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Ferrous Metals
Ferrous metals can generally be thought of as Iron and steel (ferrum is the Latin word for Iron). They are a broad group of materials with very varied properties. A Ferrous metal is any metal which contains Iron as one of its main constituents. This includes all types of cast iron, wrought Iron, all types of steel including stainless steel and high speed steel. 
The most ancient type is of course iron which has been in use for tools and other implements for something like 5000years. Until the dawn of the industrial revolution the production of iron and steel was expensive and only relatively small quantities could be produced at a time. Development in this area was so fast that by the 1800s cast iron was the cheep flexible material of choice, in much the way that plastics are today. Cast Iron was used for furniture, structures, lamp-posts, even ships. You name it and it seems Victorian industrialists were making it from iron.
CAST IRON

Used for cheapness, bulk & low strength. Has a carbon content of between 1.5-4.3% carbon. Iron cannot hold more than 1.1% of carbon in solution; the excess carbon can be in various forms dependent on heat treatment & the rate of cooling.

GREY CAST IRON

 This is formed when cast iron is allowed to cool slowly. The carbon comes out of solution with the iron and forms up in flakes of graphite, giving the distinctive colour of grey when fractured. Easy to machine, has good self-lubricating properties due to free carbon, Strong in compression but very weak in tension due to ease of cracking between flakes. Grey cast iron has very high vibration damping capacity.

WHITE  CAST IRON:

This is cast iron that is cooled rapidly or chilled. Sudden cooling traps the carbon & iron in a very hard form giving the distinctive white colour when fractured. Extremely difficult to machine due to hardness, very wear resistant, very brittle due to hardness, unable to absorb shock loads.

APPLICATIONS OF CAST IRONS 

Cast iron has a very wide range of applications, but in our musical trade principal uses are:

Piano frames

Plane bodies

Machine beds & parts

MALLEABLE IRON

With controlled prolonged heat treatment the form of the carbon within the iron can be modified or removed to form malleable iron capable of withstanding shock loading. 

SPHEROIDAL CAST IRONS 

With the addition of magnesium or cerium to molten cast iron the free carbon forms up in spheroids. This increases the strength & ductility of the cast iron & reduces the risk of fatigue cracking.    

Wrought Iron
Until the development of steels this was the most useful form of Iron. It is produced by refining Pig iron (ingots of grey cast iron) in a furnace. The process reduces the amount of carbon present to such a degree that Wrought iron can be considered to be almost pure iron. The problem with this is that as the carbon content falls the melting point increases. The melting point of pig iron being around 1200 degrees C and the melting point of wrought being 1500 degrees C. Until recent times temperatures of this nature could not be reached and so the wrought iron was extracted from the furnace in the form of a white hot spongy mass known as “iron bloom”. This could not therefore be cast into a form; it was not fluid enough to pour. The mass was then hot worked, hammered and rolled into usable forms.  

      Because it was extracted from the furnace in a semi-solid form it was not possible to extract slag and other impurities from the surface (On a molten metal these usually float to the top and can be skimmed off rather like the cream from milk). This slag is then “worked into” the metal and is elongated along with the iron crystals during the working process to form and even more exaggerated grain structure. 
After being worked the wrought iron is known as “best”, if subsequently reworked it is known as “Best best” and if worked once again “triple best” etc. this process referred to as “Faggoting”.  Repeated Faggoting made the grain structure finer and the material stronger. "Best" bars would have a tensile strength along the grain of about 23 tons per square inch. "Treble best" could reach 28 tons per square inch. The strengths across the grain would be about 15% lower. Wrought Iron is more ductile and has grater tensile strength than cast iron but it cannot be hardened by heat treatment as it contains too little carbon.  The Eiffel Tower is made from wrought iron.
 Most of what we buy today as wrought iron, such as decorative gates and domestic fixtures are actually made from low carbon steel.
The Production of Steel.

Steel has been produced in very small quantities for quite some time, it’s production was time consuming and expensive but the ability to harden it and control it’s properties in order to make superior weapons and tools made it worth while. This early type of steal was produced in crucible furnaces and called blister steel because it formed in bubbles or blisters on the mass of iron. 
 It wasn’t until 1856, that Henry Bessemer devised a way of producing large quantities of steel at a time, using his “Bessemer converter”, that cheaper steel was available.  The Bessemer process takes place in the “converter” (shaped like a huge concrete mixer) which is mounted on an axis so that it can be tilted to receive a charge of several tons of molten iron. It is then returned to an upright position for the “blow”. Air is blown through a number of holes in the base of the converter and forces its way through the molten metal. It reacts with the silicon, manganese and carbon which become oxidised. These oxides form slag except for the carbon which is released as carbon monoxide. 
At the beginning of the process sparks are emitted, then clouds of brown fumes, followed by a dull red flame. So far this process has taken 6 minuets, the red flame indicates that silicon and manganese are being oxidised. Although the process reduces the carbon content throughout it is not until the silicon and manganese have been oxidised that the main part of the carbon is released. The chemical reactions taking place produce further heat, the temperature at the beginning of the process is 1300 degrees C and at the end 1600 degrees C. 

The final stage of the process is marked by the appearance of 30ft of white flame accompanied by a roaring sound. Around 20 minutes after the process begins the reduction in this flame indicates that the process is over; the molten metal is then poured out so that the process can begin again. 

This molten steel is still in no condition to be used, if cast it would be brittle as it contains a lots of iron oxides. These are removed by adding an alloy containing manganese while pouring the metal. A quantity of anthracite is also added to raise the carbon content to the level required for the specific grade of steel being produced.
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The Bessemer process as described so far did not remove phosphorus from the steel, phosphorus as an impurity is detrimental to the steel and so low phosphoric pig irons had to be used. The process was improved by Sidney Thomas and Percy Gilchrist in 1878. They added limestone to the charge and lined the converter with refractory firebricks, containing magnesia or dolomite. This combined with the phosphorus and therefore removed it from the iron.
An alternative to the Bessemer process was developed by Dr Charles Siemens, This was know as The Open Hearth process. 
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The molten pool of metal is relatively shallow in this process and oxidisation of impurities takes place on the surface, Air is forced into the chamber at one side the exhaust gasses exiting at the other. These gasses pass through a heat exchanger made from refractory bricks constructed below the hearth; this in turn preheats the air entering the furnace chamber. The furnace is charged from one side (molten pig iron etc. Is put in) and tapped from the opposite side (the molten metal let out). In this process there is no need to tip or tilt the furnace but some later and much larger open hearth furnaces were constructed to tip in order to remove slag and waste material.

The most widely used process today is a version of the Bessemer process called “the basic–oxygen process”. Oxygen is blown at high pressure through molten pig iron and scrap steel in a converter lined with basic refractory materials. The impurities quickly burn out, producing steel. It takes only about 45 minutes to refine 350 tonnes/400 tons of steel. The basic–oxygen process was developed 1948 at a steelworks near the Austrian towns of Linz and Donawitz.
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PLAIN CARBON STEELSPRIVATE 

Steel is an alloy of two major constituents iron and carbon. In addition there are intentionally present small quantities of manganese and silicon, and lesser quantities of other elements which rank as impurities because they are unwanted but cannot be excluded easily or cheaply. Plain carbon steel is usually graded by its carbon content.

1) LOW CARBON   0.10-0.3 % carbon content. Usually called mild steel. Used for items requiring low strength, cannot be hardened by heat treatment, but requires annealing if subjected to cold working. Available in a wide range of x sections & sizes in both bright & black finish.

2) MEDIUM CARBON STEEL 0.3-0.7 % carbon content. Used for items requiring greater strength, and can be hardened by heat treatment to a limited degree (toughness more than hardness). Usually sold as spring steel.

3) HIGH CARBON STEEL 0.7-1.5 % carbon content. Used for items requiring hardness or a combination of hardness and toughness. Can be heat-treated to produce a wide range of properties. HIGH CARBON STEEL  (SILVER STEEL 1.1 % carbon)

Is readily available in a wide range of sizes from 1mm - 50mm in round and certain sizes of square. The steel is usually supplied in a soft condition (ANNEALED) suitable for machining. It can be cold forged to a limited degree but material WORK HARDENS rapidly. Material forges best at red heat, but avoid rapid cooling if subsequent machining is to be carried out. The annealed condition can be changed to produce a wide range of properties to suit the final use of the steel. This heat treatment is called HARDENING and TEMPERING

                                     HARDENING.

Heat to bright red, hold at temperature for a few minutes to allow heat to soak through. Plunge hot steel straight into oil bath and move it about to avoid forming a gas pocket around steel, which would reduce cooling rate and resultant hardness.

For maximum hardness cool (QUENCH) steel in cold water or brine solution, but avoid using on items that have rapid changes of section as thermal shock can cause cracking. After cooling check steel is hard using an OLD WORN FILE. If the steel is hard the file will slide over without removing any material. If the item is not fully hardened then repeat hardening process.

NOTE! The oil will burn if the hot steel is not completely covered by oil. When quenching large objects use extra volume of oil to avoid danger of raising temperature of the oil above its flash point (the flash point is the temperature at which the oil will spontaneously ignite & start to burn).

After hardening the steel is very brittle, also the shock of rapid cooling produces stresses within the steel. In this condition the steel is of little use and it is usual to further heat treat it to remove stress and reduce hardness to required level.
TEMPERING
When cleaned steel is heated a film of oxide is formed. This film will gradually change colour as the temperature is raised. This colour change can be used to gauge the correct temperature to temper the steel to and so produce the required combination of hardness and toughness.

NOTE!

1) Surface of steel must be bright, free from scale and oil 

2) Temper colours always come in the same order each time,

   Straw - Brown - Purple - Blue.

3) Temper colours only show a certain temperature has been reached. The steel may not have been hardened or could even be impossible to harden, but the colours will still show.

4) Use a soft gas flame and heat away from area to be tempered, allowing the steel to conduct the heat to the required area. 

5) Steel can be removed from flame to slow the heat transfer, thin sections and sharp corners will heat very rapidly.

6) Plunge steel into cold water as soon as desired colour is reached.

7) If item is tempered beyond required colour then it must be re-hardened before tempering again.  

	TEMPERATURE - COLOUR RELATIONSHIP

	COLOUR
	TEMP ºC
	ITEM or USE

	PALE STRAW
	220
	SCRAPERS, TOOLS FOR USE ON BRASS

	STRAW
	230
	LIGHT TURNING TOOLS

	DARK STRAW
	240
	HAMMERS, DRILLS, REAMERS

	BROWN
	255
	TAPS & DIES, SHEAR BLADES, SCISSORS

	BROWN/PURPLE
	265
	AXES & TOOLS FOR USE ON WOOD

	PURPLE
	280
	SCREWDRIVERS, COLD CHISELS, KNIVES, RIVET SETS.

	BLUE
	295
	SMITHS TOOLS, CIRCULAR SAWS,

	DARK BLUE
	305
	SPRINGS, HANDSAWS FOR WOOD


  The above temperature colour relationships apply only to plain carbon steels. An entirely new relationship exists for each of the different classes of alloy steels. They all oxidise and show colours in the same order but the temperature at which the colour show varies wildly.

Using the above method to harden and temper blade of screwdriver.

Harden first 20mm of blade. Clean and temper back to purple at tip for 1mm - 1.5mm. When tempering, heat blade approx 15mm back from tip. Shank is left soft but tough, and tip is hard but not brittle and portion of blade between gradually changes from one to other.   
Alloy Steels
Extensive use is made today of alloy steels. With the addition of several elements to steel it is possible to change and enhance its properties for particular applications. Toughness, strength, hardness, grain size etc. can all be influenced by varying degrees. The alloying elements usually used are: Chromium, Nickel, Molybdenum, Vanadium, Manganese, Titanium, Silicon, and Copper.
In general the carbon content is reduced in alloy steels to that of a low carbon steel. 

Note!
As the steel becomes more complex due to the alloying elements so the heat treatment becomes more involved and critical. This feature in an alloy steel makes it unsuitable for hardening and tempering using colour to gauge the temperature.
HSS High Speed Steels.
The additions of Tungsten and Cobalt together with other alloying elements produce a steel capable of holding a cutting edge at red heat, allowing much higher cutting rates than plane carbon steel tools. Several different grades are available; H5 is the usual grade for general engineering work giving a good balance between cost, hardness, toughness and grind-ability. 

Super High Speed Steels with increased cobalt content are used for machining high alloy steels or for even faster cutting rates on low alloy steels.

Stainless Steel

Is the name given to a range of steels having a high resistance to corrosion. The most popular of these being 18/8, so called because it contains 18% Chromium and 8% Nickel with less than 0.2% carbon. This steel is corrosion resistant, non magnetic and not harden-able by heat treatment. 
Stainless steel is increasingly used for surgical instruments, kitchen equipment, cutlery and hand tools. In all cases a plain carbon steel would produce a superior cutting tool and it is this materials resistance to corrosion alone which has increased its popularity.

Manufactures of mass produced woodwind instruments are making increasing use of stainless steel in their pivot screws, rod screws and springs.
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(These figures are approximate)

Tensil,

Brinell o°I per cent | Elongation
Metal or Alloy Condition As used for Hardness Strength Proof Stress per cent
Number (tons-sq. in.) | (tons-sq. in.) on 2 in.
Aluminium Wrought and annealed Frying Pans 27 6 2 18
Aluminium alloyed with 7% | Wrought and annealed Tubes and 8o 20 8 17
magnesium Sheet for
Aircraft
Duralumin Wrought and heat-treated Aircraft 118 28 17 1S
Magnesium alloy, with 8% | Cast and heat-treated - _ Aircraft 6o 17 5 10
aluminium Landing
Wheels
Wrought and annealed Tubes 50 14 4 5s
Copper Cold-drawn into wire Copper wire 110 28 26 4
70/30 brass Deep drawn Cartridges 160 35 30 10
70/30 copper-nickel alloy Drawn into tube Condenser 170 38 30 8
. tubes

Wrought iron Hot rolled into rod Chains 100 20 13 30
Mild steel Hot rolled into plate Ships’ plates 130 30 18 25
Nickel-chromium steel Forged, quenched and temp- | Camshafts 400 86 i 14
-3+7% nickel pered at 400° C.

' 0-89% chromium Forged, quenched and tem- | Gears 300 65 57 22
0:2%, carbon pered at 600° C.
Cast iron Cast Lathe beds 200 14! —_— —_—

1. It would seem that when lawyers speak of ‘a cast iron case’, thcy are displaying little appreciation of the |trength of metals,

steel case’ would be more appropnate

‘An alloy
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