Anodising Aluminium - Choose The Right Aluminium Alloy for your
Anodising

Choosing the right Aluminium alloy for an anodizing job can be a difficult process. There are many types of Aluminium alloy
available and most come in various tempers. Alloys are divided into groups each with certain physical characteristics and
properties that may or may no suit your needs. In addition each of these alloys will anodise differently and this will need to be
taken into account when selecting your Aluminium alloy.

If you are intending on making a product out of Aluminium that you intend to anodise, then in addition to the physical
characteristics of the Alloy it is important that consderation is taken of the following;

Is the main purpose of the anodising protective, decorative or both?
Do you require a matt or bright finish?

Do you require a natural or coloured finish?

Do you require hard anodising?

The answers to these question should help you determine the most suitable alloy to use.

Aluminium alloys can be divided into 2 broad groups - Wrought and Cast Alloys

Wrought Aluminium Alloys

Wrought alloys are divided into 8 groupings called series. Each series has one or more alloying metals mixed with the Aluminium
but always one or two main ones. For example the 6063 is part of the 6000 series and so the main alloying constituents are
Magnesium and Silicon, but can also contain very low quantities of Iron, Copper, etc. The alloy mix will determine the natural
corrosion resistance, extrudability, tensile strength, heat treatability, anodising ability, etc...

With regards to corrosion resistance, the purer the Aluminium the better the natural corrosion resistance of the metal. Copper
has the most detrimental affect on corrosion resistance and Magnesium the least. That's why 2000 series alloys with Copper as
the main alloying constituent performs poorly and the 5000 series of alloy with Magnesium as the alloying constituent has the
best corrosion resistance, with the exception of pure Aluminium.

1000 Series Aluminium Alloy (Pure)

This series of Aluminium alloys is considered to be 'pure’ with purity no less than 99%. This series of alloys is primarily used for
electical conductivity or food purposes. While these alloys can be hardened they are not typically used where hardness is a
requirement. They all anodise well but are not suited to machining unless they have been hardened.




2000 Series Aluminium Alloy (Copper)

This series is alloyed primarily with Copper to give the alloys in this series a high strength and very good machining
characteristics. These alloys are sometimes referred to as ‘free machining', although this does not always refer to the 2000
series. Sometimes 6061 is also called 'free machining' as it the best machining alloy out of the 6000 series of Aluminium
alloys. These alloys tend to have poor corrosion resistance (certainly when exposed ot the weather) and so they are typically
coated in one form or another. While these alloys can be anodised, the anodising does not perform as well for other alloys with
regard to corrosion resistance. The anodising for this group of Aluminium alloys tends also to be darker than for other alloys
(also more matt) and so anodising is normally only suitable for dark colours, hence these metals are completely unsuitable for a
bright anodised finish. 2000 series alloys can show pitting on anodising. We recommend that if you require anodising for
decorative purposes, where possible avoid using 2000 series alloys.

2024 Aluminium alloy is normally found in aircraft manufacture, where it is used for its high strength. Where it is used for external
sheet/skin on an airframe it is most often in the form of 2024 coated in 'pure’ aluminum. This gives the part better corrosion
resistance than the main alloy.
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* - One thing to be aware of with hard anodising high copper alloys is the risk of 'burning’. Hard anodising of these alloys would
be entirely at the owners risk.

3000 Series Aluminium Alloy (Manganese)

This series is alloyed primarily with Manganese that results in the Aluminium alloys in this series having excellent corrosion
resistance that makes them suitable for architectural/outdoor applications as well in areas where foods or other corrosive
chemicals are used. These Aluminium alloys also have excellent welding characteristics. 3000 series alloys can be found in a
wide range of applications from drink cans to roofing to heat exchangers. The anodised coating offer good protection over what
is already a corrosion resistant metal. One thing to keep in mind is that the level of Manganese present with result in the natural
anodised coating varying from a light grey all the way to a brown. This can limit light colours but is not usually a major issue. It
can be an issue if you have several sheets/items of the same 3000 series alloy that you require to be natural anodised as there is
a good chance there will be a variation in the degree of grey/brown that shows in the anodised coating. Also, the level of
Manganese makes these alloys a poor choice for those that require bright anodising.
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* - Depends on the level of alloying Manganese present. The lower the level of Manganese the brighter the potential results.

4000 Series Aluminium Alloy (Silicon)

This series is alloyed primarily with Silicon which gives these alloy very good flow characteristics when molten. There are two
variants that are most commonly used in this series, 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. 4043 is used as welding wire and similarly to 4032 the high silicon content gives excellent flow-ability in a molten state
to ensure the weld join is fully filled.

4000 series alloys have good corrosion resistance and anodise well. They are not, however suited for any decorative anodised
finish. The natural anodised coating tends to be a very dark grey to black in colour. Hence they are completely unsuitable for
both coloured and bright finishes. Our advise is that if you require welding prior to anodising that you use 5356 welding wire and
NOT 4043. Unless of course the look of the product is not important.

5000 Series Aluminium Alloy (Magnesium)

This series is alloyed primarily with Magnesium which results in a variety of very useful features. They are strain harden-able
and have a moderately strength which relates directly to the Magnesium content. 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 and by very low we mean as low as -
270 degrees Celsius. Lastly is that they a very suitable group of alloys for welding with a wide variety of techniques. This is
shown by the fact that 5356 is used as welding wire. 5356 anodises well and colours well.

The 5000 series of Aluminium alloys finds uses in a wide range of application due to its very useful features from architectural/out
door applications, to bridge building, marine applications, storage vessels, automotive panels and even specialty work such as
automotive bright trim.
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* - For 5005 it is recommended that for the best anodising results that the Silicon level is <0.1% and that the Magnesium level
between 0.7% and 0.9%. While we understand that the buyer of the Aluminium alloy can not know what the exact makeup is of
the batch of alloy they are buying, they need to be aware that slight variations in the alloy mix can result in a variation of the
anodising outcome.

6000 Series Aluminium Alloy (Magnesium & Silicon)



This series is alloyed primarily with Magnesium and Silicon. They have a moderately strength but are heat treatable. They have
good corrosion resistance although not quite that offered by 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 varients 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 of Aluminium alloys have found wide use in the building industry from window frames to bridges
because of their extrudability, corrosion resistance and tensile strength. In addition these alloys are readily welded and all tend to
anodise well. 6063 anodises better than 6061 particularly where bright applications are required.

* - With these alloys the primary factor that indicates the brightness in bright anodising is the Iron content. Once the Iron content
>0.2% the coating will tend towards a matt finish. For a true bright finish it is recommended the Iron content is <0.1%. 6061 has
a maximum allowable Iron content of 0.7% (No minimum), while 6063 has a maximum Iron content of 0.35% (No minimum). That
why tyically 6063 bright anodises better than 6061 but also that it possible to get a wide variation in bright anodising results as
the amount of Iron could vary quite a bit from batch to batch. It is possible that one batch of 6061 bright anodises better than
one batch of 6063. The trouble is unless your Aluminium supplier can tell you before hand the exact composition, the final result
will not be known until after anodising.

7000 Series Aluminium Alloy (Zinc)

This series is alloyed primarily with Zinc. The primary feature of this series of Aluminium alloys is the high strength and in
particular the very high tensile strength. Not as corrosion resistant as the 5000 and 6000 series of alloys, they are typically
coated one way or another. In aircraft applications they are normally found in the Alclad form, that is they have been coated in
'‘pure’ Aluminium. The table below shows 2 examples of the 7000 series, they are not the best alloys for anodising compared to
other. However we have found that motorbike rims such as 'Excel' anodise very well and colour well with a very bright finish if
mechanically polished. Our experiences with bright dipping these has however not been good, so that is not an available option.

Cast Aluminium Alloys

Cast alloys tend to be more of a mixed bag when it comes to anodising. It really comes down to whether you are intending on
only anodising for corrosion resistance, decoration or brightness. Silicon is a common alloying ingredient to most castings and
this affects the way the cast alloy will anodise. The following is based on UK designations for cast alloys;



Cast Alloys Suitable for Protective Anodising

Excellent corrosion resistance - LMO, LM5, LM31

Good corrosion resistance - LM4, LM16, LM20, LM22, LM25, LM27

Fair corrosion resistance - LM2, LM6, LM9, LM12, LM13, LM21, LM24, LM26
Unsuitable for anodising - LM28, LM29, LM30

Cast Alloy Suitability for Colour Anodising

Excellent colour - LMO, LM5, LM31

Good colour -N/A

Fair colour - LM4, LM12, LM16, LM20, LM22, LM24, LM25, LM27 (Dark shades onl;y)
Unsuitable fo colour - LM2, LM6, LM9, LM13, LM21, LM26, LM28, LM29, LM30

Cast Alloy Suitability for Bright Anodising
Excellent bright results - LMO

Good bright results - LM5

Fair bright results - LM31

Unsuitable for bright - All the rest

The difficulty we normally experience with castings that we receive, is that the type of casting we are presented with is an
unknown. Quite often the parts were bought either as new or second hand, so there is quite often very little to go on. The
exception being custom made cast parts. It should also be noted that this list of cast alloys is by no means exhaustive, as there
are further British cast alloy designations as well as a whole host of US cast alloy designations. One generalisation that can be
made is that cast alloys are typically not suitable for decorative anodising.

Important Note When Buying Aluminium Alloys

Always ask about the anodising characteristics of what you are buying. Ensure that you get what you ask for with regards to the
grade and temper of the alloy. Please be aware that in the manufacturing process there will be variations from batch to batch of
even the same alloy and that this may result in variations in the final anodising. Each alloy type will typically have minimums and
maximums for each alloying constituent. The range can have an impact, for example 6061 can have a maximum of 0.7% Iron
and a minimum of 0%. Anything is this range is still in specification but only those batches that have below 0.2% Iron are suitable
for bright anodising. The problem is that these variations are normally only apparent after the anodising has been done.

The tempering process does not have a marked affect on the final anodising. There are instances where it does impact on the
anodised outcome. One example is shown below;

All the parts are from the same small production run but one piece was made from a different billet with a different temper with
the very obvious crystal structure.



The above parts have been etched for 15 minutes and are photographed just out of the de-smut bath. As can be seen from the
parts, they are all the same but for one. The customer had bought all the same alloy but one piece that had been given as a
different temper. While typically this is not an issue, in this instance it can be seen that one of the components still has a dark
smut but also tear drop shaped patterns on the metal itself. These tear drop shapes will still be visible in the final anodised
product. The etching gives the items a nice matt finish and shows the crystal structure of the metal, certain tempers have large
crystal structures and these may not be attractive. In this instance the parts are to be decoratively anodised, so it may be an
issue.

The following photo shows 2 of the previously discussed parts after anodising. The bottom part has an attractive matt
finish, where as the top part shows the potential negetive impact of having different alloys or tempers in the same
production run and does not appear suitable for a decorative finish.




We have seen examples where a customer had bought 2024 alloy but had recieved 6061/6063. An other cusotmer had bought
6061 T5 but received a mixture of 6061 T5 and T6 for decorative anodising. In most instances the variation in what is ordered
and supplied is not an issue, but as has been shown that is not always the case.

This also highlights that if the alloy is completely unkown before anodising the final outcome can not be predicted with certainty.



