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S N| added primarily for increased strength and
er05|on corrosion resistance
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Nominal Compositions) (Weight %)
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90-10 C70600 9-11 1.0-1.8 1.0 max. Bal. Zn 1.0 max.
Pb 0.05 max.

—
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70-30  C71500 29-33 04-10 1.0max.  Bal Zn 1 max.

Pb 0.05 max.
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® Fish-farming cages
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== — . ;improved Erosion-corrosion resistance

e Biorouling resistance can be an added benefit

— Minimal macrofouling attachments - easy to clean
— Flow not restricted

— Minimal drag resistance



Al-brass (top), 90-10 CuNi (bottom) ~ 60 days;
90-10 CuNi >> erosion-corrosion resistance
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ondenser ~ 10 years
and localized

~ ~Concrete pipe section internally lined
~ with 90-10 CuNi ~ 5 years;
Excellent biofouling resistance



Examples

o shore plz em CuNi sheathing

wr "’v/ ‘ = +1
i 7 NF <SDlIlAsh 101 | ”. | Nne PIrote Ol

" \| ! '-”-: o

—_:—‘_—-::_"

————

——aAW A

RN - *

e
_‘—-’_',,- —

90-10 CuNi boat hull
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J rmgm-x \ioss in mils per year (mpy) or
m]cu eters per year (um/yr)

ioss mg/dm?2/day (mdd)
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SEPUblished!data from tests in natural seawater reviewed
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— & Historical data from LaQue Center, North Carolina
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~* Mostly 90-10 Cu-Ni
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~ This “overestimates” Cu release
~rate into seawater
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J J/rrnz/J.x =@ mm/yr x 106) / (10 x 365) x p (g/cm?)
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o 1 m;f ks == 2449 29 ug/cm?/day.
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® (Corrosion rates - from long-term data in natural seawater



90-10 CuNi (Wrightsville Bch, NC)

Temp 7 — 30°C

DO 5.0 -9.6 ppm
pH7.9-82

Salinity 31.8 — 37.6 ppt

Cu (ug/cm”2/day)

Time (yrs)




Cu (ug/cm”2/day)

90-10 CuNi (Ocean City, NJ)

120

100

Temp 1 —29°C

DO 5.2 -11.7 ppm
pH75-8.2
Salinity 31 — 34 ppt
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90-10 CuNi (Key West, FL)

Temp 16 — 31°C

DO 4.0 -8.0 ppm
pH 8.0 - 8.2
Salinity 33 — 39 ppt
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Time (yrs)




90-10 CuNi (Freeport, TX)

Temp 15 — 27°C

DO 1.5 -6.0 ppm
pH7.5-8.6

Salinity 21.1 — 35.3 ppt

Cu (ug/cm”2/day)

Time (yrs)
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90-10 CuNi (Port Hueneme, CA)

Temp 14 — 21°C
DO 3.6 — 5.3 ppm
pH7.9-8.1
Salinity 33 ppt

Time (yrs)




Cu (ug/cm”2/day)

90-10 CuNi (Talara, Peru)

50 T

Temp 18 — 22°C

45 +

DO 5.0 -6.0 ppm
pH 8.2 -

40 +

Salinity 35.8 ppt

Time (yrs)



Cu (ug/cm”2/day)

90-10 CuNi (KeAhole, Kona, Hawaii)

45 1

40 +

Temp 24 — 28°C

DO 6 — 14 ppm
pH8.0-8.3

35 +
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Salinity 34.6 — 35.0 ppt | |

30 +

25 +
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90-10 CuNi (Innisfail, Queensland, Australia)

Temp 21 — 30°C
DO 5.1 - 6.5 ppm
pH8.2-83
Salinity 31.7 — 37.2 ppt ||
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90-10 CuNi (Sakata Harbor, Japan)

60 T
Temp 2 — 28°C
. \ DO 7.1 —13.0 ppm
50 1 v pH 8.4 i
I Salinity 30.6 — 33.3 ppt

Cu (ug/cm”2/day)

Time (yrs)




90-10 CuNi (Genoa, ltaly)

15

g  J T
N
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2 | Temp 11 — 25°C
. DO 5.8 — 8.9 ppm B

pH8.1-8.3
Salinity 36.6 — 38.2 ppt

5.0

Time (yrs)




Cu (ug/cm”2/day)

90-10 CuNi (Sjaelland, Denmark)

50 T

45 +

40 +

35 +

30

*
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Temp 0 — 18°C
DO - N/A
pH7.5-8.0
Salinity 18 — 28 ppt

3.0

Time (yrs)

5.0




90-10 CuNi (Studsvik, Sweden)

Temp 2 — 20°C

DO 6.0 —10.0 ppm
pH7.4-7.6

Salinity 7.8 — 8.1 ppt

Cu (ug/cm”2/day)

Time (yrs)




90-10 CuNi (Bohus-Malmon, Sweden)
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Temp 2 — 20°C

DO 6.0 —10.0 ppm
pH8.0-8.2
Salinity 21 — 28 ppt

5.0

Time (yrs)




90-10 CuNi (Langstone Harbor, UK)

B i .
D 20
3 i
< i
o 15 ¢
g’ l
> 10 Temp 5-22°C 1
© DO 8.8 — 11.8 ppm
c pH 8.0 — 8.2 i
Salinity 34 — 34.6 ppt

5.0

Time (yrs)



Cu (ug/cm”2/day)

90-10 CuNi (Wrightsville Bch, NC)

Temp 6 — 29°C
DO 5.0-9.3 ppm

pH7.8-8.1
Salinity 34.3 ppt

¢ Tidal

B Flowing sw

A Quiescent

Time (yrs)
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90-10 CuNi Release-Rate — All data

Cu (ug/cm”2/day)
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Time (yrs)
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70-30 CuNi (Wrightsville Bch, NC)

Temp 6 — 299C
DO 5.0 — 9.3 ppm

pH7.8-8.1
Salinity 34.3 ppt

¢ Tidal

B Flowing sw

Quiescent

Time (yrs)




SAVETage Mass: oss corrosion rates for all 14 worldwide
lo,,JJJrlsf fter 5 years
g m/yr (@lloy) = 19 pg/cmz2/day (Cu)
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o ’ge ~2 56,5 m/yr (alloy) ~ 6 - 36 pg/cm2/day (Cu)
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- year test: 1.5 um/yr (alloy) ~ 3 ug/cm?/day (Cu)

== =% Many local factors influence corrosion rate and Cu release
rate; e.g. sulfides, temperature, flow



Heavily fouled

Macrofouling sloughs off
or easily removed



Material

Cu 7.5 18.6 Alternate loss and
attainment

90-10 CuNi 2.5 6.2 Alternate loss and
attainment

:::I'i 70-30 CuNi 2.5 6.2 Alternate loss and

attainment

Based on his short-term tests (< 3 months) LaQue calculated Cu release
rate = 50 ug/cm?/day, i.e. corrosion rate of ~ 20 um/yr, required for

biofouling resistance. Above long-term data (and other test in Efird study)
suggest fouling resistance may not be directly related to Cu?* release rate



Not well understood; fc IJ.I‘ Cu alloy: 5
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OX|d|zes ever time to green Cu(OH),.3CuCl; - less resistant
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B0 fouling; not as tightly adherent to substrate surface

e Alternate loss and attainment of biofouling resistance

e Easy removal and periodic sloughing off biofouling
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Dome attached directly to coated
metal surface

Seawater circulated through
dome
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Cu f‘Jrl‘J:)]Jn'l‘ duct generally SIOWS Mass-10SS COrresIoN rate
arid nv'nc:: Ci élease ratesignificantly over time
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Cur ,)r:,:;a; ostly ESHIISOIUDIETCONTOSION PrOAUCES
:and Cu(Orl)psetief

= \maus short term tests (< 3 months) indicated Cu release rate
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o =

=== = > 50/ ug/cm2/day, i.e. corrosion rate of ~ 20 pm/yr, required for
= ,..:—blofoullng resistance

e : ~ .- .‘0° Later long-term (= 5-year) tests indicated range of Cu release
rates ~ 3 — 36 pg/cm?/day for similar biofouling resistance

® [Mass loss corrosion rates “overestimate” Cu release rates into
Sseawater.
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uruhm e5|stance mechanism not well understood; for Cu
J“J\/J a5 -rlbed to factors such as:

=600 filmonimetal surface

x1dat|on OIRCU50O oxidized to' Cu(OH),.3CuCl; over time
,*C’U(OH)2 SCUCI5 poorly adherent to metal surface

- Alternate attachment and sloughing off of biofouling
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= Biofouling resistance mechanism of antifouling coatings
containing Cu compounds also not well explained
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