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The structure or quality of a material to be anodised and coloured is very
important, since this is what a perfect oxide layer and colour depends on.
The material can be high-purity aluminium, high-grade aluminium or an
aluminium alloy.

High-purity aluminium contains practically no other metals (less than
0.05 %), while high-grade aluminium can contain up to 1 % other metals.

For certain applications, aluminium is not hard enough on its own and
must therefore be alloyed, usually with magnesium, silicon, manganese,
copper or zinc. As the percentage of other metals increases, the alloy’s
resistance to mechanical stress increases, however its suitability for
decorative purposes (colouring) decreases. Colouring itself does not alter
the nature of the oxide layer.
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Demands on Quality

In order to guarantee a decorative appearance of the anodised and coloured
aluminium surface, aluminium of “anodising quality” is used. Such aluminium is
intended specifically for anodising and colouring and is produced with extreme care
(see DIN 1725 parts 1 and 11, DIN 1745 parts 1 and 11, DIN 1748 parts 1 and II,
DIN 17611).

Influence of Alloy Components on Colour and Transparency

It is well known that the inherent colour of anodised aluminium or an aluminium alloy
differs depending on purity and composition. This inherent colour influences the
nuances of the colouration.

Example causes of differences in colour:

! Magnesium content greater than 5 % causes dullness in the surface.
! Manganese and chromium cause a yellow tinge to the surface

already at 0.1 %. A higher content results in darker colours.
! Silicon can lend the oxide layer a grey tinge, though this depends

heavily on the form of the silicon in the alloy. When in solid solution at
anything up to 1 %, the oxide layer is only subtly dulled. In quantities
of over 1 %, and in non-solid solution, it causes grey dulling. An alloy
with 3-6 % silicon is known as grey tint alloy.

! Copper in quantities of anything up to about 0.2 % has no
appreciable influence on the colour, transparency or hardness of the
anodic oxide layer. However, in the amounts typical for alloy additives
(Al-Cu-Mg group etc.) it produces an uneven, blotchy grey and
brownish appearance. Also, alloys with copper tend to increase the
incidence of galvanic corrosion pitting during the colouring process.

! Zinc as an alloy metal does not influence the surface layer. Quantities
of about 2 % and above only marginally account for some dulling and
make no appreciable difference to the colour, unless they are
combined with other elements.
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Casting Alloys of High Silicon Content

Because their structure is less homogenous, castings do not allow such even
formation of oxide layers as rolled or wrought semi-finished products do (sheets,
profiles etc.). Castings should have as dense and smooth a surface as possible, free
of shrinkage cavities, pores and cracks, and their microstructure should be as even
and fine-grained as possible. Gravity die casting therefore lends itself better to
anodic oxidation than sand casting does.

Typical casting alloys of 10-12 % silicon content become blotchy grey or black when
anodised. Often, a satisfactory appearance can only be achieved by subsequent
black colouring.

There are die casting alloys – silicon-free Al-Mg alloys – available today that allow
anodising and colouring without blotches.

Other casting alloys are only suitable for non-decorative anodic oxidation and
colouring.

General Instructions

1. Surface Pre-Treatment

Since anodic oxidation does not change the metallic character and appearance of
aluminium surfaces, surface pre-treatment plays a crucial role. Grinding, for
example, largely removes surface irregularities such as scratches, scoring and
abrasions. Specific surface effects can also be achieved by mechanical or chemical
surface treatment.

There exist standards for surface pre-treatment, such as DIN 17611. This covers
pre-treatment of aluminium profiles, giving a designation of E 0 - E 6. These signify:

E 0: Not pre-treated, anodised, sealed

Anodic oxidation is done after degreasing and etching (removing the existing
oxide layer) without any further pre-treatment. The surface structure formed
in production and/or by processing is retained. Scoring, scratches, file
strokes and suchlike remain visible. This treatment can reveal any signs of
corrosion that were not or were hardly recognisable before etching.

E 1: Ground, anodised, sealed

Grinding produces a relatively even, somewhat dull surface. Any surface
discontinuity is largely removed (no surface grinding). Course or fine scoring,
depending on the grain size of the abrasive used, remains visible.
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E 2: Brushed, anodised, sealed

Brushing produces an even, bright surface (as opposed to E 1). The brush
strokes remain visible. Scoring, scratches and file strokes are only partially
removed.

E 3: Polished, anodised, sealed

Polishing produces a shiny surface. Scoring, scratches, file strokes and other
surface discontinuities are removed only to a certain extent. This treatment
can make ridges stand out prominently.

E 4: Ground, brushed, anodised, sealed

Grinding and brushing produces an even, bright surface. Scoring, scratches,
file strokes and other surface discontinuities revealed after E 0 or E 6
treatment, above all hidden signs of corrosion, are removed (no surface
grinding).

E 5: Ground, polished, anodised, sealed

Grinding and polishing produces a smooth, shiny surface appearance.
Scoring, scratches, file strokes and other surface discontinuities revealed
after E 0 or E 6 treatment, above all hidden signs of corrosion, are removed
(no surface grinding).

E 6: Chemically pre-treated, anodised, sealed

After degreasing, a satin or matte surface is produced using special etching
solutions. The permissible minor scoring or roughening resulting from
production and/or processing cannot be completely removed by this method,
they can merely be levelled out. This treatment can reveal signs of corrosion
that were not or were hardly visible before etching. E 6 treatment can
particularly enhance irregularities in texture such as course grain striations,
scoring or welding seams, which cannot always be avoided when producing
extruded semi-finished products.

E 7: Chemical or electrolytic brightening

After degreasing, the surface becomes high gloss by treatment in special
chemical or electrochemical brightening baths. Surface defects are
eliminated only to a certain degree and corrosion can become visible.

E 8: Mechanical polishing and chemical or electrolytic brightening

Grinding and polishing with following chemical or electrolytic brightening
leads to a high gloss appearance; mechanical surface defects and beginning
corrosion are generally eliminated.
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The treatments E 0 - E 8 described above relate to aluminium and aluminium alloys
of anodising quality. Mechanical pre-treatments for smoothing or otherwise
increasing resistance to corrosion, such as those described above, can also be
performed on base materials of ordinary quality beyond the scope of this standard
(DIN 17611). It cannot be expected that profiles treated in that way will fulfil the
quality regarding the decorative appearance after the anodic oxidation.

1.1. Jigging and Racks

After mechanical processing and before chemical treatment, and for all
subsequent processes such as degreasing, etching, desmutting, anodising,
colouring and sealing, the parts to be processed must be fastened onto
suitable racks. These racks are arrangements by which the parts can be put
through all necessary baths, all the way to drying. They are the electrical
connection between the power supply rails during the electrolytic process and
distribute the electric current to all individual parts.

A good mount meets the following requirements:

! good mechanical hardness
! good contact at the intended places
! the electrical load at point contacts as small as possible
! firmly holding of the parts
! parts to be fastened and unfastened easily without damaging them

If only anodising, colouring in a dye solution and sealing, the entire rack or
only the contact points can be made of titanium. If colouring with the aid of
alternating current, however, the rack must be made of aluminium. The
material for such mounts should be the same as that of the parts to be
anodised. Most commonly used for this are Al-Mg-Si alloys, which, at suitable
tempering, have sufficient mechanical hardness and elasticity and behave
favourably when anodising. Alloys of Al-Cu-Mg should not be used, since they
accept too much electricity and are quickly destroyed. Great care must also be
taken when anodising silicon-containing alloys, because higher voltage is
required. As voltage increases, the mounts accept ever more electricity at the
expense of the parts, which invalidates the calculation of coat thickness and
can lead to disruptive breakdowns and arcing on the mounts during long
anodising processes.
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1.2. Degreasing

Once the parts are fastened onto the mounts, the next work step can
commence: degreasing. There are many suitable products for this, such as
various organic solvents (applied as pre-degreasers), electrolytic alkaline
baths and degreasers that work without electricity, which are applied as either
acids or bases. The most commonly used are alkaline degreasers such as our
product SurTec 117, which work at a pH-value of 9-11 and at a temperature of
50-80 °C.

Such products must have the following properties:

! the degreaser must wet the metal evenly all over
! contaminants such as polishing and grinding paste, dyes, or skins left from

pressing, drawing or heat treatment must be removed

Very often, degreasers that mildly corrode the aluminium surface are used.
This can improve the result, since strongly adhered dirt etc. can be removed
much more easily in such a fashion.

A distinction is made between two modes of action of degreasing systems:

 1. Emulsifying  degreasing systems have excellent degreasing action.
Because these degreasers absorb the oil, there is no risk of oil being
deposited on the parts as they are removed. The disadvantage is short
useful life of the degreaser (limited oil absorption capacity) and high
disposal costs.

 2. De-emulsifying  degreasing systems must be applied in conjunction with oil
separation systems. Suitable separation systems are:
a. Spaghetti filter pumps
b. Gravity separators
c. Centrifugal separators
d. Oil skimmers

De-emulsifying systems require stronger mechanical support than emulsifying
degreasers in order to achieve the same results. Furthermore, special
measures must be taken to prevent oil from being deposited on the parts as
they are removed.
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1.3 Etching

As a rule, parts are etched after rinsing, if a so-called E 6 surface is desired. A
number of acidic and alkaline etching solutions exist for this purpose. The
most commonly used etching solution is lye (sodium hydroxide) with special
additives, a so-called long-time etching solution. The additives allow the metal
surface to be covered more evenly and thus attain a uniform E 6 surface.

Our long-time etching solution additives increase the etching rate so as to
achieve the desired etched finish in a very short time.

Aluminium reacts with lye to produce hydrogen gas and sodium aluminate:

AL + NaOH + 3 H2O                 Na[Al(OH)4] + 1.5 H2

The hydrogen gas produced can cause an etching solution to bubble and
overflow if the bath concentration is high. SurTec 400 A significantly improves
the outgassing of etching solutions and thus allows high bath concentrations
and in turn economical etching.

During the etching process, the aluminium content increases until it reaches
an equilibrium concentration. Above a certain aluminium content, aluminium
hydroxide starts to form, which dehydrates and leads to the formation of
alumina hydrate. This alumina hydrate is deposited on the bottom or sides of
the tank. Predominantly heating and boiler pipes become coated with alumina
hydrate. This coating is very hard and can only be removed with great
difficulty. It cannot be filtered out, because it blocks filters too quickly.

Our etching solution additives include special additives that, at certain doses,
prevent the formation of alumina hydrate. These additives also prevent the
accumulation of heavy metals, which would lead to grain interface etching.

In order to achieve a constant etching solution quality, these baths must be
monitored analytically. Our complete etching systems are an optimum
alternative for those plants that wish to keep analytic expenses to a minimum.
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1.4 Desmutting (Neutralising)

After etching, which is done at a temperature of 50-70 °C and can take 1-20
minutes, insoluble alloy components can remain on the surface in metallic
form and must be removed before anodising. To do this, the parts are rinsed
and then dipped into a desmutting solution. A black coating formed during
etching is an indication of a copper-containing aluminium alloy. This coating is
dissolved in an approximately 20 % solution of nitric acid or in sulphuric acid
with the additive SurTec 498. A grey coating forms on aluminium alloys
containing silicon. The pickling additive SurTec 493 should be used to remove
this coating. What kind of acid or what acid mixture is employed depends on
the aluminium alloy being processed.

Even if the surface is not etched after degreasing, it must be neutralised in a
desmutting solution, e.g. in the above mentioned solutions, in order to prepare
the surface optimally for the anodising process. The last work step before
anodising is a thorough rinsing, except when using sulphuric acid in
conjunction with SurTec 498. When using such a solution, one can move on to
the anodising bath directly without the rinsing step.

2. Anodising

The greatest variety of compositions can be anodised in solutions with the aid of
direct or alternating current. Which method should be employed depends on many
factors and is not discussed further in this text. The most common are direct current
(DC) processes in electrolytes of sulphuric acid or sulphuric acid/oxalic acid.

DC anodising in electrolytes of sulphuric acid uses a 15-20 % sulphuric acid
solution. The current applied is direct current. At voltages of 12-20 volts, current
densities of 1-2 A/dm2 are applied. The bath temperature is between 18 °C and
21 °C.

DC anodising in electrolytes of sulphuric acid/oxalic acid differs from the
abovementioned method in that in addition to the 15-20 % sulphuric acid, the
electrolyte solution contains approximately 10 % oxalic acid. This allows anodising
at slightly higher temperatures, between 20 °C and 25 °C. This, however, requires a
somewhat higher voltage of 20-25 volts. The applied current density is also
1-2 A/dm2.

It is more favourable to use SurTec 311, which contains oxalic acid plus conductive
salts and biologically degradable complexing agents, and works at a sulphuric acid
concentration of 140-160 g/l. Besides the greater working temperature range of 20-
30 °C, this system produces high-quality anodic oxide layers at an aluminium
concentration of up to 28 g/l.
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Anodising baths tend to create atomised spray, which SurTec 310 S Fume
Suppressant effectively retains by forming a layer of foam. DIN 17611 can equally
apply to anodising as to pre-treatment. This specifies, among other things, the
minimum layer thickness of anodic oxide layers. This is between 5 and 20 !m,
depending on operational demands.

3. Formation and Properties of Anodic Oxide Layers

If the parts to be anodised are dipped in DC sulphuric acid electrolytes and
connected as anodes, the following reaction occurs when the appropriate current is
applied:

2 H2O                        2 H2 + O2

The oxygen produced on the outside of the parts reacts with the reactive aluminium
surface to form aluminium oxide.

4 Al + 3 O2                2 Al2O3

In the first few seconds after switching on, a thin, non-porous dielectric undercoating
forms, also known as a barrier layer. This layer grows in proportion to the applied
voltage until it reaches a thickness of approx. 0.02 !m, and has an extremely high
electrical resistance. At the typical anodising voltages of 12-20 volts, therefore, the
current density would theoretically drop rapidly at a constantly applied voltage, and
the growth of the layer would come to a standstill. This, however, is not the case.
The warming due to the electrical energy and the ability of the employed electrolytes
to dissolve the barrier layer attack the weak points of the crystal lattice. Pores are
created in the honeycomb structure of aluminium oxide (see illustration above).
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With the barrier layer thus attacked, the current flows once again, and the oxygen
produced reacts with the base material aluminium to form aluminium oxide. In the
continuous repetition of the process described above, an amorphous layer of
aluminium oxide forms. Since aluminium oxide (Al 203) has a comparably larger
volume than transformed aluminium, the oxide layer grows approximately 1/3 of the
way out from the metal and 2/3 of the way into the metal in relation to the original
aluminium surface.

With one ampere hour per dm2, a 15-16 !m thick oxide layer is obtained. This is
non-detachably bonded with the base material and cannot be mechanically removed
from it. Nevertheless, fine hairline cracks occur in the oxide layer if such parts are
bent or heated to high temperatures. Once bent back or cooled down, the cracks
close but remain visible. When improperly anodised, above all at high temperatures
and long exposure times, it can happen that the oxide layer becomes too greatly
attacked and loosened by the electrolytes. If so, then parts of the upper layer can
flake off or powdery, chalky anodic oxide layers can form, which can be rubbed off.
Flaking can also occur if oxide layers that are too thick are mechanically post-
worked, e.g. engraving etc. Such work must therefore be done before anodising.
The oxide layer consists of amorphous aluminium oxide and, depending on the type
of electrolyte, can sometimes possess substantial portions of sulphate (10-15 %) or
oxalate etc. The specific weight is on average 3.1 g/cm3. The hardness of the oxide
layer depends on the composition of the base material and the oxidation conditions.
A micro-hardness of 250 to 300 HV is achieved. The hardness increases slightly
towards the base material. This effect does not occur with hard anodising. Hard
anodising achieves a micro-hardness of up to about 550 HV. As opposed to oxide
layers produced by sulphuric acid or sulphuric acid / oxalic acid processes, hard
anodised parts can be coloured only with difficulty or not at all unless special
procedures were employed when anodising.

4. Colours

Oxide layers formed in the DC sulphuric acid process are above all highly adsorptive
due to their finely porous structure. They tend to adsorb contaminants that exist in
sufficiently fine dispersal or in solution. These layers can be coloured in many
different colours by dipping in aqueous dye solutions. They can also adsorb
lacquers, synthetic resins, organic compounds, silver and silver salts. Parts treated
in such a fashion are suitable, for example, for carriers of light-sensitive emulsions
for producing offset plates etc.
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4.1 Electrolytic Colouring

Electrolytic colour baths have become much more popular over the past few
years. The electrolytes are baths with heavy metals such as tin, cobalt, copper
or nickel. Parts coloured in such baths are extremely resistant to light and are
very anticorrosive, which is very important above all for the construction
industry, e.g. for wall linings, window frames etc. Tin electrolytes are steadily
becoming more popular in Europe, though not in England. They have
significantly better throwing power and are easier to manage in the plant than
nickel or cobalt baths. SurTec 320 is a complete solution predestined for this.
Colours from champagne to black can be obtained, depending on how long
the parts are kept in the bath. The standard colour guide published by the
European Anodiser´s Association (EURAS) specifies the colours C-0 to C-35.
That means:

C - 0 colourless
C-31 light bronze
C-32 pale bronze
C-33 medium bronze
C-34 dark bronze
C-35 black

4.2 CBS - Colouring Technology

With SurTec 320 Complete Colouring for the electolytical colouring of
aluminium oxide layers and the “CBS colouring technology” developed and
patented from Befeld-Systeme GmbH is an optimised process of electrolytic
colouring technology for anodic oxide layers available.

The advantages of this method are:

! absolute evenness of colour, even when parts are held in multiple rows in

the carriers

! no auxiliary cathodes

4.3 Dip Colouring

Our product series SurTec 631 - SurTec 632 offers about 30 different dyes for
colouring anodised layers. See our brochure on dip colouring for more
information.
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5. Sealing

After thorough rinsing, the anodised, coloured parts are moved to the sealing bath.
In this finalising work step, the open and porous oxide layer is closed. Colours
become optimally anticorrosive and light resistant only once they have been
perfectly sealed.

There are two different processes for sealing, plus a combination of the two.

a. hot water sealing
b. cold impregnation

a. + b. combined process (cold and hot water sealing)

5.1 Hot water sealing process

During the sealing process, the aluminium oxide layer is hydrated. The oxide
converts to boehmite (AlO(OH)). Since this conversion involves an increase in
volume, it closes the pores, which is the desired effect. The oxide layer is then
no longer able to adsorb dyes. This reaction takes place not only in the pores
but also on the oxide surface, where it is not at all desirable, since it forms a
whitish smut. This sealing smut consists of branched boehmite crystals, some
of which grow out from the surface. The thickness of this coating can reach up
to 1 !m. It can no longer be rinsed off in water. It can only be partially removed
by elaborate mechanical or chemical post-treatment. Sealing products from
SurTec product series prevent the formation of this sealing smut without
impairing the quality of the seal. A good sealing quality can be achieved by
using SurTec 349, which allows by the drag-in of a small quantity of sulphuric
acid. The pH-value must of course be checked more often as a result, and
regulated to values between 6.0 and 6.2 if necessary. The treatment time is
3 minutes/!m of anodic oxide layer. The temperature must remain between
96 °C and 98 °C. A good sealing additive also ensures that the parts to be
sealed are evenly wetted and that no drying residue accumulates on the parts
as they are removed. The parts are ready for packaging as soon as they are
dry.
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5.2 Cold Impregnation Process

Cold impregnations contain nickel and fluoride ions, which form compounds
with aluminium complexes, sealing the pores of the anodic oxide layer. The
exposure time is 0.8-1.2 minutes/!m at temperatures of approx. 26 °C to
30 °C.

These products are available as a single component system (solid or liquid)
(SurTec 356, SurTec 357 or SurTec 355 R) and as a two-component, liquid
system (SurTec 355 A, SurTec 355 B). The advantages of these sealing
products are the hardness of the anodic oxide layer and good anticorrosive
properties. The quality of the seal can only be reliably determined after
48 hours of intermediate storage.

5.3 Combined Process

In the combined sealing process, first comes “cold sealing”, then two rinse
steps, then “hot sealing”.

The advantages of the combined process are:

! The seal quality can be inspected directly after the sealing process.

! The sealing time is much shorter than hot water sealing alone. A typical

combined process, for example, takes 10 minutes of cold and then

10 minutes of hot treatment to form a seal.

! The formation of cracks in the oxide layer, which can occur during cold

sealing alone if the temperature fluctuates greatly, is largely prevented.


