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1 CORREOSI ON PROTECTI VE POLYUREA COATI NGS BACKGROUND OF THE | NVENTI ON The

present ‘invention relates to corrosion protective coatings for the K ses
of metal structures. The corrosion protective coati-ng of the present

i nvent-i en can be particular useful with those netal structures exposed to
severely corrosive environments. The introduction of corrosion protective
coatings onto netal surfaces is well kno in the art. However, traditional
al kyd, vinyl and phenolic | ow cost coatings suffer froma variety of

probl ens. The nore ' i i [
restrictions, mxi n%%%m@#ﬁmgmgpym&?bﬁe @gndi tions.

For exanple, traditional coatings can not typically be applied in

hum dities over 85 percent or when the surface to be treated is within 5 F
of the dew point. Mreover BAGKGRMNPOEFHEINVENIISNed the tenperature
falls below a particular point. For nost of the popular plural conponent
epoxy and inorganic coatings, the lower Iimt is 35-45 F. Wiile certain

col d weat her or "Biy preent iventioh relagsitalcoyragionpidtetecchitipsdoy tHeosirthces
their use is still subject to a variety of problens because not all of the

conponent s affmetad structuaes. Thesgorasion pratective beating ofitliespresentt inventiont carObe
attenpted solytion to tﬂe toregoi ng probl ens has invol yed the use of .
moi st ur e- c RAsHeWag usefuhwithTi{Base dpgtel nsfEuCtiFRsc IEXPOsedoic SeNEFed)r Fakrasiye

cal |l ed "pol yureas" re first devel oped by Bayer in Gernmany about
twenty-fi ve%%bm?‘?ﬂ%\@

years ago. Wile these urethanes have proven

effective in preyROtARSAEIIPSE E8rodiBRproRERVE BXLREEBIY metal surfaces is well
known in the art. However, traditional alkyd, vinyl and phenolic low-cost coatings.
suffer from a variety of problems. “The more serious of these problems include
application restrictions, mixing errors and delays due to inclement field conditions. For
example, traditional coatings can not typically be applied in humidities over 85 percent
or when the surface to be treated is within 5° F of the dew point. I\/:[oreove;, the
coatings can not be applied the temperature falls below a particular point. For most of
the popular plural component epoxy and inorganic coatings, the lower limit is 35-45°
F. |
While certain cold weather or surface tolerant specialty primers have been
developed, their use is still subject to a variety of problems because not all of the
components of these coating systems are weather or moisture tolerant.
One attempted solution to the foregoing problems has involved the use of
moisture-curable urethanes. These coatings, which are more appropriately called
"polyureas" were first developed by Bayer in Germany about twenty-five to thirty

years ago. While these urethanes have proven effective in preventing corrosion, they

remain extremely
difficult to manufacture, particularly on a large scale basis.

Despite the manufacturing problems and the fact they have been known for
years, much of the work in this area continues to be centered around only a few resins.

that are based on the Bayer technology, e.g., Desmodur E 21 of Mobay Chemical



difficult to manufacture, particularly on a |l arge scale basis. Despite the
manuf acturing problens and the fact they have been known for years, nuch of
the work in this area continues to be centered around only a few resins
that are based on the Bayer technology, e.g., Desnodur E 21 of Mbay .
Chem cal 2 Conmpany. For exanple, U S. Patent No. 4,279,962 uses the
resin in a dual -layer protective coating for cathodically protected netal
surfaces. The two-layer coating includes,a base coating having highly

di vided zinc together with the Desnodur E 21 resin, and a cover coating
conpri si ng @omipanyir 'e5f examplei, (UhSp Batend Ng.ah 27996 nsasethe regin sy 8 duabilayert s
and m caceous i rpn ore. or herrq_tglqge f)ovvder. é)nl gec ntly have alternative
singl e conp¥RisRtiveating, for cathodically prptects tq‘%t@ sydacesqetis Byedayerfoating
t echnol ogy . ' . . J i -

Vot ot ur o clTEieS ARt Shife 152 g aard el BpPhel Wil 18 Damoduyys 21

| ssue of AnRisid aihdPRLEVerPEshtiHREdM r_isliﬂgran&ﬁxmf@bmaﬂ with"Sely REpRied Yillers,
reference in its entirety. Thi's articl & di scloses certain corrosion
protective doets,sglventeand hticidediusiiron erderahemiatite posader. of

si ngl e-conponent, noi sture-curable type polyurethane-urea resin containing
zinc, and intern@mlntigcentdy havespligmative rainglencomponent, rmoisturgbturet yyeshane

Sl o conBRAENaS, borah e RBCSERNORY ot TuEIeit of aRGuHalA LoD et
optional Iy gonhal Mg asRAUSrdthRk ¥ ' WEt Environments" from the August 19, 1991

issue of American Paint and Coating Journal, which is incorporated by reference in its
entirety.

This article discloses certain corrosion protective coating materials that include
a primer coat of single-component, moisture-curable type polyurethane-urea resin
containing zinc, and intermediate coat of single-component, moisture-curable type
polyurethane-urea resin containing micaceous iron oxide and a top coat of single-
component, moisture-curable type aliphatic polyurethane-urea resin optionally
containing micaceous iron oxide.

These coatings are disclosed as having improved stability, interlayer adhesivity
and hardening at low temperature/high humidity environments as compared to those
corrosion protective coating materials traditionally considered usable in these
environments.

Despite the effectiveness of these néw coatings, further improvements in the
combination of corrosion protective performance, workability and quality under high
humidity conditions are still desired.

The present invention provides novel corrosion protective coatings capable of

providing that combination of improved corrosion protection with workability, for use

with the surfaces of metal structures.

SUMMARY OF THE INVENTION



THese coatings are disclosed as having inproved stability, interlayer
adhesivity and hardening at | ow tenperature/high humdity environnents as
conpared to those corrosion protective coating materials traditionally
consi dered usable. in these environnents. Despite the effectiveness of these
new coatings, further inprovenents in the conbination of corrosion
protective performance, workability and quality under high humdity
conditions are still desired. The present 3nvention provides novel

corrosion protective coatings capable of providing that conbination of

i mproved cor r osi Bhe preseat invantign relates kB garrgsion HrolgsuveCoating SORPrisig:3

of metal structyres. SUVVARY OF. THE | NVENTI 3 The esent invention
el ates t o B SLTERIR FYE AR Ve SUHaCE Ah 0B FERRITS B8 ITre gad fatudf 4
| ayers on t f € affinferiiiadd C : ' | Jyer
| ayer, an in e??réé at gﬁllg;?/cér anc}ega‘{r%}pé%§é?gm‘lf[2%§té r%T ggtsétahitqﬂ{g ri %élr%)}é?e :
| ayer COWDrdcﬁﬁ?riﬁesfﬁ)nﬁﬁﬁhﬁc-_@UfaMé polyakethams-ipdieredirea resin. The prinmer

| ayer al so preferably contains zinhc powder and/or m caceous iron oxide in

an anount of 70-The peimemntayby alseipyeferatditcentainy zing. powdemandjoefmcacedus iron
enbodi ment, the corrosion protective coating includes, a prinmer |ayer in

conj unct i ono¥idenn an amewntRII0:Pa persent byweight, @bter dyying. and each of the

| ayers incl udes noi St Wr e ur%bl e tr}/pti:1 pol yur et hape-.urea Lesin ad1d .

m caceous iron ox}fuepreierred em odime: t, the Corrosion pro ective coating includes a primer

layer in conjunction with an intermediate layer and a top layer, and each of the layers

includes a moisture-curable type polyurethane-urea resin and micaceous iron oxide.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 illustrate corrosion protective coatings according to the present

invention. These figures include metal structure surface, 1; primer layer, 2;

intermediate layer, 3.; and top layer, 4.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to a corrosion protective coating in which at least
one layer of the coating comprises a moisture-curable polyurethane-urea resin.

The single-component, moisture-curable polyurethane-urea resins that can be
employed in the present invention include those single-component, isocyanate
prepolymer resins recoghized in the art.

Suitable prepolymer resins can be provided, for example, by reacting a
polyether, polyester and acrylic resin with a polyisocyanate such as diphenylmethane
diisocyanate, toluene diisocyanate (TDI), hexamethylene diisocyanate (HDI) or
isophorone diisocyanate (IPDI), to obtain a solution comprising an isocyanate
terminated single-component, moisture-curable polyurethane prepolymer. In particular,

prepolymer resins having improved stability can be provided from ortho-formate (OF)



BRI-EF.DESCRI PTI ON OF THE DRAWNGS Figs. 1 and 2 illustrate corrosion
protective coatings according to the present invention. These figures
*include netal structure surface, 1; prinmer layer, 2; internediate |ayer, 3;
and top layer, 4. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
present invention relates to a corrosion protective coating in which at

| east one | ayer of the coating conprises a noisture-curable

pol yur et hane-urea resin. The singl e-congonent, noisture-curable
polyurethane urea resins that can be enployed in the present invention

I ncl ude tg ?’ﬁlﬁg{&lﬁmmh aﬁaq@((p'ggg)t e prepol ymer resins recogm zed in
the art. abl'e prep ¥5|ns can ‘be provi ded, for exanple,

reacting a pol yRldyer caﬁohmbééormwonahglbutfacem b\emaiedafrml zwciutnqal@ﬁttbe
such as di phenyl net hane dii socyanate, toluene diisocyana

hexanet hyIpscpnlylmesoEs)ammpKCHﬂle)Pfépohymrﬁ@lw &N b@ayah%ff em@ wr)facet of a

EST Sture. ih%'séhq;%‘ép?a"”&de SO ) Al SGSIS Rl 1) KECRUI
aving i rove
oot ol venc FeTRARG Rkl THEPREBREaE R é@“&%&*‘fﬁ?‘éﬁ‘ﬂﬁmﬁ?ﬁe@ hardefiedn

surface tq, ﬁ]ngrl g&lgme@hé@_ﬁl{elaqesﬁf the prepol yner. For exanple, the
prepol yner solGtion ¢ e applied onto a surface of a base pl.ate, reacted

wi th noi sture iThékeatihgeoniprises andeast onbdayérannd prefitrablyeat keast two layers.
Each of the layers can be formed, as described in the foregoing, by applying paint
solution(s) to the desired surface. The coating solution(s) can be applied by techniques
recognized in the art. Such techniques can include spraying, painting, dipping, and the
like.

The metal structure can comprise any metal that is subject to corrosion, with
steel being the most common. Moreover, the surface to be coated can be. ﬁntreated or
treated, e.g., painted or cleaﬂed by techniques recognized in the art prior to coating in
accordance with the present invention.

The prepolymer-containing solution(s) employed in the coating layers can be
the same or different depending on the environment the coated metal is to be
employed.

In one preferred embodunent the coating mcludes a primer layer an (optional)
intermediate layer and a top layer. The present invention will be further discussed in
terms of this embodiment. However, the present invention should not in any way be
limited to that embodiment.

Turning first to the primer layer, zinc pdwder and/or micaceous iron oxide are

_ preferably included in the prepolymer solution in an amount such that they are
presented in the primer layer, after drying, in an amount of 70-95 percent by weight,
preferably 75-90 percent by weight.

If thé total content of zinc powder and/or micaceous iron oxide in the primer

layer is less than 70 percent by weight, the desired corrosion protection is difficult to



renove’ the sol vent. The prepol yner reacts to produce urea bonds and forns a
hardened coating | ayer of polyurethane-urea resin. The coating conprises at
| east one |l ayer, and preferably, at least two |ayers. Each of the |ayers
can be forned, as described in the foregoing, by applying paint solution(s)
to the desired surface. The coating solution(s) can be applied by

techni ques recogni zed in the art. Such techni ques can include spraying,

pai nting, dipping, and the |ike. The metab structure can conprise any netal
that is subject to corrosion,. wth steel being the nost common. .  Moreover,

t he surf acebtainb©rmr thet ethier handyeif preseatireexaess of Hatprdcent. by, weiglhitapplicability

cl eaned, by techni ques recognized in the art prior to coating in accordance
with the prafdbesolutiparaandie degraded.epol yner - cont ai ni ng sol ution(s) enpl oyed

envi ronment ¢ he B BEAReComBlE of Rt SihrayiR ek BpdtdEtion and
i T onment Sl CEREPEFLE I HErEPR "
ayer and 2PPRSAbERl, Al Rdd nufid Bhe AT ARIEATS e pREGTRILE' ©

terms of t Hiosmen®esiutivntin dioaRWaNt sudkethBt BReplimen VAR SflestiSing dontaind zmty
way be limted to that enbodiment. Turning first to t he prinmer |ayer, zinc

powder and/powdérdnascmsountaf SOpateentiby weight oabiore; and mdeateous irbe oxide in an

prepol yner solution in an apount, such that they are presented in the prinmer

| ayer, aft 3MARHY ?fg?o percgat Bynaighoer lees.05 per cent by weight, preferably
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the desiredy6QHEOR iaﬁae@f&fh%cﬁritﬁ& fa§eHorilifiy/ séIutiBn such that the zinc is present in the
primer layer after drying in an amount of 85 percent by weight or more.

On the other hand, it has also been found that wilere a surface that is effectively
cleaned, e.g., blast cleaned, prior to applying the coating, effective corrosion protection
can be provided without the use of micaceous iron oxide.

If the metallic surface to be coated is a non-ferrous metal such as galvanized
steel, stainless steel or aluminum, it is preferable to use a primer layer containing a
polyurethane urea resin and micaceous iron oxide as essential ingredients, in view of
long-term adhesion. In this case, it is not necessary to use zinc powder.

In the corrosion proteétive coating of the present invention, it is often preferable
to provide an intermediate layer on the primer layer.

A solution for forming an intermediate layer
preferably includes one or more of micaceous iron oxide, zinc powder and tar.
Because of its ability to provide more effective corrosion protection, paint app.lication
and layer to layer adhesion, the inclusion of micaceous iron oxide, either alone or in
combination with either zinc oxide or tar, is preferred.

However, the coloring of coating layers containing micaceous iron oxide, zinc
powder and tar would be restricted to dark colors. Thus, in those environments where
a bright color is required, the intermediate layer forming solution can be at least

substantially free of micaceous iron oxide, zinc powder and tar.



5robtain. On the other hand, if present in excess of 95 percent by weight,
applicability of the solution can be degraded. In one enbodi nent capabl e of
provi di ng i nproved corrosion protection and applicability, zinc powder and
m caceous iron oxide are added to the primer layer- formng solution in an
anount such that the prinmer layer, after drying, contains zinc powder in an
anmount of 50 percent by weight or nore, #&nd nicaceous iron oxide in an
anount of 30 percent by weight or-less. It has been found that corrosion

D mor | ayer T o b <25t SHSERCBLIgh ity eanf wabith e tegmetned Tyt rarbeipd Sueh
| f d Onth
boher hangeoftipbngts, fhed s HRedtn B af BRSSP eorcdfit Y brefihe BoiGss (7 L1°

cleaned, e.g., hjagfe Ebﬁaﬁ%ﬁ thé&fvet %ofi‘ﬂr?]né%ydf”ﬁlet E?es%ﬁ@tih%tuﬂif fieGE | fifther

corrosion protection can OVI ded w t the use of m caceous iron

oxide. If ppheferablatd mcluﬂcra‘ mdajra Dhe copplager istypically ptevidedion thet intermediates
gal vani zed steel , stain]ess steel or alumnum it is preferable to use a

primer | ayéayfu'o rl{cavwwglfeth@mmlrs@nunane mmstsallewnmnamu@nm&m is eansidorede
as essenti al Prg)redl e in vie term adhesi n this, case,
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As was thc case with the primer and the intermediate layer, the top layer can be
formed from a solution comprising at least one single-componént, moisture-curable
type polyurethane prepolymer having the isocyénate terminal thereon. Because the top
layer should be resistant to weathering, the use of an alicyclic or aliphatic isocyanate
polyurethane prepolymer is preferred.

However, it is the belief of the inventor that the intended corrosion protection
is largely provided by the primer layer and/or intermediate layer. Accordingly the
resin constituting the top layer can comprise resins other than the single-component,
moisture-curable type polyurethane-urea resin. Thus, other suitable resin paints for the
top layer include commercially available phthalic resin paints, chlorinated rubber resin
paints, polyurethane resin paints, fluorocarbon resin paints, alkyd resin paints, silicone
alkyd resin paints, tar epoxy resin pamts tar urethane resin paints, and acrylic silicone
resin pamt

Because the top layer largely determines the appearance of the metal structure,
the additives included therein should be chosen depending on the requirements for
gloss or color or both. i

For example, when the surface is required to be not glossy and/or of a subdued
color, the combination of an intermediate layer containing micaceous iron oxide or
micaceous iron oxide and zinc powder and a top layer containing micaceous iron oxide
is preferred. In such cases, micaceous iron oxide is preferably added to the top layer

forming solution so that it is contained in the top layer after drying. Furthermore, a



preeferably includes one or nore of micaceous iron oxide, zinc powder and
tar. Because of its ability to provide nore effective corrosion protection,
pai nt application and | ayer to | ayer adhesion, the inclusion of n caceous
i ron oxide, either alone or in conbination with either zinc oxide or tar,
Is preferred. However, the coloring of coating |ayers containing mcaceous
I ron oxide, zinc powder and tar would be §estricted to dark col ors. Thus,
in those environnments where a bright color is required, the internediate
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corrosion trve
coating of groeidermationlarlyvsupetion coirbsion c}irure‘ctien. preferable to include a top
| ayer. The top layer is tyﬁicall provided on the internediate |ayer.
However, if the Oovithe atheuband,evhereithe idesired sirfage isglossy andfar afmrelatively
consi dered only derately corrosive, such as a unt.ainqus sjte, the top
| ayer may H¥ tlgedhe m&?%&féﬁyf%ﬁwéimé least #u staag}gl:ly 5% O MYACEARS Lron
internediate.lgyer. As was the case with the prinmer and the internediate
| ayer, the ?fﬁ}1ayer can be fornmed froma solution conprising at |east one
si ngl e- conponent ' - I aidad JM e
I socyanate term ng{o%ﬁt?ﬁeag . H%%Eé;ﬁgieﬁ?ﬁlgp?g%%ayer %&%ﬁgg@ég?{&i st aﬁ?u}%’
weat heri ng, ot Merganic einanichl paivts"| CThe inbiganid zind siehypaiatseshodingr espeaindly
prepolyner is preferred.

“excellent corrosion performance require mist coat for overcoating, since they have a

porous structure. However, a primer of a moisture-curable type polyurethane urea
resin of the present invention containing zinc powder as an essential ingredient can be
overcoated with a moisture-curable type polyurethane resin as an intermediate or top
coat, or with other commercially available paints without a mist coat.

The top layer may be employed in combination with an intermediate layer
containing micaceous iron oxide or micaceous iron oxide and zinc powder, or an
intermediate layer at least substantially free of these substances.

In those environments, e.g., metal structures in a recreational ground, where
colors of a glossy tone are desired, it is preferable that both the intermediate layer and
the top layer are at least substantially free of micaceous iron oxide and zinc powder.

Where a metal structure is situated under in a severe corrosive environment,
e.g., sea water, it is preferable to form an intermediate layer containing micaceous iron
oxide and tar, then provide a top layer containing micaceous iron oxide and tar
thereover. In this case, the top layer f(;iming single-component, moisture-curable type
polyurethane prepolymer may not necessarily be alicyclic or aliphatic but may employ
the same as the single-component, moisture-curable type polyurethane prepolymer
used in the intermediate layer.

In the corrosion protective coating of the present invention, the solution of the

moisture-curable type polyurethane prepolymer forming the primer, intermediate and



However, it is the belief of the inventor that the intended corrosion
protection is largely provided by the prinmer |ayer and/or internediate
lTayer. Accordingly the resin constituting the top | ayer can conprise resins
ot her than the singl e-conponent, noisture-curable type pol yurethane-urea
resin. Thus, other suitable resin paints for the top | ayer include
commercially available phthalic resin paints, chlorinated rubber resin
pai nts, polyurethane resin paints, fluor®carbon resin paints, alkyd resin
paints, silicone alkyd resin paints, tar epoxy resin paints, tar urethane
resin pai moplayarsiofahe gingte-soinponemt, medsturepainable tgpe pobmr¢thend-oreal rayiarmay

| argely determ nes the appearance_of the netal structure, the additives

i ncl uded R8I OteE Additiees: porBally mplayed 18 Paints, sBefyias SAlPTBE MIEMENESs

ol ossy  andramant 058, ARHERRCRARE P DBt fulufo s st i ing .

cont ai ni ngigghmvé[{tgn oxi de or m caceous iron oxide and zinc powder and
contal ni ng

a top |laye m caceous iron oxide is preferred. In such cases,

n caceous iron Phe 86rrbSioRFORICHRE Coatfg éf ithe phiehPihvearioh cafIb¥ difipRYedtihon
so that it is contained in the top layer after drying. Furthernore, "a 7
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i ron oxide containing jnternediate | ayer and mnj caceous iron oxide
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swimming pdol and other amusement facilities, and environment related plants and
equipment. Moreover, it is suitably usable for repainting at sites subject to change of
weather or metal surface condition.

The corrosion protective coating of the present invention can provide improved
corrosion protection without impairing the good workability and applicability which
are the features of the single-component, moisture-curable type polyurethane-urea
resin. Moreover, the adhesive property of the coating for poorly prepared metal
surfaces can be improved, while superior anti-corrosion propefty can be maintained
over a long period of time.

By overcoating the intermediate and top layers comprised of a single-
component, moisture-curable type polyurethane-urea resin on the primer layer provided
by this invention, it is possible to maintain corrosion protection, gloss retention, anti-
discoloration, anti-blistering over a long period of time. However, in another
embodiment of the invention, weather resistance can be increased by overcoating
commercially available intermediate and top coat adopted to the conventional anti-
corrosion coating systems on the primer layer provided by the p'res'ent invention.

Based on the foregoing, it becomes clear that the coatings according to the
present invention are especially suited for severe corrosion circumstance such as
bridge, harbor facilities, ships, and the likes.

The present invention will now be described in terms of certain examples.



bri-ght color, the top layer is preferably at |east substantially free of

m caceous iron oxide. Conventional prinmers containing zinc powler are
*"inorganic zinc rich paints" or "organic zinc rich paints". The inorganic
zinc rich paints show ng especially excellent corrosion performance require
m st coat for overcoating, since they have a porous structure. However, a
primer of a noisture-curable type polyurephane urea resin of the present

i nventi on containing zinc powder as an essential ingredient can be
overcoated with a noisture-curable type polyurethane resin as an

i nt er medi afkeserexaaiplesaie, sod¢lyvillubtrativein nareand shdyld dn aol way Enpiathe scope
without a mst coat. The top layer may be enployed in conbination with an
i nt er medi amfethba),!@t’mwf{taitmnng m caceous iron oxide or nicaceous iron oxide
and zinc powder, or an internediate |ayer at |east substantially free of

t hese substances. In those environnments, e.g., nmetal structures in a

recreational ground, where colors of EXAMPEEStone are desired, it is
preferable that both the internediate |ayer and the top | ayer are at | east
substantially free of mcaceous iron oxide and zinc powder.-Were a netal

vater, Tt i pr b BEOIEROEE pepinpled R TREPRARIER PPieSIVE SBRRRE RE 1 vendEhs
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oxi de and ereo I'S case e top layer formn

si ngl e- conp41p sy tesnmhddruﬂ&sfrwmb’v andl i evalaited bytthe sprayimp tinemiatilgeneration
necessarily be alicyclic or aliphatic but nay enploy the sane as the

si ngl e- conpbmestt , noi st ure-curabl e type pol yuret hane prepol yner used in the
intermediate layer. In the corrosion protective coating of the present
I nvention, the solution of the noisture-curable type pol yur et hane

pr epol yner We primer, internediate and

A steel plate having rust was generated by spraying an aqueous solution of 3%
Na(l at a frequency of once a week and exposing to atmosphere for 3 months. The
rust was then removed with a power tool to the surface cleaned level of ISO St3. The
steel plate then had a polyurethane-urea resin paint shown in Table 1 applied for primer
coat, intermediate coat and top coat under the conditions of humidity at 98% and
temperature at 20°C, then the steel plate thus coated was dried under the conditions of
humidity 98% and temperature 20°C for 1 week and taken as a test specimen.

Then, with an X-cut scribe given to the coated surface to reach to the grounding
surface; the specimen was subjected to the combined cycle test with the testing
conditions (4 steps, 6 hours) shown in Table 2 as one cycle for evaluation of the .
corrosion protective performance, and the results shown in Table 3 were obtained. In
the test, those parts of the film which were within about 10mm from the periphery of
the specimen and within 2mm on the respective sides of the scribe given to the film
were taken to be outside of the evaluation.

The specimen was also subjected to the salt fog test under ASTM B117, with

the results thereof shown in Table 3.

Examples 5 and 6



8-top 1 ayers of the single-conponent, noisture-curable type

pol yur et hane-urea resin may contain, other additives normally enployed in
paints, such as coloring pignents, titanium oxide, alum num fl akes,

catal ysts, fillers, ultraviolet-dispersants, antigelling agents and

sol vents. The corrosion protective coating of the present invention can be
enpl oyed in environnents requiring heaving corrosion protection such as
road and bridge structures, electric pows#® oil and other energy rel ated
pl ants and equi pnent, factory equi pment of paper and food industries, ship

and port equi pnRnéteelrslatecRaviap the Quifdce prépared byPead Hlasting keh 18VRISENESTD
facilities, and environnent rel ated plants and équi pnent. reover, it is

sui tably usx$ ehddom pelyarethaneruata s¢simsshowh) éntTable chapglicdffongarimer coet,
metal surface condition. The corrosion protective coatjng of the present
i nvent i on iBtgrmsdiale gaat ans top<coaturdes sheconditions of bumydity 987 ane iePpeigturse
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be. | nproved,  whtheoYug et eaf fiieiive flo e SbutdRpBREL B9 1R T, Rl Rgc,

a | ong per&ifacef the specintdh Wi SaBREIeAT0 thecombRicARYCR! testarith tigPtebBdthdstions
conprised of a single- conponent’, noisture-curablé type pol yurethane-urea

resin on t @ stapsmér hoursy shpwavind@dbley2 tdsi ené cyelet forrgvaluation pbske kbmosion
mai ntai n corrosion protection, %l 0ss retention,- anti - )
protective performance, and the results shown in Table 5 were obtained. In the test,
those parts of the film within about 10 mm from the periphery of the specimen and
within 2 mm on the respective sides of the scribe given to the film were taken to be
outside of the evaluation.

The specimen was also subjected to the salt fog test under ASTM B117, with
the results thereof shown in Table 5.

Examples 7 and 8

A material to be coated had the surface preparation according to the method of
Example 1 and had the respective primer coat, intermediate coat and.top coat shown
in Table 6 applied under the conditions of humidity 60% and temperature 20°C. It was
then dried for 1 week under the conditions of humidity 60% and temperature 20°C and
taken as a test specimen.

With an X-cut scribe given to the coated surface to reach to the grounding
surface, the specimen was subjected to the combined cycle test with the test conditions
(4 steps, 6 hours) shown in Table 2 taken as 1 cycle for evaluation of the corrosion
protective performance, and the results shown in Table 6 were obtained. In the test,
those parts of the film which were within about 10 mm from the periphery of the

specimen and within 2 mm from the respective sides of the scribe given to the film

were taken to be outside of the evaluation.

Example 9



di scoloration, anti-blistering over a long period of tine. However, in

anot her enbodi nent of the invention, weather resistance can be increased by
*overcoating comercially available internediate and top coat adopted to the
conventional anti- corrosion coating systens on the primer |ayer provided
by the present invention. Based on the foregoing, it becones clear that the
coatings according to the present inventlgg are especially suited for
severe corrosion circunstance such as bri har bor facilities, ships, and
the likes. The present i nvention wl| nom1be described in terns of certain
exanpl es. 9 Phweteriak tmpe ceatad bad theswyrfadel pzrsparatlon according to theamethodmfl d

ol 'owi ny EXEMPIES w1 BHE s0BRSSioat PRk isere Egampliy ] qpPled: | POt oves
prot et | onh Ry TSRS L IRERR 20° CHRE 41 Qﬁ&"ﬁit ahATbE7 caysutp

Spraying t E%nﬂ?g dét{)yﬁﬁ?()ﬁii& gl cal2 xﬁéh%ﬁredcﬁ@:[i}:ﬁlﬁ td-tHe rﬁe%ﬁ‘?&e&'ﬁéﬁ% YT

rust was genera sprayi ng an aqueous sol utton of 3% Na

frequency pj4541¢ce a week and exposing to atnosphere for 3 nonths. The rust
was then renoved with a power tool to the surface cleaned | evel of |1SO St3.
The steel plate then had a pol yurethane-urea resin paint shown in Table 1

appl i ed fok&ljeﬂ&s_l_and_z

A material to be coated was prepared according to
the method of Example 1, and had the primer coat, intermediate coat and top coat
shown in Table 1 applied under the conditions of humidity 60% and temperature 20°C,
then it was dried for 1 week under the conditions of humidity 20% and temperature
20°C and taken as a test specimen.

With an X-cut scribe given to the film surface to reach to the grounding surface,
the specimen was subjeéted to the combined cycle test under the conditions shown in
Table 2 for evaluation of the corrosion protective performance, and the results shown
in Table 7 were obtained. _

This specimen was subjected to the salt fog test under ASTM B117, and there

were obtained the results shown in Table 7.

Reference 3

A material to be coated had the surface preparation according to the method of
Exzimple 5 and had an organic zinc-rich paint (Zinkee 8000HB; Product of Nippon
Paint Co.) applied at a rate of 300 g/m3; then it was immediately submerged in water
of 20°C and allowed to stand for 7 days and had a bond strength of 0 kg/cm? measured
according to the method specified in ASTM D4541.



coat,.internmedi ate coat and top coat under the conditions of humdity at
98% and tenperature at 20[err]C, then the steel plate thus coated was dried
-under the conditions of humdity 98% and tenperature 20[err]C for 1 week
and taken as a test specinen. Then, with.an X-cut scribe given to the
coated surface to reach to the grounding surface, the specinen was
subjected to the conbined cycle test with the testing conditions (4 steps,
6 hours) shown in Table 2 as one cycle fd¥ eval uati on of the corrosion
protective performance, and the results shown in Table 3 were obtained. In
the test, those parts of the filn1mhi§ﬂ¥$§ﬁqtmﬁthin about 10mm fromthe
peri phery of the specinen and within he respective sides of the

scribe givepta the filmwere taken to be outside of the evaluation. The
speci men wap al sécompbyeatst ed t ¢ t he sal t Comgositiva of ¢oaporicnd®Tddy Bl 7, with the
results the ' 3—Exarptps—S5—eant——6 +H—A—stqet—ptate
havi ng the $urface prepared by Bad@®#iBstingEx@ a |evelEBB | SO Bad Befhdd| a
pol yur et hangphmefcoh€SI N shown Tn Tabl' e 4 applted 1or primer coat,
i nt er nedi at a_c_g,a,t_au.d_t_g_p_c_g,ai under the conditions. of humdit \. 0894 and
t enper at ur e| 20[VehEEC t hen dridd at 1%uni d{ty 98% and| t enpesr at urfe 20[18rr] C
for 1 week. Till;.',l;"lle.ll\‘iQL f—am— X cut—scribe gl vemrtothe coated—surface—to—redch
to the groumdi n& SUFface, the speci men was Subjected to the conbined cycle
test with the tMisicessirdhbtidens |[(4 sbgps, $ houss) shpwn iy Tablle 2 ag one
cycle for e\waldation—of—the—cdrrosion

Zinc powder 60 ' 60 60 60

Others 3 3 3 3

Additives 2 ) 2 ' 2

Dry film thickness (;sm) 75 75 75 75

Intermediate coat .

Vehicle 42 3 46 511

Pigments

Micaceous iron oxide 40 25 - 35

Zinc powder - 39 - -

Others 16 4 51 12

Additives 2 2 3 2

Dry film thickness (xm) 5 75 75 150

Top coat

Vehicle 54 83 . 98 511

Pigments

Micaceous iron oxide 38 . . 35

Others 6 - - . 12

Additives 2 3 _ 2 2

Dry film thickness (xm) 75 ' 40 40 150

*1:Vehicle contains 23 percent by weight (to dry film weight of refined tar.



protective performance, and the results shown in Table 5 were obtained. In
the test, those parts of the filmwthin about 10 -nmfromthe periphery of
the specinmen and within 2 nmon the respective sides of the scribe given to
the filmwere taken to be outside of . the evaluation. The speci nen was al so
subjected to the salt fog test under "ASTM B117, with the results thereof
shown in Table 5. Exanples 7 and 8 A material to be coated had the surface
preparation according to the nethod of Exanple 1 and had the respective
priner coat, internediate coat and T&BLIHAt shown in Table 6 applied under
t he condltlons of hum d|ty 60% and tenperature 20[err]C. It was then dried
for 1 weel T [TONS 0T Num ity 60%eg _d"t""erature Z0TE ]C
and taken| S . , . =%y
surface tqa reach to the grtgmwg,@ggi@ce t he speci nen was subj ect ed to

t he comnbijed cycl e1test Wi tbgﬁmmb&nsﬂéc@‘hgﬁs 6 hours) shown
in Tabl e 2 =¥ : rhete —

per f or mange, “and the result ¢i N Table 6 were obtal ned. In the t 1 St

those part|s of thezfllmwhlch W vysg%ma,mut 10 mhfromthe peri phg¢ry of
t he speci rfeR—aith—ti=t—tttt—re O =t E=f=ePee Be—fji ven

tothefilmvveretakento l:eu&uﬁ w&f the evaluatlon Exarrple9 \
material tlo be coafed had tlhe g e@CxphPr epar ati on according to the nefhod

of
4 Wam air drying test .
30+2°C, 2.0h
TABLE 3
“Testitems - | Ex.1 B2 “Ex.3 Ex.4
Combined cycle test =~ o '
Cycles - . 360 . 360 360 360
X-cutscribe | Within lmm | Within tmm - | Withinimm . | Within 1mm blisters at the
part blisters atthe | blisters at the blisters at thé scribe arca .
scribe area scribe area scribe arca . . S
Normal part | Norustspots, |} Norustspots, | No rustspots, No qust spots, no blistering
. no blistering no.blistering no blistering * | -
Salt fog test . . . )
2000h No rust spots, No rust spots, No rust spots, No rust spots, no blistering
| no blistering nob_listerini no blistering . . :




Exanmple 5 and had a priner coat paint used in Exanple 1 applied. Then, it
was i medi ately subnmerged in water of 20[err]C and, after allowng to stand
‘for 7 days, had a bonding strength of 13 kg/cnferr] neasured according to

t he met hod specified in ASTM D4541. References 1 and 2 A material to be
coated was prepared according to the nethdd of Exanple 1, and had the
primer coat, internmediate coat and top coat shown in Table 1 applied under
the conditions of humdity 60% and tempapairy e 20[err]C, then it was dried
for 1 week under the conditions of hunldlty 20% and tenperature 20[err]C

and taken as test crmem—Wthram et TVErI .l
surface to repch to t%@p&'}"&‘ﬁndl ng ‘,urfacgm["ﬁ’é‘mé?fé‘&'ﬁ R ry§l é&)t ed t
t he conbi ned ¢ycle test under the ¢onditiomk ghown inf Tabl e 2E£®r
eval uation of H-he—eer+rosten—preteeti-ve—pertorfafee—and—the—restts—shown
in Tabl e 7 welePisredahed. This speci men was subjected to the salt fog teést
under ASTM B1I7—@nd there were obflained thegresults phown in gable 7.
Reference 3 Almaterial tao he coated had the surface pLeparat-i-oA—acco-ah +g
to the nethod|obigihesenpl e 5 and had an organic zinc- rich pai nt (Zi nkee
8000HB; Produqt—of oy Par Tt CO.[)— appl T € at_a ratg of 300 ggnierrtr,
then it was i nmed8t “subnerged ijn_vater 20[err] € and allnmed_Lg_sland
for 7 days andq hadwmasbond strength jof 0 kg/caferr] nmeasured according td
t he met hod spge++et—+r—ASHD454E: '
Additives 1 _ 1
Dry film thickness (um) 75 75
Intermediate coat
Vehicle 42 46
Pigments
Micaceous iron oxide 40 -
Others 16 51
Additives 2 3
Dry film thickness (xm) 75 ' 75
Top coat
Vehicle 54 98
Pigments
Micaceous iron oxide 38 -
Others 6 -
Additives 2 2
Dry film thickness (1m) 75 40




12 TABLE 1 Conponents

Conposition of components in

dry filmEx. 1 (Ref. 1) Ex. 2 Ex. 3 Ex. 4 (Ref. 2)
Primer coat Vehicle 15 15 15
15 Pignments M'caceous iron oxide 20 20 20
20 Zi nc powder 60 15 60 60 '
60 O hers 3 3 3
3 Additives TABLES > 2
2 Dry filmthickness ([errlm 75 75 75
75 I ntermedi at ¢ coat Vet itgms’ | Ex.S 42 Ex.6 3
46 Qdnidined cycle g8 Nt S M caceous | ron oxi de 40
2 5 O () LI e pu V\IU Cl
39 Cycles 3 - ckhers 488
4 57 X-cutscribe part 12 AddNb rusespots, no blistering No rust spot§ no blistering |
2 3 Normal part ? E)r o k%t Jpglk (BK Gmné [ BT Nost spots, no ¥lRtering
75 _ﬁfogtest 50— Top——Toat TTHe —— b4
83 eYel 51[ fr'l Di nrrgnf I
4000h No rust spots, no blistering | No rust spots, no blistering
TABLE 6
Components Composition of components in dry film (wt%) and paints
Ex.7 Ex. 8
Primer coat
Vehicle 15 15
Pigments 20 --20
Micaceous iron oxide 20 20
Zinc powder 60 60
Others 3 3
Additives 2 2
Dry film thickness (um) 75 75
Intermediate coat
. Phthalic resin paint Polyurethane resin paint
Paints intermediate coat (Zuvoid intermediate coat (V Top H
SR intermediate coat) intermediate coat)
Dry film thickness (rm) 75 75
Top coat .
Paints Phthalic resin coat (Zuvoid Polyurethane (V Top H Top
SR Top coat) coat)
Dry film thickness (um) 25 25
Combined cycle test
Cycles 120 120
X-cut scribe part No rust spots, no blistering No rust spots, no blistering
Normal part No rust spots, no blistering No rust spots, no blistering




M caceous iron oxide 38 -

35 Ot hers 6 _ -

12 Additives 2 : 3 2
2Dryf|Imth|ckness([err]rr) 40 40
150 * 1 :Vehicle contains 23 percent l1)y wei ght (to dry filmweight of

refined tar 13 TABLE 2 Steps LE 7 Tests
1 Salt water spray test 5‘% agueous sol ution of Nad ,
30[err]2[err]lC 050 2 \ om2H,
1. 5h Hot ai dryi nFestdtems502[ erf ] C, 2. ORefrm ai r §iryi rig t Bef. 2
30[err]2[eri 1 103 B L EX. 2
Ex. 3 bined t°§t Conbi ned cycle test cycles 360
360 W@% 36450%- cut’ - scfibe  Waggen 1nm
Wthin 1mm o lom MLt hin 1om-blist-ods—at-i-he
X-cut scribe part Within Imm = . No rust spots,
S _blisters at the scribe area | no blistering
Normal part No rust spots, no .. | No rust spots,
- blisteri no blistering
Salt fog test | _ _ : o
2000h ' No rust spots, no No rust spots,
B bh‘stm'ng no bhﬁ. tﬂ‘ m.

After completion of intermediate coat in Example 5, a commercially
available polyurethane resin paint (V Top HB produced by Dai Nippon Toryo Co.,
Ltd.)wasapphedas a top coattohaveadryﬁlmthlckness of 50 um, andasaltfog
test of 2000 hours was carried out aecordmg to ASTM B117. Nexther the X-cut
scribe part nor the normal part showed any rust or blister.

_ After completion of primer coat in Example 5, a commercially available tar
epoxy resin pamt (SDC Coat produced by Dai prpon Toryo Co., Ltd.) was applied
tohaveadryﬁlmthlckness of 240 um, and a salt fog test of 4000.hours was carried -
out according to ASTM B117. Nexther the X-cut scnbe part nor the normal part
showed any rust or bhster.

A galvanized steel sheet with 550 g/m? of zinc deposited was ground on the .
surface by sand paper, coated with the top coat of Example 1, and dried at 20°Cfor
7 days. The specimen was kept in an atmosphere of 50 = 1°C and 95% relative
humidity for 90 days, and the bonding strength was measured accordmg to AS'IM
. D4541, andfoundtobe40kgf/cm2 '



part - blisters at the blisters at the blisters at tho scribe

area scribe area scri be area scribe area Normal part No rust
‘spot s, No rust spots, No rust spots, No rust spots, no blistering
no blistering no blistering no blistering Salt fog test 2000h

No rust spots  No rust spots, No rust spots, No rust spots, no
blistering no blistering no blisteripg no blistering 14 TABLE 4
Conponent s Conposition of conmponents in dry film(w%
Ex. 5 ' Ex. 6 Primer coat Vehicle, .

8 Although the presnPimvention lzisrheepalederibed in terms of various

88

3 Addi ti va@sgeferred embodiments th8e§eoct1, ptelg Sappan:,nglthat various modifications, omissionis,?[’)r y
filmthic i ithout departing from the spirit’5

|t of rodi gpgﬁggbﬁ%éh%lt%er changes may be thiade without departing 19 p .

46 Pi gmentthereof. Thus, the invention should be limited only by the scope of the following

claims including equivalents thereof.



M-caceous iron oxi de 40 O hers

—_—

16 51 Additives 2
3 Dry filmthickness ([err]m 75 Top“umwu MHWH””"L,

54 _ 98 Pignments M caceous i L/ORT , 8

Ct hers 6 Additives o

2 2 Dry filmthickness ([err]m ' 75
40 15 TABLE 5 Test itens Ex. 5

Ex. 6 Conbi ned cycle test Cycles - 480

480 X-cut scri b¥hpaistclaimed is: No rusigspots, no blistering No rust
spots, no blistering Normal part No rust spots, no

blistering No rust spots, no blistering Salt fog test 4000h

No rust spots, no bl \sheldsith protedfve Etinp 8k Bise Bl R R P WmERRLE ©

structure, comprising a moisture-curable type polyurethane urea resin and
micaceous iron oxide as essential ingredients in a primer coating.

2. The corrosion protective coating of claim 1, wherein the primer layer
is overcoated with one or more layers.

3. A corrosion protective coating for use with surface of a metal

- structure, comprising a moisture-curable type polyurethane urea resin and zinc

powder as essential ingredients in a primer coating.

4. The corrosion protective coating of claim 3, wherein the primer
coating is overcoated with one or more layers.

5. The corrosion protective coating of claim 3, wherein the zinc powder
content in the primer layer is 85% or more.

6. The corrosion protective coating of anyone of claim 1 to 5, wherein
the overcoatings are formed by materials selected from moisture-curable type
polyurethane urea resins, polyurethane resins, epoxy resins, chlorinated rubber

resins, alkyd resins, phthalic resins, fluorine resins, phenol resins, acrylic resins and
acrylic silicone resins. '

7. The corrosion protective coating of anyone of claim 1 to 6 wherein
said coating comprises a primer layer, an intermediate layer and a top layer.

8. The corrosion protective coating of claim 1 or 3 wherein the primer
layer contains zinc powder and micaceous iron oxide in an amount of 75-90 percent
by weight. )

9. The corrosion protective coating of claim 1 or 3 wherein the amount

of zinc powder in the primer layer is 50 percent by weight or more and micaceous
iron oxide is 30 percent by weight or less.

10.  The corrosion protective coating of claim 7 wherein the intermediate
layer further comprises zinc powder.

11.  The corrosion protective coating of claim 7 or 10 wherein the



Conponent s Conposi tion of conmponents in dry film(w% and
paints Ex. 7 Ex. 8 Prinmer coat—Vehtete
%g M caceous iron oxi d 1o Proments 20 | 20
X1 de : 2

20 M caceo. " RN RO TR, >0
Ot her s 3 et g
Addi tives 59 2 Dry
fllmthl_c[mess ([errlm ] 75 75
:Dn_t er nedi aftermediatePlaybnfurthereompnisesfar. Pol yur et hane resin paint

ai nt s .nternmedi at e coat UV oy Is i coat
(V Top H SR i ntlér meding: GPIERSIPR protecuy%f:g?%pg{:él gia?’)heférl@tﬂ?% f%dltaﬂ%lgkness
([errlm  gurther com?ri es taP. 75 Top coat Paints
Phthalic resin coat (Zuvoid Pol yuret hane (V Top H Top SR Top_ coat)

coat) Dry fil mi3hi cKitessorrpsion|prptective coating of claims/ or 1 wherein the top
25 Conbi ned cycl e test %/izl es . . . . | 120
120 X-cut layeriipsubstantially free of micggequsdron gxide: o piistering No rust

g™ %A P e comprisng  meta ke RN  cORoion
protective coating in accordance with any one of claims 1-13 on a surface thereof.
15.  The composite material of claim 14, wherein said metal surface is a
galvanized steel surface. '
16. A corrosion protective coating method, comprising keeping the metal
surface wet when the corrosion protective coating of claim 1 or 3 is applied.
17. A corrosion protective coating method, comprising keeping the lower
limit of the environmental temperature at -6°C or highér when the corrosion
* protective coating of claim 1 or 3 is applied. |
18. A corrosion protective coating method, comprising the environmental
humidity at 6 to 99% RH when the corrosion protective coating of claim 1 or 3 is

applied.



16 -TABLE 7 Test items Ref. 1 Ret 2 Conbi ned

cycle test Cycles 360 360 X-cut
'scri be part Wthin 1nm No rust spots, blisters at the scribe
area no blistering Normal part No rust spots, no No rust
spots, blistering no blistering Salt fog test 2000h

No rust spots, no No rust spots, nojffistering .

conpletion of internediate coat in Exanple 5, a comre 3?@&1 Ej a%ﬁ@'
pol yuret hane resin paint (V Top HB produced by Dai N ppan ERLAC Ligl.)
was applied as a top ¢ 15 o1 TVE POIYURBIE CORTING [err]m and a
salt fog test of 2000 h lFl{s&"was gparri ed out according to ASTM B117. Neit her

the X-cut scribe part nor the normal part showed any rust or blister.
Exanpl e 11 After conpletion of prinmer coat in Exanple 5, a comercially

avai | abl e tar epoxy resin paj Tt(“%lcﬁ t gdgu'@gi Ni ppon Toryo- Co.,
Ltd.) was applied to have aa%r%? Imt ?‘C’Eﬁg?gr%‘? 240 [err]m and a salt

fog test of 4000 hours was carried

Corrosion protective coatings comprising a plurality of coating layers on a
surface of metal structures where at least a primer layer of the coating comprises a
single-component, moisture-curable type polyurethane-urea resin, zinc powder
and/or micaceous iron oxide. The zinc powder and/or micaceous iron oxide are

preferably present in an amount 70-95% by weight in the primer layer.

FIGURES 1 & 2
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out according to ASTM B117. Neither the X-cut scribe part nor the normnal

part showed any rust or blister.

“of: zi nc deposited was ground on the surface by sand paper,
top coat of Exanple 1, and dried at 20 [err]C for 7 days. -

in an atnmosphere of 50 1 C and 95% relative humdit
t he bondi ng strength was neasured accorgk
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40 kgf/cnferr].
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9103623 -0
is overcoated with one or nore layers. 3. A corrosion protective coating
for use with surface of a nmetal structure, conprising a noisture-curable
type: polyurethane urea resin and zinc powder as essential ingredients in a

primer coating. 4. The corrosion protective coating of claim3, wherein
the primer coating is overcoated with one or nore |ayers. 5. The
corrosion protective coating of cI aim3, wherein the zinc powder content in

the primer layer is 85% or nore. 6. T corrosion protective coating of
anyone of claiml to 5 wherein the overcoatings are formed by naterials
sel ected from noi sture-curable t r FORER" edare@NGBS,/ pol yur et hane
resins, epoxy resins,C@ﬁ?B?FﬂﬁtBé8$5§§&¥grg??ns al kyd reS|Hg pht hal i c
resins, fluorine resins, phenol resins, acrylic resins and acrylic silicone
resins. 7. The corrosion protective coating of anyone of claiml to 6

wherein sai.d coating conpri i y L wmedi ate | ayer and a
. top layer. 8. The corrosmﬁ&ﬁmgﬁ%;[ﬁ@g&}c@i m1l or 3 wherein
. the primer |ayer contains zinc powder and m caceous iron oxide in an anpunt
of 75-90 percent by weight. 9. The corrosion protective coating of claim

1 or 3 wherei nOdnsommpm)teoﬁvzlcnauw/\dmnprlmmpbrrﬁh@rOf e9@ing Byss peacent
by wei ght or m caceous, iron. oxide is 3 ess.
0. The. GRS P MO INBE TS Eatre 4R Sgmt 3%, ot HAEbrs ate

ayer Turthigie %gHw] R, AbuReUSHEble trbe poW@re@meom&rreantzﬂfct poedeoat i ng

of claim erei’n t . . .
and/or micaceous iron oxide. The zinc powder and/or micaceous iron oxide are

preferably present in an amount 70-95% by weight in the primer layer.
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19 internmediate |ayer further conprises tar. 12. The corrosion protective
coating of claim?7 wher€in the top #ayer further conprises tar. 13. The
corroSion protective coating of claim7 or 13 wherein the top layer is
substantially free of m caceous iron oxide. 14, A conposite materi al
conprising a netal structure having a corrosion protective coating in
accordance with any one of clains 1-éﬁ_on a surface thereof. 15. The-
conposite material of claim14, wheré€i'n said netal surface is a gal vani zed

steel surface. 16. A corrosion protective coating nethod, conprising
keepi ng t he jetal - sut: hag t § protective coating of
claim1l or 3 #s- : A .:cﬁr.g Ot Lok ive cogting nethod,
conpri sing Kedpigr igret®0p thE&: ment alBt enperature at
-6[err] C or Mg Sigon tUe] coating of claiml or 3is
applied. 18.}1% A:cd: e® oG mthod, cogprising the
envi ronnent af- RO vRERERENOr 1 osi o protective coating
of claim1 o ¢ PN I 3 ™
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