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Why NICKEL ALUMINUM BRONZE for Sea Water Pumps

Proper selection of a centrifugal pump handling sea
water begins with initially limiting material selections to
reasonably priced metal alloys that can be manufactured
to the requirements of a good pump design. A centrifu-
gal pump properly designed will impose substantial yet
tolerable demands on it’s material of construction. How-
ever, a less efficient compromised design dictated by

manufacturing limitations of another, sometimes more
expensive, alloy having “superior” physical character-
istics might not stand up nearly as well due to the highly
destructive energy losses (wasted HP) that are being in-
curred. Below, Figure 1 of a closed impeller in bronze
construction compared to an open impeller in Alloy 20
provides an actual case of this comparison.

Figure 1 — Compare the open impeller after 3 months, and the closed design after 3 full
years of pumping the same slurry at identical speed, capacity and bead. Open impeller, badly
worn on vane faces, had lost so much capacity it had to be replaced.

To increase the life expectancy of a pump, a good
design must not only include streamlined flow patterns,
but also sound mechanical features such as closed im-
pellers, wear rings, splash plates, large radii (eliminates
sharp crevices), and thru tapping, along with of course a
suitable material of construction for the specific appli-
cation.

The basic topic in this article will be practical pump
materials of construction for sea and brackish waters. It
is vital that one also be aware of the inter-relationship
within the pumps mechanical and hydraulic designs in
selecting a proper material.

While copper with its ability to withstand the corro-
sive effects of salt and brackish water is well known,
specific identification, physical properties and applica-
tion areas are not nearly as readily available as that of the
ferrous materials. In many quarters, confusion appears to
have arisen from the rather loose terminology which is
used in referring to copper alloys.

There is an accepted alloy designation for wrought

and cast copper and copper alloy products administered
by the Copper Development Association Inc. Within the
two categories, the compositions are grouped into the fol-
lowing families of copper and copper alloys. (In this article,
we will primarily cover castings as provided in centrifugal
pumps).
1. CoprPER — Metal which has a designated

minimum copper content of 99.3% or higher.

(Used primarily for electrical and electronic

services).

2. Hicu CoprpPER ALLOYS (cast) — Metal with a
minimum copper content of 94% to which
silver may be added for special properties.
(Used in corrosion services where high
strength is not required).

3. Brasses (cast) —These copper alloys contain
zinc with or without other designated ele-

ments such as iron, aluminum, aickel and Q



silicon. Also included in this category s a
family of alloyvs know as “Manganese
Brovze™ because zine 18 the major alloy-
ing element. (Limited usc on waler
applications due ro dezinctification — a type
ol corrosion which selectively removes the
zine, leaving a weak, porous copper shell
with limited physical propertics for todays
Huwd machinery),
4. Brovze — cast alioys have four main familics:

A, Ty Bronzes

B. Leapee Tis Brovzes

C. NickeL Tis Brovzes

2. Aruvsusus BRONZES

Within the Alunidnum Bronze family is included a
Nickel Aluminum-Bronze know as CDA (Copper De-
velopment Association) Copper Alloy (93800 The
Ampeo designation [or this alloy is Ampeo 483, Qther
specifications mecting this eriteria include: ASTM 13-
T8, 13-271, 085800, Federal QQ-C-390 (958 MIL
(C-15345 Alloy 2B. B-24480, B3-21230 Alloy 1, €22229
Alloy 938 and SAFE 142613 CY5KMH).

The addition of aluminiany o copper and its alloys
is u relatively reeent accomplishiment. dating back to
the early 1900° Aluminum originaily was added to
give strength Lo the copper, while maintaining the cor-
rosion resistance of the base metal. Tn addition, it was
found that aluminum bronzes were more resistant to
direct chiemical attack because of alumimum oxide pluy
copper oxide forined on the metal suriuee thereby giv-
ing the alloy superior corrosion resistiveness.

As the speeds and size of marine rotating cquip-
meut such as ship propellers and pump impeliers
mereased during the 1930°s a more durable copper ma-
terial was required.

The limited physical properiies of the tin bronzes
{CGun Metal) coupled with their castability problem
relative o sound pressure tight boundary parts sere no
longer acceptable, At the request of the 118, Navy a
new copper alloy was developed for eritical sea water
service with the abiity to withstand higher stresses
while maintaining its registance to the corrosion - ¢ro-
sion eflects ol rapidly moving sea water. This alloy i
the nickel aluminum - bronze known as CDA 95800
(Ampueo 483). Other desipnations are = alpha nickel -
aluminum’ and “propeller bronee®. This alicy combines
high strength, corrosion resistunce and fatigue strength
with good castability aud repairability Teatures. The
high sirength enables thin sections of blade to be used
so improving the propeller and impeller elliciencies.

The composition of Ampeo 483 15 79.0% min. Cu,

5% Pb,3.5-4.5% Fe, 4.0 - 5.0% Ni. 8.5 - 9.5% Al .S
- 1.5% Mn, .10% Si, .10% Sn. The microsteuciure as cast
generally consists of continuous cquinxed alpha crystals
with small areas of metastablc Beta phase. Kappa phase
precipitates are found in the Alpha phase, in grain bound-
aries and in the Beta areas. A quenchiand tenper thernal
(reatment results in refinement and redistribution of the
Kappa phase thronghout a matrix of tempered Beta mar-
tensite and Alpha Kappa eutectoid. Ampeo 483 castings
are all given this thermual (reatment to enliamee corrosion
resistance and elinvinate the potential of any de-alloying
ot this non-magnctic maternal,

De-alloying of aluminum bronzes commaonly known
as de-oluminification vears ago causcd some concern but
no longer is a significant problem. because of todays heat
reatment stundard. Dre-aluminification can be likened
to the fanuliar dezincification of Cu-Zn (Brass) alloys.
The attack feaves a porous copper structore in place of
the phase attacked. While the nickel addition helps, it is
the fast rate of couling viven the cast nickel-aluminum
bronze metal from a specitic anncaling temperature (1250
Fi that insures the ideal structure [or this alloy.

The {15, Navy has been using the nickel - aluminum
- bronze alloy MUL-B-24480 «C'DA 958} for more than
40 years and exeept for a briel period of time. there has
always been a mandalory temper anncai given the cast
material, This same treatment is given Lo all Ampeo
Pumps bronze commercial pressure boundary parts, such
as the casing and cover,

Lot us now loek in some depth at some comparable
periinent points against other materials being uiilized in
pumping sea witer including:
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A, Puvsical PROPERTIFS
Contrary 1o common belief, Ni-Al-Br com-
pares  very favorably agamnst other
noteworthy  corresion resistant material per
Table 1 shown on page 4; particolarly in
terms of strength and hardness.



TABLE |
PPhysical Properties

O
Mﬂ:ﬁ? 316 STAINLESS STEEL ALLOY 20 70730 COPPER NICKEL GUN METAL
Tensile {osi) 92 B0 69 Ga 52
X S0y
Yield (pai} 39 42 32 37 26
ETL eleng w1000
BHN {3000 kg 174 156 -170 130 84 70
Caef. of Expansion| 9 x 10 « 6 A92x10-8 BEx1-6 92 x10 -8 1.0x 10-6
Density 276 290 287 323 316
Thermai Cond. 036 033 .05 07 18
Sp. Gr. 7.65 8.04 3.02 9.02 8.7
Modufos of Elas. 16 29 24 20.9 15
K 100
Elong. 2° 24 50 48 20 28
Sp. Ham - 12 A2 09 -
I, R R - S

As a pointof interest for desipgn engincers, note thut the effect of cross-scctional thickness on mechanical properties
is minimal on the aluminum hronzes while other copper allovs such as the tin bronzes in thicknesses [rom 378 to 2
mnehes can expect over a 30% less yield tensile strengths over this range. as the thickness increnses.

B. Tvre oF CORROSION
Metals can be attacked i a corresive manner in several ways ranging from a uniform dissolution to highly
localized pitting or cracking. The focus here will be on the resistance of alununum bronzes and competing
material insen water applications to the different forms ofattack.

1. Uniform Corrosion

Gieneral overall surlace penetration by chemical reaction causes a uniform reduction of the pump casting s
wall thickoess, The amount ol metad removed by general corrosion in sca water or fresh water 1y tnsulli-
clent to canse signilicant damage during operation to components in any of the non-ferrous metals, alloys
or austenitic stainfess stecls in normal commercial use. Refer to table 2 below,

TABLE 2

Resistance of Cast Gopper Alloys to impingement Altack and General Corrosion in Sea Water

Depth of General Corrasion
Impingement Attack Weight Loss mglom?®
mm pay day
Alloy Composition % (Bal Cu)
28-day {d-day Water in Water Speed
Jet Impingement| Brownsden & | Slow Motion | 10 mis
207C Bannister
207C
Al Fe i Kn Zn
Aluminum Bronze a2 1.7 - - - 0.04 0.19 .15 017
Nickel Aluminum Bronze 8.2 2.9 4.3 2.4 - 0.00 032 .04 oo
Hicket Aluminum Bronze 8.8 38 4.5 1.3 - 0.00 0.23 004 0.15
WManganesa Aluminum Bronze | 7.6 2.8 31 10.0 - .M 0.24 0.04 0.11
High Tensile Brass 0.8 0.8 0.2 0.5 370 0.03 0.08 0.08 073
Sn Zn b
Gunmetal 9.7 1.4 (.6 n.02 0.32 0.14 074
Gunmatal 51 5.0 4.3 0.23 0.38 0.22 1.66

The data in Table 2 are taken from a paper. "The Resistance of Copper Alloys to Different Types of Cerrosion in Sea Water™,
by Sigmund Bog of the Ship Research Institute of Norway, presented at the 7th Scandinavian Corrosion Congress, Trondheim, 1975



B¢ aware that sca water’s corrosiveness varies aboul
the carth being particalar higher in warmer climates and

spectlic local areas such as the Dead Seq.

Pitting Corrosion

Extremely localized attack which oflen
develops during stagnation periods
(down time). This type of corrosion can
be devastating at the immersion line
where deep cavities can rapidly develop
in an irregular patlern.

911/11 Copper-Nickel

Deepest Pit — 8 mils
Av. Pit Depth — 4 miis
{3 years)

FIGURE 2

Deepest Pit — 250 mils
(prerforated)

(3 years)

PITTING

immersed in quist seawater — less than 2 fps

1Tiken frem “Guidelines for Selection of Marme Materials”™, INCO), 2283}

Pitting corrosion is important because it
can result i perforating a wall of a
puinp casting or other vessel in a rela-
tively short period. All common metals
and alleys are subject to pilting corro-
sion to a greater or less extent under
certain conditions. Austenitic stamless
steels including CONTM (alloy 20} are
subject Lo crevice allack as well as pit-
ting. Pitting in copper alloys will not
normally be significant in sca water
service,

Creviee Corrosion

Intense localized corrosion which occurs
within crevices and other shiclded areas
1s categorized as crevice corrosion. It is
associated with oxygen shiclding or star-
vation in pockets. under gaskets, creviees
under bolt heads, cle. Stagnant salt wa-
ter promotes such attacks, This is one
arca where a good pump design can
eliminate a good portion of the problem.

Type 304 Stainless Steel

Practically alt metals and alloys develop
accelerated local corrosion either within
or just outside crevices or “shielded at-
cas” where two segments of the pavt are
in close contact with one another but
where a thin film of liquoid can penetrate
between and cause a reaction,

Crevice corrosion ol stainless sleels usu-
ally takes the form of pitting as
described previously. Crevice corrosion
of aluminum bronzes tends to be limited
within the crevice only. None of the alu-
minum bronzes is scriously affected by
crevice corrosivn in the way that stain-
less steels may be since the attack does
not produce pitling or scrious roughing
of the surface,

Galvanic Corrosion

Extreme care must be uscd in making
pump compenent selcction [or a sca wit-
ter application to prevent or reduce
galvanic corrosion.

Galvanic corrosion occurs when two Jif-
ferent metals are exposed to a conductive
sulution (such as sea water). The result
1s an increased corrosion rate of one
metal and decreased corrosion rate of the
second metal. To avoid this action. select
combinations of metals in close proxim-
ity in the galvanic serics. The application
engineer can wurn galvanic etfeets o ad-
vantage by making certain that smaller
components hike sleeves. wear rings and
shaft are more noble and protecied by
the larger, heavier walled casing.

Years ago, we were surpriscd when
stainless steel scals substituted for
spectal Ampeo bronze scals In an Ampeo
alloy pump withsrood the rigors of
petrolewin field salt waters. Tater studies
by others verificd the suceess as being
a kind of galvanic (cathodic) protection.
The stainless type 316 steel must be ol
arca less than that of the aluminum
bronze components,

Corrosion potentials in {Towing sea wa-
1

ter are shown in Figure 3 on the
following page.
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CORROSION — POTENTIALS IN FLOWING SEA WATER

(8 TO 13 FT/SEC.) TEMP RANGE 50° — 80°F

VOLTS: SATURATED CALOMEL HALF-CELL REFERENCE ELECTRODE
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