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Impact of Copper Contamination on the Thermal Stability of Jet Fuels

RATIONALE

Copper contamination in jet fuels, more prevalent in naval applications, has a significant impact on the thermo-oxidative
stability of jet fuels. Fuel oxidation and formation of carbonaceous deposits can negatively impact fuel system component,
and fuel system, performance. This AIR discusses the sources and composition of copper contamination in jet fuels and
the effect of copper contamination on the mechanism(s) of fuel oxidation. It summarizes the principal methods for
measurement of copper contamination in jet fuels and discusses methods for removal of copper contamination from jet
fuels.

AIR6443 contained: (1) formatting errors in several of the chemical equations, (2) Section 2 (References) that did not
conform to the SAE style, (3) several incorrect references in 2.5, (4) missing information in Figure 2, and (5) a few typos.
Revision A corrects these errors. In addition: (1) discussion about JFTOT has been moved from 4.1.1 to 4.1.2 since 4.1.1
is focused on the fuel thermo-oxidation mechanism, (2) the discussion in 4.2 on copper strip corrosion per ASTM D130 has
been deleted since it does not relate to the scope of the document, (3) Section 5 has been revised to be more consistent
with the reference (Colbert and Nowak, 2003), (4) 7.2.1 (lon Exchange Resins) has been revised, including the removal of
several references, since some of the content was considered not to be relevant to the scope of this document, (5)
ASTM D7566 has been added to the list of references, and (6) there are editorial changes for clarity and to conform to the
SAE guidelines for standards.

1. SCOPE

This SAE Aerospace Information Report (AIR) discusses the sources of copper in aviation jet fuels, the impact of copper on
thermal stability of jet fuels and the resultant impact on aircraft turbine engine performance, and potential methods for
measurement of copper contamination and reduction of the catalytic activity of copper contamination in jet fuels. This
document is an information report and does not provide recommendations or stipulate limits for copper concentrations in jet
fuels.

1.1 Purpose

While copper alloy containment vessels and plumbing are the exception in shore-based jet fuel storage and transport, they
can be found in naval applications where copper alloys, such as admiralty brass, are used; attributes such as corrosion
resistance and inability to cause sparks are among the reasons for their use. Dissolved copper in jet fuels is known to
stimulate the thermo-oxidative degradation of the hydrocarbon species in jet fuels. Thus, the removal of copper from jet fuel
is critical to maintaining fuel properties and fuel system performance in turbine engines. The purpose of this document is to
summarize available information on copper contamination in jet fuels, the impact of copper on jet fuel thermal stability,
methods for measurement of copper in jet fuels, and potential methods for reduction of the catalytic activity of copper
contamination in jet fuels. The information in this AIR is not intended as a specification for copper concentration in jet fuels
or recommendation/acknowledgement for the use of copper in aircraft/engine fuel systems.
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The following publications are provided for information purposes only and are not a required part of this SAE Technical
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3. COPPERIN JET FUELS

3.1 Sources of Copper in Jet Fuels

Jet fuel, in its refined state, is free of copper. Copper is introduced in to jet fuel through jet fuel storage, transport, and
handling, mostly where copper alloys, such as admiralty brass, are used in oceanic applications with copper alloy
containment vessels and plumbing. This copper is known to become entrained in the jet fuel in various forms (particulate
and dissolved species) and stimulate thermo-oxidative degradation of the hydrocarbons in jet fuels. Specific sources of
copper from copper-bearing alloys include (refer to Morris, 2015; Moses and Kamin, 2003):

a. Copper-nickel alloy piping

b. Copper alloys, such as brass, that could be present in fuel system components such as valves, fittings, and bearings
c. Ship heating coils during sea transportation (refer to David et al., 1997)

d. Navy shipboard fuel handling systems (80/20 Cu/Ni admiralty metal)

e. Leaded bronze bearings in fuel systems

Copper leaches out of fuel handling systems that contain copper alloys such as brass. Free and dissolved water in jet fuel
promotes extraction of copper from the fuel handling system and introduction into the fuel by potentially increasing fuel
acidity. The water contaminant contains both dissolved oxygen and carbon dioxide from prior air exposure; this causes the
formation of oxides at the metal surface. If undisturbed, this oxide layer is stable and will act to passivate the copper,

preventing further corrosion. However, over time, dissolved carbon dioxide in the water will form carbonic acid (H2CO3).

Formation of carbonic acid from water and dissolved carbon dioxide:

H,0 + C0,(aq) < H,CO05(aq)

When the acidic proton disassociates from carbonic acid, it will react with the oxygen, removing the protective oxide layer
from the copper on the metal surface.

I Carbonic acid loses up to two protons through acid equilibria:
H,C05(aq) < H*(aq) + HCO3 (aq)
HCO3 (aq) < H*(aq) + €035 (aq)

After this occurs, the surface layer of copper is left in a +2 ionic form and will easily dissolve. This results in the metal surface
being left unprotected, allowing the process to repeat (refer to Dortwegt and Maughan, 2001).

3.2 Copper Concentration in Jet Fuels
The U.S. Air Force and the U.S. Navy have evaluated typical copper levels in JP-4 and JP-5 fuels. Copper concentrations
of 17 ppb or less, on the average, have been reported by the Aero Propulsion Laboratory for JP-5 (refer to Ford et al., 1973;

Morris, 2015). Significantly higher concentrations of copper, 40 to 1300 ppb - average of 250 ppb, have been reported in
Naval shipboard surveys (refer to Moses and Kamin, 2003; Ford et al., 1973; Morris, 2015).
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