Corrosion Evasion: Part 1

Preventing galvanic, stray-current corrosion.

Text and photographs by Steve D'Antonio
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There’s a conversation I find myself hav-
ing on too many occasions that goes some-
thing like this:

Jim: “Hey Steve, I'm interested in pur-
chasing/building this vessel. It’s XX feet,
does XX knots with a range of XXXX
miles...Oh, and it’s aluminum/steel.”

Me: “That sounds great Jim. Have you
ever owned a metal boat before?”

e

Jim: “No. Why, is that a problem? What
do I need to know?”

Me: “You need to know everything.
When it comes to corrosion, you've got to
educate yourself to be your own expert,
because the guidance you get from other
boatowners, and even industry profession-
als, is almost always incorrect.”

While that advice to owners is intended

to steer them on a path to technical educa-
tion and self-reliance, I worry that often
they turn directly to the internet where the
volume of corrosion misinformation avail-
able seems infinite. My intent with this
two-part article is to provide a solid primer
for boatyard technicians and boat owners
who should know the essentials of corro-
sion prevention. —Steve D'Antonio

Stray-current corrosion can destroy metal components like this propeller in a brief exposure period.
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I t’s a rare day when I don’t hear from
someone trying to solve some vexing
corrosion problem. No surprise: Almost
every modern boat includes a wide range
of metallic, corrosion-prone compo-
nents—bronze seacocks, iron engine
blocks, stainless steel and aluminum deck
hardware, and copper wiring. Add water
or electricity or both to this mix, and the
results can be crippling and costly.
While there are scores of different
corrosion variations specific to different
metals—poultice corrosion in alumi-
num, crevice corrosion in stainless
steel—there are just two overarching
mechanisms that cause most corrosion
on small craft: galvanic or dissimilar-
metal, and stray-current corrosion.

Galvanic

Galvanic corrosion is electrical in
nature, occurring when dissimilar met-
als are placed in direct contact with
each other, or are electrically connected
via a wire or other conductor, while
simultaneously exposed to an electro-
lyte such as fresh or seawater, or even
high humidity. (Note that seawater’s
enhanced conductivity accelerates the
process.) In this case, electricity is cre-
ated by the dissimilar metals sharing
an electrolyte. It functions much like a
battery, albeit at a very low rate typically
measured in millivolts.

While virtually any two metals will
interact with each other in these condi-
tions, the farther apart they are on the
galvanic series or scale (see accompany-
ing chart), the more dramatic their
encounter will be. Metals located at the
most noble and most corrosion-resistant
end of the galvanic series include exotics
such as graphite (including carbon
fiber), gold, and titanium as well as more
pedestrian 316 stainless steel, and
nickel-chrome alloys used for propeller
shafts. Those at the least noble end of the
series, such as magnesium, zinc, and
aluminum alloys, are significantly less
corrosion resistant.

Some especially problematic com-
binations of dissimilar metals include
copper (and copper alloys such as

Table 1. Galvanic Series |

Ag/AgClI Zn
REFERENCE REFERENCE
CELL POTENTIAL | CELL POTENTIAL
(mVDC) (mVDC)

ANODIC OR LEAST NOBLE
Magnesium and Magnesium Alloys -1600 to -1630 -600 to -630
Zinc -980 to -1030 -30 to +20
Aluminum Alloys -760 to-1000 0 to +240
Cadmium -700 to -730 +270 to +300
Mild Steel -600 to -710 +290 to +400
Wrought Iron -600 to -710 +290 to +400
Cast Iron -600 to -710 +290 to +400
13% Chromium Stainless Steel, Type 410 (active in still water) -460 to -580 +420 to +540
18-8 Stainless Steel, Type 304 (active in stil water) -460 to -580 +420 to +540
Ni-Resist -460 to -580 +420 to +540
18-8, 3% Mo Stainless Steel, Type 316 (active in still water) -430 to -540 +460 to +570
Inconel (78% Ni, 13.5% Cr, 6% Fe) (active in still water) -350 to -460 +540 to +650
Aluminum Bronze (92% Cu, 8% Al) -310 to -420 +570 to +690
Nibral (81.2% Cu, 4% Fe, 4.5% Ni, 9% Al, 1.3% Mg) -310 to -420 +570 to +690
Naval Brass (60% Cu, 39% Zn) -300 to -400 +600 to +700
Yellow Brass (65% Cu, 35% Zn) -300 to -400 +600 to +700
Red Brass (85% Cu, 15% Zn) -300 to -400 +600 to +700
Muntz Metal (60% Cu, 40% Zn) -300 to -400 +600 to +700
Tin -310 to -330 +670 to +690
Copper -300 to -570 +430 to +700
50-50 Lead- Tin Solder -280 to -370 +630 to +720
Admiralty Brass (71% Cu, 28% Zn. 1% Sn) -280 to -360 +640 to +720
Aluminum Brass (76% Cu, 22% Zn, 2% Al)| -280 to -360 +640 to +720
Manganese Bronze (58.8% Cu,39%Zn, 1%Sn, 1%Fe, 0.3%Mn) -270 to -340 +660 to +730

ili 0, 0, 10/ 10/ i

3”;05002 Slﬁnf.eGgE/sun(;u Max, 0.80% Fe, 1.50% Zn, 2.00% Si. 260 10 -290 +710 to +740
Bronze-Composition G (88% Cu, 2% Zn, 10% Sn) -240 to0 -310 +690 to +760
Bronze ASTM B62 (thru-hull) (85% Cu, 5% Pb. 5% Sn. 5% Zn) -240 to -310 +690 to +760
Bronze Composition M (88% Cu, 3% Zn. 6.5% Sn. 1.5% Pb) -240 to -310 +690 to +760
13% Chromium Stainless Steel, Type 410 (passive) -260 to -350 +650 to +740
Copper Nickel (70% Cu, 10% Ni) -210 to -280 +720 to +790
Copper Nickel (75% Cu, 20% Ni, 5% Zn) -190 to -250 +750 to +810
Lead -190 to -250 +750 to +810
Copper Nickel (70% Cu, 30% Ni) -180 to -230 +770 to +820
Inconel (78% Ni, 13.5% Cr, 6% Fe) (passive) -140 to -170 +830 to +860
Nickel 200 -100 to -200 +800 to +900
18-8 Stainless Steel, Type 304 (passive) -50 to -100 +900 to +950
Monel 400, K-500 (70% Ni. 30% Cu) -40 to -140 +860 to +960
Stainless Steel Propeller Shaft (ASTM 830:#17 & ASTM 584: # 19) -30 to +130 | +970 to +1130
18-8 Stainless Steel, Type 318 (passive) 3% Mo 0.0 t0-100 | +900 to +1000
Titanium -50 to +60 | +950 to +1060

Textbook galvanic corro-
sion scenario with this
mix of a bronze seawa-
ter strainer, an alumi-
num bracket, and a
stainless bolt.

bronze and brass)and
aluminum alloys, and
to a lesser degree, stain-
less steel and aluminum.
Because of its extreme
location on the gal-
vanic scale, virtually
any metal placed into
contact with aluminum
in the presence of mois-
ture, will cause the latter
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——— ONBOARD SYSTEMS: Corrosion Prevention

to corrode. In 1895, before this phe-
nomenon was thoroughly understood
from a boatbuilding perspective, the
Herreshoft-designed and built America’s
Cup contender Defender, was assembled
using nickel-aluminum alloy hull plat-
ing above the waterline and bronze plate
below the waterline, all built over steel
frames and attached with bronze rivets
throughout. The result was a battery-like
hotbed of galvanic activity. Predictably,
the victorious sailing yacht was short
lived. By 1901, the hull plating had pit-
ted so heavily the boat was no longer
seaworthy and had to be scrapped, but
she had already fulfilled her success-
ful Cup defense exactly as intended by
her designer and builder who knew she
wouldn't last.

Examples of common onboard com-
binations prone to galvanic corrosion
include brass hydraulic steering cylin-
ders or bronze seawater strainers sup-
ported by aluminum brackets, bronze
sail track installed on aluminum spars,
aluminum hydraulic cylinders that uti-
lize brass hydraulic fittings, and stainless
fasteners married to aluminum sub-
strates such as spars, cranes, arches,
radar masts, etc.

The best examples of galvanic corro-
sion on a boat are intentional: sacrificial
anodes attached to underwater metals
such as propeller shafts, through-hull
fittings, struts, rudders, and heat
exchangers. Known as cathodic protec-
tion, the generic “zinc” anode is com-
monly made of one of three possible
sacrificial metals well suited to the

Aluminum sail and turning-block track on
masts and deck are frequently attached
with stainless fasteners, leading to mild
galvanic corrosion.
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Table 2. Anode Options

SALT WATER BRACKISH WATER FRESH WATER
Zn v
Al v v v
Mg v

purpose: zinc, aluminum, and magne-
sium. Zinc should only be used in sea-
water, magnesium is suited exclusively
for fresh water, while aluminum can be
used in fresh, brackish, or sea water (see
the accompanying ABYC anode chart).
Whatever its material, the anode’s func-
tion is to corrode, while protecting the
metal to which it’s attached.

The most effective means of prevent-
ing galvanic corrosion is to avoid using
dissimilar metals in applications where
they will be in direct contact with each
other or be otherwise electrically con-
nected. The practical definition of dis-
similar in this context is any two metals
whose resting voltage differ by more than
200 mV in the galvanic series. Where
this is unavoidable, another effective
method of corrosion protection is to
insert a layer of non-conductive material
(or in some cases such as aluminum fuel
tanks, a metal that is benign to both)
as insulation between them. Appropri-
ate nonconductive materials include
prefabricated fiberglass or epoxy-based
sheet, also known as GPO3 or G10, but
you should avoid using non-reinforced
plastics such as UHMW or rubber sheet-
ing in highly loaded structural appli-
cations—under cleats, sail tracks, and
steering rams for instance. Stainless
steel is often installed as an insulator
between aluminum and copper-based
alloys—aluminum fuel tanks and brass
(a copper alloy) plumbing fittings and
valves for instance. In this assembly, the
dissimilar materials are technically still
connected, but the stainless-steel bush-
ing provides the necessary degree of iso-
lation to inhibit galvanic corrosion. This
approach, which works only because
the fuel tank is not immersed in water,
would not be acceptable for submerged,
or continuously wetted components.

While galvanic corrosion is typically a
localized phenomenon caused by inter-
action between the dissimilar metals on

a single vessel, it can also occur between
vessels. This interaction can be confus-
ing and is undoubtedly the source of a
great deal of misinformation, including
most “hot marina” myths. Inter-vessel
galvanic corrosion occurs when, for
instance, two or more nearby vessels
plug into shore power, and the green AC
safety grounding wiring on each vessel
common with its bonded underwater
metals—seacocks, struts, shafts, and
anodes—becomes connected whether
or not the shore power is energized.
In short, the moment a shore-power
cord is plugged in, the AC safety grounds
and bonding systems on the vessels
are interconnected. When this occurs,
intact sacrificial anodes, or less noble
underwater metals such as aluminum
stern drives, on one vessel may begin
protecting underwater metals on other
connected vessels, ones whose anodes
are depleted. Except for the fact that the
shore-power cord must be connected,
this phenomenon has little if anything to
do with the marina, or AC shore power
per se. It remains a galvanic, and hence
DC rather than AC, interaction.

Such multi-vessel galvanic action is
easily thwarted with either a galvanic
isolator, or an isolation transformer. The
former block, up to 1.4V (above the typi-
cal galvanic corrosion voltage threshold)
of DC voltage on the AC shore-power
safety grounding wire, while still allow-
ing AC fault current to flow freely, as
it is critical to safety. Because galvanic
corrosion is DC in nature, the electrical
interconnection of adjacent vessels is
prevented by the galvanic isolator.

Isolation transformers take this a step
further, by isolating all direct shore-
power connections to the vessel, includ-
ing the AC safety ground, between the
vessel and dock power, thereby blocking
any level of inter-vessel interaction.

Every boat equipped with a shore-
power system should utilize one of these
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devices to prevent corrosion induced
by connection through the shore-power
safety ground. Galvanic isolators are
relatively affordable, while transformers
are more costly, the latter, however, offer
benefits in addition to absolute isola-
tion. (For more on isolation transformers
and galvanic isolators see “The Com-
plexity of Plugging In” in Professional
BoatBuilder No. 181, page 100.)

While it is a potentially serious and
costly phenomenon, galvanic corrosion
occurs at a stately pace, typically over the
course of weeks, if not months and years.
With proper alloy selection, isolation,
and cathodic protection, it can be mini-
mized if not eliminated.

Stray Current

This form of corrosion differs from the
galvanic variety in that it only occurs in
the presence of an outside source of
electricity, usually a vessel’s own DC
electrical system, typically a battery or
battery charger. AC voltage from shore
power doesn't cause stray-current cor-
rosion except in some very rare circum-
stances. If it did, the DC voltage blocking
ability of a galvanic isolator would be
ineffective. In those few instances where
AC-induced stray-current corrosion
does occur, it is of greatest concern to
aluminum-hulled vessels or those
equipped with aluminum drives.

The typical stray-current corro-
sion scenario involves a faulty electri-
cal connection located in, or close to,
bilge water or that makes contact with

submerged metal. Contrary to popular
belief, electricity does not seek ground;
it seeks a return path to its source. In
the case of stray current corrosion, that’s
usually the vessel’s battery. Current
leaking into bilge water can travel to a
through-hull fitting, into the surround-
ing water and then to the propeller and
shaft, which are grounded to the DC
negative system via the engine block
(often shafts/props do not represent a
low-resistance connection to the ves-
sel’s DC negative or grounding/bonding
system because the oil-filled transmis-
sion is a poor conductor, however, a
bonded stuffing box can provide this
path.), providing a route back to the
battery. In this example, the propeller
will almost certainly suffer from severe
and rapid corrosion. Unlike galvanic
corrosion, which occurs comparatively
slowly, stray-current corrosion often
moves with startling rapidity, poten-
tially destroying a propeller, shaft, or
sterndrive in a matter of days.

Sacrificial anodes, galvanic isolators,
and isolation transformers offer little if
any protection against this electrical
scourge. Note that isolation transform-
ers can be beneficial for preventing
stray-current corrosion that originates
on other vessels.

The most effective means of prevent-
ing stray-current corrosion is observing
sound wiring practices and adhering to
American Boat and Yacht Council
(ABYC) standards everywhere onboard,
particularly in and around bilge areas.

A common source of corrosive stray cur-
rent in the bilge is pump wiring connections
that are too close to the water and unpro-
tected by waterproof heat-shrink tubing.

To that end, I insist that electri-
cal connections to bilge pumps and
float switches be made no less than 18"
(457mm) above the base of the pump
(my personal standard, not ABYC’s).
The primary reason is to improve reli-
ability, but this approach also reduces
the likelihood of stray current leaking
into bilge water and avoids the resulting
corrosion. In applications where these
connection geometries are impracti-
cal, connections should be made com-
pletely waterproof using heat-shrink
butt splices or simple heat-shrink tubing
and, if necessary, application of silicone
sealant.

No electrical connections should ever
be allowed to lay in bilge water, regard-
less of secondary waterproofing mea-
sures. A detail as seemingly innocuous
as improperly crimping, and thereby
piercing a heat-shrink butt splice, can
create a path through bilge water for stray
current. I routinely encounter pierced
heat-shrink insulation on a range of
boats. It’s usually caused by a technician
selecting a crimping die for uninsulated
terminals and applying it to the insulated
variety, but it can also occur when over-
aggressively using the correct insulated-
terminal die. Check your connections
closely, and seal them with silicone or
polyurethane sealant if they are breached.

Aluminum lower units, common on stern,
pod, and sail drives, are particularly vul-
nerable stray-current corrosion.
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A bonding system is another strat-
egy to prevent or diminish the effects
of stray-current corrosion. Perform-
ing as one segment of a vessel’s over-
all grounding system, it encompasses
the DC negative, AC safety ground,
and lightning-ground systems, all of
which are interconnected in an ABYC-
compliant design.

In brief, a bonding system electri-
cally connects underwater metals and
many metallic hardware and machinery
components, including through-hull
fittings, seacocks, rudders, propeller
shafts, struts, and strainers. Note that
bonding of shafts must be via shaft
brushes capable of achieving the ABYC-
mandated 1 ohm or less of resistance
between shaft and anode, which is typi-
cally only achievable using silver slip-
ring brush assemblies. Common and
inexpensive wand/carbon or bronze
brush styles will not meet the maximum
resistance standard.

There are two primary benefits to
bonding. The first is mitigation of
stray-current corrosion. In the sce-
nario I described above—voltage leak-
ing into bilge water from a defective
bilge pump connection—if the seacock
through which the fault current flowed
was bonded, all or most of the current
would return through the bonding sys-
tem directly to its source, the battery.
It would not run through the water the
vessel is floating in, thereby eliminating

On a planing hull, the anode for an
onboard bonding system mounts to the
transom below the waterline.
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A bonding system connected to all underwater metal hardware and machinery pro-
tects them from stray-current corrosion by returning any fault current from onboard
systems directly back to the battery.

or minimizing stray-current damage
to the propeller.

The second benefit of a bonding sys-
tem relates back to galvanic corrosion.
The metals that comprise a bonded sys-
tem are nearly always dissimilar—silicon
bronze seacocks, stainless-steel alloy
shafts, and manganese-bronze propel-
lers for instance. This necessary mix of
metals with different potentials violates
the guidelines on galvanic corrosion.
Bonding systems provide an exception
to the rule because they contain one
additional ingredient in the seawater-
metal cocktail: a sacrificial hull-mounted
anode. These are commonly installed
on the transom of a planing vessel, and on
the bottom of a displacement hull. Con-
necting underwater metals to each other,
then to an anode, follows the bond-and-
protect protocol, a proven approach so
long as you follow a handful of guide-
lines. Chief among these is ensuring
low-resistance connections are made
between all bonded components and
hull anodes. ABYC'’s resistance standard
for all these connections is a demanding
1 ohm maximum.

Where fiberglass vessels are con-
cerned, bonding systems are strongly
recommended but not mandatory for

compliance. Their installation guidelines
are detailed in ABYC Standard E-2,
“Cathodic Protection.”

On most of the boats I inspect, bond-
ing systems and their connections are in
abominable condition—green, crusty,
loose, or broken all together. They are
a reminder that bonding systems need
to be periodically inspected and main-
tained. Corroded or otherwise poor con-
nections should be cleaned or replaced.
If you have doubts about the integrity
of the system, check resistance between
components using an ohm meter, while
the vessel is hauled. (For more on bond-
ing systems see “Bonding Basics” in PBB
No. 138, page 18.)

Corrosion Subsets

With a firm understanding of the most
common forms of metal corrosion on
boats, it’s time to look closely at some of
the applications, behaviors, and pecu-
liarities of different metals you're likely
to encounter.

Copper Alloys: While copper is natu-
rally corrosion resistant, it has been best
known to boatbuilders for centuries
applied in sheets as metal cladding on
hull bottoms to prevent teredo worms
from digesting timbers. A natural



antifoulant, copper is still the active
additive in many modern bottom paints.
Because it is an excellent biocide, on
many vessels it is used in domestic water
systems. Copper alloy tube is also used
by many engine manufacturers for con-
veyance of seawater, for heat exchangers
and wet-exhaust systems.

As corrosion resistant as good copper
hardware can be, it is susceptible to two
forms of corrosion: impingement attack,
or “erosion corrosion,” caused by fast-
moving water in a copper pipe or tube.
Because copper is relatively soft, it can
literally be worn away by swiftly moving
seawater. This is especially true at 90°
turns and restrictions where turbulence
and velocity are greater.

Copper can also fall prey to decay by
exposure to hydrogen sulfide, a common
constituent of polluted or onboard
“black” water.

The terms brass and bronze comprise
numerous copper alloys, the primary
defining element of which is zinc.
Located low on the galvanic scale, it cor-
rodes very easily in the presence of other
metals and an electrolyte, such as seawa-
ter, which is why it’s used in sacrificial
anodes. Zinc also imparts strength to
copper. Mixing the two, often in about a
40:60 ratio, yields brass suitable for
clocks, lamps, and cabin hardware, but
most definitely not, with few exceptions,
for seawater plumbing.

Brass: It’s a metal that is almost syn-
onymous with the sea, resides in the
family of copper alloys whose primary
ingredients, in varying ratios, are copper
and zinc. Some brasses are composed of
as much as 50% zinc. The more common
rough formulations are; red brass (85%
copper, 15% zinc); leaded red brass (85%
copper, 5% zinc, 5% lead, 5% silicon);
cartridge brass (70% copper, 30% zinc);
Muntz metal (60% copper, 40% zinc);
admiralty brass (70 copper, 30% zinc);
naval brass (60%copper, 40% zinc); alu-
minum brass (76% copper, 22% zinc, 2%
aluminum); Tobin “bronze” (60% copper,
39% zinc and 1% tin); and manganese
“bronze” (67% copper, 25% zinc, 3%
Aluminum, 2.5% manganese, 2% iron).
The last two in the list are called “bronze”
but because of their high zinc content,

Brass is often inadvertently installed in pipe-to-hose adapters and pipe plugs in raw-
water systems where it is vulnerable to dezincification.

they are in the brass family. In order to
be considered a true bronze, a copper
alloy must contain little (typically single
percentage points) or no zinc.

While brass has many familiar uses
aboard, from clocks and joiner work trim
to lamps and electrical components, it
must be avoided for use below the water-
line or in raw-water plumbing. It is worth
noting that many small (¥4"-%3" NPT)
plumbing fittings, such as pipe-to-hose
adaptors, pipe plugs, and bushings are
made of brass, while their larger cousins
are commonly bronze. Most seacock and
sea-strainer drains are fitted with ¥s" or
Y4"NPT plugs. Under no circumstances
should these be replaced with brass.
Where replacements are needed, /5"
bronze plugs can often be obtained from
the equipment manufacturer.

If you are unsure of a plug’s mate-
rial, avoid using it below the waterline
or for raw seawater. In my experience,
you shouldn’t rely on chandlery clerks
and many marine equipment vendors
to provide accurate alloy information.
Many are unaware of the important dis-
tinction between brass and bronze and
the prohibitions for use of the former.

Brass is often inadvertently substi-
tuted for bronze in water-injection
ports on stuffing boxes, which call for a
threaded pipe-to-hose adaptor of ¥4 or
¥s". T've seen this error lead to vessel loss.

If its primary constituent is copper,
why is brass so susceptible to corrosion?
It's because most of the brass alloys also
contain a substantial amount of zinc,
which leaves them especially suscep-
tible to a type of corrosion referred to as
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dezincification. This is a process whereby
the zinc selectively corrodes from the
alloy, leaving a porous copper shell that
retains its shape but little strength.
Dezincified components can often be
identified by splotchy reddish or pink
coloring. A common example involves
propellers, many of which are fabri-
cated from a Manganese bronze, a brass
alloy that’s especially susceptible to
dezincification. It’s imperative to pro-
tect this often-substantial investment in
essential propulsion hardware by moni-
toring the condition of sacrificial shaft
anodes and renewing them when neces-
sary. An anode is considered “depleted”
when diminished to 50% of its original
dimensions. In a conventional combina-
tion of proprietary shaft alloy and brass
propeller, once the anode is gone, the
next least-noble metal (or metal most
likely to corrode) is the prop, which will
begin to corrode, sacrificing itself for
the shaft, which is more noble.
Brasses are susceptible to other
forms of corrosion in addition to
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dezincification. A common ingredient
of household cleaners, ammonia, will
readily attack brass, causing it to weaken
and crack. Mercury is also corrosive to
brass, as is the hydrogen-sulfide rich
polluted water mentioned above.

Corrosion resistance requirements
limit the range of materials from which
seacocks and related components should
be made. Only bronze, DZR brass, glass-
reinforced plastic, and in some cases,
stainless steel may be used.

While copper-zinc alloys used below
the waterline are vulnerable to dezinci-
fication, that’s not true of true bronze
alloys with primary elements of copper
and tin. Other common alloying ele-
ments include silicon and nickel, techni-
cally making these alloys something
other than bronze, but still acceptable
for use in seawater plumbing.

Unfortunately, there’s a broad array of
alloys between true bronze with no, or
very little, zinc and true brass, which
contains a high percentage of zinc. Two
common alloys often used in marine

The telltale pink hue of dezincification in
this propeller suggests a need for
replacement or addition of sacrificial
shaft anodes (zincs).

applications are 85-5-5 and DZR. 85-5-5
contains 85% copper, 5% zinc, 5% lead,
and 5% silicon, and can be used below
the waterline in seawater applications.

Some European manufacturers use
DZR brass, a dezincification-resistant
brass alloy with a higher zinc composi-
tion than many other copper alloys
(30% or more). But it also includes trace
amounts of other metals meant to retard
zinc corrosion or leaching. To be used
with confidence, DZR brass hardware
must be embossed or de-bossed with the
letters DZR, rather than simply a pack-
aging description.

Leaded red brass is another copper
alloy sometimes used in marine appli-
cations. Composed of copper, zinc,
and lead, it is commonly used for the
manufacture of pipe nipples and may be
used in seawater applications provided
the zinc content does not exceed 15%.
(Note: I have never seen a pipe nipple
marked with its alloy makeup, making
it challenging to know whether a part is
suitable or not.)

None of these alloys resists dezincifi-
cation nearly as well as the zinc-free, or
near-zinc-free, bronze alternatives.
Because they are less expensive and
unlikely to become a problem in the
early years of a boat’s life, they can be an
attractive alternative for more cost-con-
scious builders.

Bronze: Although it is a copper alloy,
because bronze is free of any apprecia-
ble amount of zinc, it is not susceptible
to dezincification. Its parent element is
copper, its alloying element is tin, and
possible trace amounts of zinc may
be added to improve machinability.
Pound for pound, it is often more
expensive than brass, which contains
less costly zinc.

Gunmetal is a bronze alloy commonly
found in marine applications, although,
as its name suggests, it was historically
used for firearms manufacture. It is a
bronze alloy consisting of 88% cop-
per, 10% tin, and 2% zinc. While not



especially strong, it is corrosion resistant
and perfectly acceptable for below-the-
waterline use. Gunmetal is often used to
cast cleats, chocks, and shaft logs.

Another useful bronze alloy, alumi-
num bronze, is strong but can be suscep-
tible to de-aluminumification. This phe-
nomenon is prevented with the addition
of nickel to form an alloy commonly
referred to as NI-BR-AL (nickel, bronze,
aluminum). This strong corrosion-resis-
tant bronze is often used for propellers
and struts. Manganese is sometimes
added to this already mixed soup of met-
als to increase strength. Prop repair
shops sometimes charge a premium for
reworking NIBRAL props due to their
tendency to take on a set or memory.
This alloy should not be confused with
the manganese bronze.

Silicon bronze is by far the most pop-
ular alloy for the fabrication of under-
water hardware. Most quality seacocks

are made of this extremely resilient
metal. Its common formulation is 96%
copper, with the remaining 4% being
silicon and other trace elements, some-
times including very small amounts of
zinc. Bronze hardware such as nuts,
bolts, and screws are often made of this
alloy and can be expected to give long,
corrosion-resistant service.

Phosphor bronze is typically made up
of 85-95% copper and 5-10% tin, with
the addition of a small amount of phos-
phorous, which improves hardening
characteristics. It is a choice material for
bearings and springs.

While the varieties of copper alloys
tailored to very specific applications are
so numerous that I haven’t the space
to addressed them exhaustively here,
the most important thing to remem-
ber on a boat is that most brass is ill-
suited for most application where it’s
called upon to convey or stem the flow

of seawater, regardless of whether it’s
above or below the waterline. This
includes plumbing associated with raw-
water strainers, stuffing boxes, seacocks,
sanitation, and air-conditioning sys-
tems. Bronze alloys, on the other hand,
are well suited to demanding service
below the waterline.

In Part 2, we’ll continue our primer
on corrosion prevention at sea by
looking in depth at stainless steel and
aluminum.

About the Author: For many years a full-
service yard manager, Steve now works
with boatbuilders and owners and others
in the industry as Steve D’Antonio Marine
Consulting. He is an ABYC-certified Mas-
ter Technician and sits on that organiza-
tion’s Engine and Powertrain, Electrical,
and Hull Piping Project Technical Com-
mittees. He is also technical editor of
Professional BoatBuilder.
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