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(54) CORROSION RESISTANT COATING FOR A HIGH TEMPERATURE HEAT EXCHANGER

(57) A method of manufacturing a high temperature
heat exchanger that includes providing a heat exchanger
made of at least one of nickel and a nickel metal alloy,
applying a silicone aluminum coating to the heat ex-
changer, drying the silicone aluminum coating at a first
temperature for a first time period, and curing the silicone
aluminum coating at a second temperature for a second
time period, such that a ceramic coating is formed.
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Description

BACKGROUND

[0001] A variety of coatings may be applied to heat
exchangers that may operate at elevated temperatures.
The coatings are arranged to prevent corrosion while also
improving the temperature resistance of the heat ex-
changer. However in some high temperature environ-
ments corrosive gases or materials may be present that
may corrode the heat exchangers.

SUMMARY

[0002] Disclosed is a method of coating a metal sub-
strate that includes applying a silicone aluminum coating
to a metal substrate, drying the silicone aluminum coating
at a first temperature for a first time period, and curing
the silicone aluminum coating at a second temperature
for a second time period. The second temperature being
greater than the first temperature and the second time
period being greater than the first time period.
[0003] Also disclosed is a method of manufacturing a
high temperature heat exchanger that includes providing
a heat exchanger made of at least one of nickel and a
nickel metal alloy, applying a silicone aluminum coating
to the heat exchanger, drying the silicone aluminum coat-
ing at a first temperature for a first time period, and curing
the silicone aluminum coating at a second temperature
for a second time period, such that a ceramic coating is
formed.
[0004] These and other advantages and features will
become more apparent from the following description
taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The subject matter which is regarded as the
present disclosure is particularly pointed out and distinct-
ly claimed in the claims at the conclusion of the specifi-
cation. The foregoing and other features, and advantag-
es of the present disclosure are apparent from the fol-
lowing detailed description taken in conjunction with the
accompanying drawings in which:

FIG. 1 is a flowchart of an illustrative method of man-
ufacturing a high temperature heat exchanger hav-
ing a corrosion resistant coating.

DETAILED DESCRIPTION

[0006] Referring now to the Figures, where the present
disclosure will be described with reference to specific em-
bodiments, without limiting same, it is to be understood
that the disclosed embodiments are merely illustrative of
the present disclosure that may be embodied in various
and alternative forms. The figures are not necessarily to
scale; some features may be exaggerated or minimized

to show details of particular components. Therefore, spe-
cific structural and functional details disclosed herein are
not to be interpreted as limiting, but merely as a repre-
sentative basis for teaching one skilled in the art to var-
iously employ the present disclosure.
[0007] A metal substrate such as a heat exchanger
may be provided with a system such as an aircraft air
management system or an environmental control sys-
tem. The heat exchanger is provided for thermal man-
agement of the aircraft air management system of the
environmental control system. The heat exchanger may
operate in elevated temperatures such that the heat ex-
changer may be fabricated using nickel, nickel metal al-
loys, or other high temperature capable material that are
capable of withstanding the elevated temperatures. The
heat exchanger may be operated in a potentially corro-
sive environment due to the presence of chlorine, sulfur,
or the like. Present coatings and coating processes that
are used to prevent corrosion, such as in aluminum heat
exchangers or on ferrous metal heat exchangers, are not
suitable for operating temperatures within the range of
800°F and 1200°F.
[0008] The heat exchanger that may be made of nickel
or nickel metal alloy substrate is coated with a silicone-
aluminum coating that is converted into a ceramic coating
due to the curing at an elevated temperature. The result-
ant ceramic coating improves the thermal protection or
corrosion resistance of the nickel metal heat exchanger.
[0009] The coating may include aluminum flakes/alu-
minum particles that are combined with a silicone poly-
mer emulsion or a silicone resin emulsion, such that the
coating is an aluminum pigmented silicone coating. The
aluminum flakes or aluminum particles may serve as a
filler material or a pigment for the silicone polymer or the
silicone resin. The silicone polymer emulsion or the sili-
cone resin emulsion may contain trace amounts or may
be intentionally provided with organic compounds or or-
ganic portions.
[0010] Aluminum pigmented silicone coatings improve
the maximum temperature resistance of the resultant
coating. The aluminum pigmented silicone coating have
a unique property that make them suitable for the corro-
sion protection of nickel metal heat exchangers at ele-
vated temperatures that enable the organic portions of
the coating to be oxidized at elevated temperatures and
subsequently be converted to a ceramic coating.
[0011] The conversion of the aluminum pigmented sil-
icone coating at elevated temperatures converts the
coating to a ceramic coating, which permits the nickel
metal heat exchanger to continuously withstand high
temperatures and inhibit corrosion within the operating
environment. An example of this aluminum pigmented
silicone coating may be WSA15-SN5001, however other
aluminum pigmented silicone coatings are also possible.
The use of the aluminum pigmented silicone coating also
enables the thickness of the resultant ceramic coating to
have a thickness that is substantially less than the thick-
ness of other anti-corrosion coatings. For example, a
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thickness of the resulting ceramic coating of the present
disclosure may be less than 1 mil (0.0254 mm) while still
providing enhanced corrosion protection and tempera-
ture protection for nickel metal heat exchangers.
[0012] The silicone-aluminum coating may have a
composition that includes (i) approximately 11.3% by
weight of deionized or distilled water, (ii) approximately
0.6% by weight of a surfactant, (iii) approximately 11.3%
by weight of an uncoated aluminum powder or aluminum
particles (e.g. aluminum pigment), (iv) approximately
49.7% by weight of a silicone resin emulsion, (v) approx-
imately 27% by weight of deionized or distilled water, and
(vi) approximately 0.08% by weight of an antimicrobial
or bactericide.
[0013] The silicone-aluminum coating composition
may be prepared by blending and dissolving the water
(i) and the surfactant (ii). Adding the filler material or dis-
persion (iii) (e.g. the aluminum pigment) to the resulting
water solution, soaking, then agitating the dispersion.
The dispersion may be agitated. A letdown is prepared
by blending the silicone resin emulsion (iv), the water (v),
and the antimicrobial/bactericide (vi). The letdown is al-
lowed to dissolve and the dispersion is then added to the
letdown. The resultant admixture is allowed to fully dis-
perse, leading to the silicone-aluminum coating compo-
sition.
[0014] The heat exchanger may be manufactured at
least partially using the following process. At block 100
a heat exchanger made of a nickel metal material is pro-
vided. The heat exchanger is a heat exchanger that is
capable of performing in a high temperature and corro-
sive environment.
[0015] At block 102, the heat exchanger may be
cleaned. The heat exchanger may be cleaned to prepare
the surfaces of the heat exchanger to receive the silicone
aluminum coating.
[0016] At block 104 the silicone aluminum coating is
applied to the heat exchanger. The silicone aluminum
coating maybe applied by filling, pouring, coating, or oth-
erwise distributed about or within the heat exchanger.
The silicone aluminum coating may be provided as a liq-
uid. The exchanger may also be dipped or immersed
within the silicone aluminum coating.
[0017] At block 106, draining/removing excess silicone
aluminum coating from the heat exchanger is accom-
plished. In at least one embodiment, an airflow may be
introduced through passages of the heat exchanger to
remove excess silicone aluminum coating from the pas-
sages. The airflow may be provided by a blower that
blows air down or through the passages.
[0018] At block 108, the silicone aluminum coating may
be dried for a first time period at a first temperature. The
first time period may be approximately 45 minutes. The
first temperature may be approximately 300°F (149°C).
[0019] At block 110, the heat exchanger coated with
the silicone aluminum coating may be fired or cured within
a furnace at a second temperature for second time peri-
od. The furnace may be an ambient air furnace or a con-

trolled atmosphere furnace. The second temperature
may be within the range of 800°F (427°C) to 1200°F
(650°C). Higher temperatures may be suitable as well,
but have not been investigated. Preferably, the second
temperature may be approximately 1200°F (650°C). The
second time period may be approximately four hours. It
was surprisingly discovered that curing the silicone alu-
minum coating on a nickel metal heat exchanger for ap-
proximately four hours at 1200°F (650°C) provided a thin
ceramic coating of less than 1 mil (0.0254 mm).
[0020] The curing of the silicone aluminum coating at
the second temperature for the second time period leads
to the conversion of the silicone aluminum coating to a
ceramic coating by the oxidation of the organic portions
of the silicone aluminum coating. The ceramic coating is
a corrosion resistant coating that provides a barrier to
inhibit corrosion of the nickel metal heat exchanger while
also improving the temperature resistance of the nickel
metal heat exchanger.
[0021] The heat exchanger may also be made of other
materials besides nickel or a nickel metal alloy that may
reduce the weight, increase the volume, and decrease
the cost of the heat exchanger while providing the same
heat transfer performance as the nickel metal heat ex-
changer.
[0022] While the present disclosure has been de-
scribed in detail in connection with only a limited number
of embodiments, it should be readily understood that the
present disclosure is not limited to such disclosed em-
bodiments. Rather, the present disclosure can be mod-
ified to incorporate any number of variations, alterations,
substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the scope
of the present disclosure. Additionally, while various em-
bodiments of the present disclosure have been de-
scribed, it is to be understood that aspects of the present
disclosure may include only some of the described em-
bodiments. Accordingly, the present disclosure is not to
be seen as limited by the foregoing description.

Claims

1. A method of coating a metal substrate, comprising:

applying a silicone aluminum coating to a metal
substrate;
drying the silicone aluminum coating at a first
temperature for a first time period; and
curing the silicone aluminum coating at a second
temperature for a second time period, the sec-
ond temperature being greater than the first tem-
perature and the second time period being
greater than the first time period.

2. The method of claim 1, wherein the first temperature
is 300°F (149°C).
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3. The method of claims 1 or 2, wherein the second
temperature is 1200°F (650°C).

4. The method of any preceding claim, wherein the sec-
ond time period is four hours.

5. The method of any preceding claim, wherein the sil-
icone aluminum coating includes aluminum particles
combined with at least one of a silicone polymer
emulsion and a silicone resin emulsion.

6. The method of any preceding claim, wherein the met-
al substrate is a nickel metal heat exchanger.

7. The method of any preceding claim, wherein curing
the silicone aluminum coating at a second temper-
ature for a second time period converts the silicone
aluminum coating to a ceramic coating, and prefer-
ably wherein the ceramic coating has a thickness of
less than 1 mil (0.0254 mm).

8. A method of manufacturing a high temperature heat
exchanger, comprising:

providing a heat exchanger made of at least one
of nickel and a nickel metal alloy;
applying a silicone aluminum coating to the heat
exchanger;
drying the silicone aluminum coating at a first
temperature for a first time period; and
curing the silicone aluminum coating at a second
temperature for a second time period, such that
a ceramic coating is formed.

9. The method of claim 8, further comprising: cleaning
the heat exchanger.

10. The method of claims 8 or 9, further comprising: re-
moving excess silicone aluminum coating.

11. The method of any of claims 8-10, wherein the sec-
ond temperature is greater than the first temperature
and the second time period is greater than the sec-
ond time period.

12. The method of any of claims 8-11, wherein the sec-
ond temperature is greater than 800°F (427°C).

13. The method of any of claims 8-13, wherein the sec-
ond temperature is at least 1200°F (650°C).

14. The method of any of claim 8-13, wherein the silicone
aluminum coating includes aluminum particles com-
bined with at least one of a silicone polymer emulsion
and a silicone resin emulsion.

15. The method of any of claims 8-14 wherein the ce-
ramic coating has a thickness of less than 1 mil

(0.0254 mm).
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