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RICHARD I. RAY AND BRENDA J. LitTLE, FNACE,
Naval Research Laboratory, Stennis Space Cenler, Misstssippt

Nine coatings were evaluated for corrosion

protection of carbon steel coupons and I-beams

around Duluth Superior Harbor after 46 and 35

. ! - -
mmanths, respectively. Coupons were intentionally

scribed to metal before exposure. Part 1 of this

article describes the coatings used and the locations

of coupons and I-beams. Part 2, to be published. in
the October 2012 issue of MP, will discuss the
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results of the evaluation.

bridges, and bulkhcads in the
Dulnth Superior Harbar (DSH) in Min-
nesota and Wisconsin arce corroading atan
aceelerined rae of 3 mm/y or higher.
Pilings 30 vears old ur older arce riddicd
with through-wall piving (Figures 1{a)
and [b]i

The contuled pilings have an orange,
rusty appearance characterized by tu-
hereles di.c., carrosion producis and de-
posits covering arcas of localized corro-
sion [Igures 27a) and (0],

Divers reported thiat tuherdes were
randomly disinbuted from the waterine
to ~3 m below the surface. Tubercles
vaned indiamcter from a few millimeters
to several centimeters and when re-
moved. large and ofien deep pits were
expaved. Divers abo reported that die
atached zchra mussel (Dressena palymar
Pha) population wis dense and few wiber-
cles were observed below 3 m. Zebra
mussel are siall, lingerail-sized musels
native to the Cagpian Sea. Thev were fira
obxerved in Lake St. Clair, Minmesota in
1988 and have sinee spread 10 all of the
Great Lakes,

DSIL located at the extreme wesicrn
cudd ol Lake Supertar, is a Iresh water
harbor with mg/1. concentrations ol
sulfate (50,2 1. DSH is palviiitic (i.e.,
sciches or free-standing wave oscillations
arce almost always present, suspending
particulatesinta the water column). DSTI
is icehound fran mid-December o mid-
April and during shat time has a durable,
well-delined ice cover. DSH experiences
freeze iec rhicknesses that range from 0.5
to Lt m, as well as snow ice, stack icu.
and iee from wave and splash action
along liarbor walls,

Ray. @ al.” ceponed that a combina-
non of hiolagical, chemical, and physical
events contributed o the corrasion of €S
pilings in DSII. Dcnse deposits of iron-

NACE International, Vol. 51, No. 3




FIGURE 1

Corrosion of pilings in DSH. Photos courtesy of Gene Clark,

Wisconsin Sea Grant Program.

COATINGS & LININGS

(a) Wet corrosion tubercles and (b) dry corrosion tubercles on

pilings in DSH.

FIGURE 3
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2  Sample tray esetion
810

CS coupons in a sample tray at DSH.
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DSH sample locations, CGB-1, CGC-1 (coupon.;.), and the Duluth Seaway Port

Authority Facllity (I-beams).

TABLE 1

descriptions

Tray Number: §

Location: CGB-1 Sample
Slot Designation
1 CGB-1-01
2 CGB-1.02
3 CGB-1-03
4 CGB-1-04
5 CGB-1-05
6 CGB-1-06
7 CGB-1-07
8 CGB-1-08
Tray Number: 6

Location: CGC-1 Sample
Slot Designation
1 CGC-1-01
2 CGC-1-02
3 CGC-1-03
4 CGC-1-04
5 CGC-1-05
6 CGC-1-06
7 CGC-107
8 CGC-1-08

50 MATERIALS PERFORMANCE Soptober 24112

Product
Bare steel
Bare steel
Bare steel
Barc stec
1

Product

Bare steel
Bare steel
Bare sted
Bare steel

Coating Performance i Iiduth Supenior Harbor

Product Chemistry

White two-part solvent-
Irec polyomine cpoxy
White epoxy amine
(one coat)

Black glass flake
reinforced epaxy

Groon two-part
polyaminc cpoxy

Product Chemistry

Green lwo-part
polyamine epoxy

Red urcthanc micacoous

ron oxides/refined coal
lar

Blue/grey zinc primer/
vinyl copolymers

White two-part solvent-
frea polyamine epaxy

Purt ]

axidizing bacteria produced tubereles,
creating ronditions for Cu precipitation
unt CS surfuces. lee scoring disrupted the
tiberrles and exposed localized arcas of
Cu~covered CS (o usygen (O,). The -
sulting galvanic cell produced aggressive
localized corrosion. Barvier coatings
pravide ane aptian fur profection ol
extensive structures in fresh water, Al
Beiclman (retived), fomier direcior of the
Paint Techuulowny Center at the ULS.
Counsirictinn Lngineering Research
Labortony :CERL {Claunpaign, Ti-
nais;. sclected the following coatings for
this evalnauon (hevealler relenved o by
their corresponding minnhers’:

I Aquapure HR'

2 Chevron Phillips ‘179043

3 Coul tar epaxy

4 TTumidnr M1

6 Wamer MC-zine/MCetar

6 Shermwin-Williams Fase elad 'R’

7 Sherwin-Willianw Sher glass cposy!

8 Suandard cpoxy

9 Zine-rich primer VZ108/V766

Methods and Materials

Divers from AN Consulting Fngi-
ueers (Supenor, Wisconsing installed trays
for coupons and I-bcams. Fight sample
ravs containing vighe L5 by 7.3y 1.2-iu
(114 by 190 by 30-mm) thick A328 sicel
sample coupons per tray (Figure 3; were
prepared.

Euch sample way contained lour
coated and four uncoated steel coupons.
A report® prepared for the U.S. Army
Corps of Engineers provides details about
tray and coupon installation. ‘I'rays and
coupons were installed on November 7,
8, il 13. 2007, Coupons were retrievesd
from two locations, LU.S. Coast Guard
Cell BiCGB-1 and TS Coast Guard
Cell C:CGC-1; (Figure 4, in Seprember
20, 2011, Table 1 presents coupon coai-
ing descriptions.

Trays designed 1 comtain 1-beams,
G by 7 174 by 36 in (132 by 184 by 914
mm;, were prepared (Figure ) and in-
stalled at the Duluth Seaway Part Au-

"Frade e,

NACE international, Vol. 51, No. 9




thority Facility (Figure 4} in September
2008. Table 2 provides T<heam eoatingx
deseriptions.

T-beams were retrieved from 1he
uriginal location at the Duluth Scaway
Vort \mhority Facility in late Aungust
2010 and submerged in plastic barvels for
antside storage throngh ane mare winter.
Lhey were sent to the US. Naval Re-
scarch Lahoratary ar Siennic Space
Center iMississippi in October 2001,

Summary

\ comhination of hiolngical, chemieal,
and physical evemns hanve contributed
acercleraed enrrasion af 15 miles of CGS
sheet piling in DSH. W\ series of coatings
were tested on 8 coupons and T-beams
to evaluate their ellectiveness in preven-
ing the Inealized corrnsion, Part 2 of this
article, w be published in October 2012
MPE wall detail the reslis ol the eaatings
evaluation,
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I-beam sample tray design and Installation.

TABLE 2 e R i Ut v NG o SN R P SRR S .~ ¢
I-beam coating descriptions
Sample No. Product Product Chemistry
1 i White two-part solvent-free polyamine epaxy
10 1
2 2 Uight green/white two-part epoxy
1A 2
3 3 Grey two-part coal tar polyamide epoxy
12 3
4 4 Green two-part polyamine cpaxy
13 4
5 5 Red urethane micaceous iron oxides and
14 5 1efined coal tar
6 6 White amine epoxy (one coat)
15 6
7 7 Black glass flake reinforced epoxy
16 7
8 8 Black two-part polyemide epoxy/zinc primer
17 8
9 9 Blue/grey zinc primer/vinyl copolymer
18 9
[ .0 7icOny 08 (1aRSIN Pa0CuCH A0 ¢ s ]
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Visit the 2012 MP Buyers Guide Online, www.mpbuyersguide.com, for instont occess
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About the Cover

The Beachside Corrosion Test Site at
NASA's John F. Kennedy Space Center
(KSC) Beachside Atmospheric Corrosion
Test Facility includes 600 ft (183 m) of
test racks located 100 ft (30 m) from the
Atlantic Ocean and ~1 mlle (1.6 km) from
KSC's rocket launch sites. The NASA
Corrosion Technology Laboratory at KSC
leunched a study of corrosion exposure
testing to determine if a correlation could
be made between marine atmospheric
exposure tests end eccelerated comrosion
tests. See the feature article on p. 28.
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