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Abstract

Five different coating systems have been investigated by inspection of reference objects. The
emphasis has been on trying to find reference objects that are well documented and that have
been coated a long time ago. The study has focused mainly enchimoaings, with special
interest in zinerich coatings that have been used as stdode systems, i.e. without any

topcoat The breakdown mechanism of a coating can be very important when considering the
corrosion protection of an asset from a life cycle pectve. It is evident that athe zinc rich
coatings studied deterioratéfom the outside and in rather than via urdesting and flaking.

This mode of breakdown can be very advantageous, it means that teeasdet spot

repaired to a higher extetitan iftheywere protected with a coating system that deteriorates
via flaking and loss of adhesion.rélativelyeasyandad hoc maintenance protodol single
layerzinc rich coatingsystemscan reduce the need for downtime and secondary cost for
mairtenance of the asset.

RISE KIMAB AB, Box 7047, 84 07 Kista, Sweden+ 46 8 440 48 00, wwwi.se
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1 Introduction

In this study, iive different coating systems have been investigated by inspection of reference
objects.The enphasishasbeenontrying to find referenc@bjectsthat are well documented

and thahavebeen coated long time ago. The study has focused mainly on-gitit

coatings, with special interest in zinich coatings that have been used as stdode

systens, i.e. without any topcoat. As such, the coating systems investigated comprise
alternative coating systems that do not meet the specification requirements in AMA
anlaggning AMA -anlaggning is commonly used to specify anticorrosvorkswithin

Swedish industry, infrastructure ahdilding sector. The coating systems covered in this
study have been selected from a list of alternative systems that was compiled as a part of a
previous literature study performed within RREE KIMAB Membership Research

Consortium MRC) Corrosion protetion[1]. The selected systems could potentially offer
better solutions for protecting various assets in industinastructure and the building sector.
The potential benefits and a short description of each alternativegegstem is described
under section 2 through to sectionAdl.inspections in this studifavebeen complemented by
accelerated corrosion tests and field testing aRt&& field station Kvarnvik Vést at Bohus
Malmon [2]

2 Fontezinc HR

Thefirst inorganic zinc silicates weidiscoveredn the1940's in Australidby Nightingal.

The Nightingdl silicates were heat cured and required baking in temperatures ofl@®out
230°C, [3]. During themid-1960 s through to the lated70's NASA published a series of
patents related to the developmenaw@faterborne silicate #t cure quickly at ambient
temperatured] [5] [6] [7]. The NASA patents describeariousinorganic zinc silicates based
on water solubl@otassiunsilicate Generally, the reactivity of this type of coating depend

on the molar ratio between the silicate and the alkali counterion of the silicate solution. The
molar ratio affects the viscositihe pH and the curing rate of the coatiSgnplified, the

molar ratio can be viewed as a degree ofgmgmerization, where a higher molar ratio is
analogous to a higher degree of-pmymerization. The Nasa pateiif$ describe a zinc
silicatecoating with an unusually high molar ratio o&SiO. = 5,3:1. During the late

1970’s the production of a silicate coating formulated according to the NASA patents was
licensed to Polyset and was sold by Inorganic Coatings tinelérade name 1C531.

Inorganic Coatings has now been deconstructed kdrila OY owns an exclusive

agreement with Polyset to sell the original IC531 formulation in Europe under the new trade
name Fontezinc HREontezinc HRs very interesting fothe Pllowing reasonsthe coating is
completely free from VOt contains no sensitizing chemicals such as epoxy or isocyanates
it is made without petrolewinased raw materiglg is extremely fast curindas antifouling
properties and gives excellent corrosion protec#odrawbackof the coatings that it is
waterborneandas such, it requires more careful pretreatmahsurfaces must be

completely free from oil and dirt for the coating to be able/¢t the substrate. Another
drawback is that there is no available topcoat that is compatible with Fontezidd&lR.
following section2.1to 2.4 reportourfindings from inspections of some reference objects
coated with Fontezinc HR/ IC531.
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2.1 The Statue of Liberty

The Statue of Liberty was refurbished during 18&ough tal986 The refurbishment

included a renovation of the protective coating on the supporting steel structure inside the
statue. Prior to the renovation, the steel structurecovatedwith various paints including

coal tar, aluminum pigmented paint, an8 layers oflead-based paintDuring the

renovation, the old paint was strippedvacuum blasting with aluminum oxidthe steel was
thenrecoated withFontezinc HRIC531 and a waterborriezo-component polyamide epoxy
topcoat8]. The coating on the steel inside the statue was inspected by Bjorn Tidbeck, RISE
KIMAB, Lennart Bjork, Tikkurila AB and Earl Ramlow, Polyset on thé‘28 May 2019,

about 33 years after the coating work was finished.

2.1.1 Results

The inside air of the statue was controlled by an air conditioning systemasiaistalled

2012. Before 2012 the statue was not open to the public and the air inside was not

condtioned. The topcoating had started to flake and peel off fromitiessilicate. However,

the supporting steel structure was virtually free from corrosion and the undeailying

silicate was intact. The general film thickness ofine silicate was abdu60-90 um. In

some places excessive amounts of coating had been applied, certain areas had been coated to
a DFT in excess of 400m without any signs of mudcracking.

Figure 1. Overview of thé&tatue of Liberty and Ellisland
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Figure 2. Overview of thewgpporting steel structure, light gray in the picture. In the middle of the
picture is the spiral staircase leading to the top of the statue. The copper claddiegstdttie was
black on the inside.

Figure 3. Supporting steel structureith rivets, the top coat (light gray in the pictunegsflaking and
peeling offromthe underlying silicate (blueish gray in the picture).
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Figure 4. A steel beanmithe supporting structure that had been subjected to fkesar bypassing

visitors. The coatingn the edge of the steel belhad been scraped off leaving the underlying steel
exposed to the air.

Figure 5. Generally the film hickness of the silicate coating was betwee®@&Qm.
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Figure 6. TwoBresle tests ware carried out, the amount of soluble salts was equivalent to about 600
800 mg CIn?. Accordirg to the warden of the statue, there had previously been quite a lot of holes in
the copper cladding and the high salt content could be a result of rainwater seeping through the
cladding. The high salt content on the surfaces could also have been oldscamed salts and
hydroxides from the silicate coating.

2.2 US Army Causeway Systems

Both the US Army and the US Navy have uBeatezinc HR/ IC5310 protect their

causeway systems. The US Army and US Navy causeways are modular floating pontoons
used to estaish temporary docks for moving cargo between different ships, or to land troops
and supply onshore in remote places where no harbor is available. The causeway modules are
thususedpartly immersed in sea watexposedo the atmosphere hanging along the sides of
warships or stored at a harbor. It is therefore impossible to say how and where each module
has been exposed, itheweverclear that they alhavebeen exposed in marine environments,
probably ranging from CBp to CX. Because the causeways are modular systacts

module will be assembled and disassembled many times during its life Oyeftefore, each
moduleis alsoexposed to heavy wear and tear.

2.2.1 Results

The coatingf about six US Army causeway modulgas inspected on the 24f May 2019

by Bjorn Tidbeck, RISE KIMAB, Lennart Bjork, Tikkurila AB and Earl Ramlow, Polyset.

During the time of inspection, the modules were locatédedsl Trades Incsteelworkshop

near Charlestor§outh Carolina. All ispected modules had been taken out of service due to
various damage, such as holes or damage to the structural steel. Despite a lot of mechanical
abuse, the coating was intact on most surfaces and generally the coatinguvpssingly
goodcondition At places where the coating had been damaged down to the bare steel, no
apparent spreading of rust could be seen. This observation includes pinholes where extensive
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corrosion in the pinholes had taken place without any spread of rust or under paintmorrosio
around the pinholeseeFigure18. The coating is subjected to a slow erosion with
consumption of zinc pigment as it is immersed in sea water. This can be &egura@io,

where the coating thickness is different above and belowdkerlines. It is also evident that

the coating significantlguppressethe growth of barnaclesee figureFigure8 through to
Figure25. Generally, zinc silicates have a tendency to develop mudcracking when applied to
thick. During this inspection a few areas with coating of up top#f@vithout mudcracking
werefound, see figur&igurel5andFigurel?.

F

used.

Figure 8. Unit 0046with an engraved sign with manufacturing montti§ unitwas manufactured 29
years agoThe chamfered part of thesgits is used to drive the modular system onto the seashore
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Figure 9. Unit 0224with an engraved sign with manufacturing datehid unitwas manufactured?
years ago

Figure 10. Unit CO66FC, probably manufactured during early 199MhéDFT abovethe 15 waterline
was aboutl80 um, between water linabout90 um, belowthe 2" water line 30pum. Below the'®
waterline rust and barnacleserefound.
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Figure 11. Unit CO66FC the presence of barnacles below the second waterline could be an indication
that all zinc has been consumed and as a rethdtbarnacles can start to grow.

Figure 12. Unit CO66FCCloseup picture of thevaterline.
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Around the splash zone of th& waterlineof unit CO66FCsome small rust spots could be
seen. Probably these spatsredue tomicro-cracking or small imperfections in the coating
during its early exposure. This bel@whas been demonstrated by accelerated corrosion
testing at the RISE KIMAB corrosion lab. The mian@acks are not visible to the naked eye,
but since the coating is porous, the surface can dastlymediscoloredby the rust that

forms in the cracks,mal the surface appears as though it is rusting. It appears as though the
coating hasmability to selfheal when it is exposed further. One explanation for this
behaviorcould bethat the micrecracks seal by the formation of insoluble zinc salts from the
coating.lt is likely thatthese type of rust spodsemostly an aesthetical problem. In
cooperation with Tikkurila Swedewe have seen th#tte coating showsome tendency to
form micro-cracls if the coating is applied at a too low relative hutyidabout 30%) or if

the coating is applied at a too long spraying distahleese findings are also supported by
research reports from NASA].

— =t

S

Figure 13. Unit LO 200 manufactured 18 years agadhi$ unithad been washed with a rotating high
pressure equipmenprobably to remove barnacldglost surfaces, edges and welds were essentially

free from corrosion. The joints where the units are linked together have started to rust, these areas are
howeversubjected to high mechanical wear.
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Figure 14. Unit LO 200 a surface subjected to mechanical damage. The coating is relatively resilient
towards impact and themgasno chipping or flaking around the damapareas DFT in the scratches
without rust wasbout30 pm.

Figure 15. Unit P40552 manufactured 13 years agdhis module was coated with a mean DFT of
more than 400pum without any visibteudcracking

10
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Figure 16. Unit P40552 DFT was abouB0Oum abovehe waterline DFT was abouB0 um below the
water line The antifouling action could possibly be explained by leaching zinc salts. A change of

colourin the coating below the water line suggdhbat all the zinc has been depleted and left a thin
silicate coating where theabnaclescan grow.

Figure 17. Unit Q155FC probably manufactured duringid-199Q DFT about350 um above¢he
waterlineand abou260um below water linenomudcracking could be found.

11



O RISEKIMAB AB
156601

Figure 18. Unit Q155FC to the left pinholes and rust discoloratioo the right The pinhole was
abraded with a knife held at 90 degrees to the surface. Treraalateral rust eeep from the
pinholes, but intact zinc coatingas foundunderneath the discoloration. The pit depth was
approximatdy 2-3 mm.

Figure 19. Unit Q0254 probably manufactured during early 200heTZnc pigment appears to be
consumed under theater line and as a result the steel has started rusting, some barnacles were
visible. It appears that the coatimigteriorates by graduarasionfrom the outside and in rather than
via flaking andunder rusting

12
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Figure 20. Unit Q0254Barnaclesunder the waterline. Intact coating above the waterline

Figure 21. Unit Q0254 to the left damage after impact o the right loose coating was removed with
a screwdriver, no rust creep under the intact coating was observed.

13
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Figure 22. Reference units coated with 400ppo®y. The coating had starteid break down under
the waterline

Figure 23. Reference unit coated with 40énepoxy. Under rusting and flaking was found beneath the
waterline.
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Figure 24. Reference unit coated witp@xy. Corrosion on welds around manhole. Significant growth
of barracles under the waterline.

L g ol Mk %

Figure 25. Reference unit coated with 400 um epdarnacle growth under the waterline. Welds

with insufficient pretreatment around the manhole had begun to rust and the duadisigirtedto
under rust.

15
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2.3 Tempe Lake hydro dam in Phoenix, Arizona

Tempe Lake is a mamade lake that was built around the Salt River between 1997 and 1999.
The goalith the lake was to prevent floods, support economic development and recreational
activity in and aroud central PhoenixThe gate system is composed of 8 dam gates, each
gate is about 5 m high, 32 m long and weighs about 117 tons. The gates have been coated
with Fontezinc HR/ IC531. Each dam gate was constructed and coated in two halves at a steel
work sh@ a couple of miles away from the lake. During the installation of the gates, the two
halves of each gatearewelded together at the construction site. The welding of the two
halves was done without removing the coating on the edges to be welded. iAfigy, jine

welds were pretreated with a flagheel grinding machine and coated with one layer of
Fontezinc HR/ IC531 using a brusfhe dam gate project was finished2016 and is the

largest hydraulically operated steel gate dam system in the T#AS# River got its name
because it flows through a salt (NaCl) rich area in northern Arizona called the Luke Salt
Dome. According to the central Arizona salinity stjiti9] the water in Salt River contains

about 480mg/L salt measired as an average at the Granite Reef Diversion Dam just outside
of central PhoenbStudies performed at RISE KIMABL1] have shown thahe corrosion

rate of immersed carbon stekles not vary significantly with chloride coentration. Irthe

RISE KIMAB study, the corrosion ratef immersed carbon steel was approximately the same
for chloride concentratiomanging from150 mg/L, (65 pum/y) to1500 mg/L, (68 um/y).This

result indicates that the corrosion is not limited by the conductivity of the electrolyte or the
corrosivity of the chloride ions, what determines the corrosion rate is instesupibligof

oxygen.

2.3.1 Results

The Dam gates &reinspected by Bjorn Tidlmk RISE KIMAB, Lennart Bjork, Tikkurila and
Earl Ramlow, Polyset on the 26f May 2019.Generally the coatingvasfound to be in
goodcondition Despiteapparenpoor welding quality, low DFT (6F0 um) and minimum
pretreatment, welds thetdbeen coad with a brush looked surprisingly good, Segure

29. A few areas with dry spray/ incomplete coverageefound, sed-igure31. The coating

on a few of the welds ldestarted to crack and fall iofseeFigure32. This behavior is typical

to Fontezinc HR on welds that have not been pretréatgive asufficientblastingprofile of

the weld seam surfacBue to theheat input during the welding prosgsvelds often get
harder than the bulk stedi.can therefore be beneficial to use harder abrasives than steel grit
for welds.A good workflow can beatuse hard abrasives (for example garnet) on the welds
alone before the welds are inspectedrguerfectionsby the welding inspector.

16
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Figure 26. Overview of the Tempe Lake dam gates with surroundings

Figure 27. Overview of one out of eight dam gates. The brownish surfaces in the pictures are not rust
but have been fouled by running water or dirt from the surroundings.

17
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Figure 28. A picture of the wet side of a dam gate, notice theradgsef corrosion around the
hydraulic cylinder attachment points.

Figure 29. Weldsbetween the two halves of dam gaido signs of corrosion despig@parentpoor
pretreatment and low DFT. According to Earl Ramlow who wapécting the installation of the dam
gates, the weld has been laid through the coating and the resulting weld has been ground with a flap
disc and painted with a brush to a DFT of about 60um

18
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Figure 30. Irregular weld profiles with deep undercutJ o the left: generallythis type of weld as
free fromcorrosion To the right: a few poor welds had started to rust.

Figure 31. An area with russpots. This could berasult ofpoor coverage or drgpray. Or it could
be foreign matter from disc grinder.

19
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Figure 32 Rust on a weld witladequate smoothness. The premature coating failure on this weld is
probably due to an inadequate blasting profile onwedd, which in turn had led to loss of adhesion.

2.4  Bathing ramp in Varberg

Varbergmunicipality have constructed a ramp for the walking disabled to be able to enjoy a
cool dip in the sea on the Swedish west coast. The installation is located on the beach near
Varberg harbor/ train station. The rampristan the beach and leads dowrthe sea to a

depth of approximately 1 nfdepending on the tideln essencealmost all of the structure

can be considered to bearsplash zoneThe two far ends of the ramp w{for most of the

time) be under and above the water Inespectively. Theampwascoated with Fontezinc

HR/ IC531with a DFT of aboufil80um and wagutinto service during late March 2019.

2.4.1 Results

The ramp was inspected by Lennart Bjork, Tikkurila, Bjorn Tidbeck and Bror Sederholm,
RISE KIMAB on the 18 of September 201T-he coatingappeared to be iery good
condition No corrosion could be found, not even at the places where the coating was
damaged. There was no corrosion in connection tettielesssteelbolts used to assemble
the ramp. It will be interesting to folw how this referencebjectwill evolve. A new
inspection is planned for the autumi2020.

20
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Figure 33. Overview otheramp in Varbergwith surroundings

Figure 34. Overview of the ramp after aviedays of windy weather

21






































































































