






























































































































































































































































































































































































































































































































































































































































the cementation furnaces at this date can be seen in Figure
22. The valuation of the estate given in a co-partnership
deed, dated 19th September 1825, between Henry Hunt, Thomas

Yate Hunt and Samuel Hunt

'in the business of Steel Manufacturers and Coal
Masters at the Brades in the County of Stafford'

indicates the survival of the eighteenth century mixed

1
economy :

Mansion House and Farming Buildings £15,000

Steelworks including Engines and

Machinery £10,000

Dwelling Houses for Workmen £1,600

Colliery Erections including Mine

Engine, Whimseys and other Apparatus £8,400

Boats, Tools, Bricks, Ore, Sand, etc. £1,000
Fixed Value £36,000

Book Debts, Stock in Trade, Farming
Stock and other property of a variable
nature £14,000

£50,000

The steelworks was leased in 1860 to George Adkins,
Francis Adkins, Henry Tate and Charles Rickards;2 at this
time there were four cementation furnaces in operation. A
further lease was negotiated in 18703 in favour of Charles

Rickards, Caleb Adkins and Francis Adkins covering five

1 Birmingham City Libraries, Lee Crowder Papers No. 915.
2 Ibid, No. 922.

3 Ibid, No. 931.

196



197

cementation furnaces, a steel casting house with twelve
pots, rooms for the making and drying of crucibles, an
auger maker's shop, a scythe forge and a coke store. The
works was sold in 1880 to George Caleb Adkins and George
Heaton, the remainder of the estate being sold in 1889.
There is an inventory of 18681 which gives some details
of the cementation furnaces :

'One large 40 Tons Converting furnace with outside

cone 26 feet diameter and say 50 feet high with

two pots 12 feet long, 3 feet wide and 4 feet

deep. Firebrick linings to flues, chimneys and

arches and firegrates underneath with plates,

binders and underground chambers and approaches.

Two other Converting Furnaces about 24 feet

diameter with two pots in each as last. Two

smaller Converting Furnaces about 25 feet dia-

meter at the bottom on ground level 45 feet high

with ashpit 5 feet deep but without underground

cellars. Two converting pots in each say 12

feet long, 2 feet 8 inches wide, 3 feet 3 inches

deep with firegrates, plates, lintels and fire-

brick linings, flues, chimneys and arches. The

pots in one of the furnaces are out of repair’'.
The sizes of chest quoted indicate that the larger furnace,
stated to be of 40 ton capacity, would only take around 22
tons per heat, whilst the smaller ones would have had a
capacity of 15 tons. With normal working, however, an

output of some 1000 to 1500 tons of blister steel per annum

should have been possible.

There is some other evidence for the making of blister

steel in the Black Country :2

1 Birmingham City Libraries, Lee Crowder Papers No.930.

2 Griffiths, loc.cit., p.1l6l.
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'The Darlaston Steel Company ... convert steel on a

large scale on the cementation process. All kinds

of steel are made here and the brands are well

known and appreciated in the market'.
No further details are given. The most intriguing informa-
tion in the volume from which the above quotation was taken,
however, appears in the advertisement section, which
identifies Isaac Jenks of Wolverhampton as manufacturers of
blister steel and cast steel. Moreover, there are woodcut
illustrations of the Minerva Works and the Beaver Works
owned by Jenks. These show a number of conical structures,
strapped with circular bands at regular intervals and
resting on circular bases. There are two groups of these,
one of sixl and one of three, at the Minerva Works, and one
pair at the Beaver Works. It is very likely that these
were examples of the locally derived type of cementation
furnace which was described many years later in the
reminiscences of an old iron maker :

'A circular excavation of about 25 feet diameter,

about 7 feet deep, had a brick wall built all

round it. The furnace was built inside this

enclosure, and was about 18 feet in diameter and

30 feet high, of a circular dome shape, with an

opening at the top for a chimney or a stack.
The space between the outer wall and the furnace

1 Adjacent to this major group is a building with a
rectangular chimney which could well be the crucible
melting shop. If this is correct, it would appear
that the latter operations were on a relatively small
scale.

2 M. Millard, '01d4 Methods of Ironmaking', Journal
Staffordshire Iron and Steel Institute, vol.xxvii,
(1911-12), pp.189~191. The drawing of the furnace is
reproduced in Fig.19. (Ref. No. 22).
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proper was covered over and approached by steps

and was called the cellar. (Similar furnaces

externally may be seen at the glassworks of

Stourbridge) . Four firegrates were placed in

the furnace at the level of the cellar, thus

obviating the effects of stormy winds and

weather and ensuring a steady draught for the

fires; the form of the grates was a medium

between the ordinary boiler and furnace grates.

There was a flue across the centre of the

furnace about one foot wide covered over with

cramped bricks, with an opening near the centre

to allow the escape of smoke and flame; the

other grates had an opening to the left and the

right for the same purpose. There was thus

formed two 'beds' or 'muffles', each about 3

feet wide and 14 or 15 feet long, the height

generally being about 4 feet'.
The description later refers to doorways in the sides of the
furnaces, at just above ground level, fitted with iron doors
to allow the taking in and the removal of the iron bars.
The cementation medium was small wood charcoal; the cover
to the chests was finely sifted, soft loamy sand. The
weight of iron charged per 'muffle' is given as 8 to 10 tons,
which fits in with the dimensions quoted. Rather
surprisingly, however, it appears that the temperature was
limited to 'a dull red colour' which obviously would give a
slower diffusion of carbon than was common in Sheffield,
with its higher temperatures, and cementation times of 10
to 14 days were the norm. Conversely, with less heat in
the furnace structure, cooling periods were only 4 to 6
days. There was, in fact, another unusual feature
connected with these furnaces; they from time to time
operated on charges largely consisting of locally produced

'‘puddled steel', something which will require discussion

in a later chapter.



v Production Costs

Some information as to the operating costs of the
cementation process may be found by diligent search through
the records; as may be expected, it is of a somewhat
random nature and comes from the second half of the eight-
eenth century and the nineteenth century. The collected
information is summarised in Table II and the detail on

which this table is based may be found in Appendix FF.

As may be expected, with evidence drawn from records
over such a period of time, from numerous sources and
with no consistent accounting system, there are wide
variations in costs. The main comments which may be

made are as follows :

(1) As expected, from the almost constant ratio of
charcoal to iron in the chests, the cost of
charcoal per ton of steel is reascnably constant,
tending to rise somewhat during the nineteenth
century, presumably indicating a rise in the cost
of charcoal once it ceased to be a major metallur-
gical fuel.

(2) Labour costs, with the exception of the early
operations by the Cutlers' Company and the
Birmingham furnace, are relatively consistent.

In the case of the former furnace, the scale of
operations was small and, in comparison with
later operations, it would be relatively over-
manned. The Birmingham furnace, as noted below,
was hardly a typical example.
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(3) The large variation in fuel costs requires some
explanation. There are three figures which are
out of line. There is no clear explanation for
the Blackhall Mill figure; it Jjust seems to be
too low. The Birmingham information relates to
one of the three-chest furnaces with two firing
flues. This design, on the face of things,
should have been more efficient but it was
peculiar to this area which later adopted the
more usual 'Sheffield Type' with two chests.

If the Birmingham 'cauldron' of coal contained
the normal 16 cwt., then the coal consumption
was about 3.2 tons per ton of steel as against
figures of 0.75 (Le Play), 0.60 (Gruner and Lan)
and 0.82 to 1.21 (Marsh Brothers) found else-
where. The final abnormal figqure comes from
Sweden and it must be remembered that this
refers to a charcoal fired furnace, essentially
different from all the others.

(4) The wide variation in miscellaneous charges
clearly indicates that certain accounts
contained items ignored elsewhere.

(5) It must be remembered that these items are

isolated references and that there were likely

to be variations of a significant nature within

one plant from one year to the next, as is

demonstrated by the Marsh Brothers information.

Within this context, the figures charged for 'hire
conversion' within the trade become of relevance. Thus
the Cutlers' Company in 1769-1772 charged between 30/04
and 40/04 per ton,l whilst conversion charges of 28/0d4
to 32/04 were current from 1848 to 1859.2 Thus an
actual conversion cost of around £1 per ton or just over

would give the converter a reasonable return for his

trouble and this, indeed, is the level indicated by most

1 Company of Cutlers in Hallamshire Archives, vol.48.

2 Sheffield City Libraries, Brittain Accounts, LD 266.



of the evidence. A twentieth century indication comes
from Doncasters, with a note dated 1904 quoting conversion
costs of 16/0d to 17/08 per ton and a hire converting

charge of 22/0d. per ton.l

VI Retrospect

The life span of the cementation process can be shown
to have been at least 350 years, from the early report of
1601 to the last heat on the Daniel Doncaster No.5 furnace
in 1951. Over the final hundred years it was waning in
importance, but for the previous one hundred and fifty it
reigned supreme in this country as the source of steel.
Before Bessemer and Siemens revolutionised steelmaking,
from 1856 onwards, the raw material for the only rival
steelmaking method, Huntsman's crucible process, was
blister steel from the cementation furnace. The
remaining blister steel was either rolled or forged to
produce springs, edge tools and cutlery. Britain went
its own way, relying on imported primary material, in
the form of Swedish bar iron, in which it cornered the
market. The Continent, on the other hand, relied on

the older refining methods, using its own pig iron to

1 Doncaster Archives. Communication from J. Barker to
B. Doncaster, 1953.
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produce natural steel. In 1842, the amounts of blister
steel and natural steel produced in Europe were roughly
equal, with Britain producing over 80% of the blister

steel, the bulk of this within a few miles of the centre

of Sheffield.l

There are other aspects which have not so far been
discussed. It will have become clear throughout this
chapter that it is extremely difficult to disentangle
the cementation and crucible processes during this
period. The discussion of levels of production will
therefore form the subject of a separate section when
the final development of the crucible process has been
fully discussed.2 Likewise, the use of these two
procedures, which came to be referred to abroad as the
'Sheffield methods', will be considered jointly as far
as their developments outside this country are

concerned.3

The remaining evidence for the cementation process
is pitifully small. The Doncaster No.5 furnace, with
its partially modified superstructure, is still preserved
within the premises of the B.S.C. Laboratories at Hoyle

Street in Sheffield. Recently revealed, by the removal

1 Le Play, loc.cit., p.692. He points out that the
Sheffield figures which he quotes represent an under-
utilisation of capacity, suggesting that working on a
fully extended basis could possibly have produced
about 32500 tons of blister steel in the year.

2 Please refer to Chapter 11 (pp.512-516).

3 See Chapter 12.
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of other buildings, is a partially demolished furnace in
Bower Spring in Sheffield; this has now been scheduled
and it is of some consideréble interest because its
condition allows the intérnal structure of such a
furnace to be seen and appreciated. That priceless
relic in the North East, the furnace at Derwentcote
which is now about two hundred and fifty years old,
where the steel made over a century ago was of that
'extraordinary excellence', still stands. Almost
complete, it is good to know that plans are now in hand
for its restoration and for the clearing of the area

around it.

A reasonable amount of 'crozzle' still survives,
mainly as a coping to walls in the industrial East End
of Sheffield. There is also the film of the last
operations in the Doncaster No.5 furnace in 1951,
although the few available copies of this are becoming
rather worse for wear. There are even one or two
samples of blister steel still surviving from this
last heat although they are now very difficult to
locate. It is also now virtually impossible to
purchase a genuine shear steel carving knife other than
as an antique. It will always be a tragedy that some
means of preserving the group of six furnaces at Holmes

(Figure 23) could not have been worked out.

204



205

7 THE EARLY DEVELOPMENT OF THE CRUCIBLE PROCESS

'Huntsman's patient efforts, at last rewarded
with success, entitle him to an elevated niche
among the heroces of industry; the invention
of cast steel was second in importance to no
previous event in the world's history unless
it may have been the invention of printing'.

An anonymous American, quoted
by Sir Robert A. Hadfield.

I The Work of Benjamin Huntsman

Benjamin Huntsman, born of Quaker parents, probably of
Dutch extraction, at Epworth in Lincolnshire in 1704, took
up the profession of clockmaker in Doncaster in 1725.l He
was a practical man and busied himself in making his own tools
and clock parts and he found that the steel which was avail-
able, particularly for his springs and pendulums, was far
from ideal. It was, of course, derived from blister steel
and was not uniform in structure throughout its section;
although an excellent material for cutlery blades, its
shortcomings as a spring material, particularly for
precision clockmaking, can be appreciated. It seems that
that practical man, Huntsman, with the activities of the

brassfounders as a guide, considered that he could make a

1 For further biographical details on Benjamin Huntsman,
the reader could consult Benjamin Huntsman, 1704-1776,
an information booklet published by the Sheffield City
Libraries and containing the text of a lecture given by
the author at the Cutlers' Hall, Sheffield, on 2lst June
1976, the 200th anniversary of the death of Benjamin
Huntsman.
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more uniform material from his steel if only he could remelt
it. This was a revolutionary idea - no steel had, so far,
been taken to such temperatures. According to contemporary
theory, it never had had an opportunity for its constituent
atoms to intermix. There were, of course, considerable
problems involved. The temperature needed for the fusion
of steel was much higher than that needed for brass. This
required not only a furnace which would sustain such a
temperature for a considerable time but also a suitable
container, or crucible, which would withstand such a
temperature and also withstand the possible attack of the
metal on it during the fusion period. He was, in a sense,
born at the right time. Only thirty years earlier Abraham
Darby had demonstrated that coke could be used as a
metallurgical fuel in his blast furnace at Coalbrookdale.
Using a deep bed of incandescent coke and a suitable
draught it was now possible to maintain a high temperature
for a longer period than had obtained from the use of
charcoal, hitherto the universally utilised fuel in
metalworking. About the same time, alsoc, the value of
Stourbridge clay had been demonstrated in glass-making;
there was, indeed, a glass works operating in the area

at Catcliffe about the time Huntsman started his experi-
ments. The clay used for the glassmaking pots was, in
fact, Bolsterstone clay, not dissimilar from the

Stourbridge clay.1

1 Huntsman seems to have had continual trouble with the
material for his crucibles but there seems no doubt that
the experience of the glass makers had some lessons for him.



It is always presumed that Huntsman commenced his
steel melting trials whilst he was still at Doncaster
and that he moved to Handsworth to be near the source
of steel, fuel and clay in 1742. Be this as it may,
what is clear is that his cottage at Handsworth, of
which a water colour painting and an old photograph
survive, had a small extension. When the property
was demolished in 1933, flue marks were quite clearly
observed in this outhouse1 and it must be presumed
that it was here that the experimental work was
carried out in deep secrecy. Meanwhile, Huntsman
continued with his work as a clockmaker2 and it was
only by 1751 that he felt he could set himself up as
a steelmaker and move to premises which he designed

himself in Worksop Road in Attercliffe.3

He moved once more, to premises later to be
known as 'Huntsman's Row', but there is confusion as
to the date of the transfer. It is generally

suggested that it happened in 17704 and that the

1 W. S. Patrickson, in discussion reported in Trans.
Newcomen Soc., vol.xxiv, p.46.

2 He took on a further apprentice clockmaker in 1743.

3 The firm run by his descendents as B. Huntsman Limited

always quoted 'Established 1751' on its stationery.

4 Anon., L'Invention de l'Acier Fondu par Benjamin
Huntsman, published privately in Paris about 1890
by Marchand, Bignon, Ammer et Cie, p.13.
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building with the date '1772'l on the gable end nearby was
his residence for his last few years. These later works
were occupied by his descendents until 1899, when the
operations were transferred to a new works in Coleridge
Road; only the Huntsman's Gardens School, built near the

works in 1884, perpetuates his name in this area today. *

The earliest written record of Huntsman as a steel
melter appears in the archives of the Cutlers' Company,

where there is an entry in 1750 :2

'By expenses at Jacob Roberts's request about
Huntsman's, the steel founder's e 4s!

There is, most tantalisingly, no further information on

the matter. This was obviously about the time that

This building is now the Britannia Inn in Worksop Road.
The figures are allegedly in Huntsman's steel. This
tradition is quoted by G. R. Vine, The Story of 0ld
Attercliffe (Sheffield 1936), p.295. The Fairbank
Survey of 1819 (held by Sheffield City Libraries) shows
this property to be owned by Ann Hancock and not by
Francis Huntsman, who owned much of the nearby property.
In one of the earlier Fairbank sketchbooks (Field Bock
25, p.38, 11lth August 1763 - also held by Sheffield City
Libraries) there is property adjoining Attercliffe Green
(which could have been on the Worksop Road) containing
buildings erected by Benjamin Huntsman; amendments in a
different ink, presumed to have been made in 1781, show
the furnace on this site then to have been occupied by
Thomas Gunning; the 1819 survey indicates it to have
been held by Charles Hancock, brother of Ann Hancock
mentioned above. The 1819 survey also indicates a house,
a pleasure garden, ten workmen's houses (in Huntsman's
yard) , a steel furnace and a warehouse together with
other property in the area occupied by Francis Huntsman,
the grandson of Benjamin. The Ordnance Surveys of 1854
and 1893 both show this Huntsman property virtually un-
changed (except for the shape of the ornamental beds in
the garden).

R. E. Leader, History of the Cutlers' Company (London
1905), vol.l, p.174.

Although this statement was correct when this was written,
by the time this thesis is handed in, this building also
will have been demolished.
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Huntsman was beginning to feel sufficiently confident to
set up commercial operations. The Company, indeed, did
investigate the process, but that was some fourteen years
later and hardly seems to havé been under the auspices of

the inventor.l

It seems that his steelmaking prospered.2 There
are no surviving account books from Benjamin Huntsman's
time; the correspondence between him and Matthew
Boulton, however, is still available.3 Their associa-~
tion seems to have begun prior to 1757 in view of a
letter from Boulton which instructs Huntsman as
follows :4

'when you have any steel of a proper size and

quality you may send it, but should be glad

to have it a little tougher than the last

which our workmen complain makes a good deal
of waste'.

1 K. C. Barraclough, 'An Eighteenth Century Steelmaking
Enterprise: The Company of Cutlers in Hallamshire,
1759-1772', Bulletin Historical Metallurgy Group., No.
6:2 (1973), pp-26-28.

2 The lLondon Chronicle, 14th July 1761, thought fit to
report on 'the recent invention of Huntsman's
crucible steel' and considered it ideal for sinking
dies 'which produce excellent pieces’'. There is no
contemporary record of a comparable nature from
Sheffield, however.

3 These papers are now in the Archives Division of the
Birmingham City Libraries. References below refer

to the Birmingham catalogue. Photocopies of a number

of them relating to steel supplies may also be con-
sulted in the Sheffield City Libraries.

4 Letter, 19th January 1757, Box H3, No.231. The closing

paragraph reads as follows : 'I hope thy philosophick

spirit still laboureth within thee and may it soon bring
forth fruit useful to mankind but more particularly so

to thy selfe'.
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As early as 1764 Boulton wrote :l

'... we should be glad to know if you can make

us a pair of rolls about 7 Inches and % long

and ye diameter about half the length for the

rolling of silver and copper. Such a pair

we would be glad of ... You may also send

us one Hundd. Wt of fine refined steel rolled

exactly one tenth of an Inch thick and like-

wise a Barr sufficiently large to forge into

some fine dyes'.
Less than three months later, he was concerned to hear that
Huntsman had been ill, repeated the request for the rolls
and also requested :2

‘... one Hundred of Refined Tilted Steel which

we want to draw into fine wire and therefore

must be good and tilted small'.
In 1774, Boulton forwarded samples of hammers and 'dyes’,
asking Huntsman to produce six dozen of each.3 From some
of Boulton's letters it would seem that Benjamin Huntsman
late in 1775 was attempting to persuade Boulton to give
him the whole of his steel business, as indeed did his son

4

a year later, after his father's death; Boulton's reply
was the same in each case, to the effect that if further
trials proved the continuing excellence of the steel he

would be willing to consider it. At the same time,

Boulton was a little critical about Huntsman's prices.

1 Letter from M. Boulton to B. Huntsman, 9th August 1764,
Letter Book B, p.8.

2 Ditto, 26th November 1764, Letter Book B, p.33.

3 Ditto, 2nd July 1774, Letter Book G, p.54.

4 Ditto, 28th December 1775, Letter Book G, p.496; letter

from M. Boulton to W. Huntsman, 7th December 1776, Letter

Book G, p.767.
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In 1774, he indicated that, whilst Huntsman was charging 1l0d.

per pound for his steel sheet, he could obtain as much as he

wanted at 7%d. per pound

'from other people in your neightbourhood'.l

Early in 1776 the competitor's price had fallen :2

'Now if you wish to sell ten times the quantity
of steel you have ever sold you may easily do
so by conforming to your neighbour's price of

7d. per pound rolled. This I give you as a
friendly hint not from any wish of our own to
reduce the price. For our very fine steel

buttons we shall buy your steel be the price

what it will, but the great consumption is in

the common cheap steel buttons. We have some

button makers that order 2 or 3 Tons at a

time'.

The use of such quantities of steel in button making at
this time is fascinating. It is made even more so in the
light of some slightly later information which shows quite
clearly that the value of Huntsman's steel was that it did
not give rise to blistered surfaces on the finished product.
It seem that the technique employed by the button makers
was to decarburise the steel sheet completely, to form what
was essentially a pure iron - wrought iron, as it were, but

divested of its slag streaks - into the required shapes, to

cut the desired patterns into the soft iron and then to

1 Letter from M. Boulton to B. Huntsman, 24th June 1774,
Letter Book G, p.41.

2 Ditto, 25th January 1776, Letter Book G, p.517.
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recarburise, harden and polish.l The value of crucible steel
in such an application was obviously determined on a practical
basis almost a century before the cause of blistering during
the cementation process was properly elucidated.2 The
connection of the Huntsmans with the button makers of
Birmingham is of further interest in that William Huntsman

was a partner of Robert Asline in the production of buttons

in Sheffield in 1774.° In response to a request from

1 T. Gill, 'On Fine and Delicate Steel Work', Gill's Techno-
logical and Microscopical Repository (London, 1830), vol.6,
pp.275-288. I am indebted to R. D. Rawlings of the Royal
School of Mines for this information.

2 J. Percy, 'On the Cause of the Blisters in Blister Steel',
J.I.8.I. (1878, Pt.ITI), pp.460-463.

3 J. Sketchley, Sheffield Directory (Bristol, 1774), p.37.
The list of 'Sundry Manufacturers of Steel' on p.20 only
gives Thos. Boulsover, Benjamin Huntsman and John Marshall
as makers of cast steel; on the other hand, John Love is
indicated as 'Draper, Cast Steel Refiner and Factor' in
the alphabetical section on p.37. The association of
Asline with the Huntsman family went back at least to 1761
since Huntsman and Asline were purveyors of steel to Thos.
Patten and Company of Cheadle at 84s. per cwt. in that
year (Patten Account Book, 1761-1765, currently held by
Thomas Boulton and Company of Froghall); a similar entry
in 1763 involves Huntsman and Company, who also figure in
the 1774 Directory. Gales and Martin, A Directory of
Sheffield (Sheffield, 1787) again list Huntsman and
Asline among the 'refiners' (that is to say, cast steel
manufacturers, as contrasted with 'converters' or blister
steel makers). Other refiners are Hague and Parkin,
William Houlden, Love and Spear, John Marshall, Townrow
Burdekin and Tingle and John Walker. In addition,
although not specifically listed as cast steel makers or
refiners, it is arguable that the following should be
included: John Harrison, Richard Swallow, Walker Booth
and Crawshaw and Younge Sharrow and Whitelock.
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William Huntsman late in 1776 Boulton replied :l

'We shall be very glad to serve you in buttons
on as cheap terms as our other friends. We
will send you our pattD. cards if you'll
acquaint us whether you want solid Gilt and
plated or comm. gt. and ptd. on box or bone
buttons'.

Buttons were, however, only part of the steel market
and it is obvious from this correspondence that the real
value of cast steel lay in materials for tooling, dies,

hammers and, above all, for rolls, which called forth all

the skills of the steelmakers' art :2

'We should esteem it as a fav¥. if you would
without delay make us a pair of rolls for the
purpose of rolling burnished Gilt Foil which
foil is from % an Inch to 2% Inches broad. I
therefore think the Rolls should be 2% broad
upon the face at least and not rounded as
those are for the flatting of wire. We have
3 rolling mills that go by water and there-
fore as we have these conveniences we shall
avail ourselves of them and not work the
rolls by hand as the gold wire drawers do.
Our frames are adapted for and our Rolls are
of the size of the Drawing A but as you
probably can't make 'em so broad upon the
face as 5 inches we must submit to have them
narrower although we should prefer A 5 Inch
to B 2% Inch and therefore submit the breadth
to your convenience but should be glad that
our present frames may serve. We presume
your greatest difficulty will be to harden
them free from cracks and when polished to be
free from clouds and soft places. If you
have no conveniency for dressing them when
hardened we have such as will lap them fine
and perfectly true. We suppose you may

1 Letter from M. Boulton to W. Huntsman, 7th December 1776,
Letter Book G, p.767.

2 Letter from M. Boulton to B. Huntsman, 25th January 1776,
Letter Book G, p.517.
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venter to make 3 Rolls for if you get 2 good

out of 3 you will have good luck and if they

should all 3 be good we will take ‘'em’.
How Huntsman could conceivably provide such a roll from
the small ingot he was able to produce is not clear; nor
is the outcome of this enquiry. Certainly almost a year

later Boulton is still enquiring when they will be

delivered.l

II Local Competition

Huntsman did not patent his process; such a move
would probably have worked to his disadvantage in any
case. He was, of course, dependent on others to supply
his crucible materials, his ingot moulds and his blister
steel and, let it be made clear, to forge his ingots.
That he would have inquisitive observers would be
obvious; the fact that he was working in premises
attached to his residence, however, should have provided
him with reasonable security. The story of the beggar
approaching the warmth of the furnace room on a cold
winter night and seeking shelter from the storm is well
known. Having been allowed to enter, he feigned sleep
but, through half closed eyes, observed the whole

process and departed with the secrets the next morning.2

1 Letter from M. Boulton to W. Huntsman, 7th December 1776,
Letter Book G, p.767.

2 Anon, The Useful Metals and Their Alloys (London, 1857),
pp.348-349.
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It is a plausible and colourful story; considering the
difficulties experienced by Huntsman with his crucible
materials, the provision of the required temperature

for a sufficient period and the importance of the
selection of the raw material, the 'beggar' would have
to have been very skilled in the art and extremely
observant even to have been able to put in hand any
meaningful experimental work after such slight acquaint-
ance with the operations, let alone copy the process.
The 'industrial spy' concerned in this alleged deception
is generally identified as Samuel Walker, who was
involved in the local iron trade. He was known to have
built a steelhouse at Masbrough in 1748; this was
presumably a cementation furnace for the production of
blister steel. In 1750, however, he was reported to
have built

'a house and furnace for refining steel at
Grennoside'.

It is possible that this was his attempt to copy
Huntsman; 1if tradition is to be believed, this
espionage must have occurred at the Handsworth premises.
It does, however, under those circumstances seem rather
strange that there should have been a group of workmen

there at night or that Huntsman himself, living in the

1 A. H. John (Ed.), The Walker Family: Extracts from the
Minute Books (London, 1951), p.3.




adjoining house, should not have been personally aware
of what was happening. The Walkers departed from
Grenoside shortly afterwards for the much more access-
ible Lower Don Valley and their next recorded activity
in the steelmaking field was in 1771, at Masbrough
again. This appears to indicate that their early
attempts were abortive. The picture is confused,
however, in that their premises at Grenoside were
taken over by Benjamin Tingle, who had been a partner
with the Walkers. Local tradition in the Grenoside
area, outside the town boundary and thus largely
ignored by the Sheffield historians, is that Benjamin
Huntsman's secret was stolen from him, only two or
three years after he had made it a commercial possi-
bility, by a joint conspiracy between Samuel Walker
and Benjamin Tingle. The two conspirators had what
was referred to as 'a terrible flare up' shortly
afterwards and Walker left the area, leaving Tingle

in charge of both the premises and the secret. What
truth there is in this tradition will probably never
be known but there certainly were Tingles making
crucible steel at Grenoside in the latter part of

the eighteenth century and right through to 1863.l

Other attempts were soon made to copy Huntsman's

process. The trials made by the Cutlers' Company

1 Private communication from J. Beevor, local historian.
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have already been mentioned; these took place between
1764 and 1768 and were clearly unsuccessful. Further
afield there was a failure in the Newcastle area about
1765,l although a furnace in the Birmingham area, possibly
worked by Matthew Boulton himself, is described in 1770.2

In Sheffield itself John Love and Thomas Manson set up a

business
'for the running and casting of steel'3

near West Bar in 1765 or 1766. Manson was replaced by
Spear in 1769.4 John Marshall was casting steel at Mill-
sands by 1774 and his name (variously corrupted to
'Marschall' or even to 'Martial') became almost as famous

as Huntsman's on the Continent in the early years of the

1 G. Jars, Voyages Métallurgiques (Lyons, 1774), vol.l, p.227.

2 Letter from Robert Erskine to R. Atkinson, llth October 1770.
Original in the Library of the New Jersey Historical Society,
Newark, N.J., U.S.A. During the 1760s, Benjamin Huntsman
was invited to set up a works in Birmingham and he apparently
considered this seriously; on learning that part of the
agreement would be that he should instruct six others in the
finer points of his process, he indignantly refused and
returned to Sheffield (S. Smiles, Industrial Biography: Iron
Workers and Tool Makers (London, 1863), pp.l06-107.

3 Agreement between the partners (Tibbits Collection, Manus-
cript 200, Sheffield City Libraries). This document has an
omission in the final word in the year, but is in the sixth
year of George III; M. Walton, Sheffield, Its Story and Its
Achievements, 3rd ed. (Sheffield 1962), p.179, is thus in
error when she quotes the date as 1760, although this is a
valid interpretation on reading the first line of the

document.

4 The firm eventually became Spear and Jackson and has survived
to the present day.
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nineteenth century. John Marshall died in 1793 and was
followed by his nephew, Jonathon Marshall.l He gave up

the Millsands Works in 1829 and was succeeded by Naylor and
Sanderson (latexr Naylor, Vickers and Company)} who moved from
there to the River Don Works in 1863. In 1776 the Sanderson
Brothers set up crucible steelmaking at Wadsley Bridge,
whilst Richard Swallow, having taken over the Attercliffe
Forge in the same year, started similar operations at Oakes

2
Green nearby.

Some interesting sidelights on the early days of
competition with Benjamin Huntsman can be found in a contem-
porary notebook.3 Matthias Spencer was a filemaker - he
was supplying files made from cast steel as early as 1765,

The notebook records his purchase of an ‘ingate"4 of cast

1 Walton, loc.cit., p.179.

2 G. B. Callan, '400 Years of Iron and Steel', Sanderson Kayser
Magazine, 2:4 (1969-70), p.7.

3 A notebook of Matthias Spencer, filemaker. This has details
of steelmaking transactions at one end and domestic accounts
at the other. It was previously in the possession of

Spencer, Clark and Company and I was kindly allowed to study
it by courtesy of their publicity officer, Mrs. Lipson.
Following my suggestion, it is now lodged with the Archives
Division of Sheffield City Libraries.

4 The notebook is notable for its variations in spelling of
certain terms. This particular spelling, howeyver, is
consistent throughout and it is worthy of note that the term
‘gate' is given to the orifice through which the molten metal
is poured into a casting. An 'in-gate' would seem to be a
reasonable description of the metal from a .relatively long
parallel mould; it could indicate the derivation of the word
'ingot', which seems to be obscure.



219

steel weighing as much as 20 pounds in 1763. For this he
paid 64. per pound (£56 per ton). In 1768 he purchased
an ingot of 17 pounds, at the same price, from one Samuel
Jubb, whose name is not otherwise known. In 1770, he
became associated with 'Jon. Marshel' - presumably John
Marshall - from whom he purchased ingots, again at 6d. per
pound, the ingots weighing, on average, 21 pounds. The
ingots were forwarded to a Mr. Smith for tilting, the
forging charges being 4s. 6d. the hundredweight; it is
not stated how far they were forged down, but presumably
this was to sizes for conversion into files. Then, at
the end of 1771, there is a significant entry :

'Sent to John Marshalls the weight of scraps
10 stone to put half a stone to it to make

seven ingates'.
This type of transaction was repeated several times up to
1774, the ingot weight involved being between 19 and 22
pounds. There are no indications of cost for these
transactions, however. Meanwhile, in 1773, an 'ingate'
of 21% pounds was purchased from one Joseph Mellor. At
the end of 1774, Spencer seems to have ceased his trans~-
actions with Marshall; until 1778 he was sending his
scrap to John Love and Company. Thereafter, until the
entries cease in 1786 the name is changed to Love and
Spear. Throughout this period, the ingots vary in
weight between 21 and 25 pounds; the charges were

originally 4d4. per pound for hire conversion of Spencer's
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scrap, the figure being reduced to 3%d. for the last few

years.

This evidence is valuable in that it shows the growth
in ingot size over this period; it will be shown below that
Huntsman produced ingots of only 13 pounds in 1761. It
also indicates that others were involved in the cast steel
trade and that scrap steel was being recycled as an
addition to blister steel in the crucible charges. The
extent of this usage is not clear. It would, however, be
wrong to infer that, because Spencer received back in
ingots the same weight as he forwarded in scrap, the
utilisation of 100% scrap charges was current. Circum-
stantial evidence would imply that steel melters would
purchase back scrap from their customers and incorporate

this along with blister steel in their crucibles.

IITI Foreign Visitors

The first visitor to the Huntsman works to leave a
report was the Swedish engineer, Ludwig Robsahm.l He

arrived in Sheffield on lst July 1761 and made his way to

1 J. L. Robsahm, Dagbok over en Resa i England, 1761,
manuscript in Kungliga Bibliotek, Stockholm. The
comments given below are from a translation of the
relevant passages (Folios 58, 68-70 and 84-86)
provided by the late Torsten Berg.
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the premises of Osborne and Gunning, merchants with steel
furnaces.l They showed him over various works during the
next two days. On 3rd July, Mr. Watson, landlord of the
George Inn, took him to see Mr. Huntsman, two miles
outside the town. Here he saw the whole works, but
Huntsman refused to let him see how the crucibles were

made
'not even if we had offered him fifty pounds'.

Robsahm did, however, see the finished crucibles, reporting
them to be about eighteen inches high and holding about
three quarters of a gallon,zsomewhat wider at the top than
at the bottom. In the large workshop with a brick floor
there were nine square openings along one side, each about
eighteen inches wide. The crucibles were placed in these
holes and the openings closed with lids. When Robsahm
visited the works there were no crucibles in the holes
because steel had been cast the day before. Since the
room below the casting floor was completely dark, he was
unable to see how the firegrates were designed, or how deep
the holes were. The moulds for casting the steel were
made of cast iron and split longitudinally into two halves;

the internal space was two inches octagonal and the length.

1 Thomas Gunning probably took over Huntsman's original works
when he moved to the Huntsman's Garden area; he certainly

was in possession of the site in 1781, (Fairbank Plan,
Ref. SheD 71S and Field Book 25, Sheffield City Libraries).

2 This seems rather a high estimate; the liquid steel would
only occupy a quarter of this volume.
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approximately eighteen inches.

In an adjacent workshop was a mill for breaking down
the clay, consisting of a horizontal stone below and a
vertical stone running on top of it, pulled round by a
horse. This also was not in operation when he saw it,
but he understood from other sources that the mill was
used for grinding down pots or crucibles, used by gold-
smiths and other founders. Huntsman imported these from
Holland. Robsahm felt sure that they were made of some
kind of black lead or graphite and that the crushed
material was then blended with Stourbridge clay; such a
mixture, he thought, was probably what Huntsman used to
make his crucibles, the whole secret being to make
crucibles which would withstand the hot fire necessary

for the melting of steel.

He reported that Huntsman did not use full bars of
blister steel but purchased the short bar ends cut off
after cementation, as likely to be faulty for normal
processing by rolling or forging. Robsahm saw a large
number of such pieces in a shed. Huntsman himself
informed him that the time required for a melt was from
three to four hours, after which time the pots were lifted

out from the holes and the steel poured into the moulds.

1 Assuming the mould was filled to within two inches of the
top, this would have provided an ingot of around 13 pounds
in weight.
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He implied that, with three assistants, he was producing
about eight tons of steel per annum; with more workers, if
he cared to hire them, he could produce as much as twelve

tons.l

The next day he visited Huntsman's son, who lived in
Sheffield. In addition to being a partner in his father's
business, he owned a works where all kinds of buttons were
made from 'White Metal'. As he was not at the works,
Robsahm subsequently invited him and his wife to supper,
during which meal he constantly tried to bring round the
conversation to steelmaking topics. He learned that the
types of iron which were suitable for steelmaking showed a
white fracture with shining grains when broken cold, but
at the same time were tough and ductile. On the other
hand, good quality steel could never be made from poor
quality iron. With regard to crucibles, all he was told
was that they could do with a few tons of the earth from
which the Dutch crucibles were made. Robsahm considered
this as a clear indication that they were compelled to use
the Dutch crucibles and to grind them down in default of
suitable raw materials. This he considered to be a most
expensive procedure. Huntsman himself later claimed that
the mineral from which the Dutch crucibles were made was

not black lead, but Robsahm was not convinced.

1 These figures, assuming about a 75% yield of good material
after forging the ingot, would imply using each hole twice
daily for either two days or three days a week, or once a

day for four or five days a week.



224

Some comments should be made at this point. In the
first place, since the description of the furnace layout
is different from the later description available in 1772,
it is quite clearly the Attercliffe Green works that
Robsahm visited. The purchasing of used crucibles from
Holland can be traced into the early years of the nine-
teenth century.l Moreover, there is a report from this
period which states that the English steelmakers preferred
the 'black crucibles' from ¥pse in Germany to any others.2
It is probable that Ypse was in fact Ybbs, on the Danube,
between Vienna and Linz; here, just north of the Danube,
in the area around Persenbeug, black lead or graphite had
been mined for centuries and crucibles were certainly being
made there in 1817.3 Finally, the same report confirms
that the crucible steelmakers in England purchased the
cropped ends from the blister bars at an advantageous
price.4 This particular point has ample confirmation.

It is reported by Andersson after his visit to Sheffield
in 1767.5 More tangible evidence can be gleaned from the

records of the Fell 'Steele Trade'.6 Here Benjamin

1 B. Huntsman and Company, Ledger 1787-1806. Sheffield City
Libraries, LD l1612.

2 F. Hassenfratz, L'Art de Traiter les Minerais de Fer (Paris,
1812), 3me. Partie, p.85 (this work is sometimes referred to
as Siderotechnie).

3 Private communication from Miss M. C. P. Scholte, Erasmus
University, Rotterdam.

4 Hassenfratz, loc.cit., p.96.

5 Bengt Qvist Andersson, Ammarkningar samlade pa Resan i England
aren 1766 och 1767, manuscript in Jernkontorets Bibliotek,
Stockholm, Folio 173.

6 Staveley Ironworks Records, Sheffield City Libraries, SIR 9,
10 and 11.
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Huntsman appears as a customer first in 1748, when he
purchased 127 lb. of 'olde steele' for £1. 1s. In the
following June he took a further 11 cwt. of similar material
for £11, at a time when blister steel was normally selling
at 25s. per cwt. This was when he was still working at
Handsworth. Between 1751 and 1755 he took just over two
tons of 'double converted steele' or 'twice put in', that
is, more highly carburised than usual, capable of giving a
harder steel when remelted in his crucibles. From 1757
to 1765, when these ledgers cease, Huntsman was a regular
customer, with an account of his own, rather than being
lumped in with 'sundry small items', as previously. His
purchases over this period, in hundredweights, may be

tabulated as follows :

Loose Sound

Raw Double Double
Year Ends Loose Converted Sound Converted TOTAL
1757-58 18% 6 1o 1 6 41%
1758-59 14% 16 123 17% 6% 69%
1759-60 19% 36k 5 61k
1760-61 5% 47% 53%
1761-62 26% 29 16% 72
1762-63 53% 1 54%
1763-64 20 68% 5 93%
1764-65 16 38% 224 117 194
Price 13s./ 23s. 23s./ 30s. 32s. Mean
per cwt. 14s. 24s. 22s.9d.

'Loose' steel would appear to have been open grained and

somewhat defective material, probably excessively blistered



and thus difficult to forge to a good quality product. This

use by Huntsman of a 'sub-standard' material, judged as

normal blister steel, but perfectly satisfactory as a re-

melting base for his crucible steel, saved him some 25% on

what he would have paid for sound steel over this period, a

not inconsiderable economy of over £200. It is also note-

worthy that only a few odd pounds of 'raw ends' were sold to

other customers over this period. A few years later,

Huntsman is also buying 'raw ends' and cheaper steel from

the Cutlers’ Company.l At a time when the normal price of

blister steel was 28s. 6d. per cwt., the relevant entries

are as follows :

23.3.67 4 cwt. 2 gqr. O 1b. @ 18s.04. £ 4. 1. od.

10.2.68 1T. 5 cwt. O gqr. O 1b. @ 23s.0d4. £28.15. 0d.
3 cwt. 2 gqr. O 1b. Raw Ends @ 18s.04. £ 2. 5. 6d.

Now, however, he had competition. Messrs. Kenyon purchased

11 cwt. of raw ends @ 1l4s. 0d. in June 17662 and Boulsover

and Company purchased 2 cwt. of raw ends @ 13s. and 26 cwt.

of cheap steel @ 23s. in 1769.3

There is one further item of interest in the Robsahm
report: a description of a steelmelting shop owned by a
Mr. Smith, situated within the town of Sheffield. It also

had both a single chest and a double chest cementation

1 Company of Cutlersg in Hallamshire Archives, vol.48, Folios
83 and 85.

2 Ibid, Folio 76.

3 Ibid, Folio 89.
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furnace on the same premises. Robsahm reports that there
was a bank of three crucible melting holes, eighteen inches
square and two feet deep. At the bottom were grates with
deep pits below for ash and to create a good draught. The
crucibles were made entirely from Stourbridge clay; they
were about one foot high and nine inches in diameter and
capable of holding about 20 1b. of steel. They were placed
on the grates and charged with broken blister steel; 1lids
were then placed on top to prevent fuel getting into them.
The opening of the furnace hole was then closed by a cover
made of four thin bricks in a frame of iron :

'after the holes had been filled with coal, placed

around and on top of the crucibles, the coal

having been previously burned to a slag, which

here they call 'coak'.'
The fire was then lit and heating proceeded for six hours,
during which time more 'coak' had to be added. The steel
was eventually ready for teeming into the moulds, specially
made from cast iron for the purpose. The crucibles were
lifted out by a long pair of tongs which could grip them

around the whole of their girth.

The cementation operations on these premises, together
with the possibility of the Mr. Smith being the steelmaker
employed by the Cutlers' Company, have already been discussed.l

The coincidence becomes stronger, however, when it is found

1 See Chapter 5 (pp.137-139).



that the Cutlers' Company records between 1764 and 1769
have references to crucible steel melting under their
auspices and that the ingot weights quoted are 19 to 20
lb., as in the Robsahm report. The 'New Steel Furnace?®,
brought into action under Joseph Hancock,l was obviously
a crucible furnace since there are references to two
'pott' moulds, four 'furnish' covers, a 'trading'
trough, clay scuttles, 'coak' baskets, steel scraps
purchased, four pairs of cast iron ingots (presumably
moulds) and so on. At the end of this year the étock
covered 3 cwt., 3 qr. 7 1lb. of cast steel, together with
5 cwt. steel scraps and 2 cwt. of 'raw ends’'. Steel
scraps and clay feature in the accounts under Samuel
Bates (1764-65) and under Joseph Bower (1765-66) and it
is during his period of stewardship that 'ingots run
steel' were sold.2 Later operations are on a very
small scale and the moulds were sold in 1769. In
passing, it may be commented that the melting shop
described by Robsahm had three holes; this establish-

ment had four pairs of moulds and four furnace covers.

1 During the period August 1763 to September 1764.
2 The Company of Cutlers in Hallamshire Archives, vol.48,
Folio 77, has the following entry:

2nd August 1766 1 ingot run steel
to Geo. Hanson 19% 1b. @ 64. 9s.9d.

Ditto
Jno. Green 9s.9d.

Ditto
Jno. Barlow 9s.9d.
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Whether these included spares and whether the two shops were

the same is a matter for conjecture, but the coincidences

are intriguing.

The next visitor to Sheffield who left a record of

crucible steelmaking was the Frenchman, Gabriel Jars, who

1

came in 1765. He does not specifically mention a visit

to Huntsman but reports as follows :

'Blister steel can be made more perfect by the
following operation. They usually use the scrap
pieces arising in the steelworks. They have
furnaces of fire-clay similar to those for melting
brass, but much smaller, which receive the air they
need from an underground passage. At the mouth,
which is square and at ground level, there is a
hole through the wall which rises to the base of a
chimney. These furnaces only hold one large
crucible, nine to ten inches high and six to seven
inches in diameter. The steel is put into the
crucible, with a flux which is kept secret, and the
crucible placed on a round brick placed on the
grate. Coal, converted to coke, is placed around
the crucible and fills the furnace; the fire is
lit and the upper opening of the furnace is
completely closed with a 1id made of bricks bound
in an iron frame. The flame goes through the
chimney flue. The crucible is five hours in the
furnace before the steel is perfectly melted.
There are square or octagonal moulds, made in two
pieces in cast iron, put one against the other,
and the steel is poured in at the one end. I

have seen the ingots of cast steel and they look
like pig iron. The steel is drawn down under

the hammer, as is done with blister steel, but it
has to be heated less strongly and treated with
more care because of the risk of it cracking.

The object of the whole operation is to bring
together closely all the constituent parts of the
steel so that there are none of the roaks present
of the kind found in German steel and which, it

is considered, cannot be prevented except by
melting the steel. This type of steel is not in
general use; it is only employed for those items

Jars, loc.cit., pp.257-258. Translation by the author.
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requiring a fine polish. The very best razors
are made from it, some penknives, the best
steel chains, the springs of watches and small
watchmakers' files'.

Bengt Qvist Andersson, another Swede, is known to have
been in Sheffield in 1767 and to have visited Huntsman. He
left no comment at all on his visit and his official report
never even mentions crucible steel. On his return to
Sweden, however, he set up a crucible steelworks at Ersta,
near Stockholm, and this must surely be the earliest foreign
crucible shop. A set of drawings of this Swedish estab-
lishment has survived showing two rows of three furnace
holes eachl and this is reproduced in Figure 24, It should
be observed that Andersson can only have seen three or four
such establishments, all of them in Sheffield; these
drawings, therefore, are of supreme value in depicting what
could have been a contemporary Sheffield crucible melting

shop.

The final visitor in this group was another Swedish
engineer, Erik Geisler.2 Again there is no specific
mention of the Huntsman works. He visited a shop with
ten melting holes, with a chimney stack at each end of

the building serving three holes each, and a central stack

1 C. Sahlin, 'De Syenska Degelstalsverken', Med Hammare och
Fackla, vol.IV (1932). Inset between pp.42-43.

2 T. Althin, 'Erik Geisler och hans Utlandska Resa, 1772-
1773 Med Hammare och Fackla, vol.XXVI (1971), pp.32-33.
Translation provided by the late Torsten Berg.




serving four holes. There is an old pen and ink sketch
of the Huntsman works, supposedly dated to 1787,l and
also a later engraving from the company's letterhead,
both of which show transverse chimney stacks, as can be
seen from Figure 25.2 Whether the sketch given by
Geisler, which it must be admitted has suffered both
from age and in reproduction, can be interpreted to show
such a chimney arrangement is a matter for subjective
judgement; if so, it might well represent the Huntsman
shop of 1772. In any case, since the description is of
interest, the drawing is reproduced as Figure 26 and the
relevant commentary runs as follows ;

'A is the fireplace which is located below ground

and provided with a brick vault. There are ten

air holes, a, 13 to 14 inches square and 60

inches high. The grate bars of the fireplace

are at b and on them is placed a disc of fire-

clay d on which stands a round clay crucible c.

The disc and the crucible are made of the same

kind of clay which comes from Staffordshire.

The latter looks like an ordinary brass founder's

crucible and is six inches wide and about twelve

inches high inside. The furnace hole is as wide
where the crucible stands as it is down below

1 Held by Sheffield City Libraries and reproduced with their

permission.

2 The representation from the letterhead of around 1850 will

be

seen to have four transverse rectangular chimney stacks

on the crucible melting shop. Suspicion as to the correct-
ness of this representation must be aroused in comparison
with the earlier drawing, when it is realised that the
number of cementation furnaces has also proliferated; this
does not seem to be other than artist's licence, since old
photographs and the Ordnance Survey both agree as to there
having been only two cementation furnaces on this site.

231



232

and when the crucible has been charged it is
covered with a 1id of clay e which is larger than
the disc and it is then placed on the grate with
an ordinary bent pair of tongs. Around it are
placed burnt pieces of pit coal. It requires
three and a half or sometimes four hours to melt
the steel at a very great heat, which often
converts the lower part of the crucible to slag
and glass. The flame goes directly through the
opening f to the upper space which has the same
width and here the draught can be regulated by
means of the hinged doors i which can be closed.
The flue g branches off to the chimney just below
the floor. At h there are openings to the
outside of the buildings and at k stairs between
the floors. It was not possiblg.to find out
much about the charge in the crucibles. I was
only shown the ordinary steel that had been
broken into pieces according to the width of the
bar, generally one to one and a half inches.

The bars had been converted from Swedish

iron in special separate furnaces, not working
now. With this steel are mixed separate
diverse small pieces of steel that are collected
and purchased from smiths and workers in the
town. According to the workers at the crucible
furnaces some flux is added to the charge but
this is kept a secret. It was possible to see
that a used crucible which had broken had a
whitish to yellow and rough glass coating,
bottom and sides. When the crucible has been
removed from the furnace the molten metal is
poured into octagonal moulds of iron as required.
The ingots are subsequently drawn down under the
steel hammer. The moulds used were a good two
inches wide and consequently a length of 6*
inches requires a fairly high level of steel in
the crucible; so far as could be judged from
the appearance of the crucible, it had been
filled to about three quarters of its height.
The Oregrund iron used was said to cost £27 to
£30 per ton'.

There is something wrong here. In comparison with other
evidence, it is suggested that this figure should probably
read 16 rather than 6. A calculation on the volume
quoteaﬁéuggests that a figure of around 18 to 20 would be

reasonable.



If this was indeed the new Huntsman works, its productive
capacity would appear only to have been some 50% or so greater
than the earlier one. We do know, however, that the iron
intake in 1805 was of the order of 50 tons per annum which,
with a reasonable scrap intake, gave at least an eightfold

increase over the situation in 1761.l

As for the market, there is evidence both from Jars and
from Boulton that crucible steel was only used for special
applications. It also has been noted that its worth was
well appreciated for such purposes on the Continent almost
before it made its mark in Sheffield. When the account
books begin to shed more light, Benjamin Huntsman had been
dead for over ten years but there is no reason to think that
the situation had changed dramatically. Looking through
these early records, it is clear that fair quantities were
still going to France and also to Switzerland. Home
customers included tool makers and cutlers in Sheffield.
Peter Stubs of Warrington bought steel for his files; steel
wire was sold to a number of firms, particularly to Millwards
of Redditch for making needles. Thomas Patten of Cheadle
was still a customer. The trade in steel, however, was
clearly a two-way business; we find there were sales to
other Sheffield steel suppliers as well as purchases of steel

from them, from time to time. The methods of payment are

1 B. Huntsman and Company, Ledger, 1787-1806. Sheffield
City Libraries, LD 1612.
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interesting. It may be in services rendered, such as
rolling or slitting; it may be in finished goods, such as
planes, scythes or saws; it may be in scrap or raw material
supplies, or items classed as 'goods', or even bales of cloth,
supplies of rum or lottery tickets! On contra account, the
goods - saws, silver spoons, coffee pots - could well be sold

to customers along with fresh supplies of steel.

The correspondence between Matthew Boulton and the
Huntsman concern still continued beyond the end of the
century and is the most important contemporary evidence

available. In 1781 William Huntsman wrote

'T am now at liberty and beginning my steel
manufactory again. I have improved my rolled
steel and steel for toys so that it will not
rust so soon as that made by other steel-
makers. The price is £4.4. per hundred'.

Again, in 1788, he was offering his steel, at the same price,

2
remarking in addition :

'Each piece of steel will be marked

B. HUNTSMAN. My mark hath been often
counterfeited and inferior sold for mine
until the workmen begin to find out the
fraud'.

1 Boulton and Watt Papers, Birmingham City Libraries. Letter
from William Huntsman to Matthew Boulton, llth September
1781, Box H3, No.243. This letter implies Huntsman had
been in some sort of trouble, the details of which are not

known.

2 Ditto, 4th May 1788, Box H3, No.244.
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A major exchange of correspondence commenced in 1789; in

April Boulton wrote :l

'I am about to undertake the striking of some
millions of copper pieces which will require a
hard blow in hardened steel dies. I have tryed
various kinds of steel but am not satisfyed with
any of them. I am of the opinion that the best
cast steel you are capable of makeing will answer
the best ... It must be the best you can
possibly make without any regard to price or
expence that being a trifling object in comparison
to the quality of the steel ... The steel I have
hitherto tryed either cracks in the hardening or
breaks afterwards in the striking or is so soft as
to sink in the middle and become hollow both which
extremes I wish to avoid'.

Within a month he had his reply :2

'T have sent you 12 pairs of dies. The steel I
send you will be sound and bear a great force
being of a good body'.

In August, he replied to another request

‘I will send you 10 pair of dies to pattern sent,
together with some steel for tools'.

All was not well, however :4

'T gave you an exact sketch for the size of the
dies and the manner in which the steel should
be forged. None of the dies sent are
finished in that manner but are nearly twice

1 Letter from Matthew Boulton to William Huntsman, 24th April
1789, Letter Book L, p.ll1l2.

2 Letter from William Huntsman to Matthew Boulton, 22nd May
1789, Box H3, No.233.

3 Letter from William Huntsman to Matthew Boulton, 2nd August
1789, Box H3, No.235.

4 Letter from Matthew Boulton to William Huntsman, 23rd
January 1790, Letter Book Q, p.Z26.



the size and weight. Therefore they are not
fit for my use. I desire you will send me no
more dies. But send me 4 cwt. of best steel
such as you think will serve my purpose as I
mean to have them forged under my own eye ...
You will know better than me which is the most
proper’.

There was still a problem and Boulton showed himself apprecia-

1

tive of the practical aspects of the matter :

'I must beg of you to take the very best marks
of Swedes iron to make the Steel and that you
will cast it into short thick square bars
suppose 4 Inches square and then forge it down
into bars about 2% by 1% which we will cut into
proper size pieces, I prefer casting thick
bars in order that it may take more forging for
the more it is forged the better is the steel
ces Please to send one hundred weight as

soon as possible'.

As steel was still being ordered late in 1791, it seems that

other things were now going reasonably well as regards

quality2 but there were other problems, as William Huntsman

reported :3

1

Letter from Matthew Boulton to William Huntsman, 2lst May
1790, Letter Book Q, p.51.

Ditto, 19th November 1802, Box H3, No.242. This letter
commences ‘'Some years ago you supply'd me with cast steel
forged to the size of 2% by 1% for the purpose of making
coining dies which proved very good.' It goes on to complain
of the very variable quality of the last consignment. It
should be noted that this complaint comes during the first
phase of the Napoleonic Wars when the supply of Swedish iron to
this country was running short and complaints of the quality
of Sheffield steel were numerous. See T. S. Ashton, An
Eighteenth Century Industrialist (Manchester, 1939), pp.46-50.

Letter from William Huntsman to Matthew Boulton, 29th
September 1791, Box H3, No,238.
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'Have received your order for one ton of my fine

cast steel. I am afraid the great want of

water at the mill will be a hindrance unless

rain comes’.
This business continued at least until 1802 when Boulton was
complaining of the quality of recent deliveries of steel,
indicating that his mint was almost at a standstill for want
of dies.l These exchanges between the foremost steelmaker
of his time and his famous engineering customer serve to
show how they both contributed to the development of the
technology which put Britain ahead in the Industrial
Revolution. When Huntsman had improved his practice so as
to provide the larger bar that Boulton desired, Boulton
compared the two methods of producing his dies. One was by
cutting up flat bars and engraving his impression into the
flat surface; the other by cutting up a piece of smaller
section bar, flattening it by forging so as to obtain the
larger surface area and then engraving the flattened end of
the bar. In other words, he was comparing a longitudinal
section with a transverse section across the grain. The

results were in favour of the former method;2 such a method

1 Letter from Matthew Boulton to William Huntsman, 19th
November 1802, Box H3, No.242, quoted previously.

2 Letter from Matthew Boulton to William Huntsman, 6th
July 1797, Box H3, No.241. This is of such technical
interest as to merit quotation in full and the detail
can be found in Appendix GG. T. Ashton, Iron and Steel
in the Industrial Revolution (Manchester, 1924), p.59,
states Huntsman received payment in coin minted in his
own steel dies. On 1l4th August 1798, no less than £100
was sent in penny pieces. This has not been found in
the records, however, despite a diligent search.




of avoiding cutting through the central segregated area of

a forging was adopted and became standard practice for at

least a century.

v Gustav Broling and the Crucible Process

Gustav Broling was one of the last of the long line of
Swedish visitors who examined closely the metallurgical
industry in this country in the eighteenth century. He was
commissioned by the 'Bruks Societeten' in Stockholm to
study steelmaking and visited England between 1797 and 1799,
His report is, quite untypically, published in printed form

in three volumes together with an atlas of plates.l Quite

1 G. Broling, Anteckningar under en Resa i England aren 1797,
1798 och 1799 (Stockholm, 3 vols: wvol.l1l, 1808; vol.2,
1812; wvol.3, 1817 - with plates). Gustav Broling, born
1766, died 1838, was President of the Swedish Academy of
Science in 1803 and Master of the Mint in 1833. He had a
commission from the Brukssocieteten to study the making of
cast steel, steel wire and surgical instrument manufacture
and to study forges and foundries in this country from 1797
to 1799. He apparently spent the first year studying the
language; he himself commented that 'without properly
knowing the language it would have been impossible to under-
stand all the new techniques'. His setting up of a steel-
works only came in 1808 in response to the offer of an award
by Jernkontoret for a Swedish factory making cast steel of
the equivalent of Huntsman's quality. Broling was a great
innovator, installing the first steam engine to be made in
Sweden. In addition to his steelworks, he established a
surgical instrument factory, one for producing lacquered
sheet ironware and still another for preparing quinine from
cinchona bark. His printed report, the third part of
which interests us here, was awarded a prize by the Swedish
Academy for its elegant style of writing. It is worthy of
note that the illustrations were engraved 'in the English

style' by his nephew Carl Abraham Broling, manager of the
.en continued
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clearly, he was a man of culture, as well as a technologist,
and he reported at length on his discussions with leading
men of the day in London, in the arts, science and industry,
on the progress of agriculture and on his visits to country
houses: 1in South Yorkshire he considered Wentworth

Woodhouse to be rather splendid.

From the technological point of view, he was intensely
interested in the crucible process. On his experiences in
Sheffield he had a considerable amount to say. He
reported that, whilst the population of Sheffield was less
than 30,000, there were at least 40,000 souls in the
_immediate area involved in the making, forging or handling
of steel or steel products,l there being specifically
sixteen makers of blister steel, several of whom had

crucible melting shops.2 He went on to say :3

'The purifying of blister steel by remelting

it in crucibles, the manufacture of cast steel
in other words, has certainly been the main
reason for the great renown which English
steel has received. Through this process the
steel is given not only great homogeneity
through the advantage of being uniform through-
out; during the melting process it is also

(continued from previous page)

printing office of the Bank of Sweden and the originator
of the modern Swedish banknote. (The above notes were
kindly provided by Nils Bjorkenstam, quoting from Svenskt
Biografiskt Lexikon).

1 Broling, loc.cit., vol.2, p.137.
2 Broling, loc.cit., vol.2, p.138.

3 Broling, loc.cit., vol.2, pp.l45-146.
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separated from all the foreign substances which
may have become admixed with it during the forging
of the iron bar. This gives it the property of
being able to receive a completely perfect polish,
which is so attractive to the eye and convinces
the buyer that the goods have been made of the
best materials since such a faultless surface
could not possibly be obtained on any type of
steel which had not been melted’.

During his visit he obviously called at the Huntsman

establishment. His comments on his meeting are intriguing :l

'The most renowned of all the cast steel manufac-
turers in England was Mr. William Huntsman, whose
works is located at Attercliffe about a couple

of miles outside Sheffield. He was a Quaker and
was then already quite old and seemed to be a
basically honest and well intentioned man, but at
the same time something of an eccentric and he
would have been a first class subject for the
author of 'Tristram Shandy'. Just the same, he
had a quite admirable streak of national pride as
a genuine Englishman. Over his glass of grog,
he, quite openly and without any false modesty,
declared that he gave England preference over all
countries in the world, but that he had been
given very favourable offers from both Russia and
America, had he wished to go. In a tone worthy
of a patriot, he declared 'I know what I owe my
country and I would despise myself if I robbed it

of anything simply for my own benefit'. Not
without pleasure did the old man listen to my
well deserved praise of his own renown. 'Yes,

it is true', he answered, 'but I will honestly
tell you how this renown has been created. 1In my
youth, I spent several years, at much expense, in
trying all types of iron from the whole of Europe.
I found three Swedish stamps to be the best and
since then, during nearly half a century, I have
not used any others. This is the reason why my
product always has been uniformly good and,
although I sell my cast steel at a slightly
higher price than anyone else, the demand for it
has never been lacking'. The old man is now
dead, but there is no doubt that his famous
brand, both now and in the future, will be just
as good as it has been in the past'.

1 Broling, loc.cit., vol.2, pp.148-149.
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Despite this eulogy on William Huntsman,1 Broling
thought fit to mention the tradition that his father,
Benjamin Huntsman, was not the real inventor of the
crucible process. According to the account he published2
one Waller, a goldsmith, attempted to produce steel rolls
for use in his own trade and, having discovered a satis-
factory steel melting process, tried to sell it, first in
Birmingham and then in Sheffield. In the latter town
the secret was wormed out of him and he was sent back to
London with a mere pittance for his pains. The evidence,
such as it was, was sorted out in the nineteenth century

by such eminent people as Professor le Play, Dr. John

1 This was written in 1812 about a meeting some fifteen years
earlier. At the time of the interview, William Huntsman
would have been about 65 years old. He died in 1809. There
is a little confusion, however, in that wWilliam Huntsman
took over control only in 1776, Certainly the overall
picture was correct but the experiences of both Benjamin and
William are together presented as those of the younger man.

2 Broling, loc.cit., vol.3, pp.5-6. The confusion may have
arisen from an invitation given to Benjamin Huntsman by the
Royal Society to put evidence of his process before them
with a view to his being awarded a Fellowship; it seems
that he had discussions with Lord Macclesfield, but, in true
Quaker fashion, declined the personal honour. This informa-
tion is alleged to have been passed by one of those present
to his friend Waller and thus the information came back full
circle to Sheffield. If, indeed, those said to be more
skilled in the art who cajoled the secrets out of Waller
were Tingle and his partner, Walker, this would explain
matters without any need for the picturesque fable
concerning the shivering beggar. The interested reader
should refer to John, loc.cit. (Foreword, p.iii) and also
R. A. Mott 'The Sheffield Crucible Steel Industry and Its
Founder', J.I.S.I. (1965), p.236.
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Percyl and Sir Robert Hadfield,2 all of whom were convinced
of the rightful claims of Benjamin Huntsman. The Broling

report, however, found its way into 'The Times' as late as

1864 and drew forth a rebuttal from another Benjamin

Huntsman, great grandson of the inventor.3

In addition to his visit to the Huntsman works, it is
known that Broling visited the Walker and Booth establish-
ments at Masbrough. They were arguably the largest steel
producers in the area at this time. It is also a
reasonable assumption that the representation of a crucible
shop 'near Sheffield' which he included in his volume of
plates4 is the Masbrough shop, particularly as it does not
have the layout of the Huntsman shop as indicated by the

evidence already given.

1 J. Percy, Metallurgy: Iron and Steel (London, 1864), p.830.
The story seems to have been first reported in H. Horne,
Essays Concerning Iron and Steel (London, 1773), pp.165-169.
Percy considers Horne to have published 'a singular and no
doubt erroneous statement'.

2 R. A. Hadfield, 'The Early History of Crucible Steel',
J.I.S.I. (1894, Pt.II), p.228.

3 Benjamin Huntsman II, letter to The Times, dated 30th
December 1864. This is given in extenso in Appendix HH.

4 The two plates in question are Plates 1 and 2 of Broling's
report and are reproduced in their appropriate position in
Appendix II. C. Sahlin, Med Hammare och Fackla, IV (1932),
pp-54-55, reproduces both these plates with an indication
that they were probably representations of the Huntsman
Works in Attercliffe; this does not agree with my inter-
pretation of the evidence.
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What is much more important is that Broling, on his
return to Sweden, established a crucible steelworks, based
on what he had studied in Sheffield. His report covers
the setting up of this works and its operation, together
with copious comments on practice elsewhere, and in the
main this refers to Sheffield practice. It is thus the
earliest first hand account with any real detail on the
crucible process and, in the absence of any comparable
contemporary local information, must be considered as
the most valuable evidence of the type of operation involved
in the Sheffield area at the end of the eighteenth century,
at a time when a standard pattern of operation was beginning
to be established. The size of shop set up in Stockholm,
indeed, is surprisingly similar to that at the Abbeydale
Hamlet, which would appear to be of similar date.l In
view of its importance, it has been arranged for the whole
of the information which the report contains relative to
steelmaking to be made available for the first time in the

English language.2 The report will be found to cover the

1 The Abbeydale Hamlet is now preserved as an industrial
museum as a result of the campaign initiated by the
Sheffield Trades Historical Society and carried to comple-
tion by the Council for the Conservation of Sheffield
Antiquities. It contains a five hole crucible shop of
somewhat indefinite date from 1786 to 1829, thus roughly
contemporary to the Broling enterprise.

2 The few earlier pages of this document were translated for
me some years ago by Paul Widgren and I am indebted to him
for whetting my appetite. As he was unable to complete the
exercise, I applied to my good friend Torsten Berg for
assistance but this was denied me by his untimely death.

I am therefore deeply indebted to Nils Bjorkenstam who, in
collaboration with Jernkontoret in Stockholm, has kindly
carried out the task for me. The text is reproduced here
by their kind permission.



building of the works, a description of the furnaces and a
discussion of the requirements with respect to crucibles,
tools, fuels, fluxes and the steel for remelting. Subse-
guently, the manufacture of the crucibles is given in
detailed treatment and comments on the production of coke
and the use of cementation furnaces complete the story.
The translation is presented in extenso, complete with

the relevant plates, as Appendix II.l
A few comments are necessary.

The melting shop which he installed, as already
mentioned, would not have appeared out of place in any of
the smaller establishments in the Sheffield of that time.
There are some differences of detail compared with what
we in retrospect consider to be standard, such as the
handles on the furnace covers (Plate 6) and, possibly,
the cluttering up of the melting floor with ancillary
pieces of equipment (Plate 4), but it is not far removed

from twentieth century survivals in this country.

1 The references to Plates and Page Numbers in the
discussion below refer to the original and are given
in the translation in the Appendix.
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The moulding of the crucibles shows some differences,
mainly in the omission of the treading of the clay.1 The
plug and flask technique (pp.86-92 and Plate 7) here
received its first mention in connection with the crucible
steel trade; it does, however, seem then to have continued
relatively unchanged for well over a century, at least in
the smaller establishments. There is, however, one major
difference in this earliest description, in that the point
is made that no clay must exude from the top joint between
the plug and the flask but that the constraint put upon it
by hammering against a tight seal will consolidate the
clay (p.87). Later Sheffield practice, using the well
trodden clay, was to allow a small gquantity to overfill
the top gap between flask and plug. This was then cut
off cleanly with a strickle. Furthermore, no inward
forming of the top of the crucible was reported from
Sweden; the use of the 'Bonnet' for this purpose could
well have been a later development in Sheffield. The
insistence on the value of the Stourbridge clay (p.81),
taken together with the more than likely use of graphite
crucibles by Huntsman and possibly some other Sheffield

steelmakers, presents difficulties. It does seem that

1 It is also to be noted that the treading of the clay is
not mentioned by le Play. It seems inconceivable that
as late as 1843 this practice was not to be remarked on
by a visitor to Sheffield, in view of the known wide-
spread use of the practice over the next hundred years.



most foreign commentators, including Jars and le Play, follow
the same line as Broling; so much so that one almost
suspects a deliberate propaganda campaign to the effect that
the success of the Sheffield steelmakers was almost entirely

due to their use of the famous Stourbridge clay.l

The tools used by Broling in the main could well have
been expected in an early twentieth century environment,
There are some exceptions. The charging shovel shown by
Broling is, without doubt, an elegant method of solving
the problem (p.37, Plate 6); later practice, however,
seems to have ignored it by substituting an enlarged
version of the charging funnel. The placing of a ball
of paper in the neck of the funnel (p.38) is an example of
one of those simple but effective procedures which rarely
get reported, akin to the modern practice of tying up the
leaves of the bottom charge bucket with a piece of rope,
which burns through when the device is lowered over the
hot furnace shell and gently deposits the charge in the
furnace. Elegance, however, seems to have gone a little
too far with the coke basket (p.38) which seems more

appropriate to the manager's living room; the wicker

1 The lack of a clay similar to that of Stourbridge is
commented on frequently by would-be foreign imitators
of Huntsman, as will be indicated in Chapter 12. It
is a reasonable conclusion that its lack led to the
widespread use of graphite crucibles both on the
Continent and in America. See pp.580-1, pp.612-3
and p.631.
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coke basket of the Sheffield pattern has something to
recommend it.l The tongs, rakes and pokers (Plate 6)
are all quite familiar and examples can be seen at
Abbeydale today. The ingot moulds shown indicate
that the practice did not change overmuch. The screw
device for clamping the two halves of the moulds was,
indeed, used in some places at a much later date;
accidental spillage of liquid metal on the screw
thread could2 cause problems in unscrewing, however,

and wedges were surer in this respect.

The comparison between coke and charcoal as a
fuel (pp.46-47) was, of course, a very valid one for
the Swedish steelmaker. He was used to using char-
coal; on the other hand, all his coal had to be
imported. This made coal and coke very unfamiliar

and also very expensive commodities.

The comments on fluxes (pp.48-50) are also of
more than passing interest since this was the period
at which considerable 'mystique' had been generated on
this particular topic, most visitors to Sheffield going

away with the impression that the flux was an essential

1 Not only does it appear more manageable, but also I
am given to understand that, reared at an angle on a
pile of coke, it served admirably as a reclining seat
for the weary 'odd job man'.

2 I personally remember the problems with small test
moulds fastened in this way, when the contents had to
be quenched as soon as solid; we eventually resorted
to wedges and had no further trouble.
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ingredient. Again, as with Stourbridge clay, one senses
some sort of propaganda. It should be pointed out that
Broling's reasoning on this point was very sound, even to
his conclusion that it really was the quality of the
blister steel which made all the difference between

Huntsman's steel and the others.

The melting process follows in the way one would
anticipate, but the small details are of considerable
interest, being a first-hand account. The addition of
a second part of the charge after a primary melt down
(p.56), using the charging funnel, is a feature not
previously met. It can be appreciated that, in this
way, the level of molten metal in the crucible can be
increased - there was usually a considerable space above
the metal since the charge occupied much more room.

This in its turn allows a smaller, and therefore probably
more robust, crucible to be used. The insistence on the
mould being perfectly vertical for teeming (p.60) is, of
course, at variance with later Sheffield practice in
which the mould was always set at a slight angle to
accommodate the natural line of pour over the crucible
lip. On the other hand, with a smaller crucible and

a lighter load, and with two men doing the pouring
together, the conditions were different. It is worthy
of note that the mould walls were deliberately coated
with soot, albeit by a rather different method from the

more usual Sheffield 'reeking' procedure with burning

tar.



The capping of the steel with moist sand and an iron
plug (p.65) to prevent it from rising on solidification
seems rather crude to the modern steelmaker. There is no
doubt, however, that the chilling acticon so induced would
freeze the top crust and prevent any marked gas reaction.l

It has to be remembered that remedies for this particular

problem were being sought long after this report was written

and the proposal by Broling has more sense in it than many

of the devices tried later.

The deliberate lowering of the charge weight for the
second and third melts during the day (p.67) is quite
clearly something which dates back to the full development
of the process. The 'fettling' of the furnace, however,
in Sweden differed from Sheffield practice (pp.68-69).
Here again, local availability is involved. Ground
ganister was the natural thing to use; in Sweden they
only had refractory bricks. The comments on the produc-
tion of coke, again, are of peculiarly Swedish interest
(pp.95-101); that Broling was reasonably well informed,
however, comes out in his references to Lord Dundonald

and by-product recovery.

1 The practice of 'plating' ingots, that is putting an
iron plate on the top of the metal in the mould after
casting, was certainly used in the production of
rimming steel as late as 1950. The use of "stoppers"
to be inserted in the tops of moulds is covered in
British Patent No. 546 (1867) in the name of A. L,
Holley.
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From the point of view of this survey, however, one of
the most intriguing features of the whole report is the
almost casual reference to Mushet and the incorporation of
charcoal with a bar iron charge (p.69); this patent was
issued in Britain after Broling had returned to Sweden.
The remainder of the paragraph, however, is nothing less
than astonishing. It refers to the combination of pig
iron and bar iron as the charge for the crucible, making
up the carbon where necessary with charcoal. When it is
realised that this was not done in Sheffield, as far as
is known, for almost forty years after Broling wrote this,
and that it had to wait for the relaxation of the Swedish
regulations to permit export of Swedish pig iron before
becoming more or less standard practice in Sheffield,
the cause of the astonishment will be clear. A search
for a further paper on this subject by Broling has so far
proved fruitless. It would, indeed, be a most interest-
ing document if it were, in fact, ever produced. It
goes without saying that Sweden, with its supplies of
charcoal pig iron and the charcoal refined bar iron
produced from them, all low in sulphur and phosphorus,

was the ideal place for such a process to succeed.

The final comment must be concerning the type of
cementation furnace which Broling describes (pp.142-147,
Plate 16); he, indeed, appears to consider this as
reasonably typical and quite clearly states that furnaces

of the same type, but with four chimneys, can be found in
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Yorkshire. He never mentions the conical chimney, which
has always been considered archetypal. This obviously
implies that there were local variants which were not

recorded.

Reading the Broling report, with its first-hand
knowledge of steelmaking, backed by information gathered
in this country and a wide experience of the metallurgy
of his own times, leads inevitably to the conclusion
that this is an invaluable addition to our understanding
of the period when Huntsman's invention had reached full
commercial status and his products had proved their
worth throughout Europe. No other contemporary record
with anything like as much detail appears to be extaht
and it provides a backcloth against which the further
development of the process, to be followed in the next

chapter, may be set.

A The Importance of Huntsman and His Invention

It is no exaggeration to claim that Benjamin
Huntsman laid the foundation on which all ingot-making
steelmaking processes are based; the steel produced in
his crucibles was referred to as 'cast-steel' since no
previously made steel ever had been cast - at least in
the Western world and on a reproducible commercial

scale - and he produced the first ingots of steel.
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It is also no exaggeration to state that he was responsible
for sSheffield becoming the quality steel producing centre
of the world. All steel required for any onerous applica-
tion throughout the nineteenth century, and well into the
twentieth, was made by his process and the bulk of it in
Sheffield, where the skills built up in this tradition

still persist. There are no firm statistics and the growth
of production was slow, but it is not unreasonable to suggest
that, over the two hundred year period for which the process
was used, something over five million tons of such steel was
produced in the Sheffield area, with a not dissimilar total
from elsewhere, mainly from America, Germany and France.
When Benjamin Huntsman commenced his first essays with the
method, shortly before 1740, it is doubtful whether more
than 200 tons of steel was made per annum in the Sheffield
area. The major requirements, as we have seen, were
obtained from the Newcastle area. A hundred years later,
Sheffield produced one hundred times this figure and this

represented some 40% of the total European production.1

1 F. le Play, 'Mémoire sur la Fabrication de l'Acier en
Yorkshire', Annales des Mines, 4me. Serie, Tome III
(1843), p.687. This gives the total of steel produced
in Britain as 20,250 tons, some 400 tons being produced
outside Sheffield; six years before, the figure for
Sheffield alone had been of the order of 18,000 tons,
but he points out that at the later date there was idle
capacity due to lack of orders.




Within the next twenty years the figure again quadrupledl
and the peak output of 1873 could well have been half as
much again. This was the heyday of the Huntsman process;
thereafter the Sheffield trade became more diversified,
but it is significant that the crucibles provided the

special steel needed for at least a further fifty years.

It is noteworthy, however, that despite the immense
significance of the invention of crucible steel on the
whole future history of steelmaking and, indeed, on the
course of the Industrial Revolution, those abroad seem to
have been more acutely aware of the importance of
Huntsman's activities than those around him.2 Foreign
visitors undertook long journeys to visit him; the
French used his steel, appreciating its special qualities,
and produced superior cutlery which not only found a ready
market in France but also soon appeared in England. The
Sheffield cutlers, who had erstwhile virtually ignored the
new material, finding it too difficult to forge compared

with their normal shear steel, realised the competition.

1 J. Hunter (Ed. Gatty), The History and Topography of the

Parish of Sheffield in the County of York (Sheffield,
1869), p.Z216. This gives the overall production of
steel in Sheffield for 1862 and quotes a figure of
78,270 tons.

2 The original version of the above work, usually referred
to as 'Hunter's Hallamshire', published in 1819, does
not even mention Benjamin Huntsman, let alone his
important contribution to the growing Sheffield steel
industry at that date.
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Thereupon, they lobbied Sir George Savile to use his influence
in Governmental circles to prohibit the export of Huntsman's
steel to France. Having looked into the circumstances,
however, he refused to become involved and thereafter its

local use spread.

As to the fame of cast steel on the Continent, there

are several sources which could be quoted but one from

Switzerland in 1778 spreaks for them all 2

'The cast steel of England is, without contra-
diction, the most beautiful steel in commerce;
it is the hardest, the most compact and the
most homogeneous; one can recognise it at a
glance

1. because if a bar is fractured in the
unquenched condition its grain is as
fine as that of other steels in the
quenched condition;

2. the bars are so well forged and
finished that they were for a long
time thought to be rolled;

1 Smiles, loc.cit., pp.106-107.

2 J. J. Perret, 'Mémoire sur l'Acier', Mémoires de la Société

Etablie a Genéve pour 1'Encouragement des Arts et de
1'Agriculture (1778), pp.l0-11, p.25. The references to
Huthmant and Martial are clearly corruptions of Huntsman
and Marshall. The latter's rise to fame as a cast steel
maker was clearly a rapid one; the earliest reference to
him in this capacity seems to be in 1771. Perret also
comments on blister steel :

'‘Blister steel holds second place; it is clearly
a cemented steel and is made in Newcastle ....
and sells at 12 sols per pound.'’

The translation of these passages is the work of the
author.
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3. the bars are around three feet in length;
those from Huthmant have the two ends cut
as though they have been passed through a
draw plate but the Martial bars are simply
broken. The steel sells at 28 to 30 sols
per pound. Huthmant and Martial are the
owners of the works making cast steel in
England.

It has to be observed that these Englishmen have
guarded well their secrets with regard to the
production of cast steel .... I suspect that it
gets its good quality in the crucible .... but I
do not know the means used to melt it .... Cast
steel should be placed, according to my way of
thinking, in a class of its own .... Many
forgers believe that cast steel is unforgeable
but they are in error. Care and attention will
master it ....'

Benjamin Huntsman's son, William, carried on his father's
precepts well, as will have been realised from Broling's
comments, and it was he who in 1792 received the testimonial
from Fourness and Ashworth, Engineers to the Prince of Wales,

which opened as follows :l

'In justice to Mr. Huntsman, who makes the best
cast steel in this, or perhaps in 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 trials of different kinds of cast steel
but never met with any that would abide the
same execution as Huntsman's'.

1 Fourness and Ashworth, A Report on Huntsman's Cast Steel,
printed privately and issued in both English and French
versions, 28th March 1792, The full English text is
reproduced as Appendix JJ.
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It was only to be expected that, just as Huntsman had
his competitors in Sheffield, efforts would be made abroad
to produce this attractive new form of steel. As will be
made clear laterl J. C. Fischer made satisfactory cast steel
in Switzerland as early as 1804; Alfred Krupp did the same
in Germany some ten years later. France had to import a
Birmingham man, trained in Sheffield, one James Jackson, to
establish the method near St. Etienne after the peace of
1815. The earliest crucible steelmaking in America was
during the 1830s, Nevertheless, there was still a good
market for English steel, and Huntsman and Company had to
make arrangements with their agent in Paris for all
genuine Huntsman bars to pass through the one depot and
receive a counter stamp from the agent so as to combat the

growing practice of counterfeiting the famous Huntsman

stamp.2

Le Play was obviously convinced of the superiority of

the value of such a stamp :3

'The purchaser of this article, who pays a higher
price for it than for other sorts, is not merely
acting in a spirit of blind routine but is

1 The spread of the crucible process abroad is discussed in
detail in Chapter 12.

2 Anon, L'Invention de 1l'Acier Fondu par Benjamin Huntsman,
published privately in Paris about 1890 by Marchand,
Bignon, Ammer et Cie., p.15.

3 F. le Play, 'Sur la Fabrication et le Commerce des Fers a
Acier dans le Nord de 1'Europe', Annales des Mines, 4me.
Serie, Tome ix (1846), p.266.
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paying a logical and well deserved homage

to all the material and moral qualities of

which the true Huntsman mark has been the
- guarantee for a century’.

There was, however, more to it than this. Huntsman's
process not only established his and his family's reputation;
it established a reputation for the quality of steel from

Sheffield. The obituary of his grandson, Francis Huntsman,

states this well :l

'Mr. Huntsman was a member of a family of whom
Sheffield has just cause to be proud, for it
is to the invention of cast steel by Mr.
Huntsman's grandfather, Benjamin Huntsman,
that the town owes its present position'.

1 The Times, 27th February 1879.
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8 THE CRUCIBLE PROCESS: THE THEORETICAL BACKGROUND
AND LATER DEVELOPMENTS

'A furnace at work smells of wet clay, creosote
oil, burning sulphur, tar, sweat, beer and
bacca. It has doors and windows, but no
window panes, and what are technically called
sky-lights, which have more to do with letting
out reek than letting in daylight. As there
is ample ventilation the work is not unhealthy
but a man needs to be strong to stand up to it
with enjoyment’.

Harry Brearley: the opening
paragraph of 'Steel Makers'

I The Coke Fired Furnace

The melting of steel as envisaged by Huntsman was, quite
clearly, an extension of the established technique of the
brassfounders for the production of liquid metal to pour into
moulds for the making of castings. There were the funda-
mental difficulties inherent in the difference in melting
point between the two metals, however; steel melting

requires temperatures some 500°C higher than that of brass.

As pointed out elsewhere,l the development of coke as a
metallurgical fuel was a necessary prerequisite for such an
operation, since only with a deep bed of such a fuel, with a
plentiful air supply, could the necessary temperature be

maintained for a sufficient period to enable steel to be

1 R. A. Mott, 'The Sheffield Crucible Steel Industry’,
J.I.S.I., vol.203 (1965), pp.231-232.



melted in a crucible. Even from the earliest drawings which
have survived, for example those of the furnace set up near
Stockholm in 1769 shown in Figure 24,l the necessity of a
large cellar below the furnace chamber and a tall chimney, to
provide adequate amounts of air and a strong draught, is
quite clearly demonstrated. This pattern of coke fired
furnace survived, with some increase in scale but otherwise
with only minor modification, for a further two hundred
years.2 Basically, the furnace chamber or 'hole', as it
came to be called, was originally square in cross section,
made in refractory sandstone blocks carefully cemented
together with the minimum of good quality fireclay. The
base was provided with two iron runners across which loose
furnace bars could be placed, access to these being from
the ashpit below in the cellar. The top of the furnace
was closed with a cover, usually an iron frame filled with
fitted firebricks and provided with an iron handle. At
the back of the furnace chamber a flue led from near the
top of the wall to the chimmey. A later modification was
to take a connection from this flue to an opening at the
ashpit level; by placing a piece of paper over the mouth
of this auxiliary channel the draught went through the
furnace bars but, by taking it away, the air could be

diverted from the furnace. This made it more comfortable

1 See also p.230 and p.528.

2 There were, however, alternative methods of firing the furnace
introduced in some works in the latter part of the nineteenth

century, as will be discussed later. See pp.335-344 and
p.641.
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when the cover had to be removed for attention to the coke
level or examination of the contents of the crucible during

the progress of the melt.

The method of operation of the fully developed furnace
will be described later; suffice it here to say that
blister steel, broken into fairly small pieces, was charged
to a preheated crucible placed in the furnace 'hole', a lid
placed on the crucible and the contents melted slowly by
means of the heat generated by the burning coke which
surrounded it, prior to the crucible being withdrawn and
the contents poured into a cast iron mould to produce an

ingot of steel.

The original square shaped melting holes accommodated
only one crucible each. By 1842, however, the normal
Sheffield pattern would appear to have involved a rectan-
gular or an oval hole capable of taking two crucibles.l
Indeed, as early as 1793, the point was made that a
multiple crucible furnace hole should be more economical

although it was stressed that this still had to be

1 F. le Play, 'Mémoire sur la Fabrication de 1'Acier en
Yorkshire', Annales des Mines, 4me. Serie, Tome III
(1843), p.640.




demonstrated.l Experimentation with still larger holes,
even though they were, in practice, found to be more
economical in both fuel and labour, was discontinued in
England and the two-crucible hole prevailed in all the
major Sheffield coke~fired installations. Larger holes,

however, found favour in France.2 The drawbacks seem to

French National Archives, F14.4485, Rapport &sur la“Fabrication

d'Acier Fondu du Citoyen le Normand. The date is 15th May
1793 and the report is signed by the well known metallurgist
Hassenfratz, later to be the author of one of the earliest
comprehensive texts on iron and steel production. I am
indebted to Professor J. R. Harris for bringing this inter-
esting evidence to my attention. My translation of the parts
of the document relating to steelmaking is reproduced in full
in Appendix KK.

L. E. Gruner and C. Lan, L'Etat Present de la Métallurgie du
Fer en Angleterre (Paris, 1862}, pp.748-753. Sizes of hole
are quoted as 16" square for single crucible furnaces, 18" x
22" for double crucible holes and 22" x 24" for holes to
contain four crucibles. The coke consumption is quoted per
ton of steel at 5-6 tons, 3-4 tons and 1.8-2.5 tons respec-
tively, with, however, a 25% increase in crucible cost for
the four crucible hole. Total costs for the three types of
operation in France, including labour and maintenance, are
given as follows :

Single furnaces 203 to 250 francs per 1000 kg.
Double furnaces 161 to 195 francs per 1000 kg.
Quadruple furnaces 128 to 175 francs per 1000 kg.

It is pointed out, however, that the risk of loss of metal
in the quadruple furnace was higher by about 2-3% and that,
whilst this still showed economy with cheap puddled material,
worth 400 francs per 1000 kg., with best quality cemented
iron at 800-1000 francs per 1000 kg. in the crucibles, the
loss involved could well outweigh any fuel economy.
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have been the lack of uniformity in heating and the greater
wear on the crucibles, coupled with a more arduous task for

the melter due to the concentration of heat.

The lining of the furnace is a matter which was very

adequately discussed in a contemporary report :l

'The most refractory of bricks cannot withstand
the excessive temperatures which must be developed
in the steel furnace. To make the walls of
these furnaces, one employs a sandstone, called
'gannister', very close textured, breaking with a
very fine sugary splintery grain, formed of pure
quartz and, on account of this, highly refrac-
tory. It enters into the construction of the
furnace in two forms. The sandstone, by reason
of its hardness, being used with good effect for
the metalling of most of the roads leading to
Sheffield, one collects with great care the dust
and mud which results from the wear of the
causeway; these powdery materials, composed
essentially of quartz sand mixed with traces of
animal matter and the fine coal dust which
impregnates the ground in all the manufacturing
districts of Great Britain, are as refractory as
the sandstone itself and are economical to use
since they do not require any labour for cutting
and erecting masonry. To make anew the walls
of a furnace after having taken out the damaged
parts, it suffices to pack the lightly moistened
refractory material into the eleven inch space
between the fixed furnace wall and a central
wooden core* with which one can produce exactly
the shape and position which the hole must have.
Unfortunately for the steel melters, one uses
here and there for the metalling of the roads
certain fusible materials, the admixture of
which completely destroys the quality of the
dust; thus, in 1842, I saw used, along part

1 Le Play, leoc.cit., pp.641-642.

*  This was generally known as a 'former' and was of
rectangular section with rounded corners, with the
vertical sides slightly tapered, the section being
somewhat larger at the top than at the base. A
large hook was fixed centrally in the top face to
facilitate its withdrawal after the ramming opera-
tions around it were complete.
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of the road from Sheffield to Attercliffe, in the

midst of the region where the melting shops

abound, the blast furnace slag from Sheffield

Park. Being unable to obtain completely refrac-

tory dust all the time, the manufacturers of cast

steel are often obliged to use the stone itself.

In such case, the wall in contact with the fuel

is made with the cut stone to a thickness of

about 4% inches; the space between this and the

fixed wall may then be filled with dust of a

mediocre quality’.

It is worth adding, in this context, that within ten
years of this report being published, ganister was being
ground and admixed with a small quantity of clay and horse
droppings by Joseph Bramall of Oughtibridge. This he
sold to the steelmakers, who referred to is as 'muck' or

'muckite', presumably harking back to its original origin

as road scrapings.

I The Crucible

The crucible obviously was a vital part of the equip-

ment. It had to withstand temperatures of 1500-1600°C

1 Bramall liked to refer to his material as 'pulyerised sand'
but it would seem that his customers were not impressed by
his efforts to raise the status of his product and still
called it 'muck'. Bramall's success, however, persuaded
others to follow suit and in 1855 William Hollis began
similar operations, to be followed in 1861 by Russell and

Young, all in the Oughtibridge area. I am indebted to
A. Nicholson of the Steetley Refractory Company for this
information. It is also worth noting that John Brown and

Company, about this time, worked the ganister on Hoodlands
Farm in the Stocksbridge area, this operation being managed
by Joel Bramall (quoted by J. Kenworthy in his unpublished
history of Stocksbridge, Sheffield City Libraries,

MD 3336-4).
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for periods of four to fiye hours. At the same time, it
must not be unduly eroded or attacked by the steel, or by
any small quantity of slag which formed upon the surface
of the steel and it must retain snfficient strength to

sustain the lifting out process and subsequent use as a

pouring vessel.

The earliest known discussion on the requirements for
crucibles appears in a report on the production of cast
steel in France in the early days of the Revolution.

This document is important as an indication of the serious
attempts made to surmount the difficulties caused in
France after the prohibition of importation of English

cast steel.l The recommendations are worthy of full

quotation :

'Four qualities are required in steelmaking

crucibles:
1. to be highly infusible;
2. to have sufficient thickness to

resist the weight of the steel;

3. to withstand the initial firing
without breaking;

4. to be able to be returned to the
fire after pouring the steel so
as to serve for several consecu-
tive heats.

The composition of crucibles as used in the

1 French National Archives, F14.4485, loc.cit.



glassworks fulfils the first requirement*
whilst the thickening up of the walls meets
the second. It is necessary, however, 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 crucibles
used by the copper founders have the same
defective tendencies; since it is
possible to warm them up without break-
age and then make them serve a great
number of operations, it makes one think
that the same could come about with the
crucibles for steelmaking produced from
the composition used in the glassworks,
except that there will have to be even
greater care taken because of their
greater thickness’.

It has already been noted in the last chapter that
Huntsman probably used crucibles containing plumbago or
graphite, the balance most likely being local clay from
Bolsterstonel or Stourbridge clay.2 Such a mixture
would produce a dark coloured crucible, which seems to
have been referred to as a 'blue pot' or even a 'blew

pot'.3 In contrast, a 'white pot' was produced from

* It has already been explained that these crucibles are
produced from specially selected clays, which are pure
mixtures of silica and alumina, free from lime and
magnesia, which only occur at five or six places in France,
It has also been made clear that the raw clay is compounded
with a third or even a half of its own weight of the same
clay, previously fired and crushed, which assists in
meeting his third requirement.

1 Mott, loc.cit., p.242.

2 L. Robsahm, Dagbok over en Resa i England, 1761, Folios
68-69. An account of the clay workings at Stourbridge
from a slightly earlier date can be found in Appendix LL.,
Reference to Stourbridge clay is also made by Broling, as
given in translation in Appendix II.

3 Cutlers' Company Archives, Sheffield, Volume 47, Accounts
for 'New Furnace', 1763-64.
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clay mixtures; a patent taken out in 1762 covering the
provision of 'white crucibles or melting pots' gives the

following instructions :

'Take Sturbridge clay and Dorsetshire clay,

calcined; mix then with Woolwich sand and

water; to be trodden with the feet and then

burned’.

Clay pots, made on the steelworks premises, using a
private recipe for the clay mix formula, became the rule
in Sheffield. One report2 suggests that the proportions
of the various clays used by nine different steelworks in

the Sheffield area early this century were covered by the

following ranges :

China Clay 10-35%
Derby Clay 15-45%
Stourbridge Clay 20~45%
Stannington Clay 0-30%
Coke Breeze or Grog 5-16%

These figures are in general agreement with some notes

entitled :

'Mixtures for clay pots as used at the
Technical School'.3

1 British Patent No. 762, William White, 25th January 1762.

2 H. Brearley, Steel Makers (London, 1935), p.25.

3 This information is to be found at the back of a Furnace
Charge Book from Samuel Peace and Sons of Wellmeadow Steel
Works, Allen Street, Sheffield. It covers operations from
1895 to 1898. I am indebted to Geoffrey H. Peace, Esq.
for permission to study this most interesting document.
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These date from about 1895 and are as follows :

No.l No.2 No.3 No.4

Stourbridge Clay 45% 40% 2% Nil
Derby Clay 21% 17% 39% 20%
Stannington Clay 21% 17% 15% 30%
China White Clay 10% 20% 20% 35%
Coke Dust 3% 6% 6% 15%

Of these, No.l is said to have been useful for research work,
Nos.2 and 3 for ordinary works practice and No.4 for
castings, being very strong and tough; in addition, it is
pointed out that the high coke dust content will throw a lot
of carbon into the melt, whilst the white clay has a
tendency to give an increment in silicon content. These
particular details must have received wide circulation since
they are repeated, with minor differences, in a text book
issued in 1905.1 Here, however, No.l is indicated as being
eminently suitable for the melting of high speed steel,
whilst No.3 composition is modified to contain 35% Derby
clay, 21% China clay and 9% coke dust. The same four
compositions are repeated, but with minor modifications,

elsewhere,2 but with additions of two other mixtures

'largely used in Sheffield'

1 P. Longmuir, Practical Metallurgy: Iron and Steel (London,
1905), p.17, pp.171-172.

2 A. B. Searle, Refractory Materials; Their Manufacture and
Uses (London, 1940), p.60l1.




268

made up from the following ingredients :

E F
Stourbridge clay 47% Nil
Derby clay Nil 40%
Stannington clay 47% 28%
Clay or plumbago Nil 4%
Grog 6% 28%

The writer in this case is at pains to point out :

'.... it must be clearly understood that

each maker works according to his own ideas

and alters his recipes whenever there

appears any advantage in doing so'.
In addition, it is made clear that the use of such 'white
crucibles' or clay pots was confined almost entirely to
this country and that graphite crucibles were universally
used in both Germany and America. Le Play gives a
typical mixture for use in Sheffield 1842, giving the

following requirements for a single crucible :l

Stourbridge clay, dry and powdered 11 1b. 8 oz. (= 47.9%)

Stannington clay, dry and powdered 11 1b. 8 oz. (= 47.9%)
Fragments of old pots, powdered 14 oz. (= 3.7%)
Powdered coke 2 oz. (= 0.5%)

Mushet also gave full instructions for the preparation of

1 Le Play, loc.cit., pp.644-650. The full desciption, in
the author's translation, is to be found in Appendix MM.
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the raw materials required for such crucibles.1

Further afield, the crucibles used in 1878 at the Small
Arms Factory at Kama, 560 miles from Nijni Novgorod, were

made from the following mixture :2

Clay (unspecified) 14 1b.
01d potsherds 14 1b.
Siberian graphite 4 1b.
English graphite 1 1b.
Anthracite 6 1b.

These were reputed to last not more than two melts each,

some 30% failing after only one melt.

More interesting, however, are recipes which have
survived from William Jessop and Sons of Brightside Wbrks.3

A document of 22nd August 1899 gives details of three

batches :
72 pots 96 pots 50 pots
Derby clay 10.1. 4. 13.2.24. 7.0.16.
Common clay 4.2. 0. 6.0. O. 3.0. 0.
White clay 5.0.16. 6.3.12, 3.2. 8.
Coke dust 1.1. 4. 1.2.24. 3.16.
21.0.24. 28.1. 4. 14.2.12,

1 British Patent No.213, R. F. Mushet, 28th July 1861l. The
relevant details are reproduced in full in Appendix NN.

2 Anon, Iron (1878), vol.xi, p.583.

3 I am indebted to L. A. Keen, Esq., for providing me with
photocopies of these documents. I understand that both
the 'Common Clay' and 'Woodwards Clay' were most probably
Stannington Clay.



These figures work out to give the following approximate

percentages :

Derby clay 49%
Common clay 21%
White clay 24%
Coke dust 6%

It will be noted alsoc that whilst Le Play indicates a
crucible weight of 24 1lb. and the Russian figures give
41 1b., these Jessop crucibles were about 33 1lb. each in
weight. At this time the weight of steel per crucible

was of the order of 70 lb.

A further document from the same source gives the
recipe for specially strong pots to be used in the melting
of high speed steel in their gas fired furnaces;l this is
dated 18th December 1906 and provided 44 pots, each

weighing 30 1b. each :

5 cwt. White clay = 41.7%
5 cwt. Woodwards clay = 41.7%
1 cwt. Coke dust = 8.3%
1 cwt. Ground Pot Lids = 8.3%

Brearley commented further on the make up of the clay
mix.2 He pointed out that washing of the China clay to

remove the gritty impurities and, in particular, the iron

1 The use of gas fired furnaces will be discussed later (p.335ff).

2 Brearley, loc.cit., pp.Z26-31.

270



271

pyrites, was essential, since these, if not removed,
decomposed on heating, starting small cracks which caused
the surface to 'spall' (or break away in local areas) or,
alternatively, would give local fusion and thus a tendency
for holes to form in the walls. Derby clay was favoured
since it readily absorbed water and became plastic with a

minimum of effort :l

'.... it is therefore easy to tread and always

figures largely in the mixture when the

percentage of each clay is left to the pot-

maker'.
Stourbridge clay was said to be 'stronger' than the other
clays and contained a proportion of free sand

'.... which is at once apparent by grinding a

sample between the teeth'.
The use of 'grog', or crushed burned clay, permitted more
even drying of the pot, as well as giving it greater 'green
strength’' - that is after moulding. It also reduced the
contraction on drying which, with pure clays, could give
rise to cracking. It had, however, to be carefully
prepared; not too strongly burned, since then it would not
adhere to the clay, but sufficiently hard burned so as not
to crush to powder. It should also be angular in

character.2 The alternatiye use of coke breeze, generally

1 This comment is confirmed by a note in the Wellmeadow
Charge Book.

2 According to Searle (loc.cit., p.60l) the grog should be
passed through a 40 mesh sieve and all the fine particles
rejected.
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the case in Sheffield, served the same purpose and also
reduced the fusibility as long as it was enclosed within
the clay. When it burned away, it left the walls porous
and somewhat soft to the tongs, but since the pot at
steelmaking temperatures was not impermeable to gases, it
was argued that coke had an advantage in protecting the

metal from some oxidation.

The mixed clay ingredients were sometimes just
moistened and covered with wet sacking and then left
overnight; otherwise they would be mixed Ary next
morning in the treading trough and sufficient water added
and mixed in, as though one was making a stiff mortar.
The next procedure was to tread the clay mixture with
bare feet for four or five hours to homogenise it and to
drive out air bubbles; when trodden into a thin layer,
it was again heaped up and trodden out again and so on
until it assumed a strong dough-like consistency.
Weighed lumps, each sufficient to produce one crucible,
would then be individually balled up and then moulded,
using a plug and flask. This method has a long history.
It was certainly in use in Sheffield late in the eight-
eenth centuryl and was demonstrated at the Abbeydale

Hamlet only a few years ago by an old potmaker.2 The

1 G. Broling, Anteckningar under en Resa i England 1797-1799,
vol.3 (Stockholm, 1812), Plate 7, shows this quite clearly

(see Appendix II).

2 At a demonstration at Abbeydale Hamlet in 1975, George
Goodwin, the last of the potmakers from B. Huntsman and Co.,
trod the clay and moulded crucibles. He was then turned
eighty but had worked until about eight years earlier. He
has since died and the technique died with him.
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moulding operation consisted of throwing the cylindrical
shaped rough piece of clay into a cast iron 'flask', whose
internal shape was that of the finished crucible exterior,
except that the top continued the gentle outward contour.
The base of the flask had a large central circular hole
and was fitted with a loose iron plate with a small
central hole. The flask itself was supported on a stout
ring base. Into the mass of clay was pushed the 'plug’,
the exterior shape of which was generally that of the
final interior of the crucible. The plug also had a
central iron spike which fitted the hole in the base
plate of the flask; the upper end of this spike
terminated in a stout metal boss to allow it to be driven
home with the aid of a mallet. The whole plug, indeed,
could be of cast iron, as may be seen at Abbeydale; the
bulk of the surviving evidence, however, suggests that it
was more usually of lignum vitael with the iron insert.
The movement of the plug in the flask served to drive the
clay up the annular gap between flask and plug, the

inside of the flask and the outside of the plug having

been previously lubricated with 'pot oil' - a thick

1 The use of lignum vitae is confirmed by Broling (see
Appendix II), by le Play (loc.cit., p.649) who describes

a plug

'made from a hard and heavy wood, coming from the
tropical regions, run through with an axletree
of iron’',

and in the Wellmeadow Charge Book.



creosote. Properly carried out, this would just giye
a slight oozing of surplus clay above the rim of the
flask and this would be cut off cleanly by means of a
'strickle', The plug was then lifted clear, the
flask lifted up and its base placed upon a 'tree' - a
square block of iron set firmly in the floor - which
supported the crucible on the iron plate from the
base of the flask. This allowed the flask itself to
slide downwards, leaving the crucible to be carefully
lifted off, using two specially shaped pieces of
sheet iron, and placed on a thick wooden board which
would eventually accommodate four or six 'green'
crucibles. Finally, a 'bonnet' - a short truncated
cone of sheet metal - would be pushed down on to the
top of the crucible, with a rotating movement, to
turn in the top and give it the conventional shape.
The boards with their crucibles would then be set
aside for two or three days to dry, prior to being
placed on the racks in rows over the melting holes
for as many weeks. From here they would be taken,
as required, the night before they were to go into
the furnaces, and placed in a small coke fired

stove,l usually at one end of the melting shop,

1 This process was usually known as ‘'annealing' and
the stove is variously described as an 'annealing
stove', a 'nealing stove' or a 'nailing fire'.
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where they would be brought up to a good red heat over a
period of twelve hours or so, ready for transfer to the
furnaces themselves. There was, of course, some weight
loss during the drying out and one case is quoted of
crucibles weighing 29 1b. as moulded, 25 lb. after drying

and 21 1b. after 'annealing' as charged to the crucible

furnace.l

This procedure was the general practice in virtually
all the crucible melting shops in Sheffield, until well
into the second half of the nineteenth century. It
survived as long as crucible melting in many of the
smaller shops. In the larger establishments, however,
it was thought fit to mechanise the moulding process by
the installation of screw presses; ' other features,
however, remained the same. Pictorial evidence of
such an operation survives from William Jessop and Sons.2
The earliest written evidence, however, comes from the
River Don Works in 1867, where it was reported that all
crucibles were formed wholly by machinery at the rate
of 1000 per day and were dried slowly over a‘period of
thirty days, so as to drive off all moisture. The
drying house for these crucibles was a separate building,
large enough to contain the 30,000 pots, in two sizes

suitable for 60 1lb. or 100 1b. melts, each crucible

1 Longmuir, loc.cit., p.172.

2 Wm. Jessop and Sons, Visit to a Sheffield Steelworks
(Sheffield, 1913), p.18. This photograph probably dates
from late in the nineteenth century. Such a device was
also installed at Osterby in Sweden in the 1870s (p.531).
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being used three times only and then discarded.l

The other change, however, was that graphite crucibles
came into more general use in certain cases. As mentioned
above, this had always been the type of crucible utilised
in Germany and America; they seemed to have difficulties
in operating satisfactorily with clay pots. Admittedly,

a clay pot would not travel2(this explains why the
domestic manufacture of such items was the invariable
rule) and would only stand three successive melts, whilst
a prefabricated graphite pot had adequate strength to
withstand all normal transport hazards and would last ten
to twelve melts. The clay pots, nevertheless, were
cheaper overall and had other advantages. In the first
place, the erosion of the crucible by the metal, although
more severe with clay, did not contaminate the melt with
carbon, which was the case with a graphite pot; more-
over, the carbon increment in this case was unpredictable,
being more marked with a new crucible than with a partly
used one. Secondly, the graphite pot was a better
conductor of heat than the clay one; this certainly

gave faster melting, but when withdrawn from the furnace
the heat was conducted more quickly away from the metal,
particularly when pouring in a thin stream over the

crucible lip. Graphite crucibles were only used. in Sheffield,

1 Anon, 'Report on the River Don Steelworks', Engineering,
25th October 1867, pp.383-385.

2 But see Appendix JJJ for limited use of "imported" clay
crucibles.
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therefore, for steels which were higher in carbon (these,
in general, also had lower melting points) such as the
harder carbon tool steels and, later, the alloy tool
steels such as 'Self Hard' and their twentieth century
counterparts, the 'High Speed' steels.1 It seems that
graphite or 'plumbago' crucibles for steelmaking were
first made avajilable commercially between 1870 and 18802
although melts could well have been made experimentally
in the ordinary plumbago crucibles designed for melting
non-ferrous metals, which were certainly available
prior to 1856. An advertisement from the Morgan
Crucible Company in 1883 advertises the 'standard steel
crucible' whilst a 'Special High Bulge Sheffield
Pattern' was still being made about 1930. Various
mixes were used for plumbago crucibles. A standard one
in this country seems to have been equal volumes of
Stourbridge clay, China clay and grog blended together
and then admixed with up to 40% to 50% of its total
volume of flake graphite. A German mixture is quoted
as 36 measures of fireclay, 23 of coarse grog, 23 of
powdered coke and 18 of graphite. Normally, such
crucibles were press moulded, allowed to dry and then
'soft burned' at about 750°C. In such a condition

they were stable and durable enough to withstand trans-

1 The development of these alloy steels and the part played by
the crucible process forms the subject of Chapter lo.

2 Private communication from D. W. Brown, Esq., of Morganite
Modmor Ltd.
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port. When required for use they would be 'annealed' in
the usual way, prior to being charged hot to the melting

furnace.l

It seems there was also a compromise between clay and
plumbago since Morgans produced a clay lined plumbago
crucible2 from about 1915 onwards as being suitable for

the melting of stainless steels and other low carbon

materials.

There were, of course, two other pieces of clayware
required for use in conjunction with the crucible. The
first was a 'stand', a cylindrical block or cheese,
slightly larger in diameter than the base of the crucible.3
This was placed on the clean firebars, prior to putting in
the hot crucible; with both in place, a handful of
Belgian sand was thrown in and, under the action of the
fierce heat, this fritted the two together and filled
the hole in the crucible base left by the spike of the
plug during moulding. The other piece was the crucible
1lid, slightly larger than the top of the crucible, with
a flat base and a domed top, being about an inch thick

4
at the edge and two inches thick at the centre. Both

1 Searle, loc.cit., pp.601-602, p.618.

2 This was their pattern D384 (private communication from
D. W. Brown, Esqg.). See also Appendix JJJ and p.641.

3 According to the Wellmeadow Charge Book, this weighed
about 4 1b. as moulded.

4 This item weighed about 5 1b. as moulded.



these were moulded from cheaper clays,l usually trodden and
shaped by the 'cellar lad’', the most junior member of the

team, as part of his training.

Before leaving the subject of crucibles, it should be
pointed out that there was a limit to the growth in size
which could be accommodated, in a process where a man had
to lift the crucible from a hole below ground level. In
the ultimate, as far as can be ascertained and with the
single exception of the use of 100 1b. charges at River
Don Works, this gave a molten metal weight of around
70 1b. This, together with a crucible weighing 25 1b.
or so, and a sturdy pair of tongs of at least the same
weight, implied the lifting of over a hundredweight; a
mansize job, without the complication of the intense
heat. The growth in size of crucible charge can be
traced from a number of sources and provides the

following information :

1 The Wellmeadow Charge Book gives the following costs for

1895:

Derby clay 28/64. per ton
White clay 40/0d4. per ton
Stourbridge clay 30/6d4. per ton
Stannington clay 22/64. per ton
Stand clay 10/04. per ton
Fireclay for lids 15/0d4. per ton

Ground ganister (for furnace lining) 12/64. per ton

279
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1761l Huntsman 13 1b.
17662 Cutlers' Company 19% 1b.
17713 Ersta, Stockholm 10 1b.
1771—744 John Marshall 19-22 1b.
1777—864 Love and Spear 21-25 1b.
18083 Eskilstuna, Sweden 1l0-12 1b.
18155 Birmingham 20 1b.
18186 St. ﬁ%ienne, France 33 1b.
1818’ Sheffield 28-30 1b.
18318 Sheffield 30-40 1b.
1859° Viksmanshyttan 33-36 1b.
18649 Sheffield 50 1b.
18671° River Don Works 60-100 1b.
18703 Soderfors 50 1b.
1878ll Sheffield 70 1b.
1895—9812 Wellmeadow Works 45-56 1b,

10

11
12

Robsahm, loc.cit., Folio 69.

Cutlers' Company Archives, vol.48, Folio 77.

C. Sahlin,

'De Svenska Degelstalsverken', Med Hammare och
Fackla, vol.1v (1932), p.44, p.66, p.8l1, p.127.

Matthias Spencer Notebook.
J. C. Fischer, Tagebucher (Zurich, 1951), p.109.

James Jackson et Ses Fils, (private publication, Paris,
1893), p.177.

Morning Star (Sheffield, 1818), p.7.

D. Lardner, The Cabinet Cyclopaedia, vol.l (London, 1831),
p.236.

J. Percy, Metallurgy, Iron and Steel (London, 1864), p.835.

'River Don Works', Engineering, 25th October 1867, pp.383-
384.

J. S. Jeans, Steel, Its History .... (London, 1880), p.88.

Wellmeadow Steelworks Charge Book.
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It should be remarked in this context that crucibles
containing 100-160 1b. were used in Pittsburgh in 1913 -
but with mechanical lifting devices.l These figures are
all part of the story of the development of the process
and certain important aspects still require elaboration.
The main stream of growth in this country, and in
Sheffield in particular, is clearly shown, but there are
comments which need to be made. For instance, the use
of the 100 lb. charges at the River Don works was some-
thing of a special case, connected with a special
adaptation of the process for the production of large
castings and ingots, and the major works were content
with a 60 lb. or possibly a 70 1lb. charge. The smaller
Sheffield works, however - those in the old town rather
than those in the newly developed East End - tended to
use smaller charges, as evidenced by the Wellmeadow
works, and there were still smaller scale operations
even at this late date. In addition, the developments
abroad tended to lag behind in scale, as will be made

quite clear in a later chapter.

1 J. H. Hall, 'The Manufacture of Crucible Steel', Iron
Trades Review, 3rd April 1913, p.797.
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III Coke

The question of fuel for the melting furnaces remained
uncomplicated until after the middle of the nineteenth
century - it was invariably coke as far as operations in
this country were concerned. Indeed, the availability of
coking coals could well be argued as one of the major
factors in the location of the crucible steel trade.
Indeed, as le Play stated in his preamble to the report

on steelmaking in South Yorkshire :l

'The terrain is formed of one vast coalfield,

one of the richest in England, from which the

coal, obtained at a low cost from mines of

shallow depth, is eminently suited to the

many facets of the manufacture and working of

steel'.

The coke, nevertheless, had to be suitably prepared.
Experiments carried out to simulate the conditions in a
crucible furnace, with a twelve inch bed of incandescent
fuel, have shown that charcoal would give around 1425°C,
which would be insufficient for steelmelting, whilst coke
made from lumps of Barnsley hard coal would give 1530°C -
barely sufficient. Beehive coke, however, gave a tempera-

ture of l600oC and it is stated that the latter fuel was

that used for the crucible process after about 1805.2

1 Le Play, loc.cit., p.589.

2 Mott, loc.cit., p.231 and footnote. Mott also quotes a
report from Hunter to the effect that in 1846 the cast steel
furnaces in the 78 sheffield works of that type consumed the
coke prepared from some 188,486 tons of coal.
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Furthermore, the coke required had to be hard and firm,
capable of withstanding a fair amount of crushing and

free from fines. The matter of coke was discussed at

some length by le Play :l

'The coke used in most steel melting shops is
heavy, very hard, composed of a perfectly
vitrified matrix but riddled with cavities,
most microscopic, of which the largest
scarcely exceeds one twentyfifth of an inch
in diameter. The pieces are, however,
furrowed here and there by large fissures.
The mean ({(relative) density varies on account
of these fissures between 0.75 and 0.92.
Submitted to incineration, the coke leaves a
clayey residue which does not effervesce on
treatment with acid and which is scarcely
coloured with oxide of iron. The assay of
a coke reputed to be of wvery good quality
for steelmaking has given me the following

figures
Fixed carbon 83.7%
Volatile combustibles 3.9%
Moisture 1.5%

Clayey cinders, very 10. 9%
refractory
Before being used the coke is broken by the
coke basket filler* into pieces whose volume
varies from about 4 cubic inches to 12 cubic
inches. The dust and small debris produced
during this breaking and that which remains
on the shop floor are used either in the
melting furnaces whilst lighting up or
between two melts in the same campaign or in
the stove where the preliminary heating up
of the crucibles is carried out'.

1 Le Play, loc.cit., pp.652-653.

* Usually referred to in Sheffield parlance as 'coaky'.
The other members of the team were the potmaker, the
cellar lad, the two pullers out, the teemer (who was
the 'boss-man' or 'cod'), an odd job man and an ingot
cleaner.
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Some of the dust was, of course, also used in the crucible clay

mix.

After about 1865, however, the coke fired furnace was not
the only one used for crucible steelmaking and gas fired
furnaces, on the Siemens regenerative pattern, began to be
used in some works. Thelr use spread, but never completely
displaced the o0ld 'Huntsman type' furnace. This matter will,
however, be discussed later among the other modifications to

the process.

v The Steelmaking Procedure

The operating procedure in the coke fired furnace,
particularly in the smaller works in Sheffield, fully
developed by about 1800, remained virtually unchanged until
the crucible process was displaced in the years between the
two wars. It is, therefore, eminently appropriate that a
description of the process given by a practical steelmaker
in the early years of this century should be given in
extenso.l It can be taken as typical of Sheffield steel-

making at any time between 1820 and 1920.

1 D. Flather, 'Crucible Steel; Its Manufacture and Treatment',
Proc. Staffs. Iron and Steel Institute (1901-02), pp.58-60.
This very good description of the traditional process is
little known, being printed in an unexpected context.
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'The night before starting the furnaces, a complete
set of pots is taken from the drying shelves and
placed in the annealing furnace and raised to a
full red heat. The material for the charges must
also be weighed out and placed in scoops or
baskets for the first round. The material, of
course, varies according to the requirements.
Usually a certain proportion is used, containing
perhaps 1%% carbon, together with sufficient bar
iron to reduce the average of carbon to the
required amount. To the quantity required for
each pot must be weighed off a sufficient quantity
of fluxing material.*

On starting work for the day** the furnaces are
lighted, first with coal and then, after putting
in the crucibles which are covered with their
lids, the hole is filled with coke and the draught
urged until a full white heat is obtained. The
hole is then uncovered, the pot lids are moved to
one side and a wrought iron funnel is lowered into
the mouth of each pot in turn and the charge of
blister steel, etc., carefully placed into the
crucible. The lids are replaced, the furnaces
filled up with coke and the covers replaced. From
this point on, the operation depends entirely on
the skill of the melter who must go round all the
holes regularly and watch the process of melting,
now urging, now holding back the heat, and so
working the holes that the charges shall all be
ready in turn for drawing and casting.*** The
operation of melting may occupy from three to five
hours and during this time much has to be done in
preparing for the next round. As a rule, three
rounds or heats are got out of each furnace each
day. While the first round is being melted, the
charges for the second round must be weighed up,
also the ingot moulds have to be prepared to
receive the melting charges. As the steel and
the fluxes used in the process react, to a

* %

* % %

It is significant that the nature of the flux is not
revealed; this was part of the 'mystique'. It could
well be that no flux was added!

This would be at 6.0 a.m. at the latest. The first
operation would be the cleaning of the fire bars and the
putting down on these bars of the fireclay stands to
support the crucible.

This would involve the refilling of the holes with coke,
at least on two occasions during the round.
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considerable extent, on the crucible, in such a
manner as to weaken it at the point which is at
the level of the molten steel, it is necessary
for this level to be lowered at each successive
heating. Thus, if 60 1lb. of steel be melted in
the first round, about 54 lb. only is taken at
the second round and 48 1b. at the third and
after working three rounds the pots are destroyed
as being unfit for further use.* The steel is
not ready for casting until it has been in the
molten state for some considerable time or until,
as the expression used by the melters says, 'it
is killed'. Steel which has not been killed
teems 'fiery', that is to say it gives off a
profusion of little sparks and appears to boil in
the pot, while the ingot, when cold, will be full
of honeycombs. If the steel be too hot it will
show the same fault, while if it be kept in the
fire too long it will be very rotten and brittle.
Should a piece of coke fall into the crucible it
will result in the steel being spoilt by the
sulphur present in the coke.

When the melter judges the steel to be ready for
casting, or 'teeming' as we say, each pot in turn
is seized by a pair of tongs and pulled up to
floor level and lifted alongside the trough in
which the ingot moulds are placed. The 1lid is
removed and the crucible gripped about the

middle by another pair of tongs. On the

surface floats the flux and this is rapidly
skimmed off. The crucible is then lifted, by
hand of course, and its contents carefully poured
into the ingot mould. This, as you will under-
stand, is a very delicate and difficult operation
and only the most reliable men can be employed
for this purpose. As each crucible is emptied
of its contents, the lid is replaced and the
crucible returned quickly to the furnace and
covered with coke until once more it reaches the
proper heat to receive the next charge'.

There is also evidence that a similar procedure applied
even with plumbago crucibles in American practice, it
being quoted that successive charges may well be 85 1b.,
80 lb., 78 1b., 75 1b., 72 1b., etc. (H. M. Howe,
Metallurgy of Steel (New York, 1891), p.298). It should
also be noted that, in addition to the attack on the
crucible, the actual physical size changed due to
shrinkage on heating, so that the capacity was reduced
for subsequent melts.
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The pulling and teeming process was such a skilled
job and gave such an aura of prestige to those marvellous
men whose everyday task it was that it is difficult to
refrain from enlarging on it, again quoting one who was

familiar with the operations

'It goes without saying that a man who can lift
a pot containing sixty pounds of molten steel
with a pair of heavy tongs from a furnace
below ground level at a dazzling white heat is
no weakling. I say 'lift', but the pot |is
not lifted; to call the men 'lifters' instead
of 'pullers out' would be insulting. The
actual pulling out is like Macbeth's job;
'when 'tis done, then 'twere well it were done
quickly’'. Once in Sweden I saw a pot, a
large pot, of molten steel lifted from a
below-ground furnace with an arrangement of
chains and pulleys - an outrage of the senti-
ments. It is an advantage to the puller out
to be tall and strong but neither quality in
excelsis is essential; a smaller man may
learn the knack of it, though he can hardly
hope to appear so graceful as his larger
brother who has the knack. At steel melting
heat the pot is not 'as hard as a brick';

if it were, it would crush or crack in the
grip of the double claw-like tongs used by

the puller out. The pot is soft and in a
degree yielding; it could be hit with a
hammer and deformed without cracking. It
needs to have these properties to serve its
purpose. The feeling of 'give' gives him
confidence to straighten his back and with an
unbroken pull and swing to set the pot on the
floorplates. His ends of the tongs are held
together by his hands only; he might use a
ring to hold them together but by doing so

his sense of feeling would disappear and the
contact between him and the pot would be

less intimate’.

1 Brearley, loc.cit., pp.67-68. This fascinating book has
been out of print for so long that I make no apology for
making extensive quotations from it. The author had spent
the best years of his life in close proximity to the
processes and the people he described.
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He goes on to say that the job was obviously a dangerous
one, particularly when dealing with leaky pots; much was
risked to save the molten steel and many a puller out got a

'sup of steel' inside his clog! When he talks of teemers

he comments :1

'The teemer is the autocrat of the furnace gang
and the best paid man of the lot, but he does not
make the mistake of supposing that when it comes
to making good steel he is the only man that
matters .... As he has been a puller out in his
time, the teemer is generally big and strong, but
as he is no longer young, he may be rather fat and
generally has a ruddy face. The colour of his
face may be due to a combination of good health,
the scorching heat of fire and the stimulation of
alcoholic drink ....

As soon as the puller out has swung the pot of
molten steel up to the ingot mould, one of the
odd men, or the cellar lad if he is lucky, inserts
a slim rod with a blob of metal on it the size of
an orange, and mops off the floating layer of
slag; he should pick up the slag without allowing
any part of his mop to touch the liquid steel.
During this interlude, the teemer has been holding
the pot with his bowed tongs, which grip it
generally about midway, but specifically where he
is likely to be most satisfied when the loaded
tongs are balanced on his knee. Having mopped
off the slag, the molten steel is visible. What
there is to see distinguishing one pot of steel
from another the novice cannot tell. But the
teemer can. If ever so few sparks should rise
from the surface, the old melter would grunt and
mutter some doubt about the steel being killed;
his successor is less worried; he just drops a
'pill’ into the pot - an aluminium pill - and is
confident that the ingot will be a sound cne.*

The teemer grumbles if he considers the molten
steel to be on the cold side, as that limits his

1 Brearley, loc.cit., pp.69-78.

* The background to such treatment will be explained later
in this chapter.
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choice of moment and manner of teeming; to hurry
molten steel into the ingot mould for fear it will
not get there at all is considered a disgrace.

He minds less if the steel in the pot is too hot
to cast, as he can wait, and with his eye on the
surface of the molten metal he waits for the right
moment. Watch him teem; and if the physical
grace of the bulky man and the play of colour
around the pot do not enchant you, try and realise
what it is he is trying to do. From the bowed
ends of the tongs which grip the pot, long shanks
pass over the knee of the crouching teemer and
extend as far as his left arm can comfortably
reach. With the leverage of the long shanks
operated by one hand and a steadying lift exerted
by the other, the pot is balanced on the teemer's
knee at the moment his good judgement decides is
the right moment for casting. The metal flows
over the lip of the pot, which has been curved
inwards to an appropriate angle, passes down the
mould and, from first to last, at whatever speed
it may be delivered, does not make contact with
the side of the mould. No lady, handling a
delicate china cup, ever sipped tea with a
greater niceness than the knowing melter

delivers the glistening stream of molten steel
into the soot-lined mould* ....

When arranged for casting, the moulds rest, in
turn, in a square box let into the floor and
partly filled with sand. The sand is used to
adjust the height the top of the mould stands
above floor level. But the mould does not stand
vertically; it slopes towards the falling stream
of metal at an angle decided in the teemer's mind
by his acquaintance with the extent to which the
top of the pot is turned in and the way the steel
will fall over its lip. Unless these trifles are
considered, no amount of skill could deliver the

The moulds were made in two halves, split longitudinally,
with dovetailed edges. To prepare them, the halves were
laid, inside faces downwards, across two rails supported
a foot or so from the floor. A pan with burning tar
would then be placed below them and moved from time to
time so as to ensure a uniform coating of soot on the
parts which were later to receive the molten steel. This
served as some protection to the cast iron but also
contributed to the smooth flow of the metal as it rose in
the mould, giving an improvement to the surface of the
ingot. I can well remember an old meltexr who boasted
that his ingots had skins like Morocco leather. The
process of soot-coating the moulds was known as ‘'reeking'.



steel into a mould without catching the sides;
and a 'catched' ingot is, of all faults, the most
obvious sign of negligence or incompetence. As
the split moulds are held together by top and
bottom rings and wedges, and the rings are of a
uniform size, it is a simple matter to fix the
bottom ring higher or lower and, by bringing this
bottom ring hard up against the wall of the
teeming box, to adjust the slope of the mould to
the teemer's liking ....

By the time the teemer has got rid of his rags*
the moulds will have been laid across a horiz-
ontal rack and the ingots will be at least partly
visible. The old teemer, still mopping his face
with a 'sweat rag',** will eye them over and have
this one or that one chalked, in the spirit of an
enthusiastic gardener eyeing his blooms ....

In taking my leave of the teemer, I doff my cap
to him for the noiseless and apparently effort-
less contribution he has made to the Art of
steelmaking'.

As has already been said, the pots by then had been

returned to the furnace, heated up and again 'steeled' or

charged up, the space around the crucible filled up again

with coke and the next round set on its way.

'By this time, the puller out, more than any
man in the gang, is soaked with sweat from
top to toe. By all accounts, this is the
time when a couple of pints of beer will fill
most tastily a long felt want and, when the
men had the freedom of the works gates, one
could tell by the goings and comings, but
particularly by the goings, how the opera-
tions stood'.

* %

'Rags' referred to the multiple layers of sacking tied round

the legs and thighs of the teemer and the puller out;

these

were well saturated with water (or 'doused') before either of
them submitted themselves to the heat of the crucible.

The 'sweat rag' was a piece of towelling, normally worn round

the neck.

Whilst pulling out or teeming, the ends would be

held in the teeth to prevent the inhalation of any noxious

fumes.

Sweat rags, incidentally, are still universally used

in the Sheffield melting shops.

290
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wWith this final quotationl a fair impression of the
operation of Huntsman's process, using the type of furnace
he designed but on a somewhat larger scale, has been

obtained.

v The Size of Ingot

In the early days of the process and, indeed, for the
general case right through to the twentieth century, one
crucible charge provided one ingot, so that ingot weights
gradually increased from Huntsman's early 13 1lb. one to
almost 70 lb. by about 1870. It seems that Huntsman used
a 2 inch octagonal mould.2 Octagonal, square and
rectangular moulds are illustrated early in the eight-
eenth century,3 but, in general, for ordinary purposes, a
square ingot seems to have been the most favoured, sizes
of 2%", 3" or 3%" being most usual, according to the
weight available, the ingots being from about 18" to 30"
long.4 There is, however, evidence of 'doubling up',

that is pouring the contents of one crucible into another

1 Brearley, loc.cit., p.62.

2 T. Althin, 'Eric Geisler och hans Utlandska Resa, 1772-1773',
Med Hammare och Fackla, vol.XXVI (1971), pp.32-33.

3 Broling, loc.cit., Plate VI (reproduced in Appendix II).

4 After crucible steel melting had been superseded by the high
frequency process, I well remember the use of 3%" square ingots
for special alloy steels, whilst most of the high speed steel
was made in 4" ingots in Sheffield at least up to 1960 and
still is in some of the smaller works.
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before teeming, particularly when ingots of rectangular
section, such as 7" x 3", were required to produce sheet
for saws or even for pen nibs.l The doubling up not only
provided the extra weight required but also mixed the
contents of the two pots, giving a uniform composition of
the metal throughout. Records also exist of from three
to five melts being poured together to produce ingots of

up to 200 1lb. in weight in tool steels.2

Within the larger works, however, much more compli-
cated operations were carried out. As it so happened,
the earliest example of multiple pouring on a large scale
in this country refers to the production of a casting
rather than an ingot. This was at the Millsands works

3 The casting

of Naylor, Vickers and Company in 1860.
involved was a steel bell, destined for the Fire Station
in San Francisco; its finished weight was 5824 1b. and
required the contents of 105 crucibles for its production.
Such multiple pouring operations had been carried out
previously, since ingots of weights from 1000 1lb. to

6000 lb. were shown at the various exhibitions from 1849

to 1853. Krupp's works in Essen was amongst the leaders

1 Evidence for this comes in the form of a photograph kindly
provided by Vessey and Company, dating from about 1950.

2 Wellmeadow Works Charge Book.
3 Illustrated London News, 7th January 1860, p.12. The

casting was perfectly sound, stood 5'3" high and had a
diameter of 6'2" at the mouth.
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of this type of productionl but the Sheffield firms also

cast large ingots fairly frequently. Naylor, Vickers and
Company, after their removal from Millsands to the River

Don Works, could cast a 25 ton ingot, using 576 crucibles,
in 1866.2 Thomas Firth and Sons cast an ingot of 20 tons,
requiring the contents of 628 crucibles in 18743 and there
is a drawing, reproduced as Figure 27, depicting a similar

operation at the same works a year later, witnessed on this

occasion by the Prince of Wales.4

It is clear from the illustrations that the Sheffield
method was to use a refractory lined tundish set in the
floor, with its central nozzle located over the mouth of
the ingot mould set in a pit below. It should be made
clear that, once the metal has begun to flow through this
nozzle, a constant stream must be kept flowing until the
casting operation is finished; otherwise, any interrup-
tion in the casting would cause a 'cold shut' or wrinkling
of the ingot surface which would cause blemishes or even
tearing of the surface of the article forged from the

ingot. There was, therefore, little margin for error in

1 A quite detailed account can be found in the section dealing
with German steelmaking. (See pp.579-586).

2 'River Don Steelworks', Engineering, 25th October 1867, pp.
383-384. According to Sheffield and Its Neighbourhood
(Sheffield, 1889), p.132, such an ingot was forged to
produce a marine shaft for the steamer 'Wisconsin' in 1866.

3 Sheffield and Rotherham Independent, 28th April 1874. The
account is reproduced in extenso in Appendix 0O.

4 Illustrated London News, 28th August 1875, p.193.




the provision of a constant succession of men with their
pots full of steel, at the right temperature, in the central

casting area.

In the period up to about 1865, there was no alternative
to crucible steel for the production of large masses of steel,
using a technique which to us, over a century later, seems
incredible in its concentration of labour and the precision of
timing required. For the next fifteen years there were other
sources of metal in bulk but they were mistrusted on the
grounds of quality. The Bessemer process, indeed, was never
seriously considered for the production of forgings, but by
the early 1880s the Acid Open Hearth process was found to be
acceptable as providing the required standard of quality,
and large crucible steel ingots were no longer produced in
sheffield. Not so in the Krupp Works in Germany, however,
where, as will be shown later, the casting of large ingots
from regimented armies of crucible melters continued, at

least to the end of the century if not beyond.

VI The Chemistry of the Process

The underlying chemistry of the crucible process seems
to have received little attention and the only evidence of
any systematic work comes from Central Europe. An abstract

of a doctoral thesis submitted to the University of Berlin
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reports works trials with three types of crucible, the
charge consisting of a mixture of puddled iron with some
5-8% spiegeleisen.l The results are tabulated in Table III.
Further evidence from the use of clay crucibles with an
admixture of 15% graphite at Duisburg may also be quoted
as set out in Table IV.2 Some information on Sheffield
crucible practice around the beginning of this century
indicates a loss of carbon of around 0.10%, a silicon
increment of about 0.05%, a manganese loss of 0.15% to
0.25% depending on the original level, a sulphur
increment of 0.0l0% to 0.015% and no change in the
phosphorus level, all this being relevant to melting in
clay crucibles.3 As would be expected, Brearley has

some appropriate comment

'.... there was an extra fire given to the
molten steel, known as a 'killing fire' ...
if it was omitted when melting blister bar
or bar iron, the ingots would probably
contain blow holes .... there was an air of
mystery about the killing fire .... the
furnace was urged to its utmost heat consis-
tent with the stability of the pots them-
selves .... the pot itself had something

1 A.Brand, 'Einige Beitrage zur Kenntnis der Vorgange bei
Stahlschmelzprozessen in Tiegeln', Berg und Hutten Zeitung,
vol.xliv (1885), pp.l05-107, pp.117-121.

2 F. C. G. Muller, 'Untersuchingen uber den Tiegelstahl-
prozess', Stahl und Eisen, vol.6, No.ll (November 1886),
pp.695-704.

3 Private communication from the late W. H. Green, Esq.,
crucible steelmaker, 1905-1928, later manager of the High
Frequency Melting Shop, Firth Brown Ltd.

4 Brearley, loc.cit., pp.64-66.



to do with the killing operation; it was easier
to kill steel in some pots than in others. It
was believed that China clay did not help but
coke dust and Derby clay helped a great deal;
and when one tries to sort out these notions in
terms of analytical chemistry, it turns out that
the pot most favourable to the killing of the
steel is also the pot from whose sides silicon
can readily be reduced into the molten steel.
This may not be the complete story but it is

an intelligible part of it and explains why

some people doubted the genuineness of crucible
steel unless it contained a certain amount of
silicon; and it explains why Continental
steels, made in graphite pots, contained more
silicon than similar steels made in clay pots

in Sheffield'.

A German explanation from the end of the nineteenth
century is largely confirmatory.l It referred (as we
should now consider erroneously, since it is clear to
modern steelmakers that the gas involved was carbon

monoxide) to :

'.... the tendency of the steel to take up
hydrogen and nitrogen which, whilst solidi-
fying, it subsequently evolves in the form
of bubbles. This will make it useless for
tools and most other purposes. Only after
many failures and much experience were the
rules established which must be followed in
order to make sure that the castings from
crucibles will be homogeneous and free from
blow holes. At the same time it was
learned that crucibles of different compo-
sitions which had been differently treated
would act on the steel differently and that
Sheffield methods were not always applicable
in Continental steelworks. Only recently
has scientific research thrown some light
on these dark problems. It has been found
that by the natural action of the wall of
the crucible on molten steel that part of
the silicon is reduced so that all cast

1 F. G. Muller, Krupp's Steel Works (London, 1898), pp.33-39.
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steel contains about one quarter per cent of
silicon. On the other hand, it has been proved
that a small amount of silicon prevents release
of the occluded gases. This binding of the
gases does not, of course, occur if the steel is
cast as soon as melted but in order to take up
the silicon it must remain one or two hours
longer in the furnace at a high degree of heat.
In this way the beneficial effect of what the
English call 'killing' finds its scientific
explanation'.

Consideration of the available evidence indicates that
conditions within the crucible changed during the course of
the melt. The initial period was 'oxidising', whilst the
final stages were 'reducing'. The original Huntsman process
was, quite simply, the remelting of blister steel and this
technique, with slight modifications, has already been shown
to have continued for at least a century and a half.l
Blister steel, having been produced from what was nothing
more or less than wrought iron, albeit one with high purity
and desirably low contents of both sulphur and phosphorus,
still contained the entrained slag from the refining process

to which the Swedish pig iron had been subjected. The iron

1 It should be remembered that, for the first fifty years of this
period, the role of carbon was not understood and that blister
steel was the only form of steel commonly known in the
Sheffield area. It was, therefore, the obvious and only raw
material for use as the charge in such a process, apart from
the small amounts of scrap steel which were available from
time to time and which were increasingly used as partial
supplements to blister steel for this purpose. The continued
use of blister steel in the last half of the nineteenth
century, however, can only be looked upon as sheer conserva-
tism; the Sheffield steelmaker would have argued that it was
a matter of fitness for purpose, established by custom and
practice.
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used could also be badly scaled, or it might well be rusty
from its sea voyage. The slag, together with the rust or
the scale or both, would introduce oxygen into the crucible;
in addition, additions of oxide of manganese, along with
the charge, were fairly commonplace. In the initial
stages of the melt these oxidised materials would react
with the crucible wall to form at least a glaze, if not an
actual separation of liquid slag, floating on top of the
melt. In the Sheffield process, using a clay crucible or
'white pot', it was to be expected that this slag would
eventually begin to react with the carbon, silicon and
manganese present in the steel, and thus lower the levels
present to a greater or lesser degree. In the presence
of the large amount of aluminosilicate from the clay, these
reactions would be complex but can probably be best
illustrated by considering them as being motivated by the
presence of free oxide of iron at this stage. This would
lead to oxidation of carbon, the reaction product escaping
in gaseous form, and also of silicon and manganese, whose
oxides would go to make up the slag. All this would be
accompanied by an overall reduction of the amount of iron
oxide present and, therefore, a move to somewhat less

oxidising conditions.1 If, however, the metal were to

1 The sequence of reactions may be expressed as follows :

C + FeO = Fe + CO (gas)

Mn + FeO = Fe + MnO

Si + 2FeO = 2Fe + SiO,
followed by

2MnoO + sio, = Mn28104 (slag)
In addition, some iron oxide would attack the silica in the
crucible

2Fe0 + sio, = Fezsio4 (slag)



be poured into an ingot mould at this stage, there would
still be sufficient free iron oxide present for the
production of gaseous carbon monoxide on solidification.
The ingots would then be honeycombed with 'blowholes'
caused by this gas escaping from the metal. That this
did happen in practice is convincingly demonstrated by
the discovery some years ago of several such pieces of
ingot material buried on the site of the old Huntsman
Attercliffe Works.l The analysis of one of these

specimens is given as :

Carbon 1.12%
Silicon 0.04%
Manganese 0.03%
Sulphur 0.011%
Phosphorus 0.014%

This analysis, very significantly, shows an extremely
low silicon content; it had not been 'killed by fire'.
Note, however, the low sulphur and phosphorus contents
which indicate the use of a high grade iron, probably
of Swedish origin. In modern parlance, such a metal
was in need of 'deaxidation'; this is really a
misnomer, the actual removal of oxygen being incidental.

if occurring at all. What was really needed was the

1 '200 Years of Steelmaking', British Steelmaker, March 1942,
This article was issued also as a reprint and a photograph

of the honeycombed ingot together with this analysis
appears on p.4 of that reprint.
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fixing of the oxygen present in such a form that it
would not react with the carbon during the solidifica-
tion. 'Killing with fire' essentially did this since,
if the conditions became sufficiently reducing, by
removal of iron oxide and other easily reactable oxides
with carbon, an increase in temperature would then
cause reaction of carbon with silica, to bring about a
return of silicon to the metal.l With sufficient
silicon in the metal, any iron oxide which tended to
form, after withdrawal of the crucible and during the
solidification period in the ingot mould, would react
with the silicon present, rather than with the carbon.
The product of this reaction was silica, which was
solid and which could not give rise to blowholes.
Reaction of this silica with carbon, although it
occurred at the higher temperature of the killing

fire, was less likely at the lower temperature and in
any case the reaction rate was slow - the killing

fire took at least an hour whilst the ingot, once
cast, would be solid in a few minutes. Hence an

ingot free from blowholes was produced.

The rules for 'killing' or ‘'deoxidation' changed

1 The reaction involved is

2c + si0o, = Si + 200 (gas)

The rate of reaction is low, requiring a considerable
time for it to make its effect; it occurs more readily

at high temperatures.
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over the years. The principle remained the same. Since
silicon produced the desired effect, it was obvious that
the addition of silicon metal or, more conveniently, of
ferrosilicon (one of the so-called 'ferrocalloys' produced
as aids to the steelmaker and consisting in this case of
an alloy of 45% or so of silicon, the remainder being
essentially metallic iron) to the crucible, near the end
of the melt, would obviate the need for the long ‘killing
fire' - when, of course, the role of silicon was under-
stood. Aluminium, however, was found to be even more
effective than silicon and as little as one quarter to
half an ounce of aluminium - often in the form of an
'aluminium pill' - would quieten most pots of crucible
steel. The addition of aluminium to crucible steel

was generally frowned on in the trade in Sheffield but,

as Brearley stated :l

'Whether the steel is killed by an extra fire
at superheat, as it used to be, or whether it
gets its quietus from a pill is supposed to
be all the same. I am not sure; the newer
method is much cheaper than the older and
that kind of pill has been known to affect
steel manufacturers' decisions'.

Such treatment, however, was the foundation of the Mitis

process2 for making steel castings, using a ferroaluminium

1 Brearley, loc.cit., p.72.

2 See pp.532-533 for details of this process. See also
British Patent No. 8269, 1885, taken out by T. Nordenfelt

as agent for the inventor of the process, C, C, Wittenstrom.
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containing 8% aluminium and adding from 0.05% to 0.1Q%

aluminium to the metal as soon as it was clear melted

and hot enough for casting.

The role played by manganese in crucible melting
was a complex one. In a clay crucible, any manganese
present in the metallic form in the charge was subject
to a marked degree of oxidation during the melting
period; subsequently, it remained largely unaffected.
Indeed, the conditions which favour a return of silicon
to the metal could well reintroduce some manganese at
the same time. Any manganese oxide added, however,
was merely an oxidising agent and would produce slag,
tend to aggravate the erosion of the crucible and

oxidise some further carbon.

In crucibles containing carbon, however, the
situation was rather different. Erosion of the
crucible caused the release of some carbon, which
speeded up the absorption of the oxygen present.
Eventually, any excess carbon would be absorbed by
the metal, the amount of the carbon increment being
dependent on the amount of carbon in the crucible
mix, the degree of erosion and the time of exposure
in the crucible. Moreover, there was a much more
rapid rise in the silicon content; so much so that
a killing fire was not generally applied or needed.

The situation with regard to manganese, however, was



unexpected under these conditions, in that there appears
to have been a continual loss during the process, which
can only be explained by attack on the crucible, the

manganese releasing silicon to the metal.

VII Physics and Nostrums

The deliberate addition of manganese to steel is
generally associated with the name of Josiah Heath. He
took out a patent in 1839 in which he proposed adding a
'carburet of manganese', prepared by the reduction of a
mixture of oxide of manganese and carbonaceous matter

at a high temperature and then adding some of this

1 It is likely that a reaction of the type

2Mn 4 28i02 = Mn23i04 + Si
was responsible, although it is not clear why this should
occur in the presence of excess carbon. It is known,
however, that a slag rich in manganese oxide is less active
an oxidising medium than the corresponding iron silicate,
The slag in the last of the trials listed in Table IV, using
crucibles containing 15% of graphite, was analysed and the
results, with their low iron oxide content (2,30%) and high
manganese oxide content (18.45%), the balance being 35.85%
alumina and 41.24% silica, indicate the above reasoning to
be plausible. A very similar analysis for the slag found
on teeming a melt from a graphite crucible (44.4% Sioz,
1.08% FeO, 24.04% MnO and 28.8% Alzo ] is given by
A. Ledebur, Handbuch der Eisenhuttenﬁunde (Berlin, 1884)
p.856. An interesting commentary on what has just been
discussed with regard to the chemistry of the process will
be found later, when steelmaking in Austria is discussed,
(See pp.595-596 and Appendix GGG).
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preparation, which undoubtedly would contain metallic
manganese, to the charge in the crucible.l It was else-
where generally claimed that this allowed cheaper native
iron to be used for the steelmaking process instead of
the higher priced Swedish irons.2 It is as well to
examine this matter fairly closely. The effect of
manganese metal could be twofold; it could help to
sweep out the slaggy matter entrained in the iron and

it could also help to neutralise the detrimental effect
of higher than normal sulphur contents in the iron,
thereby making the material more readily forgeable from
the ingot. The cheaper native irons, however, were

also relatively high in phosphorus content and in no way
would manganese help in combating the brittleness induced
by this unwanted impurity. It would, however, be quite
effective in producing a reasonable steel from the
cheaper grades of Swedish iron, some of which sold at a
price little more than half of that of the top Dannemora

grades.

According to the usual story, Heath later patented
the moulding of the oxide with tar and the baking of this
mixture into cakes, thus obviating the costly high tempera-

ture treatment, but no trace of such a patent can be found.

1 British Patent No. 8021, J. M. Heath, 5th October 1839.

2 Percy, loc.cit., pp.840-841.
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In any case, such a mixture would not contain the essential
metallic manganese and would be ineffective in either of
the mechanisms quoted above. On the contrary, it is
likely that it would disintegrate in the crucible, possibly
raising the carbon content of the metal a little but, more
importantly, the free manganese oxide would erode the
crucible quite badly, particularly since the mixture was
added towards the end of the melt when the temperature was
high. Henry Unwin, who had been Heath's agent, began
supplying the oxide-tar mixture to the Sheffield steelmakers
and seems to have made a fortune out of it, whereas Heath,
who challenged Unwin in the courts, died in poverty whilst

the litigation was still in progress. Brearley's comments

are again worthy of quotation :l

'In the train of the Heath persecution came
superstition and avoidable loss, which lived
on the back of the tool trade for half a
century. Heath's real discovery was ignored
in favour of the use of black oxide of mangan-
ese; and the trade deluded itself into
believing that the black oxide of manganese,
known as 'physic', was potent for good whereas
it was not even the shadow of the substance of
Heath's discovery. Up to 1900, hardly anyone
dared to make crucible steel without adding an
ounce or two of black oxide of manganese to
the pot; and its main effect was this - along
the wash line where the slag floated on the
molten steel, the black oxide of manganese was
drastically corrosive and frequently ate holes
through the pot's side and wasted molten steel
through the grate bars into the cellars. A
heap of 'runnings', representing thousands of
tons of wasted steel, would be a fit memorial
to the greed of the steel manufacturers who
disputed Heath's claim and for his knowledge
substituted their ignorance'. »

1 Brearley, loc.cit., pp.21-22.



There is much truth in this but also some exaggeration,

since the use of metallic manganese, in the form of 'spiegel-
eisen',l as a standard addition to crucible charges, seems to
have had widespread currency from about 1870 onwards. The
addition of manganese in metallic form to steel was fostered
by Mushet, who made what he referred to as a 'triple compound
of iron, carbon and manganese'3 which would appear to have

been similar to spiegeleisen.

Whilst discussing manganese and the evidence from patents,

'Spiegeleisen' was the manganese-rich cast iron produced
in Central Europe from the spathic iron ores; the metal
contained about 10% manganese in the average case.

There is a document in the Doncaster Archives which
advertises made up crucible charges which were available
from the firm in 1880 and each 50 lb. lot contained 1 lb.
of spiegeleisen. There is a statement to the effect
that this is included 'for the purpose of neutralising
the sulphur, every part of which requires 7 parts of
manganese to neutralise it'. This refers to the fact
that, in the absence of manganese, the metal contains
iron sulphide which tends to form films on the crystal
boundaries and leads to rupture on forging. In the
presence of sufficient manganese, the iron sulphide is
replaced by manganese sulphide, which tends to form in
globules which are relatively harmless. (See Figure 34).

British Patent No. 3125, R. F. Mushet, 19th December 1857.
Mushet continued to patent this type of treatment in
various applications and also in conjunction with other
elements such as titanium, chromium and tungsten. His
mixtures were, in fact, early forms of what later became
known as ferroalloys.
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there is one example which illustrates the sort of wrong
thinking which was generated about the time of the Heath-
Unwin affair and at the same time acts as a warning that
the patent literature should be used with considerable
care. A mixture ;

'an oxide of manganese, forty two pounds, of

plumbago, eight pounds, of wood charcoal,

fourteen pounds, and of salt petre, two

pounds'
added in the proportion of two to three pounds to every
thirty pounds of steel, would seem to have been very

likely to provide quite a spectacular firework display.l

Brearley, it will be remembered, referred to the
black oxide of manganese as a 'physic'. It might also
have been referred to as a 'nostrum'. These terms were
used for any non-metallic addition to the crucible melt,
with the obvious intention of curing some ailment in the
metal. There was always some scepticism as to whether
these additions had any real effect and among these
sceptics was certainly H. M. Howe, who wrote :

'.... a little ferromanganese or spiegeleisen

is usually added to prevent blowholes and

promote forgeableness; about a struck tea-

spoonful of oxide of manganese to form a thin

slag (it also increases the absorption of
silicon and carbon); and often physics, not

1 British Patent No. 10204, C. Low, 25th November 1844,

2 H. M. Howe, Metallurgy of Steel (New York, 1892), p.308.




to say nostrums, such as salt (to thin the
slag), ferrocyanide of potassium (it should
promote carburisation), sal ammoniac and so
on. Wwithout direct experimental evidence
we cannot tell whether these physics have
any valuable action or whether, as one
strongly suspects, they are mere ginger-
bread pills. The crucible steel maker is
very secretive about his mixtures; it is
doubt ful whether we would be much wiser
than now if he told us frankly all he
certainly knew about them'.

It seems, however, that others were more serious,
taking out patents to cover additions for which plausible
reasons were given. Broomanl used 2 pounds of sal
ammoniac and 1 pound of prussiate of potash to every 100
pounds of bar iron, it being implied that the nitrogen
. 2
improved the hardness of the steel. Pauvert seems to
have represented French ideas:3 he used a very compli-
cated mixture :

4 parts by weight of dry carbonate of soda

4 parts dry carbonate of potash

3 parts wood ashes

2 parts borax

3 parts oxide of manganese
4 parts of charcoal or soot or lampblack

1 British Patent No. 359, R. A. Brooman, 22nd July 1856.

2 The prussiate of potash may have been potassium cyanide but
is more likely to have been potassium ferrocyanide. A later
patent of French origin, taken out by C. Cowper (British
Patent No. 2165, 7th September 1860) clearly states the use
of yellow or red prussiate of potash, which are potassium
ferrocyanide and potassium ferricyanide respectively. This
was the period when nitrogen as an addition to steel was in
fashion and some opinions were expressed that it was more
important than carbon; it was a passing craze,

3 British Patent No. 610, C. Pauvert, lst September 1857,



at the rate of 5-6% of the weight of the iron charged. He
went on to explain the various reactions supposed to occur,
which only adds to the general confusion; it becomes clear,
however, that the main aim was the cleansing out of the
slaggy impurities and the more effective absorption of
carbon. Thomasl used a mixture of chloride of sodium,
prussiate of potash and bichromate of potash, this
improving the hardness of the steel. The use of per-
chloride of iron with 'muriate' of soda or potash, together
with sufficient charcoal, is claimed to enhance the
absorption of charcoal by wrought iron in the crucible.2
One further example, however, would seem to have had more
substance, since it covered the separation of 'silex' and
other siliceous matters from the steel, by using some form
of 'fluoric acid', ground fluorspar or 'fluate of lime'
being preferred, on account of the fluxing action of the
lime.3 This principle is in use to this day in all the

basic steelmaking processes.

The list of these 'nostrums' cannot be closed,

however, without reference to what must really be the

1 British Patent No. 2039, G. C. Thomas, 3rd September 1856.

2 British Patent No. 2390, J. and D. F. Bower, 3rd October 1860.

'Perchloride of iron' was ferric chloride; it seems odd that
reference in the same sentence should be made to 'muriates',
since these were also chlorides.

3 British Patent No. 685, J. J. O. Taylor, 19th March 1861.
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prize one amongst them.
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1 This covered the melting of

scrap and malleable iron in crucibles

VIII

'.... with borax, carbonate of cadmium, the
nut of the horse chestnut ground to meal, the
tartar argols of commerce and charcoal of
wood. ....... Should a hard steel be
required, for each hundredweight of metal the
juice of four white onions is also added!,

Modifications to the Crucible Charge

So far it has been assumed that the charge to the

crucible was mainly blister steel; the developed process

by about 1800 used small amounts of available scrap but in

the main the charge came from the cementation furnace.

This was, of course, the period when the true role of

carbon in steel was elucidated and it was not long before

the

logical thought of producing steel by melting bar iron

British Patent No. 2870, F. Prange, 7th November 1865. This
puts me in mind of the occasion when I witnessed the shop
manager carefully surveying the contents of a crucible that
was ready for teeming, pulling out a small brown paper packet
from his pocket, throwing it in and prodding the surface of
the metal with an iron rod; he then gave instructijons for
the contents to be teemed. I asked him later what was in
the packet. 'Well, lad, the last ingot was porous. What
do you usually take for flatulence?'. 'Bicarbonate?!, I
queried. 'Good guess, lad', he said as he walked away.

I never knew whether he was pulling my leg or not, but that
ingot was certainly sound. (I suspect that it was another
of those aluminium pills, in actual fact).
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in a crucible with charcoal was proposed; the idea was, indeed,

patented by David Mushet :1

'.... cast steel may be made by taking any convenient
quality of malleable iron, according to the size of
the furnace and crucible or crucibles to be employed
and introducing it into the crucible or crucibles
along with a proper proportion of charcoal, charcoal
dust, pit coal, pit coal dust, black lead or plumbago
or of any substance containing the coally or carbona-
ceous principle .... For this process not only bar
iron may be employed but also what is commonly called
scraps or waste iron ....'

It must surely have been an error to use pit ceoal or pit
coal dust.2 Otherwise, in theory at any rate, such a process
should have been workable. There is evidence that Mushet
supplied steel from the Calder Ironworks in 1802, presumably
made by this process, to Peter Stubs, who seems to have found
it soft and returned it.3 The problem with such a method
was that it would require a temperature of between 50° and
100°C in excess of that usually sufficient to melt the
blister steel charge; the bar iron would not melt below
about 1500°C. Although there was probably carbon in actual

contact with the iron, as has been demonstrated in an

earlier chapter the very slow rate of diffusion of such

1 British Patent No. 2447, D. Mushet, 13th November 1800.

2  The sulphur so introduced would have been highly detrimental;
in the standard crucible melting practice, should a piece of
coke accidentally enter the crucible, the melt was considered
as ruined and discarded. It was said that it would 'stare'
during teeming and would not forge or roll satisfactorily and
that it would be 'rotten'.

3 T. S. Ashton, An Eighteenth Century Industrialist (Manchester,
1939), p.50.
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carbon into the iron would mean that such a mechanism would
have no opportunity of lowering the melting point in the
three or four hours in which the crucible was in the furnace.
That such a procedure was not, as far as can be ascertained,
put into general use until after the advent of the gas fired
, furnace rather confirms the difficulties of maintaining the
necessary temperatures in the normal coke fired furnace

without excessive damage to the structure.

The next proposed alteration to the charge was a more
practical one, again aimed at obviating the need for carburi-
sing the iron in the long and tedious cementation process.
This was originated by a Sheffield steelmaker, part of whose

'Improvements in the Manufacture of Cast Steel' reads as

follows

'In order to make cast steel on the improved plan,
the ordinary furnaces and crucibles, heats and
moulds may be used but instead of melting in these
crucibles broken pieces of the bar steel commonly
called blister steel, as heretofore, I melt the
following ingredients together in the following
proportions. Of ordinary wrought iron borings or
turnings or scraps: 100 1lb; of black oxide of
manganese: 2 lb. 3 oz; of cast iron turnings or
borings or other such very small particles of cast
iron: 28 1lb. .... It is evident the foregoing
proportions may be susceptible of some slight
variation .... If turnings are used, they should
be pounded into small pieces before they are put
into the crucible'.

This, in contrast with Mushet's earlier patent, covers a real

improvement since the cast iron, as well as providing the

1 British Patent No. 8206, Wm. Vickers, 26th August 1839.



carbon necessary for the melt of steel, begins to melt at
a much lower temperature (around 1150-1200°¢) and, as the
temperature gradually rises, the wrought iron would be
absorbed, giving a fluid melt at the minimum temperature.l
Here again, however, there were problems which retarded
the proper development of such a process - in this case a
lack of suitable raw material. The Sheffield steelmaker,
with his tradition of using high quality Swedish bar iron,
had to find a comparable cast iron, as regards its low
sulphur and phosphorus contents, and such a material was
not readily available. To have used the local pig iron
would have been unthinkable. Furness pig or Blaenavon
pig would have been suitable, but he was not to know. At
this time, it must be remembered, there was no chemical
analysis to guide the steelmaker, only 'rule of thumb'
trials which could be expensive should they produce
unforgeable ingots and, more importantly, damaging to the
reputation if unsatisfactory material went out to a

customer. It would have been considered reasonable to

1 It should be noted that there is a vague anonymous reference to
such a process much earlier, in a comment on a hearsay report
of the English steelworks using only grey cast iron to which
they add, as necessary, either lightly cemented steel, to give
it hardness, or bar iron to give it body (Journal des Mines,
No.l51, July 1809, footnote, p.10). In addition, there is
the reference made by Broling (loc.cit., pp.69-70) to the
melting together of pig iron and bar iron, on which comment has
already been made. Please refer to p.250 and to Appendix
II.
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use Swedish pig iron, but that was not available since by edict
of the Swedish government the export of pig iron was prohibited.
It was obviously economically correct to refine the pig iron to
bar iron in Sweden and so produce the extra profit, and quite a
handsome one at that, for the Swedish economy. Indeed, up to
1846, the regulations operated by the central organisation in
Stockholm, Jernkontoret, limited strictly the output of each
bar iron forge. Subsequently, they were allowed to increase
their production, subject to prior intimation of their
intentions. The demand for iron was growing rapidly at this
time, however, and the supply of charcoal in Sweden was soon

to become the limiting factor. Thus, on 19th December 1855,
by royal decree, the export of such pig iron as could not be
refined was permitted, to be followed two years later by
withdrawal of the similar ban on the export of Swedish iron
ore. The release of Swedish pig iron was a most significant
occurrence as far as the Sheffield steelmaker was concerned
and, quite clearly, the Vickers process could now be
implemented on a reasonable basis.l By 1862, imports of
Swedish pig iron into Hull were 7816 tons in the year and
figures from 1863 to 1869 ran at the level of 4000 to 6000

tons per annum.2 The official statistical report from

1 The availability of Swedish pig iron in this country was also
significant for the growth of the production of puddled steel
in this country, a matter which will be discussed later.

(See Chapter 9).

2 Private communication from Miss Karen Hullberg, late of
Jernkontoret, Stockholm.
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Sweden in 1862 comments that :l

'When it is taken into consideration that Britain

produces 3,712,390 tons of pig iron in the year

at 50s. to 70s. per ton but is still willing to

purchase Swedish pig iron at £6 to £7 per ton,

this difference can only be accepted as indica-

ting a superior usefulness of the Swedish make

for special purposes'.

Total imports of Swedish pig iron into this country
averaged about 10,000 tons per annum from 1862 to 1864 and
had reached 20,000 tons by 1870. Not all this was
necessarily used in crucible melting. Some was undoubt-
edly refined by puddling, but a good deal of this could
well have found its way into crucibles. Some was
probably used in Bessemer steelmaking, following the lead
given in Sweden.2 It may be significant that the amount
coming into Hull in 1862 and 1863 represented about 70%

of the total import, whilst by 1867 to 1869 it had fallen

to 35%.

What is significant, however, is that the River Don
Works, started in 1863 and destined to be the largest
crucible steel works in the world, was built without any
cementation furnaces. In its original design, it was to

have had 384 double crucible holes.3 It seems, however,

1 Bidrag till Sveriges Officiele Statistik, 1862. Translation
by courtesy of the late Torsten Berg.

2 Per Carlberg, 'Early Industrial Production of Bessemer Steel
at Edsken", J.I.S.I. (July 1958), pp.201-204.

3 S. Jordan, Revue de l'Industrie du Fer (Paris, 1871), vol.4,
pp.297-300.




that only three quarters of this capacity was installed as
conventional coke fired furnaces;l the remainder of the
capacity was eventually provided by the installation of
gas fired Siemens type furnaces, capable of melting in up
to 216 crucibles at any one time. In view of the associa-
tion of the Vickers family with the River Don Works and the
1839 patent, it had previously been considered that the
melting together of Swedish bar iron and Swedish pig iron
was employed at the River Don Works. The article quotedl
is quite specific, however, in that Swedish bar iron was
melted with charcoal. As pointed out earlier, such a
process was more onerous both on the furnace and on the
crucible due to the higher temperature required; this is
substantiated by the use of a more refractory crucible
with a deliberate plumbago or graphite addition, as well

as the move on a large scale to the Siemens gas fired
furnaces which were capable of operating for longer
periods at higher temperatures than the conventional

furnaces, a matter which will be discussed later.

Elsewhere in Sheffield, however, it is clear that

Swedish bar iron and Swedish pig iron were combined in

1 'River Don Works', Engineering, 25th October 1867, pp.383-385.
It is possible that 336 holes were installed with coke firing

and that 48 of these were subsequently demolished to make

room for the bank of gas fired furnaces. See also
J. Hackney, 'The Manufacture of Steel', Proc.Inst.Civil

Engineers, vol.xlii (1874-5), Appendix C, p.6l, where

information from Mr. E. Reynolds of Messrs. Vickers, Sons

and Company is quoted. (See Appendix PP).
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crucible charges, thus vindicating the Vickers patentl and
giving a perfectly viable procedure. This eliminated the
need for prior carburisation and, whereas the 'integrated
steelworks' in Sheffield from 1825 to 1855 or so had been

a combination of cementation furnaces with crucible melting
facilities ~ and many examples appear as woodcuts on
letterheads or advertisements - the use of the cementation
furnace, as a source of raw material for the crucible

process, declined from about 1860 onwards.

On the subject of crucible steel charges, much has
been made of the statement made by Henry Bessemer in 1880
that the crucible steelmakers of Sheffield at that time
used 50 to 60 tons of Bessemer scrap per week. A
similar comment, to the effect that some of the difficul-
ties of the steel trade arose from the use of inferior
Bessemer steel for tool and cutlery making, was made a

few years later.3 Obviously, only random records have

1 It is difficult to understand why patents which deal with almost
precisely the same procedure were later allowed. Gentle Brown
of Swinton (British Patent No.205, 23rd July 1856) melted 7 to
12 1b. of pig iron with a balance of bar iron to give a 42 lb.
ingot whilst John Henry Johnson (British Patent No.874, 5th
April 1860) also melted together pig metal and wrought iron
together with oxide of manganese and sal ammoniac. Such
patents, however, are indicative of the current trends at the

time.

2 H. Bessemer, On the Manufacture and Uses of Steel, a lecture
given at the Hall of the Company of Cutlers in London, lst
December 1880. The text was published in the 'Ironmonger' of
4th December 1880; the copy I was able to consult was reprinted
as a private publication, unpaginated.

3 S. Uttley, Evidence to the Royal Commission on Depression
{London 1886), p.238.
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survived to throw any light on this matter but, strangely
enough, in the main these do not substantiate any major

deviation from the policy of using Swedish iron.

The earliest evidence is contradictory. Alexander
Galloway commented in 1824 that French bar iron was not as
good as our iron or Swedish iron for steelmaking.l He

went on to state

'Many people in this country entertain the notion
that good steel cannot be made from English iron;
this is a very incorrect notion. Twenty three
years ago when I began business I used nothing
but Swedish iron. I now use in bar iron perhaps
100 to 150 tons per year and I have never bought
in the last fifteen years one ounce of foreign
iron'.

Mr. P. Ewart, asked whether he agreed with the evidence of

Mr. Galloway, said he did not.2

'I have been a good deal concerned with the making
of steel. I have built mills and forges and I
have seen many attempts for upwards of thirty
years to make good steel from English iron and
they all have failed ... The best iron we have
is made from charcoal but there is no good steel
except from Swedish iron ... We want the best
steel for tools to make the machinery. Next to
Swedish iron for making steel I have understood
that some of the Russian iron makes steel of good
next quality'.

In 1835, William Vickers reported that Sheffield was

then producing 12,000 tons of steel per annum from 10,000

1 First Report of the Select Committee on Artisans and
Machinery (London, 1824), p.Z21l.

2 Fourth Report of the Select Committee on Artisans and
Machinery (London, 1825), pp.253-254.
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tons of Swedish or Russian irxon, 1,000 tons of English iron,
only used for the manufacture of springs, and 1,000 tons of
steel and iron scrap.l Le Play, a few years later, indicated
that some 2,650 tons of home produced material was used in
Sheffield steelmaking, being some 13% of the total; he did
not differentiate between English iron and scrap intake.2
Waern quoted Gustav Ekman as having stated that the amount of
home produced iron used in Sheffield steelmaking had gone up
by 1845 to 3,000 tons, whilst Waern himself computed that

the figure in 1853 had risen to 7,200 tons, or 18% of the
total raw material.3 Waern was at this time endeavouring

to persuade his government to allow additional production

of Swedish bar iron to meet the rising demand and could,
therefore, be expected to make as large an estimate of

the competition as possible. He went to the length of
praising the English iron as regards its 'density';4 he

did, however, make it clear that there were no official
figures and that he was assessing the amount used by

deducting the known re-exports of steel-iron from the total

1 G. R. Porter, The Progress of the Nation, (ed. Hurst),
(London, 1912), pp.240-241.

2 Le Play, loc.cit., pp.604-605, p.687.

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

4 H. Scrivenor, History of the Iron Trade, (London, 1854),
p.155, translates this as 'closeness’'. I am informed that

the Swedish is better rendered as 'density'. Scrivenor does
not translate the last sentence in this paragraph referring
to the English iron, which reads: 'No wonder the Swedish

manufacturer is worried'.
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known import from Russia and Scandinavia and assuming that
the remaining raw material used in British steelmaking was

home produced iron.

All this was at the time when the use of the Heath
patent for adding manganese to steel melts was supposedly
making the use of home produced iron practicable for the
production of steel; this is supported by no less an
authority than Dr. Percy.l Nevertheless it must be made
clear that the addition of manganese would only modify
the ills caused by the presence of sulphur in the iron,
rendering it less red short and, therefore, possibly
rendering it forgeable whereas, without the manganese, it
might not be. The main trouble with the English bar
iron, however, was that it generally contained substantial
amounts of phosphorus, which would render the steel brittle
or 'cold short', particularly if the carbon content was at
all high. It is just conceivable that the lower carbon
materials for springs, as mentioned by Porter, with about
0.5 to 0.6% carbon, might be serviceable with a maximum
of 0.1% phosphorus present. For edge tools and the like,
however, it is almost inconceivable that English iron,
except possibly that from the Forest of Dean or the North

West, could be used as a satisfactory substitute for the

Scandinavian or Russian irons.

1 J. Percy, Metallurgy: Iron and Steel (London, 1864), p.840.




The local evidence, meagre though it is, appears to
confirm this line of reasoning. From the Tyzack records,
it can be seen that quantities of local iron were purchased
but it is clear that they were used in toolmaking -~ for
welding to steel and generally referred to as 'skelp iron' -
from the Milton Iron Company or from Low Moor.1 It has
to be added that small quantities of 'bar steel', presumably
blister bar, were also purchased from both Low Moor and
Bowling, names which also figure in Le Play's list. On
the other hand, of the purchases over the period 1840 to
1867, these amount to less than ten tons compared with well
over 3000 tons of bar iron, 86% of which was Swedish and
14% Russian. The fact that Bowling and Low Moor irons
were occasionally converted to steel is confirmed else-
where;2 this same source also lists the Sheffield
steelmaker John Brown selling 'spring ends', as well as
'JB Best Melting Base Bar Steel', in 1862. Conceivably
these could have been Bessemer steel since he had installed
a converter in 1860; they could just as well have been
puddled steel. In either case, they could well have
been of Swedish origin, from the Swedish pig iron now

being imported in quantity.

Ebenezer Jackson's Note Book quotes a 'least cost

mix' for crucible tool steel in 1848 as being one third
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1 Tyzack Purchase Ledger, 1840-1867, inspected privately.

2 Sheffield City Libraries, Brittain Accounts, LD 266.
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each Kk iron (a cheap Swedish grade), English iron (at
£9 per ton) and steel scrap.1 At the same time, it
should be noted that, whilst this gave an ingot cost
of 23s. 44. per cwt, the typical cost of rolled tool
steel bar is calculated with a material costing 28s.

at the ingot stage and there is an impressive list of
Swedish bar iron prices ranging from the Kk at £€13.10.0.
per ton to Hoop L at £32 per ton, with only the one
unspecified English iron. Similarly, the Daniel
Doncaster lists of blister bar prices,2 issued
regularly over the years, give either two or three
English grades (in 1862 and 1864 these were confined to
Chillington and JB ATLAS) with upwards of thirty

Swedish and Russian grades.

The only real argument for any more extensive use
of home produced iron in the crucible steel trade comes
from a report in 1862.3 This was written at a very
interesting period in the history of Sheffield steel,
after the release of Swedish cast iron, which had led
to widespread use of the puddling process in at least
three of the major Sheffield steelworks, and just

before the full acceptance of the Bessemer process.

1 Sheffield City Libraries, SJC 41.

2 There are numerous examples of these in the Doncaster Archives.

3 Gruner and Lan, loc.cit., p.769, p.776, p.783, p.785,
pp.788-789, p.792, p.794, pp.803-805.
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It was a time when the appetite for steel was growing
rapidly and it is not unreasonable to conclude that,
for two or three years, the situation was abnormal in
that the crucible steelmakers were being pushed to
produce what is specifically referred to in the report
as 'common steel'. There are, unfortunately, discrep-
ancies in the report which states that 40% of the output
was from Russian and Swedish irons, whilst the import
figures would indicate a 60% coverage. Nevertheless,
the gap is a large one and could only partially be
filled by imports of Swedish cast iron and the use of
return crucible steel scrap. It is therefore signif-
icant that there are continual references in this 1862
report to home produced iron: puddled steel from
Blaenavon pig, the use of iron from Lancashire or
Cumberland (all so far Haematite irons) for making
steel for common bars, files, angles, tyres, axles and
machinery forgings; also some Low Moor and Bowling
iron for cementation - and even that from Staffordshire
and Shropshire which surely must have produced unser-
viceable steel! As will be seen, however, the later

evidence appears to point to this period as being

untypical.

Several crucible charge books covering the later
years of the process have been studied. Those from

Jessops and Savilles from about 1885 to 1910 have



unfortunately now been mislaid; still accessible are
those from Seebohm and Dieckstahl,l together with the
Wellmeadow Steel Works book from 1895 to 1898 and
numerous examples in the Doncaster archives. These
latter cover a long period and one particularly
interesting set of analyses comes from as late as 1940
showing both American and English irons as well as
Swedish materials in their stock for cementation. The
figures show all five to be of reasonably good quality
but the Swedish materials were still generally superior

as regards sulphur and phosphorus contents

Swedish Low

Hoop L. AOK Lancashire Moor Armco

Iron Iron Iron Iron Iron

Carbon 0.08 0.08 0.06 0.03 0.02
Silicon 0.02 0.02 0.03 0.02 0.02
Manganese 0.08 0.12 0.06 0.02 0.02
Sulphur 0.005 0.004 0.006 0.017 0.015
Phosphorus 0.009 0.016 0.017 0.005 0.021

None of the charge books gives any firm evidence in

favour of Bessemer's statement.2 It is true that Bessemer

steel appears in a few charges but almost invariably it is

'Swedish Bessemer' which was imported as an alternative to

the Walloon or Lancashire Swedish iron; it was a material

produced with care from the same raw materials and was

equally pure with regard to sulphur and phosphorus

contents.

1 sSheffield City Libraries, BDR 97/1-5.

2 The latest evidence to be obtained, that from Cammell Laird

and Co., is confirmatory of what has been deduced above.
See p.641 and Appendix JJJ.
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As a final comment on this subject, it seems appropriate
to quote the evidence of an American observer on tool steel

making in Sheffield, just after the First World War.l He

implied that a little domestic material had perforce been
used during the hostilities but that now Swedish iron was
again freely available, albeit at an inflated price, none

other was being considered for crucible steel charges.

IX The Uchatius Process

This modification of the crucible proce552 depended

on the granulation of cast iron, achieved by the pouring
of the liquid metal into water, and the mixing of the
granules with about 20% of their own weight of powdered
high grade spathic iron ore, rich in manganese, or a
good quality haematite ore to which oxide of manganese
was added, together with about 5% of fireclay. This
mixture was then heated in crucibles to melt and refine
the metal and the product cast, in the normal manner, as

steel. The object was obviously to circumvent the more

1 P. M. Tyler, 'High Speed Steel Manufacture in Sheffield', The

Iron Age, lOth February 1921, pp.371-374.

2 British Patent No. 2189, F. Uchatius, 1lst October 1855,
would seem that a discussion of this process could equally
well have been deferred to the later chapter dealing with
new routes for steel. On balance, the close affinity to

the crucible process leads to its inclusion here.
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costly and more time consuming standard process of refining
the pig iron, cementing the resulting bar iron and then
remelting the product. The yield was said to be about 6%
greater than the weight of granulated pig, due to the
reduction of iron from the ore by the silicon and by part

of the carbon from the pig iron.

The method originated in Austria,l but its first
major development seems to have been in the Newburn steel-

works on the Tyne. A contemporary report gives an elegant

description of what occurred in the crucible :2

'BEach granule (of cast iron) being surrounded by
the pulverised oxides, the decarbonisation takes
place first on the outside of each granule and so
progresses towards the centre as the heat
increases, the oxygen in the ores combining with
the carbon in the granules and passing off as
carbonic acid gas;* if, therefore, during the
process the granules could be examined, it would
be found that the outside of each is entirely
deprived of its carbon, the next portion
partially decarbonised and the centre not de-
carbonised at all; so that each granule would
be composed of pure wrought iron, steel and

cast iron. By increasing the heat the cast
iron centre portion of the granule first

becomes fluid and then falls by its own weight
to the bottom of the crucible. At the same
time, the earths mixed with the ores melt and
rise to the top, forming a layer of scoria or
dross floating on the surface of the melted
iron. Each granule of melted metal has there-
fore in falling to pass through the rising

1l The inventor was a Colonel in the Austrian army.

2 T. Spencer, 'On the Manufacture of the Uchatius Cast Steel',
Proc. Inst.Mech.Eng., August 1858, pp.l146-154,

* More correctly, this should be carbon monoxide; carbonic
acid gas is carbon dioxide.
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scoria and it is in the passing through that
the combination of the impurities in the metal
with the alkaline earths takes place, so that
the decarbonised iron on reaching the bottom
of the crucible is cleansed from all impurities.
The heat continuing to increase melts the
outside portions of the granules and the whole
is reduced to one homogeneous fluid mass in the
crucible, which is then ready for being poured
into the ingot moulds ... The oxides employed
in this process are iron ores of the finest
qualities, such as spathose and haematite,
which are previously calcined and pulverised.
The proportion of oxide to the granulated iron
is according to the hardness of the steel
required, say from 20% to 30%; the greater the
quantity of oxide employed the greater the
decarbonation and consequently the softer will
be the steel produced'.

The advantages claimed were a rapid conversion of cast
iron into steel by a direct method, a uniform quality from
a predetermined mixture of cast iron and oxide and a cost
less than half that of remelting blister steel, for
comparable quality. It is clear that the trials at

Newburn did produce some material of very acceptable

quality. Within twenty years, however, the process had

been abandoned here:l

'after a great number of experiments, at a cost
of a little under a thousand pounds, on
attempting to work it in large quantities, it
was found that the product was so uncertain in
the qualities necessary to good steel that the
process was altogether abandoned. This irrequ-
larity of the product was probably caused by
the uncertain quantity of the carbon in the pig

iron used’'.

1 J. S. Jeans, Notes on the Northern Industries (London, 1878),
pp.79-82. It is also reported that a Mr. Willans of Sheffield
was producing steel by the Uchatius process but only on a small
scale; J. S. Jeans, Steel: Its History ... (London, 1880),

p.112,
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As will be pointed out later, however, the process was
eminently successful elsewhere, and the works set up at
Viksmanshyttan in Sweden in 1859, especially to exploit

the process, operated continuously for seventy years.

X 'Homogeneous Metal'

Another variant of the crucible process was its use
in the production of what was described as 'homogeneous
metal' and first made its impact at the International
Exhibition of 1862, on the stand of Messrs. Shortridge
and Howell of Sheffield, in the form of tubes. The
claim was that this material had all the advantages of
good quality wrought iron without the presence of the
streaks of slag. It seems to have been a crucible

melted steel, but most certainly much lower in carbon

1 C. Sahlin, 'De Svenska Degelstalsverken', Med Hammare och
Fackla (1932), vol.IV, pp.79-91. This matter is dealt
with fully in pp.529-530. The Uchatius process gave rise
to some variants, two of which were patented, although
there is no knowledge of their being applied. Pauvert
(British Patent No. 609, 2nd March 1857) crushed heated
pig iron, either through rollers or by stamping, oxidised
the metal by further heating and then melted it with
powdered ore and fluxes. Sicard (British Patent No.139,
17th January 1859) granulated pig iron in a centrifugal
spinning device, introducing nitrate of soda or potash
to oxidise the finely divided metal, which was then washed
and finally remelted with various physics.
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than the steels conventionally melted in the crucible.
The only vague clue as to what was being done comes in a
fairly early patent,l which probably has the shortest

operative instructions of any patent of the time, the

full statement reading :

'The novelty of my invention consists in using

what is commonly known as the scale which

falls off steel or iron during the process of

hammering or rolling in addition to the

ingredients in common use for making cast

steel. I do not confine myself to the use

of any quantity of the said scale as that

must be determined by the particular temper

of steel required for any special purpose.

The object of the invention is to make a

superior quality of cast steel or homogeneous

metal from the commoner kinds of iron'.
The use of millscale, as an oxidising agent for carbon in
molten steel, has the advantage over the use of ore in
that there is no 'gangue' or earthy matter to be fluxed
and no elements injurious to the steel to be introduced,
since the scale is merely oxide of iron with small
quantities of the oxides of the other metallic consti-
tuents of the steel. There are puzzling features,
however. The straightforward addition of oxide to a
relatively low carbon melt would lead to a highly
erosive slag being formed, there being no excess of
carbon to reduce the iron oxide as in the Uchatius
process. Possibly some suitable slag forming matter

was also included, such as crushed pot, clay or sand

to absorb the iron oxide from the mill scale before it

1 British Patent No. 2369, John Bennett Howell, 9th October
1856.
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could cut the crucible. Even so, however, to render a
lower carbon material fluid enough for casting, the
temperature would have to be raised considerably.l Never-
theless, whatever the details, it is quite clear that this
firm made quite a reputation for itself, producing ship
plate,2 boiler tubes, telegraph wire and colliery ropes

from their 'homogeneous metal'.3

XTI The Invention of the 'Dozzle'

There are, in the history of technology, a number of

1 Whilst this would have been relatively easy within a
few years, after the advent of the Siemens gas fired
furnace, the Shortridge and Howell activity starts in
the days of the simple coke fired furnace.

2 The use of Shortridge and Howell's 'homogeneous metal'
plates in David Livingstone's paddle steamer for
operating on the Zambesi was the first known use of
steel as the main body material in shipbuilding. That
the adventure turned out to be a disaster cannot be
laid at the door of the makers of the homogeneous
metal. The design was poor, the plates were too thin
and the corrosion risks were underestimated. For an
interesting account of this matter, see J. G. Parr,
'The Sinking of the Ma Robert: An Excursion into Mid
Nineteenth Century Steelmaking', Technology and Culture,
vol.13, No.2 {(April 1972), pp.209-225.

3 The firm continued to produce tubes until 1971, but
'homogeneous metal', as originally made, probably ceased
to be used by 1880, being replaced by purchased billet
from local Bessemer and Open Hearth shops.
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simple ideas conceived by a highly practical mind which have
had such far reaching effects that, looking on them with
hindsight, it is rather a matter for wonder that they were
not evolved earlier. Such an idea came to Robert Forrester
Mushet, working away in his isolated steelworks in the

Forest of Dean. His own description needs must be quoted

1

verbatim; one instantly forms the impression that here

is one of the great steelmakers on his home ground :

'In the manufacture of cast steel, the steel
when melted usually is cast or poured from the
melting pot or crucible, in which the said
steel has been melted, into ingot moulds formed
of cast iron. The ingot moulds employed are
of various sizes, shapes and lengths, in order
that the manufacturer of steel may be enabled
to obtain ingots of the various sizes and
weights he may require. Ingot moulds most
commonly in use have the figure internally of
a square or four sided prism, the sides being
from 2% to 2% inches broad and the said moulds
are from 20 inches to 42 inches in length
internally.* A slight aris or bevel is
usually formed upon the inside angular corners
of the ingot mould so that the ingot when cast
is a square prism with its solid edges
bevelled off longitudinally'.

What Mushet did not say was that such moulds were made
in two halves, split longitudinally, with a dovetail
fitting; in addition, he did not mention the octagonal and
rectangular sections used on occasion. His next comments,

however, had universal relevance wherever steel was melted:

1 British Patent No.l1310, R. F. Mushet, 23rd May 1861.

* These extremes would give ingot weight of from 25 1b.
to 75 1b.



'when steel is very thoroughly melted and heated
considerably beyond its melting temperature such
steel will, when poured into an iron ingot mould,
undergo during its cooling and solidification a
considerable degree of shrinkage and this shrink-
age forms a deep tube or funnel in the upper part
of the ingot, extending downward from the centre
of the ingot top in the form of an inverted cone,
often several inches in depth and the same thing
occurs when hard steel highly carbonised is melted
and poured into ingot moulds even when such highly
carbonised steel is not heated considerably
beyond its melting temperature. This funnel is
called by steel manufacturers the 'pipe' of the
ingot and cast steel, which when poured into iron
moulds forms ingots with deep central funnels at
the tops of the said ingots, is said to 'pipe
badly'. As the portion of the ingot containing
the funnel or pipe when rolled or drawn down into
bar is necessarily hollow in its axis, such
portions of the bar as contain the pipe are un-
sound and unmarketable and the piped ends of the
ingot are therefore either broken off before the
ingots are rolled or drawn or the piped portions
of the rolled or hammered bars are subsequently
cut or broken off. The necessity for breaking
off and removing the pipes from the ingots

causes very great waste and loss to the manufac-
turer, the weight of the piped portions of the
ingots varying from three pounds to twelve

pounds for each ingot and sometimes more'.

This was indeed a problem which had been around for over
a hundred years and it should be made clear that this did not
become ameliorated by the 'killing' process; this prevented
honeycombed blow holes but tended to aggravate the piping
tendencies, since a fully killed steel was more deeply
piping. Mushet, in fact, recognised this, since the more
highly carburised steel was more fully deoxidised; it is
also worth pointing out that deoxidising the melt with
aluminium, as was practised later, also gave an accentuated
piping situation. The suggestions for alleviating the

piping problems took the following form :
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'When the ingot mould has been placed on its end in
the usual position for receiving the melted steel
contained in the melting pot or crucible, I pour
the greater part of the said melted steel into the
ingot mould in the usual manner, taking care,
however, that the melter or workman who pours the
steel into the mould shall stop pouring the said
steel when a quantity of it from two to four
pounds yet remains in the melting pot. I now
introduce into the ingot mould a heated pipe of
clay, or other material, as hereinafter explained,
and I set the bottom end of this pipe upon the
surface of the melted steel which has just been
poured into the ingot mould, the said clay pipe
being supported in its position by the interior
sides of the ingot mould above the top of the
ingot. The melter then quickly pours the steel
which remains in the melting pot into the clay
pipe placed on the top of the ingot and as the
shrinkage takes place in the ingot the melted
steel in the clay pipe falls or sinks down and

by keeping the middle of the upper end of the
ingot full during the solidification of the

steel prevents the formation of a pipe or cavity.
The ingot is then taken from the ingot mould in
the usual manner and the steel remaining in the
clay pipe and attached to the upper end of the
ingot is broken off and the ingot thus cast
without pipe or funnel'.

In this manner was the 'dozzle', as it came to be known
in Sheffield, introduced. All crucible steel ingots soon
were produced with dozzles and larger ingots eventually came
to be made with 'hot tops' or 'feeder heads', all as an
extension of the same principle. Mushet suggested that his
‘clay pipe' for a 2% inch square mould should be 27/16 inch

square, with the corners chamfered off, with a length of

six to eight inches, the central hole being 1% to 1% inches



in diameter,l the latter either straight or tapered; if
tapered, the larger aperture should be placed downwards.
He also suggested that they could be moulded in common
clay, mixed with a fifth of its bulk of coke dust or
other carbonaceous matter, to prevent cracking when
heated. They could be moulded by hand (as they most
frequently were in Sheffield) or by machine, and they

needed slow drying before heating up for use.

By this means the loss from the ingot was reduced to
a mere 1% to 2%. Quite often, with ingots up to 4 inch
square, as produced from the later high frequency furnaces,
the metal in the dozzle fed virtually completely into the
ingot, leaving just a hollow shell within the dozzle
itself, and this could be knocked off quite cleanly by a
light hammer blow. Bearing in mind that Mushet's
invention came only just prior to the age of alloy tool
steel, with its additions of relatively costly elements
such as chromium, tungsten and vanadium, the economies
directly due to the use of the 'dozzle' must have been
enormous and its invention certainly ranks among the

most important contributions to the art of steelmaking.

1 The remains of Mushet's crucible steel shop were
bulldozed around 1966. Rummaging around on the tip
so produced shortly afterwards, I found various broken
pieces of 'dozzles' and they matched these dimensions

quite closely.
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XIT The Gas Fired Furnace

In the later years of the crucible process, the one factor
which had the greatest potential effect was the introduction of
the gas fired furnace. Using their regenerative furnace
principle, with producer gas firing, the Siemens brothers
'modernised' the Huntsman type coke fired furnace which had
remained unaltered, other than by an increase in scale, for
well over a century. As we have seen, the crucible size
had increased, as had the number of crucibles per hole, and
by 1860 the net effect of this was to obtain ten or twelve
times the weight of steel per hole, compared with Huntsman's
first industrial operations in Attercliffe. The main
constraint in the process was the necessity of maintaining
a sufficiently high temperature for the appropriate period
of time, to produce liquid metal sufficiently fluid for
casting. The details of the development of what is
generally known as the Siemens furnace, namely the Open
Hearth furnace with producer gas firing and regenerative
chambers, are to be found elsewhere in this treatise;
suffice it to say here that a modified furnace could be
designed to take crucible pots on its 'hearth'. In the

designer's own words :

1 C. W. Siemens, 'On the Regenerative Gas Furnace as
Applied to the Manufacture of Cast Steel', Journ.Chem.
Soc., (1868), pp.279-310. This paper also describes
the gas producer used for such applications.



'In the application of the system to the fusion of
steel in closed pots or crucibles, the melting
chamber, containing generally twenty four pots,
is constructed in the form of a long trench,
three feet six inches wide at the bottom and
gathered in to under two feet at the top. The
sides of the melting chamber are arched both
horizontally and vertically, to keep them from
sinking together in working, and the work is
strengthened by cross walls at intervals. The
pots are set in a double row along the centre
of the chamber and the flame passes from side to
side, the gas and air from the regenerators
being introduced alternately from one side and
the other, opposite to each pair of pots. The
melting chamber is closed above by loose fire-
brick covers, which are drawn partly off in
succession by means of a lever suspended from a
pulley above the furnace, when the pots are to
be charged or drawn out. The pots stand in a
bed of finely ground coke dust, resting on iron
plates. The coke dust burns away only very
slowly, if it is made of hard coke and finely
ground, and it presents the great advantage of
remaining always in the form of a loose dry
powder in which the pots stand firmly, whilst
every other material I have tried either
softens at the intense heat or sets after a
time into a hard, uneven mass, in which the
pots do not stand well. The process of
melting carried out in this form of gas

furnace is the same in all respects as that

in the small air furnaces or melting holes
filled with coke which are commonly employed
but a great saving is effected in the cost of
fuel and in the number of crucibles employed.
The ordinary consumption of hard coke, costing
22s5. per ton in Sheffield, is between three

and four tons per ton of steel fused, while in
the gas furnace the same work may be done by
the expenditure of 15 to 20 hundredweight of
common coal slack (worth only 5s. to 8s. per
ton) at a cost that is only 5s. against 75s.
per ton of steel melted. There is a further
saving in the number of crucibles required, as
they may be used in the gas furnace four or
five, or even ten times, while in the furnaces
heated by coke two or three casts are as much
as are ever obtained. The lining of the
furnace lasts at least 15 to 20 weeks without
repair (in working day and night) while 4 to

5 weeks is the longest duration of the ordinary

coke fired holes’'.
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Siemens' chief assistant, William Hackney, presented a

paperl some seven years later and confirmed much of what

has been set down above. He implied that the newest

furnace to be installed in Sheffield was at Messrs.

Sanderson Brothers works and was, it would seem, very
much to the design given earlier by Siemens. He
commented that the pots wexe rather wider and shorter
than for the ordinary coke furnaces, so as to be rather
more stable, and were made without the usual central
hole from the plug, but were otherwise similar.2 The
furnace walls exposed to the full heat were made from
the most refractory Dinas or silica brick,-3 the covers
and the regenerators were in Stourbridge or other good
quality firebrick. The floor plates stood a few inches
clear of the brickwork and were cooled by the current of
air passing below them. Hackney, however, is not as
optimistic in his claims on fuel saving, suggesting
that from 22 to 30 hundredweight of common small coal
was needed per ton of steel melted, some 50% up on
Siemens' estimate, but still quite a realistic saving
over the coke fired furnace. As an appendix to his

paper, extracts from a letter from Mr. E. Reynolds,

1 W. Hackney, 'On the Manufacture of Steel', Minutes of

Proc.Inst.Civil Eng., vol.xlii (1874-5), Part 1V, pp.2-68.

This would seem to indicate the use of machine moulding.

Such brick was by that time being manufactured at Deepcar,
near Sheffield.
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manager of Messrs. Vickers, Sons and Company, give some
useful details of the River Don Works practice; in addition,
some information on other operations is quoted from Siemens.

A list of Siemens regenerative furnaces for crucible steel

melting in 1B80 indicates the growth of this type of furnace:2

Vickers, Sons and Co., Sheffield 216 crucibles
John Spencer and Sons, Newcastle 96 crucibles
Monkbridge Iron Company, Leeds 72 crucibles
Bowling Iron Company, Bradford 48 crucibles
Sanderson Brothers, Sheffield 48 crucibles
Steel Casting Company (?) 36 crucibles
Robert Marsden, Sheffield 18 crucibles

The annual production from furnaces of this type in 1879 was

stated as being 3500 tons of steel.3

Comments are found, from time to time, indicating that
control of the individual crucibles was not as close in gas
fired furnaces as in the old coke fired holes; in many
cases, where multiple pouring involving crucible steel was
concerned, such as in the Krupp works in Germany, small
temperature variations from one crucible to the next were
less significant than where individual ingots of special
tool steel were being produced, as was mostly the case in

the latter years of the nineteenth century in Sheffield.

1 In view of their relevance, it has been thought fit to quote

these in full in Appendix PP. Further details on cost
comparisons can be found in Appendix ZZ.

2 Jeans, loc.cit., p.104.

3 J.I.5.1. (1879), Part I, p.250.
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It was for such reasons that special gas fired furnaces were
designed and one model which seems to have gained a good
reputation was the Dawson, Robinson and Pope furnace,
patented in 1897 and installed at William Jessop and Sons
works,1 among other places, around 1900.2 The main
distinguishing feature of this design was that each of the
melting chambers had an equal pull on the regenerators,
with its own control, so that an even temperature could be
maintained throughout the whole furnace. Each hole held
six crucibles and the savings in fuel were said to be at
least £2.10s. per ton of steel, using only 1% tons of
slack as against 3 tons of high grade coke.3 Harbord, in
the text to which reference has already been made, pointed
out the economy in fuel, the ease with which the gas could
be regulated and the freedom from clinker on the pots. He
judged that, notwithstanding past failures with gas

furnaces, there was now every prospect of this type of

furnace being very largely adopted. Strangely enough,

1 A chance survival is a list of wages to be paid for the
working of the 30 pot Gas Melting Furnace at Wm. Jessop
and Sons. This document, brought to by attention by
L. A. Keen, Esq., is reproduced as Appendix QQ.

2 The new works of Thos. Firth and Sons, built for the
production of tool steel at Tinsley in 1907, was equipped
with a furnace of this pattern.

3 A description may be found in F. W. Harbord and J. W. Hall,
The Metallurgy of Steel (London, 1904), pp.235-236, or in
D. Carnegie and S. C. Gladwyn, Liquid Steel: 1Its Manufac-
ture and Cost (London, 1920), pp.60-61, pp.926-98.
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this same argument went on until the finmal demise of the
process and the coke fired furnaces soldiered on, the odd
gas fired furnace was installed and many more were Just
thought about but nothing more was done. Drawings for an
extension to one particular works survive, covering quite
an imposing array of gas fired furnaces; in the event,
however, whilst the coke fired furnaces were replaced, it

was not by gas fired equipment but by electrical power in

the form of the high frequency coreless induction furnace. !

The argument as to relative merits of the two methods

went on for years. As usual, Brearley's comments are of

interest :

'Whether pot steel should be melted in a coke fired
furnace, as Huntsman melted it, or in a gas fired
furnace, as it might have been since the time
regenerator furnaces were known, would appear to
be merely a commercial consideration. But most
manufacturers of crucible steel avoided gas fired
furnaces, even when their use would be cheaper.
There was something desirable in the coke fired
steel, they claimed, which was missing from the
gas melted steel. It may be wondered whether
this is anything more than a lazy preference for
the way of going on they happen to be familiar
with. The suspicion that it might be so is
supported by the fact that when electrically
heated furnaces became available, both arxc and
high frequency induction furnaces, they were

used more willingly than might have been
expected, and with greater confidence than is

1 The plans were for the Clarence Steel Works of Swift Levick
and Company. I was privileged to inspect these by courtesy
of J. D. Levick, Esq. The extension was first proposed in
1920, postponed in 1922 and abandoned two or three years

later.

2 Brearley, loc.cit., p.84.



justifiable to a man who realises the advan-
tages of pot melting and what its ultimate
economics might be if considered by a mind
reasonably free from baseless prejudice'.

At a date as late in the history of the crucible process
as 1921, the debate was still going on and F. M, Parkin, one
of Sheffield's leading steelmakers, thought fit to devote an
address on the subject to an audience of his fellow
Sheffield metallurgists.l He described his experiences
with the Harvey Patent Steel Melting Furnace (sometimes known
as the 'New Form' Siemens Furnace) with a melting chamber
18 feet long and 3 feet 6 inches wide, taking 12 pots at a

time. The general comments made in the conclusions are

of value :

'Melters have become so accustomed to handling
high speed steel during the War, with its
comparatively high melting temperatures and
rapid rate of pouring, that very few today can
treat high carbon tool steels as they were
regularly treated many years ago, and, I think,
to this extent the quality of the product has
suffered in consequence. Another point which
I think has had a detrimental effect is the
fixing of a time limit to the melter's working
day. Once you attempt to make crucible steel

1 'Gas versus Coke Melting in Crucible Steel Production',
the unpublished text of a lecture given to the Sheffield
Society of Metallurgists and Metallurgical Chemists on

19th April 1921.

It is interesting to note that elsewhere a newer type
of coke fired furnace, but with forced draught, was
installed as an economy measure. (See p.641 and
Appendix JJJ).
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by the clock, the quality must suffer* ... In
the gas furnace, it is necessary to have every pot
clear melted before any one can be teemed. In

case some pots are more forward than the others,
it is impossible to hold them back, as can be done
in various ways in the coke furnace, with the
result that some pots may have had rather more
fire than the others and, if teemed straight away
without being allowed to cool down (or neutralised
by being doubled with one of the later melted
pots) there is, of course, a tendency to ingot
weakness and scorched fracture. Taper moulds
should always be used and, wherever possible,
doubling up should be adopted. It will be seen
that it is almost impossible to get every fracture
from the same heat quite alike but by watching the
points mentioned it is certainly possible to
reduce the variation to a minimum. It is only
fair to say that I have melted almost every class
of crucible steel in this type of furnace without
any serious trouble at all. I might specially
mention having made several hundred tons per
annum of ingots for the purpose of wire making in
this furnace where, if any axial weakness of the
ingot was obtained, owing to hot casting, it
would soon be revealed and prove more serious

than a similar tendency in ingots intended for
ordinary tool steel ... No trouble is
experienced in the gas furnace from cold bottoms
of pots and .... six rounds of high speed steel
have been made regularly in twenty four hours in
Sheffield... The gas furnace is of very little
use to the small manufacturer with an oddment
trade, as it cannot with economy be lighted up

and cooled down at will. Once up to a heat it
should be kept there in order to gain the

maximum advantage commercially, so that it may

be necessary to put ingots to stock. Light

up, get maximum output by working full time and
then shut down for repairs when necessary in

order to reduce melting costs to the lowest
possible figure.

It would appear from other sources that, some time in
1918, an eight hour day was proposed for crucible steel
operations. Certainly from the records of Wardrobe and
Company (Sheffield City Library, LD 1937) there is a
note on 17th February 1918 of 'Shorter Working Day' and
thereafter instead of three rounds in the day there are
two, somewhat compensated by the use of 56 1b. pots
instead of those with 46 to 48 1lb. charges.
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different 'crucible' linings and operating with slags to
remove unwanted impurities, such as sulphur and phosphorus.
This was a different world from that of Huntsman. Never-
theless, many of the earlier furnaces melted charges which
were derived from crucible practice and even the larger
furnaces were often discharged by taking from them a
number of crucibles full of metal and pouring ingots in
the accustomed manner. Meanwhile, the few coke fired
furnaces that had survived still made a reasonable

profit, as long as there were the craftsmen -~ the

melters and teemers, the pullexrs out and the odd job

men, 'coaky' and the pot maker, not forgetting the

cellar lad - to operate them.

Now, all is but a memory amongst the very few,
very old operatives who still survive. It is largely
as a tribute to these and all their previous genera-
tions that this story is now being set down, before it

is too late and all the records have gone.
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I do not see the slightest reason why gas
melted steel should in any way be inferior to
coke melted steel, provided reasonable
intelligence and ordinary care are used. From
the standpoint of composition it is at present
superior,* costs are lower and, for the men,
the furnace is much easier to manipulate once
the necessary experience is obtained'.

This was almost the final comment. Within five
years of this presentation, the next advance in furnace
design had appeared on the scene. It could be argued
that it was a logical development of the crucible
process; it had a crucible of sorts, with a water-
cooled copper coil wound arcund the outside of it and
the steel was melted inside the crucible out of contact
with the fuel. But there were differences in the form
of mechanical devices for tilting the furnace; there
was the scope for increasing the size of the operation,
from the 100 1lb. or so of the first furnaces to

several tons,-l there was also the possibility of using

*  Elsewhere in the paper this is explained by the poor
quality of the coke available in the post war years;
this gave rise to abnormal sulphur increments in the
steel from the coke fired melting holes.

1 The largest high frequency furnace known to have been
installed was at the Bofors works in Sweden; this held
about 14 tons and was still in operation some ten years
ago when I visited the works. The largest in this
country is a 6 ton unit in the Firth Brown works. I
have been involved in many melts made in this furnace
and it is capable of producing a very wide range of
materials. It is of interest to note that the manager
in charge of this furnace, for its first twenty five
years, had previously operated both gas fired and coke

fired furnaces.
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different 'crucible' linings and operating with slags to
remove unwanted impurities, such as sulphur and phosphorus.
This was a different world from that of Huntsman. Never-
theless, many of the earlier furnaces melted charges which
were derived from crucible practice and even the larger
furnaces were often discharged by taking from them a
number of crucibles full of metal and pouring ingots in
the accustomed manner. Meanwhile, the few coke fired
furnaces that had survived still made a reasonable

profit, as long as there were the craftsmen - the

melters and teemers, the pullers out and the odd job

men, 'coaky' and the pot maker, not forgetting the

cellar lad - to operate them.

Now, all is but a memory amongst the very few,
very old operatives who still survive. It is largely
as a tribute to these and all their previous genera-
tions that this story is now being set down, before it

is too late and all the records have gone.
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