Application Note AN-PAN-1018

Online analysis of acids, bases,
and aluminum in anodizing baths

Anodizing is an electrochemical process that
involves submerging a metal (usually aluminum)
in a cool acidic bath and applying an electric
current. The metal itself acts as the positive
electrode (anode) in this process. This
electrochemical treatment results in a tougher,
more corrosion- and wear-resistant surface,
while also improving the overall strength of the
metal.
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Before the aluminum anodizing step, aluminum
surfaces are cleaned in etching baths. To
maintain surface properties, online monitoring
of bases (e.g., NaOH), acids (e.g., H,50,, HNO;,
HF, HBPOA), and aluminum are required in the
bath. This is best achieved by online titration
with the 2060 Tl Process Analyzer or 2026 HD
Titrolyzer, depending on user requirements.
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INTRODUCTION

Aluminum is the most abundant metal found on
Earth and is a very reactive base metal [1]. It is
suitable for industrial use because it is
lightweight, conducts electricity and heat well,
and resists corrosion [2].

Aluminum metal reacts with oxygen, water, or
other oxidizing agents to create a protective
layer of aluminum oxide (passivation) [3-5]. This
natural oxide layer protects the underlying
aluminum against corrosion, but with some
limitations [5].

Anodizing is an electrochemical treatment that
increases the thickness of the aluminum oxide
layer on the metal surface. The anodizing
process makes aluminum harder and more
resistant against rust [6]. It involves
pretreatment, core treatment, and finishing
steps to complete the cycle (Figure 1) [7].

First, the workpiece is cleaned to remove dirt, oil,
and lubricants. Then, it is treated with a special
solution to remove the natural oxide layer before
anodizing. This step is known as alkaline etching.
Maintaining the proper balance between dissolved
aluminum and other chemicals in the etching bath is
crucial in this step. This balance is often referred to
as the aluminum-to-free-soda ratio.

If this ratio strays outside of the recommended
range, a reaction occurs where sodium aluminate
breaks down into an aluminum trihydroxide
substance. This undesirable byproduct coats the
workpiece and hinders the anodizing process from
achieving a successful finish. In simpler terms,
keeping the ideal ratio of substances in the bath
ensures a smooth anodizing operation, while an
inadequate mixture disrupts the process by forming
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Figure 1. lllustration of a typical anodizing line.

a layer that blocks anodization.

Traditionally, etching processes can suffer from
inconsistencies as the etching agent (like sodium
hydroxide in this case) is depleted. This depletion
leads to a gradual slowdown in the etching rate,
resulting in variations in the final product's
appearance.

To combat these inconsistencies and ensure high-
quality results, recurrent monitoring is necessary by
mean of an online process analyzer. These
analyzers continuously track two crucial
components: the concentration of the basic solution
(often sodium hydroxide) and the level of dissolved
aluminum within the etching bath. By maintaining
these within a designated range, consistent etching
is ensured throughout the process.
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ACID MONITORING

Additionally, anodizing baths are typically made up
of a sulfuric acid electrolyte. During the anodizing
process, the workpiece is made anodic so that the
metal reacts with oxygen from the anion, and an
oxide layer forms on the surface.

For a flawless anodized finish, meticulous control of
the aluminum and sulfuric acid concentration within
this bath is essential. If the aluminum concentration
is too high, it can negatively impact the final surface
appearance and lead to increased electrical
resistance during the process. Sulfuric acid is
consumed due to a degree of product drag out and
must be replenished regularly to reduce running
costs while still generating a high-quality finish.
While laboratory analysis has traditionally been used
to monitor anodizing bath chemistry, it has
limitations. This method typically involves manually
collecting a sample from the bath, sending it to a lab
for analysis, and then waiting for the results. This
time delay can lead to inconsistencies in the

APPLICATION

Online monitoring of the alkaline and acidic
components as well as aluminum by titration is
possible with the 2060 TI Process Analyzer (Figure
3) or the 2026 HD Titrolyzer (Figure 4) from
Metrohm Process Analytics. The selection of the
optimal process analyzer depends on the specific
monitoring requirements (multiparameter or single
parameter, respectively).
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anodizing process, as the bath chemistry can
fluctuate between sampling times. Additionally,
laboratory analysis can be labor-intensive and costly.
In contrast, online process analyzers offer a more
efficient and reliable solution for maintaining optimal
bath chemistry. These instruments continuously
monitor the concentration of critical parameters
within the bath, such as dissolved aluminum, sodium
hydroxide, and sulfuric acid (free acid). This near
real-time data allows for immediate adjustments to
be made, ensuring the bath chemistry remains within
the designated range 24/7.

The elimination of manual sampling combined with
the continuous monitoring offered by online
analyzers significantly reduces the risk of bath
chemistry fluctuations, ultimately leading to fewer
defects and the need for rework. By providing a
constant flow of accurate data, online process
analyzers empower manufacturers to achieve
consistent, high-quality anodizing results.

Figure 3. The 2060 Tl Process Analyzer from Metrohm Process
Analytics can monitor several critical parameters online in the

anodizing process.
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Table 1. Parameters to monitor in an anodizing line and their expected concentration ranges.

Part of process Parameter Range [g/L]

Etching bath Alkalinity 50-120
Aluminum 70-150

Anodizing bath Free acid 0.1-300
Aluminum 1-10

REMARKS

Aluminum is also an ideal material for other surface
treatment applications. It can be cleaned using acid
pickling processes to ensure complete passivation.
A pickling process is also used to prepare the
aluminum for applying a conversion coating as a
protective surface layer.

CONCLUSION

To ensure optimal surface properties are obtained
during aluminum anodizing, continuous monitoring of
both the cleaning chemicals (basic and acidic
solutions) and the aluminum itself is crucial. This can
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Figure 4. The 2026 HD Titrolyzer from Metrohm Process
Analytics can monitor up to two critical parameters online in the

anodizing process.

be effectively accomplished through online process
analysis using either the 2060 Tl Process Analyzer
for multiparameter analysis or the 2026 HD Titrolyzer
for single-parameter monitoring.
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RELATED APPLICATION NOTES

AN-PAN-1012 Online analysis of nickel ion and pickling baths

hypophosphite content in electroless nickel plating AN-PAN-1064 Monitoring complexing agents in

baths galvanic baths inline with Raman spectroscopy

AN-PAN-1019 Online analysis of acids and iron in

BENEFITS FOR ONLINE PROCESS ANALYSIS

- Higher quality final product and increased
metal turnover (MTO) due to online
determination of bath parameters.

- Enhanced reproducibility, production rates,
and profitability (less waste).

- Fully automated diagnostics — automatic
alarms for when samples are out of

specification parameters.
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CONFIGURATION

[EBEC
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2060 Process Analyzer

I 2060 Process Analyzer & un analizzatore chimico
per via umida online adatto a innumerevoli
applicazioni. Questo analizzatore di processo
prevede un nuovo concetto di modularita che
consiste in una piattaforma centrale, chiamata
«armadio di base».

L'armadio di base & composto da due parti. La parte
superiore contiene uno schermo tattile e un PC
industriale. La parte inferiore contiene una parte
flessibile a umido in cui e alloggiato I'hardware per
I'analisi effettiva. Se la capacita di base della parte a
umido non e sufficiente a risolvere le sfide delle
vostre analisi, € possibile aggiungere all'armadio di
base fino a quattro ulteriori armadi con parte a
umido per garantire uno spazio sufficiente a
risolvere le sfide anche delle applicazioni piu
impegnative. Gli armadi aggiuntivi possono essere
configurati in modo tale da combinare ciascun
armadio con parte a umido con un armadio per
reagente con rilevamento del livello (non a contatto)
integrato, in modo migliorare il tempo di
funzionamento dell'analizzatore.

Il 2060 Process Analyzer permette di eseguire
diverse tecniche chimiche per via umida: titolazione,
titolazione Karl Fischer, fotometria, misurazione
diretta e metodi di aggiunta standard.

Per soddisfare tutti i requisiti del progetto (o tutte le
vostre esigenze), sono disponibili sistemi di
precondizionamento del campione, a garanzia di
una soluzione per analisi robusta. Possiamo offrire
qualunque sistema di precondizionamento del
campione, ad esempio sistemi di raffreddamento o
riscaldamento, degassificazione e riduzione della
pressione, filtraggio e tanto altro.
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