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Abstract 
 
Alminox high purity extrusions were developed for cosmetic automotive trims in 
Germany. Now these high purity extrusions are available for non-automotive and 
automotive applications “MADE IN USA”. 
 
Smooth high volume production (as automotive trims) of cosmetic aluminum products 
requires a high First-Pass-Yield (FPY). Such high purity extrusions help to maintain 
good FPY in comparison to commodity material. Anodizing emphazises the beauty of 
aluminum, but it also acts as a metallographic preparation to show any deviation from a 
homogeneous inner material structure.  
  

The semi-finished product for the anodizing process is preferably extruded aluminum, 
combining functionality with high dimensional accuracy.  WKW.extrusion has developed 
the ALMINOX process exactly for that purpose – minimizing costs during finishing and 
drastically reducing scrap and rework which is attributed to material defects and which 
cannot be identified prior to anodizing. Material defects are identified almost at the very 
end of the value chain when all added value is in the product. It is the intention of this 
paper to address the most common defects and highlight the concept of how these 
material related defects can be minimized. 

 
1) Introduction 
 
In many cases the availability of cosmetic components has become a substantial 
element promoting a purchase decision of many final customers. This is valid for goods 
of room set-up, e.g. picture frames, pillars of high-end electronics, e.g. Audio and TV 
equipment and of course by far the biggest application – for cosmetic automotive trim 



components. Traditionally high-gloss cosmetic parts were a distinguishing feature for 
premium cars, but meanwhile have become more and more a feature even for mid-value 
cars. 
 
WKW.extrusion is focused on production of semi-finished products (extruded profiles), 
which are in particular dedicated to finishing by buffing, either chemical brite-dip or 
electropolishing high-gloss treatment and final anodizing. ALMINOX represents high-end 
extruded Aluminum profiles, contributing to the value-chain of production of cosmetic 
components by 
 
 

 Minimized surface roughness in order to reduce the need for grinding and 
mechanical buffing prior to the high-gloss treatment. 
 

 High cleanliness of aluminum metal i.e. minimized amount of non-metallic 
inclusions, which might produce line defects, visible after anodizing. 

 

 
 Adapted gloss, depending on customer requests, by usage of high purity 

raw materials (ingots), from 99.7% up to 99.9% purity. 
 

 Minimized geometrical tolerances in order to meet functional demands 
often linked to the demands of cosmetic aspects. 

 

 
 Minimized appearance of typical extrusion defects, like extrusion seams 

and back-end effects. 
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Figure 1: Demands on cosmetic extruded Aluminum parts (left) and  examples of high-gloss cosmetic 
parts (right). 
 



 
 

2) Adapted processing for ALMINOX high purity extrusions 
 
Figure 2 gives an overview of the production chain of casting, extrusion and finishing of 
semi-finished ALMINOX extrusions. The process starts with the sourcing of dedicated 
raw materials, ingots of aluminum with adapted purity and alloying elements, controlling 
the final properties. In general, the higher the amount of alloying elements, the more 
satin-like is the appearance of the surface. This is valid in particular for the alloying 
elements Fe, Mn and Cr. The appearance of the main ALMINOX alloys is as follows: 
 
 

 EA6043 family: highest possible gloss 
 

 EA6042 family: medium gloss 
 

 EA6048 family: satin-like gloss 
 
Each family of alloys is available with variants with adapted mechanical properties. 
 
 
In order to significantly reduce the amount of non-metallic inclusions the liquid metal is 
subjected to a proprietary treatment prior to casting of the billets. The heart of the 
melting treatment is a sophisticated filtration process, combined with a step-wise quality 
check for cleanliness of the cast billets 
 
In order to adjust the extrudability the billets are subjected to a homogenization 
treatment. The homogenization is not only decisive to achieve a reasonable productivity 
during extrusion but as well to control the grain size – one of several surface related 
parameters which influence the so-called “orange-peel effect”. 
 
Prior to extrusion the billets are sawn to blocks and pre-heated to extrusion temperature. 
Pre-heating can be done by either heating in a gas furnace or electrically in an induction 
furnace. During extrusion, the aluminum billet flows through the die, the metal heats up 
and thus the exit temperature of the strand needs to be carefully inspected in-line by 
non-contact methods in order to avoid surface defects. Surface defects could be 
generated by exceeding a critical temperature. These effects are typically documented 
in extrusion diagrams, as shown in the literature [1]. 
 
 
 
 
 
 
 
 
 
 



 

 

 
Figure 2: ALMINOX process route – from ingots to finished parts - 

 
Additional attention is drawn to the surface roughness of the extruded profiles, e.g. 
characterized by the values of Rmax or Rz. According to the DIN standard a surface 
roughness of Rz<9µm needs to be met. Additional effort during preparation of dies and 
adapted extrusion parameters at WKW.extrusion ensure that a value of Rz = 6µm is not 
exceeded. A step-wise quality inspection, on-line at the press and off-line in terms of 
production samples checking the quality after anodizing has been introduced to 
contribute to a sustainable high standard of surface quality. 
 
Die technology is a matter of continuous development in order to improve the surface 
quality as well. Special attention is given to balance the following two opposite demands: 
limitation of the exit temperature by avoiding too much friction and to meet the narrow 
geometrie tolerances. The latter can be in general ensured by limiting any contact length 
of aluminum with the steel of the die. At the same time a minimum bearing length needs 
to be chosen in order to ensure wall thickness tolerances and other geometrical 
requirements. In addition the bearing angle needs to be adjusted to the entire die 
concept in order to meet highest surface requirements like Rmax < 6µm. Dedicated 
extrusion die specialists balance the extrusion die requirements of quality and 
productivity.  



3)  Application of ALMINOX to highly cosmetic parts 
 
The driving force for development of the ALMINOX process was saving of costs in the 
production chain of the customer by reduction of buffing work and the reduction of scrap 
and re-work due to material related defects. However, differentiation between material 
related defects (pre-existing in the semi-finished product already) and defects generated 
during finishing is not always straightforward. The intention of this paragraph is to give 
some guidelines for separation. 
 
 
Line defect (sometimes called “grey line”): 
 
One of the typical defects, which are unfortunately visible finally at the end of the 
finishing process chain, are grey lines. Grey lines are a type of surface defect, occurring 
often in the extrusion direction but sometimes deviating from the extrusion direction. 
When observed with the naked eye or with a light-optical microscope, the ground of the 
line appears grey. The grey color is a criterion separating this defect from buffing 
scratches, which appear metallically blinking. Typically two root causes can be linked to 
the defect description “grey line” – either non-metallic inclusions or a mechanical 
damage of the surface. The occurrence of the first one – non-metallic inclusions – are 
drastically reduced by application of the ALMINOX process.  
 
The latter one can be generated during any handling or mechanical treatment within the 
entire process chain. For sake of good separation of the two root causes, the following 
figures show micrographs of these two types of defects. 
 
Figure 3 shows a macro- and microscopic top view of a grey line consisting of non-
metallic inclusions together with a metallographically prepared longitudinal section, 
where the non-metallic inclusions can be identified. Complementary a mechanical 
damage (“scratch”) is given in Figure 4. The macroscopic appearance is very much the 
same as a line of non-metallic inclusions. The absence of any inclusion in the 
micrograph in conjunction with the geometric appearance of the line (well defined sharp 
edges) suggests that the surface has been mechanically damaged prior to anodizing. 
 
 
 

 
a) “grey line” – commodity material 



 
b) Alminox high purity extrusion 

 
 

 
c) 

 
d) 

 
 

 
e) 

 
f) 

 
 

Figure 3: Documentation of grey line in commodity material. (a) Macroscopic top view onto the grey line 
and (b) Alminox  part without grey line. Microscopic top view on part with (c) and without (d) grey line. 
Micrographs showing regular AlMnFe-phases (f) and with non-metallic inclusions (e). 
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Figure 4: Documentation of grey line (top view). Microscopic top view, showing a mechanical damage 
(“scratch”). 

 
 
 
Buffing fishes (comets) 
 
One of the typical surface defects, often mixed up with material defects, are so called 
buffing fishes or comets. The morphology of this defect imitates the morphology of a 
comet with head and tail with the head typically consisting of aluminum and oxygen, 
strongly suggesting that the origin of this particle is the buffing compound. Combinations 
of contamination of the buffing compound with bigger particles (e.g. 75µm x 100µm in 
Figure 5) and a high contact pressure during buffing results in indented particles into the 
buffed surface. In these cases it is recommended to evaluate the contact pressure in 
conjunction with a measurement of the particle size distribution. Many suppliers of 
buffing compound provide particle size distributions of their product.  
 
 
 

a)  



 

 
b) 

 
Figure 5: Buffing fish (comet) with head and tail (a), top-view with SEM. Head consists of Al and Oxygen 
(b), measured with EDX, indicating to the buffing compound as root cause. 

 
 
 
 
 
 
Matte Surface (when high gloss is desired): 
 
For many cosmetic parts, in particular for automotive products, high gloss, that means 
high reflectivity, is a main feature. ALMINOX can support avoiding matte surfaces as 
well. During process time in electropolishing, the roughness is reduced. At the same 
time, the reflectivity is reduced, in particular, when the microstructure of the extruded 
profile is attacked by the brite dip chemistry. Obviously there is an optimum between 
surface roughness and brightening time. 
 
 
In order to achieve a surface as bright as possible it is necessary to keep the process 
time in the brightening tank at a low level (Figure 7). Due to the low surface roughness 
of extruded ALMINOX profiles, the buffing process is supported, thus meaning that the 
process time in the brightening tank can be minimized. 
 
 
 



 

 
Figure 6: Evolution of roughness and reflectivity during the brightening process. 
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Figure 7: Reflectivity depending on the immersion time in electropolishing tank [2].  
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Streaks: 
 
After anodizing, often streaks can be observed. The basics of such phenomena are 
described e.g. at the following references [3, 4, 5, 6]. 
 
 
Streaks due to grain size differences: 
 
One of the root causes of streaks on anodized surfaces are differences in grain size. 
Grain size and in particular the grain size distribution is a metallurgical product of the 
thermo-mechanical conditions during extrusion. Grain size is controlled by the local 
strain and strain rate, local temperature and at least partially by the feed stock, i.e. the 
microstructure of the DC cast ingot. An example of streaks on a ground and black 
anodized automotive part is shown in Figure 8. Even though grain size is not drastically 
different within the cross section, the streaks can be clearly attributed to the grain 
structure, which can be homogenized across the entire cross section by optimized fitting 
of the as-cast microstructure with the flow behavior of aluminum within the die. 
 
 
 

 
(a.) commodity material 

 
 

 
 

(b.) Alminox high purity extrusion 



 
(c.) grain structure of commodity material at streak 

 
(d.) grain structure of commodity 
material outside of streak 

 
Figure 8: Streaks on a black anodized part (a) and black anodized Alminox part without streaks (b) part. 
Grain structure within the streaks (c) and outside the streak (d) 

 
 
Streaks due to segregations: 
 
Another type of streaks, often called segregations, marbling or wooden grain is shown in 
Figure 9. The appearance of the steaks is often brighter or darker than the matrix, 
depending on the lighting conditions. These kinds of streaks can be avoided by adapted 
casting techniques and methods ensuring a homogenous distribution of 2nd phases. 
Depending on the gloss after finishing (from satin to high gloss) this defect can be 
pronounced or smoothed. 
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Figure 9: Wooden grain streaks on satin-gloss surface with commodity 
material  and equivalent Alminox high purity extrusion without these streaks. 
Corresponding microstructure with low amount of 2

nd
 phases within the streak 

and with homogenous distribution of 2
nd

 phases of non-streaky part below. 

 
 
Streaks due to transverse welds and back-end effects: 
 
Since direct extrusion is a semi-continuous process, surface related defects can be 
generated during the start and the end phase of extruding one block. These effects are 
due to the flow behavior of aluminum through the container and the die. 
 

 
Figure 10: Extrusion weld formation 

 
It is well known that the flow of the billet into the final cross section is not homogenous. 
Due to friction of the billet with the container wall, a flow pattern, as shown in Figure 10 
develops. Material close to the center line of the billet meets the die first. Due to the 
back-flow of material close to the shell zone of the billet into the center of the billet, there 
is a certain probability of flow of aluminum from the shell zone though the die into the 
extruded profile. It is a matter of continuous control of back-ends of the billets (“butt”) to 
avoid that shell zone material approaches the die. 
 
After eliminating the back end of the billet by shearing, the following billet is entering the 
die. The contact area of these two billets is typically slightly contaminated. During flow of 
the contact area and the remaining material from the previous billet a transverse seam 
weld is formed (Figure 11). Again, it is a matter of continuous quality control to avoid that 
the volume of the extruded profile with the transverse seam weld contamination is 
delivered to donstream manufacturing. 
 
 



commodity material: 
 

 
  
 

 
 

 
 

Figure 10: Formation of streaks related to back-end effects. Back-flow during extrusion of a billet and 
flow of shell zone material into the die and the extruded profile (left). Grain structure (middle) and 
linked microstructure (right) with back-end effects (grain structure with segregations , see also [7]) 
 

 
 

 
 

 
 

Figure 11: Formation of a transverse seam weld (left) and linked streaky surface (right) and 
microstructure from commodity material. 

 
 
4) Commercial aspects of ALMINOX 
 
The issues described under paragraph 3 highlight the close link of the quality of the 
semi-finished product with the quality and the scrap rate of finished highly cosmetic 
products. The value per unit (e.g. per kg) of an extruded profile is multiplied during the 
finishing process of mechanical machining, buffing, high-gloss treatment and finally 



anodizing. Unfortunately most of the material related surface defects cannot be detected 
before the final finishing step of anodizing. Thus, scrap, which can be attributed to 
commodity material defects, such as transverse extrusion welds etc., occurring at the 
end of that long process chain has obtained a quite high added value. In Figure 12 the 
costs for extruded shapes are put into a context with the costs for down-stream 
processing (mechanical work, buffing, brightening and anodizing) and costs for rework 
and scrap. 
 
 

 
 
a) Comparison of costs for extruded shapes 

 

 
 
b) Comparison of costs for rework and scrap 

 
Figure 12: Comparison of costs for extruded shapes (commodity material vs. ALMINOX high purity 
extrusions) and savings due to reduced rework and scrap.  

 
 
 



ALMINOX high purity extrusions reduce scrap and rework of cosmetic aluminium 
products by reducing material related defects. Even though the raw material cost for 
ALMINOX profiles may be higher compared to commodity materials, the total cost for 
the final product shall be lower. 
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