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Bulk steel making: Bessemer, open hearth and 
electric arc
The cementation and crucible processes provided steel 
in small quantities for specialist applications where 
quality control was vital. There is a close relationship 
between steel makers using these methods and the 
makers of high-quality goods such as cutlery and edge-
tools, and of the precision cutting equipment essential 
for an advanced engineering industry. Cementation 
and crucible steel, however, could not be produced 
in the quantities needed, for example by railways, for 
rails, axles and wheels, or by ship-builders. Until the 
third quarter of the 19th century these users relied on 
wrought and cast iron, whose performance and cost 

were a brake on innovation. In the 1850s and 1860s 
the time was right for innovatory production of bulk 
steel, and the inventions of Bessemer (the Bessemer 
Converter), Gilchrist and Thomas (the ‘basic Bessemer’ 
process which allowed bulk steel to be made from 
phosphoric pig iron), and Siemens (the open-hearth 
furnace) led to a rapid rise in the output of steels which 
were cheap enough to replace wrought iron, quite 
apart from their improved performance. These devel-
opments marked the start of the decline in wrought-
iron production, which closed many puddling-furnace 
plants by 1914.

The increased demand for steel in the 19th century and 
the limitations of existing steel production provided 
an impetus for further advances in technology, and 
the increased production capacity that resulted led to 
new applications for steel; exemplified by the casting 
of large steel artefacts by Vickers and Sons from the 
1850s. The first large castings produced by Vickers were 
steel church bells, and these quickly became a substan-
tial part of Vickers’ business (Fig 88). Although the 
acoustics of steel bells are inferior to that of traditional 
bronze bells, the novelty of the material appealed to 
the Victorians, and over 3000 steel bells were pro-
duced between 1855 and 1860. The company also cast 
steel railway wheels, pistons and railway crossings, 
facilitating the rapid expansion of the railway industry 
in Britain and abroad (Mackenzie pers comm). The 
economic motive was always key to innovation, lead-
ing Edward Vickers and his sons to experiment to 
find alternatives to the cementation process of steel 
production and thereby reduce production costs. A 
method of making cast steel directly from wrought 
iron had been patented by Mushet in 1800, but it was 
not a commercial success. William Vickers patented 
an alternative method using a mixture of cast iron and 
wrought iron in 1839. However, Barraclough’s analysis 
of Vickers steel suggests that they were in actual 
fact infringing Mushet’s patent for tungsten steel 
(Barraclough and Kerr 1976). Vickers then expanded 
their production of railway castings and began to 
look for new markets. This led to Vickers entering 
the arms business, using their expertise in large cast-
ings to produce large ingots that were forged into gun 
barrels. The increasing demand for armaments to feed 
the army of the Empire led to greater expansion, and 
in 1897 Vickers acquired an armaments company and 
became Vickers Sons and Maxim (Fig 89).

The growth of bulk steel production did not, how-
ever, signal the end of the earlier methods. The oper-
ators of cementation furnaces, it is true, found their 

Figure 86:  The early-18th-century cementation furnace at 
Derwentcote, Co Durham, with attached working buildings.

Figure 87:  The interior of the cone of the cementation furnace at 
Derwentcote showing many internal flues (square holes) rising 
from the firing chamber beneath.



64 

PART THREE: KNOWLEDGE AND UNDERSTANDING 

product — blister steel — challenged by the best-quality 
open-hearth steels, but some edge-tool makers continued 
to use it, and it remained the feed-stock for the crucible 
furnaces. The long-term decline in use of cementation 
furnaces lasted until the second world war. Crucible steel, 
however, retained its place. Excellent quality control and 
the ability to make precisely-alloyed steels for the engin-
eering industry meant that it remained a vital strategic 
resource through the 1914–18 war, and in Sheffield 
many crucible-steel furnaces survived in use to 1939 
and beyond, and as disused structures up to the present. 
They were challenged from early in the 20th century by 
small electric furnaces, in which similar levels of quality 
could be achieved. It was these arc furnaces which were 
to develop into the large scrap-melting furnaces of the 
mid- and late-20th-century steelworks.

It might be argued that archaeological effort is mis-
spent in the recording of the iron and steel industry of 
the period since c1850. It is true that the development 
of accurate urban mapping and the publication of 
information in professional journals may remove some 
of the uncertainties which beset the history of earlier 
industry. However, maps, even on such a scale as the 
1:500 Ordnance Survey urban plans of the 1890s, are 
insufficient in their detail for certainty as to processes. 

Journal papers, in this industry as in others (notably 
glass), can fail to give a picture of on-site experi-
mentation and development which the archaeological 
record of a rapidly-changing industry can provide, 
through evidence of in-service structural modification 
and changing residues. Hence the significance of 
archaeological recording and scientific analysis during 
the redevelopment of now-redundant steel plants.

3.9:  The archaeology of metals in the 
20th century
The role of archaeology in the study of the 20th century 
is a developing, but still difficult and contentious, field. 
While important contributions to military archaeology 
and to standing buildings are now published and their 
role accepted within the profession, it is probably still 
true to say that a coherent archaeology of the 20th 
century has yet to develop. The archaeology of metals 
is no exception to this, despite some pioneering work; 
for example Historical Metallurgy Volume 19(1) was a 
special issue on alloys of the period 1900–1950. There 
are three major problems:
•	 The sheer wealth of the historical record, leading to 

a perception (however incorrect) that ‘everything 
is [or can be] known from the documents’, and that 
archaeology and archaeometallurgy therefore have 
nothing fundamental to contribute.

• 	 The nature of many 20th-century industrial 
installations — increasingly prefabricated, and based 
on freestanding metal and/or concrete construction, 
therefore leaving far less, and less interpretable, field 
evidence than earlier constructions based on earth-
fast masonry.

• 	 20th-century attitudes to site cleanliness, waste 
disposal, and ‘contamination’. Unlike in earlier periods, 
process residues have rarely been deposited on-site 
in clearly-stratified deposits, and the below-ground 

Figure 89:  The gun shop at Vickers’ River Don works in Sheffield, 
c1900. Barraclough 1976.

Figure 88:  Casting a bell weighing about 5 tons for the San 
Francisco fire station in 1860 at the Naylor, Vickers and Company 
works at Millsands in Sheffield. Barraclough 1976.
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archaeology of many sites has been systematically 
destroyed by post-closure decontamination and 
reclamation.

The second and third of these problems are prac-
tical rather than fundamental. While many sites 
have indeed been destroyed, others have not, and in 
a holistic archaeology that includes buildings and 
artefacts as well as the traditional focus on excavation 
and excavated finds, the ‘problems’ are better seen as 
constructive challenges to develop and use appropri-
ate methodologies. While site-based archaeology will 
undoubtedly have some valuable role to play, the 
archaeometallurgy of the 20th century may well centre 
on museum- and lab-based approaches.

The first problem is more fundamental. It is simply the 

essence of historical archaeology (in its broad topic 
sense) — of how to relate the material record of what 
people actually did, to the historical record of what 
they (or others) said they did. There will undoubtedly 
be circumstances in which a poorly-preserved archae-
ological record has little to add to rich and varied 
documentation. Conversely, even for the 20th century, 
there will be situations in which field archaeology and/
or artefacts have much to add to a poorly-surviving 
historical record — and, even more interestingly, when 
the richness of both records allows detailed com-
parison of (for instance) modern scientific analyses 
and scientific understandings with the contemporary 
record of analyses and theoretical understandings. 
Archaeometallurgy has much to contribute to a holistic 
historical archaeology of the 20th century, and it is time 
that it began to do so on a systematic and regular basis.
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