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ABSTRACT

Two wrought piping alloys, 70-30 and 90-10
copper-nickel, were each galvanically coupled to
each of four fitting alloys in sulfide-modified
seowater for 30 days. The fitting alloys used
were bronze (composition M), cast Monel, wrought
nickel-aluminum bronze, and cast 70-30 copper-
nickel. The piping material/fitting material
area ratio was 3:1, and the scawater velocity
was 2.4 meters per second. Results indicated
that the galvanic relationship between M-bronze
or Monel and 70-30 copper-nickel is affected
by sulfide additions in a manner that increases
the corrosion of the fitting material, whereas
similar couples with 90-10 copper-nickel show
little effect of sulfide.

ADMINISTRATIVE INFORMATION
This study was funded under the Submarine Materials Block Program
(PE62761N, SF 54-500-591) spousored by Dr. H., H. Vanderveldt, Naval Sea
“Systems Command (SEA 03522). The Work Unlt was 1~2803-149,

INTRODUCTION
The occurrence of accelerated corrosion of copper-nickel alloys
exposed to flowing scawater contalning sulfide pollutants has been of con-

* -
cern to both the Navy1’2 and to 1ndustry.3 > Many studies of the corrosion

of various copper-based materials have been conducted,]"s-m

. )
solutions to the problem have been investigated. 11-20 The corrosion

and some

mechanism has been postulated to involve an electropositive shift in the
corrosion product {ilm potential in the copper-nickels, and such a potential
shift has been documentcd.1 It would, therefore, be expected that the

galvanic relationships between the copper-nickels and other alloys in sea-

water may be altered in an environment containing sulfide pollution. This
could, in polluted eavironments, lead to palvanic corrosion of materials
which have usually bcen considered compatible in more normal environments.
For example, both 90-10 and 70-30 copper-nickel piping have in the past been
coupled with bronze fittings in seawater systems without encountering
unacceptable galvanic corrosion of any of the materials involved. The
purpose of this study was to determine if sulfide-containing seawater would
cause galvanic corrosion in certain piping/fitting combinaticns which

would not be observed in unpolluted seawater.

*A complete listing of referenees may be found on page 23.

1
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INVESTIGATIONS

MATERIAL

? The piping materials chosen for this study were 90-10 and 70-30 copper-

i nickel. The fitting materials selected were cast bronze (Composition M),

’; cast Monel (Composition E)r wrought nickel-aluminum-brenze, and cast 70-30

g copper~nickel. Compositions of all materials are listed in the following

%; tabulation.

COMPOSITION OF TEST MATERIALS

cons oo | PBronze | o | i Hone1 ,

g Cu 88.09 168.52 87.52 80. 41 Bal 29.7 :

C a1 9.23 0.19 i

= Fe 1.50 | 0.49 0.15 3.94 0.61 2.88

: Ni 9.8 30.12 0.55 4.24 30.7 60.4 :
Mn 0.46 | 0.74 1.46 1.03 1.32
Sn 5.86 ;

A Pb <0.02 0.01 1.66 Nil 0.002

e Zn 0.09 Bal

3 st 0.08 0.43 3.48* |

P <0.02 0.001 0.006 !

Nb+Ta 0.91 1..86

S <0.02 | 0.004 i

) C 0.12

- Others 0.04 ‘%
*Analysis suspect. Silicides not detected metallographically. '

e

e
5
7
44
e
i
B3
e
EY
ooy
Srow
3238
g
5

]
*Trademark of the International Nickel Company I
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APPARATUS AND EXPERIMENTAL PROCEDURE

Corrosion exposures were conducted in polarization cells located at
the Francis L. LaQue Corrosion Lsboratory at Wrightsville Beach, North
Carolina. In each cell, one piping and one fitting alloy specimen were
mounted v¥th ¢ 4ir surfzcss parallel to the seawater flow. The piping
materia. ‘f'tting msterial area ratio was 3:1, and the seawater velocity
wars 2,4 m:ters per second. One surface of each specimen was wetted while
the other was kept dry with gasketing to allue for electrical contact.
Wetted surfaces of the two specimens were mounted parallel and opposing,
with a 6-mm* gap between them. Prov.sions were made for the use of a
silver/silver-chloride reference celi for each test unit. The sulfide
level in the seawater could be controlled by the addition of sodium sulfide.
Th- seswater was nov recirculated but was discharged after one pass through
t’i ¢ 2-' cell au’ subsequent neutialization of excess sulfide. Sulfide
< marsrations were weasured using the p-phenyenediamine colorametric
technique. Dissolved oxygen in the untreated water was 5 to 9 mg/l. No
detectable pH shift was observed during sulfide injection.

The standard specimen dimensions for these cells are 72,5x30.5x6 milli-
r-ter. Reduced size specimens were mounted with nonmetallic spacers to
f111 the specimen holders. Specimen ~urface finish was 32 rms.

Galvanic couples of each piping/iitting material combination were
exposed to seawater flewing at 2.4 m/s and containing 0, 0.01 or 0.05 mg/1
sulfide for 30 days. Couple potential and galvanic current were monitored.
At the conclusion of the exposures, the specimens were cleaned and data
were recorded on weight loss and pit depth which were converted to currosion

rates and maximum depths of attack, respectively.

RESULTS AND DISCUSSION

CORROSION RATE AND DEPTH OF ATTACK
Corrosion rate and maximum lepth of attack data for the fitting alloys

as a function of coupling and sulfide concentration are iliustrated in

Figures 1-4, Figure 1 presents the data for M-bronze. Since uncoupled

*A list of abbreviations appears on page {vy,

R T S R R AR K A rioson
" EE - Souiol —o—— o At WA T

2 I L

N AN Al AR

SH e




gpecimens were run in duplicate, two vertical lines appear in these bars.

)
)

There {5 an overall increase in corrosion of uncoupled specimens with

e

o s

increasing sulfide concentration as expected. Also, as predicted from ser-
vice experience, there is little differ-nce in corrosion between coupled

and uncoupled bronze at 0 wg/l sulfide. As sulfide level increases, there

+
i\

i
TV YU SRR PR WL LPVET T UCTNE 'S RTINS ae L

is still little difference in behavior between uncoupled bronze ard material

Y
e

o

coupled to 90-10 copper-nickel. However, significant increase in both

corrosion rate and maximum depth of attack is evident in bronze coupled to

O
Ceisiat

&

70-30 copper-nickel in sulficde containing seawater. Thus, although M-bronze

AR AEAY 9 108 s,

o
s

and 70-30 copper-nickel are gulvanically compatible in unpolluted seawater,

X
g

o~

addition of sulfide will cease galvanic attack to occur on the M-bronze.

- .
R N SR
! tL,‘y,- ‘M:'

This does not teke place in couples with 90-10 copper-nickel.

o

k751

Figure 2 presents corrosion data for Monel. An increase in corrosion

St

S Al
g

rate with increasing s~ .{ide can be observed, although the depth of attack

e
R

remains relatively unaffected. Galvanic coupling to either copper-nickel

S Waws B R EAS AR b

.
.
o

L

has little effect on the corruvsion in unpolluted seawater. As sulfide is

orats e

X,
=

"o
R

added, the corrosion of the Monel is decreased, that is, it is cathodically

protected upon coupling to 90-10 copper-nickel. <Corrosion either remains

Il

& the same or increases, depending on the sulfide level, when coupled ‘to
70-30 copper-nickel. Tuus, here is another exawple of a material which in
unpolluted seawater is not affected by coupling to copper-nickels but is
affected differently upon coupling to each alley in polluted seawater.
Figures 3 and 4 present the corrosion data for nickel-aluminum-bronze
and cast 70-30 copper-nickel, respectively. For either material, corrosion

increases with increasing sulfide and, with two exceptions, is unaffected

by coupling at any sulfide level. The exceptions are the low corrosion

R rate and depth of attack of cast 70-30 copper-nuickel when coupled to 90-10
copper-nickel and the low depth of attack when coupled to 70-30 Cu-Ni at

the 0.01 sulfide level. Since these occurrances were not duplicated at
either the higher or the lower sulfide level, they are not considered signi-
ficant,

Figures 5 and 6 illustrate the behavior of the wrough: 90-10 and 70~30
copper-nickel piping specimens, respectively, in the couples with all the
materialz, Four uncoupled control specimens were run at each sulfide level
so four lines arz shown in these bars. OQOace again, a general increase in

corrosion of both copper-nickels was evident on uncoupled specimens as

4




PO LY 473

sulfide concentration incressed. Due to the large scatter in the maximum

depth of attack dats from the uncoupled control specimens of both alloys,

no additional conclusions could be drawn from this data. Secveral trends

P ¥ TiN g A s e s nddsen

can be observed in the corrosion rate data, however. Coupling to M-bronze
does not signficantly affect the corrosion rate of 90-10 copper-nickel

since coupled values are within the control specimen scatter. Even con-
sidering scatter, coupling to 70-30 copper-nickel decreases corrosion rate
if sulfide Is present, however. Thus, the 70~30 copper-nickel is receiving
cathodic protection from the runcreased corrnsion ef the M-bronze in sulfide-
containing seawater, The increase in the corrosion rate of 90-10 copper-
nickel when coupled tc Monel corresponds with the previously reported
decrease in corrosion of the Monel in this couple in sulfide-containing sea-
water. No conclusions can be drawn about the currosion of 70-30 copper- ;
nickel when coupled to Monel or about the behavior of either copper-nickel

when coupled to either nickel-aluminum bronze or cast 70-30 copper-nickel.

CORROSION POTENTIALS

Figures 7-14 present average corrosion potentials of uncoupled alloys
and couples as a function of sulfide concentration. The potentiais ilius~-
trated are averaged only over the last 20 days of testing. Since there
were four viping alloy control specimens for each material at each level,
this information is presented as a band. In addition, there were two
fitting alloy control specimens for each material at each sulfide level.
This information is, therefore, also presented as a band. Couple potential
information was derived from individual coupled specimen pairs and is,
therefore, illustrated by a solid line on the figures.

Figures 7 and 8 present the data for M-bronze and 90-10 or 70-30 copper-
nickel, respectively. In Figure 7 all potentials are within the same ranie
and signficant galvanic interactions would not be expected. As described
earlier, none were observed. A small (50 mV) potential difference can be
seen between 70~30 Cu~Ni and M-bronze in Figure 8 at 0 mg/l sulfide. When
sulfide is added this difference increases to 150 mV, which could explain

the obsexrved behavior of these couples,
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Figure 9 indicates that Monel tends to be protected by 90-10 Cu-Ni
vhen sulfide is not present but has little galvanic interaction at higher
sulfide levels. In Figure 10 a reversal can be seesn in the behavior of
Monel and 70~-30 Cu~Ni. The Monel is protected when sulfide is not present
and becomes sacrificial in the presence of sulfides. Both of these
observations are verified by the corrosion data.

Nickel-aluminum-bronze tends to be equal in potential or slightly
cathodic te 90-10 Cu-Ni, with the potential difference increasing somewhat
in sulfide. This can be seen in Figure 11. Figure 12 indicates that the
potential of Ni-Al-bronze is similar to, or slightly anodic to, that of
70-30 Cu-Ni throughout the range of sulfide concentrations. Thus, a differ-
ence in corrosion behavior of Ni-Al-bronze when coupled to 90-10 or to 70-30

by v b LY . P 2, N,
H I B AU i ST B T ST e HR s AT R W TR B Y 1 % 3 el 2 5 S gonrin Bt

Cu~-Ni is expected. The reason this did not occur in these exposures may be
due to the polarization characteristics of the Ni-Al-bronze.

In Figure 13 an increased potential difference can be observed in
sulfide between cast 70-30 and 90-10 Cu~Ni. Cathodic protection of the cast

material and increased corrosion of the 90-10 Cu-Ni should., therefore, be

. A% e

o by

i

G I agy

observed in sulfide--containing seawater. Although tendencies in this direction

can be observad in the corrosion data in Figures 4 and 5, these tendencies

b Sl 4

are small compared to the data scatter. Figure 14 illustrates that the
potentials of cast and wrought 70-30 Cu-Ni are seenr to be similar throughout

the range of sulfide concentrations, thus no galvanic interaction is expected

and none was observed.
It should be noted that the potentials of zll alloys tested except Monel %

shifted in the electropositive direction upon the addition of sulfide. All

of these materials derive their corrosion resistance from the buildup of a : 3
ccpper—-cxide corrosion product film. The inclusion of sulfide ions into the :
film as it is being formed is thought to cause the cathodic shift by increas-

ing film conductance through a semiconductor doping mechanism. The Monel

derives its corrosion resistance from the formation of a ccmplex nickel-

oxide film which might not behave in the same manner as the conper-oxide,
In fact, the potential of the Monel shifted more elect- .uegative when sulfide

was preseant,
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CONCLUSIONS

There is a change in the galvanic relationship between normally com-
patible piping and fitting alloys in sulfide~containing seawater. This
change causes an increase of ccrrosion of M-bronze or Munel when these
materials are used with 70-30 Cu~Ni in sulfide-containing seawater. Behavior
of these alloys when coupled to 90-10 Cu~Ni is relatively unaffected by the
sulficdes. All of these couples have been used and are usually considered
compatible in environments without sulfide. Therefore, if a polluted

environment is to be encountered, galvanic interrelationships of all materials

in the systems involved should be reappraised.
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