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ABSTRACT

Non-chromate conversion coatings compliant with MIL-DTL-5541! have been demonstrated to provide
protection comparable to their chromate counterparts. Repair materials are available to address defects
in bath-applied conversion coatings from most manufacturers for these products that have been approved
under MIL-DTL-817062, though with significant variations in their application methodology and efficacy.
In this work, repair material chemistries from three different vendors were evaluated, working towards a
single application method that can be used independent of the selected chemistry. Each coating was
then benchmarked against an industry standard chromate conversion coating repair material in terms of
both the corrosion performance as well as the capability of each coating to maintain the ability to make
low resistance electrical contact to the surface.
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INTRODUCTION

Chromate conversion coatings are relied upon to ensure the long-term corrosion performance and
surface electrical properties of aluminum alloys, as well as to improve the bond strength and adhesive
properties of organic coatings and adhesives. Chromate based chemistries have been all but eliminated
in Europe, and it is believed the Environmental Protection Agency (EPA) will stage their elimination in the
USA within the next 5 to 10 years. The development of chemistries to replace chromate has been a hot
area of research for over 30 years, and now a series of commercial alternatives have become available.
These new coatings differ in their chemistry and performance characteristics, as well as their functional
limitations, from chromate. Repair materials available from a variety of manufacturers, used to address
defects in the conversion coating, have been found to vary in terms of their application methodology and
efficacy as will be discussed below. The purpose of this work is to evaluate a variety of application
methods and chemistries in an effort to ultimately develop a single procedure that can be used to apply
each effectively.

The coating repair materials evaluated in this work all formally comply with MIL-DTL-817062 as Class 3
coatings and are listed in the associated qualified product list (QPL), QPL-81706 (Class 3 coatings have
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requirements both for corrosion performance as well as their ability to preserve the ability to make low
electrical contact resistance measurements to the surface). Each is a repair material to be used for
materials applied in compliance with MIL-DTL-55411. The three specific non-chromate chemistries (and
the bath-applied coatings they are designed to repair) are all trivalent chromium process (TCP) coatings
based upon a series of NAVAIR patents — namely US patent numbers 6375726, 6511532, 6521029, and
6527841.%5 The particular chemistries evaluated here include Alodine (Bonderite) 1132® as a chromate-
based control, and three non-chromate materials - Alodine (Bonderite) 871, Aluminescence TX®, and
TCP-HF®, Each product was in the form of a ready to use solution held within a repair pen. The design
of the repair pen was nominally identical from each vendor, and used a non-woven pad to deposit the
conversion coating chemistry onto the sample surface, much like a magic marker.

As described in the patents that form the basis for the non-chromate conversion coating chemistries
evaluated here, each is an acidic aqueous solution containing a trivalent chromium compound (e.qg.,
chromium (lll) sulfate), an alkali metal hexafluorozirconate (e.g., potassium hexafluorozirconate), and
one or more alkali metal fluoro compounds (e.g., potassium tetrafluoroborate) as well as water soluble
thickeners and/or surfactants. While the specific chemistry of the deposition materials for each of the
three TCP coatings evaluated here varies, mechanistically they yield very similar coatings. Details on
the deposition/formation mechanism for these chemistries are described extensively in the literature
(Dong, 2010; Qi, 2015; Li, 2011).7°

There has been significant reluctance in adoption of non-chromate conversion coatings in high
consequence military systems. While the chemistries themselves have been demonstrated to be very
effective, the methodologies to repair them, and the efficacy of the coatings prepared through such
methods is not well documented/studied. This is further complicated in applications where the electrical
properties of the coating, and the ability to maintain those properties following environmental exposure,
is needed. Through this work, common procedures/protocols have been developed that facilitate the
implementation of a variety of coating chemistries in a production environment and help mistake proof
the coating repair process. In the work presented here, the repair materials were used to coat large
panels of a surface. While this is atypical for a repair operation (where less than 5% of the total surface
area is addressed, as noted in MIL-DTL-5541), it provides a means to more effectively assess the
performance of the coatings in terms of macroscopic corrosion damage and evaluation of electrical
properties. All of the repair materials are currently qualified as being in conformance with MIL-DTL-81706
as Type 2 (non-chromate), Class 3 coatings (and listed in the QPL), and thus should be able to yield
performance in line with MIL-DTL-5541 when applied properly, even to large areas.

EXPERIMENTAL PROCEDURE
Sample Geometry and Surface Preparation

All samples used in this study were in the form of 3" x 10” (7.6 x 25.4 cm) sheet as required to demonstrate
compliance with MIL-DTL-5541. Four alloys were evaluated — AA2024 (UNS A92024) in the T3 temper,
AA5083 (UNS A95083) in the H32 temper, AA6061 (UNS A96061) in the T6 temper, and AA7075 (UNS
A97075) in the T6 temper. For each alloy, all the samples evaluated in this study were from the same
heat of material, ensuring variations in performance were due to the coatings and not variations in the
substrate material.

The surface preparation method was based upon a combination of the procedures recommended by
each coating manufacturer, replicating what would be done to a damaged conversion coated component
that was to be repaired. The alkaline etching followed by desmutting used for bath-based application of
the conversion coatings was thus not appropriate here. Each panel was prepared by first mechanically
abrading the surface with a series of abrasive pads that had been wet with deionized water. Abrading
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began with Scotchbrite® 7440, followed by Scotchbrite® 6448, and finally Scotchbrite® 7448. Each
abrasive pad was used for approximately 5 minutes, scrubbing the panel lengthwise, then turning the
panel 90 degrees and repeating the process. Samples were scrubbed in each direction for approximately
1 minute before changing orientation. Once the abrasion process was complete, the panels were cleaned
using a heavy-duty wipe (Wypall® L30) wet with ACS reagent grade isopropyl alcohol until all traces of
the abrasive pads had been removed. Panels were then rinsed in flowing deionized water for 2 minutes,
then blown dry with filtered, dry nitrogen.

Coating Application Methodology

Chromate Conversion Coating Repair Material

The touch-up pen was actuated such that the non-woven applicator tip was saturated with coating
solution (this action was repeated throughout the coating process to ensure the tip remained saturated
with coating solution). The pen was then used to apply the coating by performing multiple passes in one
direction (e.g., along the length of the panel surface) on the test panel, with each pass overlapping the
previous pass by 50%. This operation was completed by hand, and as such there is some operator-
dependent variability in the extent of overlap. Once the entire panel was coated, the solution was allowed
to dry. The coating was then applied a second time, with the application direction 90 degrees from that
used in the first coating. The applicator was used to make sufficient passes to coat the entire surface of
the panel, with each pass overlapping the previous pass by 50%. The solution was again allowed to dry
on the panel surface, at which point the coating process was complete.

Non-Chromate Conversion Coating Repair Material 1

The touch-up pen was actuated such that the non-woven applicator tip was saturated with coating
solution (this action was repeated throughout the coating process to ensure the tip remained saturated
with coating solution). The pen was then used to apply the coating by performing multiple passes in one
direction (e.g., along the length of the panel surface) on the test panel, with each pass overlapping the
previous pass by 50%. Once the entire panel was coated, the solution was allowed to dry. The coating
was then applied a second time, with the application direction 90 degrees from that used in the first
coating. The applicator was used to make sufficient passes to coat the entire surface of the panel, with
each pass overlapping the previous pass by 50%. The solution was again allowed to dry on the panel
surface, at which point the coating process was complete.

Non-Chromate Conversion Coating Repair Material 2

The touch-up pen was actuated such that the non-woven applicator tip was saturated with coating
solution (this action was repeated throughout the coating process to ensure the tip remained saturated
with coating solution). The pen was then used to apply the coating by performing multiple passes in one
direction (e.g., along the length of the panel surface) on the test panel until the entire surface was visibly
wet with the solution, after which the solution was allowed to dry. The sample surface was then rinsed
with flowing deionized water and blown dry with filtered, dry nitrogen.

Non-Chromate Conversion Coating Repair Material 3

The surface to be coated was cleaned/activated using a mildly acidic liquid cleaner by loading a heavy
duty wipe with a 7.5 vol% solution of the cleaner for 5 minutes by repeatedly wetting the surface with the
cleaner once every 30 seconds. The surface was then rinsed for 2 minutes in flowing deionized water,
then blown dry using filtered, dry nitrogen. The touch-up pen was actuated such that the non-woven
applicator tip was saturated with coating solution (this action was repeated throughout the coating
process to ensure the tip remained saturated with coating solution). The pen was then used to apply the
coating by performing multiple passes in one direction (e.g., along the length of the panel surface) on the
test panel until the entire surface was visibly wet with the solution, with the coating gently reapplied (every
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