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Aluminium Alloys 
 
      Aluminium is the third most plentiful element on earth (next to oxygen and silicon), but, until the late 
1800s, was expensive and difficult to produce.  
 
General Properties and Uses of Aluminium: Aluminium has a density of (2.70 g/cm3), or one-third the 
density of steel, and a modulus of elasticity of (10 ×106 psi). Although aluminium alloys have lower 
tensile properties compared with those of steel, their specific strength (or strength-to-weight ratio) is 
excellent. The Wright brothers used an Al-Cu alloy for their engine for this very reason. Aluminium can 
be formed easily, it has high thermal and electrical conductivity, and does not show a ductile-to-brittle 
transition at low temperatures. It is nontoxic and can be recycled with only about 5% of the energy that 
was needed to make it from alumina (Al2O3). This is why the recycling of aluminium is so successful. 
Aluminum's' beneficial physical properties include nonmagnetic behavior and its resistance to 
oxidation and corrosion. However, aluminium does not display a true endurance limit, so failure by 
fatigue eventually may occur, even at low stresses. Because of its low-melting temperature, aluminium 
does not perform well at elevated temperatures. Finally, Aluminium alloys have low hardness, leading to 
poor wear resistance. Aluminium responds readily to strengthening mechanisms. Table 1 compares the 
strength of pure annealed aluminium with that of alloys strengthened by various techniques. The alloys 
may be 30 times stronger than pure aluminium. 
 

Table.1 The effect of strengthening mechanisms in aluminium and aluminium alloys. 

 
 
      About 25% of the aluminium produced today is used in the transportation industry, another 25% is 
used for the manufacture of beverage cans and other packaging, about 15% is used in construction, 15% 
in electrical applications, and 20% in other applications. Aluminum reacts with oxygen, even at room 
temperature, to produce an extremely (very) thin aluminium-oxide layer that protects the underlying 
metal from many corrosive environments. We should be careful, though, not to generalize this behavior. 
For example, aluminium powder (because it has a high surface area), when present in the form of an 
oxidizer, such as ammonium perchlorate and iron oxide as catalysts, serves as the fuel for solid rocket 
boosters (SRBs). These boosters use ~200,000 lbs. of atomized aluminium powder every time the space 
shuttle takes off and can generate enough force for the shuttle to reach a speed of ~3000 miles per hour. 
New developments related to aluminium include the development of aluminium alloys containing higher 
Mg concentrations for use in making automobiles.  
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Designation: Aluminium alloys can be divided into two major groups: wrought and casting alloys, 
depending on their method of fabrication. Wrought alloys, which are shaped by plastic deformation, have 
compositions and microstructures significantly different from casting alloys, reflecting the different 
requirements of the manufacturing process. Within each major group we can divide the alloys into two 
subgroups: heat-treatable and non-heat treatable alloys. Aluminum alloys are designated by the 
numbering system shown in figure 1. The first number specifies the principle alloying elements, and the 
remaining numbers refer to the specific composition of the alloy. 
 

 
Figure 1.  Aluminium Alloy Designations. 

 
      The degree of strengthening is given by the temper designation T or H, depending on whether the 
alloy is heat-treated or strain-hardened (Table 3). Other designations indicate whether the alloy is 
annealed (O), solution-treated (W), or used in the as-fabricated condition (F). The numbers following the 
T or H indicate the amount of strain hardening, the exact type of heat treatment, or other special aspects 
of the processing of the alloy. 
      Wrought Alloys The 1xxx, 3xxx, 5xxx, and most of the 4xxx wrought alloys are not age-hardenable. 
The 1xxx and 3xxx alloys are single-phase alloys except for the presence of small amounts of inclusions 
or intermetallic compounds. Their properties are controlled by strain hardening, solid-solution 
strengthening, and grainsize control. However, because the solubilities of the alloying elements in 
aluminium are small at room temperature, the degree of solid-solution strengthening is limited. The 5xxx 
alloys contain two phases at room temperature (α, a solid solution of magnesium in aluminium, and 
Mg2Al3, a hard, brittle intermetallic compound) as shown in figure 2. The Aluminium-Magnesium (Al-
Mg) alloys are strengthened by a fine dispersion of Mg2Al3, as well as by strain hardening, solid-solution 
strengthening, and grain-size control. However, because Mg2Al3 is not coherent, age-hardening 
treatments are not possible. The 4xxx series alloys also contain two phases (α and nearly pure silicon, β). 
Alloys that contain both silicon and magnesium can be age hardened by permitting Mg2Si to precipitate. 
The 2xxx, 6xxx, and 7xxx alloys are age-hardenable alloys. Although excellent specific strengths are 
obtained for these alloys, the amount of precipitate that can form is limited. In addition, they cannot be 
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used at temperatures above approximately (175°C) in the aged condition. The most widely used aircraft 
aluminium alloy is 2024. There is also an interest in the development of precipitation hardened (Al-Li) 
alloys due to their high Young’s modulus and low density. However, high-processing costs, anisotropic 
properties, and lower fracture toughness have proved to be limiting factors. Al-Li alloys are used to make 
space shuttle fuel tanks. 

 
Figure 2. Portion of the Aluminum-Magnesium phase diagram. 

 
 

Table 3. Temper designations for Aluminium alloys. 
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Casting Alloys: Many of the common aluminium casting alloys contain enough silicon to cause the 
eutectic reaction, giving the alloys low melting points, good fluidity, and good castability. Fluidity is the 
ability of the liquid metal to low through a mold without prematurely solidifying, and castability refers to 
the ease with which a good casting can be made from the alloy. 
      The properties of the aluminum-silicon (Al-Si) alloys are controlled by solid-solution strengthening of 
an aluminum matrix, dispersion strengthening by the β phase, and solidification, which controls the 
primary grain size and shape as well as the nature of the eutectic micro-constituent. Fast cooling obtained 
in die casting or permanent mold casting increases strength by refining grain size and the eutectic micro-
constituent. Grain refinement using Boron and Titanium additions, modification using Sodium or 
Strontium to change the eutectic structure, and hardening with Phosphorus to refine the primary silicon 
are all done in certain alloys to improve the microstructure and, thus, the degree of dispersion 
strengthening. Many alloys also contain copper, magnesium, or zinc, thus permitting age hardening. 
 
 
EXAMPLE.1 
A steel cable (0.5 in). in diameter has a yield strength of (70,000 psi). The density of steel is about (7.87 
g/cm3). Determine (a) the maximum load that the steel cable can support, (b) the diameter of a cold 
worked aluminium-manganese alloy (3004-H 18, yield strength= 36,000 psi) required to support the same 
load as the steel, and (c) the weight per foot of the steel cable versus the aluminium alloy cable. 
 
 

 
 

mailto:LuayHashemAbbud@mustaqbal-college.edu.iq
mailto:LuayHashemAbbud@mustaqbal-college.edu.iq

