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Alloy steels

Note: This lecture closely follows text (Higgins Ch13)



Alloy Steels (Higgins 13.1)

READ HIGGINS 13.1

13.1.1 Alloying elements

1. Strengthen and toughen the steel by dissolving in the ferrite. 

Nickel, manganese, small amounts of chromium, very small amounts of 

molybdenum.

Mainly in constructional steels.

2.  Form harder carbides than iron carbide (cementite). Chromium, tungsten,

molybdenum, and vanadium.

Mainly in tool steels, die steels.



Alloy Steels (Higgins 13.1)

READ HIGGINS 13.1

13.1.2 Alloy Steels

Alloy steels may be classified into three main groups:

1. Constructional steels which are generally used for machine parts highly 

stressed in tension or compression.

2. Tool steels which require great hardness and, in some cases, resistance to 

softening by heat.

3. Special steels, e.g. stainless steels and heat-resisting steels.



Constructional steels (Higgins 13.2)

READ HIGGINS 13.2

13.2.1 Nickel Steels

13.2.2 Chromium steels

13.2.3 Nickel-chromium steels

13.2.4 Nickel-chromium-molybdenum steels

Why Chrome-Moly, or Ni-Chrome-Moly is the better way to go…

13.2.5 Manganese steels

13.2.6 Boron steels

13.2.7 Maraging steels

Chrome-Moly

Manganese Steel

http://www.voestalpine.com



Tool and die steels (Higgins 13.3)

READ HIGGINS 13.3

The primary requirement of a tool or die steel is that it shall have

considerable hardness and wear-resistance, combined with reasonable

mechanical strength and toughness.

13.3.1 Die steels

13.3.2 High-speed steel

High 

Speed 

Steel

Die 

Steel



Stainless steels (Higgins 13.4)

READ HIGGINS 13.4

Chromium imparts the 'stainless' properties to these steels by coating

the surface with a thin but extremely dense film of chromium oxide,

which effectively protects the surface from further attack.

13.4.1 Types of stainless steels

13.4.2 Weld-decay

13.4.3 Stainless steels 

and their uses

Stainless Steel:
Australia’s first grain-to-ethanol 

refinery has begun production in 

Queensland, with an expected output 

of more than 80 million litres a year.



Heat-resisting steels (Higgins 13.5)

READ HIGGINS 13.5

The main requirements while at high temperature: 

• Resist oxidation 

• Adequate strength

Jet Engine Turbine Blade
http://en.wikipedia.org



Magnet alloys (Higgins 13.6)

READ HIGGINS 13.6

Iron, nickel, cobalt and the rare earth metal gadolinium are strongly 

magnetic, or ferromagnetic.

13.6.1 Magnetic hysteresis

13.6.2 Soft and hard magnetic materials

http://www.hitachi-c-m.com



The principal effects of the main alloying elements 
(Higgins 13.7)

Higgins



Handout

Wikipedia:

Online Resources.

Teach yourself phase diagrams

http://www-g.eng.cam.ac.uk/mmg/teaching/phasediagrams/i2a.html

http://www-g.eng.cam.ac.uk/mmg/teaching/phasediagrams/i2a.html
http://en.wikipedia.org/wiki/Steel
docs/cambridge-handout.pdf
http://www-g.eng.cam.ac.uk/mmg/teaching/phasediagrams/i2a.html


GLOSSARY

Chrome-Moly

Constructional Steels

Tool Steels

Stainless Steels

Heat – resisting steels

Ferrite strengthening alloys

Carbide modifiers

Maraging steels

High speed steel

Austenitic stainless steel

Weld decay

Ferromagnetic

Hysteresis

Soft and hard magnetic materials

Temper brittleness



QUESTIONS
Moodle XML: Some questions in 10105 Steel

1. Define all the glossary terms.

2. Explain the problems with alloying only Nickel, only Chrome, only Cr-Ni. Why 

Chrome-Moly, or Ni-Chrome-Moly is the better way to go?

3. An injection mould tool is made from thick steel sections that must be hard. 

Explain why you would prefer an alloy steel over a carbon steel. Give an 

example of a suitable alloy from this chart.

4. Why is there no genuine thermal equilibrium diagram for High Speed Steel? 

What does a modified equilibrium diagram for HSS mean?

5. Briefly describe the alloying effects on a steel for the following; Manganese Mn, 

Nickel Ni, Chromium Cr, Molybdenum Mo, Vanadium V, Tungsten W

6. How does stainless steel resist rust?

7. What is Austenitic stainless steel, and why is it called this? 

8. What is weld decay in a stainless steel?

9. List four strongly magnetic elements. Why is hysteresis a bad thing? What is 

meant by the terms soft and hard magnetic materials?
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