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ABSTRACT -- Formation of an undesirable preferential grain attack, i.e. a step-wise grain 
attack, during etching in sodium-hydroxide-based solutions is caused by either zinc (Zn) in the 
metal, and/or by presence of zinc in the etching solution. This preferential grain attack is often 
called a spangled or galvanized finish. It is foreseen that with increasing demand for recycling of 
aluminum, the amount of some trace elements, such as Zn, will increase. Hydro Aluminium has 
addressed this challenge, and is currently performing both laboratory and industrial trials in order 
to look closer into this phenomenon. A lot of parameters are found to have an influence on the 
final etched surface finish, such as grain size, grain size distribution, surface texture, and etching 
bath conditions. It is also a challenge to find a fast and reliable method to measure the amount of 
Zn in the etching bath. 
 

 
INTRODUCTION   
 
 Anodizing of 6xxx aluminum extrusions is widely used for obtaining a protective finish, and involves a 
pre-etching step intended to create a matte finish and remove die lines. The most frequently used method 
for obtaining a matte surface finish on aluminum is by etching in aqueous solutions of caustic soda. Iron 
particles in the metal provide sites for local pitting to occur within the grain interiors, resulting in light 
scattering. Copper (Cu) is, however, reported to increase the gloss and increase the etching rate.[1] In the 
literature, several numbers are given for the tolerable amount of zinc (Zn) in the alloy before obtaining the 
phenomenon of preferential grain etching (PGE) called a spangling, grainy, or galvanizing appearance. 
Some sources state that a Zn-content in the alloy of 0,05 percent and higher will result in this effect.[2, 3] The 
etch-produced topography is still present in the final product after anodizing. 
 

Only a few ppm of Zn in an etching solution can lead to the PGE effect.[4] Figure 1 shows an 
illustrative example of the etching response of an AA6060 alloy (0,46 wt% magnesium (Mg), 0,36 wt% 
silicon (Si)) containing 0,004 wt% Zn, being etched in a pure five percent caustic soda etch at 70ºC a), and 
after adding more than 20ppm Zn ions to the etch solution b). In the literature, several numbers are given 
for the tolerable amount of Zn in the etch solution before obtaining PGE, as for instance 6 ppm,[2] or “a 
few” grams per liter present. It is reported that an addition of sodium sulphide of twice the amount required 
to convert the zinc to zinc sulphide will eliminate the risk of developing PGE.[5] 
 

It is however clear that a specific limit for the amount of Zn in the alloy, or in the etch solution, or any 
combinations of these cannot be defined exactly, as the PGE is also a result of several other parameters, 
acting separately or in combinations. The etching rate of aluminum in alkaline solutions shows that the 
grains with surface planes close to (111) etch at the highest rate, and this rate is accelerated by Zn in the 
alloy,[3, 6] and/or in the etch.[3, 7] Consequently, the grain size distribution and texture are important features 
that will influence the final appearance. The temper of the alloy may also be a factor. Also, the etching 
process itself may strongly influence the final results, for instance etching time, temperature, stirring, 
escape of gas bubbles, additives, etc. Other trace elements in the alloy or in the etching bath may also 
contribute to preferential etching. 
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Figure 1. Scanning electron microscope pictures of profile surfaces after etching in a five percent NaOH-
solution before a); and after adding Zn ions to the solution b), showing a normal and a grainy appearance, 
respectively.  
 

This PGE effect is not only limited to 6060/6063-alloys. In Figure 2, experimental examples are shown 
for a more pure alloy containing 0,007 wt% Zn and 0,200 wt% Zn, after being etched in a pure five percent 
caustic soda at 70ºC for five minutes. The grain sizes are about the same for the two profiles, but the effect 
of the high Zn in the alloy b) on the etching response is evident. These two alloys contain mainly 0,01 Wt% 
iron (Fe), and some manganese (Mn) and chromium (Cr).  
 

 

  
Figures 2a) and 2b). Optical microscope pictures of aluminum profile surfaces containing a) 0,007 wt% 
Zn, and b) 0,200 wt% Zn being etched in a five percent NaOH solution, showing a normal and a grainy 
appearance, respectively.  
 

A clear definition of a grainy appearance is difficult to state, as it may be a result of preferential 
etching of only some scattered single grains, many grains, or grains along longitudinal lines or bands on the 
profile surfaces, etc. The final judgement is a result of the human eye. In Figure 3, the anodized surfaces of 
two AA6060 alloys containing 0,01 wt% Zn and 0,043 wt% Zn, respectively, are shown. The alloys were 
industrially cast and extruded, and finally etched and anodized in six-meter lengths. No grainy appearance 
was observed on these profiles. The chemistry is shown in Table 1. 
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Figures 3a) and 3b).  Example of industrial produced and anodized profile surfaces judged to have no 
grainy appearance. AA6060 alloy variants with 0,01 wt% Zn a), and with 0,043 wt% Zn b); scanning 
electron microscope pictures. 
 

Table 1. Composition (wt%) of profiles. 
 

Alloy Si Fe Cu Mn Mg Cr Zn Ti 
a 0,48 0,19 0,02 0,05 0,37 0,00 0,01 0,01 
b 0,48 0,21 0,029 0,05 0,36 0,01 0,043 0,01 

 
When an industrial produced profile exhibits grainy appearance after etching/anodizing, the first step is 

to analyze the chemistry of the profile. If the Zn level is low or moderate, it is reason to believe that the root 
cause is the Zn in the etching bath. Some work has been done in order to check the possibility to monitor 
the amount of free Zn in the etching bath in a simple and fast way. This is important for the anodizing 
plants, in order to optimize the consumption of expensive chemical additives.  
 
EXPERIMENTAL PROCEDURE AND RESULTS 
 
ICP measurement of free Zn in laboratory NaOH etchants without additives.  A number of five 
percent sodium hydroxide (NaOH) etch solutions with different amounts of Zn ions were made by gradual 
dissolution of an extruded piece of an AA6060 alloy (0,43Si-0,163Fe-0,15Cu-0,46Mg) containing 0,084 
wt% Zn. The amount of Zn ions in the etch solutions were measured by ICP-MS (Inductively Coupled 
Plasma - Mass Spectroscopy) at Hydro, Karmøy. ICP-MS is a type of mass spectrometry that is highly 
sensitive and capable of the determination of a range of metals and several non-metals at low 
concentrations. The plasma used in an ICP-MS is made by ionizing argon gas (Ar → Ar+ + e−). The 
energy required for this reaction is obtained by pulsing an electrical current in wires that surround the argon 
gas. After injecting the sample, the plasma's extreme temperature (6°C to 8000ºC) causes the sample to 
separate into individual atoms (atomization). Next, the plasma ionizes these atoms (M → M+ + e−) so that 
they can be detected by the mass spectrometer.  
 

The results from this experiment are presented in Figure 4, and show that there is a reasonable 
agreement between the measured and calculated values of free Zn ions. The reason why the measured 
values are approximately 0,5 parts per million (ppm) to 1,0ppm higher may be due to calibration issues of 
the instrument, or Zn content in NaOH used to prepare the etch solutions. 
 

Such simple plain etches with different amounts of Zn are sometimes used in lab-scale experiments, in 
order to provoke fast and reproducible etching response.[3, 7] Industrial etchants are, however, much more 
complex, but should in general give similar or comparable etching effects. 

a) b)200 µm 200 µm
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Figure 4. Calculated values of Zn in the etchants, based on measured weight loss of etched specimens 
containing 0,0839 wt% Zn vs. measured values by ICP.  
 
ICP measurement of free Zn in industrial NaOH etchants on lab scale.  A new industrial etch solution was 
prepared for this trial. The etch solution was based on industrial NaOH, and aluminum was dissolved in this 
solution in order to reach the required Al concentration of 160g/l. All standard additives, except the ones 
used for precipitation of Zn, were added to have an etching solution as close as possible to a standard 
industrial long-life etch. The basic etch solution had a theoretical Zn concentration close to 4ppm, based on 
the chemical composition of the aluminum used to obtain the required Al content of 160g/l.  
 

Controlled amounts of zinc oxide (ZnO) were added to the solutions in the 2.5l beakers before taking 
samples that were centrifuged for at least 20 minutes in order to separate out precipitates. Precipitation 
taken place during cooling after centrifugation is assumed not to affect the measurements, since these 
precipitates will be dissolved by the plasma. The solution was diluted and characterized with ICP-MS. The 
results presented in Figure 5 show that there is a reasonably good correlation between the Zn concentration 
measured by ICP, and the theoretical concentration based on the ZnO addition at lower ranges. 

 

Calculated- vs measured values of Zn (ppm) 

0

2

4

6

8

10

12

14

0 2 4 6 8 10 12 14

Calculated Zn (ppm)

IC
P-

m
ea

su
re

d 
Z

n 
(p

pm
) 

Calculations based on 
addition of ZnO

 
Figure 5. Measured values of Zn ions in etchants by ICP vs. calculated values, based on added ZnO vs. 
measured values by ICP.  
 

Industrial extruded and aged profiles of AA6060 with 0,015 wt% Zn and 0,031 wt% Zn (Table 3) were 
etched in these 2.5l etching solutions at 68°C for 12 minutes, and anodized to give an oxide thickness of 
4µm to 5µm. Profiles of the two alloys were etched simultaneously in the vertical position and in the same 
etchants. In Figure 6, the etched and anodized surfaces of the profiles are shown, showing a clear 
development of preferential grain attack with increasing amounts of free Zn in the etching baths. 
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Figures 6a) through 6h).  Scanning microscope pictures of profile surfaces after etching in etch solutions 
with about 4ppm Zn ions a), b), about 6ppm Zn c), d), about 8ppm Zn e), f), and about 12ppm Zn g), h). 
Profiles with 0,015 wt% Zn (a, c, e, g), and with 0,031 wt% Zn (b, d, f, h). 
 
AAS measurement of free Zn in industrial NaOH etchants with additives.  AAS = Atom Absorption 
Spectrometry. Profiles (T6) from two 6060 alloys with 0,012 wt% Zn and 0,033 wt% Zn were etched and 
anodized at a pilot laboratory. In these trials, a long-life, industrial etch (with additives) was used. Zn was 

a) b)200 µm 200 µm

c) d)200 µm 200 µm

e) f)200 µm 200 µm

g) h)200 µm 200 µm
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stepwise added from a zincate solution. No conclusive difference was observed between the two alloys. No 
grainy appearance was observed when the amount of free Zn was around 3ppm in the etch bath (Figure 7). 
In the subsequent step, the amount of free Zn in the etch solutions was very high and both alloys had a 
spangled or grainy appearance after etching (Figure 8). 
 

For analysis of the amount of free Zn in the etching baths, a filtration method was used. This technique 
was rather time-consuming, and the obtained results were far from the theoretical, possibly due to factors 
like sampling, reaction condition during etching, and possible after-reactions. The amount of additives 
(sulphur components) in these etchants was not defined, and may also have influenced the final results in 
these experiments. In Figure 9, typical roughness profiles of etched specimens without and with grainy 
appearance are shown. The profile with grainy appearance is clearly revealed and described in the figure.   
 
 

Table 2. Composition (wt%) of profiles (T6). 
 

Alloy Si Fe Cu Mn Mg Cr Zn Ti 
a 0,45 0,22 0,01 0,060 0,37 0,01 0,012 0,010 
b 0,47 0,22 0,02 0,050 0,37 0,01 0,033 0,010 

 
 
 

  
Figures 7a) and 7b).  Optical microscope pictures of etched and anodized profiles. Etch containing “low” 
amount of Zn ions; profile a) 0,012 wt% Zn,and profile b) 0,033 wt% Zn. 
 

   
Figures 8a) and 8b).  Optical microscope pictures of etched and anodized profiles. Etch containing “high” 
amount of Zn ions; profile a) 0,012 wt% Zn, and profile b) 0,033 wt% Zn. 
 
 
 
 

a) b)
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Figures 9a) and 9b).  Examples of roughness profiles on samples from the trials: a) normal appearance, 
and b) grainy appearance. 
 
Etching trials after adding additives to the etch baths.  The two charges of alloy AA6060 with 0.015 
wt% Zn and 0.031 wt% Zn (Table 3) were extruded into square hollow profiles with flat surfaces that were 
easy to inspect after etching. The specimens were aged to peak strength before etching trials. Again, fresh 
etch solutions were prepared with an Al concentration of 160g/l. The two profiles were etched 
simultaneously in vertical positions in the same etchants. In order to precipitate Zn ions from an etch 
solution containing about 4ppm Zn ions, 2,0g/l Na2S was added 24 hours before etching. The concentration 
of Zn ions was now measured by ICP to be 1,3ppm, and both profile surfaces etched satisfactorily, as 
shown in Figure 10. A set of additional experiments were performed by adding additives to different 
etchants, and all showed that both alloys were etched satisfactorily when the free Zn was precipitated from 
the solutions. 
 
 

  
Figures 10a) and 10b).  Scanning electron microscope pictures of profile surfaces after etching in an etch 
solution with about 1,3ppm Zn ions, after adding 2,0g/l Na2S to a solution with originally 4ppm Zn ions; 
profile a) 0,015 wt% Zn, and profile b) 0,031 wt% Zn. Normal anodized surfaces appear on both alloys. 
 

Table 3. Composition (wt%) of profiles. The specimens were aged to peak strength. 
 

Alloy Si Fe Cu Mn Mg Cr Zn Ti 
a 0,45 0,20 0,01 0,051 0,36 0,00 0,015 0,011 
b 0,46 0,21 0,01 0,046 0,37 0,01 0,031 0,010 

 
 

Identical profiles from the same two alloys were also anodized in an industrial line using an etch low in 
free Zn. The actual composition of this etch was not measured by ICP, but both profiles showed a normal 
surface appearance, as shown in Figure 11. 
 

a) 

b) 

a) b)200 µm 200 µm
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Figures 11a) and 11b).  Scanning electron microscope pictures of anodized profile surfaces after industrial 
etching in an etch solution with low amounts of Zn ions; a) 0,015 wt% Zn, and b) 0,031 wt% Zn. Normal 
anodized surfaces appear on both alloys. 
 
 
Alternative Pre-Treatment Steps 
 
Acid Etching 
 

A number of anodizing lines in the United States and Australia have recently adopted alternative 
anodizing pre-treatments using fluoride-based etch solutions.[8] The claimed benefits are shorter cycle 
times, freedom from streaking, and less sensitivity to the alloy chemistry and microstructure. This method 
has not been introduced in Europe so far, as it is expected that there might be some environmental and 
deposit issues due to the content of fluorides. 
 
Mechanical Treatment 
 

Several methods exist to reduce surface topography on the profiles such as die lines, imperfections, etc. 
Among these methods are polishing, grinding, or blasting techniques.[9, 10]  
 

As these alternative pre-treatment methods give a somewhat different surface gloss than by alkaline 
etching, they most probably have to be etched in an alkaline etch for a short time before anodizing.  
 
 
DISCUSSION   
 

Due to a foreseen increasing amount of recycling in the future, the effect of the enrichment of some 
elements on final product qualities should be addressed. At present, a PhD student is working with this Zn 
issue at the Norwegian Institute of Technology. 

 
The present work describes some of the complexity of working with the pre-etching step of aluminum 

in alkaline solutions before anodizing. There is no clear borderline for the tolerable amount of Zn in the 
specimens and/or in the etch solution before “grainy appearance” occurs. It should be noted that the 
experiments are mostly based on small-scale laboratory tests and on short pieces of extruded and aged 
specimens, and may not be 100 percent representative of industrial-scale processes. It is interesting to note 
that in a work by Nick Parson et al,[8] part of the alloy matrix tested by acid and/or alkaline etching was an 
AA6063 alloy with 0,05 percent Zn. The etched samples of this alloy were examined in SEM, but no 
evidence of grainy appearance was observed on any of the specimens, even after etching in the caustic etch.  

 
It is sometimes experienced that a high level of Zn is tolerable at one anodizing plant, but not at 

another. This may possibly be due to the chemistry of the etching bath, the etching process, or other 
processing parameters.  However, it would have been very valuable to be able to continuously monitor the 
amount of free Zn in the etching bath, in order to take actions and be prepared for etching aluminum with 

a b200 µm 200 µm
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higher amounts of Zn. To our knowledge, such a fast analyzing method does not exist today. The most 
reliable instrument to analyze the amount of free Zn in the etching bath seems to be ICP. The main 
operational challenge in ICP is the state of the etch sample. It is important that industrial long-life etch 
solutions are filtrated/centrifuged in order to remove precipitates and other types of reaction products that 
are accumulated during the etching process. It is further not realistic to have this type of equipment in 
various anodizing plants, due to investment cost and the need for skilled personnel. Costly ICP 
measurements are therefore not regarded as a suitable measurement technique to follow up the quality of 
etching baths on a daily basis. Much simpler equipment is needed in an anodizing plant using alkaline 
etching.  
 
 
CONCLUSIONS   
 

• It is foreseen that increasing amounts of aluminum will be recycled, and it is a challenge for 
anodizers to be able to handle an increased amount of Zn in the alloy by keeping the etching bath 
conditions optimized.  

 
• Some work has been done in order to check the possibility to monitor the amount of free Zn in the 

etching bath in a simple and fast way. So far, it has not been successful. 
 

• The most exact method for characterization of free Zn content in the etching bath is found to be 
analyzing by means of ICP-MS measurements.  

 
• It seems to be possible to anodize samples with increased Zn content, if the etching solution is 

well monitored and has a sufficient amount of additives removing the free Zn2+ from the solution. 
 

• Alternative pre-treatment steps for high Zn-containing alloys before a short alkaline etching may 
be acid etching, or mechanical processing.  
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