a9y United States
12y Patent Application Publication o) Pub. No.: US 2019/0331439 Al

US 20190331439A1

Cazenave et al. 43) Pub. Date: Oct. 31, 2019
(54) HEAT EXCHANGER COATING CO9D 5/14 (2006.01)
F28F 19/02 (2006.01)
(71) Applicant: Valeo Systemes Thermiques, Le Cco9D 5/00 (2006.01)
Mesnil-Saint-Denis Cedex (FR) C09D 7/61 (2006.01)
CO9D 5/08 (2006.01)
(72) Inventors: Christian Cazenave, Le¢ F25B 39/00 (2006.01)
Mesnil-Saint-Denis Cedex (FR); F25B 47/00 (2006.01)
Francois Busson, Le F28F 19/04 (2006.01)
Mesnil-Saint-Denis Cedex (FR); B60OH 1/32 (2006.01)
Maryse Philippe, Le B60H 3/00 (2006.01)
Mesnil-Saint-Denis Cedex (FR); Jean F28F 21/08 (2006.01)
Christophe Prevost, Le (52) U.S. CL
Mesnil-Saint-Denis Cedex (FR) CPC ... F28F 19/06 (2013.01); F25B 39/02
. . , (2013.01); CO9D 5714 (2013.01); F28F 19/02
L/3}  Assignes: ‘l\:lale".lsgs.tet“‘[‘;s T.h‘z:"‘g‘q“e}ff{Le (2013.01); CO9D 5/00 (2013.01); CO9D 7/61
esnil-Saint-Demis Cedex (FR) (2018.01); CO9D 5/082 (2013.01); F25B 39/00
21)  Appl. No.: 16/510,117 (2013.01); F25B 47/003 (2013.01); C09D 5/08
(21) Appl. No (2013.01); F28F 19/04 (2013.01); B60H
(22) Filed: Jul. 12, 2019 173227 (2013.01); B60H 3/0092 (2013.01);
F28F 21/084 (2013.01); F28F 2245/02
Related U.S. Application Data (2013.01); CO9D 7/65 (2018.01)
(62) Davision of application No. 15/037,458, filed on Sep. 57 ABSTRACT
9, 2016, filed as application No. PCT/EP2014/073189 57)
on Oct. 29, 2014. A heat exchanger for an air-conditioning circuit of a vehicle.
The heat exchanger enables heat exchange between fluids
(30) Foreign Application Priority Data and has a surfaces in contact with one of the fluids. The
surtace 1s formed from aluminum and/or from aluminum
Nov. 20, 2013 (FR) oo 1361392 alloy. The surface is coated with an alumina layer and a
L , , reinforcing layer. The reinforcing layer includes an organic
Publication Classification substance and a mineral substance. The organic substance
(531) Int. CL includes at least one polymer and the mineral substance 1s
F28F 19/06 (2006.01) capable of reacting with the aluminum in order to form an
CO9D 7/65 (2006.01) anticorrosion material.




Patent Application Publication Oct. 31, 2019 US 2019/0331439 Al




US 2019/0331439 Al

HEAT EXCHANGER COATING

[0001] The present invention relates to a heat exchanger,
especially for an air-conditioning fluid circuit of a vehicle,
and more particularly to an evaporator, and also to a process
for manufacturing such an exchanger.

[0002] In the air-conditioning systems of vehicles, an
evaporator 1s swept by a flow of air to be cooled. Due to the
low temperature of the surfaces of the evaporator exposed to
the air flow, the moisture contained 1n the latter tends to be
deposited on these surfaces. The water thus deposited
reduces the flow area of the air and prevents direct contact
between the latter and the metal surfaces of the evaporator,
which 1s detrimental to the heat exchange capacity. Further-
more, soiling adheres to the wet surfaces, promoting micro-
bial proliferation and the production of unpleasant odors.
The presence of drops of water also causes a corrosion of the
surfaces of the exchanger leading to the degradation thereof
and the embrittlement thereof.

[0003] In order to overcome these drawbacks, coatings are
known that contain substances intended to form, after dry-
ing, on the surfaces of the evaporator, an adherent layer that
has hydrophilic, antimicrobial and anticorrosive properties.
These coatings are generally deposited 1n several steps, 1n
particular a prior step of surface conversion intended to
enable a good attachment of said layer.

[0004] Also known, especially from EP 2 045 559 and WO
2003/0038471, are treatment liquids for covering such sur-
faces that are deposited 1in a single step directly after the
brazing step. On the other hand, these liquids form, after
drying, on said surfaces, an adherent layer that has only
film-forming, hydrophilic and antimicrobial properties with-
out real anticorrosive properties.

[0005] In order to overcome these drawbacks, there 1s a
need for a coating for the surfaces of an evaporator that are
intended to come 1nto contact with a medium to be cooled
which has anticorrosive properties, even hydrophilic and
antimicrobial properties, and which 1s deposited 1n a single
step.

[0006] For this purpose, the invention relates to a heat
exchanger, 1n particular an evaporator for an air-condition-
ing circuit of a vehicle, said exchanger enabling a heat
exchange between a first fluid and a second fluid and having
surfaces intended to come into contact with one of said
fluids, said surfaces being formed from aluminum and/or
from aluminum alloy and coated with an alumina layer and
with a layer referred to as a reinforcing layer that reinforces
the natural protection of the aluminum, said reinforcing
layer comprising a portion of organic substances and a
portion of mineral substances, said portion of organic sub-
stances comprising at least one polymer and said portion of
mineral substances comprising at least one substance
capable of reacting with the aluminum in order to form an
anticorrosion material.

[0007] In other words, the exchangers are firstly protected
by their natural alumina layer. The coating applied thereto
additionally makes it possible to re-establish protection
when the surfaces of the exchanger are subjected to attacks
and especially corrosion pitting, by reacting with the alu-
minum of the surfaces with which it 1s then brought into
contact. Furthermore, without alleging to be a precise appli-
cation for the phenomena 1n question, the polymer material
(s) used contribute to the stabilization of the coating on the
surfaces, despite the absence of pretreatment. Said reinforc-
ing coating or layer makes 1t possible to reinforce the natural
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protection of the aluminum, especially by regenerating the
alumina layer. This coating makes it possible to improve the
resistance of the exchanger to corrosion.

[0008] According to various embodiments of the mmven-
tion, which could be taken together or separately:

[0009] said alumina layer 1s itself coated with said
reinforcing layer,

[0010] said reinforcing layer 1s coated without prior
preparation of the surface, of activation or pickling
type,

[0011] said substance(s) capable of reacting with the
aluminum make it possible to fill 1n surface 1rregulari-
ties of said surfaces and/or of the alumina layer thereof,

[0012] said substance(s) capable of reacting with the
aluminum are at least one chromium-based substance,

[0013] said chromium-based substance(s) may be triva-
lent chromium salts,

[0014] said portion of organic substances and/or said
portion of mineral substances provide said reinforcing
layer with hydrophilic properties and/or antimicrobial
properties,

[0015] said polymer of the portion of organic sub-
stances comprises a polymer containing free hydroxyl
functions, such as polyvinyl alcohol,

[0016] said portion of organic substances comprises a
binder,

[0017] said binder 1s of organic acid, alcohol or amine
type and may react with the hydroxyl functions of said
polymer,

[0018] said portion of organic substances 1s between
50% and 80%, preferably between 55% and 65%, by
welght,

[0019] said portion of mineral substances i1s between
20% and 50%, preferably between 35% and 45%, by
welght,

[0020] said reinforcing layer additionally comprises at
least one corrosion inhibitor,

[0021] said corrosion inhibitor(s) reform the alumina
layer 1n the event of attack.

[0022] said corrosion inhibitor(s) are at least one tita-
nium-based substance,

[0023] said titanium-based substance(s) are titanium
salts.
[0024] said reinforcing layer comprises at least one

antimicrobial substance.

[0025] said antimicrobial substances may be organic
substances such as bronopol, carbendazim, 1sothiazoli-
none and/or at least one zinc-based substance, such as
zinc pyrithione,

[0026] said reinforcing layer has a surface density of
between 0.5 and 1.5 g/m?, preferably of between 0.8
and 1.2 g/m”,

[0027] said exchanger comprises one face, the surface
of which 1s covered with a reinforcing layer having a
thickness greater than that covering the opposite face,

[0028] said face covered with a greater thickness 1s the
face exposed to the external air flow.

[0029] The invention also relates to a process for manu-
facturing an exchanger, 1n particular an evaporator for an
air-conditioning circuit of a vehicle, process wherein said
exchanger 1s formed with surfaces intended to come into
contact with one of the fluids to be cooled, said surfaces
being formed from aluminum and/or from aluminum alloy
and coated with an alumina layer, and said alumina layer 1s
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covered with a coating that reinforces the natural protection
of the aluminum, said coating comprising a portion of
organic substances and a portion of mineral substances, said
portion of organic substances comprising at least one poly-
mer and said portion of mineral substances comprising at
least one substance capable of reacting with the aluminum 1n
order to form an anticorrosion material.

[0030] In other words, according to the process of the
invention, the coating may be applied directly on the sur-
faces of the exchanger without a prior surface treatment
and/or preparation step. In yet other words, a single appli-
cation of coating makes 1t possible to provide the surfaces of
the exchanger with protection against corrosion.

[0031] According to various embodiments of the mven-
tion, which could be taken together or separately:

[0032] said surfaces are covered after a step of brazing
the exchanger,

[0033] said coating 1s applied to said surfaces by spray-
ing and/or blowing,

[0034] the exchanger, after having covered its surface
with coating, 1s blown, betfore drying, so as to adjust the
thickness of coating present on two of the opposite
faces of the exchanger,

10035]

[0036] said coating i1s dried during a step of heating
between 130° C. and 180° C., preterably at 150° C.,

[0037] said heating step lasts from 1 to 10 min; prefer-
ably 1t lasts 5 min,

[0038] said coating 1s applied so that the amount of
coating applied to the outer surface of said exchanger
1S between 15 and 20 ml/m,

[0039] the pH of said coating 1s chosen from between
1.5 and 3, preferably between 2 and 3.5.

[0040] said coating comprises a reduced portion of
fluoride, of less than 1000 ppm.

[0041] The invention will be better understood, and other
objectives, details, characteristics and advantages thereof
will become more clearly apparent, in the course of the
detailed explanatory description which follows, of at least
one embodiment of the invention given by way of purely
illustrative and nonlimiting example, with reference to the
appended FIG. 1 which 1s a view of a portion of a heat
exchanger according to the invention.

[0042] FIG. 1 represents, 1n a general manner, a portion of
a heat exchanger enabling a heat exchange between a first
fluid and a second fluid. It may be, for example, an evapo-
rator for a vehicle air-conditioning circuit. In this case, one
of the two fluids 1s a flow of air to be cooled and/or the other
fluid a refrigerant. In particular, it 1s 1n this example a brazed
evaporator made of aluminum or of aluminum alloy.

[0043] Said exchanger 1s formed here of a bundle 10

comprising ducts 12 for circulation of the refrigerant. Said
ducts 12 are formed, for example, of tubes, connected to one
or some collectors, and/or of pairs of stacked plates, com-
municating with one another. Between the tubes and/or pairs
of plates, it 1s possible to provide disruptors 14, especially
separators of serpentine shape. These separators 14 disrupt
the circulation of the air flow and increase the exchange
area. The heat exchange between the air flow and the
refrigerant 1s thus improved. These separators 14 are in
contact with the tubes and/or the pairs of plates, especially
via the apices of their bends.

said coating 1s dried,
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[0044] Said exchanger has surfaces intended to come into
contact with one of said fluids, especially the flow of air to
be cooled, 1n particular the walls of said tubes, pairs of plates
and/or separators.

[0045] According to the invention, said surfaces are
formed from aluminum and/or from aluminum alloy. They
are coated with an alumina layer and with a layer referred to
as a reinforcing layer that reinforces the natural protection of
the aluminum. This reinforcing layer comprises a portion of
organic substances comprising at least one polymer and a
portion ol mineral substances comprising at least one sub-
stance capable of reacting with the aluminum 1in order to
form an anticorrosion material. Said reinforcing layer
advantageously constitutes a coating of said alumina layer.

[0046] The presence of the mineral substances capable of
reacting with the aluminum makes 1t possible to compensate
for attacks on the alumina layer, or even to regenerate said
alumina layer. A protective layer 1s thus reformed and the
consequences ol corrosion attacks of the surfaces of the
exchanger are limited. By reacting with the aluminum, said
substances could also make it possible to fill 1n surface
irregularities of said surfaces and/or of the alumina layer
thereof.

[0047] The organic substances and/or the mineral sub-
stances 1n the coating could additionally provide the surfaces
of the exchanger with hydrophilic and/or antimicrobial
properties. Thus, the drops of water flatten out 1n the form
of a film which 1s easier to drain and avoids the spraying of
water caused by the removal of drops of water.

[0048] Said substances are advantageously substances
known for fixing oxygen molecules. Said substances are
preferably chromium-based substances, in particular triva-
lent chromium salts.

[0049] This mechanism may be improved by being in an
acid medium, especially at a pH of between 1.5 and 3,
preferably between 2 and 3.5. This pH may be obtained by
the addition of acids, in particular organic acids that could
furthermore be binders capable of reacting with the polymer
(s) of the portion of organic substances. Said polymer
comprises, for example, a hydroxylated polymer of vinyl
alcohol type. The mechanism 1s also improved if the coating
comprises a small portion of fluoride, of less than 1000 ppm.

[0050] The anticorrosion properties provided by the sub-
stances capable of reacting with the aluminum may be
reinforced by the addition of one or more corrosion 1nhibi-
tors to said remnforcing layer. These may be titanmium-based
substances, especially titanium salts. These corrosion 1nhibi-
tors may be substances that {ix oxygen.

[0051] Likewise, for improving the antimicrobial proper-
ties, said reinforcing layer may comprise one or more
antimicrobial substances. These substances may be selected
from bronopol, carbendazim, 1sothiazolinone and zinc-based
substances, such as zinc pyrithione. In the case of a coating
having a pH between 1.5 and 5, the antimicrobial substance
(s) must withstand the acid media.

[0052] Such a heat exchanger may be obtained, for
example, by the process of the imnvention.

[0053] In a first step, said exchanger 1s formed with
surfaces that are intended to come into contact with one of
the fluids to be cooled and said surfaces are formed from
aluminum and/or from aluminum alloy and coated with an
alumina layer. Preferably, the exchanger 1s obtained by a
brazing step.
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[0054] In a second step, said alumina layer 1s covered with
a coating that reinforces the natural protection of the alu-
minum. Said coating comprises a portion of organic sub-
stances comprising at least one polymer and a portion of
mineral substances comprising at least one substance
capable of reacting with the aluminum 1in order to form an
anticorrosion material. According to the invention, the coat-
ing 1s applied directly after the brazing step without an
additional step, such as a surface treatment of activation or
pickling type, or the preparation for a conventional 1mmer-
sion process—<closing ofl the internal circuit, inserting into
equipment for immersion in a bath.

[0055] This step makes it possible to form a layer that
regenerates and/or that reinforces the natural protection of
the aluminum, advantageously by regenerating the alumina
layer.

[0056] As described above, the pH of the coating 1is
preferably between 1.5 and 5 and 1n an optimized manner
between 2 and 3.5 1n order to obtain a good regeneration of
the alumina layer and a good protection of the surfaces of the
exchanger by the reinforcing layer.

[0057] The coating 1s generally applied to the exchanger 1n
a uniform manner, for example by spraying and/or by
blowing. Preferably, the amount applied 1s between 15 and
20 ml/m~.

[0058] The covering step may be followed by a step 1n
which the exchanger 1s blown. This step makes it possible to
adjust the thickness of coating present on two of the opposite
faces of the exchanger. Generally, the thickness of the
coating on the face opposite the spraying and blowing 1s
slightly greater. Preferably, this face 1s the face exposed to
the air flow since this overthickness leads to the corrosion
resistance of the exchanger being improved. Advanta-
geously, this step takes place before the drying step.
[0059] These steps are followed by a step in which the
coating 1s dried. This drying step especially enables the
formation of the reinforcing layer. Indeed, this step enables
the polymerization of the polymer(s) present in the portion
of organic substances of the coating. The polymerization
may be reinforced by the crosslinking of the polymers, in
particular if crosslinking agents are added to the coating.
The crosslinking agents may be of organic acid, epoxy or
acrylic type, selected to react with the free hydroxyl func-
tions of the polymer.

[0060] The drying and the polymerization may also be
reinforced 1n an advantageous manner 11 said coating 1s dried
during a step of heating between 130° C. and 180° C.,
preferably at 150° C. Said heating step lasts from 1 to 10
min; preferably it lasts 5 muin.

[0061] An example of a reinforcing layer that has made 1t
possible to obtain an exchanger having satisfactory hydro-
philic, antibacterial and anticorrosion qualities comprises
60% of organic substances and 40% of mineral substances,
including 30% of chromium-based substances. The polymer
included 1n the portion of organic substances 1s especially a
vinyl alcohol polymer. This layer has a surface density of
between 0.8 and 1.2 g/m” and an overthickness of 20% on
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the face exposed to the air flow obtained for example by the
blowing step described above.

[0062] Comparative tests were carried out between such
an exchanger and an exchanger from the prior art.

[0063] It was thus shown that such an exchanger had
equivalent results regarding its hydrophilic, antimicrobial
and anti-odor qualities, relative to an exchanger from the
prior art known for these same qualities.

[0064] In addition, the corrosion resistance 1s considerably
improved owing to the presence of the reinforcing layer.
Corrosion tests made 1t possible to demonstrate that:

[0065] the signs of corrosion attack of the aluminum
surface were retarded by more than 60 days on an
exchanger according to the invention;

[0066] the depth of the corrosion pitting on the surface
of an exchanger according to the invention was stable
after 90 days 1n contact with a corrosive solution in a
corrosion chamber, whereas the depth of the corrosion
pitting on the surface of an exchanger from the prior art
was 1ncreased;

[0067] the failure of the exchanger according to the
invention 1s obtained around 50 days after that of the
exchanger from the prior art.

[0068] It should be noted that embodiment variants are of
course possible and that the present invention 1s not limited
to an evaporator for vehicle air conditioning. In particular, 1t
1s possible to extend the present invention to other types of
heat exchanger, and to other fields.

1.-11. (canceled)

12. A process for manufacturing an exchanger for an
air-conditioning circuit of a vehicle,
forming the exchanger with surfaces intended to come
into contact with one of the fluids to be cooled, said
surfaces being formed from aluminum and/or from
aluminum alloy and coated with an alumina layer,
wherein said alumina layer 1s covered with a coating that
reinforces the natural protection of the aluminum, said
coating comprising a portion of organic substances
comprising at least one polymer and a portion of
mineral substances comprising at least one substance
capable of reacting with the aluminum 1n order to form
an anticorrosion material.
13. The process as claamed in claim 12, wherein said
coating 1s dried.
14. The process as claimed 1n claim 12, wherein the pH
of said coating i1s chosen from between 1.5 and 5.
15. The process as claimed in claim 12, wherein the
coating comprises a reduced portion of fluoride of less than

1000 ppm.

16. The process as claimed in claim 12, wherein said
coating 1s applied so that the amount of coating applied to
the outer surface of said exchanger 1s between 15 and 20
ml/m>.

17. The process as claimed 1n claim 12, wherein the heat
exchanger 1s an evaporator.
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