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ABSTRACT

Aluminum corrosion is commonly encountered when performing chemical process operations involving surface finishing,
predominantly in preparation for paint application. The protective oxide film of aluminum is only stable in a pH range of 4.5 -8.5.
However, many process solutions intentionally exceed this pH range for the purpose of cleaning, metal removal and subsequent
smut removal. These process solutions are formulated so as not to cause deleterious pitting or preferential etching. However,
the susceptibility of aluminum to pitting depends on many extraneous factors, such as chloride ion concentration, pH control and
initial surface condition. Electrochemical measurements via potentiodynamic scans have been shown to be an effective tool in
analyzing the propensity of certain process solutions to contribute to observed pitting conditions. In this paper, a review of
several process solutions, examining coolants, solvent cleaning, alkaline clean/etch and deoxidizing/desmutting, listing intended
and unintended chemical reactions along with possible mechanisms that would favor corrosion formation. Further explanation is
provided for the role of incoming water that is used for process solution make-up and the myriad of rinse tanks.
Recommendations are provided for electrolytic processes that might be prone to stray currents affecting auxiliary equipment and
thereby introducing deleterious contaminants into process solutions as a result of the corrosion products of compromised piping,
fittings and fasteners from heating and cooling units. Strict adherence to process specification controls, regular monitoring of
suspect contaminants, sound housekeeping and part handling best practices can alleviate many aluminum part processing
COITosion occurrences.

Keywords: aluminum, aluminum surface finishing, corrosion causes, corrosion troubleshooting
Introduction

A protective oxide film of aluminum is only stable in a pH range of 4.5 t0 8.5." Chemical operations for the metal surface of
aluminum include many process solutions that intentionally exceed this pH range for cleaning, metal removal and subsequent
smut removal. These process solutions are formulated to avoid deleterious pitting or preferential etching. However, the
susceptibility of aluminum to pitting depends on many factors, such as chloride ion concentration, pH, dissolved oxygen in the
corrosion environment and surface condition.2 Furthermore, aluminum alloys themselves can contribute to pitting problems due
to preferential etching. For instance, aluminum 7075, which contains magnesium and zinc, is more prone to pitting than
aluminum 2024 even though the primary alloying element is copper.® The purpose of this paper is to highlight the major areas of
aluminum corrosion that can be encountered during metal finishing operations with the benefit of effectively troubleshooting
these occurrences when they inevitably happen.
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Electrochemical measurements

Pitting potential is a term used to describe the likelihood of a metal to pit when electrochemically analyzed using a
potentiodynamic scan of the metal and process solution system. A Boeing R&D effort was initiated to develop a usable test
method that quantifies the pitting potential of a process solution relative to a selected alloy. The scope of the research has been
limited to metalworking fluids and a degreasing solution, but the test method could be applied to other chemical process
solutions.

For this electrochemical potentiodynamic method, potential (volts) versus current density (amps/cm?) is evaluated. The voltage
starts cathodic (negative) and is slowly ramped up while measuring current. Two key voltage levels are marked on the scan.
The first is corrosion potential (Ecorr), which is the potential at electronic neutrality, also known as the open circuit potential. The
other key voltage level is breakdown potential (Ev), which is the potential at which the anodic polarization curve shows a marked
increase in current density, leading to breakdown of the passive film and pit initiation. Consequently, the closer E is to Ecorr,
the greater the probability that pitting will occur (Fig. 1).

The benefit of this type of measure is that the value can be compared to other process solutions or to new-versus-aged
processes to determine the likelihood that a process solution contributes to pitting. It is possible, then, that pitting potential
values, where Epir = Ep — Ecorr, may be determined for reference materials. These values could enable the proactive dumping
of tanks before the onset of corrosion issues. For instance, this test method has conclusively demonstrated that chloride ion
concentration in the range of 100 to 150 ppm in conjunction with other interacting ion contaminants could contribute to pitting.
And, chloride ion concentration greater than 150 ppm would most likely cause pitting.
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Figure 1 - Pitting potential scan.
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Incoming material

Pitting problems can be the direct result of incoming materials, and often spot discoloration is the result of airborne
contamination, incomplete degreasing and mill residue on as-received material.# Alloying materials compromise the passivity of
aluminum, as evidenced by pitting potentials that vary based on the alloying element. Any chemical processing of a particular
aluminum alloy will exacerbate areas of highly concentrated second-phase particles.5 It is known that pitting will start at the flaw
in an oxide film, especially when the flaws are already present before being immersed in an aggressive solution.t For instance,
in 7075 aluminum, two major types of constituent particle are present. The first is iron-containing (CuzFeAl7) which acts as a
cathode due to its higher electrochemical potential. The other major constituent particle is the magnesium-containing laves
phase (MgZnz), which is anodic relative to the aluminum matrix. These types of flaws can be readily identified since they tend to
cluster in a line along the rolling direction and can significantly shorten the fatigue life of parts so affected.”

Incoming spot discoloration can be the result of airborne contamination, incomplete degreasing and mill residue. For these
reasons, careful inspection of metallic raw materials is crucial since follow-on chemical processing usually only leads to
exacerbating the flaws instead of improving the existing condition.

Metalworking fluids

It has been reported that more than half of all occurrences of metallic corrosion have been related to contact with
microorganisms.8 In metal finishing operations, coolants that are not well maintained are often first noticed when they emit an
odor similar to rotten eggs. This is attributable to small amounts of hydrogen sulfide released as a byproduct of the enzymatic
action of sulfate-reducing bacteria (SRB).® Further evidence of coolants that are not well maintained is analysis of the coolant
concentration using a Brix refractometer. A reading that fails to show a clear line is an indication the coolant is inundated with
tramp oils (Fig. 2).

New Coolant Old Coolant

Figure 2 - Tramp oil makes reading a Brix Refractometer difficult.

Disregarding the pure synthetics, most coolants have an oil emulsion base. Left unchecked, microorganisms assimilate organic
material and produce organic acids including oxalic, lactic, acetic and citric. Furthermore, biofilm formation is generally
considered more of a problem in the summer months because higher temperatures increase the rate of biological processes. 0
The mechanism by which microbial corrosion of aluminum occurs is thought to be the result of microorganisms removing
phosphate and nitrate more rapidly than calcium or iron from the media in which they grow. By means of this selective and
differential utilization of ions, microorganisms make the medium in which they grow progressively more corrosive. This concept
is consistent with the relative quantities of calcium, iron, nitrogen and phosphorus found in the microbial cell.'* This phenomenon
is important to realize because nitrate is known to inhibit the formation of hydrogenase, which encumbers the corrosion of
aluminum.2

Effective coolant cleanout measures have made use of peroxyacetic acid (PAA). PAA is a product used commonly in the food

industry and is actually an equilibrium mixture of PAA, water, acetic acid and hydrogen peroxide:
CH3COOOH + H20 «<» CH3COOH + H20;
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This chemical has found favored use because the kill dose is achieved at relatively low concentrations (2 to 9 ppm)*® and short
contact times (1 to 3 hours). Unlike other biocides, PAA is not affected by pH and water hardness.™ Furthermore, its
decomposition products of acetic acid, water and oxygen are innocuous and environmentally acceptable. Other biocides would
potentially require treatment before release to a publicly-owned municipality. For metalworking fluids, the use of PAA would be
just before a dump. However, at Boeing this chemical has been incorporated for in situ use for chemical process operations,
such as hard-metal acid etching in the rinse tanks.'® PAA is typically sold in a much diluted concentration. One such product is
Purisan, which is commonly used in the food industry.

To estimate the amount of PAA needed, a helpful mathematical expression is:
Vb = 3.785[V70pCdl Crp]
where
Vb = volume of the Purisan to be added in liters
V7 = volume of the tank in gallons
0o = specific gravity of the rinse water or process solution
Cq = concentration of the intended dilute biocide (~1x105)
Cr = neat concentration of PAA in the Purisan (0.052)
p» = specific gravity of the Purisan (1.12)

Another mechanism of metalworking-fluid induced corrosion can be caused by coolant that is allowed to dry on the part, causing
a condition in which a differential oxidation cell can form (Fig. 3).1 The corrosion pattern typically resembles a halo on the part
surface.

contamination

clean metal clean metal
cathode anode cathode

Figure 3 - Formation of differential oxidation cell.
Finally, chloride contamination in coolant alone can be enough to cause pitting corrosion directly.'?

Solvent cleaning

Although relatively uncommon, aluminum corrosion can be caused by using acetone to solvent-clean parts in ambient light.'8.19
Aluminum alloys that are copper rich such as 2024 are photoreactive. The mechanism is that the acetone, in the presence of
water, is converted to acetic acid when in contact with the copper intermetallics:20

hv, Cu
(CH3),CO + H,0 » CH,COOH + CH,

Consequently, solvent cleaning with acetone of 2024 aluminum should be avoided.?’

Incoming water

The most efficient means of rinsing makes use of a double countercurrent rinse (DCCR) system (Fig. 4).22 Because two rinse
tanks are used, the most abundant process solution is water, which can contribute significantly to aluminum pitting issues.
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Figure 4 - Double countercurrent rinse.

At Boeing, seasonal variations of pitting occurrences have been noticed. This has been attributed to increased manganese
concentration in the incoming water supply, caused by manganese dioxide being deposited by chemical and biological oxidation
of dissolved manganese that occurs naturally in surface and ground waters throughout the United States. Consequently, the
direct galvanic action of manganese can promote severe localized attack by promoting pitting and crevice corrosion through a
combination of electrochemical effects, caused by galvanic coupling between manganese dioxide and the underlying metallic
surface.z3 Natural levels of chlorination in municipal waters are sufficiently high that manganese reacts with diatomic chlorine to
form harmful chloride ions, which are well known to be deleterious to metals.?*

MnO; + 2Clz + 2H20 = MnO4 + 4H* + 4Cl- - &

Metal ion hydrolysis acidifies the nucleation site:
Al*8 + H,0 & H+ + Al(OH)*2

This attracts charge-neutralizing counter-ions (chloride) that further disrupt the oxide structure:
Al(OH)*2 + Cl- = AI(OH)CI*

Then, with water producing acidic conditions,
AI(OH)CI+ + H20 < Al(OH).Cl + H*

this self-sustaining process leads quickly to stable pitting corrosion.25
Since pitting corrosion will only occur in the presence of aggressive anionic species, ubiquitous chloride ions should be
monitored. They alone can cause pitting corrosion? because chloride ions are relatively small anions with high diffusivity that

can interfere with passivation.

Other ions to monitor in rinse waters are copper and carbonate, since these cations have been known to increase the number
and depth of aluminum pits.2’

Alkaline process solutions

Typically the first tankline process solution is either an emulsion degreaser or alkaline cleaner.
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Emulsion degreaser

Since aluminum is only stable in a pH range of 4 to 9, these types of process solutions need to have a corrosion inhibitor
package as part of their formulation. Sodium metasilicate (Na2SiOs) is commonly used, but as the solution ages and is

continuously exposed to process temperatures above ambient (115° to 170°F), these silicates irreversibly precipitate, leaving the
parts vulnerable to alkaline attack (Fig. 5).28
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Figure 5 - pH versus concentration of silicates.

The basic mechanism is as follows:
STTP + heat - lower pH - loss of silicates in solution = corrosion

Sodium tripolyphosphate (STTP) is an alkalinity builder constituent, and over time with heat in a hydrolysis reaction, it releases
free acid. The free acid release lowers the solution pH. The lowered pH affects the corrosion-inhibitor package component
(sodium metasilicate), putting it into a phase of irreversible precipitation (Fig. 6).

To prevent the scenario that leads to the phase of irreversible precipitation, the solution pH should be monitored and maintained
with the addition of hydroxide (NaOH or KOH) at a pH level dependent on the solution concentration.?

In a production setting, corrosion is at times mistakenly attributed to the emulsion degreaser tank, when in fact the cause is
contaminants getting on parts upstream of the tankline. In a recent study, Boeing Research and Technology (BR&T) was asked
to identify contaminants that contribute to corrosion in Brulin 815 GD (aqueous degreaser) tanks. The study® examined the
effects of processing various degrease contaminants in Brulin solutions containing varying levels of sodium metasilicate. A key
finding was that the following combination of conditions causes corrosion:

1. Solid stick Boelube (Boeing proprietary cetyl alcohol-based lubricant), causing solution entrapment.
A large inclusion.

2.
3. Adifference in grain structure.
4. Anold Brulin solution with a low level of corrosion inhibitor.
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Fure 6 - Corrosion caused by alkaline degreaser with depleted silicates.

The fact that several conditions in addition to the use of the proprietary lubricant need to be met to initiate corrosion
demonstrates the difficulty sometimes faced when trying to identify the cause of corrosion on a part (Fig. 7).

Figure 7 - Corrosion at hole edge.
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Following the alkaline process solution is a rinsing operation. If part rinsing is not performed well, silicate residues that remain on
the surface and then enter an acid solution could form an insoluble salicylic acid that might contribute to spot corrosion. This
type of surfactant contamination is more likely when a difference in solution surface tension is noted, or perhaps if foaming is
observed to be more than usual. Surfactant types can be anionic, cationic or nonionic, so these observations are dependent on
the surfactant type used in the cleaner formulation.

Even if an alkaline cleaner is pristine, a poor part load choice can create a galvanic cell, such as when a large basket is used to
process a small part load (Fig. 8).

Alkaline etch

Alkaline etch cleaning has a much higher pH and is intended to perform aluminum metal removal using predetermined etch rates
combined with process recipe immersion times. This process involves intended and unintended chemical reactions that need to
be understood so that contamination as a result of part processing is known. Below are likely balanced mechanistic chemical
reactions for aluminum parts when processed with a formulated alkaline solution containing sodium sulfide.

It also is known that aluminum and copper react with caustic at different rates, potentially leaving loose copper loose containing
intermetallic particles on the surface that may lead to galvanic attack in the following rinsing operation. In a similar manner, small
amounts of laves phase (MgZn) on the part surface can lead to a defect known as galvanizing or spangling on 6063 alloys. For
this reason, alkaline etch cleaners are commonly formulated with additives such as sodium sulfide (Na2S) to prevent this from
occurring. Any added constituent of an etch solution needs to be measured and monitored.3!
Caustic with aluminum. First, the naturally occurring aluminum oxide surface is breached yielding sodium aluminate:

2A1203 + 2NaOH + NazS = 4NaAlO2 + H25(g)
The reaction with the base aluminum yields more sodium aluminate. The bubbling coming off the part is predominantly hydrogen
gas, but the characteristic sulfurous odor of hydrogen sulfide indicates that this gas also is being emitted:

2Al + Al203 + NaOH + NazS + 11H20 = 3Na[Al(OH)4] + Al(OH)s + H2S(g) + 3H2(g)

BAl + 2NaOH + NazS + 9H20 = Al203 + 4NaAlO2 + H2S(g) + 9H2(g)

The resulting sodium aluminate combines with water to form a hydrate, returning to the solution some of its alkalinity:
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8NaAlO2 + 16H20 = 8NaOH + 4A1203+3H20(s)

Caustic with copper-containing phases. Aerospace aluminum is commonly an alloy, and a formulated alkaline solution
containing sodium sulfide will likely react with the alloying element. In the case of 2000-series aluminum, the main alloying
element is copper. lts sulfides contribute to the formation of a characteristic nearly-black smut layer on the part surface. This
likely reaction of the alkaline solution with copper follows. The black smut layer is also a spectral effect of the aluminum base
metal being etched around the lesser affected intermetallic particles.

The alloying copper phase is breached, yielding base metals:
AlCu = 2Al + Cu

The reaction with metallic copper yields copper sulfide, and gases:
2Cu + OH- + §2 +H20 = CuzS + 20H- + Ha(g)

These copper oxides remain on the surface of the part and are dark in color, accounting for why aluminum parts are nearly black
when coming out of the alkaline-etch rinse tank.

Undesirable etch tank reactions. In the course of part processing, undesirable reactions are unavoidable, such as the
production of sodium thiosulfate:
2NazS + 202 + H20 = NazS203 + 2NaOH

Excessive sodium thiosulfate production will eventually lead to the formation of free sulfur, which can accumulate visibly on the
solution surface:
6A1203 + 3Na2S20s + 3H20 + NazS + 2NaOH = 2AI(OH)s + 38Oz + 3S + 10NaAlO2 + H2S(g)

Furthermore, alkaline etch process solutions are prone to irreversible hydration of aluminum hydroxide. When the solution is
unintentionally cooled, it could result in alumina scale:
2AI(OH)3 = 2A1203 + 3H20

2AI0(OH) = Al203 + H20

If there is a sudden drop in aluminum concentration, the likely cause is the precipitation of aluminum oxide along with an
increase in alkalinity. High alkalinity would then lead to preferential etching.

Therefore, during times of planned or inadvertent shutdowns, alkaline etch solutions need to be fully measured for all monitored
constituent concentrations, etch rate and pH before the restart of part processing.

Deoxidizing

Following alkaline processing is a deoxidizing or desmut operation, depending on whether the prior operation was alkaline
cleaning or alkaline etching. These acid solutions are commonly nitric-, sulfuric- or chromic-acid based. As was covered for
alkaline etch processing, deoxidizing involves intended and unintended reactions that need to be known, so that contamination
from part processing is understood. As an example, below are likely balanced mechanistic chemical reactions for aluminum
parts when processed with a nitric-acid based deoxidizing solution.

Nitric acid (HNOs) with aluminum

The aluminum oxides and alloying element smut-layer compounds are made soluble by being converted into their respective
nitrate forms:
Al203 + BHNO3 = 2AI(NO3)s + 3H20

Al(OH)s + 3HNO3 = AI(NOs)s + 3H0
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The base aluminum further reacts, producing more soluble aluminum nitrate and hydrogen gas:
2Al + 3HNO; + 3 H20 = AI(NOs)s + Al(OH)s + 3H2(g)

Hydrofluoric acid (HF) with aluminum
The hydrogen fluoride component in this type of deoxidizer solution has numerous mechanisms that produce soluble aluminum
fluoride, hydrogen gas, and aluminum hydroxide:

2Al +6HF = 2AIF3 + 3Hz(9)

8Al + 6HNO3 +24HF = 8AIF3 + 3N20(g) + 15H20

Some of the aluminum hydroxide reacts, further producing a duo-anionic solid:
2Al +2HNOs + 2H20 = 2AI(OH)s + 2NO(g)

2AI(OH)s + AIFs = 3AIOF(s) + 3H,0

Hydrogen fluoride is consumed with the production of soluble ammonium nitrate:
Al +3HF + HNO3 = AlF3 + NH4NO3

Nitric acid and hydrofluoric acid with copper

Similar reactions of nitric acid on the smut layer and copper portion of the intermetallic phases produce soluble copper nitrate
and gases:
CuS + 2HNO3; = Cu(NOs)2 + H2S(q)

Cu + 4HNO3 = Cu(NOs)2 + 2NO2(g) + 2H20

To a lesser degree than with aluminum, the hydrogen fluoride is consumed producing copper fluoride and hydrogen gas:
Cu + 2HF = CuF2 + Hz(qg)

One of the more interesting aspects in the listing of these desmutting reactions is the large amounts of hydrogen fluoride being
consumed. Thus, it is understood that as a desmut tank ages, hydrogen fluoride must be replenished on a regular basis. Failing
to do so can (and has) led to incomplete removal of the smut layer. The parts would come out of the following rinse tank and
appear to be clean, and actually would have a water-break-free surface. However, a low level of smut layer can remain and
become a loose top layer of the following anodic oxide.

Undesirable desmut tank reactions
Although quite rare, one undesirable desmut tank reaction can occur because of sodium thiosulfate drag-out from an aged
alkaline etch tank, resulting in elemental sulfur being formed:

Naz2S203 + 2HNO3 = S(s) + H20 + SOz + 2NaNOs

Also, loss of free fluoride can be attributed to drag-out of sodium aluminate from the etch tank:
3NaAl(OH)s + 6HF = 2AI(OH)3 + 6H20 + NasAlFs

Loss of available fluoride
Adding to the importance of hydrogen fluoride in the desmut process is the knowledge that aluminum fluoride tends to form

dialuminum hexafluoride, and thereby a loss of free fluoride occurs:
AlF3 = AloFs
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This larger compound will passivate the aluminum surface if the pH is too high. Thus, older deoxidizer tanks need more nitric
acid to counteract this Al.Fs formation effect.

Oftentimes, penetrant inspection indications are the first to notice that a problem may exist with the deoxidizer process solution in
the form of contamination or incomplete smut removal. At Boeing, process perturbation experiments led to the conclusion that
the combination of short deoxidizer immersion time and long rinse immersion times can cause incomplete smut removal. This
condition is not readily apparent during processing, since a water-break-free surface is achieved and the part has no visible
discoloration. However, if incomplete smut removal is suspected, the parts could be simply inspected by white-glove hand
wiping of the part surface to check for loose nonvisible smut. Of course, possibly of more concern is that this condition left
unabated could lead to catastrophic paint adhesion failures (Fig. 9).

Figure 9 - Paint adhesion failure during assembly.

Deoxidizer process solutions also are prone to anionic (chloride, Cl) and cationic (copper, Cu*!, Cu*2) contamination that directly
results in pitting. For this reason, the copper concentration for several process solutions is required to be measured and
monitored.3 Some deoxidizers have additive products, called toners, to counteract the inevitable increase in copper
contamination. For those that do not have additive products, the current prescribed remedy is to monitor and dump when
approaching the copper limit.

At Boeing, process experience has led to the realization that chromium-based deoxidizers are superior to iron-based deoxidizers
when used before chromate conversion coatings.3® The reasoning for this awareness follows.

For iron-based deoxidizers, ferric sulfate is present to oxidize the cuprous (Cu*') residue that develops on aluminum after

alkaline etching to cupric (Cu*?) sulfate. The cuprous is insoluble, whereas the cupric is soluble. As part of the reaction, the

soluble ferric will convert to the insoluble ferrous. The nitric present in the product is there to convert the ferrous back to ferric,

allowing it to continue oxidizing the copper. In addition, nitric can deoxidize the aluminum, but it will be consumed very quickly:
Fe*? + Cul(s) = Fe*(s) + Cu*?
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HNO; + Fe*2(s) = Fe*?

The ferrous that is not converted back will settle in the tank, or be circulated as an insoluble particle, and if enough of this
material is present, it will carry over to the rinse tank. If the rinse is not properly maintained, it will carry over to the conversion
coating tank, affecting salt spray performance.

If sodium sulfide (Na2S) is allowed to enter the deoxidizer bath from the alkaline etch, the sodium sulfide will compete with the
ferric sulfate. Since the sodium sulfide is not as strong an oxidizing agent, it will not convert as much of the cuprous to cupric,
thus allowing copper to remain on the surface of the aluminum and thereby negatively affect salt spray performance of the
conversion coating.

Electrolytic processes: stray current

The term stray current often is misused when an investigator is trying to capture some factors that cause problems such as
pitting, burning or arcing. Stray and leakage current refer to those electrical currents that flow along paths other than between
the cathodes and the parts. The most relevant use of that phrase is as it relates to powered equipment, where the current is no
longer confined to the unit. However, standard electrical protocols relating to use of grounding and dielectric unions should
mitigate current leakage of this sort.3 Testing can be done using a clamp-on ammeter to measure the stray current levels in the
safety ground network at selected points throughout the facility.

Auxiliary equipment should be protected from stray current by the following guidelines.® Water and steam connections to heat
exchangers (and to any other electrically conducting immersion heater) should contain dielectric unions in both the inlet and
outlet lines, and use nonconductive bolt washers and sleeves on mounting hardware to avoid making an electrical ground
through which stray current will pass. As an example, steam coils can be cathodically protected by making good connection to
tank walls. Use of a dielectric union is recommended to prevent stray current from flowing to adjacent equipment. Evidence of
auxiliary equipment stray current is usually manifested in the associated piping, and not the parts but the resulting corrosion
products will contaminate the process solution with soluble and insoluble iron (Fig. 10).

Figure 10 - Evidence of auxiliary equipment stray-current protocols beingviolated.
In the design and construction of an electrolytic process, consideration should be given to isolation of the tank itself. As an
example, plating process specifications3 have flagnotes specific to this issue such as “Tank may be lined with insulation material
to prevent stray current. Use a lining material that is chemically inert.”
Apart from defective equipment, another cause of unwanted electrical currents is known to be errant acid on tank lipboards and
tank sides, known as operator-induced stray and leakage currents. These acid coated surfaces can provide a preferred current
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path other than through the electrolyte. This problem is not always readily detected. One observation of this problem is as

follows:37
A load of parts are immersed in the tank and the power is activated. The voltage climbs to the normal hard anodizing
voltage, initially about 20 to 25 V, and the estimated current is being drawn. After a few minutes or less, the voltage
drops to about 15 V or less, yet the current remains constant. The rack is withdrawn from the solution. All electrical
contacts are tight. After thoroughly rinsing all the non-conductive buss bar supports and the tank lipboard, the
unexpected voltage drop is eliminated. Therefore, to avoid operator induced stray and leakage currents, the shop
should at least daily rinse all tank surfaces and related facility components which are exposed to acid spray
from the process.

All tank facilities used for electroprocessing need to use electrical ground connections. The integrity of these connections should
be checked regularly. The detrimental effects of uncontrolled currents are especially pronounced in high voltage processes such
as hard anodizing.

Electrolytic processes: anodize

Boric-sulfuric acid anodizing (BSAA)® replaced chromic acid anodizing (CAA)3 for commercial aircraft applications in the mid-
1990s. Because of reformulation?? (incorporation of organic additive sodium benzoate), this process solution was made more
resistant to biocontamination, especially from the fungal matter of Alternaria species.*! A side benefit is that this additive can
form a stable complex with aluminum ions and the part is then theoretically further protected from direct pitting attack by chloride
contamination.42

Part handling

Part handling is an all-too-often-ignored part of the process that also can directly cause corrosion problems. Ungloved hands are
a prevalent source of FOG (fat, oil, grease) laden contaminants that entrain anionic contaminants such as chloride. Also, placing
parts that are still slightly wet onto clean Kraft paper in an attempt to keep freshly processed parts clean can lead to sulfate
contamination. All papers are manufactured using a sulfuric-acid digestion process and when wetted, a small amount of that
acid is leached from the paper that is in direct contact with the part.

Summary

Aluminum corrosion is commonly encountered when performing chemical process operations involving surface finishing,
predominantly in preparation for paint application. Prior research and development efforts have established electrochemical
measures using potentiodynamic scans to be an effective tool in analyzing the propensity of certain process solutions to
contribute to pitting conditions.

Oftentimes it is only during chemical process operations that flaws of incoming materials are revealed. However, when the part
details are pristine, many process operations in the tankline can be problematic. Typically, the first process fluids encountered
are coolants, followed by solvent cleaning, alkaline clean/etch and deoxidizing/desmutting. Several of the tankline operations
involve intended and unintended chemical reactions. Mechanistic evaluations of these processes were provided so that the
propensity for aluminum corrosion can be better understood.

Further explanation was provided for the role of incoming water that is used for process solution make-up and the myriad of rinse
tanks. Seasonal variation can account for mineral contamination of plant water used, and chemical reactions were provided as
possible causal conditions for observed pitting.

When electrolytic processes are employed, stray current can affect auxiliary equipment, thereby introducing deleterious
contaminants into process solutions because of the corrosion products of these piping, fittings and fasteners for heating and
cooling units.

Finally, improper part handling can cause aluminum corrosion problems such as when wet parts are placed on brown Kraft
paper.

Page 13



— FQ Qum.u N—

Surface Technology White Papers

101 (11), 1-15 (December 2014)

Strict adherence to process specification controls, regular monitoring of suspect contaminants and sound general housekeeping
best practices will alleviate many aluminum part processing corrosion occurrences.
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