
HEAT RESISTANT COATING The present invention relates to coating
compositions that can be used to prepare a heat resistant and/or corrosion
protection coating on a substrate. The 5 coating composition can be cured
at low temperatures and can be formulated with a small amount of organic
solvent. US 3,412,063 relates to low temperature curable heat resistant
coating compositions based on hydrolysed tetraethyl orthosilicate and
aluminium oxide. 10 JP 1988-90577 describes heat resistant coatings
comprising an alkyl silicate or a condensation product thereof, an alkyl
titanate or a chelate compound thereof, and an organic resin. US 3,846,359
discloses coating compositions curable by drying in air comprising an alkyl
silicate and/or an alkylpolysilicate, an alkyl titanate and/or an alkyl
polytitanate, a film forming resin, such as a 15silicone resin, and
conventional organic solvents. The aim of the present invention is to
provide a coating composition that can be formulated such that it has a
sufficiently low viscosity to be sprayed upon a substrate without having to
be pre-heated and nevertheless can be formulated 20 such that it complies
with current legislation on volatile organic content (VOC). The aim is to
provide a high solids VOC compliant coating that is curable at ambient
temperature. It should be possible to apply the coating by means of spray
application, brush and/or roller to substrates at ambient temperature and
to heated substrates, for example substrates at a temperature of 150 C. 25
The coating prepared from the coating composition should provide corrosion
resistance not only at low but also at high temperatures, for example in
the range of -30 C to +400 C, or for example under cryogenic circumstances,
- 196 C to ambient. In particular, the coating should provide corrosion
30resistance to carbon steel (normal steel) at a temperature in the range
of -4 C 



2 to +150C or provide corrosion resistance to stainless steel at a
temperature in the range of +50 C to +150 C. The coating composition should
be heat and crack resistant, even when operating at high temperatures or
through cyclic temperatures. Preferably, the 5 coating shows heat and crack
resistance in cycles with a very rapid heating and/or cooling rate.
Preferably, the coating should be able to resist a test in which a coated
substrate is heated to a temperature of 400 C and then put into a bucket of
water at room temperature. Additionally, or alternatively, the coating
should be able to resist a heating rate of 20 C/min, or being put straight
into a 10heated oven. Preferably, when applied to a pipe, the coating
should be able to withstand steam suddenly being passed through the pipe.
Preferably, curing of the coating to obtain good corrosion resistance
requires no heating. The coating should provide corrosion resistance when
cured at 15 room temperature. When equipment is operating at a temperature
above 120 C, and especially above 150 C, corrosion normally is not a
problem. Nevertheless, sometimes the temperature of the equipment needs to
be lowered, for instance because of 20 maintenance or because of
re-engineering. When cooling, corrosion becomes a problem. This is
especially the case when the equipment gets wet, for example due to
condensation. The corrosion problem is even worse when salts are present.
Salts may be present in the air, for example, especially close to sea
water, salts may come from sea water spray mist, and steam from cooling 25
towers may comprise salts. Water and/or salts may even reach the surface of
an insulated pipe when there is a leak in the insulation. Another aim thus
is to prepare a coating that can withstand the heat and also supplies
corrosion resistance.  



3 A further aim is a coating composition that can provide corrosion
protection to steel under (thermal) insulation. This because moisture
ingress into conventional insulation materials usually results in
accelerated corrosion of the underlying steel surface. 5Preferably, it
should be possible to achieve the required properties when the coating is
applied directly to metal, by using only one or two high build coating
layers. Alternatively, it should be possible to achieve the required
properties when the coating is applied to metal that is primed with a zinc
rich primer. It should also be possible to obtain the required properties
when the coating is 10applied directly to metal and then insulated. The
ambient temperature curable coating composition according to the present
invention comprises: 15 a linear or branched polysiloxane having the
formula:      R1 R2-0 [ Si 0n R2 R1 wherein each R1 is independently
selected from the group of alkyl, aryl, alkoxy groups having up to eight
carbon atoms, and OSK0R3)3 groups, wherein each R3 independently has the
same meaning as R1, each R2  20 is selected from the group of hydrogen and
alkyl and aryl groups having up to eight carbon atoms, and wherein n is
selected such that the number average molecular weight Mn of the
polysiloxane is in the range of from about 200 to about 6,000,  one or more
alkyl titanates, 



25 one or more fillers or pigments such as talc and/or mica,  aluminium
flakes, and  4  optionally an alkyl orthosilicate or a condensation product
thereof. The coating compositions of the present invention show the
advantages that were aimed for. They can be cured at ambient temperatures.
Curing of the 5 coating to obtain good corrosion resistance requires no
heating. The coating will provide corrosion resistance at the room
temperature level of cure. Nevertheless, heating of the coating, for
example up to 200 C, does enhance its properties, such as its corrosion
resistance, Also, the mechanical properties are enhanced upon heating. Such
heating may result in further curing. The 10heating may result in more
cross-linking. The coating compositions of the present invention can be
formulated with a small amount of organic solvent while they still have a
sufficiently low viscosity for spray application, without needing to be
pre-heated. The coatings are easy 15 to apply as they can be applied by
means of, for example, airless spray, air spray, brush, and roller. An
additional advantage of the coating compositions is that they are suitable
for in-situ application to steel substrates operating at temperatures up to
150 C. 20 The coatings prepared using a coating composition according to
the present invention are durable and can tolerate mechanical damage. The
coatings provide corrosion protection to steel and are heat resistant. They
can provide corrosion protection to steel in both atmospheric service and
under thermal insulation operating at continuous operating temperatures
between -30 C and 25 400 C. They can also provide corrosion protection to
steel both in atmospheric service and under thermal insulation operating in
thermal cyclical conditions between -30 C up to 400 C without the need for
additional heat curing, prior to being placed in service. They can also
provide corrosion protection to steel under cryogenic circumstances. It is
even possible to formulate a coating 



30composition according to the present invention that provides effective  5
protection to steelwork operating under cyclic conditions in the critical
temperature range of 60 -150 C. Due to its high crack resistance, the
coatings according to the invention provide excellent corrosion protection
under temperature cycles ranging from cryogenic to ambient circumstances. 5
A coating according to the present invention is suitable for providing
corrosion protection to steelwork both in atmospheric service and under
thermal insulation. Additionally, it is suitable as an anti-corrosion layer
on substrates that are subject to cyclical wet and dry conditions, both in
atmospheric service 10and under thermal insulation. The coating is also
resistant to thermal shock experienced during rapid temperature cycling.
The coating compositions according to the present invention are ideally
suited for use in the chemical process, offshore productions, the
petrochemical and 15 power industries, especially refineries, process units
and cryogenic units, pipework, chimneys, vessels, flare stacks, exhausts,
furnaces, exteriors of reactors, power plants, vents, and other structures.
Significant volumes of insulated and uninsulated steelwork can be coated
with a single specification, thereby reducing the complexity of work
schedules and smoothing the progress 20 of maintenance schedules. The
elongation to break of coatings prepared with a coating composition
according to the present invention is less than 100 percent, preferably
less than 20 percent, more preferably less than 5 percent. The glass
transition 



25 temperature, Tg, of cured films prepared with a coating composition
according to the present invention is higher than 0 C, preferably higher
than 10C, more preferably higher than 25 C. The glass transition
temperature (Tg) of a cured coating film can, for example, be measured
according to ASTM method E1356- 98, which is a standard test method for
assignment of the glass transition 30temperature by Differential Scanning
Calorimetry for differential thermal  6 analysis. Calibration of the test
apparatus can be performed according to, for example, ASTM method E967-03,
which is a standard test method for temperature calibration of a
Differential Scanning Calorimeter. 5The coating composition of the present
invention preferably has a volatile organic content (VOC) of less than 650
grams per litre, more preferably less than 430 grams per litre. More
preferably still, the coating composition comprises a VOC of less than 340
grams per litre, even more preferably a VOC of less than 250 grams per
litre. The organic solvent(s) that may be released 10during the curing of
the coating composition contribute(s) to the VOC. The solids content of a
composition according to the present invention preferably is higher than 60
percent by weight, more preferably higher than 70 percent by weight, even
more preferably 80 percent by weight, based on the total coating
composition. 15 The polysiloxane that is present in the coating composition
according to the invention can be linear or branched. The polysiloxane can
comprise methyl and/or phenyl groups, together with alkoxy groups.
Optionally, the polysiloxane comprises methyl groups, phenyl groups, and
alkoxy groups, and no other 20 types of R1, R2, or R3 groups. As stated
above, each R1 of the polysiloxane is independently selected from the group
of alkyl, aryl, alkoxy groups having up to eight carbon atoms, and
OSi(0R3)3 groups, wherein each R3 independently has the same meaning as 



25 R1, each R2 is selected from the group of hydrogen and alkyl and aryl
groups having up to eight carbon atoms. In one embodiment, the polysiloxane
present in the coating composition comprises methyl and phenyl groups.  7
about 500, and lower than about 6,000, preferably lower than about 5,000.
The polysiloxane preferably does not comprise epoxy or acid groups. The
polysiloxane can be prepared by using chlorosilanes, for example from a mix
of monomers and cyclics. 5 The alkyl titanate present in the coating
composition according to the invention can be a monomeric titanate, a poly
(alkyl titanate), or a mixture of monomeric titanate(s) and/or poly alkyl
titanate(s). The alkyl groups on the alkyl titanate preferably contain
three to eight carbon atoms, most preferably 10 three to four carbon atoms.
A poly (alkyl titanate) suitable for use in the present invention may be
linear or branched. Suitable examples include butyl titanate, isopropyl
titanate or mixtures thereof. The talc that may be present in the coating
composition according to the 15 invention normally is a powder. It is a
magnesium silicate comprising 3Mg0.48102.H20. It normally is a monoclinic
hydrated magnesium silicate, MgSi8020(OH)4. It usually is massive and
foliated and is a common mineral. Preferably, platy talc is used. In one
embodiment, microsized talc having the following particle size 20
distribution is used: a top cut at about 10 to 20 microns, preferably at
about 12 to 16 microns, a median particle size of about 2 to 8 microns,
preferably of about 3 to 5 microns, and 20 to 30 percent by weight of
particles having a size below 2 microns. 25The aluminium flakes present in
the coating composition according to the invention can for instance have a
particle size ranging from about 1 to 100 microns (pm) in the longer
dimensions and 0.05 to 2 microns (pm) in thickness. Conventionally,
aluminium flakes are manufactured by milling granular or spherical
aluminium particles in a solvent. Suitable solvents are, for example,
30methoxy propanol, white spirit, a high aromatic solvent, or a mixture of
solvents.  



8 Normally also a lubricant is added to the aluminium particles before or
during milling. The lubricant can, for example, be a fatty acid containing
aliphatic and aromatic hydrocarbons. The product obtained normally is a
paste. The paste normally comprises lubricant coated aluminium flakes and
solvent. 5 The choice of milling lubricants leads to the production of
either leafing type or non-leafing type aluminium flakes. For example,
stearic acid may be used to obtain leafing aluminium flakes and oleic acid
may be used to obtain non-leafing flakes. Leafing flakes tend to become
arranged in a generally flat 10 orientation when present in a coating
composition; they may form a layer where the overlapping flakes are
orientated parallel to the surface of the coating. In a coating composition
according to the present invention, preferably leafing flakes are present.
15In one embodiment, the average particle size of the aluminium flakes used
is between 10 and 30 microns, as analysed according to ISO 1247. In that
case the average particle size preferably is between 10 and 25 microns. The
alkyl orthosilicate, or condensation product thereof, that may be present
in 20 the coating composition can for instance comprise alkyl groups with
one to eight carbon atoms. If an alkyl orthosilicate is used, optionally a
condensation product of an alkyl orthosilicate is used. In one embodiment,
a hydrolysed ethyl orthosilicate is present in the coating 25 composition.
The condensation product is a mixture that may comprise monomeric and
various oligomeric and cyclic condensates of ethyl orthosilicate. The
condensation product preferably contains an amount of silicon of 35-50
percent by weight, more preferably 40-45 percent by weight; in other words,
the condensation product preferably contains 35-50, more 30preferably
40-45, percent by weight Si02, calculated on the total weight of the  9
condensation product. If a hydrolysed ethyl orthosilicate is used,
preferably a condensation product of tetraethyl orthosilicate is used. 



A coating composition according to the present invention preferably 5
comprises 10 to 50 wt.%, more preferably 10 to 40 wt.%, even more
preferably 20 to 40 wt.%, and most preferably 15 to 30 wt.% polysiloxane or
a mixture of polysiloxanes, calculated on the total weight of the uncured
coating composition. The alkyl titanate or mixture of alkyl titanates can
for example be present in an amount of 0.5 to 5 wt.%, e.g., 1 to 2 wt.%,
calculated on the total to weight of the uncured coating composition. The
talc and/or mica can for instance be present in an amount of 5 to 35 wt.%,
e.g., 15 to 25 wt.%, calculated on the total weight of the uncured coating
composition. The aluminium flakes can for instance be present in an amount
of 3 to 23 wt.%, e.g., 10 to 17 wt.%, calculated on the total weight of the
uncured coating 15 composition. If one or more pastes comprising (coated)
aluminium flakes and 30 to 40 wt.% solvent are used to prepare the coating
composition, about 5 to 35 wt.% paste can for example be used, e.g., 15 to
25 wt.%, calculated on the total weight of the uncured coating composition.
The coating composition may comprise one or more alkyl orthosilicates
and/or one or more condensation 20 products of alkyl orthosilicates.
Optional ranges for the amount of alkyl orthosilicate(s) and/or hydrolysed
alkyl orthosilicate(s) are: 0 to 20 wt.%, 0 to 10 wt.%, 5 to 20 wt%, and 5
to 10 wt.%, calculated on the total weight of the uncured coating
composition. 25In one embodiment, the coating composition of the present
invention comprises:  one or more branched polysiloxanes having the
formula: R1 R2-0+Si-O*R2 R1  10 wherein each R1 is independently selected
from the group of alkyl, aryl, alkoxy groups having up to eight carbon
atoms, and OSK0R3)3 groups, wherein each R3 independently has the same
meaning as R1, each R2 is selected from the group of hydrogen and alkyl and
aryl groups having 5 up to eight carbon atoms, and wherein n is selected
such that the number average molecular weight Mn of the polysiloxane is in
the range of from 200 to about 6,000, preferably 500 - 4,000, said
polysiloxane comprising methyl and phenyl groups, 



one or more alkyl titanates, 10 talc and/or mica,  leafing aluminium
flakes, and  optionally one or more hydrolysed ethyl orthosilicates. These
components can for example be present in the amounts listed above. 15 The
coating compositions of the invention may contain one or more further
ingredients. They may contain, for example, one or more further fillers
and/or pigments. The composition may comprise, for example, wollastonite,
carbon black, micaceous iron oxide, a thixotrope, a solvent. 20 Typically,
a coating composition according to the invention does not comprise any
organic material besides the alkyl groups on the titanate(s) and the R1,
R2, and R3 groups on the polysiloxane. It does not need to comprise an
organic adduct or an organic resin. Nevertheless, the composition may
comprise up to 255 wt% of an organic adduct or an organic resin, or more if
so desired. The coating compositions of the invention generally cure at
ambient temperatures, for example temperatures in the range from 5 to 30 or
even 40 C and thus are suitable for application to large structures where
heat curing 30is impractical. The coating compositions of the invention
alternatively can be  



11 cured at elevated temperatures, for example temperatures up to 100 or
150 C or even 200 C.      One advantage of the coating composition is that
it is suitable for in-situ 5application to steel substrates operating at
temperatures up to 150 C. The coating composition can be applied by
conventional application methods such as airless spray, air spray, brush,
and roller. 10The coating compositions of the invention in general can be
used as finish coatings and/or primer coatings. They can be applied to all
kinds of substrates, and are very suitable for application to metal
substrates, especially steel substrates. The coating compositions can be
applied directly to prepared steel as a primer/finish, i.e. they can be
used as the only type of protective coating 15 on a substrate. It is also
possible to apply the compositions over a primer, for example a zinc
comprising primer. The coating compositions of the present invention can be
applied as a single layer or as multiple coats. They can also be overcoated
with other high temperature coatings. 20The coating compositions according
to the invention can be used as maintenance and repair coatings on less
than perfect surfaces such as aged blasted steel or "ginger" (steel which
has been blasted and has started to rust in small spots), power
tool-prepared weathered steel, hydroblasted steel, and aged coatings. 25
The coating compositions can additionally be used as a sealer on top of a
coated substrate. For example, if a substrate is coated with another type
of corrosion protection coating, such as a thermal spray aluminium coating,
it can be overcoated with a coating composition according to the present
invention. In  12 that case the coating of the present invention may act as
a sealer coat. It can form an additional barrier against an aggressive
atmosphere. The components of a coating composition according to the
present invention 



5 can for example be packed as a so-called two-pack composition. In that
case, one pack may for example comprise the polysiloxane, while the other
pack comprises the titanate.  13 Claims 1 A coating composition comprising:
6 a linear or branched polysiloxane having the formula: 5 R1       R2-0+I i
0 in R2 I R1 wherein each R1 is independently selected from the group of
alkyl, aryl, alkoxy groups having up to eight carbon atoms, and OSK0R3)3
groups, wherein each R3 independently has the same meaning as R1, each R2
is selected from the group of hydrogen and alkyl and aryl groups having 10
up to eight carbon atoms, and wherein n is selected such that the number
average molecular weight Mn of the polysiloxane is in the range of from 200
to about 6,000, preferably 500 - 4,000,  one or more alkyl titanates,
fillers and/or pigments, e.g. talc, 15 aluminium flakes, and 



optionally an alkyl orthosilicate or a condensation product thereof. 2. A
coating composition comprising:     one or more branched polysiloxanes
having the formula: 20 R1 I R2-0Si 0 ln R2 I R1 wherein each R1 is
independently selected from the group of alkyl, aryl, alkoxy groups having
up to eight carbon atoms, and OSK0R3)3 groups, wherein each R3
independently has the same meaning as R1, each R2  14 is selected from the
group of hydrogen and alkyl and aryl groups having up to eight carbon
atoms, and wherein n is selected such that the number average molecular
weight Mn of the polysiloxane is in the range of from 200 to about 6,000,
preferably 500 - 4,000, said polysiloxane 5comprising methyl and phenyl
groups,  one or more alkyl titanates, 



fillers and/or pigments, e.g. talc,  leafing aluminium flakes, and
optionally one or more hydrolysed ethyl orthosilicates. 10  3. A substrate
coated with a coating composition according to claim 1 or 2.  4. A
substrate according to claim 3 characterized in that the substrate is
selected from carbon steel, stainless steel, and metal coated steel, e.g.
15coated with thermally sprayed aluminium or zinc. 


