Historical Metallurgy Society – History and Recent Metals Committee (HRMC)
One of the tasks HRMC has set itself is to collect the experiences of people who have worked in metallurgical industries.

One such example is the Table below which part records the history of the foundry industry in the 20th century.

You are invited to download the document and add any additional material or comment relevant to the subject. Please use a different colour or italics so the additions can be seen easily.
Please then e-mail the document as an attachment to the Hon Sec HRMC,
e-mail tjsmith560@btinternet.com

DRAFT HISTORY OF FOUNDRY INDUSTRY
	Post war 1940s


	Business Organisation
	Technology and Engineering Developments
	Economic and Commercial


	Possible Archaeological Signs

	Note- this column to contain basic statistics – e.g. number of iron foundries, total national production, by  

Type of product – grey iron, malleable, Alloy iron, SG iron &c year by year. 

Examples here at random pending systematic research

1948 1856 UK ironfoundries

1940s contd
	As pre-war: 

a few large in-house foundries, some independents with national sales,  many small with local markets only – most towns with at least one ironfoundry.


	Metal

Most unsophisticated foundries made high (0.7 to 1.1 %) Phosphorus

grey iron, from domestic pig iron and scrap iron.

High duty grey iron – typically low Ni, Sn, Cr alloy. Some unalloyed, with close carbon equivalent control and  inoculation – e.g. Meehanite

Most malleable iron whiteheart, but blackheart increasing especially for automobile applications

Cupola melting general, but some oil or gas fired rotaries, electric arc and air reverbatory furnaces mostly for blackheart malleable and alloy irons

First patents for SG iron 1947

No commercial production 

Moulding

Traditional methods of hand moulding, in pits for large castings,  or on benches with moulds set on the floor for pouring still common.  Most such foundries used “red” sand, natural bonded with illite clays, used green, or dried for large castings
Increase in mechanised core & mould-making  (already not uncommon since the 1920s). Strong American influence on methods and equipment. Mechanised foundries increasingly use synthetic sand  i.e. unbonded silica sand, with added bentonite & clay.  

Permanent casting in metal moulds  (the Holly) “die casting” process had a short term post war growth (Qualcast, Derby) 

Adoption of Shell moulding (German origin) sand hardened by heat with dry resin/hexamine powder and carnuba wax sand, prepared in-house. 

First use of CO2- silicate hardening sands for mould and cores

General

Most handling manual by wheelbarrow but larger foundries had sand belt conveyors & bucket elevators.  Typically cupola charging by inclined hoists or cranes to a platform for manual charging

 
	Post war material, fuel & power shortages

Government export drive priorities replace wartime competing ministry e munition priorities.

Limited investment opportunities.

Technical research    increasingly group centred – BCIRA grows, British Productivity Missions to USA (1947-51),  Meehanite and other techno-commercial inter company  projects. 
	Foundries re-cycle / re-melt metal from runners, furnace & ladle residues and reject castings, so leave few residues.  But there may be traces of thin flash or splash, grinding dust etc, whose analysis may be useful, though care is needed as some such material may be incidental – e.g remains of shot or other abrasives,  bits of scrap purchased for melting, etc

Malleable foundry residues may include scaled or broken high Ni/Cr alloy furnace furniture – rollers, roller balls, baskets, grids or parts of these

Cupola slag, typical compositions: 

SiO2 40-47%,  Al2O3 8-15%, Cao 20-33%, MgO 0 – 10%, FeO 2 – 4%,  MnO 1-2% Variable colour and texture, usually in lumps or cakes solidified after tapping, glassy fracture before weathering. 

Furnace refractory usually high silica firebrick, often with daily silica/fireclay patching

Any SG iron (very low S, with 0.04 -0.06 Mg &or Ce %) must be after 1940s

Waste  black moulding sand with coal dust addition. Grain size and type of residual clay binder may indicate type of moulding practice and source of sand.  Un mechanised foundries may have had quite deep layers of sand on the ground for moulding in situ.  Mechanised foundries probably dumped used sand off-site. 

Residues of resin or silicate bonded sand, from moulds or core fragments.

Deep pits for moulding and pouring large castings

Foundations of underground portions of sand circulation and conveyor systems




	1950s


	Business Organisation
	Technology and Engineering Developments
	Economic and Commercial
	Possible Archaeological Signs

	1951 1078 UK ironfoundries

1955  1775 ironfoundries

1958 1120 UK ironfoundries, 3468 tons output

1950s contd
	Increasing grouping, 

by expansion e.g. Qualcast, Leys at Derby,  Birmid,  or under Government pressure e.g Allied

Independent SG pioneers e.g.Ferranti,  Russell

Sheepbridge

Trend for automotive industry to develop their own mechanised foundries in-house, and also to form preferred supplier arrangements with increasingly specialised independents

Small local foundries continue, but markets become more limited as larger foundries set higher standards
	Metal

Use of scrap iron with ferro-alloy (FeSi, FeMn)replacing pig iron for lower grades of high P grey iron.

Development of hot-blast cupolas, with recuperative or independently fired blast heaters

Larger foundries adopt continuous tapping cupolas, with continuous slag granulation and metal receivers/holding furnace forehearths, with or without supplementary heating, to supply continuous mould production lines and standardise metal quality. 

First commercial SG iron production

Standardisation, & improvements in quality – BCIRA, BSS, Meehanite, and then generally   
Moulding

Increasing moulding machine pressures; increasing use of synthetic silica sand with bentonite clay and coal dust additions. Consequent generally improved casting accuracy and definition, less need for hand grinding of joint and flash areas 

Pre coated resin sands available for shell moulding.

Variations on shell & investment/ceramic casting experiments –e.g. Shaw process

Continuous casting of cast iron bar – limited application

General

Mechanised sand conveying common. General. use of fork lift trucks in smaller foundries

Frequent improvements in working conditions – shower rooms, dust extraction, canteens etc

Improved industrial infrastructure – wiring, compressed air piping, ventilation, dust extraction etc, partly imposed by law, partly to try to retain skilled labour. 


	Boom & Bust cyclical markets

Mechanisation financially restrained by business cycles 

Growing dependence on automobile business for many foundries

Labour shortages –less physically demanding and cleaner working conditions available in other industries competing for manpower. Major influx of Italians, West Indian, and in foundries especially Sikhs & Pakistanis

Recruitment & training difficult with cyclical recessions . 

Large foundry groups sometimes move or expand to non-traditional foundry areas in search of labour


	Residues of CO2 sand and resin bonded sands more common 

Traces of alloys ??

Granulated slag in waste, or sometimes used in building applications. 

Evidence of various languages on signs. notices and graffiti, population statistics in neighbouring areas. 

Less naturally bonded sand iand more synthetic sand in dumps

Scrap castings or broken castings with improved definition. 

Possible traces of unconventional mould material in waste dumps

Larger sites

Foundations for machines

Remains of such facilities.  Also evidence in rubbish dumps – e.g. change from rubber insulated to plastic insulated wiring

Evidence of replacement infrastructure – plastic replacing rubber insulated wiring, plastic conduits and witch cases, etc


	1960s


	Business Organisation
	Technology and Engineering Developments
	Economic and Commercial
	Possible Archaeological Signs

	1960

1175 UK ironfoundries

3498 tons output

1969

920 UK

ironfoundries

3756 tons output

1960s contd


	SG iron (using Ni/Mg at first) in production – ingot moulds, spun pipe,(DeLavaud process, as previously developed for grey iron pipe)  metal rolls, car crankshafts, mostly by large in-house foundries – e.g British Rollmakers, Stanton, British Steel, Ford

Many foundries experiment with small quantities of SG, but specialists take main market share

Political uncertainty on status of large foundries linked to steelworks faced with repeated nationalisation & de-nationalisation 

Small malleable ironfoundries (especially whiteheart) closing


	Decrease in mould drying, more use of CO2  moulding & core making.

Development of self setting resin (Furane and other) systems with advantages over silicates. Medium quantity large castings made on low cost mixer-filler mechanised moulding systems.  

Strickle sweep moulding, and use of dried sand in large pit-moulded castings  dying out

Core blowing, in shell, traditional oil or synthetic sands, also (later) hot box

SG iron made via 2 main routes: 

1)from low S pig iron (imported as Canadian or Norwegian bye-product of oxygen/electric Ti  refining. Low residual iron used as-cast, mostly electric melted in mains frequency induction arc furnaces.

2) from steel scrap, recarburised by melting with basic slags in water-cooled or dolomite lined cupolas. Higher Mn & residuals, mostly heat treated to specification

Newer cupolas water cooled, “liningless”, continuous tapping, some basic lined, hot blast, twin wind belt, oxygen blast enrichment. 

  Ni free nodularising, and alloyed SG irons developed 

Newer moulding machines improve mould quality and labour costs, but need better tooling and patterns for all but prototype and small quantity work.

Development of continuous automatic moulding and mould handling. The Danish Disamatic flaskless system became popular for high volume small castings.  

Binderless moulding – V process, and frozen mould experiments – had limited production application.
	Competition drives accurate and sophisticated costing systems

Growing specialisation (size, metal type, market.)

Better understanding of mechanical, properties of cast irons allows more application of all types of iron casting. Liaison between foundry and customer design engineers more common.  

Labour immigration continues
	Silicate and resin bonded waste sand

in on- and off- site dumps

 Very low residual element content in scrap

Furnace pits for induction furnaces

Residual metal with S content below 0.02 %, down to 0.002%

Basic cupola slag residues analysis range SiO2  18 -25%,  CaO 35-55%, MgO 1-10%,  Al2O3 12-205%, CaO 20-33%, MgO 0 – 10%, FeO 0-1%  CaS 1-2

Note that slightly less basic slags were also used for high C pick up, e.g. making ingot moulds from steel scrap. 

SG iron without traces of Ni  (but with traces of Ce)




	1970s
	Business Organisation
	Technology and Engineering Developments
	Economic and Commercial


	Possible Archaeological Signs

	1970 887 UK

ironfoundries

3772 tons output

1979

675 tons output
	Large scale production of SG centrifugal pipe (Stanton), and ingot moulds (British Steel)


	Automation of moulding and core blowing, especially introduction of Disamatic plants. 

Sand reclamation –wet, mechanical, pneumatic -developed

Ladle desulphurisation with CaC2 & re-carburisation with graphite for SG iron becomes common

Improved moulding, with high pressures for rigid moulds, and fast cure core blowing drive accurate metal patternmaking. Development of “full mould” evaporating polystyrene foam patterns


	Boom and bust continues, but demand grows.  Foreign competition  esp from Portugal

Mechanisation reduces prices & margins

Environmental pressures – clean air, dust, health and safety, waste disposal, improving working conditions – dust control, safety, showers, &c in most foundries.

Computers – commercial, then later technical 
	Dump or waste sand with silicate or resin

Pits for large moulding machines and underground sand belts, & furnaces

Desulphurising slags  highly basic, with CaF2

Often falling to white powder, odour of Carbide

Evidence of shower rooms etc.




	1980s
	Business Organisation
	Technology and Engineering Developments
	Economic and Commercial


	Possible Archaeological Signs

	Output 1980 2675 tons, 

1981

1644 tons

Over 150 SG foundries in 1981 UK trade directory


	Larger groups and firms start to go out of business, or close foundries

Major dramatic fall in output in mid decade


	Foundries closing at increasing rate

General reduction in demand for grey iron castings

Automotive demand decreases – aluminium competition

Increasing technical and market specialisation of surviving  foundries

Austempered SG (ADI) irons, and compacted graphite (semi -  spheroidal) iron developed for production

Spectographs & shop floor thermal  testing reduces need for chemical laboratories
	Decreasing domestic manufacturing sector erodes many markets

Environmental pressures close most city centre foundries
	Microscopic sand grain evidence of sand reclamation ? also smaller waste dumps

Plant foundations smaller, undifferentiated –even furnaces at floor level

Reduced quantities of waste near foundries or at remote dumps. Improved tramp metal recovery methods, and re-working of old dumps for metal recovery may suggest likely dates 


	Dates
	Business Organisation
	Technology and Engineering Developments
	Economic and Commercial


	Possible Archaeological Signs

	1990s

1993 1000 tons, 

59% grey,

39% SG

20% malleable

1997

1120 tons, 

61% grey,

38% SG

1% malleable


	Increasing rate of foundry closures

Start up of a few small technically sophisticated firms with niche markets
	Cupolas increasingly replaced by electric furnaces to cut emission and waste control

Controlled casting cooling with sand cooling & reclamation, e.g. in drum conveyors (Didion) 

Prototypes, methods  and patterns by CAD/CAM 

Automated /robotic finishing/pre-machining.  Real time process control developed
	Casting imports  from E Europe & Asia.

New plastics and light alloy metals  reduce C I markets. 

Continuing environmental pressures hasten closures

Malleable foundries switch to SG
	Evidence of large electrical supply installation – rooms for capacitors, transformers, frequency controllers etc for heavy supply. 


