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URTERNATIONAL RECOMMENDED PRACTICE | issued 1994-06

Revised 2025-03

Superseding ARP4118B

Isolation and Corrosion Protection of Dissimilar Materials,
Carbon Composite Structure Repair

RATIONALE

Five-Year Review. Removed the galvanic series table and referenced MIL-STD-889 for the determination of galvanic
compatibility. Updated compatibility table to call out the ratings in MIL-STD-889.

1. SCOPE

1.1 This SAE Aerospace Recommended Practice (ARP) provides methods and guidelines for isolating dissimilar repair
patch materials from carbon fiber reinforced plastic (herein also referred to as carbon composite) structure during a
repair operation.

1.2 These procedures are applicable to any repair procedure for carbon fiber reinforced plastic parts in which the repair
patch is a metallic alloy that can form a galvanic cell with carbon in the presence of moisture or other electrolytes.
The principal patch materials, discussed in terms of their relative galvanic compatibility with carbon composites, are
aluminum, titanium, stainless steel, and carbon composite.

1.2.1  While not covered directly under this specification, reinforced plastics used in structural repairs also include parts
made with fiberglass, aramid, or boron fibers. Fiberglass and aramid fiber reinforced plastics do not have galvanic
reactions with other materials. The procedures outlined herein are not essential with these materials; however, the
sealing procedures covered are still recommended as a means of preventing moisture entry.

1.2.1.1  Rarely used boron filaments can produce a galvanic reaction by contact between the tungsten core of the fiber
and adjacent metal, particularly in a bolted repair where the metal fasteners can contact cut fibers. Thus, the
procedures outlined herein are advisable for bolted repairs of boron fiber reinforced plastics.

1.3  The procedures are primarily concerned with bolted repairs that introduce the highest corrosion risk due to the addition
of holes and dissimilar fastener materials, but bonded repairs are also considered.

1.4 The procedures are also applicable to repairs involving reinstallation of metallic inserts into a carbon fiber reinforced
plastic part.

1.5 Generic materials and parts are described with no specific vendor identifications. All materials used in the procedures
outlined shall be accompanied by a Safety Data Sheet (SDS) and shall be handled in accordance with SDS
instructions.

1.6 Safety-Hazardous Materials

Shall be in accordance with AS5502 (refer to 1.1).
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2. REFERENCES

2.1 Applicable Documents

Shall be in accordance with AS5502 (refer to Section 2).
21.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AMS2471 Anodic Treatment of Aluminum Alloys, Sulfuric Acid Process, Undyed Coating

AMS3265 Sealing Compound, Polysulfide (T) Rubber, Fuel Resistant, Non-Chromated Corrosion Inhibiting for
Intermittent Use to 360 °F (182 °C)

AMS3276 Sealing Compound, Integral Fuel Tanks and General Purpose, Intermittent Use to 360 °F (182 °C)

AMS3277 Sealing Compound, Polythioether Rubber, Fast Curing for Integral Fuel Tanks and General Purpose,
Intermittent Use to 360 °F (182 °C)

AMS3281 Sealing Compound, Polysulfide (T) Synthetic Rubber for Integral Fuel Tank and Fuel Cell Cavities, Low
Density for Intermittent Use to 360 °F (182 °C)

AMS3374 Sealing Compound, Aircraft Firewall, Silicone

AMS-S-8802 Sealing Compound, Fuel-Resistant, Integral Fuel Tanks and Fuel Cell Cavities

AS5502 Standard Requirements for Aerospace Sealants and Adhesion Promoters

R-424 Composite Materials Handbook Volume 3, Polymer Matrix Composites: Materials Usage, Design, and

Analysis (formerly MIL-HDBK-17-3)
2.1.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM D1141 Standard Practice for Preparation of Substitute Ocean Water

2.1.3 U.S. Government Publications

Copies of these documents are available online at https://quicksearch.dla.mil.

MIL-A-8625 Anodic Coatings for Aluminum and Aluminum Alloys
MIL-A-46146 Adhesives-Sealants, Silicone, RTV, Noncorrosive (for Use With Sensitive Metals and Equipment)
MIL-DTL-5541 Chemical Conversion Coatings on Aluminum and Aluminum Alloys

MIL-DTL-81706 Chemical Conversion Materials for Coating Aluminum and Aluminum Alloys
MIL-PRF-23377 Primer Coatings: Epoxy, High-Solids

MIL-PRF-81733 Sealing and Coating Compound, Corrosion Inhibitive
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MIL-PRF-85285 Topcoat, Aircraft and Support Equipment
MIL-PRF-85582 Primer Coatings: Epoxy, Waterborne
MIL-STD-889 Galvanic Compatibility of Electrically Conductive Materials

MIL-STD-7179 Finishes, Coatings, and Sealants, for the Protection of Aerospace Weapons Systems and Support
Equipment

2.1.4  Other Publications

Advisory Group for Aerospace Research & Development. (1995). AGARD Conference Proceedings 550: Composite repair
of military aircraft structures (AGARD-CP-550). North Atlantic Treaty Organization.

2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.2.1  Other Publications

Miller, A.B., Jr. (1976). Effect of graphite-epoxy composites on the galvanic corrosion of aerospace alloys (Report no.
AFML-TR-76-121). Air Force Institute of Technology.

Rambalakos, A. (2017). Formation of galvanic corrosion between metallic and composite aerospace structure (Report no.
DOT/FAA/TC-TN17/42). U.S. Department of Transportation, Federal Aviation Administration.

Yari, M. (2017). Galvanic corrosion of metals connected to carbon fiber reinforced polymers. Corrosionpedia.

3. REPAIR OPERATIONS

The critical repair operations related to galvanic isolation and corrosion protection are categorized as follows:

a. Sealing operations for bolted repairs of carbon fiber reinforced plastic parts incorporating metallic patches or inserts

b. Surface preparation of metal patch and insert materials and carbon fiber reinforced plastic parts for bolted repairs

c. Galvanic isolation and sealing for bonded repairs incorporating metallic patches or inserts

3.1 Patch Material Selection

Tables 1, 2, and 3 in MIL-STD-889 provide the galvanic compatibility of electrically conductive materials in an artificial
seawater environment as defined in ASTM D1141 (without heavy metals) and is used as a guide for materials in contact
with carbon fiber reinforced plastics. It shows there is a considerably higher material incompatibility between carbon and
aluminum than between carbon and titanium or most stainless steels. It should be noted there are other factors such as

uncoupled corrosion rates for the anodic metal material, the anode-to-cathode surface area ratio, and environmental
conditions in determining severity of galvanic corrosion.

Aluminum patch repairs of carbon fiber reinforced plastic parts represent a potentially serious corrosion problem but are not
prohibited because of aluminum’s availability and ease of machining. The use of titanium, stainless steel, or carbon
composite patches in place of aluminum is always desirable from the consideration of galvanic corrosion. Consideration of
patch/substrate stiffness and thermal expansion coefficient differences in the joint is also required. Design of repairs for
composite structures often involves a trade-off of aluminum’s lower cost, lighter weight, availability, and ease of machining
with the better match of properties attainable with titanium or stainless steel. The best galvanic and thermal match is carbon
fiber reinforced plastic itself, and this should be a consideration in materials selection. Carbon-to-carbon bolted repairs still
present a galvanic problem since metallic fasteners are used in direct contact with the carbon-containing composite.
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