[image: image1.emf] 

[image: image2.emf] 


Identify engineering materials

and their properties


Heat Treatment of Steel 
When steel is heated white hot it can be rolled with comparative ease. This is due to the fact that the physical properties of the steel undergo a change caused by the rise in the temperature. It is more ductile than when it is cold, and can be rolled or forged into the desired shape or section. 
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It can be said, then, that all heat treatment of steel will involve a rise in temperature, or heating of the steel, and figure shown is a simple line diagram showing some of the basic heat treatments and the approximate temperatures at which they are carried out. Note also the cooling rates. The vertical line represents temperature in degrees Celsius, rising to a maximum of 1200°C. To the left of this line, and corresponding with the heat treatment process, is given the colour of the steel when heated to the temperature indicated. 
This simple diagram would be quite suitable for workshop applications of the heat treatment of steel, but the success of the operation would depend to a large extent on the skill and experience of the operator. 
For production work and components of good quality, it is essential that the process be carried out in furnaces of the correct type, fitted with accurate pyrometers indicating the temperature within the furnace. There is, however, a great deal of satisfaction to be gained by hardening and tempering a small cutting tool correctly, using simple workshop methods. 
Normalising 

For this process, the metal is placed in the furnace and heated to just above its Upper Critical Temperature. When the new grain structure is formed it is then removed from the furnace and allowed to cool in air. As it cools new grains will be formed. These grains, although similar to the original ones, will in fact be smaller and more evenly spaced. 
Normalising is used to relieve stresses and to restore the grain structure to normal. This is particularly useful after heavy machining where grains may have become stressed or after the prolonged heating of a forging process has allowed the grains to grow large. 
Annealing (softening) 
The annealing process is carried out in the same way as normalising, except that the component is cooled very slowly. This is usually done by leaving the component to cool down in the furnace for up to 48 hours. 
Annealing leaves the metal in its softest possible state and is usually carried out to increase ductility prior to cold working or machining. 
There are three basic annealing processes, these are:

· Stress-relief annealing – usually for steels below 0.4% carbon

· Spheroidised annealing – most effective when it is used to soften plain carbon steels of more than 0.4% which have been either work hardened or quench-hardened

· Full annealing – for forgings and castings
Hardening 
Hardening also requires the steel to be heated to its upper critical temperature (plus 50°C) and then quenched. The quenching is to hold the grains in their solid solution state called austenite; cooling at such a rate (called the critical cooling rate) is to prevent the grains forming into ferrite and pearlite. 
The rate of cooling affects the hardness of the metal, in that the faster the cooling rate, the greater the hardness. 

The cooling liquid can therefore be selected to suit the hardness required. If a steel is quenched too rapidly it may crack, this is especially true with thin walled components. 
In order to minimise distortion and cracking, both of which can be produced during the quenching process, long items should be quenched vertically, flat sections edgeways. To prevent bubbles of steam adhering to the steel during quenching, and giving rise to different cooling rates for part of the object, ideally the work should be moved about or the quenching bath should be agitated. 
Quenching media - Common types:

· Compressed air blast – used for high speed steels and components of small section

· Oil – used with very high carbon steel.

· Water – 3 times as fast as oil, used for plain carbon steels

· Brine – only occasionally used, very rapid cooling where maximum hardness is needed

Tempering 
As there are very few applications for very hard and brittle steel, the hardness and brittleness needs to be reduced. The process for reducing hardness and brittleness is called tempering. 
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Tempering consists of reheating the previously hardened steel. During this heating, small flakes of carbon begin to appear in the needle like structure. (See below) This has the effect of reducing the hardness and brittleness. The temperature to which the steel is reheated depends on the hardness required by the application of the component. The higher the tempering temperature, the less hard will be the resulting steel. 
If the steel is polished before tempering, the range of oxide colours that the steel goes through during heating can be used as a guide to its temperature. Below is a table of temperatures, colours and suggested applications as a guide for you. Cold chisels may be heated to 400° for some applications where very high levels of toughness is primary to hardness. 
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Application

Colour* Equivalent
temperature
O

Very light straw 220

Light straw 225

Pale straw 230

Straw 235

Dark straw 240

Dark yellow 245

Very dark yellow 250
Yellow-brown 255

Yellowish brown 260

Reddish brown 265
Brown-purple 270
Light purple 275
Full purple 280
Dark purple 285
Very dark purple 290
Full blue 295
Dark blue 300

Scrapers; lathe tools for brass.
Turning tools; steel-engraving
tools.

Hammer faces; light lathe tools.
Razors; paper cutters; steel plane
blades.

Milling cutters; drills; wood-
engraving tools.

Boring cutters; reamers; steel-
cutting chisels.

Taps; screw-cutting dies; rock
drills

Chasers; penknives; hardwood-
cutting tools.

Punches and dies; shear blades;
snaps.

Wood-boring tools; stone-cutting
tools.

Twist drills.

Axes; hot setts; surgical
instruments.

Cold chisels and setts.

Cold chisels for cast iron.

Cold chisels for iron; needles.
Circular and band saws for metals;
screwdrivers.

Spiral springs; wood saws.

*Appearance of the oxide film that forms on a polished surface of the material as it is

heated.
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