Problem

COLOUR VARIATION
IN ANODISED 6000
SERIES EXTRUSIONS

Variations in colour from batch to batch and within batches of organically
dyed or electrolytically coloured extrusions are unacceptable in the majority

of architectural applications because of obvious colour inconsistencies in

installed sections.

Identification

This defect may be identified
readily by visual examination.
Differences in colour and tone
occur most often between batches
but can sometimes be present

within a batch, Figure 1.

Fiqure 1: Extrusion sections
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CONTROL OF ANODISING
SUMMARY OF CAUSES & COLOURING SOLUTIONS

e Control of anodising and Cause
colouring solutions

® Exirusion ageing conditions

® Chemical composition of billet anodising and colouring process but the critical process step

There are numerous potential causes of colour variation in the

is the caustic etch. The caustic etching of aluminium is an

exothermic reaction and produces large amounts of heat relatively
quickly. For every 10°C rise in temperature the etching rate doubles. Therefore a small difference in
temperature within the tank, or between batches, can cause considerable variation in the anodising and

colouring response of extrusions.
Other possible sources ol colour variation are listed below:

Caustic concentration in etch bath.

Higher than normal anodising current density.

Heavy metal (e.g. Fe, Ni, Mn, Cu) contamination of the anodising electrolyte.
Anodising electrolyte temperature and concentration.

Anodic coating thickness.

Air agitation during anodising.

Dyeing time, dye bath pH, and dyeing temperature.

Build-up of aluminium salts in the dyestulff.

Shielding of work.



Prevention

To prevent caustic etch variation, the heat from reaction must be dissipated quickly. This can be done
using adequate air agitation and avoiding racking work pieces too closely together. It is also useful to
measure bath temperatures from several locations around the bath and record them for variations both
within the bath and between batches.

Eliminating the other causes of colour variation in the process can only be achieved with careful plant
maintenance:

@ All tanks should be monitored regularly for the presence of contaminants and to check concentrations.
The rinse tanks must have clear overflows and a constant supply of clean water.

Anodising times should be kept constant for a particular product to avoid varying coating thickness.
When organically dyeing, care should be taken to avoid agitating or heating the solution as this will
rapidly break up covalent chemical bonds in the dye causing its degradation.

EXTRUSION AGEING

Cause

Varying precipitation conditions such as those caused by under, over or peak ageing of extrusions can
also result in colour variations. All of these ageing conditions may occur within a single batch if there
is sufficient temperature fluctuations in the ageing oven. These different conditions cause variation in
Mg,Si precipitation which can result in non-uniform colour variation between extrusion batches.

Prevention

Ensure that variations in homogenisation or ageing temperatures are minimised to avoid any changes in Mg,Si
characteristics. Temperature fluctuations in ageing ovens must be eliminated for good batch uniformity.

CHEMICAL COMPOSITION OF BILLET

Cause

Compositional differences, in particular Fe, can result in batch-to-batch variations in colour. Also
impurity levels of zinc at levels around 0.03% are known to cause colour variation resulting from dark
pickling films developed during anodising.

High homogenisation temperatures are known to yield brighter anodising finishes, whereas lower
homogenisation temperatures yield duller anodising finishes. Higher Fe contents are also known
to produce a duller anodised finish.

Prevention

Use billet with a narrow range of Fe levels remembering that low Fe contents normally found in smelter
billet give a brighter anodised finish. This helps ensure minimum colour variations following anodising.
Also, metal from different suppliers can vary greatly in composition, Mg,Si precipitation characteristics or
AlFeSi intermetallic characteristics. Production runs of a product requiring a good colour match should
not use metal from different suppliers or casting batches.

As an aid to further understanding of the information in this brochure it is recommended that the reader refer
to the Comalco brochure entitled “THE BASIC METALLURGY OF 6000 SERIES EXTRUSION ALLOYS”.

This brochure has not been prepared with any particular reader in mind and theretore, although we believe that the advice

and information herein is accurate and reliable, no warranty of accuracy, reliability or completeness is given and (except insofar

as liability under any statute cannot be excluded) no responsibility arising in any other way for errors or omissions or in negligence
is accepted by the company or any director, employee or agent of the company.



Problem

STREAKING OF
ANODISED 6000
SERIES EXTRUSIONS

SUMMARY OF CAUSES
® Exirusion related processes and
® Casting related processes

NOTE:

The anodising process itself rarely contributes to this
type of defect. However, if anodising processes (in
particular, electrolyte conditions and dyeing tanks),
are not adequately controlled, streaking may also
occur.
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Extrusions are anodised primarily to improve their aesthetic value in
architectural applications. Streaking of anodised extrusions in most
instances results in rejection of the final product.

Identification

Anodised extrusions
exhibiting surface streaking
defects are readily detected

by visual examination. The
defect is characterised by light
and dark bands, orientated in
the extrusion direction,
compared to the overall
surface colour and tone,

Figure 1.

Figure 1: Sireaking defect on
anodised exfrusion.

EXTRUSION RELATED

Cause

Of the types of microstructural variations
which can cause streaking, grain
structure variation is the most common
cause, Figure 2,

Examples of extrusion factors which can
contribute to variation in grain structure,
include:

@  Material flow characteristics during
extrusion that are related to process
conditions and/or die design. In
particular, the flow characteristics
of hollow dies and porthole dies
will influence the extent of
streaking (if any) due to the
formation of weld lines.



® Extrusion exit temperature influences the driving force for recrystallisation and ultimately the final
grain size. The amount and rate of strain is dependent on the size of billet, extrusion ratio and shape
complexity. As a result, the exit temperature around a section can vary and can result in a combination
of fine and coarse grains.
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grain size with respect to length of section are:

® lLarge fluctuations in exit temperature, possibly caused by variable extrusion speed and/or billet
preheat temperature.

Die characteristics (e.g. bearing lengths around the section).

Inadequate or inappropriate press quenching for the extruded section and/or alloy type. Insufficient
fan quenching capacity along the entire extruded length may also produce variability in precipitation.

® Also, billet from different suppliers but of similar alloy type (e.g. 6063) can vary in chemical
composition, resulting in different Mg,Si precipitation {or similar press operations.

Other causes of microstructural streaking can also arise if:

® Aluminium remaining in the weld chambers of a hollow extrusion die is from a different source or

alloy type to the next billet being extruded. This defect type tends to occur towards the front of the
extruded section.

® Improper or infrequent passing of scrapers through the container. Again, mixing of different alloy

types may cause streaking defects.

Another extrusion related cause of streaking that is not associated with the alloy microstructure is
carbon pick-up. As the extrusion exits the press, it is dragged across carbon blocks on the runout table.
Sometimes carbon particles become embedded in the extrusion surface and, during the anodising
process, preferential attack or streaking can occur.

Prevention
Streaking due o variations In grain structure can be minimised 1n the [ollowing ways:

® Weld lines in hollow extrusions are unavoidable. However, where possible these lines should be

located on non-critical cosmetic faces.

® Variations in exit temperature across the extruded cross-section can be reduced by varying the
bearing length in the die (i.e. increasing the bearing length in regions where coarse grains are

formed). This will promote a more even grain structure around the cross-section.
Non-uniform Mg,Si precipitation can be avoided if the following extrusion conditions are used:

® Extrusion speeds and billet preheat temperatures should remain uniform throughout an extrusion
run, provided exit temperatures exceed 500°C for dilute 6000 series alloys and 520°C for high
strength alloys, to ensure that most Mg,Si present is solutionized.



® Vary die bearing lengths around the cross-section to maintain a uniform exit temperature across
e secrion.

® Use Lne appropriate quencn 10T e alloy and section exrruded. Fress quencn conaiions
recommended for various 6000 SERIES alloys are given below in Table 1.

_Table 1. Reco;;;;;led Quen.c.h -Rﬂ'fﬂs:'ld M;i;;ls Fc-:r Various 6000 Series alloys
Alloys Minimum Quench Solid Sections Solid Sections
Rate ©C/min < 10mm Thick > 10mm Thick
6060 50 Still Air or Fans Water Mist
6063 60 Fans Water Mist
| 6081 ) 300 | Water Mist | Water Sprays
| 300 | Water Mist | Water Sprays

@ Also, ensure adequate fan quenching is available to give uniform cooling along the entire extruded
length. If necessary increase cooling by using a mist or spray quench.

® Use billets with identical compositions (ideally from the same supplier) for each anodising batch.
® Scrapers should be run through containers regularly to remove excess build-up of aluminium debris.

Streaking due to carbon pick-up from the extrusion runout tables cannot be completely eliminated
without replacine the carbon blocks with another material. However. the detrimental effects of carbon
pick-up may be overcome by ensuring only non-critical cosmetic laces ot the extrusion are in contact
with extrusion runout table. Also, contact with the blocks nearer the press exit should be minimised
because carbon is more likely to become embedded in the hotter (softer) metal. At this point it is also
possible that carbon particles will more readily bond to the newly formed oxide layer.

BILLET RELATED

Cause

Streaking defects can occur if billet structure prior to extrusion contains either excessive segregation
zones (containing large intermetallics and precipitates) and/or large grain size variation. Both of these

abnormalities can cause streaking due to their effect on microstructural variation within extrusions.

Large grain size variation can be due to both poor casting practices and inappropriate homogenisation
conditions. During casting slow solidification rates may cause large edge-to-centre billet grain size
variation, whereas inappropriate homogenisation (high temperature dependent) practices can result in a
coarsening of the original fine grained billet structure. This grain coarsening effect is most likely to occur
in the outer periphery of small diameter billet (e.g. <180mm diameter) that are low in Fe, Mn and Cr.

Deep segregation zone depth is primarily caused by excessive primary cooling at the (casting) mould
wall which is more likely with conventional casting technology (float cast). Segregation zone depth also



increases, as alloying levels increase. If present in billet (and aided by extrusion process) excessive
segregation zones may not be predominantly retained within the butt and is therefore introduced
into the extrudate. This then results in microstructural variation with consequential streaking defects
on the surfaces of anodised extrusions.

Incorrect homogenisation practices can also compound the problem of poor break-up and alignment of
AlFeSi particles during extrusion. If the homogenisation temperature is too low. a larser densitv of coarse
parucies will be optaineda, Wnicn are aligned In tne extrusion direction, rigure 3(a) and may cause
streaking during anodising. Finer and more evenly dispersed particles are obtained by using higher
homogenisation temperatures, Figure 3(b).
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[a] Low temperature homogenisation treatment. (b) High temperature homogenisation treatment.

Prevention

Use billets properly cast with air pressurised technology which will exhibit both fine, uniformly
distributed grains and shallow segregation zones. This is due to the more precise control over primary
and secondary cooling rates.

AlFeSi intermetallics must be well broken up during homogenisation. The homogenisation process is
designed to evenly disperse Si, Mg and other elements throughout the billet. The transformation and
break-up of AlFeSi intermetallics is another primary function of the process. Temperatures and times
used in this process are dependant on allov and billet diameter. It is therefore nossible for some variation
1IN NOMOZENISATION Practices [0 exISt between Proaucers.

As an aid to further understanding of the information in this brochure it is recommended that the reader refer
to the Comalco brochure entitled “THE BASIC METALLURGY OF 6000 SERIES EXTRUSION ALLOYS".

This brochure has not been prepared with any particular reader in mind and therefore, although we believe that the advice

and information herein is accurate and reliable, no warranty of accuracy, reliability or completeness is given and (except insofar

as liability under any statute cannot be excluded) no responsibility arising in any other way for errors or omissions or in negligence
is accepted by the company or any director, employee or agent of the company.



Problem

PITTING OF
ANODISED 6000
SERIES EXTRUSIONS

Pitting defects on final anodised product spoiling its appearance and

reducing the effectiveness of the anodised coating as a protective layer

against corrosion.

LA LA N PR LTt ]

The pitting defects are
recognisable as numerous
shallow holes of various
shapes found either all over
or on limited areas of the
extruded section. These pits
may be located both within
and underneath the anodic

coating, Figure 1.

Pits formed prior to the
anodising step have an anodic
coating (generally following
the contour of the pit) whilst
pits formed after anodising are

uncoated at the defect sites.

Figure 1: Pitting resulting from rinse water corrosion.

HANDLING
SUMMARY OF CAUSES
Cause
® Handling
® Precleaning This type of pitting is associated with poor handling practices
® Tank Confamination prior to anodising and is sometimes known as fingerprint
e Calvanic Corrosion

corrosion. The pitting is caused by contact with human skin
which perspires sodium chloride as well as oils. Where the
skin comes into direct contact with the extrusion the chlorides
initiate localised attack. The pitted area is revealed after
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Prevention

It is recommended that clean,
dry protective gloves be used
at all times when handling
extrusions intended for
anodising.

PRECLEANING

Cause

Pitting due to precleaning may
be caused by either mechanical
or chemical precleaning
techniques and failure of the
precleaning step to remove

Figure 2: Fingerprint corrosion. surrace contaminants.

® Mechanical: Mechanical precleaning operations such as wire brushing or linishing can result in
UCULID UL SLCEL UL ULLICL HLALELIAL> UELULILILLE €1LUEUUCU 1L LIE dlULILLLIUILL SUTIECE.  LUTLILE LNe anoaising
process, galvanic attack can be initiated causing pitting. Galvanic corrosion occurs when two
CLSSLLILLAL LLELALS d1€ COLLIECLEd L LIE PIEsSence 01 an lon-carrying electrolyte. rlectrons 1ow Irom
one metal to the other producing an electric current in the same manner as current flows in a normal
nousenolu pdllery. At InNe same 1me, the more reactive ol the two metals (anode) begins to dissolve
and hydrogen gas is evolved at the less reactive metal (cathode). In most cases the less reactive metal
is not affected by the overall reaction which is illustrated in Figure 3.

® Chemical: Pitting during
chemical precleaning is

v d 5
‘\ ({ ELECTRICAL CONTACT USUallY caused by acid or
e
STEEL (CATHODE) . e alkali attack, Figure 4.
4

ALUMINIUM EXTRUSION -
(ANODE) Pitting results when

proprietary cleaners are

ELECTRONS i
not properly applied or

rinsed off after use on
extruded surfaces.

PITTING

3+ =
A7/ Al +3Je

ELECTROLYTE , f ) ] )
(CONDUCTS IONS) Figure 3: Schematic of galvanic

corrosion




+
H ions from the acid ( e.g HCI )
react with O 2to form HZO

O +4H %4 —= 2HO
2 2

Acid solution

Figure 4a: Acid attack on an aluminium extrusion, the aluminium is pitted while the acid and oxygen combine
to form water.

Alkali is reduced to OH “ions
+ +4e " —=40H"
02 2H20 e 0

3

+ -
Total reaction: 4Al + 302 + 6H20 —=4Al +120H —l'-t-hli\.L(OH)3

Figure 4b: Alkali attack on aluminium extrusion, the aluminium is corroded while hydroxide ions are formed by
reduction of oxygen. These hydroxide ions combine with aluminium ions to form a hydrated alumina corrosion product.

NOTE:

If surface contaminants, such as oils or carbon particles, are not removed by the precleaning step
they will contaminate baths downstream in the anodising process. This may cause pitting, due to
galvanic corrosion or discoloration, attributed to preferential etching.



Prevention

® Mechanical: When mechanical precleaning ensure wire brushes and linishine belts have onlv been
used on aluminium and are not contaminated with other metals, particularly iron or steel. Also,
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@ Chemical: Some proprietary chemical cleaners contain acids and/or alkalis. To avoid pitting due
to acid or alkali attack ensure that firstlyv. the correct cleaner is being used for the application and

secondly, that 1t 1s being applhied according Lo the manufacturers speciiication. Always rinse

B e e e Bl

If surface contamination by oils or carbon cannot be removed by proprietary chemical cleaners then it

is possible to remove them by immersion in nitric acid. This step is similar to the desmutt process used
alter caustic etchung.

Always rinse workpieces thoroughly prior to the next stage.

TANK CONTAMINATION

A basic schematic of the anodising process is shown in Figure 5 as an indication of the number of tanks

ana somunons used In tnis complicatea process.

PRECLEAN RINSE ETCH
RACKED EXTRUSIONS
l l i ‘ < ‘ l i MNOTE: AFTER EACH STAGE THE
WORKPEICES REQUIRE A RINSE

SEALING ANODISING DESMUT
Figure 5: Schematic of the anodising process.



Cause
The origins of the tank-related defects can be divided into two categories:

1. Acids or caustic alkalis carried over into rinse tanks may rapidly cause pitting, particularly if rinse
tank overflows are blocked and water flow is inadequate.

2. Chlorides present in the anodising solution will also result in rapid pitting. The source of these
chlorides may be either hydrochloric acid or plant water containing sodium chloride.

Prevention
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contaminants. 1f the rinse water is recycled it is recommended that it is treated regularly to prevent
contaminants building up in the system.

2. Monitor all tanks regularly for contaminants. If chlorides are present in the plant water remove them

by precipitation and filtration prior to preparing the anodising solution.

GALVANIC CORROSION

GENERAL COMMENT
Cause s
Clearly, the importance of adequate

The direct contact between racking and any tank in the control of processes [e.g. chemical

anodising process can potentially form a galvanic circuit.  tanks) and equipment is essential
Acids or alkalis present in the tanks can then act as in minimising and avoiding sources
electrolytes and galvanic corrosion can occur rapidly. of defects. For example, regular
bath analysis can help identify
Preventicn contamination and impurities such

as acid or alkali carry-over in rinse
tanks. Equally important are
work in tanks for prolonged periods after treatment. general housekeeping, storage

Insulate racking from tanks at all times and avoid leaving

and handling practices.



