WO 03/ 022940 PCT/ EP02/ 09119 COATI NG COVPOSI TI ON FOR METAL SUBSTRATES Thi s
I nvention relates to a coating conposition that can be used for the coating
of netal wolswemtes, for exanple steel substrates. |n par PCTEHPaz/)91I12
relates to a 5 coating conmposition for sem -finished steel products which
are subsequently to be fabricated by heat-intensive processes and
overcoated. Such sem -finished steel products are used in the shipbuilding
i ndustry and for other large-scale structures such as oil production
platforns and include steel plates, for exanple of thickness 6 to 75 nmm
bars, girders and various steel sections used as 10 stiffening nenbers. The
nost i nportant heat-intensive Erocess s weldin substantially all such
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processes are cutting, for exanple oxy-fuel cutting, plasma cutting or

| aser cutting, and heat fairing, where the steel is bent into shape while
bei ng heatléts inMeation stlaéds madnmatisg zoenppdsiteon thapcardd osedorihatdoatingur i ng
15 storage before consfruct and they are generally coated
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needs to Rewie] 9RRKEr cutting, and heat fairing, where the steel is bent into shape while

being heated. These steel products are often exposed to the weather during

15  storage before and during construction,‘- and they are generally coated with a
coating called a “shop primer” or “pre-construction coating” to avoid corrosion of
the steel occurring before the steel construction, e.g. a ship, is given its full
coating of anticorrosive paint, thereby avoiding the problem of having to
overcoat or remove steel corrosion products. In most big shipyards, the shop

20 primer is applied as one of several treatments carried out on a production line in
which the steel is for example preheated, shot- or grit-blasted to remove
millscale and corrosion products, shop primed, and passed through a drying
booth. Alternatively, the shop primer can be applied by a trade coater or steel
supplier before the steel is delivered to the shipyard or other construction site.

25
Although the main purpose of the shop primer is to provide temporary corrosion
protection during construction, it is preferred by shipbuilders that the shop
primer does not need to be removed but can remain on the steel during and
after fabrication. Steel coated with the shop primer thus needs to be weldable

30 without removal of the shop primer and to be overcoatable with the types of



30 without renoval of the shop priner and to be overcoatable with the types
of WO 03/022940 PCT/ EP02/09119 2 protective anti-corrosive coatings
gener al | ywogaa229m0 shi ps and ot her steel constructions, wPCh/Epowei1agihesi on
between the prinmer and the subsequently applied coating. The shop prined
steel should preferably be wel dable wi thout any significant detrinental
effect on the quality of the weld or g the speed of 5 the wel ding process
and should be sufficiently resistant t© heat for the shop priner to retain
its anticorrosive properties in areas heated during fairing or during

wel ding of the opposite face of the steel. Commercially successful shop
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powder are al so proposed in GB-A-1226360, GB-A-1007481, GB- A-997094,
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of volatile organic solvent can be harmful to the environment and is regulated by

15 legislation in many countries. There is a need for a shop primer which releases
no, or much less, volatile organic solvent. Examples of such coatings are
described in US-A-4,888,056 and JP-A-7-70476.

JP-A-6-200188 is concerned with shop primer coatings and mentions the
20 possibility of using an aqueous alkali silicate salt type binder. Coatings
comprising an aqueous alkali metal silicate and zinc powder are also proposed
in GB-A-1226360, GB-A-1007481, GB-A-997094, US-A-4,230,496, and JP-A-
55-106271. Alkali silicate binders for anticorrosive coatings are also mentioned
in US-A-3,522,066, US-A-3,620,784, US-A-4,162,169, and US-A-4,479,824. In
25  EP-A-295 834 coatings containing a mixture of alkali metal silicate with a minor
amount of colloidal silica, Al;O3 powder as filler, and metal powder as
toughening agent are mentioned. We have found that primer coatings based on
an aqueous alkali silicate binder containing zinc powder can give adequate
corrosion protection and allow the steel surfaces they cover to be welded, but

30 give rise to problems when overcoated. The aqueous silicates contain a large



corrosion protection and allow the steel surfaces they cover to be wel ded,
but 30 give rise to problens when overcoated. The aqueous silicates contain
a | arge Woo03/60222040 PCT/ EP02/ 09119 3 quantity of al kal i PagtER02/6|19 ONS
required to keep the silicate in aqueous solution and these ions are still
present in the coating after it has dried. W have found that if priner
coatings having these large quantities,of alkali metal ions are overcoated
wi th any conventional organic coating %nd then inmrersed in water, 5
blistering (local delam nation of the coating) occurs. W have perforned
tests which show that this problemcan be reduced if the coating is
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pol ymer, GB-A-14385169, y\/rﬁ ch adds a %’dgﬁ?gﬁgmégmlﬁ%%r'@%g?? nmet al
si | i cat e higiharadckiviig shpyards. whi ch adds clay materials and/or netal

oxXi de1% such as Al 203, and al um ni um bi phosphate and/or ethyl silicate.
However, such coatings have not achieved physical properties simlar to

those of Axpricusgsilitasels taviRigkal veryBbdl aikalii atfSion GsitbR0are Baamshign
silica sols show |ow | evel s of blistering when overcoated/imersed. 25

Al t hough COREMGEIEY.- ¢ eantiags ased om teatcoaventiendlyi usest esge pelsanasmadly,
bl i steringye very poor (initial) film strength in terms of adhesion, cohesion, hardness,

and resistance to abrasion and water. These poor physical properties of the
15 coating make it susceptible to damage during handling or further processing.
This brings the potential requirement of significant coating repair with major cost
implications. Suggested improvements to silica sol coatings are described in
US-A-3,320,082, which adds a water-immiscible organic amine, GB-A-1541022,
which adds a water-soluble acrylamide polymer, GB-A-1485169, which adds a
20 quaternary ammonium or alkali metal silicate, and JP-A-55-100921, which adds
clay materials and/or metal oxides such as Al,O3, and aluminium biphosphate
and/or ethyl silicate. However, such coatings have not achieved physical
properties similar to those of coatings based on alkali metal silicates. Coatings
based on silica sols show low levels of blistering when overcoated/immersed.
25 Although the water-soluble salt content and osmotic pressure are low, blistering
can still occur, as due to its poor physical properties the coating exhibits little

resistance to blister initiation/growth.

There is a need for a water based shop primer of low alkali metal ion content

30 which has improved adhesion to substrates and improved film strength in terms



can still occur, as due to its poor physical properties the coating
exhibits little resistance to blister initiation/growh. There is a need
for a watwo obaswdo shop priner of low alkali nmetal ion contPe€mtEPOB®IWhIi ch has
i nproved adhesion to substrates and inproved filmstrength in ternms WO

03/ 022940 PCT/ EP02/ 09119 4 of the properties discussed above to resi st
blister initiation and growh. Further there is a need for a blister-free
wat er based shop priner show ng fast %evel opment of the physical coating
properties after application to enable handling and further processing of
t he substrate wi thout the risk of damaging 5 the coating. It has been
found t h& theprorarigs gisqusseiagREno \V@iilﬁhghsthtfﬁt&’flpatar@ngl(mh:) Fudhet he
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colloidal silica, said colloidal silica preferably being A1203 25 nodifi ed.
Al so coatl ngs, containing a nixture of alkali netal silicate with a m nor
amount  of h@dP'ngﬂtéIVOBJme cancemirtiamd®\dakis theevoleme rereantage effpigment

zi nc- modid iR gry paint film. The critical pigment volume concentration (CPVC) is

normally defined as the pigment volume concentration where there is just

15 sufficient binder to provide a completely adsorbed layer of binder on the
pigment surfaces and to fill all the interstices between the particles in a close-
packed system. The critical pigment volume concentration can be determined
by wetting out dry pigment with just sufficient linseed oil to form a coherent
mass. This method yields a value known as the "oil absorption”, from which the

20 critical pigment volume concentration can be calculated. The method for
determihing the oil absorption is described in British Standard 3483 (BS3483).

US-A—3,75.1,574 suggests coatings containing a mixture of alkali metal silicate
with a minor amount of colloidal silica, said colloidal silica preferably being Al,O3
25 modified. Also coatings containing a mixture of alkali metal silicate with a minor
amount of colloidal silica, and zinc dust are mentioned. In the zinc-modified
coatings, preferably a mixture of alkali metal silicate with a minor amount of
non-modified colloidal silica is employed. In the Examples, the zinc dust is
employed in extremely high proportions. This results in the formation of films

30  containing about 95 percent by weight of zinc in the dried coating. However,



coatings, preferably a mxture of alkali netal silicate with a m nor anount
of non-nodified colloidal silica is enployed: In the Exanples, the zinc
dust is wopBoy®doin extrenely high proportions. This res®CTgEPIN0OY1E
formation of filnms 30 containing about 95 percent by weight of zinc in the
dried coating. However, WO 03/022940 PCT/ EP02/09119 5 such a high zinc

| evel has a detrinental effect on thee%/\el dability of the, coating. Thus,
such coatings are not suitable for use’ as shop prinmers for sem -finished
steel products which are subsequently to be faired or wel ded and
overcoated. US-A-3,721,574 does not make reference to the PVC/ CPVC ratio
of the 5st6htd high, zineiavethas & detiimentalceifecion therwéldabiiheoftheceaatingr i si ng
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conposition according to the present invention when the binder conprises
silica or silicate particles having an average size larger than 10 nm The
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has now been found that the film properties of the coating composition and the
15 speed of property development of the film can be improved by using the coating
composition according to the present invention when the binder comprises silica

or silicate particles having an average size larger than 10 nm.

The composition according to the present invention, which can be used for

20 coating a metal substrate which is intended to be fabricated and overcoated,
has a PVC / CPVC ratio smaller than 1. The coating comprises a silica binder
comprising an aqueous silica sol and, optionally, a minor amount of alkali metal
silicate, with the silica and/or silicate particles in the composition having an
average size larger than 10 nm. Said binder has a SiO.,/M>O mole ratio of at

25 least 6:1, wherein M represents the total of alkali metal and ammonium ions.
For the purpose of the present application, a minor amount of alkali metal
silicate means that the weight ratio of alkali metal silicate to silica sol in the
composition is smaller than 0.5, preferably smaller than 0.25, more preferably
smaller than 0.1.

30



For the purpose of the present application, a mnor anmount of alkali metal
silicate neans that the weight ratio of alkali netal silicate to silica sol
in the cowopemeuon is snaller than 0.5, preferably snal | @eCTtHPaZI0N125, nore
preferably smaller than 0.1. 30 WO 03/022940 PCT/EP02/09119 6 It has been
found that inproved early coating properties can be obtained using

coatings with a PVC between 35% and 65% mnore preferably between 40% and
55% 1In a coating having a PVC bel ow 38% and conprising only zinc as
pignent, there is insufficient zinc to provide effective corrosion
protection on 5 outdoor exposure when nore than 6 nonths' protection is
requi r ed.!t DB Heg8; fagnd doat imnjoved eariy costing ipieperdesicanfle obtasnexhasinget ween
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products, enhancing the corrosiogn ,ﬁrgt ection given by the coating. Al or
part of tq?éroff%pﬁgﬁﬁté‘?n C3h R BE ANy 0REZPMBIOKE | SHEONTARY GABOMIONOf
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be up to 90% by volunme of the coating, on a I'mbasi’s.™ Tt .
powder anglAdde@0 al |l oy can be substantially the whole of the pignmentation
of the coating or can for exanple conprise up to 70% for exanple 25 to
55% 1lgy volune of the coating, on a dry filmbasis, with the coating al so

cont ai ni MheAPrigieri toing pREFAMIPRoNtains zinc powder which preferably has a
volume averaged mean particle size of 2 to 12 microns, and most preferably
such zinc powder is the product commercially obtainable as zinc dust having a |
mean particle size of 2 to 8 microns. The zinc powder protects the steel by a

15 galvanic mechanism and may also form a protective layer of zinc corrosion
products, enhancing the corrosion protection given by the coating.
All or part of the zinc powder can be replaced by a zinc alloy. The amount of
zinc powder and/or alloy in the coating generally is at least 10% and can be up
to 90% by volume of the coating, on a dry film basis. The zinc powder and/or

20  alloy can be substantially the whole of the pigmentation of the coating or can for
example comprise up to 70%, for example 25 to 55%, by volume of the coating,
on a dry film basis, with the coating also containing an auxiliary corrosion
inhibitor, for example a molybdate, phosphate, tungstate or vanadate, as
described in US-A-5246488, ultrafine titanium dioxide as detailed in KR

25 8101300, and/or zinc oxide and/or a filler such as silica, calcined clay, alumina
silicate, talc, barytes or mica. The amount of zinc powder and/or alloy in the
coating preferably is between 35 and 60%, more preferably between 40 and
50%.



inhibitor, for exanple a nol ybdate, phosphate, tungstate or vanadate, as
described in US-A-5246488, ultrafine titaniumdioxide as detailed in KR 25
8101300, wpodBwo22920 nc oxi de and/or a filler such as silicapcraipot/omad cl ay,
alumna silicate, talc, barytes or mca. The anobunt of zinc powder and/or
alloy in the coating preferably is between 35 and 60% nore preferably
between 40 and 50% WD 03/022940 PCT/EP02/09119 7 OQther pignents can be
used in conjunction with zinc-based pignents. Exanples of these other
non-zinc pignents include conductive extenders such as di-iron phosphide
(Ferropha %r)), m caceous iron oxide, etc. Use of these conductive
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t he Regi red. Iradepar k "Ludox" | t hou the literature 15 concerning
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silica particle sizes and containing various stabilizers. e particle size
of the dotusiiien) isseledad cameaan pattigiepsize thelaw 3t jra, peafgemblp belowl2Qimmn
partigl e Shifsus dcpwards the lower end of this range, for exanple 10 to 22
nm are preferfed.” In 20 a conposition according to the present invention,

the binder nore preferably has colloidal silica particles with an average

particle_size between 10 nmand 20 nm even nore preferably between 10 nm
and 16 nrhhe binder is most preferably based on an aqueous silica sol. Such sols are

available from Akzo Nobel under the Registered Trademark “Bindzil” or from
DuPont under the Registered Trademark “Ludox’, although the literature
16 concerning them emphasizes that conventional grades of colloidal silica are not
good film formers. Various grades of sol are available having various colloidal
silica particle sizes and containing various stabilizers. The particle size of the
colloidal silica can for example be in the range 10 to 100 nm; particle sizes
towards the lower end of this range, for example 10 to 22 nm, are preferred. In
20  a composition according to the present invention, the binder more preferably
has colloidal silica particles with an average particle size between 10 nm and 20

nm, even more preferably between 10 nm and 16 nm.

The silica sol preferably has a SiO,/M,0O mole ratio of at least 10:1, more
25 preferably of at least 25:1, even more preferably of at least 50:1, and can have
a SiO2/M20 mole ratio of 200:1 or more. Further, it is possible to use a blend of
two or more silica sols having a different SiO./M>,O mole ratio, wherein the
Si02/M20 mole ratio of the blend is at least 25:1. The sol can be stabilized by

alkali, for example sodium, potassium, or lithium hydroxide or quaternary



The silica sol preferably has a Si 02/ MO nole ratio of at |east 10:1, nore
25 preferably of at least 25:1, even nore preferably of at |east 50:1, and
can have wea 0Si02240M20 nol e rati o of 200:1 or nore. Further PCTEPOZOQOSSI bl €
to use a blend of two or nore silica sols having a different Si 02/ MO nol e
rati o, wherein the Si02/ MO nole ratio of the blend is at |east 25:1. The
sol can be stabilized by alkali, for exanple sodium potassium or |ithium
hydr oxi de or quaternary WO 03/ 022940 / EP02/ 09119 8 ammoni um hydr oxi de,
or by a water-soluble organic am ne such as al kanol am ne. The silica sol
can be blended with a m nor amobunt of an alkali netal silicate, for 5
exanpl e lanumoniurgi Ihydsedde,soeti um | &t haler-solubteat erganiqoamés usuch | Bsat e, or
with a niumsilicate or a quaternary ammonium silicate. O her exanples
of sui %aeno YN 1i cate blends or nixtures can be found in US 4,902, 442.
The addition of an alkali nmetal or amoniumsilicate may inprove the
initial film formng properties of the silica sol, but the anpunt of
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weight ratio of alkali metal silicate to silica sol in the composition is smaller than |

0.5, preferably smaller than 0.25, more preferably smaller than 0.1.

15
The silica sol preferably has a low level of agglomeration. This can be
determined by asserting the S-value of the sol. The S-value can be measured
and calculated as described by ller & Dalton in J. Phys. Chem. Vol. 60 (1956),
pp. 955-975. The silica content, the volume of the dispersed phase, the density,

20 and the viscosity of the silica sol affect the S-value. A low S-value can be
considered to indicate a high degree of particle aggregation or inter-particle
attraction. The silica sol used in the coating composition according to the
present invention can have an S-value of 20-100%, preferably 30-90%, even
more preferably 50-85%.

25
It has now been found that a silica sol having a low level of agglomeration gives
also very good results in the systems and processes described in WO
.00/55260, WO 00/55261, WO 02/22745, WO 02/22748. For these systems and
processes, the silica sol can have an S-value of 20-100%, preferably 30-90%,

30 even more preferably 50-85%.



present invention can have an S-value of 20-100% preferably 30-90% even
nore preferably 50-85% 25 It has now been found that a silica sol having a
| ow | evelwofosagpghoner ati on gives al so very good results PaTiHPE2/891$¢ ens and
processes described in WO .00/55260, WD 00/55261, WD 02/22745, WO

02/ 22746. For these systens and processes, the silica sol can have an
S-val ue of 20-100% preferably 30-90% 30 even nore preferably 50-85% WO
03/ 022940 PCT/ EP02/ 09119 9 The silic® sol can alternatively or
additionally contain a dissolved or dispersed organic resin. The organic
resin preferably is a |atex, for exanple a styrene butadi ene copol yner
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30% by weight, more preferably 10-20% by weight, based on solid binder.
Higher amounts of organic resin may cause weld porosity during subsequent .
welding. It was found that the addition of an organic resin improves the

15  adhesion/cohesion as measured in the cross hatch test.

Alternatively, the silica sol can contain a silane coupling agent which contains
alkoxysilane groups and an organic moiety containing a functional group such
as an amino, epoxide or isocyanate group. The silane coupling agent preferably

20 is an aminosilane such as gamma-aminopropyl triethoxy silane or gamma-
aminopropyl trimethoxy silane, or a partial hydrolyzate thereof, although an
epoxy silane such as gamma-glycidoxypropyl trimethoxy silane can also be
used. The silane coupling agent preferably is present at up to 30% by weight,
for example 1-20% by weight, based on solid binder.

25
The binder of the primer coating can additionally comprise an aqueous solution
of an alkali metal or ammonium silicate stabilized by a siliconate substituted by
at least one anionic group of lower pKa than silicic acid, such as a carboxylate
or sulphonate group. Such a binder preferably is a solution having a SiO,/M,0

30  mole ratio in the range 8:1 to 30:1 and a pH in the range 7 to 11.5 prepared by



am nopropyl trinethoxy silane, or a partial hydrolyzate thereof, although
an epoxy silane such as gama- gl yci doxypropyl trinethoxy silane can al so
be used.wohg/osidk@ne coupli ng agent preferably is present pat/EPp2/00180% by
wei ght, for exanple 1-20% by wei ght, based on solid binder. 25 The bi nder
of the prinmer coating can additionally conprise an aqueous solution of an
al kali metal or ammoniumsilicate stabilized by a siliconate substituted by
at | east one anionic group of | ower pRQ than silicic acid, such as a
carboxylate or sul phonate group. Such a bi nder preferably is a solution
having a Si02/M20 30 nole ratio in the range 8:1 to 30:1 and a pHin the
range 7 towdrindther pbmf@sdﬂytid@o@@ﬂiﬁm Bigorte 20kt exddhangeeThag t he pH
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in the presence of zinc, but coatlngs based on these ion-exchanged binders

have relatively poor film strength compared to coatings based on alkali silicate |
binders.

15
Preferably, a binder having a pH of 9 to 11.5 is used, more preferably in the
range 9.5 to 11. While we do not wish to be bound by any theory explaining the
pH effect on the film properties, it appears that an increased pH results in an
increased amount of silica ions and/or silicate ions in solution. This seems to

20 have the potential for effecting in situ gel reinforcement after the application of
the coating composition. Additionally, pH adjustment can have a minor pot life-
extending effect. When a commercially obtainable silica sol is used, a sol with a
high pH can be selected and/or the pH-of the sol can be adjusted. The pH can
be adjusted, for example, by adding pH-influencing pot life extenders such as

25  dimethyl amino ethanol (DMAE) or dilute sulphuric acid, or by adding sodium
hydroxide. For example, commercially obtainable 22 nm silica sols normally
have a pH of about 8.5-9. Increasing the pH of these sols to 10-11 markedly

improves the rate of coating property development.



pH effect on the filmproperties, it appears that an increased pHresults
in an increased anount of silica ions and/or silicate ions in solution.

Thi s seenwotos/02B4have the potential for effecting in situPgelEPIBINIDr cenment
after the application of the coating conposition. Additionally, pH

adj ustnent can have a mnor pot |life- extending effect. Wien a commercially
obt ai nable silica sol is used, a sol with a high pH can be sel ected and/or
the pH of the sol can be adjusted. Thé pH can be adjusted, for exanple,
by addi ng pHinfluencing pot |ife extenders such as 25 di methyl am no

et hanol (DMAE) or dilute sul phuric acid, or by adding sodium hydroxide.
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vol ume | ow pressure (HVLP) spra¥ applicators, to give a coating having a
dry fil mQ Biveaesatiog hawing a KanTilo thitknesssof Ipsetharmip ynickmswpeefelabland 25

to 30 m B"eﬂﬂ%—?r] 19 a%té,g{)gg?gzmg{(%g coating conposition may conprise further

addi tives we Known [ ed person, e.g., thixotropes and/or

rheol ogy control agents (organo clays, xanthan gum cellul ose thickeners,
pol yet her_ ur ea pol yur et hanes, pyrogenic) sjilica, acrylics, etc.),
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are present), and, optionally, secondary pot life extenders, such as chromates
15 (for example sodium dichromate) or tertiary amines (for example triethylamine
or dimethyl aminoethanol). Preferred thixotropes and/or rheology control agents
include Bentone® EW (ex Elementis), which is a sodium magnesium silicate
(organo clay), Bentolite® WH (ex Rockwood), which is a hydrous aluminium
silicate, Laponite® RD (ex Rockwood), which is a hydrous sodium magnesium
20 lithium silicate, HDK®-N20 (ex Wacker Chemie), which is a pyrogenic silica, and
Rheolate® 425 (ex Elementis), which is a proprietary acrylic dispersion in water.
Preferred defoamers include Foamaster® NDW (ex Cognis), Tego Foamex® 88
(ex Tego Chemie), and Dapro® 1760 (ex Elementis). It was found that other
compounds which may be present in the coating composition for other reasons
25 can also act as secondary pot life extenders. For example, the addition of
molywhite anticorrosive pigments or styrene butadiene latex can lead to a minor
extension of the pot life. Preferred secondary pot life extenders are tertiary

amines, which offer a chromate-free option for pot life extension.



(organo clay), Bentolite(r) WH (ex Rockwood), which is a hydrous al um ni um
silicate, Laponite(r) RD (ex Rockwood), which is a hydrous sodi um magnesi um
20 it hi uwogBlewad e, HDK(r)-N20 (ex Wacker Chemi e), whi chPCI/EROpYIIOGENI C
silica, and Rheolate(r) 425 (ex Elenentis), which is a proprietary acrylic
di spersion in water. Preferred defoaners include Foamaster(r) NDW (ex

Cogni s), Tego Foanex(r) 88 (ex Tego Chemi e), and Dapro(r) 1760 (ex

El ementis). It was found that other %mounds whi ch nmay be present in the
coating conposition for other reasons 25 can also act as secondary pot life
extenders. For exanple, the addition of nolywhite anticorrosive pignments

or styreAdobhgeradoklife isatler foand|fendystens furthear camprésisg aiuroinat He thist 1ife.

Pr ef d d t |if tenders are terti whi ch of f
chr ommt e2RRGEUBRe TTorCIRRENGRON [ R Bl R S SAPB PEIE BB 09110
12 A | onger p@RbntddeCbl Svdth AP of A E)é’éecﬁﬁ]ﬁttﬁgssiﬁéﬂ 5BEbr %Hﬁﬁﬁlrei hftigled uni na.
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coating composition shortly before application. Such a process can also be
15 referred to as on-line mixing of the components in the coating composition. This
process is particularly suitable for coating compositions that have a limited pot

life.

The development of properties can be accelerated by a post-treatment process
20 in which the substrate can be treated with a solution which increases the film
strength of the primer coating. Preferably, a metal substrate is primer coated
with a coating according to the iﬁvention, and after the primer coating has dried
to the extent that it is touch dry, it is treated with a film strengthening solution.
Such a solution, which increases the film strength of the primer coating, can in
25 general be an aqueous solution of an inorganic salt or a solution of material

having reactive silicon-containing groups.

The development of properties can alternatively be accelerated by immersion of
the optionally post-treated coated substrate in water, or by conditioning the

30 optionally post-treated coated substrate in an atmosphere with a relative



The devel opnment of properties can be accel erated by a post-treatnent
process 20 in which the substrate can be treated with a solution which

i ncr easeswODhg/0gi9kim strength of the prinmer coating. PreferabBrp2/einet al
substrate is prinmer coated wth a coating according to the invention, and
after the prinmer coating has dried to the extent that it is touch dry, it
is treated with a film strengthening f lution. Such a solution, which
increases the filmstrength of the pritver coating, can in 25 general be an
aqueous solution of an inorganic salt or a solution of material having
reactive silicon-containing groups. The devel opment of properties can
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possi bl e h% |l et a non-post-treated coating dry at lowrelative humdity,
for i'hst 8R&% between 25 and 50%rel ative humidity. The devel opment of the
coating properties will proceed | ess fast, but eventually 15 good coating
properties are obtained. In a preferred enbodi nent, the coating conposition
accor di ngvhen fasé dpyisg danot anvestd, dhisi possiblatte letvasod-psisbreptedreoating t he

coating 8Fy 5t l%?vl re?é'tR/Set ﬁ&rln‘ladglty\,'\@o'rclﬂstance between 25 and 50% relative humidity. |
The development of the coating properties will proceed less fast, but eventually

15 good coating properties are obtained.

In a preferred embodiment, the coating composition according to the present
invention is a water based shop primer for the coating of steel substrates which
are intended to be fabricated and overcoated, said composition having a solid
20 content of 20 - 40% by volume, and wherein the ratio of the pigment volume
concentration to the critical pigment volume concentration is smaller than 1,
comprising: '
- an aqueous silica sol binder having a SiO,/M,0O mole ratio of at least 6:1
and a pH between 9.5 and 11, wherein M represents the total of alkali metal
25 and ammonium ions and wherein the optionally alumina modified silica
particles have an average size between 10 nm and 16 nm,
- 10 - 55% by volume of the coating on a dry film basis of zinc powder and/or
a zinc alloy having a mean particle size in the range 2 to 12 um,
- 0-35% by weight, based on solid binder, of an organic resin,

30 - 0-30% by weight, based on solid binder, of a silane coupling agent,



are intended to be fabricated and overcoated, said conposition having a
solid 20 content of 20 - 40% by vol une, and wherein the ratio of the

pi gnent WsDwa®229¢@ncentration to the critical pignent vol kcg/EPoneEm rati on
is smaller than 1, conprising: - an aqueous silica sol binder having a

Si 02/ M0 nole ratio of at least 6:1 and a pH between 9.5 and 11, wherein M
represents the total of alkali nmetal 25 and amoni umions and wherein the
optionally alumna nodified silica péV*icIes have an average size between
10 nmand 16 nm - 10 - 55% by volune of the coating on a dry film basis of
zinc powder and/or a zinc alloy having a mean particle size in the range 2
to 12 pm- - a@ptiongdymion-zies glgmentésedndn sol i d bi nder, of an organic resin,

30 - 0 - 30% i ght ase n solid binder, of a silane coupling agent,
WO 03/ 0229408%?%@%%29%9;@%3)(%&6"'- optionally non-zinc pignent(s), and -

optionally a pot life extender. The invention will be elucidated with
reference to the foll owi ng exanples. These 5 are intended to illustrate
t he i nventh®inveotionvdll hetelycidatedawits tefamncadolthaifellavgng exampjesrdimese t he

The 1 | aengerbeR P I G ik Py T 5B st ak 1B PRom, by

wei ght, ausrmgenpatid sdape thiersdf/ nm Si 02/ Na20 nol e ratio 50:1, ex DuPont,
pH 10.3 Ludox HS-40 a silica sol of concentration 40% by wei ght, particle
size. 12 nm Si02/Na20 nole ratio 95:1, ex DuPont, pH 9.8 Ludox TM 40 a

silica s r.atd 9. i . r i ize 22 nm
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of concerdrigami on 40% by wei ght, average particle size 20 nm Si 02/ Na20 nol e
i : | ...

rati 01016q_u1doxe§(MAkzo NObaesmca sol of concentration 30% by weight, average particle

size 7 nm, SiO2/Na,O mole ratio 50:1, ex DuPont, pH 10.3

Ludox HS-40 a silica sol of concentration 40% by weight, particle size 12
nm, SiO2/Na>O mole ratio 95:1, ex DuPont, pH 9.8 |
Ludox TM-40 a silica sol of concentration 40% by weight, average patrticle
15 size 22 nm, SiO2/Na,O mole ratio 225:1, ex DuPont, pH 8.8
Bindzil 40/170 a silica sol of concentration 40% by weight, average particle

size 20 nm, SiO./Na,O mole ratio 160:1, ex Akzo Nobel
(Eka Chemicals), pH 9.4

Nyacol a silica sol of concentration 40% by weight and average
20 particle size 16 nm, SiO,/Na>,O mole ratio 105:1, ex Akzo
Nobel (Eka Chemicals), pH 9.8
Nyacol Al an alumina-modified version of Nyacol, pH 9.9
XZ 94770 a styrene/butadiene organic latex of 50 vol.% solids, ex

Dow Chemicals.
25 Minex 20 a sodium potassium aluminum silicate extender pigment of
2.95 pm mean particle size, ex North Cape Minerals
Zinc dust a 7 ym mean particle size metal powder, ex Trident Alloys
Molywhite 212 calcium zinc molybdate, an anticorrosive pigment of particle
size 4.1 pm, ex Sherwin Williams

30 Bentone EW a sodium magnesium silicate thixotrope, ex Elementis



(Eka Chem cals), pH 9.4 Nyacol a silica sol of concentration 40% by wei ght
and average 20 particle size 16 nm Si 02/ Na20 nole ratio 105:1, ex Akzo
Nobel (Ek&OGh®za9e@l s), pH 9.8 Nyacol Al an al um na-nodi f i @edTEPOZIOM Of
Nyacol, pH 9.9 XZ 94770 a styrene/ butadi ene organic |atex of 50 vol.%
solids, ex Dow Chemcals. 25 Mnex 20 a sodi um potassium alum numsilicate
extender pignent of 2.95 mnean particle size, ex North Cape Mnerals Zinc
dust a 7 pmnean particle size netal wder, ex Trident All oys Mlywhite
212 cal cium zi nc nol ybdate, an anticorrosive pignment of particle .size 4.1
m ex Sherwn WIlians 30 Bentone EWa sodi um magnesi um silicate
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the sili ol,s were used as, oht ai ned,,that havi n H.as,..lis
tbove. | uined i affieRnairs SHRHER. YVheRia pPHsi BdBted HE B Bt ieRb s on
from t heqph ;bm satsq%t@@absve tthe gMadidistaé Bhs wagictas itiRdolsisas fol | owns:
(i) pH 9 was achi eved by ad ding dilute sul phuric acid, hav:mhg a pH of 1.5,

to 5 a §irred %wasmr)lem by addingaditte sutphyic 2, hgvingda pil of 1beie de,
having a pH of élﬁ, %/q stirred sol (iii) pH 11 was achi eved by addi ng
sodi u hydI‘OXIdS %’a?ng a pHof 14, to a stirred sol. 10 Exanple 1 To

det er m ngij)t he pef @ Qlastdchieved bgaabmg%mrﬁ hydedidegshaompaigH 6814, th2a nm
silica sol and havi n? 40% zinc by volume in the dry film sever al

conposi tions SHE®H®® ' a solids concentration of about 28% by vol ume were
prepar ed(ln) pH 11 was achieved by adding sodium hydroxide, having a pH of 14, to a

stirred sol.
10
Example 1 .
To determine the effect of varying the PVC in coatings comprising a 12 nm
silica sol and having 40% zinc by volume in the dry film, several compositions |
having a solids concentration of about 28% by volume were prepared.

15 The composition used in Example 1c was prepared from the following

ingredients.

Component % by weight
Ludox HS-40 41.43
Water 14.77
Zinc dust 39.91
Bentone EW 0.20
Molywhite 212 2.11
Minex 20 1.58

For Examples 1a, 1b, 1d, and 1e compositions were prepared with varying PVC
by adding or removing Molywhite 212 and Minex 20 to or from the composition

20 of Example 1c.

The obtained primer coatings were applied to 15 cm x 10 cm steel panels at a
dry film thickness of 15-20 pm at 35°C and 30% relative humidity. The primers
were allowed to dry at 23°C, 60% RH and were tested for their physical



15 The conposition used in Exanple 1c was prepared fromthe foll ow ng

I ngredi ents. Conponent % by wei ght Ludox HS-40 41.43 Water 14.77 Zinc
dust 39. WO oBezvene EW O0.20 Mlywhite 212 2.11 M nex 20PprCTEROF@M1I1EXapl es
la 1b, 1d, and 1 e conpositions were prepared with varying PVC by

addi ng or renoving Ml ywhite 212 and M nex 20 to or fromthe conposition
20 of Exanple 1 c¢c. The obtained priner _coatings were applied to 15 cmx 10
cmsteel panels at a dry filmthi ckn&@s of 15-20 .tmat 35C and 30%
relative humdity. The primers were allowed to dry at 23C, 60% RH and were
tested for their physical W 03/022940 PCT/ EP02/09119 16 properties 1 hour
and 1 daprorfartes agpiur@ad bday Hiter epplidationofThelreslés okthartestshararshdwn Tabl e
1. Table.lrwbch ni cal Mechanical properties 1 hour properties 24 hours
after apBl {23Bibn after application Ex. PVC A MVM nex Wt Pencil Wt
Pencil No. 212 20 doubl e Hardness doubl e Hardness rubs rubs la 40 0.56 O
0 3<2B4<2B |Ib 45 0.655 0 12 <2B152B 1 c 50 0.72 55 12 <2B 28 B

Table 1
Mechanical Mechanical
properties 1 hour | properties 24 hours
after application after application
Ex. | PVC A MW | Minex Wet Pencil Wet Pencil
No. 212 20 double | Hardness | double | Hardness
rubs rubs
1a 40 0.56 0 0 3 <2B 4 <2B
1b 45 0.65 5 0 12 <2B | 15 2B
1c 50 0.72 5 5 12 <2B 28 B
1d 55 0.80 5 10 22 2B 60 2H
1e 60 0.88 5 15 17 B 50 2H
1f 70 1.04 5 25 13 HB 30 2H

Example 2
To determine the effect of latex XZ 94770 in coatings comprising a 12 nm silica

sol and having 40% zinc in the dry film, several compositions having a solids
10 conceniration of about 28% by volume were prepared. The shop primer

compositions were prepared analogous to Examples 1a to 1f. The latex level in

all compositions prepared for Example 2 was 20% by volume based on silica

sol.

The composition used in Example 2c was prepared from the following

15 ingredients.



1d 55 0.80 5 10 22 2B 60 2H le 60 0.88 5 15 17 B 50 2H if 70 1.04 5 25 13
HB 30 2H 5 Exanple 2 To determne the effect of latex XZ 94770 in coatings
conpri si Myoa3a2mm silica sol and having 40% zi nc in thePdmEPH2OINY Sever al
conpositions having a solids 10 concentration of about 28% by vol une were
prepared. The shop primer conpositions were prepared anal ogous to Exanpl es
la to if. The latex level in all corrﬁ03|t|ons prepared for Exanple 2 was
20% by vol unme based on silica sol e conposition used in Exanple 2c was
prepared fromthe following 15 ingredients. W 03/022940 PCT/ EP02/ 09119

17 Conponent % by wei ght Ludox HS-40 34.99 Water 15.64 Zinc dust 42.19
XZ 94770 GofBonBgit one EW ), 2Py ywhite 212 2.23 Mnex 20 1.67 The

obt ai ned p mela cpati ngs wer ied to 15 cmx 10 cm steel panels at a
dry fllmi&ﬁae § of 15-20 3%%%0350 and 30%relative humdity. The priners

were allo to dry at 23C, “RH and were tested for their physical 5
properti e4ing dystir , “and 1 day gf r application. The results of the tests
are shovaZ|9|47TQbI e 2. Table 2 -

Bentone EW 020

Molywhite 212 2.23

Minex 20 1.67

The obtained primer coatings were applied to 15 cm x 10 cm steel panels at a

dry film thickness of 15-20 um at 35°C and 30% relative humidity. The primers
were allowed to dry at 23°C, 60% RH and were tested for their physical

5  properties 1 hour, and 1 day after application. The results of the tests are shown

in Table 2.
Table 2
Mechanical Mechanical

properties 1 hour properties 24 hours

after application after application
Ex. | PVC A MW | Minex Wet Pencil Wet Pencil
No. 212 20 double | Hardness | double Hardness

rubs rubs
2a 40 0.56 0 0 14 HB >>100 H
2b 45 0.65 5 0 26 2H >>100 3H
2c 50 0.72 5 5 >100 2H >>100 6H
2d 55 0.80 5 10 >100 2H >>100 6H
2e 60 0.88 5 15 65 2H >>100 6H
2f 70 1.04 5 25 25 2H >100 4H

10 The results in Table 2 compared with those of Table 1 show that improved film
properties can be obtained by adding latex to the composition. The fastest

development of coating properties was obtained at PVC 50-55%.



Mechani cal Mechani cal properties 1 hour properties 24 hours after
application after application Ex. PVC A MW M nex Wet Pencil Wt Pencil No.
212 20 dowblog/ottasadness doubl e Hardness rubs rubs 2a 40 OP&6/EPOD0YI49 HB
>>100 H 2b 45 0.65 5 0 26 2H >>100 3H 2c 50 0.72 5 5 >100 2H >>100 6H 2d
55 0.80 5 10 >100 2H >>100 6H 2e 60 0.88 5 15 65 2H >>100 6H 2f 70 1.04 5
25 25 2H >100 4H 10 The results in Table 2 conpared with those of Table 1
show that inproved film properties cd® be obtai ned by adding latex to the
conposition. The fastest devel opnent of coating properties was obtai ned at
PVC 50-55% WD 03/022940 PCT/EP02/09119 18 Exanple 3 To determ ne the
ef f ect ofExamepleasi ng | atex | evels in coatings corrpri sing a 12 nmsilica

sol and vi,ng 40% |nc n, the dr f|| seve ositi ons having a
sol i ds COFPCgﬁ%IgPi% h%feféggg/o E)}’Wﬁ e'eﬁ?ép'gr‘&? NYRCPPRTHRIRG @oéai ngs

had 5 a pirgReERk s\wla%aehmw:aowﬁhbww@d i, Wa\/ERy (B nfbobhid hb% 5

critical pl nment vol unme concentrati on. ﬁpt; corrp03| t1o use 3a
was pr ep&olids cppaentnatigropi 2)8%&@/ vmlumee\Neawpsepanedrp"ﬂmptmmrmamgghad Ludox

HS-40 41. 48|gm\@ﬁ?lroh}fﬁe concght?gtl st 5039 WjﬁlCh is 0.72 times the critical pigment

volume concentration.

The composition used in Example 3a was prepared from the following

ingredients.

Component % by weight
Ludox HS-40 41.43
Water 14.77
Zinc dust 39.91
Bentone EW 0.20
Molywhite 212 2.11
Minex 20 1.58

10
For Examples 3b to 3d, compositions were prepared by reducing the amount of

silica sol and adding latex XZ 94770 in increasing amounts.

The application and cure conditions were as used in the aforementioned
15 examples. The primers were tested for their physical properties 1 hour and 1
day after application. The results of the tests are shown in Table 3. The
amounts of silica sol and latex XZ 94770 given refer to the volume percentage

in the dry film.



Bentone EWO0.20 Mdlywhite 212 2.11 Mnex 20 1.58 10 For
conpositions were prepared by reducing the anpount of
addi ng | awex3d229901770 i n i ncreasi ng anmounts.
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The results of the tests are shown in Table 3. The

and |latex XZ 94770 given r &9
dry film WO 03/022940 PCT/ EP02/09119 19 Table 3 Mechani ca
24 hours after

The priners

anount s of
in the

properties
application application
Wet Penci |l Table.3 Silica XZ doubl e Hardness doubl e

Har dness—Sel—94770 rubs ruhs-3a- 50 012 <2B. 28 B 3h 40 10 >100 2H >>100
6H 3c 3 >100 6H | Ble¢chanizsl @@p&ﬂiwlﬁ@dﬁlﬁnidékarqﬂee@esﬂf-7 5
Sever al havi ng |sol s1 hesr afieve 12| nm 24hacurpafjeent vol une
concentr o(A-O 72) WGI’Eppllicfai’m@hed Al l Corﬁppﬁcétldhns comt ai ned 40%
zinc, 59 ﬁ/ o Mmex—20- et 20—vol—%0tatex X2 "‘770 based on
silica s a|\V§§ °one coYipar aft :;’ npl e, anmpl &encil was carried
out double Hardness double Hardness
94770 rubs rubs

3a 50 0 12 <2B 28 B

3b 40 10 >100 2H >>100 6H

3c 30 20 75 2H >>100 6H

3d 25 25 90 3H >>100 6H

Examples 4-7

5 Several compositions having sol sizes above 12 nm and a pigment volume
concentration of 50% (A=0.72) were prepared. All compositions contained 40%
zinc, 5% Molywhite 212, 5% Minex 20, and 20 vol.% latex XZ 94770 based on
silica sol. Additionélly, one comparative example, Example 4', was carried out
with 70% PVC (A=1.08).

10
The application and cure conditions were as used in the previous examples.

The results of the tests are shown in Table 4.



with 70% PVC (A=1.06). 10 The application and cure conditions were as used
in the previous exanples. The results of the tests are shown in Table 4.
WO 03/ 0229003P22PAEP02/ 09119 20 Tabl e 4 Mechani cal proper tPcegEPMEehani cal
properties hour after application 24 hours after application Ex. Silica
sol Sol size Wet Pencil Wet Pencil No. doubl e Hardness doubl e Hardness
rubs rubs 4 Nyacol 16 nm 35 HB >>100 3H 41 Nyacol 16 nm16 HB 47 HB 5
Nyacol Al 16 nm 30 HB >>100 H 6 Bind2®1(r) 40/170 20 nm 10 HB 60 HB 7
Ludox(r) TM40 22 nm 7 <2B 40 H Conparative exanpl e The exanpl es show t hat
for 16 nmsols fast devel opnment of coating properties 5 can be obtained at
PVC 50-55% Additionally, the exanplakleshow that coating properties fall

of f on increasing the sol size Exanple 8 and-9 Two prinmercoatings—having

a solids| concentration of 58oh/ovby thvlmioabp@pemeqapM{é@hedicalsﬂmm@eﬁivamds of
sols. Both prjiner coatings had a |phgoesftevapplivatiosgnced4 hatiroaftef 50%
which is| 0.72 tinmes the criitical |pignment volune concentpplidgation The pri mer
coating lused |in Exanpl e 8 \was pr gpared—fromthe_ fottowng—ingredients,
resul tingEXn ja coHe? 86! wi t§°gﬁ'gﬁver Jyet sol| fieneilos 10 Vg encil

No. double |Hardness | double |Hardness

rubs rubs

4 Nyacol 16 nm 35 HB >>100 3H

4 Nyacol 16 nm 16 HB 47 HB

5 Nyacol Al 16 nm 30 HB >>100 H

6 |Bindzil® 40/170 | 20 nm 10 HB 60 HB

7 | Ludox® TM-40 |22 nm 7 ~<2B 40 H

") Comparative example
The examples show that for 16 nm sols fast development of coating properties
5 can be obtained at PVC 50-55%. Additionally, the examples show that coating

properties fall off on increasing the sol size.

Example 8 and 9

Two primer coatings having a solids concentration of 28% by volume were
10 prepared using blends of sols. Both primer coatings had a pigment volume

concentration of 50%, which is 0.72 times the critical pigment volume

concentration.

The primer coating used inmExampIe 8 was prepared from the following

ingredients, resulting in a coating with an average sol size of 10 nm.

15

Component % by weight
Ludox SM ( 7 nm) 5.5
Ludox HS-40 (12 nm) 29.6

XZ 94770 . 3.1
Water 15.5

Bentone EW 0.2



15 Conponent % by weight Ludox SM( 7 nn) 5.5 Ludox HS-40 (12 nm 29.6 XZ
94770 3.1 Water 15.5 Bentone EWO0.2 WO 03/ 022940 PCT/ EPO2/ 09119 21 Zinc
42.2 Molwyatsinz2d2 2.2 Mnex 20 1.7 The priner coating ®sEdEPonodEranpl e 9
was prepared fromthe following ingredients, resulting in a coating with
an average sol size of 10 nm Conponent % by wei ght Ludox SM( 7 nn) 6.8
Nyacol (16 nm) 30.0 XZ 94770 3.1 Water 13.9 Bentone EWO0.2 Zinc 42.1
Mol ywhite 212 2.2 Mnex 20 1.7 5 TheZlobt ai ned primer coatings were applied
to 15 cmx 10 cmsteel panels in a dry filmthickness of 15-20 m and
allowed to dry at 35C, 30% RH Wthin 1 hour the prinmed substrates were
stored atzij®®% RH. Subsequently, the4egatings were tested for their
physi cal ,propet.ti 1 hour and 1 day,after application. The results of the
tests ar é\ﬁglﬁ@\ﬁﬁeizﬁimbl e 5. 10 22 PP

Minex 20 1.7

The primer coating used in Example 9 was prepared from the following

ingredients, resulting in a coating with an average sol size of 10 nm.

Component % by weight
Ludox SM ( 7 nm) 6.8
Nyacol (16 nm) 30.0

XZ 94770 3.1
Water 13.9
Bentone EW 0.2
Zinc 42 .1
Molywhite 212 2.2
Minex 20 1.7

5 The obtained primer coatings were applied to 15 cm x 10 cm steel panels in a
dry film thickness of 15-20 pm and allowed to dry at 35°C, 30% RH. Within 1
hour the primed substrates were stored at 60% RH. Subsequently, the coatings
were tested for their physical properties 1 hour and 1 day after application. The
results of the tests are shown in Table 5.

10
Table 5

Mechanical properties 24
hours after application

Mechanical properties 1
hour after application

Example | Solsizesin | Wet double Pencil Wet double Pencil
No. the blend rubs Hardness rubs Hardness
8 7nm/12 nm 42 HR >>100 H
9 7 nm/ 16 nm 28 HB >>100 H

The resuits in Table 5 show that good film properties can be obtained using a

blend of sols.

15




Tabl e 5 Mechani cal properties | Mechanical properties 24 hour after
application hours after application Exanple Sol sizes in Wt double Pencil
Wt doublwoORanzaoko No. t he bl end rubs Hardness rubs Har dne®€ST/ER0Z091m / 12 nm
42 HB >>100 H9 7 nm/ 16 nm 28 HB >>100 H The results in Table 5 show
that good filmproperties can be obtained using a blend of sols. 15 WO
03/ 022940 PCT/ EP02/ 09119 22 Exanples 10-13 Several conpositions with
varyi ng pH and having a pi gment vol um82 concentration of 50% (A=0.72) were
prepared. Al conpositions contained 40% zinc, 5% Mol ywhite 212, 8% M nex
20, and 20 vol.% | atex based on silica sol. 5 The application and cure
condi ti org(amgswetﬁathe sane as in Exanple 1. The results of the tests
are shown in Tables 6, 7, 8, _and 9. Table 6 Mechanical properties 1

Mechani cﬁeVﬁ@pmw't'%rwﬁlﬁté’?%%I PEatanth baviRguras Rigmant ¥ppimeat i on

A e e S

doubl e Fbr Nness s rib
16 5 2B Zird35% Molywhite 212, 8% Minex 20, and 20 vol.% latex based on silica sol.

5
The application and cure conditions used were the same as in Example 1. The

results of the tests are shown in Tables 6, 7, 8, and 9.

10

Table 6
Mechanical properties 1 | Mechanical properties
hour after application 24 hours after
application
Ex. | pH | Silica | Sol Wet Pencil Wet Pencil
No. sol size double Hardness double Hardness
rubs rubs
10a | 9 | Ludox | 12 9 2B 9 2B
HS-40 | nm
11a | 9 | Nyacol | 16 5 2B 5 2B
nm
12a | 9 | Bindzil | 20 5 2B 5 2B
40/170 | nm
13a | 9 | Ludox | 22 7 <2B 7 <2B
TM-40 | nm




nm 12a 9 Bi ndzi |
nm 10 WO 03/ 022940 PCT/ EP02/09119 23 Table 7 Mechani cal
Mechani cavOpBopednd i es
Wet Penci |

Ex. pH Silica Sol

doubl e Har dness

Nyacol

properties

16 35 HB >>100 3H
10 Ludox 22 6 B 60 HB TM 40 nm Tabl e2
hour after application 24 hours after

nm 12b 10 Bi_ndzil

Wet  Penci |

No. sol

Mechani cal

20 5 2B 5 2B 40/170 nm 13a 9 Ludox 22 7 <2B 7 <2B TM 40
properties 1

hour after application 24 hours af Per/EPap@iizati on
si ze doubl e Hardness

rubs rubs 10b 10 Ludox 12 40 B >>100 2H HS-40 nm 11b 10
20 75 H >>100 3H 40/170 nm 13b
properties 1 Mechani cal
application Ex. pH

Silica Sol Wet Pencil Wet Pencil No. sol size double Hardness doubl e
Har dness Table 7
Mechanical properties 1 | Mechanical properties
hour after application 24 hours after
application
Ex. | pH | Silica | Sol Wet Pencil Wet Pencil
No. sol size double Hardness double Hardness
rubs rubs
10b | 10 | Ludox | 12 40 B >>100 2H
HS-40 | nm
11b | 10 | Nyacol | 16 35 HB >>100 3H
nm
12b | 10 | Bindzil | 20 75 H >>100 3H
40/170 | nm
13b | 10 | Ludox | 22 6 B 60 HB
TM-40 | nm
Table 8
Mechanical properties 1 | Mechanical properties
hour after application 24 hours after
application
Ex. | pH | Silica | Sol Wet Pencil Wet Pencil
No. sol size double Hardness double Hardness
rubs rubs
10c | 11 | Ludox | 12 >100 HB >>100 2H
HS-40 | nm
11c | 11 | Nyacol | 16 55 H >>100 3H
nm
12c | 11 | Bindzil | 20 30 HB >>100 HB
40/170 | nm
13c | 11 | Ludox | 22 15 HB 100 H
TM-40 | nm




rubs rubs 10c 11 Ludox 12 >100 HB >>100 2H HS-40 nm 11c 11 Nyacol 16 55 H
>>100 3H nm 12c 11 Bindzil 20 30 HB >>100 HB 40/170 nm 13c 11 Ludox 22 15
HB 100 H woMBA®Imm WO 03/ 022940 PCT/ EP02/ 09119 24 Tabl e ®CWHEPozOb1CR
properties Mechanical properties 1 hour after application 24 hours after
application Ex. pH Silica Sol Wt Pencil Wt Pencil No. sol size double
Har dness doubl e Hardness rubs rubs 10d >11 Ludox 12 >100 2H >>100 4H
HS-40 nm 13d >11 Ludox 22 15 HB 60 HEZ4 TM 40 nm From Tables 6-9 it becones
clear that reducing the pH of sols with an average particle size of 12-20
nm has an adverse effect on the (devel opnent of) coating 5 properties. On

t he other hand, increasing the pH ofableed 22 nm sol inproves the (rate of
devel opnent nf) coati ng propert ies. \WD 03/ 022940 PCT/EPQ2/09119 25 d ai ns
Mechanical properties | Mechanical properties
1 hour after application 24 hours after
application
Ex. | pH | Silica | Sol Wet Pencil Wet Pencil
No. sol size double Hardness double Hardness
rubs rubs
10d | >11 | Ludox | 12 >100 2H >>100 4H
HS-40 | nm
13d | >11 | Ludox | 22 15 HB 60 HB
TM-40 | nm

From Tables 6-9 it becomes clear that reducing the pH of sols with an average
particle size of 12-20 nm has an adverse effect on the (development of) coating
5  properties. On the other hand, increasing the pH of the 22 nm sol improves the '

(rate of development of) coating properties.



1. A conposition for coating a netal substrate which is intended to be
fabricated and overcoated, said conposition conprising a silica binder, 5
char act erwpad/o22944 hat the ratio of the pignment vol une con®emErPar/iam to t he
critical pignment volume concentration of said conposition is smaller than
1, and in that the binder conprises an aqueous silica sol and, optionally,
a mnor anount of alkali netal silicate, with the silica and/or silicate
particles having an average size larg® than 10 nm and in that said

bi nder has a 10 Si02/M20 nole ratio of at least 6:1, wherein Mrepresents
the total of alkali netal and amoniumions. 2. A coating conposition
accordi ngClaimsl| ai m 1, characterized in that the pignment vol une
concentration is between 40 and 55% 15 3. A coating conposition according
to claim1 or 2, characterized in that the binder is a silica sol of

Si 02/ M0 4ol | &as 1 GHTRe Skt i F’i&f di,ag to
any one (;If ﬁa(f&rrhsbgsl?%n 3]%§c(%10aa3a tear Iﬁ‘geetﬁl ng%%?r%ﬂg[ hat thlg L er S(E))rr:grgl ses
col | oi dal |fablmatpdramcilCe@rwatbdaﬁaai/e:oagmspim |coh“eprlsmgze brht:welandéﬂ and 22

nm 5. A coathl f) Lcongé) tthotln ace rdl &1 to. cl altm charact g E t hat
the bPnder <C8HprELe 2 g radio) Pl RigNElte Wmfahcoo{}peg ‘9@ Odhfticl e
si ze betweenyiliBal Fignemd v@aﬁxﬁ@coﬁceﬁtrﬁﬁiﬁ bﬂgalg%ﬂ?ﬁﬁdélﬂld?ﬂlsa&ﬁﬁﬂ@ fantQ claim
5, characterized in that the aqueous silica sol has a pH in the range 9.5

to 11. WO 03noRiofwtrle pdeyr gompyiseg ey aqueesasilieg sunpukiaptiomadcer di ng

fur thor CcomprinBL Byt didyay el Sy “Gfin df siAcandlg: Rt FRRAREksCo o
bi nder. 5 8.hakirepahi mgeragamzse targer deporidi NG, tEmdcinaihat Gaid badeetiedd aed in

that the prinmer coating further coréprl ses 10- 20% by wei ﬂht of an organic
resi Mo base®®a/M20 moleTatio of at least 6:1, wherein M represents the total of alkali

metal and ammonium ions.

2. A coating composition according to claim 1, characterized in that the ‘
pigment volume concentration is between 40 and 55%.
15
3. A coating composition according to claim 1 or 2, characterized in that the

binder is a silica sol of SiO»/M>O mole ratio at least 25:1.

4. A coating composition according to any one of claims 1 to 3, characterized
20 in that the binder comprises colloidal silica particles with an average particle

size between 10 and 22 nm.

5. A coating composition according to claim 4, characterized in that the binder
comprises colloidal silica particles with an average particle size between 10

25 and 16 nm.

6. A coating composition according to claim 5, characterized in that the

aqueous silica sol has a pH in the range 9.5 to 11.



solid binder. 9. A coating conposition according to any one of clains 1 to
8, characterized 10 in that the binder conprises an alum na

sur f ace- rwoioBioex4@queous silica sol. 10. A coating conpo®CriEPn2/enedr di ng
to claim9, characterized in that the binder conprises 0.05 to 2.5 wt. % of
al um na, calculated as the percentage by weight of Al203, based on the
silica sol particles in the conposition. 15 11. A coating conposition
according to any one of clains 1 to 1@6 characterized in that it is a

wat er based shop priner. 12. A coating conposition according to any one of
claims 1 to 11, characterized 20 in that the coating further conprises

zi nc powder Ardatmg aomipositeinl ageordidg téérsr otmsédladhed far 6 nehiarboterizbd

coating of steel bstrates whic e intended to he fabricated and
cver coat ad, Bt SBRBENEL GRoRAYITHGNE" SEIRTSSEoR Bno0% BIONBEIBBHP ol ure

wherei n the g8bh@ rakint BasPld SRBIHlid\Hphdge 25 concentration to the critical
pi gnent vol uné concentration is smaller than 1, conprising: - an aqueous

silica sol binder having a Si02/ M0 nole ratio of at least 6:1 and a pH
bet ween total, o

5 and 11. wherein M repr.esents .t f ,alkali, net.al and
rmonEumt orfs CHANAER B PRSP BRI I ik Avig ey B S8 en Bher
PCT/ EP02/ 091¢63ting furtRei Ebeprises 10220%R' by @ therveh sfyatie r&de, Bage BAt ween
10 nmand 16 nm_ - 10 - 55% by volunme of the coating on a dry filmbasis

of zinc powddlid kipderer a zinc alloy having a nean particle size in the
range 2 to 12 pm 5 - 0 - 35% by weight, based on solid binder, of an
organic resin, - 0 - 30% by wei ght, based on solid binder, of a silane

Icg)]ypl ing ga,gemhoating ephipwsitidnyacuondingrte griyoome bf s)aimanidto 8 ogliaras®rizgda pot
i fe extender.
10 in that the binder comprises an alumina surface-modified aqueous silica sol.

10. A coating composition according to claim 9, characterized in that the binder
comprises 0.05 to 2.5 wt.% of alumina, calculated as the percentage by |
weight of Al,O3, based on the silica sol particles in the composition.

15
11. A coating composition according to any one of claims 1 to 10, characterized

in that it is a water based shop primer.

12. A coating composition according to any one of claims 1 to 11, characterized

20 in that the coating further comprises zinc powder and/or a zinc alloy.

13. Water based shop primer for the coating of steel substrates which are
intended to be fabricated and overcoated, said composition having a solid
content of 20 - 40% by volume, wherein the ratio of the pigment volume

25 concentration to the critical pigment volume concentration is smaller than 1,
comprising:

- an aqueous silica sol binder having a SiO,/M;0 mole ratio of at least

6:1 and a pH between 9.5 and 11, wherein M represents the total of

alkali metal and ammonium ions and wherein the optionally alumina



10 14. A process for prinmer coating a steel substrate wherein the netal is
primer coated with a coating conposition according to any one of clains
1-12 whiwbom2puepared using a silica sol of which the plHCrEPazipuust ed to
pH 9.5- 11. 15 15. A process for priner coating a steel substrate wherein
the netal is primer coated with a coating conposition according to any one
of clains 1-12 and wherein after the_priner coating has dried to the
extent that it is touch dry, it 1is 08 ionally treated with a film
strengthening solution. 20 16. A process for prinmer coating a steel
substrate wherein the netal is priner coated with a coating conposition
accordi ng to amyodfied sflical panisles-aveaad avehageisizcabetmrearn$0 pmreerd ¢6at i ng
has dried to the extent that it is touch dry, the coated substrate is

i mersed in wat &P or alternatively kept in an atnosphere with a relative

humi dity of -of 1loeasb% @Y volume of the coating on a dry film basis of zinc powder
and/or a zinc alloy having a mean particle size in the range 2 to 12 um,
5 - 0 -35% by weight, based on solid binder, of an organic resin,
- 0-30% by weight, based on solid binder, of a silane coupling agent,
- optionally non-zinc pigment(s), and

- optionally a pot life extender.

10 14. A process for primer coating a steel substrate wherein the metal is primer
coated with a coating composition according to any one of claims 1-12
which is prepared using a silica sol of which the pH is adjusted to pH 9.5-
1.

15 15. A process for primer coating a steel substrate wherein the metal is primer
coated with a coating composition according to any one of claims 1-12 and
wherein after the primer coating has dried to the extent that it is touch dry, it

is optionally treated with a film strengthening solution.

20 16. A process for primer coating a steel substrate wherein the metal is primer
coated with a coating composition according to any one of claims 1-12 and
wherein after the primer coating has dried to the extent that it is touch dry,
the coated substrate is immersed in water or alternatively kept in an

atmosphere with a relative humidity of at least 50%.



