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Abstract

N-TAC-XD1, a heat-resistant inorganic coating with corrosion-resistance, maintains its chemical stability
in high temperature conditions and the coating layer does not deteriorate. This feature is expected to
improve the working lives of mechanical parts coated with inorganic coatings on the surface of metals
and other materials when used in high-temperature and corrosive environments. This report outlines the

basic properties, effects, and applications of the heat and corrosion resistant inorganic coating developed

by our company.
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1. Introduction

Heat-resistant inorganic coatings are widely
used in the industry as materials that play an
extremely important role in protecting metallic and
non-metallic surfaces at high temperatures. It was
thought that if the corrosion-resistance of these
heat-resistant coatings were further improved, they
would be usable in various fields, such as mechanical
parts, furnaces, pipelines, and aerospace industry
components that are exposed to chemical erosion
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N-TAC-XD1 NIC#1000GN 551-3000S

Fig. 1 Appearance of heat-resistant coating
products.

at high temperatures. On the other hand, when heat
and corrosion resistant inorganic coatings are used
in high temperature conditions, the chemical stability
must be maintained, and the thermal expansion of
the base material must not cause cracking or peeling
of the coating.

We concluded that if mechanical parts coated with
inorganic coatings that meet these requirements
were used, oxidation and corrosion of the base
material would be prevented and the life of the
equipment would be improved. Our results also
suggest that it may also be possible to use such
parts under even harsher environments.

This report outlines the basic properties of N-
TAC-XD1, a heat-resistant inorganic coating with
corrosion resistance developed by our company, its
effects, and examples of application.

2. Heat and Corrosion Resistant
Inorganic Coating

2. 1 Properties of our developed products
The appearance of our heatresistant coating

products for metals is shown in Fig. 1, and their

basic properties are shown in Table 1.

The two products other than N-TAC-XD1 are as

follows.

ONIC #1000GN: A hybrid type coating in which
a metallic alkoxide varnish is combined with an
appropriate amount of solvent-soluble fluorine
resin and polymerized with inorganic polymers.

Table 1 Basic properties of heat-resistant coatings

Product name

N-TAC-XD1

NIC#1000GN

551-3000S

Type

High temperature

Low temperature

High heat-resistant
silver paint

Main ingredients

Zirconium oxide
Silicone resin
Inorganic binder

Acrylic resin
Fluorine resin
Inorganic binder

Silicone resin
Metal powder

Viscosity / mPa-s 10 - 50 10 - 20 70 -130
Density / g-cm” 1.4 1 1
Heat re5|stanc§ 1000°C 300C 600 C
temperature / C

Standard film
thickness / um 5 > 10

Water resistance @) @) O
Acid resistance (@) O AN
Alkali resistance @) O VaN
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The fluorine resin provides excellent chemical and
UV resistance, and higher heat-resistance (300 C)
than a conventional fluorine resin coating.” How-
ever, it is the lowest temperature type among the
three products.

@ SS1-30008S: This coating is used for the purpose of
protecting steel plates and preventing corrosion.
Although it has low chemical resistance, it has heat
shielding properties because of its low emissivity.
Although it contains silicone resin, it maintains
excellent heat-resistance even at temperatures
as high as 600 °C. It has higher heat-resistance
and durability than ordinary silver coatings, and
is coated on the steel skins of various industrial
furnaces and refractory precast blocks.
Compared to the two products, N-TAC-XD1,

a high-temperature type coating, belongs to the

N-TAC series”, a group of products with excellent

heat-resistant properties using metal alkoxides. It

consists of a binder with a ladder structure made
by polymerizing inorganic polymers and highly
heat-resistant silicone resin, and inorganic filler. It
has excellent corrosion-resistance. The metallic
alkoxide binder is essentially hard with a dense
crystal structure, but by selecting the right type
of binder, it can be made softer and has a higher
degree of conformability to thermal deformation.

When coated on metal, the temperature is limited

to 600 C for practical use, but as a coating film, it

has both heat-resistance and corrosion resistance

even at high temperatures of 600 ‘C to 1000 C.

In this case, these coatings were coated on SUS
plates and compared.

2. 2 Corrosion-resistance
The evaluation method for the corrosion-resistance

of the coating was as follows.

(MEach coating layer was formed on a SUS304
substrate by heat curing at 150 C for 2 hours.
A 0.2ml drop of the specified chemical was
dropped on the coating and left for 24 hours at
room temperature while covered with a watch
plate.

@Each coating layer was then rinsed with water,
dried naturally for 2hours, and the chemical
traces formed were visually observed.

The results of the corrosion-resistance evaluation
are shown in Fig. 2. The results show that the high-
temperature coating N-TAC-XD1 has high resistance
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N-TAC-XD1

NIC#1000GN| SS1-3000S

Hydrochloric acid
(10% Solution)

Nitric acid
(10% Solution)

Sulfuric acid
(10% Solution)

Sodium hydroxide
(10% Solution)

=

Fig. 2 Chemical resistance test result. (Visual evaluation)

N-TAC-XD1

After drying

After baking | &
(Thour, 600°C) | s

After baking
(Thour, 300C)

NIC#1000GN

SS1-3000S
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Fig. 3 Heat resistance evaluation results. (400x optical magnification, SUS substrate)
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to concentrated HCl and NaOH solution. N-TAC-XD1
is expected to have excellent resistance to acids
such as HCl, HNOs, and H.SO., and alkalis such as
NaOH and KOH.

A clear difference was observed when compared
to the high heat-resistant silver coating SS1-3000S.
And N-TAC-XD1 showed corrosion resistance
equivalent to that of NIC#1000GN which contains
fluorine resin. Thus N-TAC-XD1 was found to have
excellence corrosion-resistance.

2. 3 Heat-resistance
1) SUS substrate/inorganic coating
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The heat-resistance evaluation method for these
coating layers was as follows.

MDA heat-cured coating was formed on a SUS
substrate at 150 C for 2 hours.

@The coating was held at a temperature increase
rate of 5 °C/min for 1 hour, and then cooled in the
furnace.

®The surface of the coatings at RT was observed
under an optical microscope (xX400).

Fig.3 shows the results of the heat-resistance
evaluation. NIC#1000GN yellowed at 300 C (stable
as a coating) and peeled off at 600 C. S51-3000S
showed a slight discoloration at 600°C but no
problem as a coating. N-TAC-XD1 showed no change
at all and constituted a stable inorganic coating. This
indicates that N-TAC-XD1 is an excellent inorganic
coating that combines corrosion-resistant and heat-
resistant coating.

2. 4 Application of primer coatings
One of the problems when using inorganic coatings

at high temperatures is that the thermal expansion

difference between the coating and the substrate
often causes micro-cracks in the coating. This is
greatly affected by the thickness of the coating.

Because corrosion progresses rapidly from the

point where microcracks appear, it is desirable to

reduce the thermal expansion coefficient difference
between the coating and the substrate.

One method to prevent this is to form a multilayer
coating with an undercoat layer that reduces the
thermal expansion difference between the substrate
and the coating. Fig. 4 shows the stress relaxation
mechanism.

The above described high heat-resistant silver
coating SS1-3000S is effective as a primer. S51-3000S

Before baking

After baking note

Substrate

Thermal expansion coefficient Prone to cracking
Coatig [ s Oiference of
l\/\ono{ayer expansion
(No primen ¢ ostrate High coefficient causes
cracks.
Thermal expansion coefficient Cracks are inhibited
Cracks can be
Multilayer controlled by
(with primer) applying a medium

expansion
coefficient primer.

Fig. 4 Stress relaxation mechanism by application of primer layer.
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N-TAC-XD1
(No Primer)

551-3000S(Primer)
+N-TAC-XD1

Thickness
25um

Thickness
40 um

Fig. 5 Primer applied coating result. (after
baking for 1 hour, at 600 C. 400x
optical magnificent, SUS substrate)
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is composed of flat metallic pigments and a resin
binder and is highly resistant to expansion and
contraction due to thermal expansion. It is especially
suitable when using metal as a substrate. Fig.5
shows the results of heat-resistance tests using high
heat-resistant silver coating S51-3000S as a primer.

The results show that cracking due to the
difference in thermal expansion occurs in the
N-TAC-XD1 single-phase layer when the layer
thickness increases from 25 um to 40 um, even
under the same heating conditions. On the other
hand, the N-TAC-XD1 composite film primed with
SS1-3000S shows no cracking in the coating due to
the presence of the thermal stress relief layer.

The actual coating surfaces are not only flat, but
may also include curved surfaces. In such cases, the
coating thickness may vary in some parts and cracks
may appear. Therefore, the application of a primer
layer can be expected to stabilize the coating by
flexibly responding to changes in coating thickness.

3. Application Examples

As examples of N-TAC-XD1 application possibili-
ties, this high-temperature type heat-resistant
coating is applied to machine parts, furnaces, piping
and other components that are exposed to high
temperatures and chemical erosion.

We also give examples of the use of the two
other products mentioned for comparison. The low-
temperature type NIC#1000GN has been applied
to outdoor facilities, taking advantage of the UV
resistant properties of fluorine resin. It can also be
applied to resin products and wooden products,
etc., besides metals, and is easy to use because of
its room temperature curability. High heat resistant
silver coating, SS1-3000S is also effective for heat
shielding applications, taking advantage of the
low emissivity of its metal pigments. It can also be
applied as a primer as in this case.

By selecting a coating material and coating method
based on the advantages of the characteristics
of each product, various application ranges are
possible.

4. Conclusion

Inthisreport, we have outlined the basic properties,
effects, and applications of N-TAC-XD1, a heat
resistant inorganic coating with corrosion-resistance
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developed by our company.

(1) N-TAC-XD1 is an inorganic coating with excellent
heat-resistant properties, consisting of a binder
with a ladder-shaped metal alkoxide structure
and inorganic filler.

(2) N-TAC-XD1 has excellent corrosion resistance to
acids (HCl, HNOs, H.SOs, etc.) and alkalis (KOH,
NaOH, etc.).

(3) When N-TAC-XD1 is coated on metal substrates
with significantly different coefficients of thermal
expansion, the stability of the coating can be
improved by applying an appropriate primer
layer.

(4) N-TAC-XD1 can be applied to machine parts,
furnaces, piping, and other components that
are exposed to high temperatures and chemical
erosion.
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