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In the high-stakes world of aerospace engineering, the integrity of structural bonds is a non-negotiable requirement.
Among the plethora of process specifications developed by aviation giants, BAC 5555 stands out as a foundational
pillar for surface preparation. This specification, authored by The Boeing Company, outlines the requirements for
Phosphoric Acid Anodizing (PAA)of aluminum alloys intended for structural adhesive bonding. Unlike decorative
or corrosion-resistant anodizing, the primary goal of BAC 5555 is to create a microscopically rough, chemically
active surface that facilitates a robust mechanical and chemical lock with adhesives.

The Critical Role of Surface Preparation in Aerospace Bonding

Structural bonding in aircraft manufacturing is often preferred over mechanical fastening (like riveting) because it
distributes loads more evenly, reduces weight, and minimizes stress concentrations. However, the longevity of

these bonds is highly susceptible to environmental degradation, particularly moisture. Without proper surface
treatment, aluminum surfaces naturally form a weak, unstable oxide layer that can lead to adhesive failure over

time. BAC 5555 addresses this by replacing the natural oxide with a stable, porous phosphoric acid-generated

oxide layer. This process is often governed by BAC 5514, which outlines common bonding requirements for
structural adhesives, ensuring that the entire bonding workflonm—from surface prep to curing—meets stringent
aerospace standards.

Core Concepts of Phosphoric Acid Anodizing (PAA)

Phosphoric Acid Anodizing is an electrochemical process where the aluminum part serves as the anode in an
electrolytic cell containing a phosphoric acid solution. The resulting oxide layer is unique in its morphology. While
Sulfuric Acid Anodize (BAC 5022) produces a thick, dense coating for corrosion resistance, BAC 5555produces a
thinner but highly structured "protrusion” or "whisker-like" morphology. These whiskers provide a massive increase
in surface area, allowing the adhesive to encapsulate the oxide structure, creating a micro-mechanical interlock.

The Theoretical Framework: Oxide Morphology and Adhesion

The success of BAC 5555 relies on the formation of a stable aluminum oxide (Al203) structure. Technically, the
process involves three distinct stages:

 Dissolution and Formation: As voltage is applied, the acid simultaneously dissolves the existing aluminum and
forms a new oxide layer.

 Pore Initiation: Localized current concentrations create tiny pits in the surface.

« Steady State Growth: A complex equilibrium is reached where a hexagonal cell structure forms with deep
central pores. The walls of these pores are what provide the necessary surface energy for high-strength bonding.

Mathematical modeling of this growth suggests that pore diameter is directly proportional to the applied voltage.
Under standard BAC 5555 parameters (typically 10-15 volts), the pore size is optimized for the penetration of
standard aerospace primers and adhesives (such as those meeting BMS 5-154 or BMS 4-4 specifications).

Technical Analysis: The BAC 5555 Process Workflow



Implementing BAC 5555 requires meticulous control over chemical concentrations, electrical parameters, and
environmental conditions. Any deviation can lead to bond failure, often undetectable until the aircraft is in service.
The following is a detailed breakdown of the technical execution required for compliance.

1. Pre-Cleaning and Deoxidizing

Before anodizing, the aluminum must be surgically clean. This involves:

¢ Vapor Degreasing or Alkaline Cleaning: Removal of shop oils, fingerprints, and lubricants.

» Deoxidizing (per BAC 5765): This step removes the thick, inconsistent natural oxide layer. It ensures that the
PAA process begins on a uniform, virgin aluminum surface. A "water-break-free" surface is the minimum
requirement at this stage.

2.The Anodizing Bath Parameters

The core of the specification lies in the electrolytic bath. The solution typically consists of phosphoric acid (H3PO4)
maintained at specific concentration levels. Key variables include:

e Concentration: Usually 10% to 15% by weight.

¢ Temperature: Maintained between 65°F and 85°F (18°C to 29°C). Higher temperatures can cause the oxide to
dissolve too quickly, leading to a "powdery" surface.

e Voltage: A steady 10 to 15 volts is applied. The ramp-up time to this voltage is critical to prevent "burning" the
parts.

e Duration: Typically 20 to 30 minutes, depending on the alloy (e.g., 2024-T3 vs. 7075-T6).

3. Rinsing and Drying (Critical Success Factors)

Unlike other anodizing processes, BAC 5555 forbids sealingthe oxide layer. Sealing (closing the pores with hot
water or chemicals) would destroy the surface's ability to bond with adhesives. After anodizing, parts must be
rinsed with high-purity water (often deionized) and dried in a clean-air environment at temperatures not exceeding
150°F. High heat can hydrate the oxide layer, turning it into boehmite, which is structurally weaker for bonding.

Comparison of Aerospace Anodizing Specifications

It is essential for engineers to distinguish between different anodizing specs based on the end-use of the
component. The table below compares BAC 5555 with other common Boeing specifications.



Specification Process Name Primary Purpose Coating Seal Required?
Characteristics

BAC 5555 Phosphoric Acid Structural Bonding Thin, porous, No (Never)

Anodize (PAA) Prep whisker-like
morphology

BAC 5019 Chromic Acid Corrosion Resistance Durable, grayish, Yes
Anodize (CAA) non-porous after seal

BAC 5022 Sulfuric Acid Wear &amp; Thick, hard coating; Yes
Anodize (SAA) Corrosion Resistance can be dyed

BAC 5890 Titanium Anodizing Bonding/Lubricity for Specific to Titanium No

Ti alloys

BAC 5555 Departures and Revisions

In aerospace manufacturing, "Departures” are temporary or site-specific changes to the master specification. For
instance, companies like Spirit AeroSystems may have specific departures for BAC 5555 depending on the
aircraft program (e.g., 737 vs 787). Recent revisions (such as Rev U) have focused on improving environmental
safety and aligning with Nadcap (National Aerospace and Defense Contractors Accreditation Program)
requirements for chemical processing. Engineers must check the Boeing Partners Networkfor the latest Weekly
Release Reports to ensure they are using the current revision and all applicable departures.

Practical Implementation: Quality Control and Validation

How does a quality engineer verify that a BAC 5555 process was successful? Since the coating is nearly
transparent and very thin, visual inspection is insufficient.

The Wedge Stress Test (ASTM D3762)

The definitive test for PAA quality is the Wedge Stress Test. Two aluminum panels are anodized, primed, and
bonded together. A wedge is then driven into the bond line to create a crack. The assembly is placed in a high-
humidity environment (95-100% RH at 122°F). If the oxide layer is stable and the process was performed correctly
per BAC 5555, the crack growth will be minimal. If the process failed, the crack will propagate rapidly along the
interface, indicating a "cohesive failure" or "interfacial failure."

Surface Appearance and Polarization

Under specific lighting (often using polarized filters or "interference colors"), a properly anodized BAC 5555 surface
will exhibit a characteristic color shift (often purple/green hues). This is an optical phenomenon caused by the
thickness of the oxide layer. Operators use this as a quick shop-floor validation.

Case Study: Troubleshooting Common BAC 5555 Failures

Even in sophisticated facilities, PAA processes can drift. Here are common failure modes and their technical
solutions:

1. Heavy Smut or Powdery Surface

Symptoms: A gray or white powder that can be wiped off the surface after anodizing.Root Cause: This is often
caused by excessive bath temperature or too high a concentration of phosphoric acid. When the rate of chemical



dissolution exceeds the rate of electrochemical growth, the oxide structure collapses into a powder.Solution:
Implement tighter chiller controls on the anodizing tank and verify acid concentration via titration every 24 hours.

2. Bond Failure in Service (Adhesive Peeling)

Symptoms: Adhesive detaches cleanly from the aluminum surface during maintenance or testing.Root Cause:
Contamination of the rinse water or delayed priming. BAC 5555 surfaces are extremely "active." If the parts are left
in a shop environment for too long before priming (usually more than 72 hours), they will adsorb moisture and
hydrocarbons from the air, ruining the bond site.Solution: Strict adherence to "Window of Opportunity" rules. Parts
must be moved to the cleanroom and primed within the timeframe specified in BAC 5514.

3. Non-Uniform Interference Colors

Symptoms: Blotchy appearance or areas with no color shift. Root Cause: Poor electrical contact or "masking" by
trapped air bubbles in the tank.Solution:Redesign racking fixtures to ensure multiple points of positive contact and
use air agitation or part movement to prevent gas entrapment in recessed areas.

Broader Implications for Aerospace Engineering

The shift toward BAC 5555 was largely driven by the need for more durable bonds in harsh environments
compared to older FPL (Forest Products Laboratory) etch methods. As aerospace designs move toward more
integrated composite-to-metal structures, the role of PAA becomes even more critical. It serves as the bridge
between the metallic world of aluminum alloys and the polymer world of carbon fiber reinforced plastics (CFRP)
and advanced epoxy adhesives.

Furthermore, the industry is seeing a push toward Nadcap Commodity 7108/3compliance for all Boeing
suppliers. This requires not just following the BAC 5555 steps, but also maintaining a rigorous "Approved Process
Sources" (D1-4426) status. For subcontractors like Spirit AeroSystems, maintaining these standards is vital for the
safety and longevity of the global commercial fleet. The evolution of BAC 5555 from its early iterations (like Rev J in
1991) to the current standards reflects decades of learning in the field of interfacial science and materials
engineering. Ensuring the structural integrity of an aircraft starts long before the first rivet is driven—it starts in the
phosphoric acid tank, where the microscopic foundation of every bond is meticulously built.
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