much better too. 

All the work was paid by the hour. For the skilled 
workers this was 20 öre for day work and 21 Ere for shift 
work; for the ordinary workers it was 2 öre less. 
Emptying the furnace took three men about eighteen hours 
but it was paid for as three twelve-hour days, plus two 
kroner extra, which would now be called "dirty money". 
The story goes that this extra was the equivalent of the 
brandy which used to be issued on the emptying of a 
furnace. * There was also an extra 50 öre for firing on 
a Sunday. The conditions related here refer to the turn 
of the century and the years immediately following. I am 
probably the last in Sweden to be described as a "steel- 
burner" in the ratepayers' and trade unions' registers. ** 

* There is a parallel in the Cutlers' Company records, 
where ale is issued for each discharging of the 
furnace; later Sheffield steelworks provided 
"lowance" (that is, allowance) as a reward for any 
tricky or dirty task. 

** The Swedish term for cementation is literally to be 
translated "steel-burning", hence the term "steel- 
burner" for the steelmaker at the cementation furnace. 
There is an interesting use of the same term in the 
first Sheffield Directory of 1774, where Jonathon 
Makin, who had been in charge of cementation for both 
the Fell Partnership and the Cutlers' Company, is 
referred to as "Mason and Steelburner". 
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In the old days it must have been a very important job to 
take out the test bars and judge how the carburising was 
going, especially before the carbon could be determined by 
chemical analysis. A fairly reliable estimate could be 
made by studying the fracture. These "steelburners" and 
"steelsmiths" were no doubt fully conscious of their skill 
and took a pride in their craft; the term "steelsmith" 
applied to the work before crucible steel began to be 
produced and forged. Prior to this all cemented steel 
was forged out to suitable dimensions before it was sold 
and the "steelburner" himself became the "steelsmith" and 
had to do the forging and be responsible for the steel. 

Quite large quantities were made at Osterby by cementation. 
The highest figure, 582 tons, was achieved in 1898. There 
must have been at least ten heats per furnace that year. 

In 1918 about a hundred tons of unhammered cemented steel, 
2/" x i", was supplied with the carbon brought up to 2%. 
This was accomplished by three weeks firing, in spite of 
poor fuel. This confounded what had previously been 
stated by the scientists that it was not possible to raise 
the carbon above 1.6% by cementation. One of these 
furnaces, due to the urgency, was discharged after only 
seven days cooling; the steel had to be pulled out with 
tongs; ten minutes was quite enough to work in the 
furnace, with twenty minutes to cool off, the thermometer 
showing 55 to 600C in the chamber. 

These are a few facts about this branch of steel production 
which is now only a memory. This works was the last in 
this country to operate the cementation process and, indeed, 
the Walloon forge at the same works was the last in the 
world to close down. 
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REPORT ON WORK AT MUNKFORS 

Extracts from an article by G. Kraus 
(Technical Manager at the Munkfors Works), 
Jernkontorets Annaler (1848), pp. 289-291. 

Translation by courtesy of the late 
Torsten Berg, Esq. 

For the chests in the steel furnace, sandstone imported from 

Newcastle has been tried a few times, but in general the sand- 
stone from Kinnekulle is used. The English stone is better; 

one set of chests replaced last year has cemented nearly 6000 

skippund bergvikt (almost 900 tons, since 6.8 sk. by. are 
equivalent to one ton) during 55 heats, instead of about half 
this quantity from Kinnekulle stone, but the English stone 
costs almost three times as much at the works. The advantage 
of the lower price, however, is decreased by the fact that the 
labour cost connected with the rebuilding must be paid oftener. 
On the other hand, the cementation does not proceed as well 
with an old set, because the flues of firebrick masonry 
around the chests in due course are subject to undesirable 
deterioration which renders the heat distribution more and 
more uneven; in addition, the walls and bottoms of the chests 
begin to warp and may easily become leaky. These disadvan- 
tages may compel earlier changes of the chests than strictly 
necessary if one only takes into consideration the refractory 
nature and the lasting qualities of the sandstone slabs them- 

selves. 

The chests in the steel furnace have generally been charged 
with 55 sk. bv. (about 8 tons) of iron each, or 110 sk. bv. 
(16 tons) in the two chests within one furnace. In the 
furnace provided with new chests last summer, however, the 

size was increased, to the extent that the furnace now holds 

150 sk. bv. (22 tons) without the steel being less well 
cemented than previously. This seems to be an argument for 

the use of larger chests, since the consumption of wood per 

skippund is thereby considerably decreased. It is considered 
that the heat from the first three days of firing is mainly 

absorbed by the heavy external masonry and this loss is just 

as large irrespective of the weight charged into the chests. 
The consumption of wood for one campaign is generally 640 

cubic alnars (about 4800 cubic feet). In the furnace with 
the enlarged chests the firing takes twelve hours longer than 

previously and also uses a further 35 cubic alnars of wood. 
If you calculate the relative quantities of wood compared 
with the amount of iron converted you arrive at 5.8 cubic 
alnars per skippund for the small chests and 4.8 cubic alnars 
per skippund for the large chests. (300 and 230 cubic feet 

per ton respectively). 
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The steel iron is 2" to 2/" wide and V to ý" thick; 

occasionally, due to the demands of the customer, it has 
been 1" thick. Some of the steel of this size has been 

too soft and has had to be recemented. The wood for 
firing has, as usual, been fir. 32 barrels of charcoal 
breeze, made from birch wood, is required for the cementa- 
tion of 110 sk. by. of iron. Generally speaking the iron 

increases in weight by 0.5 to 0.6%; last year the usual 
increase was 0.8%. One does fairly soon learn to judge 

the hardness of the steel from the appearance of the 
fracture before drawing down, but to judge it from the 

appearance of the surface requires much experience and 
training. It is, however, necessary for the steel 
inspector to acquire such experience if the steel is to 
be forged, because in such a case it is best for the smith 
to be given bars of a length which is determined by the 

order he has to execute and it is, therefore, highly 
desirable to avoid breaking the bars. I have reason to 
believe that I have discovered a pretty good indication 

of the hardness from the colour of the steel. 

After successful cementation most of the bars have a 
somewhat mauve colour on the surface. These bars are 
found to be harder than those which show a blue colour, 
the colour of the usual iron scale, without any red tinge, 

and in such bars the hardness becomes less as the depth 

of the blue decreases, such that the light blue are the 

softest. A pure dark blue colour I have only seen in 

patches and then always surrounded by a copper colour. 
Bars showing this pattern are harder than the first 

mentioned, which always has a tinge of red, but they 
themselves are exceeded in hardness by bars with a grey 
surface, particularly if the scale has come off in places 
exposing the true surface of the steel. A red colour, 
the colour of the iron oxide, is generally found on an 

edge of the bar, if it occurs or sometimes in patches on 
the flats and is always a sign of accidental decarburisa- 

tion and "iron skin". 

Amongst bars of the same colour, those showing most 
blisters are usually harder than those with fewer. The 
hardness is high if the sharp edges of the bars have 
disappeared; it is even higher if the edges of bars 
have begun to melt together. If so, it is still 
possible to draw them down under an ordinary tilt hammer, 
but they do tend to give longitudinal cracks and to 
become "shelly". If the bars have melted together in a 
lump - which I have heard happens but have never seen - 
the product is treated as though it were pig iron. 
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FRENCH CEMENTATION TRIALS IN 1780 

Extracts from a Memoire presented to the French 
Academy of Sciences in Paris, September 1782 by 
Chevalier Grignon. It is printed as an appendix 
to Analyse du Fer (Paris, 1783), a translation of 
Bergmann's Dissertatio Chemica de Analysi Ferri 
(Uppsala, 1781). The translation here given 
covers pp. 234-251 of the volume and is by the 

author. 

Having presented many memoires to the Administation in 

which I have demonstrated the necessity to endeavour to 
increase the production of fine steel in France, so as to 

remove from foreigners a source of trade that is so 
detrimental to the nation - Nerouville being the sole 
manufacturer on a large scale of fine cementation steel 
is alone in employing Swedish iron* -I am assured after 
the trials I have now made that it is possible to 

convert French irons into good fine steel. 

The Government, anxious to provide commercial competition 
and encourage commerce for the national arts and 
manufactures, authorised me in November 1779 to make the 

necessary tests to establish the relative propensities 
which the best kinds of French irons had for conversion 
into fine steel by the cementation route. 

Monsieur le Comte de Buffon wished to participate in this 

effort which the Government was making for the public 
good; he offered the use of his forges and of a furnace 

which this justly celebrated man had put up, at great 
expense, to follow up his trials with steel. We 

persuaded the Administration to accept these offers 
without much difficulty, since this position enabled us 
to consult an authority on the subject during the course 
of operations and to profit from his knowledge and 
counsel and since, in addition, the means he offered 
considerably reduced our expenses. 

* M. le Comte de Broglie has made cementation steel for 

about fifteen years in the forge at Ruffecq in Angoumois 

with iron from the same forge. In 1781 M. Mongenet, 
Forge Master in Franche Comte, set on an outside steel- 

maker who showed him a steelmaking method using iron 
from Provence. All the other steelworks in the 
kingdom work in natural steel produced direct from cast 
iron. 
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I then took steps to prepare all the necessary items. 
I wrote to the different provinces of the kingdom to 
forward to Buffon the best qualities of iron known to 

me. I drew these from the Pyrenees, the Alps, the 
Vosges, from Franche Comte, Lorraine, Champagne and 
Berry. During the examination of the irons, I 

recommended the actual forges where they should be 

prepared. 

It was necessary that I should assure myself of the 

state of the furnace destined for these operations, so 
as to anticipate and carry out any repairs which might 
be necessary. I therefore went in December 1779 to 
the Forge at Buffon. I examined the furnace and 
found the arch stones and the stone slabs prepared for 

the chest, some four inches thick. I had these set 
up inside the furnace and built up as though the chest 
were filled for cementation. I then had a wood fire 

made for a whole day, to know the draught and the 
degree of heat of which it was capable. By this 

preliminary trial, I recognised that this furnace was 
capable of fulfilling the aims of my operations with 
but slight changes which were, however, essential to 

the control of the fire. 

The furnace was a mass of masonry set against a 
strongly constructed wall; the base was in the form 

of a rectangle, 170" long and 98" wide. All the 

exterior was built from large square blocks of dressed 

stone in which were made three rows of vent holes, 
thirty in number, disposed over the three open walls 

of the furnace block. In the centre of the mass was 
left an open space to contain the hearth, the chest 
and its supports. This space was 26" wide; it went 

right through the mass and rose to a height of 87" 
from the floor to the keystone of the brick vault, 
which was 12" thick. The vault was pierced by five 

regularly spaced openings, each furnished with a cast 
iron flue, 5" square. It was through these flues 

that the flames escaped into five channels formed in 
brickwork of the same dimensions as the flues. These 

channels were set obliquely; their bases opened on to 
the flues and their mouths led to the opening of a 
chimney raised above one side of the furnace block. 

The top of this was raised well above the roof and it 

was this chimney which determined the draught of the 
furnace and made it so active. 
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The open interior was built on all sides in brick. The 
thickness of each portion of the brickwork was divided 
into two parts. The exterior part, which received the 
action of the fire, was generally a lining some 13" thick, 
but was only 8" thick at the base since there was a 
protruberance of masonry all round for the bottom 20" 

of the structure. This lining, rising perpendicularly, 
supported the interior vault of the furnace. It was 
not tied with the brickwork intermediate between it and 
the stone masonry since, being subject to the degrada- 
tion occasioned by the fire, it could then be demolished 

and rebuilt without altering the remainder of the 
furnace. The intermediate brick wall itself was only 
6" thick; it served as a protective shell to the outer 
stonework in defending it against the action of the 
heat. 

In order to fit the chest to the furnace, thirteen 

arches were made. The outer two, abutting the end 
faces on two sides of the doors, were only 6" thick and 
wide; they only served to support the brick wall built 

up on each side to close the furnace when the charging 
was complete. The other eleven arches were 8" wide 
and 6" thick; they gave spaces 6" square to allow 
issue of the flame which heats the chest, and rose to 

a height of 37", where they finished in a horizontal 

plane to receive the platform for the chest. 

The longitudinal space which ran the whole length of the 
furnace below these arches, to provide the hearth, was 
16" wide and 29" high below the keystones. 

The chest which was carried on these arches was made 
of slabs of stone, a Semur sandstone, 4/" thick. Those 
for the base were laid flat on the arches; those for 
the four sides on edge, with a height of 27" from the 
base, all joined together with a mortar of red clay. 
The fire was fed from both ends, throwing in brushwood 

and faggots under the vault; it was activated by the 
draught. When we opened up the furnace by removing 
the false walls at the ends, we found that the fire which 
we had made in December had calcined the stone of which 
the chest was built. This made me aware that the Semur 

stone was nothing more than a coarse grained quartzite 
held together with a cement of calcareous spar and that 
it was unsuited for constructing a chest of this type. 
I therefore replaced it with bricks from Monthar and 
Ancy le Franc, having been unable to procure a better 

quality. 



APPENDIX CCC 
continued -4 

I thought it well to divide the hearth, which ran the 
whole length of the furnace, into two, since the air 
entered more freely from one end than the other, 
according to the impulse which it received from the 
pressure of the atmosphere; this rendered the fire 
uneven, taking away some of the heat and inconvenienc- 
ing the workers, an event which did not occur after I 
had built a central diaphragm wall, dividing the 
interior of the hearth into two parts without inter- 
communication. 

I also recognised that the method of heating these 
kinds of furnaces was faulty, in that the wood was 
thrown under the arches, as is practised in brickworks 

and other different kinds of furnaces. The diffic- 
ulties that arise are a loss of heat, more expense of 
fuel and a less active draught. I had fire-irons 

placed at each end, such as are used in several 
porcelain kilns, 27" high, 32" long and 12" wide 
internally. They were crossed by two bars of iron, 
V" thick, and I arranged an opening, 12" high and 15" 

wide, in the forepart to allow the raking of ash if 
necessary; until such time as this was necessary, 
this opening was closed by a cast iron plate. The 

method of feeding the fire, using the fire-irons, has 

several advantages of which the following are the 

main : 

1A boy of 15 or 16 years can feed the fire, 

since it is only necessary to throw successive 
logs some 28" to 30" into the furnace; 

2 The firer is never upset by the heat; on the 
contrary, by putting the faggot in the centre 
where the furnace draws the greatest heat, he 
feels the effect of a freshness occasioned by 
the column of air which flows through rapidly 
and constantly renews itself; 

3 There is no clinkering-up of such furnaces, 
since they have a good draught, except perhaps 
on the first day or so until the fire has 
become sufficiently active to bring to heat 

rapidly the bodies submitted to its action; 
thereafter all the combustible matter is de- 

composed in order to augment that heat; at 
worst, a few cinders remain; 
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4 No excess air enters the furnace across the faggots 
which cover the fire-irons which is not decomposed 
by the conflagration of the wood, a very important 
and essential point, on which those who have 
written on pyrotechnics have not sufficiently 
reflected or which possibly they have not 
appreciated. 

When we had learned that all the irons we had requested 
had arrived at the Buffon Forge, we went there. We had 
taken the precaution of recommending to the forgemaster 
that he should put these irons in bundles, that he should 
carefully mark their distinctive characteristics and the 
methods used in the forges whence they came, to avoid 
confusion to be quite certain of the origin of each of the 
irons and finally to see they were forged virtually to the 
same sizes. * 

Wishing to test the properties of the iron from the 
Buffon Forge and, persuaded that, by taking special 
precautions to purify it, the resulting steel would be 

of better quality than that made with iron according to 
the normal usage in the forge, I chose a pig, bearing the 
number "49"; its grain was grey, small and shiny; there 
were few facets in it. I took down a finery hearth in 
order to put in a furnace to treat part of this pig; 
458 lb. was melted off and the surplus pig was refined in 
the normal manner in a finery hearth. The 458 lb. of 
pig melted off gave us 330 lb. of iron; this was in the 
ratio of 138714 to 1000. 

I had procured irons from Spain, Sweden and Siberia, by 

way of Le Havre, so as to have points of comparison with 
the irons of France. The Spanish iron was in the form 

of plate, a sample not convenient for my operations. I 
therefore had it cut and forge welded, so as to reduce it 

* M. de Lauberdiere, forgemaster at Buffon, granted us, 
in the most obliging manner, all the help we needed; 
workers, plant, all kinds of material, and the use of 
his house, with the greatest generosity. We owe him 
this public acknowledgment of our gratitude. 
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under the hammer to dimensions approximately the same as 
the other qualities of iron. 

The Spanish iron, which came from Bilbao, was found to 
be cold short and forged with great difficulty but it 
had a great strength when cold. 

I proceeded to mark all the bars at each end and on each 
flat face with a cold chisel, to put on each a number 
peculiar to its kind, by which I could recognise them 
after cementation, and then placed each kind separately 
in cases, marked with the corresponding numbers. 

I had the irons fractured, so as to learn the quality of 
each; then I had them cut to length proportional to 
the chest, cutting them to two inches less than the chest, 
which had an internal length of 127". All the irons were 
first chiselled on all four faces and then broken by 
blows from a sledge hammer on a breaking iron. Whilst I 
was getting the iron ready I was at the same time busy 

with the materials suitable for cementation and in the 
construction of the chest. 

I had the arches erected, to the dimensions given above, 
in brick from Monthar, as well as the internal separation 
of the two hearths. I had placed on the arches a plat- 
form, 136" long and 20" wide and 5" thick, made from 
brick from Ancy le Franc which was less ferruginous than 
that from Monthar. I was careful to make the first layer 
of this platform with large squares, which overlapped the 
arches by two inches, and to cover the joints with the 
second layer, and so on with the other three layers, so as 
to tie in the whole securely, using well moistened red 
clay mortar but avoiding thick joints. I then raised the 
four walls of the chest in bricks of the same quality, 4" 
thick and 37" high. I took care to support these chest 
walls with columns, 4" wide, made in brick and tied to the 

chest, lying at intervals 4" apart and 8" long for the 
whole height of the chest, to allow passage of flame. 
When the chest had been built, I allowed it to dry for a 
day and then I placed in it, row by row, the iron, with 
intermediate layers of cementation powder, pressed down 
by the foot, the first and last layers of powder being 
1/" thick and the others of the same thickness as the 
iron. There were fourteen layers of iron. On the 
uppermost layer of the cementation powder I placed a bed 
made from a triple layer of brown paper, well moistened, 
and over that a bed of vitrifiable sand, taken from the 
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river at ArmanFon, to keep in the cement and to protect 
it from the immediate action of fire and air. This bed 
of sand was carried over on to the bricks and described 
an arc with a chord of 20" and a rise of 4". 

I made at each end of the chest two openings, 2/" wide 
and l/" high, for the placing of test bars and, when 
placing the iron in the chest, I paid attention to 
passing through these holes the ends of bars, which 
protruded 8", in order to be able to withdraw them and 
thereby judge the action of the cementation. Then the 
two temporary brick walls, which closed the furnace, 
were erected, care being taken to make gaps opposite 
the test bars, gaps which could be filled with bricks 

whilst the furnace was being fired. I let the masonry 
dry for a day. 

I kept a register of the kinds and the weights of iron 
which made up each layer; there were in all 3737/ lb. 
in 73 bars, with 65 ends and two wire drawing plates 
from the wireworks at Lod in Franche Comte; there was 
also 22 cubic feet of cementation powder. 

The fifth day of August, at 5.15a. m., I put fire to the 
furnace, starting with a small fire to dry the mortar. 
The following day, at the same hour, the furnace was 
emitting much vapour and the fire began to be increased. 
On the ninth of August, at three hours in the morning, 
a fall of brick was noticed and towards midnight an 
arch failed. On the tenth, at six o'clock in the 
morning, this arch was running with slag and the bottom 

of the chest was opening. It was necessary to stop 
the firing. This accident was due to the very poor 
quality of the brick from Montbar and of the mortar. * 

* In 1780 a similar accident was very nearly a disaster 

at the works at Nerouville; on the eighth day of 
firing the mortar in the furnace fused and formed a 
vitreous matter which ran through all parts and came 
together in the firing area, where it formed a mass 
of 6,000 lb. of a very dense glass. It was 
fortunate that the cementation was finished and that 
the accident did not damage the steel in any way, 
since there was more than 73,000 lb. of steel 
altogether in the chests. 
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When the furnace was cold, the entire interior was 
demolished. The part of the iron which had received 
the full action of the fire, when the chest broke on 
account of the fusion of the iron-rich bricks which 
made up the arch, was very much damaged and the steel 
which had been formed was in large part destroyed by 
the heating it had received. Those parts of the bars 

which had remained surrounded by the cement were two 
thirds converted, that is to say, there remained about 
one third of iron in the centre. 

I proceeded promptly with the construction of a new 
chest. I followed the advice of Monsieur le Comte 
de Buffon and made the arches in freestone, since they 
only had to serve but once. Only the sills or bases 

of the arches were in brick and the division of the 
hearth was made in brick from Ancy, not having to hand 
a sufficiency of the right kind of stone. The bottom 

of the chest was made from slabs of stone, 5" thick, 
on which were raised the side walls in brick from Ancy, 
tied with a mortar made from pottery clay, powdered and 
sieved and then mixed very thinly with water. I gave a 
height of 33" to the chest and filled it with 24 layers 

of bars of iron and 26 layers of cementation powder. 
Between them, there were 4070/ lb. of iron, filling 
71/3 cubic feet, and 24 cubic feet of cementation 
powder, in total 311/3 cubic feet, although the chest, 
which was 127" long, 12" wide and 33" high, only held 
291/9 cubic feet; thus the cementation powder had 

suffered a diminution in volume of 22/9 cubic feet, 

under the compression given it during the loading of 
the furnace. 

I observed all the same precautions for this furnace as 
in the previous case. All being ready, the test bars 
being set, and the temporary walls having been built by 
22nd August, I allowed it to settle for the whole of 
the 23rd. 

On the 24th, at five in the morning, the fire was started 
on the hearth, that is to say, on the floor of the ashpit, 
without using the fire-irons, so as to make a small fire 
to dry and slightly warm the furnace. The following 

morning, the fire was pushed towards the diaphragm wall 
in the hearth, very gently, with only three faggots of 
oak each time, arranged lengthways on the full hearth. 
During the night the furnace appeared to be warming up, 
particularly in the middle; the odour of burnt horn was 
noticed, which denoted that the fire was beginning to act 
on the interior of the chest. 
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On the 26th, at five in the morning, I began firing on 
the fire-irons, after raking clear part of the ashpit; 
the two upper ranges of vent holes began to emit much 
aqueous vapour and, by the middle of the day on the 27th, 
the fire took on a very great intensity, such that the 
diaphragm wall partly melted, as did some of the brick 
bases of the arches. The parts in stone did not take 
any harm and although several bricks, reduced to a soft 
paste by the heat, were retrieved from within the 
furnace, no accident occurred which might have 
prejudiced the success of the operation. The same day, 
towards seven in the evening, a slight sulphureous 
odour coming from the cementation materials could be 
detected, although they contained nothing sulphureous 
in themselves. 

On the 28th, at seven in the morning, I drew out a test 
bar which showed me that the cementation had not 
penetrated more than a third of the thickness of the 
iron; but whereas the end of the bar serving as a test 
sample was made of a very fibrous iron, difficult to 
break, it had become very brittle, not only the part 
which was already good steel but the iron part also. 

There then came a very violent wind which, driving 

against the chimney, somewhat cut down the activity 
of the fire, caused accumulations of ash in the hearth 
and made black smoke come out of the vent holes with 
an odour of soot and sulphur. It was necessary to 

clear the hearth through the doors beyond the fire- 
irons and I noticed that there were also cakes of 
vitrified matter, which rather disturbed me; but 

not noticing anything out of place, I continued to 

push the fire. 

Although on the 29th the wind had constrained the fire, 
the furnace was very hot and rumbled evenly; the vents 
also ceased to emit black smelly vapours. The fire 
kept up well with a uniform draught. 

At dawn on the 30th, the wind was still against us. I 
pulled out a second test bar at eight o'clock in the 

morning which showed a beautiful uniform grain, similar 
to a good grey cast iron, without the appearance of any 
central iron part. This steel, heated to a cherry red, 
forged well; heated to white heat, it sparkled on the 
anvil before being forged but, being treated gently, it 
stood the sweating heat and welded well. I made a cold 
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chisel from it which lifted up chips of iron without 
spalling or burring of the edge. 

At ten the same day, I took a third sample, which was 
entirely converted into steel of uniform grain; since 
the dimensions of this bar were a little less than the 
major part which had been submitted to the effect of 
cementation, I continued the firing up to seven o'clock 
in the evening. 

The fire had continued for 6 days and 13 hours, of which 
37 hours were with a small fire, one day with a medium 
fire and four days with a very strong fire. Twelve 

cords of wood, 8 feet at the base and 4 feet high - such 
would have made 16 Paris chaldrons - had been consumed. 
The billets used were 28" long, in oak, beech, ash or 
aspen, together with 500 faggots of poplar. Between 
them they produced 9 cubic feet of ashes, weighing 
37 lb. per cubic foot, in total 333 lb., neglecting 
the cinders left by the faggots, which were mixed with 
the rubbish, and those ashes carried out through the 

chimney by the torrent of ventilation. 

The following day, 31st August, I took down the temporary 

walls of the furnace, which was still red, in order to 

cool down the chest, which had sunk down 3" on the west 
side and 2/" on the east side by the fusion of the mortar 
between the bricks but, since this fusion had been slow 
and continuous, the bricks had settled and welded the one 
to the other and this had prevented the chest from taking 
in air through its upper parts - except for the upper 
edge at the west side, where there was a small opening, 
which had given rise to a depression of about 2/" in the 

cementation powder cover where it had been largely 

consumed. The iron here was not slate coloured, like 

the rest, but was reddish and these parts had returned 
to iron again on the outside from the effect of this 

reheating. 

The upper vault was considerably damaged by the effect of 
the heat; several bricks had become detached and it was 
flattened to a depth of 8" in several places where the 

mortar had fluxed. 

The cast iron flues which had served for the passage of 
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the flames had suffered various kinds of degradation; 
the openings of the three in the centre were consider- 
ably closed up by the swelling of the cast iron which 
had been badly burned. One part appeared to have 
been completely converted to calx; mostly, however, 
they had become covered by successive layers of slag, 
considerably diminishing the size of their openings. 
The two end ones were partly calcined, but had also 
melted for a considerable portion, this having fallen 
in the nature of a regulus on the sand layer above 
the chest and partly penetrating it. 

The internal faces of the furnace chamber and making 
the shell, having enlarged internally, had swollen 
and consequently had partially closed the openings 
which gave passage to the flame. This effect pro- 
ceeded on the one hand by the softening of the bricks 

under the action of the fire and on the other by the 
effect of the expansibility of the vapours which, acted 
on by a centrifugal force in the central block, carried 
themselves in a stream up the gap between the freestone 

masonry and the brick wall; the massive nature of the 
former opposed a superior resistance to the effect than 
the brick walls, the softened surfaces of which yielded 
to these forces. 

On the fifth day of firing, however, a small surface 
crack appeared in one of the outer walls of the furnace 

and from this came a thin vapour condensing to a limpid 

water. 

After four days cooling, on 3rd September, I had the 

chest ends demolished, to pull out the steel, which was 
still sufficiently hot for the workmen to be obliged to 

use protection for their hands. 

The vitrescible sand which covered the chest had 

agglutinated into a whitish mass, full of grain and 
crystalline, making a sort of artificial granite. This 

cover had to be forcibly removed; it was only cracked 
in a few places. The total mass of iron and cementa- 
tion powder had shrunk almost 2" which, added to the 
2k, " shrinkage of the chest walls, gives a total 
depression of some 4Y' over the whole of the surface 
of the chest, amounting to about 4 cubic feet or one 
sixth of the cementation powder employed. But this 
loss of cement is produced from several causes, some 
natural and some artificial, presenting a number of 
phenomena which merit attention. 
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The soot and animal matter which form part of the cement 
are not originally reduced to the perfect carbonised 
state which they acquire during the heating of the steel; 
this effect to which they are submitted diminishes 
their volume, a first cause of shrinkage. Whenever 
substances of a diverse nature, combined in the same 
mass, are exposed to fire, they undergo a reaction of 
their constituent parts, the one with the other; this 
results in a penetration which diminishes their volume 
and increases the specific weight; a second physical 
cause for diminution. A third case, which is accid- 
ental, proceeds from the passages produced either by 
small cracks in the sand cover or by the opening at 
one end of a brick by the fusion of the mortar; in 
as much as some portion of the cement comes into 
contact with air and fire, it is consumed. Finally 
a fourth cause comes from the calcareous nature of 
the porous stone at the bottom of the chest, which 
has consumed part of the cement or has otherwise 
destroyed its effect in that the bars at the base, 
after the operation, touch the internal surface of the 
stone and become adherent to it and these surfaces 
revert to iron, whilst their opposite surfaces, still 
covered with cement, are perfectly good steel. 

I had drawn out, on the 4th September, all the 
cemented iron from the chest and, with my inventory in 

my hand, I sought out the numbers in order to arrange 
each kind separately and then I had the batches weighed. 
The total weight was found to be 4131/ lb; the raw iron 
before cementation had weighed 4070/ lb. There was 
therefore an increase of 61 lb. (1.498%). This 
increase in weight came in part from carbonaceous 
materials from the process still attached to the 

surface of the bars and, in order to arrive precisely 
at the weight increase produced by cementation, I 
subsequently submitted to cementation some 509 lb. of 
scoured bars, so as to be free from rust; they were 
scoured in the same way after cementation to remove 
carbonaceous matter and after reweighing they were 
found to be 6/ lb. heavier (1.277%). This could only 
be attributed to the quantity of the principle incorp- 

orated with the iron in this way to convert it into 

steel, something which not only increased its weight 
but also its volume, by 10/ lines per 100" of length 
in the bar, independent of the raising of the surface 
of the bar, giving rise to the blisters. 
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PROCEDURES FOR THE CONVERSION OF IRON 
INTO STEEL 

Extracts from a Memoire, signed by Sanche, 
the proprietor of the Steel Works at Amboise, 
dating from 1780-85, entitled 'Procedes sur 
la fabrication de 1'acier propre a la taill- 
anderie et le coutellerie' (Procedures for 
the manufacture of steel suitable for edge 
tools and cutlery). A copy of the document 
was kindly provided by Professor J. R. Harris. 
The translation is by the author. 

IRON: Up to the present, it has been found that only the 
irons from Sweden and those of the Ardente and ..... 

* 
forges in Berry are suited to conversion into steel, as 
much from their softness as from their purity. Those from 
Berry have rather more body than those from Sweden for the 

making of fine steel, commonly called cast steel by the 
cutlers. Consequently, it is necessary to give preference 
to them, observing, nevertheless, that the forgemaster 

should be instructed to manipulate the iron in the best 

possible manner, since it is ordinarily very roaky. These 
irons should be worked at the finery in a way in which they 

will become completely fibrous .... 
** The ordinary price 

of iron from Ardente is 175++ to 180++ per hundredweight 
but in order to have it made in the manner stated above, it 
is necessary to pay lO++ to 15++ above the current price. 
In such case, if it not be made with all the care demanded 

above, the extra costs are at the expense of the producer. 

The Swedish irons of 27 to 28 lines broad by 6 to 7 lines 
thick are the best, having been refined in large forges. 

It is said that the bars marked "KM" are to be preferred, 
being from a purer ore than those with other marks. 

* There are a number of places where the copy of the text 

provided is not clear; this would seem to be due to 
deterioration of the original. The name here is 

missing. 

** The next few words are not decipherable but it is 

clear that some forging instructions are involved. 
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In general, iron for conversion should be 5 to 6 lines 
thick and 18 lines or so wide. If it is too thick, it 

may be feared that it is still iron in the middle of 
the bars when it is taken out from the furnace. 

CEMENTATION: To two bushels of soot, well pulverised 
and sieved, it is necessary to add a bushel of wood 
charcoal, well pulverised and sieved, and to mix the 

whole together by passing through a mill or between 

rollers. 

When there is old cement which has already been used to 

make steel, it is well crushed and passed through the 

mill; subsequently one can put three bushels of this 
to one made completely new, putting it through the mill 
to mix to a uniform composition. 

When the cement is so prepared, the bars of iron are 
taken and cut to a length suitable for the chests and 
they are then plunged into a large lead tank full of 
river water containing fifteen to twenty pounds of 
English salt, commonly called Glauber, or with a 
similar quantity of sal ammoniac. When the bars are 
well soaked in this compound water, they are taken 

out and placed in another container in which the 
following cement is contained : 

One part of cow horn or hoof, roasted in 

a fire, well powdered and milled 

One part of soot 

One part of charcoal, similarly milled. 

When the bars are well coated with this cement, a bed of 
the main cement is made on the bottom of the chest 

..... * and on this is placed a layer of the iron bars, 
left at a distance of 4 lines between each bar, in such 

* There are here some indistinct indications as to the 
form in which the bed of cement mixture is to be 
laid down. 
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manner that they do not touch and that the cement can 
make its effect on the sides as well as on the flats. 
This is repeated, layer by layer, until the chest is 
full; on the final layer it is good to place a bed 

of fine sand or crushed brick, so that the fire cannot 
attack the cement or the iron in such case that the 
chests be not hermetically sealed, for which purpose 
white tiles, which resist the heat, are set on top, 
with yellow clay mixed with horse manure to serve as 
mortar. 

At the end of each chest it is appropriate to have a 
hole precisely at its centre and to take the precaution 
of placing a bar of iron with its end passing through 
this hole, to serve as a sample to confirm that the 
iron is converted into steel. It is necessary to take 
great care that the test hole is well sealed around the 
end of the bar with the same clay which was used to 
seal the chest. 

When the steel is thus made with charcoal cement, the 
iron should be converted in a period of 36 to 40 hours; 
one may then take out a test bar and, if it is then 
observed that the steel is not yet finished, which it 
is easy to see by forging it, quenching it in water 
and fracturing it, then the fire is continued for a 
further four hours, at the end of which period a 
second test bar is withdrawn, and the operation 
continued until one is sure that all the iron has been 
converted into steel. Then the furnace is closed down 
and allowed to cool, since if it is opened up too soon, 
the cement may take fire and this does much harm, as 
much to the steel, which would be burned, as to the 
furnace, which would be much more damaged than if it 

were allowed to cool naturally. 

When the furnace is cold, the steel which is now fit 
for edge tools and files of all sorts and sizes, may 
be withdrawn. If it is wished to make fine steel, 
the bars are taken and forged to 18 lines wide by 6 
lines thick and then nine to eleven bars are put 
together, the one on the other, at a length of around 
two and a half feet, and they are then all forge 
welded together in the form of a bloom, which is then 
drawn down to 18 lines by 6 lines. These bars are 
then put into the furnace in the same way as the iron 
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bars which were converted into the steel which may be called 
No. l. In this way the steel takes on an extra degree of 
fineness and can be called No. 2. To make still finer steel, 
suitable for making razors, lancets and other surgical 
instruments, it is necessary to treat No. 2 steel in exactly 
the same way, to forge it and to return it again to the 
furnace with the same cement and the prescribed precautions. 
In this way is produced a steel which has a very fine grain 
and is called No. 3 or "cast steel". 

(The remainder of the report deals with the production of 
files and edge tools). 

COMMENTS 

The unit of currency stated is probably the "livre 

tournois", worth about lOd. This would make the 

cost of the normal iron about £15 per ton, with a 
charge of about £1 extra for the more careful 
refining. 

2 It is interesting to note that the word used in 
the text for cement or cementation mixture is 
"semen". This leads to the thought that the 

origin of the term "cementation" could be an 
indication that the process involved an impreg- 

nation of the body of the material by the added 
agent. 

3 "English salt, commonly called Glauber" would appear 
to refer to the use of sodium sulphate; this can 
hardly have been a beneficial addition. The use of 
ordinary salt, sodium chloride, was more usual; it 

will be noted that the alternative is "sal ammoniac", 
ammonium chloride. The reference to Glauber, 
therefore, seems wrong. 

4 The production of something called "cast steel" by 

repeated forging and re-cementation should be noted. 
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INSTRUCTIONS CONCERNING THE MANUFACTURE OF 
STEEL AND ITS USES 

Extracts from a translation of Avis aux Ouvriers en 
Fer sur la Fabrication de l'Acier, published by 

order of the Committee of Public Safety in Paris 

around 1793, based on the work of Vandermonde, Monge 
and Berthollet. These extracts are from Nicholson's 

Journal, Vol. 2 (1799), p. 102 and p. 106. 

Cast Steel is produced by fusion of natural steel, particu- 
larly that of cementation. The fluid state assumed by the 

metal in this operation causes the flaws and veins to dis- 

appear, and renders the whole mass more uniform. 

According to the description which Jars has given us of the 

manner in which this operation is performed at Sheffield, 

all kinds of fragments of broken steel are used. The 
furnace is of the same kind as that of the brass-founder, 

but much smaller, and supplied with air by a subterraneous 
communication. At the mouth of the furnace, which is 

square, and level with the earth, there is an opening 

against a wall where a chimney is carried up. These 
furnaces contain only one large crucible nine or ten inches 

high, and six or seven in diameter. The steel is put into 

the crucible with a flux, the composition of which is kept 

secret: and the crucible itself is placed on a round brick 

standing on the grate. Coak is placed round the crucible 
and the upper part of the furnace is filled with it. It 
is then set on fire; and the upper opening of the furnace 
is entirely closed by a covering formed of bricks, bound 
together with iron. 

The crucible remains five hours in the furnace before the 
steel is perfectly fused. Several operations are after- 
wards made. Moulds formed of two pieces of cast iron, 

which fit together, and form an octagonal or square cavity, 
are prepared for casting the steel, which is afterwards 
hammered out in the same manner as blister-steel, but with 
less heat and more care, because of the danger of breaking 
it. 

Chalut, officer of artillery, has made experiments on the 
flux which is best adapted for making cast steel. He is 

convinced that every kind of glass may be used as a flux, 

except that which contains lead or arsenic. 

The steel being broken into small pieces, is to be covered 
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with the glass. The cover of the crucible must then be put 
on, and the heat urged to the greatest degree of the brass- 
founders furnace. 

It appears that an extraordinary hardness is sometimes 
required to be given to cast steel, and that this effect is 
produced by mixing coaly matter with the flux, to saturate 
the steel, and give it the highest degree of hardness. It 
is probable that certain instruments are manufactured by 
some process of this kind; such as cylinders and laminating 
rollers, of which the hardness is very great, and the grain 
perfectly uniform through the whole mass - but on this subject 
we have nothing to offer but conjectures. 

One of the greatest difficulties we find in this country 
(France) in the fusion of steel, is to procure good 

crucibles. The art of pottery, which is truly important 
in every one of its parts, is that which, of all others, the 
most strongly solicits our industry. 

***** 

Among the notes appended to the French report is the 
following which contains some interesting comments : 

p. 106 Cast-steel being made out of broken tools of every 
kind, cannot of itself possess a larger dose of plumbago 
than the average quantity contained in those steels. But 
the English cast-steel is more fusible and more tender under 
the hammer than German steel, or the steel of cementation; 
which circumstances appear to indicate that it contains more 
plumbago: and the truth of this induction is confirmed by 
its exhibiting a much darker spot than other steels, when 
tried by an acid. Chalut did not therefore make this kind 

of steel when he used glass only for his flux. It cannot 
be doubted but that the flux of our manufacturers must 
contain charcoal, at least. If it be animal coal, which 
is most probable, it will also contain phosphorus; an 
ingredient to which the superiority of this coal, in case- 
hardening, is probably owing. 
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PUDDLED STEEL PRODUCTION AT ESSEN 

Extracts from F. G. Muller, Krupp's Steel Works 
(London, 1898), 'an authorised translation from the 

original German', pp. 33-35. 

It is not, however, the puddling of wrought iron but a 
variation of the process which makes Krupp's puddling works 
specially interesting, namely the production of steel by 
puddling. This is done in the same furnaces, with the 
same appliances by the same workmen. The pig iron* too is 
of the same character but its mean percentage of phosphorus 
must always be less than 0.1%. As to the work itself, only 
the eye of an expert would distinguish a slight difference. 

The mode of reheating the steel blooms is as unusual as it 
is rational. They are not, as in other factories, put 
into special reheating furnaces but are replaced in the 
puddling furnaces from which they were taken, while the 
pigs for the next charge are disposed along the border of 
the hearth. The steel blooms, returning red from the 
hammers, are put on the hearth and well covered with slag; 
then the fire is started as usual; half an hour later 
the blooms are taken from the furnace. They have the 
proper heat for the finishing mill and at the same time 
the pigs for the next charge have been melted. After 
every three charges most of the slag is removed, in order 
to prevent its contents of sulphur and phosphorus rising 
above 0.3 per cent. The furnace yields 550 lb. of steel 
twelve times daily from a charge of 594 lb. of pig. In 
iron puddling the output is 572 lb. fourteen times a day. 

The bars of steel are sorted separately for every furnace. 
Then about a finger's length of their ends is struck off 
and expert workmen divide the day's work into three 
classes, guided by the appearance of the fractures. 
Class A contains 0.9 to 0.75 per cent carbon; Class B 
0.75 to 0.65; Class C under 0.6 per cent. Work is paid 
for by weight for these bars but the price for Class A 
is considerably higher than for Class B, whilst steel 
of Class C is refused. 

* It is stated elsewhere in this account that the pig 
iron is produced in Krupp's blast furnaces near the 
Rhine and is a white iron, with about 2 per cent 
manganese, very low in sulphur and phosphorus, 
smelted from spathic ironstones mined in Krupp's 
own mines. 
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Puddling for steel demands great skill, attention and 
exertion. The chief difficulty lies in the interrup- 
tion of the decarbonisation at the right moment. 
Krupp's foremen and workmen, however, are so skilful 
and experienced and have, by the system of payment, 
been taught to be so careful, that Class C appears 
but rarely on the labour records. 

In its chemical composition the steel obtained in this 

way is of the very finest quality. Apart from its 

carbon content and 0.2 per cent of manganese, it shows 
but slight traces of foreign elements; in particular, 
of phosphorus and sulphur it shows respectively 
maximums of 0.03 and 0.01 per cent. The real 
averages are only half these quantities. Therefore 
the material equals at least the Dannemora iron from 

which Sheffield makes its best steel. 

Nearly the whole of the output of puddled steel remains 
at Krupp's works, not for immediate use, but as raw 
material for the manufacture of cast steel ..... Krupp's 

cannon factory is the major consumer of the puddled steel. 
Of course, its managers put the highest conditions on the 

quality of this material and the strictness shown by them 
is more dreaded in the metallurgical department than that 

of any outside customer. The business management of all 
the great departments is on a similar basis and has a 

most wholesome effect on them. Alfred Krupp's dictum 

that "in my factory second rate material will not be 

used and shall not be made" has become law and is the 
rule for the organisation of all the establishment, 
including the blast furnaces and the mines. 
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CRUCIBLE STEELMAKING IN AUSTRIA 

Extracts from R. F. Bohler, 'Tool Steel 
Making in Styria', School of Mines Quarterly, 

Vol. xxix (1908), pp. 329-341. 

Different from the type in use in this country, 
1 

the modern 
Styrian crucible furnace is of the overground pattern, 
allowing an easy handling of the crucibles by means of 
suspended tongs. One furnace holds forty to fifty crucibles, 
the object of limiting the number being to ensure uniformity 
of temperature which could not so well be obtained if the 
furnace were built to hold more. The furnaces are fitted 
with Siemens regenerators and have a fore-warming pit with 
two separate compartments kept at 4000C and 8000C respec- 
tively. The empty crucibles are placed in the first 
compartment and, after remaining there for four hours, they 

are filled with the raw materials and transferred to the 
second chamber for another period of four hours. They are 
finally shifted red-hot into the melting furnace. 

The melting takes from three to four hours; its progress is 
tested by the foreman with a search iron. 

The chemical reactions now taking place in the interior of 
the crucibles build up one of the most complex problems of 
scientific metallurgy. Certain amounts of iron oxide are 
inevitably brought into the crucible on the surfaces of the 

pieces of raw steel and pig iron and also by the slag 
contained in the weld steel. 

2 Moreover, there is air in 
the spaces between the material. On melting, the oxides 
present and those formed under the influence of the enclosed 
air, first form an oxidising slag, rich in iron, that acts 
on the carbon content of the bath. Carbon monoxide is 
formed and produces a slight boil. If the crucibles are 

1 That is, in America, where this paper was read. 

2 Weld steel was the American terminology for what was 
previously referred to as "puddled steel". 
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poor in graphite, a decrease in carbon can thus take 
place during the first period of the process; if, 
however, the crucibles contain a considerable amount 
of graphite, no loss of carbon will be noted in the 
steel. 

During the following period of the melting, the slag 
gradually grows poorer in iron. This is partly due 
to the carbon in the steel and in the crucible material 
now acting on the iron oxide in the slag, partly to the 
dissolving of the crucible material bringing about an 
increase of the total quantity of slag. The slag, by 
and by, loses its oxidising influence and the graphite 
laid bare by the dissolving of the crucible wall is 

absorbed by the steel. At the same time, some of the 
silica from the clay is reduced and is conveyed into 
the bath. 

The temperature is of great influence on these reactions 
and so is the presence of manganese. The role of the 
latter is particularly complicated. It makes a great 
difference whether the manganese is contained in the raw 
materials or added as manganese dioxide and at what 
stage of the process the addition is made. 

As to the last stage, the "killing" and the nature of the 
changes taking place during that time, the views of the 
different authorities do not coincide. The general 
belief is that the killing may be due merely to the 
evolution of gases. It is more likely, however, that 
killing acts chiefly through enabling the metal to 
absorb further silicon from the walls of the crucible, 
thus increasing its solvent power for gas and thus 
enabling it to retain in solution during solidification 
the gas which it contains when molten. 1 

This appears to have been the theory current at the time. 
It would now be explained on the basis of the removal of 
dissolved oxygen from the melt by reaction with the 
silicon introduced by reaction of the carbon in the steel 
with the silica from the crucible wall. This is a slow 
reaction, favoured by the higher temperature during the 
killing period. The oxygen thus being held as silica 
within the steel (apart from that which has coalesced and 
floated out from the melt) remains unattacked by the 

carbon in the steel during the short period of solidifi- 
cation of the metal, particularly as this is at a lower 
temperature, and thus no gas is evolved. 
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When this stage is reached the foreman operating the 
charge will give the signal for teeming. 

Such slight differences in temperature as should happen 
to exist between the different crucibles are equalised 
by uniting the forty crucibles of one charge in a ladle, 
previously heated, from the bottom of which the steel is 
cast into iron moulds. 

By a special device in the form of a collar of refractory 
material, the pipe due to shrinkage is localised at the 
very top of the ingot and entirely removed. Every ingot 
is tested as to physical homogeneity, grain structure and 
purity of surface, any flaws being carefully removed with 
emery wheels or pneumatic chisels, before the ingot is 
taken to the hammer plant or rolling mill..... 

.... Styrian steel will be met with everywhere. Besides 
all kinds of tools, it is used for scores of other 
purposes in which highest quality is the main requirement: 
army rifles, armour piercing shells, shrapnels, shot-proof 
screens are now made of it and so are the vital parts of 
recoil field guns, motor cars, steam turbines and so on. 
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EARLY AMERICAN STEELMAKING 

Extracts from Rev. Daniel Little, 'Observations 

upon the Art of Making Steel', Memorials of the 
American Academy of Arts and Sciences, Vol. 1 

(1785), pp. 525-528. 

As steel is an article of commerce, and of great use 
both in the arts, manufactures and husbandry of every 
nation; and as we have the best of iron already manuf- 
actured in America, it is thought that the manufacturing 
of steel of a good quality deserves the attention and 
encouragement of those who wish the welfare of the 
United States. What time I could redeem from other 
necessary business for several years past, has been 

employed in such disquisitions and experiments, as 
might tend to facilitate the art of making steel, and 
others near akin to it. 

Those writers upon the subject which I have met with 
tell us, that the principal difference between iron and 
steel consists in this, that the latter is combined 
with a greater quantity of phlogiston than the former. 
Phlogiston exists in all inflammable substances, and in 

some that are not inflammable. Charcoal, and the 

coals of bones, horns and hoofs of animals, have been 

used as fit substances for communicating phlogiston to 
iron in making steel. 

Steel is sometimes made by fusion of ore or pig-iron. 
The method is similar to that of reducing pig-iron to 

malleable iron, with this difference, that as steel 
requires more phlogiston than is necessary to iron, all 
the means must be made use of that are capable of intro- 
ducing into the iron a great deal of phlogiston; that 
is, by keeping it, while in fusion, encompassed with an 
abundance of charcoal, etc. 

The other method of making steel is by cementation, as 
it is called; that is, to convert bar-iron into steel; 
which is done by a cement made of those substances which 
contain the greatest quantity of phlogiston. Put the 
bar-iron with this cement into a vessel that will bear 

a strong fire; lute on a close cover, so as to prevent 
the cement taking flame and consuming; put the vessel 
in a furnace where the bars may be kept red-hot till 
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they are converted into steel, which will be in a longer 

or shorter time, according to the bigness of the bars, and 
the quantity of cement. 

This latter method has chiefly engaged my attention, which 
method is pretty well known in some parts of America, and, 
for many years past, steel has been made by it in several 
of the United States. Yet, so far as I have been informed, 
it has generally been of an inferior quality, and very 
little used for edge tools, which I supposed could not arise 
from the quality of the iron, for we have the greatest 
variety, and the best sort, in many parts of the country. 
I then conjectured there might be found some other 
inflammable substance for a cement, which, if properly 
applied, would impregnate the iron with phlogiston more 
advantageously. And, after many experiments, I found a 

particular marine plant that requires no other preparation 
but drying and pulverizing, and is commonly known by the 

name of rock-weed or rock-ware, and is in the greatest 
plenty on our rocky shores, coves, creeks and harbours of 
the sea. In making some experiments upon this plant for 

a flux powder, a small bit of iron was put into a crucible 
and filled with the said cement; and, very unexpectedly, 
after it had been in a little more than a cherry heat for 
five or six hours, it was converted into steel, which gave 
me the first hint of its use in making steel, since which 
I have had repeated experience of its excellency for the 

same purpose. 

in needs no other preparation than to be cut off from the 

rocks with a scythe or sickle, spread on the dry land 
'till the rains have washed off the greater part of the 

sea-salt, then dried and pulverized, then used as other 
cements are in making steel: or, instead of washing off 
the sea-salt, it is better for some particular kinds of 
iron, to neutralize it by adding a fixed alkali. 

To two parts of the plant well dried, and pulverized, 
add one part of good wood-ashes; mix together and moisten 
the whole with water or rather urine to the consistence of 

a very thick paste. 

It is well known that in every new art, and in perfecting 
old ones, many unforeseen difficulties arise, and some- 
times considerable fortunes have been spent before the 

manufacturer or the public have been much benefited. And 

since honest but too credulous minds are often deceived by 
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uncertain proof, and being willing to satisfy myself and 
others, by a better testimony than my own, I engaged a 
gentleman (Col. Eliot of Connecticut) of ability in the 

steel way for many years, whose furnace was complete and 
large, to make experiments upon my new discovered sub- 
stance for a cement, who has written me that "this steel 
is preferable to any he had ever made before". After 

all, I suppose different modes of preparation and 
further experiments will more fully ascertain its 

utility. 

The matter of the furnace must be of such substances as 
will endure a strong fire without fusion. Asbestos has 
been used to advantage, but a sufficiency of it is not 
found in many places. Pipe-clay with one third part of 
pond-sand, or, which is better, white stones free from 
grit, well burnt, and pulverized, instead of sand, some 
species of slate and talc may be used with pipe-clay for 
furnaces and crucibles. 

The chest or interior part of the furnace, for depositing 

the cement and bars of iron, must be covered so close that 
the inflammable substance within may not be consumed, but 

changed like wood in a coal-kiln. The iron to be chosen 
of the best quality; its toughness and malleability are 
marks of choice. 
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STEELMAKING AT PITTSBURGH 

Extracts from a document of unknown origin, 
dating from 1877-78, kindly provided by the 

Crucible Steel Company of America. 

The ease with which an abundance of fuel admirably suited 
to the manufacture of steel - the low price at which both 
coal and coke can be secured - together with its being a 
good market for the purchase of charcoal irons, renders 
Pittsburgh, perhaps, the best location in the United 
States for the manufacture of Cast Steel and some of the 
earliest attempts to manufacture common steels were made 
there. Some forty years ago experiments were made in 
the manufacture of what is known as German Steel or 
Blister Steel. The charcoal irons used were admirably 
suited to the purpose, were eminently successful, yet the 
article met with that severe prejudice on the part of 
consumers that Pittsburgh Cast Steel afterwards encount- 
ered. Notwithstanding, expert workmen were sent to 
visit the consumers to prove (and they did prove it, too) 
that the German or Blister Steel of Pittsburgh manufac- 
ture was equal in quality to that brought across the 
Atlantic, many were so blindly prejudiced in favour of 
the English product that the Pittsburgh manufacturers 
adopted the expedient of rusting their steel by throwing 
salt water over it, thus simulating the appearance of 
the imported article, when it was found to be, in 

quality, all that the consumers could desire. 

The first Cast Steel made in Pittsburgh to any extent 
was produced at the great iron works of Schoenberger 
and Co., who in 1840 erected six "melting holes" and 
brought a skilled man from England to superintend the 
manufacture. In 1850 Samuel McKelvey invested consid- 
erable capital in the erection of cast steel works, 
locating his buildings and furnaces near those of 
Schoenberger and Co. He too brought skilled workmen 
from England, but owing to the wanted protection in 
the shape of a tariff and the still strong prejudice 
in favour of English steel he soon ceased manufacture. 

When we consider the present condition of the steel 
business as compared with what it was at the period we 
have referred to, we cannot but feel gratified at its 
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importance as a branch of American manufacture. We are 
of those who believe that upon the growth of our manufac- 
turing pursuits largely depends our present prosperity 
and future greatness, and consequently that whatever 
tends to build up and continue such industries adds to 
the permanent wealth of the country. If our legislators 
at Washington seek to know what policy would be best 

calculated to assist the people of the whole country and 
to bring prosperity all over the land, they must take 
lessons from the past and ignore all theories which have 

proven incorrect. It has been proved again and again, 
and can be shown by unmistakable evidence, that there is 
no branch of manufacture throughout the broad extent of 
our territory which has received the protection needed 
to induce capital to be invested in it, and to enable 
the proprietors to compete with foreigners for the trade 
of the country, but has resulted in material reductions 
in the price of the product to the consumer. Cast Steel 
is a striking instance and gives strong evidence in proof 
of our declaration. 

We have previously noted briefly some facts in relation 
to early attempts to manufacture steel and are obliged 
to record the fact that they were failures - partly 
because of the prejudice against home-made steel, but to 

a still greater extent because the manufacture was not 
sufficiently protected. If an American house engaged 
in the business, the price of foreign goods was fixed 
below the cost of production in this country until the 
home producer was crushed out - then, with an open field 

and no competition, the price was raised again. It is 

only sixteen years since, under the fostering care of 
a protective but not high tariff, the first successful 
effort was made to manufacture cast steel on a large scale 
in the United States, yet we now have the satisfaction of 
knowing that our enterprising steel manufacturers have 

secured about two thirds of the American market, being 

equal to fifty thousand tons annually, and are now 
supplying the consumers of this important article at a 
price nearly equal to three cents per pound below what 
they were compelled - in the absence of home competition - 
to pay the English steel manufacturers, and this too at 

a time when the duty was at the low rates of 12 and 15 per cent 
ad valorem. In answer to this, it may be asserted that the 
cheapening of the price is not due to the increased rates of 
tariff on steel but that the foreign manufacturer brought the 
price down because of his ability to cheapen the production 
of his article and that the lowering of the price was not due 
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to the competition which was encountered on this side of 
the Atlantic. We are aware that this argument has been 
abduced, but when we know that the description of iron 
used in England in the manufacture of steel and the labor 
required to convert it are now higher in price than was 
the case when the consumers in this country were compelled 
to pay nearly three cents per pound more than they now do 
for the finer grades of steel, this argument must fall for 
want of evidence to sustain it. The quality, uniformity 
and finish of the American article is conceded by all 
unprejudiced minds to be fully equal to any imported. 

In the article of homogeneous crucible cast steel boiler 
and fire box plate, that made by our Pittsburgh manufac- 
tures is unequalled and it affords us more than ordinary 
pleasure to be able to state that several shipments of 
this important material have been made to railroad 
companies and steam boiler builders across the Atlantic 
who pronounce it superior in every respect to any 
produced in Europe. 

To the stranger who tarries for a day or so in the smoky 
but industrious and thriving city of Pittsburgh, a visit 
to some of the steel works cannot but be interesting and 
he will surely be gratified when informed of the rapid 
strides our people have made in the production of an 
article so essential to the success of other industries 
as cast steel, and of all the material for the national 
defense the most important. There are in the city 
eight firms engaged in the manufacture of steel in all 
its varieties and two others in the immediate neighbour- 
hood, one at Beaver Falls, 28 miles distant, and the 
other at McKeesport, distant 14 miles. These are not 
embraced in the following statement : 

The eight works located at Pittsburgh have, in aggregate, 
23 Siemens gas regenerative melting furnaces, 292 coke 
melting furnaces, 40 trains of rolls, 54 steam hammers, 
18 helve hammers, 48 puddling furnaces, 145 heating, 

welding and annealing furnaces. 2,000 hands are employed 
to whom are paid, annually, $1,100,000.15,000 tons of 
pig iron and 21,500 tons of blooms and steel scrap are 
used annually, together with 1,000,000 firebricks, 750 
tons of fireclay, 500 tons of iron ore, 200,000 tons of 
coal and 1,000,000 bushels of coke, with oil, belts and 
"mill findings" to a large amount. The capital invested 
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amounts to about $6,000,000, while the production is 
27,000 tons per annum, representing a value of $4,200,000. 
The capacity for production far exceeds these figures; fully 
50% addition can be turned out and, should the demand come up 
to 40,000 tons per annum the works now in operation by 

running "double turn" can meet it. 

One of the principal establishments in Pittsburgh is the 
Black Diamond Steel Works of Park, Brother and Co., located 

on the Pittsburgh bank of the Allegheny River, the site 
embracing an area of nearly seven acres, bounded by 
Thirtieth, Thirty-first and Railroad Streets and Spruce 
Alley. We have selected this establishment as a fitting 

representative of the steel manufacturing interest and 
will attempt to briefly describe the works. 

Having introduced ourselves to the proprietors at the 

general business office, corner of Thirtieth and Smallman 
Streets, and obtained the necessary permission we will at 
once enter the Puddling Forge. This, with its auxiliary 
buildings, occupies a lot of ground, 124 by 336 feet. It 

may be well to remember that nothing but crucible cast 
steel is manufactured at these works. We cannot fully 
describe all the processes, but hope to convey a correct 
general idea of the method pursued in converting wrought 
iron into steel by the cementation process, which is 

acknowledged to be the best. But first the pigs of 
No. 1 charcoal iron must be converted into blooms of wrought 
iron. The process is so fully described in articles on 
iron manufactures that we deem it unnecessary to repeat it 
here. Suffice it to say that in the forge the iron is 

puddled and worked under a3 Ton double acting steam hammer, 
the steam to drive which is generated in boilers near the 
furnaces. About 12 tons of blooms are made each day. 

This, however, does not represent the quantity of iron used, 

as the remainder is made elsewhere and received in the form 

of billet and bar iron. After the iron is formed into 

hammered blooms, it is taken to the bar mill and there 
heated and reduced to bars 2/" x %". The bars are cut 
into lengths of about 12 feet and then taken to the 
Converting House where they undergo the process of 
cementation or carbonization. This building is 60 by 186 
feet and contains six immense furnaces, each capable of 
holding 30 tons. In these the iron bars are packed with 
alternate layers of pulverized charcoal, a high degree of 
heat is applied but not sufficient to fuse the material, 
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and continued for six to ten days, the iron absorbing the 
carbon of the charcoal. When the heat is withdrawn we 
have Blistered Steel. 

Cast Steel is Blistered Steel broken into fragments and 
fused. Blistered Steel is at best irregular in structure, 
being unevenly carbonized; by melting, the carbon is 
evenly distributed and steel of a close and even texture 
is obtained. From the Converting House, the Blistered 
Steel is taken to the Melting House, an immense building 
420 feet long by 32, and containing no less than 72 coke 
steel melting furnaces and 3 of the improved Siemens 
regenerative gas furnaces, giving in all a daily capacity 
of 35 tons. The gas is fed into the Siemens furnaces 
through a 40 inch pipe connected with 8 Siemens patent 
gas producers. The crucibles made of graphite (black 
lead) are filled with carefully selected Blistered Steel 
broken into small pieces. They are then placed in the 
Siemens furnaces and the heat is worked up to 3000 
degrees* and yet, in spite of this intense heat, it takes 
four hours and a half to melt the steel. As the process 
of melting approaches completion the ebulition of the 
metal ceases and the colour of the melted metal appears 
to be almost white. When all is ready the crucibles are 
drawn out of the furnaces and the steel is poured into 
iron moulds. When sufficiently cooled the ingots are 
removed and after being carefully inspected in the Ingot 
House are piled in the spacious yard attached. Such of 
them as are intended for rods, sheets, slabs, plates, etc. 
are taken to the rolling mills. 

All the Rolling Mill machinery is under one roof and 
driven by four engines, the steam being drawn from six 
double flued boilers each 42 inches in diameter and 30 
feet in length. The building is 140 by 217 feet with an 
L 65 by 116 feet. Here are six trains of rolls, the 
smallest an Eight Inch Train on which small sizes of steel 
are rolled - such as stock for cutlery - wire rod, etc. 
The next in size, the Ten Inch Train, consists of four 

pairs of rolls on which are rolled a great variety of 
general styles and special shapes to meet the wants of 
customers. These trains are driven by a vertical 
engine of 150 horse power, 23 inch diameter, 30 inch 
stroke, with a fly-wheel weighing 30 tons. The Twelve 
Inch Train, four pairs of rolls, is used for the larger 

* Fahrenheit, or 1648°C. 
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sizes of machinery steel, round square and flat - railroad 
frogs and side bars, shaped axle steel, etc. This and the 
Sixteen Inch Bar Train is driven by a vertical engine of 
30 inch diameter of cylinder and 30 inch stroke with 40 
tons weight of fly-wheel and 250 horse power. The largest 

engine is also vertical, with cylinder of 42 inches 
diameter, stroke 42 inches, 62 tons weight of fly-wheel 

and 600 horse power. This great engine drives two Sheet 
and Plate Mills. The Eighteen Inch Sheet Mill or Train is 

used for the heavier sizes of Plow steel, saw plates, etc. 
On the large Plate Mill are rolled the well known Black 
Diamond Homogeneous fire box, boiler, flue and smoke stack 
plates and large circular saw plates, etc. The fourth 
engine, horizontal, has a 12 by 24 inch cylinder, 50 horse 

power, and drives the 18 shears used in trimming the 

sheets, plates, etc., to the required dimensions and in 

cutting scrap iron and steel. With all these trains of 
rolls and shears in operation and with the sixteen large 
heating and annealing furnaces in full blast, a busy 

scene is presented which words cannot describe. 

In addition to the buildings above noticed, there are two 
Forge Shops, one 96 by 125 feet, the other 60 by 132 feet. 
We lack the necessary room to describe them but here is 

made the Black Diamond Tool Steel, and almost every 
description of steel forgings. Then there is the 
Inspecting House, where every finished plate, sheet bar 

and forging is critically examined by experts before it 
is allowed to leave the works; the warehouse from where 
all products of the works are shipped; a crucible 
warehouse, where from 1,500 to 2,000 crucibles are 
constantly kept - over $500 worth are used up every day - 
a Blacksmith Shop, a completely appointed Machine Shop, 

and many auxiliary buildings which we cannot even 
enumerate. A few briefly stated facts will aid the 

reader in estimating the size and importance of this 

establishment. The subterranean vaults which enable 
the workmen to remove the ashes and cinders from the 

various furnaces are 8 feet deep, 8 feet wide and, if 
joined together, would be 1301 feet long. Over 5,000 

bushels of fuel are consumed daily. 400 men are 
constantly employed and the production amounts to 
10,000 tons of steel per annum. The product is sold 
all over the country from Maine to California. Much 
more might be written but the space allotted to this 
subject is filled. 
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THE LAST PHASE OF CRUCIBLE STEEL PRODUCTION BY 
CAMMELL LAIRD AND COMPANY, CYCLOPS WORKS, SHEFFIELD 

A compilation of information based on surviving 
documents kindly provided by T. R. Middleton, Esq. 

Towards the end of 1923, a decision was made at the Cyclops 
Works to replace the old "Huntsman type" coke fired 
crucible holes with forced draught furnaces, still coke 
fired, of a type being made by the Morgan Crucible Company. 
The case for the modification was made out as follows, based 
on the melting of 0.75% carbon steel : 

OLD TYPE FURNACES 

Number of furnaces 

Scale of operation 

Daily output 

(Mean output per pot) 

(Crucible life) 

Direct Labour Cost 

12 holes, 2 pots each 

2 rounds daily, alter- 
nating with 3 rounds 

33 cwt. 

(61.6 lb. ) 

(One day = 2.5 times) 

£3.9.0. daily 
_ £2.1.10. per ton 

Coke Consumption per 
Ton Steel melted 

Coke Cost, based on 
coke @ 38/6d. per ton 

Crucible Cost 

Crucible Lids 

Building Cost 

TOTAL WORKING COST 

2.75 tons 

£5.5.11. per ton 

1 clay pot @ 1/6d. 
for every 2.5 x 
61.6 lb. or 14.54 
clay pots per ton 
= £1.1.10. per ton 

1 clay lid @ 3d. 

as above 
= 3/8d. per ton 

£28 for 40 tons 
output 
= 14/Od. per ton 

£9.7.3. per ton 

NEW TYPE FURNACES 

6 holes, 4 pots each 

3 rounds daily 

42 cwt. 

(65.3 lb. ) 

(Four days = 12 times) 

£3.5.0. daily 
_ £1.7.2. per ton 

1.75 tons 

E3.7: 5. per ton 

1 plumbago pot @ 
15/0. for every 
12 x 65.3 lb. or 2.86 
pots per ton 

= £2.2.10. per ton 

1 plumbago lid @ 3/4d. 
as above 
= 9/6d. per ton 

£28 for 50 tons 
output 
= 11/3d. per ton 

£7.18.2. per ton 
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The use of clay lined pots for special applications was noted; 
since these cost 17/Od. each, they would increase the cost on 
the new furnaces by a further 5/9d. per ton of steel. 

A copy of the agreement with regard to payment for working 
the new furnaces, dated December 1923, is attached. The 
effect on the weekly wage can be judged from the following 
figures : 

Coke Furnaces Morgan Furnaces 
July 1923 October 1924 May 1925 

Teeiner £4.12.4. £4.8.4. £5.5.2. 
Puller Out £4.4. O. £4.3.1. £4.18.2. 

Coker 
£4.4. Oý. £4.3.1. £4.18.2. 
£2.19.2. £2.16.5. £3.7.10. 
£2.19.2. £2.16.5. £3.7.10. 

Odd Man £3.3.2. £2.16.5. £3.7.10. 
Lad 14.8.14.0.18. B. 

TOTAL WEEKLY WAGE BILL £22.16.7. £21.17.9. £26.3. S. 

Initially, it seems, the anticipated savings were not 
achieved, as the demand apparently fell : 

Direct Wages 
Indirect Wages 
Maintenance 
Materials and Stores 
Power and Light 
Fuel 
Miscellaneous Expenses 
Overheads 

TOTAL 

Total Ingot Tonnage 

Tons per Week 

Yield of Ingot 
from Metal Charged 

Coke Furnaces Morgan Furnaces 
Jan. -July, 1923 Sept. -Nov., 1923 

(30 weeks) (13 weeks) 

£3.19.1. £2.19.8. 
£1.4.9. £1.9.10. 

13.3. £1.5.5. 
£2.10.7. £3.10.4. 

2.8.5.10. 
£5.11.1. £4.1.2. 
£1.9.5. £3.2.9. 
£4.9.2. £5.14.2. 

£20.0.0. £22.10.0. 

232.5 71.7 

7.75 5.52 

94.90% 94.94% 
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It will be noted that the two main savings, on direct 
labour and, particularly, on fuel, were achieved. A 
few months later output had improved; unfortunately, 
only a resume of labour costs is available : 

Four Day Working Three Day Working 

July-August 1923 117.64 cwt. per week 88.31 cwt. per week 
Old Coke Holes £3.18. Od. per ton £3.18.6. per ton 

March 1925 198.71 cwt. per week 150.07 cwt. per week 
£2.12.9. per ton £2.16. Od. per ton 

Two charge books have survived, covering July 1924 to 
March 1927 and August 1928 to October 1929. Despite 
the indications earlier, it seems that the standard charge 
was 60 lb. and the use of plumbago crucibles was the 

general rule. A note of expected crucible lives has the 
following information : 

High Speed Steel 

Low Alloy Steel 

Medium Carbon Steel 

High Carbon and File Steel 

8 lives 

10 lives 

12 lives 

15 lives 

Plumbago pots, however, did give trouble due to the release 
of carbon into the steel. In particular, there was a fair 
demand for a 36% nickel steel (a low expansion alloy used 
extensively in temperature controllers at the time); this 

material had to contain less than 0.1% carbon and for its 

production the use of crucibles, made from the normal 
plumbago mix but then coated internally with a clay lining, 
to prevent contact of the metal with the carbonaceous 
outer refractory, became usual practice. The use of an 
all-clay pot would not have been suitable due to the fierce 
flame attack in the forced draught furnace - for this the 

plumbago was ideal. The clay lining of such pots 
eventually became eroded and they then were used for normal 
melting. Extracts from a report of October 1926 give some 
details of the problems involved : 
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118 cwts. of 36% nickel steel were melted. 
For this 36 new lined pots were used. As 
no appreciable amount of carbon steel is 
being melted, these were put aside after 
one heat until such time as they may 
conveniently be used. They are not 
suitable for high speed until they have 

previously melted about three heats of 
other steels.... When new unlined pots 
are used, it is not safe to melt high 

speed or chromium steels for the first 
heat owing to the large amount of carbon 
absorbed, so that one heat of carbon 
steel in the first place is essential. 
Owing to the heat which must be maintained 
for melting high speed steel, the holes 
become badly slagged during a third heat 

and to melt high speed for this last heat 

of the day is rarely satisfactory, the 
steel tending to go back resulting in 
loss of output. A fairly easy third 
heat is therefore advisable .... After 
the ninth heat the pots are thin and it 
is usual to melt medium carbon steels in 
them; many pots have accumulated which 
are good for melting little else than 
one heat of file steel or steel of similar 
temper and quality'. 

The same report gives some valuable information on the 

consumption of coke in melting the various types of 
steel; these should be compared with the 1.75 tons 

coke per ton of steel originally anticipated: 

36% Nickel 3.5-4.0 tons per ton of steel 

High Speed Steel 2.8-3.0 tons per ton of steel 

Medium Carbon 2.0 tons per ton of steel. 

It would appear that the use of the lined plumbago pot 
was not the complete answer to the problems on 36% nickel 
steel since there was a reversion to the melting of this 



APPENDIX JJJ 
continued -5 

material in clay crucibles in the remaining bank of 
Huntsman type furnaces, which were occasionally brought 
back into service. At this stage there were no 
crucibles being made on the premises, they were bought 
in; they were referred to as "Moore's Pots". This 
rather casts a new slant on the old tradition that it 
was essential to make the pots on the premises since 
they would not travel; on the other hand, we are 
dealing here with a very small proportion of the total 
usage, and special care could be taken. It would 
seem, at the same time, that lids and dozzles were made 
on the premises, since a "mix" is given, comprising 12 

parts of clay, 4 of grog and 4 of coke dust. The 
problems met on the 36% nickel steel are interesting. 
It is reported that some melts in lined pots gave 
ingots with blowholes and that this problem could not 
be cured by the normal expedient of adding aluminium. 
In addition, it was found that the problem was 
lessened, if not entirely cured, by a pre-roasting of 
the crucible prior to use. To the modern steelmaker 
this is obviously a case of hydrogen absorption by the 
metal. It is not clear how the lining was put into 
the plumbago pot but it is conceivable that it would 
retain some moisture. It so happens that the high- 

nickel, low-carbon steels are among the most prone to 
this kind of problem and, indeed, the reversion to 
the use of a well roasted clay crucible was a sound 
move in these circumstances. Melted in this way, 
the crucible furnace provided quite a few tons of such 
material. The overall close analysis range achieved 
in the product is impressive and one which would be 

most welcome today, considering the small unit size of 
each melt, almost forty analyses to each ton : 

Carbon 0.06-0.11%; Silicon 0.11-0.24%; 
Nickel 35.82-37.37%. 

A typical charge for the production of this steel was : 

20 lb. cut Swedish Bar Iron 
12 lb. Swedish Bar Ends 
10 lb. 36% Nickel scrap 
19/ lb. Nickel 
12 oz. Charcoal. 
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These materials were melted out together and then 3 
ounces each of ferrosilicon and ferromanganese added 
prior to the killing period. 

The use of Swedish material in this special steel was 
not an exceptional feature. A general pattern of the 
use of from 15 to 30% of scrap of domestic origin, 
together with the necessary ferroalloy additions, with 
the remainder as Swedish iron, is quite clear from 
the evidence available. True, very little was top 
grade Dannemora iron, although some Hoop L and GL iron 
was used in the special grades of carbon steel. AOK 
iron was widely used, together with "Crown and Anchor", 
DU, DGL and "MR Box Ends". * Quotations and analyses 
of some of these materials were provided by Daniel 
Doncaster and Sons in 1925 : 

Grade C Si Mn SP Price per Ton 

Hoop L 0.10 0.05 0.28 0.009 0.011 £37.10.0. 
DGL 0.08 0.03 0.16 0.007 0.011 £29.0.0. 
AOK 0.04 0.01 0.15 0.015 0.017 £16 - £17.10.0. 
1i2 Box Ends 0.05 0.02 0.04 0.008 0.030 £12.15.0. 

* The use of the "AOK" stamp is interesting. As has 
been reported elsewhere in this study (see pp. 139-141) 
this was the stamp used in the eighteenth century by 
the Gysinge Forge. It can be seen in its original 
form in Appendix J. Significantly, it does not appear 
in either the 1845 or the 1897 issues of the "Stampelbok" 
of official stamps of the Swedish Iron Forges. In the 
quotation from Daniel Doncaster and Company in 1925, the 
stamp assumes a different shape from the eighteenth 
century one in that the three letters are enclosed in a 
rectangular outline with the letters separated by small 
crowns. Even more surprising, Doncasters indicate that 
this is a product of the Leufsta Forge, but is a rolled 
bar product; in addition, the "DGL" stamp is also 
indicated as a second grade Leufsta forged bar, the 
"Hoop L" still being the top grade. 
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Three years later some notes on prices give the following 

information : 

Hoop L Bar £35.0.0. 
Hoop L Ends £24.0.0. 
GL Ends £24.0.0. 
AOK Bar £16.0.0. 
AOK Bar, Converted £20.15.0. 
Crown and Anchor Bar £14.5.0. 

MR Box Ends £12.12.6. 

Styrian Steel £27.10.0. 

White Iron £9.0.0. 
Ferrochrome, 60% £32.10.0. 
Ferrosilicon £13.18.3. 
Ferromanganese £13.15.0. 
Nickel £165.18.0. 
Ferrovanadium 14.0d. per lb. V 
Ferromolybdenum 4.3d. per lb. Mo. 
Charcoal £8. B. 4. 

(All prices per ton except for V and Mo). 

In general, the bulk of the steel produced was carbon steel, 
together with fair quantities of high speed steel, some low 

alloy engineering steel and a few percent of the output was 
what might be termed "specials". The last week of produc- 
tion recorded, indeed, was all carbon steel or high speed 

steel. 

Week Ending 5th October 1929 
Make Yield 

A Quality (Prime Carbon Steel) 81.2.20.96.19% 

Cyclone (14%W H. S. ) 38.0.10.95.50% 

Cyclone Special (18/4/1 H. S. ) 32.0.26.94.85% 

Cyclone Extra Special (Cobalt H. S. ) 18.3.10.94.62% 

TOTAL 170.3.10.95.48% 

Coke usage .... 17 tons 

The "specials", apart from the 36% Nickel which has been 

discussed, included both 13% chromium and 18% chromium 

stainless, with from 0.3 to 0.5% carbon, melted in clay 
lined pots. Still more interesting, however, are what 

were quite clearly very early trials with heat resisting 

steels, such as the 13% chromium-13% nickel-3% tungsten 

steel, produced in a lined pot in November 1928; this 

material still survives as a valve material, covered by 

an Aircraft Specification. Similarly, a high carbon 
30% chromium material was made for furnace castings under 
the name of "Pyrista"; via the merger of Cammell Laird 

with Vickers, which gave rise to the English Steel 

Corporation, this name eventually passed to Firth Vickers 
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and still applies to a steel with similar chromium content. 
Likewise, the material later to be known by both E. S. C. and 
Firth Vickers as "Immaculate 4W", an 18% chromium-8% nickel- 
4% tungsten alloy, was made in lined pots in June 1929. 
Castings were also produced in materials with 17% chromium 
and from 22% to 28% nickel under the name of "Camloy", 

which did not seem to survive the various mergers. Even 
a cast of "Nichrome", with 20% chromium and 70% nickel, 
was tried; a comment in pencil alongside reads rather 
significantly "Bad to Forge". 

Most of the material produced seems to have been intended 
for the production of bar, although the making of castings 
has already been mentioned. There is no indication in 
the charge book as to the size of product but some larger 
ingots must have been produced since there is a compara- 
tive list of prices of dozzles pencilled in for domestic 

production against a few selected sizes on the official 
Wragg quotation for the manufactured items, rather 
indicating that these represent production items : 

Size Own Cost, Wragg Price, 
each each 

3" 
4" 
5" 
6" 
8" 

llid. - 
234d. 3d. 
3lid. 4tid. 
51d. 7d. 

10ýd. 1/2d. 

There seems no interest in the larger sizes quoted by Wragg; 
it could be commented that the total metal available at any 
one time, from 24 pots, was capable only of providing a 10" 

or 12" ingot. 



MEMORANDUM OF AGREEMENT 

made between 

CAMMELL LAIRD & COMPANY, LIMITED 

and 

THE MEN WORKING IN THE CRUCIBLE STEEL DEPARTMENT, 
CYCLOPS WORKS, SHEFFIELD, IN CONNECTION WITH THE 
INTRODUCTION OF 'MORGAN' FURNACES. 

DATED THIS FIFTH DAY OF DECEMBER 1923. 

WHEREBY IT IS AGREED :- 

That in the working of the 'Morgan' Furnaces, the 
wages and working conditions shall be as follows :- 

1. That datal rates as at present in existence shall be 
paid, viz - Teemer 8/-, Puller out 6/6d., Coker 5/6d., 
Oddman 5/6d., except in the case of the lad who in 
lieu of any premium or tonnage shall receive an 
'all-in' rate of 4/8d. per day when a 'Full' set is 
worked and 5/- per day when a 'Half' set is worked. 

2. That a 'Full' set is understood and recognised to be 
the working of 24 pots and a 'Half' set, the working 
of 12 pots. 

3. That the stint shall remain at 14 cwts. for a 'Full' 
set but shall be 7 cwts. only for a 'Half' set. 

4. That a premium or tonnage payment shall be made on 
output of useable and saleable steel, as follows - 

Up to 15 cwts. over and above the recognised 
stint @ 2/6d. per cwt., and for all weights over 
and above the said 15 cwts. @ 1/- per cwt. 

5. That the aforementioned premium or tonnage payment 
@ 2/6d. per cwt. shall be divided as under current 
arrangements. 



6. That the aforementioned premium or tonnage payment 
@ 1/- per cwt. shall be divided as follows - 

Full Set Half Set 
24 pots 12 pots 

1 Teemer 2/d. 1 Teemer 5d. 
2 Pullers Out 5d. 1 Puller out 5d. 
2 Cokers 3d. 1 Coker 3d. 
1 Oddman lid. 

1/- 1/ld. 

7. That for High Speed Steel an extra Premium or Tonnage 
of 6d. per cwt. shall be paid on all useable and 
saleable material made, divided as follows 

Full Set Half Set 

1 Teemer lid. 1 Teeiner 2/d. 
2 Pullers Out 2/d. 1 Puller out 24d. 
2 Cokers l/d. 1 Coker 14d. 
1 Oddman W. 

6d. 6d. 

8. That the existing allowance of 2/6d. to the Oddman 
for lighting fire and annealing shall be reduced and 
as the annealing will not now be required the sum of 
1/- only shall be paid for lighting up fire. 

9. That the allowances for Big Ingots, outs, and the 
calculation of weights &c., shall remain as at present. 

10. That the allowances for Pot Making &c. and Building 
will be discontinued. 

11. War Bonus will be paid under current conditions. 

Signed for and on behalf of, 

THE EMPLOYEES CAMMELL LAIRD & CO. LIMITED 

"P. SHAW" "WALTER COCKER" 

"T. E. COTTAM" "C. J. HARDY" 
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Barrow Haematite Iron Co. 
BATES, S. 
BAUR, J. 

243,272,504,518 

599 
24 
196 

622,624 
71 
625 
566,570 
540-1 
501 
109 
126-8,133,161 
545-555, DDD 
621,626 
107,133-4,137,224,210,528, 

K, 0, P 
608 
182,493 
110,112,114-5,133,164, 

188, LL 
31 
W 
87,94-5 
8 
44 
212 
565-6,568-9 
28 
440,453 
117,122,127,131,497 
120,147 
389-90 
44,62,326,591-8 
509 

126 
120-1,123-5,131 
610 
157 
282 
408,488-9 
144-7,228 
459-462 



Bawtry 
BEARDSHAW, J. 
Beaver Works, Wolverhampton 
BECHER, J. J. 
BEDFORD, J. 
BEDOIRE, J. de 
BEELY, T. 
BELL, I. LOWTHIAN 
Berger and Co., Germany 
BERGMANN, T. 
BERTHIER, P. 
BERTHOLLET, C. L. 
BERTRAM, W. 
BESSEMER, H. 

Bethlehem Steel Co., U. S. A. 
BIRKS, WILLIAM 
Birmingham 
Birmingham Toy Trade 
BIRUNGUCCIO, V. 
BLACK, J. 
Black Diamond Works, Pittsburgh 
Blackhall Mill, Co. Durham 

BLAIR, T. 
Blast Lane, Sheffield 
Blast Furnace (see Furnace) 
Bloomery (see Furnace and Steel) 
Bochumer Verein, Germany 
"Body" 
Bohler, Gebr., Austria 
Boker, R. and H., Germany 
BolckoW, Vaughan and Co. 
Bonninghaus Sohne, Germany 
BOOTH, J. 
BOREHAM, WILLIAM 
Boston, U. S. A. 
BOULSOVER, T. 
BOULTON (Iron Merchantl 
BOULTON, M. 
Bouvier, France 
BOWER, J. 
BOWER, WILLIAM 
Bower Spring, Sheffield 
Bowling, near Bradford 
Brades, The 
Bradford 
BRADLEY, T. 
BRAMALL, J. 
BRANSON, WILLIAM 
BREARLEY, H. 

BREMME, G. 

103,124-5 
182 
198 
11 
481 
93 
148-151 
417-8 
578-9 
13 
428-9 
12,551,553,559-60 
20,110-2,115-6 
88,317,324,347-8,354,482, 

486-7,495 
439 
147 
104,128,161-2,240,280, CC 
103,540 
9,37, A 
14, E 
621,623-4, III 
100,109,111,113,115-6,133, 

137,152,188-9,201, (15) 
357 
476 

577 
61,185 
593,595, GGG 
578 
419 
578 
157 
87 
610 
148-50,152,226 
124 
163,209-214,217,233-7, G 
566 
146-7,228 
87 
178,204, (18) 
157,194,321,323,332 
195-7,411,507 
194 
149 
263 
607 
21,258,265,270,287-291,295, 

301,305,340-1,403,465 
367-8 



Brick, Dinas 
Silica 
Stourbridge 

Brightside Works, Sheffield 
Brinckmann, Germany 
Bristol 
British Steel Corporation 
Brittain and Co., Sheffield 
Broadbent, S., Sheffield 
Broadwaters, near Kidderminster 
BROGLIE, COUNT de 
BROHLING, G. 
Bromley, near Stourbridge 
Bronze 

Age 
BROOKE, BASIL 
BROOMAN, R. A. 
Brown, Bayley and Dixon, Sheffield 
Brown-Firth Research Laboratories 
Brown, John and Co. 

BROWNLIE, D. 
Brunninghaus, Germany 
Brymbo Works 
BUEL, J. van 
BULLAS, S. 
Busch, K. and J., Germany 
Butcher, W. and S., Sheffield 
Butterley Company 
Button Trade 

C 

CADELL, W. 
CADMAN, P. 
Calder Ironworks, Glasgow 

Iron and Steel Works 
Calderbank, near Airdrie 
CAMM, J. 
CAMMELL, C. 

Cammell Laird and Co. 
Carburising 
Carinthia, Austria 
CARLESSE (Birmingham Steelmaker) 
Carolina, U. S. A. 
CARR, J. C. 
Carron Company 
Catalan Forge 

337 
337 
113,337 
182,269,481 
578 
104,163,166-7 
203 
177 
150 
164 
543 
238-251,528, II 
95,100 
26-27, (6) 
26 
86-90 
308 
182,488-9,495 
438,466 
175,182,184-5,377-80,408-9, 

452,463,469,483,486,492, 
495 

83,85 
578 
420 
83 
146 
572 
481 
404 
210-3,222 

167 
150,157 
311 
510 
171 
150 
182,184-5,378,408,483,486-7, 

489,495 
641, JJJ 
20-29 
366,375,592 
162 
609 
345 
167 
24 



Catcliffe 
Cementation 

Costs 
Chapeltown, near Sheffield 
Charcoal 

Alder 
Beech 
Birch 
Juniper 
Oak 

Charite sur Loire, La, France 
CHARROST, DUC de 
Chatillon Commentry, France 
Cheltenham 
Chemical Analysis 
Chemistry: 

Bessemer Process 
Crucible Process 
Self Hard Steel 
Siemens Process 

CHENOT, A. 
Chrome Steel Works, Brooklyn, 

U. S. A. 
Chafery 
Cincinnati, U. S. A. 
Clay, Bolsterstone 

China (White) 
Derby 
Klingenberg 
Stannington 
Stourbridge 

CLAY, J. 
CLAY, W. 
Cleator, Cumberland 
CLOUET, C. (and CHALUP) 
Clyde Steel and Iron Works, 

Glasgow 
Coalbrookdale 
COCKSHUTT, JOHN 
Coining Dies 
Coke 

Beehive 
Breeze 

Coldwell and Co., Sheffield 
Cold Working of Metals 

206 
9,20,35-37, Chaps. 3-6 (55-204), 

523-7,536-559,571-2,591,598, 
602-617,637, B, F, I, J, K, L, M, 
N. O, P, Q, R, S, T, U, V, W, X, 
Y, Z, AA, BB, CC, DD, EE, FF, 
AAA, BBB, CCC, DDD, HHH 

200-2, (II), FF 
117 
12,16-8,22,35,38-9,41,49, 

55-7,59-62,66,79,90,97, 
173 

113 
59,79 
59 
113 
59,164 
540 
543 
385 
347,403,482 
15 

395,397 
294-303, (III, IV) 
442 
395,397 
354-7 

460 
39 
615-7 
206,265 
266-7,269-70,277,296 
266-71,296,619 
622 
266-8,580,619 
100,206,222,245-6,265-8,271, 

277,507,580,613,616-7, LL 
119 
369,371,382 
167 
560-2 

438 
89-90 
149,156 
235-8, GG 
206,229,247,258,282-4 
282 
266-70,277 
177 
26 



Coleman, Hallman and Co., 
Pittsburgh 

COLLINS, W. 
COMITE DE SALUT PUBLIQUE 
Connecticut 
COOKSON FAMILY 
Corning, Winslow and Co., U. S. A. 
CORT, H. 
Country Heat 
COURDROYE, P. de 
Cramond, Scotland 
Crescent Steelworks, Pittsburgh 
Creusot, Le 
CROWLEY, A. 

Crowley, Millington & Co. 
Crozzle 
Crucible, Graphite 

Lid 
Making 

: Plug and Flask 
: Machine Moulding 

Pl umba go (see bra phi t e) 
Stand 

Crucible Steel Co. of America 
Cumberland 
CUTLERS' COMPANY OF HALLAMSHIRE 

Cutlery Heat 
Cyclops Works, Sheffield 

D 

DACRE, LORD 
Dalnotter Iron and Steel Co., 

Scotland 
Damascus 
Dantzig 
DARBY, A. 
Darlaston Steel Co. 
Darnall, near Sheffield 

Works 
DAVEY, J. 
Davidshyttan, Sweden 
Debrye et Durnaine, France 
DECLUZEL (Steelmaker at Amboise) 
Derwent Valley, Co. Durham 
Derwent Iron Co., Cumberland 
Derwentcote, Co. Durham 

618 
371 
14,559-560, EEE 
602,604,606-7 
116,187-8 
625 
361,364 
74 
83 
167-9 
624 
355,367 
20,95,100,105-8,116,132, 

165, S, T, U, V 
108,189-90,506 
70,204 
13,224,276-8,497,581-2,594-5,597, 
599-601,619-21,631-5,639 
278-9 
223,245-6,263-281, MM, NN 
273-4 
275 

278 
452,628-9 
167,382,488 
87,127,133-151,201,208-9, 

216,226,280,604 
73-74 
378 

92 

169-171 
423 
93,123 
206 
198 
120,122,144-5,183 
481,493 
604 
94,524 
566 
555 
100,103,105,108 (13) 
489 
62,65,100,106,114-6,187-9, 

204,506, (8), (9), (10), (16), 
(18) 



DICKINSON, H. W. 
DIETRICH, BARON de 
Dieulouard Works, France 
DIXON, J. 
Dohlen, near Dresden 
Don Navigation 
Doncaster (Yorks. ) 

Daniel and Sons 
Archives 

Dorrenberg, E., Germany 
Double Shear Heat 
Dowlais, S. Wales 
Dozzle 
DRAKE, J. 
Dronfield, near Sheffield 
DUHAMEL (French Steelmaker). 
DUNN, E. 
Dunston Works, near Newcastle 
Dusseldorf 

E 

Easton, U. S. A. 
Ebbw Vale 
Edsken, Sweden 
Eibiswald, Austria 
Eicken, Germany 
Eikenzweig and Schwemann 
EKMAN, G. 
ELIOT, A. 
ELLIOTT, W. (ELLYOTT) 
ELTRINGHAM, T. 
English Artisans in America 

France 
ERCKER, L. 
ERSKINE, R. 
Ersta Steel Works, Stockholm 
Eskilstuna, Sweden 
Essen, Germany 
Eston Works, Cleveland 
EWART, P. 
Eyre, Hall and Co., Sheffield 

F 

FABRICIO, J. 
Faggott Process (see Shear Steel) 
Fakirstahl Hoffmann, Germany 
FAIRBANK, W. 

84 
552 
385 
619-621 
579 
103,135-6,157-8,176-7,475-6 
206 
175,178,181,186,202-3 
324, FF, AAA, (34) 
578 
73-75 
352,362,404,489, (29) 
330-4,500 
605 
15,350,489 
543 
617 
506 
469,578 

608 
380,489 
406 
456,596-7 
578 
578 
319,528 
606 
83-88,97 
152 
617 
541-2,565-6 
79 
163,217, CC 
230,280,528, (24) 
280,524,528 
574,579-86, FFF 
420 
318 
157 

81 
578 
123 



FARADAY, M. 
Farna, Sweden 
Faskine Ironworks, Scotland 
FELL, JOHN I 

JOHN II 
MADAM 
"STEELE TRADE" 

"Fer Doux" 
"Fer Fort" 
Ferrochrome, Ferrochomium 
Ferrotungsten 
Ferrovanadium 
"Ferrum Noricum" 
Finery 
Firminy, France 
FIRTH, CHAS. 
Firth, Thos, and Sons 

and John Brown Ltd. 
Firth-Sterling, U. S. A. 
FISCHER, J. C. 

Fitch, Walker and Willis, U. S. A. 
FLATHER, D. 
Flierdt and Co., Germany 
FLUDD, R. 
FOLEY, R. 
Forest of Dean 

Forsbacka, Sweden 
FOURNESS AND ASHWORTH 
FOX, C. 
FOX, S. 
France 

Frodingham Works, Scunthorpe 
Fullthorpe and Co., Newcastle 
Furnace, Blast 

Bloomery 
Cementation 

Dawson, Robinson and Pope 
Electric Arc 
Harvey Patent 
High Frequency 
(Huntsman) Crucible 
(Siemens) Crucible 

20,424-8,459 
524-5 
171 
117-9,132 
117,119,122 
119,147 
95,117-133,176,224, (I) 
43 
43 
454,461 
445,456 
454 
34 
39,41,46 
385,568 
78 
78,182,185,293,377-8,462, 

477,483,491-2,495, (27), 
(30), 00 

504 
440,627 
256,424,428,431,459,467, 

508,563,587-91 
605 
284-6 
578 
91-2,97 
90 
87-91,94-5,320,331-5,380, 

382,404 
(18) 

255, JJ 
31 
408,495 
44,252,286,365,373,385-7, 

535-571, (IX) 
420 
506 
38-9,45,48-9,109,117 
16,22-3,47, (5) 
62-5,105-7,112-5,133,137-9, 

152,156-7 161-5,174-5,191-3 
197-9,226-7,250-1, (8), (9), 
(10), (14), (15), (16), (17), 
(18), (19), (20), (21), (22) 
(23) 

339 
21,466,471-2,628,631,639-40 
342 
21,501-4, (31) 
222-4,227-8,230-2,244,258-63 
284,316,335-343,568-9,579, 

593-7,599-601,626-7,631-5, 
639, (XII) 



G 

GALLOWAY, A. 
Garrard, W. and J. H. 
Gartness Iron and Steel Co. 
GEISLER, E. 

Germany 

GESELLSCHAFT FUR STAHL INVENTION 
GILCHRIST, P. C. 
GJERS, J. 
GLADWIN, H. 
Glamorgan Ironworks 
GLASBROOK, T. 
Glasgow 
Glazed Heat (Glazed Bars) 
Gloucestershire 
GORANSSON, G. F. 
GORT, LORD 
Gothenburg 
Gouvy, La Maison 
Govan Ironworks 
Graningeverken, Sweden 
GRATEAU, E. 
GREAVES, G. 
Gregory and Co., Pittsburgh 
Grenoside, near Sheffield 
GRIGNON, Le CHEVALIER 
Grog 
GRUNER, L. 
GUILLET, L. 

H 

HACKNEY, W. 
HADFIELD, R. A. 

Foundry 
Hagen, Germany 
Hagener Guss Stahl Werke 
Hallefors, Sweden 
Hallside Works, Glasgow 
Halton, Lancs. 
HAMILTON, A. 
HAN DYNASTY 
HANCOCK, J. 
Handsworth, near Sheffield 
HANNIBAL, P. 
HARBORD, F. W. 
Harcort und Gravemann 
HASENCLEVER, P. 

318 
615-7 
509 
230-33,316 
44,62,252,365,373,571-587, 

(X), (XI) 
80 
419-20 
381 
437 
45-6 
90 
171 
57,73,75 
88,94 
406 
187 
167-8 
385-7 
404 
525 
354-6, RR 
142,151,476,480 
624 
154,215-6 
13,544-5, CCC 
266-271,277 
376,415 
465 

337, PP 
205,242,464,468-472 
495 
578 
578 
530 
412 
167 
608 
49 
143-5,228 
206 
80-81 
339 
578-9 
607 



HASSENFRATZ, J. H. 
HATCHETT (Diarist) 

HAWKHURST, W. 
HAWKINS, J. I. 
HAWKSLEY (Sheffield File Maker) 
Hawksworth and Co., Linlithgow 
HAYFORD, D. 

M. 
HEATH, J. 
HEINRICH, P. 
Henkels, J. A., Germany 
HEPTONSTALL, P. 
Herefordshire 
Hessenbruch, Germany 
HEYDON, J. 
High Speed Steel Alloy Co., Widnes 
HIGHLEY, S. 
Hire Conversion 
HITTITES 
HODGSON (Newcastle Steelmaker) 
HOGLAND, K. L. 
Holland 

, R. G. 
Hollow Sword Blade Co. 
Holmes Works, Masbrough 
Holtzer, J. 
Homogeneous Metal 
HOOKE, R. 
Horner, Jas. and Co., N. J., U. S. A. 
HORSFALL AND Co., Liverpool 
HOSKINS, J. 
HOWE, H. M. 
HOYLAND, J. 
HUDSON, G. 
Hull 
HUNT, W. 
HUNTSMAN, BENJAMIN 

Benjamin and Co. 
BENJAMIN II 
FRANCIS 
WILLIAM 

Huntsman's Gardens 
Row 

Hussey, Wells and Co., Pittsburgh 

I 

IBBERSON, J. 
IBBOTSON, W. 

59-60,560-1, KK 
156 
607 
351 
157-9 
509 
110,118-9 
119 
303-5,320-1 
81 
578 
150 
44 
578 
95-97 
454 
604 
142,145,147-50 
27-29 
114,116 
525-7, AAA 
132,222,224 
186 
100,108 
204, (19), (23) 
385,462,566,568-9 
328-330 
94 
625 
507 
94 
307-8,461 
157-177 
170 
124,135,315 
195 
102,132,148-9,152,157,159, 

183,186, Chap. 7 (205-257), 
258,280,291 

476,493,497,562-3 
242, HH 
257,431 
212-3,223,234-8,240 
208 
207 
619-623 

135-7,139,141,151 
177-8,480 



Imperial Steel Works, Sheffield 
Imphy, France 
Ingot Moulds 
Iron, A. O. K. 

Adirondack 
American 
Armco 
Bar 

Berri 
Bessemer Pig 
Blaenavon 
C and Crown 
C. D. G. 
Cast (see also Pig) 
Chillington 
Cold Short 
Cumberland 
Danks 
Dannemora 
Double Bullet 
English 
Furness 
G. L. 
Gridiron 
H. K. 
Hoop L 
Hot Short 
JB Atlas 
Lancashire 
Littles 
Malleabli sed 
Missouri 
Old Sable 
Oregrund 
Pig (see also Cast) 
Russian 

Shropshire 
Spanish 
Sponge 
"Steele" 
Steinbuck 
Swedish (Bar) 

Swedish Cast 
Swedish Lancashire 
W and Crown 
Walloon 
Wrought 

501 
467 
221-2,232,331-4,398-400 
135,139,141,324 
619-20 
114,166 
324,454 
59-62,122-125 
541,543,546 
408 
313,382,404 
123 
135,141 
5-6,17,38-39 
322 
61 
323,349 
120,123 
60,71,98,123,168,173,610 
60,98,123,135,141,161 
317-20 
313,405,488 
123,135,141,161 
60,123 
322 
60,123,135,161,322,324,611 
60 
322 
323 
71 
48 
619 
108 
60,113,161-4,167-8,232 
5-6,17,38-39,45,55,325-7 
60,85,98-99,166,168-9,171, 

173,321,323 
323 
97 
353-8, RR 
123 
123 
60,85,88,93,97-9,123,131-2, 

135-6,139-141,144,161,166, 
168,172,184,202,236,240, 
313,321-3,346,454,499-500, 
542,544,546-7,553,563-4,610, 
629,636-7, J, K, L, M, N, Y 

184,313-6,483,496 
324 
60,123,161 
324 
5-6,45 



Iron Age 
Forges 

Isheff Works, Russia 
Ivry, France 

J 

JACKSON, E. 
Jackson, James and Sons 
JAMES I 
JANOYER, M. 
Japan 

Special Steel Co. 
JARS, G. 

JENKINS, R. 
Jenks, J. and Co. 
Jersey City Ironworks, U. S. A. 

Jessop, Wm. and Sons 

Jonas and Colver 
Jones, I. 
Jones and Quigg 
JOUSSE, M. 
JUBB, S. 

K 

KALMETER, H. 
Kama, Russia 
Kapfenburg, Austria 
Karlkind, Germany 
Karlsviks Mitisguteri, Sweden 
KENYON, J. 
KETTLE (KITTEL) (Birmingham 

Steelmaker) 
Keynsham, near Bristol 
KHATTUSILIS III 
Killafors, Sweden 
Killamarsh Works, near Sheffield 
KING, J. 
Kirkstall Forge 
KITSON, J. 
Kizzuwatna 
Kladno, Bohemia 
KNATTON (Sheffield Iron Merchant). 
Krefelder Stahlwerk 
KOLER, H. 
KOLLER, A. 

26-34 
117 
600-1 
415 

321 
256,564-8 
85 
376 
51,638-40, (XV) 
639 
10,107,134,137,156,229-30, 

233,542-3, C, D, V, Z 
83,91 
198,507 
619 
181-2,185,275,323,448-50, 

458,461,476,480,492, QQ 
440,580 
621 
618 
24, F 
219 

109,161-2, W, AA 
600-1 
456,593-6, GGG 
578 
532-3 
132,149,155,158,226 

161-3 
166 
27 
530 
508 
170 
194 
381 
27 
414 
157 
578 
80 
572 



Kongsberg, Norway 
KORB, F. 
KRAUS, G. 
KRUPP, A. 

L 

La Belle Steel Works, Pittsburgh 
Ladles 
Lake Superior Copper Works 
LAN, C. 
Lancashire 

Iron 
LANDES, D. S. 
Landore Works, S. Wales 
LANDRIN, A. if. 
LAYCOCK (Purchaser of Swalwell 

Works) 
LEADER, R. E. 
Leeds 

-Liverpool Canal 
LEHRKIND, G. 
LEONARD, J. 
Lesjofors, Sweden 
LETSOME, T. (LEDSHAM) 
LEWIS, WILLIAM 
LIGHTOWLER, T. 
Lignite 
Lindenberg, R. (later J. ) 
Linton, near Hereford 
Lippitzbach, Austria 
LITTLE, REV. D. 
Liverpool 
Lloyd and Foster 
Llyn Cerrig Bach 
LOHAGE, A. 
Lohmann, F. 
Loire, France 
London 

Steel Works 
Loriette, France 
Love and Manson 

Spear 
LUCAS, E. 

S. 
LUDWIG, P. 
LUNDIN (Swedish Engineer) 

534 
44, H 
527, BBB 
256,292,294,338,383-4,469, 

572-3,575-7,579-586, FFF 

62 4 
398-9 
623 
3 76 
194,349 
323 
122 
412 
83 

189 
138 
476 
194 
367 
608 
528 
92 
156, I, X 
592 
62,85 
578 
44,88 
592 
606, HHH 
506-7 
411 
31 
367-8,372 
573,578 
374-5 
104,124,135,164-5,194,241, 

477, (18) 
508 
568 
217 
157,217,219,280 
15,349 
15,352 
81-3 
527 



M 

Madeley, Shropshire 
MAKIN, J. (MEKIN) 
Marriott and Atkinson, Sheffield 
MARSDEN, R. 
MARSHALL, JOHN 

JONATHON 
Marshes and Shepherd 
MARTIN, E. P. 

PIERRE AND EMILE 
MARTINEAU, J. 
Masbrough, near Rotherham 
Massachusetts, U. S. A. 
MAYER, F. 

J. 
Mayerhofl, Austria 
Mayr, F. and R. 
McKelvie and Blair 
MELLOR, J. 
Mells, Somerset 
Melting Heat 
Mersey Iron and Steel Co. 

Steel Co. 
METH, P. von 
MEYSEY, M. 
Middlesbrough 
Midvale Company, U. S. A. 
Millsands (Milnsands), Sheffield 

Millscale 
Millwards, Redditch 
MILNER, G. 
Milton Iron Company, S. Yorks. 
Minerva Works, Wolverhampton 
Mitchell and Company, Sheffield 
MONGE, G. 
MONGENET, M. 
Monkbridge Iron Co. 
Monkland Steel Co. 
MONNARTZ, P. 
Montlucon, France 
Morel, Petain, Gaudet et Cie 
Morgan Crucible Co. 
Morrill Tariff 
Morrison, Mossman and Co. 
MORTON, J. 
Moss and Gamble 
MOTAY, T. de 
Mottetierres, France 
MOULD (Iron Merchant) 
MOXON, J. 

275 
128,143,145-7,149 
411 
338 
135,153,158-9,217,219,562-3 
159,177,218,477,575 
178,201,476 
419 
390-3 
425, W 
153-4,177,215-6,242,476,604 
607,609 
456 
577,590 
593 
593-6 
618-9,622 
219 
194 
73 
369,377 
506 
82 
83-88,97 
380 
440 
143,156,160,177-8,182,217-8, 

292,477,480,490 
329 
233 
119 
321 
198,507 
177 
12,559-60 
543 
338,381 
171 
465 
385 
367 
277-8,639 
622 
190 
135,143 
356 
354 
567 
124 
93-4 



Muck (Muckite) 
Muhlenthal, Switzerland 
MULLER, E. 

F. G. 
J. 
M. 

Munkfors, Sweden 
MUSHET, D. 

R. F. 

N 

Naes, Norway 
Nancarrow and Matlock 
Navigation Works, Sheffield 
Naylor and Company 

and Sanderson 
Vickers and Co. 

Near East 
Neepsend, Sheffield 
Nerouville, France 
Newburn Steel Works 
Newcastle-on-Tyne 

Alloys Ltd. 
New Haven, U. S. A. 
New Jersey, U. S. A. 
New Sheffield Works, Newburn 
New York, U. S. A. 
Nijni Novgorod, Russia 
Nijni Saldinsk, Russia 
Norfolk Works, Sheffield 
NORMAND, CITOYEN le 
North Midland Railway 
North Western Railway 
Norway 
Nuremberg, Germany 
NUSSBAUM, J. 
Nykoping, Sweden 

0 
Oakes Green, Sheffield 
ODHELIUS 

263 
587 
415 
383-4,579-585, FFF 
81 
592 
527, (20), BBB 
15,21,250,311-2,346,350-1 
306,331-5,380,404,406-8, 

434-442,459, NN 

534-5 
607 
476 
178,480 
178,218 
159,181-2,218,292-3,369,480, 

490-1,590 
20,28 
182 
543-5 
191-3,326,508 
65,69,83,104,110,113,116, 

128,133,137,188-190,217, 
(14) 

454 
602 
163,217,607,609-10,635 
191 
610 
598 
598 
477,491-2,497, (27), 00 
560, KK 
176 
462 
534-5 
20,80,82 
80-81,85 
524 

218 
100,133, R 



Ore, Haematite 
Hodbarrow 
Juniata 
Spanish Haematite 

Osaka Arsenal, Japan 
Osborn, Samuel and Co. 
Osterby, Sweden 
Oughtibridge, near Sheffield 
OUGHTIBRIDGE, T. 

P 

PACKWOOD (Razor Manufacturer) 
PADLEY, A. 
PAGE, N. 
Pamiers, France 
Park Brothers, Pittsburgh 
Park Works, Sheffield 
PARKER, W. 
PARKES, A. 
Parkgate Iron Works 
PARKIN (PERKINS) (Steelmaker) 
PARKIN, F. M. 
PARKINS, J. 
PARRY, G. 
PASCHAL, S. 
PATTEN, T. 
PAUVERT, C. 
Penistone, S. Yorks. 
Pennsylvania, U. S. A. 
PERCY, J. 

Collection 
Persenbeug, Austria 
Petin, Gaudet et Cie 
PHELPS, T. 
Philadelphia, U. S. A. 
Phlogiston Theory 
Phoenix Bessemer Co. 
Physics 
Pickslay and Co. 
Piedmont, Italy 
Pittsburgh, U. S. A. 
Plate et Roger, France 
Plated Bars 
PLAY, F. le 

PLOT, R. 
PLOWDEN, F. 
PONCELET FRERES 
PORTEVIN, A. M. 
Pouplier, Germany 
Poutiloff Works, Russia 

46,108 
382 
611-2,618 
409 
639 
438,493 
525-7,530-1, (18), (19), AAA 
263 
127 

432 
432-3,621 
92 
569 
440,620-4 
480 
153 
467 
495 
122,124,127 
341-3 
610 
380-1 
607 
233 
308 
408,486,489,495 
607,609,625-6 
77,241,320,353,367,376,405 
371,438 
224 
567-8 
605 
607,610 
11-12 
488-9 
303-9 
429-433,480 
93 
281,609-10,614-15,617-27, III 
566 
74 
64,175,241-2,256,282-3,319, 

321,479, L, MM 
9,95-8,101, B 
90 
563 
465 
578 
601-2 



Pow and Faucus Ltd. 
Prague 
PRIESTLEY, J. 
PROBERT, C. 
"Procedes Anglaises" 
Proof Stress 
Puddling Process 

R 

Rabbling 
RAMESES II 
Ramsbergs Bruk, Sweden 
Read and Company 
REAUMUR, C. A. F. de 
REED, ALDERMAN 
REES, A. 
Remscheid, Germany 
RESS, F. M. 
REYNOLDS, E. 
Rheinmetall, Germany 
Rhode Island, U. S. A. 
RHODES, E. 
RICHARDS, W. 
Richmond, near Sheffield 
Ridley and Co. 
RIEPE, E. 
RILEY, J. 
RINMAN, S. 
RIPPER, PROF. 
River Don Works, Sheffield 

Roanne, France 
Robertsbridge, Sussex 
ROBINSON, C. W. 
ROBSAHM, L. 

ROBYNSON, C. 
Roche Abbey, S. Yorks. 
ROCHIER, J. 
ROPER, G. 
Rotherham 
Ruffec (Ruffecq), France 
Russia 

S 

Saint Aegyd, Austria 
SAINT BRIS (Steelmaker) 

189 
79 
13 
169 
45,522,591 
26, (6) 
39,361-4 

40 
27 
525 
167 
9,48,58,64,536-40, I 
114 
44,65, G, N. 
110,166,571-2,578-9 
80-83, Q 
337,490 
578 
608-9 
589 
419-420 
94,120-2 
189-190 
367-370,372, 
353,412 
12,525 
454 

375 

182,218,275,280-1,293,315-6, 
338,451,457,483,490-1, (32), 
pp 

540-1 
45-6 
509 
106,116,133,137-8,156,220-3, 

M, u 
44 
117 
91-2,97 
121-2,127 
67,103,121,133,157,176,476 
543 
598-602 

592 
555 



Saint Chamond, France 
St. Etienne, France 
St. Louis Bridge 
Saint Seurin, France 
Salamander 
Salt 
SANCHE (Steelmaker) 
Sanderson Brothers 

Sanderson-Halcomb Works 
San Francisco Bell 
"Sap" 
Saville, J. J. and Co. 

, SIR G. 
Schaffhausen, Switzerland 
Scheelite 
SCHLEGEL, A. 
Schellenhausen, Germany 
Schloss Schondorf, Austria 
SCHMIDT, F. X. 
SCHNEIDER (French Ironmaster) 
Schoenberger, G. and J. H. 
SCHRODERSTIERNA, S. 
SCHUBERT, H. R. 
Schweinfurt, Germany 
Scotland 

Street, Sheffield 
Seebohm and Dieckstahl Ltd. 

Seraing, France 
Sheaf Works, Sheffield 
Shear Heat 
Sheffield 

Methods 
and Rotherham Rly. 
Steelworks, Pittsburgh 

SHEFFIELD, W. E. 
SHORE, S. 
Shortridge and Howell 
Shotley Bridge, Co. Durham 
SHREWSBURY, EARL of 
Sidney Ironworks, Sussex 
Siegen Solingen Guss Stahl 
SIEMENS, C. W. 

F. 
"Slitt Steels" 
Slitting 
SMITH, J. 

385 
256,280,565 
461 
568 
49 
58 
540,546-54, DDD 
178,181,183,218,337-8,427, 

477,480,493,627, WW 
627 
292 
72 
323 
254 
424,588,591 
441 
366 
82 
456,597-8 
366 
367 
617-9 
133, BB 
44 
467 
167-171 
135-6,144 
183,324,453,457,463,468-9, 

493,497,580, (VI), (VII) 
354,390-1 
181-2,476 
73-4 
67,83,100-3,126,128,133,137, 

152-161,174-186,203,280,312-9, 
321-5,406,427-433,438-9, 
441-458,462-3,465-6,468-505, 
(17), (18), (19), (20), Z 

19,45,522 
176,476 
621 
592 
122,124-7,153 
328-330 
45,100,108 
44 
44-5 
578 
17,346,348,358-9,394-402,410-3, 

482, SS 
410 
130,136 
130,168 
135,137-9,144,219,226 



SNELUS, G. 
Snow Hill (Snowshill), Birmingham 
SOCIETE D' ENCOURAGEMENT POUR 

L'INDUSTRIE NATIONALE 
SOCIETE METALLURGIQUE DE 

L'ARRIEGE 
Soderfors, Sweden 
Solingen, Germany 
Somersetshire 
Soot 
Sorby and Sons 
Southold, Long Island, U. S. A. 
Sows 
SPEIGHT, A. 
SPENCER, J. 
SPENCER, M. 
Spiegeleisen 
Spring Heat 
STACEY (BALLIFIELD HALL) 
Staffordshire 
STAHL, G. E. 
STALLARD (Iron Merchant) 
STANIFORTH, D. 
Staveley 
Steel, Acid 

Bessemer 

Open Hearth 
Ajax Self Hard 
Alloy 

Atlas Extra High Speed 
Toughened 

Basic 
Bessemer 
Open Hearth 

Blister (also Cementation) 

Bloomery 
Bresci an 
Carbon 

, Role of 
Case Hardening of 
Cast (see Crucible) 
"Cast" - French term 
Castings 

Cementation 

Costs 
Chinese 

356,415-6 
163 

561-4,573,588 

569 
280 
100,571-2,578-9 
194 
58 
186 
602 
45 
119 
190-3,338,506 
133,139-40,148-9,153,218-220 
41,306,384,389 
73-4 
123 
194-5,323, (19) 
11 
124 
121 
118 
399-400 
18,21,294,321,346,365,387, 

394-409,411, (31) 
294,394-400,410-3, (31) 
441 
1,21,422-473,532-3,569,628, 

(4) 
452 
377 
21,400-2 
419-421, (31) 
420-1, (31) 
17,45, Chaps. 3-6 (55-204), 229, 

310,327, (11), (12), K, 0, P 
20,23-34,47 
17,37-8,52, A 
1-4 
2-6,9-15,55-57, (2), (3) 
16,35-6,55-6 

45,547,549 
292-3,490-1,495,577,589-590, 

(33) 
9,20,35-37, Chaps. 3-6 (55-204), 

523-7,536-559,571-2,591,598, 
602-617,637 

200-2, (IV), FF 
17,20,47-54 



Chromium 
Clarence Self Hard 
Co-Fusion 
Copper 
Crucible 

Cullen 
Damascene 
Dannemora Cast 
Definition of 
Deoxidation 
Diffusion Processes for 
Direct Production of 
Double Cemented 
Double Shear 
Double Spur 

and Single Star 
and Double Star 

Ductility of 
Faggott 
Firth Speedicut 
Forging ingots in 

Forging of 
Forge Welding 
Gadd 
German 

Gold 
Hardness of 
High Speed 

Huntsman (see also Crucible) 
Ingots in 
Killing of (see Deoxidation) 
Liquidus Temperature 
Manganese 
Meteor (or meteoric) 
Mild 
Mi ti s 
Mushet Special 
Natural 

Nature of 

425,427,429,459-466,589-590 
441 
52-4 
424-5,589 
18,102-3,144,152,183, Chaps. 

7-8 (205-344), Chaps. 10-11 
(422-521), 528-534,559-570, 
572-587,588-590,592-7,599-602, 
634-6,638-40, (31), (34), HH, 
II, JJ, KK, 00, PP, QQ, W, WW, 
XX, EEE, GGG, III, JJJ 

41 
424,428 
457 
1 
295-303 
35,56-57,59 
349-360, SS 
59,75,225 
75,111,183 
111,116 
111 
111 
3-4 
120,129 
451 
185,490-1,582-6,599-600, (27), 

(32), 00 
6-7,237, GG, P 
7,50-1,74-5,111 
120,129-30 
17,24,41,111-2,156,168,170, 

183,549,571,608,621 
425 
2-4, (1), (2) 
277,438,450-6,532,592,631-5, 

639, M, (XIV) 
18,20,202, Chap. 7 (205-257) 
229,291-4 

6 
470 
424,467,589, W 
5,371 
532-3 
436 
16,109,374,523,535,556, 

571,591,607-8, D, H, G 
1-7, (1), (2), (3), (4) 



Nickel 
Nickel Chromium 
Non Metallic Inclusions in 
Open Hearth 

Peruvian 
Phosphorus, Role of 

Platinum 
Puddled 

Quenching of 
Raw 
Rhodium 
Ruff 
Sanderson Self Hard 
Seebohm Capital H. S. 
Self Hard 
Shear 

"Slitt" 
Siemens Martin 
Silicon 
Silver 
Single Shear 
Solidus Temperature 
Stainless 
Styrian 
Swedish Bessemer 
Swedish 
Temper of 
Titanium 
Toughness of 
True 
Tungsten 
Vickers Special 

Steel-Through Heat 
Steeling 
STEER, G. 
Sjarnfors Bruk, Sweden 
Stockwith on Trent 
Stourbridge 
Stones and Robertson 
Storfors Bruk, Sweden 
STUBS, P. 

425,427,467-9,589 
469 
78 
17,21,185,294,348,356-7, 

360,365,387,394-402,410-3, 
467,492,495,639 

430-3 
33-4,61,89-90,320,355-6,382, 

404-8,414-421 
425,427 
18-19,21,184,199,361-388,579, 

625, (29), TT, W, FFF 
2-4,20,29, (2) 
24 
425-7 
120,129 
440 
451 
21,277,434-450 
17,20,43,74,111,116,152, 

610, P 
130,136 
390-3 
470-1 
424-7,429+30,589 
111,183 
6 
21,465-6,639 
17,34,41,52,374-5,595-6 
324 
93,523-533 
71-6 
435-6 
3-4 
43 
434,456-9 , 532 
457 
73 
36-7, (7) 
122,126-7 
527 
124 
95,99,104-5,161,163,265 
509 
(19) 
233,311,346,511, (19), (23) 



Styrian Steel Works, Sheffield 
SUCKLING, Sir J. 
Sussex 
SWALLOW, R. 
Swalwell 
Sweden 
SWEDENSTIERNA 
Swift, Levick and Co., Sheffield 
Switzerland 
SYKES, J., Hull 
SYLVESTER, F. 

T 

Talabot, L. 
Teams, near Newcastle 
THADDEUS, F. 

M. 
THOMAS, G. C. 

S. G. 
Thompson and Johnson 
THORNTON (Iron Merchant) 
THURBER, P. 
TINGLE FAMILY (Steelmakers) 
Tinsley, near Sheffield 
Titanic Steel Works, Glos. 
Tokyo 
Toledo 
Toledo Steel Works, Sheffield 
TOOKER, C. (or TUCKER) 
Tow Law 
Trablaine, France 
Trenton, N. J., U. S. A. 
Troy, U. S. A. 
TRUDAINE, MINISTER 
TSCHERNOFF, S. 
TUCKER, J. 
Tungsten Master Alloy 
TURNER, T. 
Turnpike Acts 
Turton, T. 

and Matthews 
Tyzack Records 
TWIG (or TWIGG), J. (and J. Jnr. ) 

595 
92 
33,94 
119,146-7,153,157,218,476 
106-8,114,189-90, U, V 
44,59,132,523-533 
168 
441 
254-5,587-91 
124,135,146 
119-125,128,130 

566 
106,190 
593 
592 
309 
20,399-401,415-421,482 
509 
124 
467 
154,216 
103,135-6,157,176,475 
435-8,518 
638 
423 
182,493 
87,94-5,122,604 
389 
564-6 
608 
610,625 
540-2 
600 
602-4 
447 
44, H 
103,176 
179 
181 
321 
128 



U 

Uchatius Process 
Uddeholm, Sweden 
Unieux Works, France 
United States of America 
UNWIN, H. 

V 

Valley Forge, Pennsylvania, U. S. A. 
VANDERMONDE, C. A. 
Verdie et Cie 
VESSEY, J. 0. 
VICKERS, E. 

W. 
and Sons 
Son and Maxim 

VICTORIN (Iron Merchant) 
Vienna 
Viksmanshyttan, Sweden 
Virginia, U. S. A. 

W 

Wadsley, near Sheffield 
Wadsley Bridge, near Sheffield 
WAERN, C. F. 
Walker and Booth 

Eaton and Co. 

and Wilde 
WALLER (Goldsmith) 
WARREN, K. 
Watson, Raynor and Taylor 
WATT 
Weald 
Weardale 
Webster, of Penns 
Wednesbury 
Weierhammer 
Weldon and Co. 
Wellmeadow Steel Works 

325-8,354,529-30, (VIII) 
525,528 
462,568-9 
252,256,602-38, (XIII), (XIV) 
306-7 

610 
12,551 
566,568 
xx 
312,483 
318 
338 
159,185,451,453,466,468-9,495 
124 
592 
280,328,529-30, (VIII) 
609 

117 
218 
319 
153-4,157,159-160,177,215-6, 

242,476 
178 
158,160 
241 
474,486-490 
148-50 
55 
20 
45,108,377,405 
508 
411 
366 
177 
280-1,324,443 



WERTIME, A. 
West Cumberland Works 
West Pomerania, Poland 
Wetter, Germany 
Whittington Works, nr. Chesterfield 
WILLEMOTH (Birmingham Steelmaker) 
WILLIAMSON, Prof. A. 
Wilson, Hawksworth and Co. 
Windsor Loam 
Winlaton 

Mill 
WINTER, C. 
Witten, Germany 
WITTENSTROM, C. 
Wolfert and Lardner 
Wol frami to 
Wolverhampton 
WORDSWORTH, S. 
Workington 
Wortley, near Sheffield 

Y 

Yawata Steel Works, Japan 
Ybbs (Ypse) Austria 
Yield Stress 
Yonago Steel Works, Japan 
York, U. S. A. 
Yorkshire 
Young and Co. 

Z 

79 
415 
32 
579 
378-9,483,491, (30) 
163 
417 
178,458 
100 
20,102,105-6,165 
105-6,110, S, T 
187 
573,577-9 
582-3 
572 
441-6 
198 
135 
409,489 
155 

6 39 
224 
26-7, (6) 
639 
610 
94 
157 
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