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1. Introduction
West Basin Municipal Water District (WBMWD) has engaged GHD to undertake a comprehensive
literature review on the long-term performance of the copper-nickel (Cu-Ni) alloys 90/10 (UNS No.
C70600) and 70/30 (UNS No. C71 500) and duplex stainless steel grade 2205 (UNS No. S31803)
as materials of construction for passive seawater intake screens. Super duplex stainless steel
grade 2507 is also discussed in this memo, due to its known application for seawater intake screens
in industry.

1.1 Background

Intake screens have been used as the first step in the seawater reverse osmosis (SWRO)
desalination process (see flow diagram in Figure 1) to prevent entraining solids and marine life, and
to minimize ecological impact. These screens are typically installed in the epipelagic zone (less than
200 meters, or 656 feet, below mean sea level) where dissolved oxygen, sunlight, and nutrients are
relatively abundant. The primary challenges that affect long-term reliability of intake screens are
susceptibility of screen materials to various corrosion processes and marine biological growth on
screens (i.e. biofouling) (Missimer). Corrosion can adversely affect the structural integrity of the
screens and reduces effectiveness of the screening process. Biofouling, particularly macro-
biofouling, can restrict flow through the screens and may even affect the structural integrity of
screens due to biofoulant weight. For these reasons, special consideration is needed when
choosing the screen material to balance resistance to marine corrosion and excessive macro-
biofouling with replacement costs.

Figure 1 SWRO Flow Diagram













6 | GHD | Report for West Basin Municipal Water District - West Basin Ocean Water Desalination Project, 61/33266/

and develop biofilms (Sastri, 2015). Biofilms deplete localized oxygen under the film and can cause
differential aeration, selective leaching, under-deposit corrosion, and cathodic depolarization. Figure
3 below provides an illustrative example of microbially induced under-deposit corrosion and oxygen
concentration cells (Little, Wagner, Ray, & McNeil, 1990).

Figure 3 Example of a Microbially Induced Differential Aeration Cell

(a) Differential aeration cell formed by microbial colonies. (b) Detailed reactions resulting from the

formation of a differential aeration cell.

In addition to creating a biofilm on the metal surface, microorganism’s metabolic processes often
accelerate corrosion by generating corrosive by-products. This results in corrosion of the metal,
forming a pit or crevice beneath the biofilm area. All proposed intake screen materials have been
reported to undergo MIC to some extent, but research indicates copper-nickel fouls at a rate slower
than stainless steel, and there is less biological diversity on copper-nickel surfaces in identical
conditions (Little, Wagner, Ray, & McNeil, 1990). Not all MIC that can occur in oxygen saturated
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seawater is aerobic. Although the open ocean is oxygen saturated in normal conditions anaerobic
microorganisms can survive in anaerobic microniches until suitable conditions become available,
such as within a biofilm, where oxygen quickly depletes (Little, Wagner, Ray, & McNeil, 1990).

Biofouling Mechanisms

Biofouling can be separated into two categories, micro-biofouling and macro-biofouling. Micro-
biofouling in seawater generally consists of adhesion of marine bacteria, microalgae, protozoa, and
their cellular exudates, and the formation of a slime layer, or biofilm, which can be accompanied by
MIC (see previous section) (Little, Wagner, Ray, & McNeil, 1990). Macro-biofouling is caused by the
growth and colonization of large organisms, such as sessile organisms (e.g. barnacles, bivalve
mollusks, tunicates, and calcareous red or green algae), on metal surfaces. Seawater flowing
through the intake screen slots promotes attachment and rapid growth of these sessile organisms,
which can result in under deposit corrosion. Metabolites secreted by these organisms may also
contribute to the corrosion process. Biofouling on intake screens and support structures has
serious implications in the performance of intake screens and can impede flow, contribute to
corrosion, and may cause permanent structural damage due to the load (Missimer).

2.2 Intake Screen Materials

Copper-nickel alloy and duplex stainless steel are the most common materials used for seawater
contact applications, with titanium alloys and super duplex stainless steels being more expensive
alternatives applied in specialized cases (Voutchkov, 2017). This review focuses on copper-nickel
alloys and 2205 duplex stainless steel, with consideration of super duplex 2507, building on the
findings of the ICBS.

2.2.1 Copper-Nickel Alloys

Copper-nickel alloys have been used in seawater service with success since around 1940. These
alloys are less susceptible to fouling in seawater than stainless steels (Schumacher, 1979). As early
as 1962, it was determined from observations gained during service on ships that both 90/10 and
70/30 alloys have a service life of greater than 20 years (Lague & Tuthill, 1962).

Copper-nickel alloys are composed primarily of copper with nickel and small amounts of
strengthening elements, including iron and manganese, making up the remainder. Copper-nickel
alloys 90/10 (10% nickel) and 70/30 (30% nickel) are widely used for seawater applications (Féron,
2007). Cu-Ni 70/30 is stronger with greater resistance to flow erosion, but 90/10 is suitable for most
applications and is more widely adopted due to lower cost. The proposed alloys compositions are
shown in Table 1.

Table 1 Copper-Nickel Alloys Composition (Weight %)

Copper-Nickel 70/30 Copper-Nickel 90/10

Ni 29.0 - 32.0 9.0 - 11.0

Fe 0.5 - 1.5 1.0 - 2.0

Mn 0.4 - 1.0 0.3 - 1.0

Cu remaining remaining
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Copper and nickel are closely related and have similar atomic radii and lattice parameters. They are
wholly miscible in both liquid and solid state. . At all temperatures and concentrations, copper–
nickel alloys crystallize in a single-phase face-centred cubic structure, which provides very good
ductility and impact strength even at low temperatures. The absence of phase transformation during
thermal cycles reduces the effect of welding on mechanical characteristics and increases the
localized corrosion resistance of the alloy (Féron, 2007).

Increasing the nickel content of the alloy provides increased strength and corrosion resistance,
which needs to be balanced with decreasing thermal and electrical conductivity. Additionally, the
solubility of iron, which further improves corrosion resistance, increases with nickel content before
falling off at nickel weight percent exceeding 30%. The addition of manganese improves casting
characteristics and increases strength by immobilizing sulfur as manganese sulfide. Sulfur
impurities, common in refined copper, can cause major issues with hot forging3 (Copper-Nickel
Alloys: Properties, Processing, Applications).

One of the main issues causing failure of copper-nickel is incorrect chemical composition of the
alloy. During the alloying process, nickel diffuses slowly into copper leading to concentration
gradients in the melt. Hot or cold forging followed by a re-crystallization anneal homogenizes the
structure allowing more uniform development of the oxide layer leading to higher local corrosion
resistance (Féron, 2007).

Incorrect fabrication is another major contributing factor to premature failure of copper-nickel alloys.
Copper-nickels are readily welded by most conventional processes. Gas-shielded Tungsten Arc
(TIG or GTAW) welding and Manual Metal Arc (MMA, SMAW) welding are common methods used
by manufacturers for wedge wire intake screens using copper-nickel. The key requirement is
correct preparation. Particular attention needs to be given to cleanliness and the use of fuels with
low sulfur content, during welding or any heat treatment (Copper-Nickel Alloys: Properties,
Processing, Applications).

Significance of the Cuprous Oxide Layer

The seawater corrosion resistance offered by copper-nickel is the result of a complex thin protective
surface film that quickly and organically forms when exposed to clean oxygen saturated seawater. It
is well established that the film is primarily composed of cuprous oxide (Cu2O), often containing
nickel and iron oxide, cuprous hydroxyl-chloride and cupric oxide (North & Pryor, 1970) (Milosev &
Metikos-Hukovic, 1992) (Shibad, Singh, & Gadiyar, 1989). Initial exposure to clean oxygen
saturated seawater is crucial to the long-term performance of copper-nickel alloys.

The behavior and protection mechanism of the copper-nickel in marine environments have been the
subject of many detailed studies under various conditions, i.e. differing flow velocities,
temperatures, pH values, compositions of seawater, and many other factors. Compounds in
seawater react with the products of copper-nickel corrosion to build a multi-layered structure of
copper containing molecules (Kievits & Ijsseling, 1972). Iron in copper-nickel alloys increases the
electronic resistance of Cu2O, which increases the protective nature of the passive film. Iron and
nickel are incorporated into the cuprous oxide film occupying cation vacancies, which increases
corrosion resistance (North & Pryor, 1970). Chloride ions in seawater adsorb on the film occupying
oxygen vacancies and contribute to passivation of copper-nickel alloys (Mathiyarasu &

3 Forging (hot, warm, or cold) is a metal forming process involving shaping of metals using localized compressive forces.
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Figure 4 Change in corrosion rate with time for 90/10 Cu-Ni in quiet, flowing
and tidal zone seawater

Figure 5 Change in corrosion rate with time for 70/30 Cu-Ni in quiet, flowing
and tidal zone seawater


