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SACRIFICIAL ALUMINUM FINS FOR FAILURE MODE PROTECTION
OF AN ALUMINUM HEAT EXCHANGER

FIELD OF INVENTION
[0001]  The subject matter disclosed herein relates generally to the field of cathodic
protection of aluminum alloy heat exchangers, and more particularly, to protecting an all-
aluminum alloy heat exchanger by providing a more sacrificial layer of an element or an
alloy on an aluminum fin that is connected to an aluminum refrigerant tube for the reducing

the corrosion rates of the tube and a catastrophic failure of the heat exchanger.

DESCRIPTION OF RELATED ART
[0002] Aluminum alloys are mixtures of aluminum with other metals (called an alloy),
often, zinc, manganese, silicon, copper, rare earths and zirconium. Aluminum alloys are
lightweight, have a high specific strength and high-heat conductivity. Due to these excellent
mechanical properties, aluminum alloys are used as heat exchangers for heating or cooling
systems in commercial, industrial, and marine applications. Typical heat exchangers that use
an aluminum alloy material are fin, refrigerant tube, and plate heat exchangers.
[0003]  However, aluminum alloy heat exchangers have a relatively high susceptibility to
corrosion. In marine applications, particularly, sea water or wind-blown seawater mist
creates an aggressive chloride environment in these heat exchangers. This chloride
environment rapidly causes localized and general corrosion of braze joints, fins, and
refrigerant tubes. The corrosion modes include galvanic, crevice, and pitting corrosion. The
corrosion eventually leads to a loss of refrigerant from the tubes and failure of the heating or
cooling system. Sudden tube failure results in a rapid loss of cooling and spoilage of cargo.
An improvement in providing cathodic protection to an aluminum alloy heat exchanger in

order to reduce its corrosion rates and prevent catastrophic failure of the tube would be well

received in the art.

BRIEF SUMMARY
[0004] According to one aspect of the invention, a method of localized cathodic
protection of a heat exchanger, includes providing at least one fin formed from a first metal
alloy; applying a sacrificial layer of a second metal to at least one region in the at least one
fin; and connecting a refrigerant tube to the at least one fin; wherein the sacrificial layer of

the second metal includes a metal from one of a zinc alloy or a magnesium alloy.
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[0005] According to another aspect of the invention, a heat exchanger exhibiting
resistance to galvanic corrosion, includes at least one fin formed from a first metal alloy; a
sacrificial layer of a second metal applied locally to at least one region in the at least one fin;
and a refrigerant tube connected to the at least one fin; wherein the sacrificial layer of the
second metal includes a metal from one of a zinc or magnesium alloy

[0006] Other aspects, features, and techniques of the invention will become more

apparent from the following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0007]  The subject matter which is regarded as the invention is particularly pointed out
and distinctly claimed in the claims at the conclusion of the specification. The foregoing and
other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawing in which:
[0008] FIG. 1 depicts a perspective view of a heat exchanger incorporating heat
exchanger fins treated according to an embodiment of the invention;
[0009] FIG. 2 depicts a sectional view of the tube and fins incorporating the treated heat
exchanger fins according to an embodiment of the invention; and
[0010] FIG. 3 depicts a partial sectional view of the tube and fins showing localized

application of an anodic element according to an embodiment of the invention.

DETAILED DESCRIPTION
[0011]  The present invention is more particularly described in the following description
and examples are intended to be illustrative only since numerous modification and variations
therein will be apparent to those skilled in the art. As used in the specification and in the
claims, the singular form “a”, “an,” and “the” may include plural referents unless the context
clearly dictates otherwise. Also, all ranges disclosed herein are inclusive of the endpoints and
are independently combinable.
[0012] Embodiments of a process for protecting an aluminum alloy heat exchanger from
system and catastrophic failure in a corrosive environment by corroding the aluminum tube.
The corrosion may result in a slow coolant refrigerant leak causing a system failure or a
catastrophic failure. The process for protecting the heat exchanger from corrosion failures
includes providing a more sacrificial metal layer to be applied locally to aluminum alloy fins
of a round-tube-plate-fin (RTPF) all aluminum alloy heat exchanger. In some embodiments,

an anodic element or alloy of zinc (Zn), magnesium (Mg), or beryllium (Be) may, in some
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non-limiting embodiments, be applied by a clad metal process, surface treatment including
thermal arc spray, plasma deposition or spray, electroplating, rolling or roll and spray
coating, or alloying the aluminum locally with higher amounts of anodic elements like Zn,
Mg or Be. The locally sacrificial aluminum alloy fins provide cathodic protection to the tube
surface by providing electrons to support the oxidation reaction on the tube surface thereby
oxidizing the anodic (Zn, Be, or Mg) enriched layers in the aluminum alloy fins. When both
the aluminum alloy metals (i.e., fins and refrigerant tube) are in electrical contact with each
other in the presence of an electrolyte, the fins become sacrificial over time with respect to
the refrigerant tube, The oxidation of the fins prevents corrosion of the refrigerant tube,
thereby preventing the rupturing of the refrigerant tube and avoiding a catastrophic failure of
the heating or cooling system.

[0013]  Referring now to the drawings, FIG. 1 depicts an exemplary RTPF heat exchanger
10 having heat exchanger fins 60 that are treated for galvanic corrosion protection according
to an embodiment of the invention. Particularly, the heat exchanger 10 includes one or more
flow circuits for carrying refrigerant through the heat exchanger 10. For the purposes of
explanation, the heat exchanger 10 is shown with a single flow circuit refrigerant tube 20
consisting of an inlet line 30 and an outlet line 40. The inlet line 30 is connected to the outlet
line 40 at one end of the heat exchanger 10 through a 90 degree tube bend 50. It should be
evident, however, that more circuits may be added to the unit depending upon the demands of
the system. The refrigerant tube 20 is generally made of an aluminum alloy based core
material and, in some embodiments, may be made from aluminum alloys selected from 1000
series, 5000 series, or 6000 series aluminum alloys. The heat exchanger 10 further includes a
series of fins 60 comprising radially disposed plate like elements spaced along the length of
the flow circuit, The fins 60 are provided between a pair of end plates 70 and 80 and are
supported by the lines 30, 40 in order to define a gas flow passage through which conditioned
air passes over the refrigerant tube 20 and between the spaced fins 60. Also, in some
embodiments, the fins 60 are generally made of an aluminum alloy substrate material such as,
for example, materials selected from the 1000 series, 7000 series, or 8000 series aluminum
alloys.

[0014] In one embodiment, a highly anodic element or alloy is deposited or clad onto the
aluminum fin alloy substrate. In an embodiment, a layer of Zn, Mg, or Be may be disposed
locally on the substrate prior to its formation into fins 60 according to the processes shown
and described herein. As will be appreciated by those of skill in the art, the Zn, Mg, or Be

rich layers are less noble and more anodic than the aluminum alloy refrigerant tube 20, which
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becomes cathodic. The local anodic Zn, Mg, or Be rich layer transfers more of the oxidation
reaction away from the tube surface to the local Zn, Mg or Be rich layers on the fins 60. Asa
result, when both the aluminum alloy metals (i.e., fins 60 and refrigerant tube 20) are in
electrical contact with each other, the fins 60 become locally sacrificial over time with
respect to the refrigerant tube 20 and oxidize earlier. The oxidation of the fins 60 and braze
joints provides cathodic protection of the refrigerant tube 20 where the more anodic Zn, Mg,
or Be layers in the fins 60 supplies oxidation electrons to the refrigerant tube 20 in the
presence of an electrolyte, thereby preventing the rupturing of the refrigerant tube 20 and
avoiding system failure or a catastrophic failure of the heating or cooling system,

[0015] FIGs. 2-3 depict a sectional view of the heat exchanger 10 including the
refrigerant tube 20 and fins 60 according to an embodiment of the invention. In a typical
arrangement, shown in FIG. 2, an aluminum alloy refrigerant tube 20 with the circuit flow
inlet lines 30, 40 are fabricated with the generally coplanar aluminum alloy plates for the heat
exchanger fins 60. The attachment point of the fins 60 and lines 30, 40 are brazed to form a
permanent connection. Referring back to FIGs, 2-3, the fins 60, in an exemplary
embodiment, include one or more surface layers 65 of Zn (FIG. 3) that is locally applied to
the generally coplanar aluminum alloy substrate (or substrate) along a fin collar forming
regions 90, 100 prior to stamping into the fins 60 and assembly into the heat exchanger 10.

In another embodiment, a Mg, Be, or an enrichment layer of Zn, Mg, or Be in various
combinations may also be used in lieu of the Zn layer 65 at regions 90, 100 without departing
from the scope of the invention. By applying the anodic layer at the fin collar regions 90 and
100, cathodic protection of the tube can be maximized while also providing good ductility of
the fin 60 for manufacturing. The fin collar forming regions 90, 100 are a localized region
where the circuit flow lines 30, 40 contact a fin collar (i.e., an interface of the refrigerant tube
20 and fins 60 where the galvanic couple is made). As such, galvanic corrosion occurs at the
fin collar forming regions 90, 100. In operation, the fins 60 draw heat away from the tubes
through conductive heat transfer and then dissipate the heat through convective heat transfer
to the gas (commonly air) flowing over the tubes. Aluminum alloy is utilized for
constructing the refrigerant tube 20 because of its good heat transfer properties, general
resistance to corrosion, and ease of repair. The fins 60 are fabricated from aluminum ailoy
because of its good heat transfer properties, ease of fabrication, and low cost.

[0016] In an embodiment, the exposed surfaces of the fins 60 are coated or enriched with
a Zn layer 65 along the fin collar forming regions such as, for example, regions 90, 100. In an

exemplary process, the process of coating or surface enrichment of the fins 60 with Zn is
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accomplished prior to the assembly of the heat exchanger 10. As previously mentioned, a
Mg, Be, or an enrichment layer of Zn, Mg, or Be in various combinations may also be used in
lieu of the Zn layer 65 without departing from the scope of the invention. The exemplary
process is initiated by surface pre-treatment of an aluminum alloy substrate of the fins 60
during which the substrate undergoes various treatments to yield a surface character suitable
for a subsequent Zn coating or cladding process. The surface pre-treatment is not only used
to remove dirt and organic contaminants from the surface of the aluminum alloy substrate,
but also to remove an oxide or a hydroxide formed on the aluminum alloy substrate.
According to one exemplary process, the substrate preparation includes removing surface
contaminants using a suitable technique such as, in some non-limiting examples, solvent
rinsing, vapor degreasing using trichloroethylene or other suitable solvents, solvent emulsion
cleaning or the like in order to remove any grease, or organic compounds. In an exemplary
embodiment, a degreasing bath having an aqueous alkaline solution containing a surfactant
may be utilized to clean the substrate. The composition of the degreasing bath is not critical
as long as the bath can remove organic contaminants. In another embodiment, a mechanical
pretreatment such as, for example, abrasive wheels, wire brushes, grit blasting, or plasma
cleaning may be used to remove the oxide or hydroxide layer. As will be appreciated by
those of skill in the art, these surface pre-treatment procedures are susceptible to a wide array
of alternatives. Thus, it is contemplated that any number of other procedures and practices
may likewise be utilized such as, for example, by mechanical methods or by immersion or
spray cleaner systems in order to perform the pre-treatment process of the substrate.

[0017] In an embodiment, following surface pre-treatment, the pre-treated substrate is
dried and subjected to a cladding process with a Zn based alloy in order to provide a highly
anodic Zn layer to the substrate. The cladding process includes mechanically bonding
together the Zn based alloy with the aluminum alloy substrate by pressing or rolling together
a thin sheet of Zn based alloy with the aluminum alloy substrate under high pressure. In
another embodiment, the Zn based alloy and the aluminum alloy substrate may be extruded
through a die to form the clad material.

[0018] In another embodiment, a surface layer of Zn may be locally applied to the
substrate by a surface treatment process such as, for example, thermal arc spraying in order to
diffuse Zn into the aluminum alloy substrate. Thermal arc spraying is where melted (or
heated) Zn materials are sprayed onto the substrate to coat the surface with a uniform layer of
Zn having an average thickness of about 1 micron to about 10 microns. In other non-limiting

embodiment, the Zn material may be applied by plasma deposition where a vaporized or
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liquidized form of the Zn material is deposited onto the aluminum alloy substrate,
electroplating where a solution of Zn metal ions are moved by an electric field to coat the
aluminum alloy substrate using electrical current, roll/spray coatings where semi-solid
sprayed droplets of Zn material are deposited onto the aluminum alloy substrate with gas jets,
or the like. In yet another embodiment, the Zn or other metal layer may be sprayed or roli-
coated onto the fin as a metal powder slurry or metal powder with binder, and then thermally
diffusing the metal into the surface of the aluminum fin. In yet another eﬁemplary
embodiment, the layer is applied locally only over the area of the fin that is in contact with
the tube. The Zn layer may be optimized through a series of trials.

[0019] In another embodiment, in the arrangement shown in FIG. 2, the interface of the
refrigerant tube 20 and fins 60 is where the galvanic couple is made and where the corrosion
of the aluminum alloy fins 60 occurs. Once the fins 60 have corroded at the intersection, the
fins 60 are no longer in contact with the refrigerant tube 20 and thus the efficiency of the heat
exchanger 10 is greatly reduced because the fins 60 loses its ability to conduct heat away
from the refrigerant tube 20. The oxidation of the fins 60 and braze joints prevents corrosion
of the refrigerant tube 20 thereby preventing the rupturing of the refrigerant tube 20 and
avoiding a catastrophic failure of the heating or cooling system.

[0020] The technical effects and benefits of exemplary embodiments include a process
for protecting an aluminum alloy heat exchanger from catastrophic corrosion failure. The
process provides a more sacrificial aluminum alloy such as Zn, Mg, or Be to be applied to the
fins of the heat exchanger. In some embodiments, the Zn, Mg, or Be layer may be applied by
a clad metal process, surface treatment including thermal arc spray, plasma vapor deposition
or spray, electroplating, rolling or spray coating, or alloying aluminum with higher amounts
of anodic elements like Zn, Mg, or Be. The sacrificial aluminum alloy fins provide cathodic
protection to the tube by oxidizing the Zn, Mg, or Be layers in the aluminum alloy fins.
When both the aluminum alloy metals (i.e., fins and refrigerant tube) are in electrical contact
with each other in the presence of an electrolyte, the fins become sacrificial over time with
respect to the refrigerant tube. The oxidation of the fins and braze joints prevents corrosion
of the refrigerant tube, thereby preventing the rupturing of the refrigerant tube and avoiding a
catastrophic failure of the heating or cooling system.

[0021]  The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. While the description
of the present invention has been presented for purposes of illustration and description, it is

not intended to be exhaustive or limited to the invention in the form disclosed. Many
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modifications, variations, alterations, substitutions, or equivalent arrangement not hereto
described will be apparent to those of ordinary skill in the art without departing from the
scope and spirit of the invention. Additionally, while the various embodiment of the
invention have been described, it is to be understood that aspects of the invention may
include only some of the described embodiments. Accordingly, the invention is not to be

seen as limited by the foregoing description, but is only limited by the scope of the appended

claims.



CLAIMS

1. A method of localized cathodic protection of a heat exchanger, comprising:

providing at least one fin formed from a first metal alloy;

applying a sacrificial layer of a second metal locally to at least one region in
the at least one fin; and

connecting a refrigerant tube to the at least one region of the at least one fin
bearing the sacrificial layer;

wherein the sacrificial layer of the second metal includes a metal from one of a
zinc alloy or a magnesium alloy.
2. The method of claim 1, wherein the connecting of the refrigerant tube further
comprises connecting the refrigerant tube at a contact area within the at least one
region.
3. The method of claim 1, wherein the connecting of the refrigerant tube further
comprises connecting the refrigerant tube to a fin collar within the at least one region.
4, The method of any of claims 1-3, wherein the refrigerant tube is at least
formed from the first metal alloy comprising aluminum.
5. The method of any of claims 1-4, wherein the first metal alloy is more noble
than the second metal such that direct contact between the at least one fin and the
refrigerant tube in the presence of an electrolyte would lead to galvanic corrosion of
the sacrificial layer.
6. The method of any of claims 1-5, wherein the applying of the sacrificial layer
further comprising cladding one of a Zinc (Zn), Magnesium (Mg), or Beryllium (Be)
based alloy to the at least one fin.
7. The method of any of claims 1-5, wherein the applying of the sacrificial layer
further comprises spraying a melted layer of the second metal to the at least one fin.
8. The method of any of claims 1-5, wherein the applying of the sacrificial layer
further comprises depositing a vaporized form of the second metal to the at least one
fin.
9. The method of any of claims 1-5, wherein the applying of the sacrificial layer
further comprises electroplating the second metal to the at least one fin.
10.  The method of any of claims 1-5, wherein the applying of the sacrificial layer
further comprises applying a coating composition comprising powder of the second

metal to the at least one fin.



11.  The method of any of claims 1-10, wherein the applying of the sacrificial layer
further comprises forming an aluminum metal alloy comprising a 0.5 to 2.5 percent
constituent of the second metal by weight.
12. A heat exchanger exhibiting resistance to galvanic corrosion, comprising:

at least one fin formed from a first metal alloy;

a sacrificial layer of a second metal applied locally to at least one region in the
at least one fin; and

a refrigerant tube connected to the at least one region of the at least one fin
bearing the sacrificial layer;

wherein the sacrificial layer of the second metal includes a metal from one of a
zinc or magnesium alloy.
13.  The heat exchanger of claim 12, wherein the refrigerant tube is connected at a
contact area within the at least one region.
14.  The heat exchanger of claim 12, wherein the refrigerant tube is connected to a
fin collar within the at least one region.
15.  The heat exchanger of any of claims 12-14, wherein the refrigerant tube is at
least formed from the first metal alloy of aluminum.
16.  The heat exchanger of any of claims 12-15, wherein the first metal alloy is
substantially more noble than the second metal such that direct contact between the at
least one fin and the refrigerant tube in the presence of an electrolyte would lead to
galvanic corrosion of the sacrificial layer.
17.  The heat exchanger of any of claims 12-16, wherein the sacrificial layer
comprises one of a Zinc (Zn), Magnesium (Mg), or Beryllium (Be) based alloy clad to
the at least one fin.
18.  The heat exchanger of any of claims 12-17, wherein the sacrificial layer
comprises a melted layer of the second metal sprayed onto the at least one fin.
19.  The heat exchanger of any of claims 12-17, wherein the sacrificial layer
comprises a vaporized form of the second metal deposited to the at least one fin.
20.  The heat exchanger of any of claims 12-17, wherein the sacrificial layer
comprises the second metal electroplated to the at least one fin.
21.  The heat exchanger of any of claims 12-17, wherein the sacrificial layer

comprises an aluminum metal alloy formed with a 1 percent constituent of the second

metal by weight.



