Aluminium Alloy Series

1xxx  minimally alloyed and generally used in the annealed condition,  low  yield stress at 10 MPa and UTS 70 -  180 MPa often considered to be 'pure' with purity no less than 99%.  While these alloys can be hardened they are not usually used where hardness is a requirement and are not suited to machining (unless hardened). They anodise well. Applications: electrical conductors, chemical equipment, food, foil and architecturally.

2xxx This series is alloyed primarily with Copper to give the alloys in this series a high strength (UTS 180 – 430 MPa) and very good machining characteristics. Therefore these Al-Cu precipitation hardened alloys, have high strength to weight ratio thus aerospace potential but not weldable, and aircraft are riveted. CuAl2 precipitates.  Li in aluminium alloys very effective: each 1 wt.% of lithium reduces the density of the alloy by 3% and increases stiffness by ~5%. These alloys tend to have poor corrosion resistance and so they are typically coated in one form or another and anodisation is least effective on this series.

3xxx Al–Mn or Al–Mn–Mg alloys: This series is alloyed primarily with Manganese. This gives excellent corrosion resistance that makes them suitable for architectural/outdoor applications as well in areas where foods or corrosive chemicals are used.  This Aluminium alloy series has excellent welding characteristics.  3000 series alloys can be found in a wide range of applications from drink cans to roofing to heat exchangers.  The moderate strength,  UTS 110 – 280 MPa, comes from dispersoids which form in the early stages of solidification and work hardening. The Mn limited to 1.25 wt% to avoid  primary Al6Mn particles. Mg (0.5 wt%) gives solid solution strengthening and the Al–Mn–Mg alloy is used in the H or O conditions.  For example beverage cans Al–0.7Mn–0.5Mg wt%.


4xxx This series is alloyed primarily with Silicon, which gives good flow characteristics when molten.  Two variants that are most commonly used in this series are 4032 and 4043.  4042 is primarily used in forging processes where the high silicon content alloys the alloy to flow easily into even very complex dies.  The alloy can be heat treated and offers good overall strength ( UTS 170 – 380 MPa). Al–Si binary eutectic with eutectic composition ~11 wt.% Si or hyper euctectic composition of ~18 wt.% Si, used for castings, Si Needles, refined with Na, see case study, or for brazing other aluminium alloys  (eutectic composition).


5xxx This series is alloyed primarily with Magnesium, which results in a variety of useful properties.  They are strain harden-able and have a moderately strength, yield strength σy ≈  40 – 160 MPa  with UTS 120 – 350 MPa with work hardening. The higher the Magnesium content the higher base strength.  Corrosion resistance is very high, even in salt water applications making it useful for a wide range of applications.  These alloys also retain a high degree of strength at very low temperatures.  They are a very suitable group of alloys for welding with a wide variety of techniques - shells of boats/vehicles and are readily welded.. The magnesium concentration is less than 3–4 wt% in order to avoid Mg5Al8. Work hardened aluminium alloys tend to soften with age because the microstructure is not stable even at room temperature. Therefore, overwork harden then anneal. 

[bookmark: _GoBack]6xxx This series is alloyed primarily with Magnesium and Silicon and utilises Mg2 Si precipitation hardening. . They have good strength (UTS  120 -  400 MPa) but are heat treatable. Their corrosion resistance is reasonable but not as good as the 5000 series.  One characteristic that makes this series very useful is its ability to be easily extruded into a wide variety of shapes and lengths.  Two common variants of the 6000 series of Aluminium alloy are 6061 and 6063.  The 6061 offers greater strength and machinability that 6063 but the latter has better extrudability.  The 6000 series found wide uses from window frames to bridges to sports equipment and structures because of their extrudability, corrosion resistance and tensile strength.  In addition, these alloys are readily welded and all tend to anodise well, hence decorative applications.  6063 anodises better than 6061 particularly where bright applications are required. 

7xxx This series is alloyed primarily with Zinc (Zinc additions ranging from 0.8 to 12.0%).  High strength alloy, UTS 220 – 600 MPa, based on MgZn2 precipitation hardening. Suffers from stress corrosion if Zn > 6 wt.%.  These alloys are often used in high performance applications such as aircraft, aerospace, and competitive sporting equipment. Like the 2xxx series of alloys, this series incorporates alloys, which are considered unsuitable candidates for arc welding, and others, which are. The commonly welded alloys in this series, such as 7005, are predominantly welded with the 5xxx series filler alloys.  Not as corrosion resistant as the 5000 and 6000 series of alloys, they are typically coated, although not the best alloys for anodising compared to the other alloys. In aircraft applications they are normally found in the “Alclad” form.  Alclad is a tradename of a composite-wrought product comprised of an aluminum alloy core having on one or both surfaces a metallurgically bonded aluminum or aluminum alloy coating that is anodic to the core and thus electrochemically protects the core against corrosion. This also is applied to the 2000 series for aircraft to achieved better corrosion resistance such as cladding 2024-T3. 

8xxx Various other alloys including Li –based with δ Li3Al precipitates. Low density, increased stiffness -aircraft applications, low toughness.

Dispersion strengthened alloys: Molten aluminium droplets oxidised on their surfaces. Solid then compacted, the surface oxide breaks up into highly stable dispersoids in an Al matrix.  Up to 20 wt% of alumina or SiC or other ceramic can also be added– “metal matrix composites”

Suffixes after the alloy designation: 
-Tx for precipitation hardened alloys where x  is a number corresponding to a specific treatment, for example -T4 solution treated and then naturally aged -T6 solution treated and artificially aged.
-F as fabricated ; -O annealed; -Hx strain hardened  where the value of x denotes extent of hardening  (H4 – half hard, H8 – fully hard.)	
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